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Pharmacy and Therapeutics (P&T) Committee 
Helpful Hints/Reference Document 

 
P&T Charge 

 
As defined by §22-6-122 
 
The Medicaid Pharmacy and Therapeutics (P&T) Committee shall review and recommend classes of drugs to the 
Medicaid Commissioner for inclusion in the Medicaid Preferred Drug Plan. Class means a therapeutic group of 
pharmaceutical agents approved by the FDA as defined by the American Hospital Formulary Service.  
 
The P&T Committee shall develop its preferred drug list recommendations by considering the clinical efficacy, 
safety and cost effectiveness of a product. Within each covered class, the Committee shall review and recommend 
drugs to the Medicaid Commissioner for inclusion on a preferred drug list. Medicaid should strive to insure any 
restriction on pharmaceutical use does not increase overall health care costs to Medicaid.  
 
The recommendations of the P&T Committee regarding any limitations to be imposed on any drug or its use for a 
specific indication shall be based on sound clinical evidence found in labeling, drug compendia and peer reviewed 
clinical literature pertaining to use of the drug. Recommendations shall be based upon use in the general population. 
Medicaid shall make provisions in the prior approval criteria for approval of non-preferred drugs that address needs 
of sub-populations among Medicaid beneficiaries. The clinical basis for recommendations regarding the PDL shall 
be made available through a written report that is publicly available. If the recommendation of the P&T Committee 
is contrary to prevailing clinical evidence found in labeling, drug compendia and/or peer-reviewed literature, such 
recommendation shall be justified in writing.  

 
Preferred Drug List/Program Definitions 

 
Preferred Drug: Listed on the Agency’s Preferred Drug Lists and will not require a prior authorization (PA). 
 
Non Preferred Drug: Covered by the Agency, if it is determined and supported by medical records to be medically 
necessary, but will require a PA. 
 
Non Covered Drug: In accordance with Medicaid Drug Amendments contained in the Omnibus Budget 
Reconciliation Act of 1990 (OBRA 90 federal legislation), the Agency has the option to not cover (or pay for) some 
drugs. Alabama Medicaid does not cover/pay for the following: 

● Drugs used for anorexia, weight loss or weight gain, with the exception of those specified by the 
Alabama Medicaid Agency 
● Drugs used to promote fertility with the exception of those specified by the Alabama Medicaid Agency 
● Drugs used for cosmetic purposes or hair growth 
● Over-the-counter/non prescription drugs, with the exception of those specified by the Alabama Medicaid 
Agency 
● Covered outpatient drugs when the manufacturer requires as a condition of sale that associated test and/or 
monitoring services be purchased exclusively from the manufacturer or designee 
 ● DESI (Drug Efficacy Study Implementation [less than effective drugs identified by the FDA]) and IRS 
(Identical, Related and Similar [drugs removed from the market]) drugs which may be restricted in 
accordance with Section 1927(d) (2) of the Social Security Act 
● Agents when used for the symptomatic relief of cough and colds except for those specified by the 
Alabama Medicaid Agency 
● Prescription vitamin and mineral products, except prenatal vitamins and fluoride preparations and others 
as specified by the Alabama Medicaid Agency 
● Benzodiazepines and barbiturates with the exception of those specified by the Alabama Medicaid 
Agency 
● Agents used to promote smoking cessation, unless authorized for pregnant females or plan first recipients 
● Agents when used for the treatment of sexual or erectile dysfunction, unless authorized for pulmonary 
hypertension. 

(From Alabama Medicaid Agency Administrative Code, Chapter 16 and Alabama Medicaid Agency Provider 
Billing Manual, Chapter 27.) 



 

Prior Authorization (PA): Process that allows drugs that require approval prior to payment to be reimbursed for an 
individual patient. Drugs may require PA if they are in Non-preferred status or if they required PA prior to the PDL  
 
Medicaid may require prior authorization for generic drugs only in instances when the cost of the generic product is 
significantly greater than the net cost of the brand product in the same AHFS therapeutic class or when there is a clinical 
concern regarding safety, overuse or abuse of the product.  
 
Although a product may require PA, the product is considered a covered product and Medicaid will pay for the product 
only once the PA has been approved.  
 
Override: Process where drugs require approval prior to payment to be reimbursed for an individual patient if the claim 
falls outside a predetermined limit or criteria. Overrides differ from PA in that drugs or drug classes that require an 
override will automatically allow payment of the drug unless something on the claim hits a predetermined limit or criteria. 
The different types of overrides include:  
 
 Maximum Unit Limitations  

Early Refill  
Brand Limit Switchover  
Therapeutic Duplication  

 
Electronic PA (EPA): The EPA system checks patient-specific claims history to determine if pharmacy and medical PA 
requirements are met at the Point-of-Sale claim submission for a non-preferred drug. If it is determined that all criteria are 
met and the request is approved, the claim will pay and no manual PA request will be required. Electronic PA results in a 
reduction in workload for providers because the claim is electronically approved within a matter of seconds with no 
manual PA required.  
 
 

Prior Authorization Criteria Definitions 
 

Appropriate Diagnosis: Diagnosis(es) that justifies the need for the drug requested. Diagnosis(es) or ICD-9 code(s) may 
be used. Use of ICD-9 codes provides specificity and legibility and will usually expedite review.  

 
Prior Treatment Trials: Prior authorization requires that two (2) prescribed generic or brand name drugs have been 
utilized unsuccessfully relative to efficacy and/or safety within six (6) months prior to requesting the PA. The PA request 
must indicate that two (2) generic or other brand drugs have been utilized for a period of at least thirty (30) days each (14 
days for Triptans, 3 days for EENT Vasoconstrictor Agents), unless there is an adverse/allergic response or 
contraindication. If the prescribing practitioner feels there is a medical reason for which the patient should not be on a 
generic or brand drug or drug trial, medical justification may be submitted in lieu of previous drug therapy. One prior 
therapy is acceptable in those instances when a class has only one preferred agent, either generic, or brand.  
 
Stable Therapy: Allows for approval of a PA for patients who have been determined to be stable on a medication (same 
drug, same strength) for a specified timeframe and who continue to require therapy. Medications provided through a 
government or state sponsored drug assistance program for uninsured patients may be counted toward the stable therapy 
requirement. Medications paid for through insurance, private pay or Medicaid are also counted toward the requirement. 
Providers will be required to document this information on the PA request form and note the program or method through 
which the medication was dispensed.  
 
Medical Justification: An explanation of the reason the drug is required and any additional information necessary. 
Medical justification is documentation to support the physician’s choice of the requested course of treatment. 
Documentation from the patient record (history and physical, tests, past or current medication/treatments, patient’s 
response to treatment, etc) illustrates and supports the physician’s request for the drug specified. For example, if a 
recommended therapy trial is contraindicated by the patient’s condition or a history of allergy to a first-line drug, and the 
physician wants to order a non-preferred drug, documentation from the patient record would support that decision. In 
addition, medical justification may include peer reviewed literature to support the use of a non-preferred medication. 
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External Criteria 
 

Antihistamines (First Generation) 
 

Appropriate Diagnosis 
 The patient must have an appropriate diagnosis supported by documentation in the 

patient record.  
 
Prior Treatment Trials 

 The patient must also have failed 30-day treatment trials with at least two prescribed 
and preferred agents in this class, either generic, OTC or brand, within the past 6 
months or have a documented allergy or contraindication to all preferred agents in 
this class.  

 
Stable Therapy 

 Approval may be given for children age 18 years and under who have documented 
stable therapy on the requested medication for 60 consecutive days or greater.  

 
Medical Justification 

 Medical justification may include peer-reviewed literature, medical record 
documentation, or other information specifically requested.  

 
PA Approval Timeframes 

 Approval may be given for up to 12 months.  
 
Electronic Prior Authorization (EPA) 

 Antihistamines are included in the electronic PA program. 
 
Verbal PA Requests 

 PA requests that meet prior usage requirement for approval may be accepted 
verbally. 
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Estrogens 
 
Appropriate Diagnosis 

 The patient must have an appropriate diagnosis supported by documentation in the 
patient record.  

 
Prior Treatment Trials 

 The patient must also have failed 30-day treatment trials with at least two prescribed 
and preferred estrogens in this class, either generic, OTC or brand, within the past 6 
months, or have a documented allergy or contraindication to all preferred agents in 
this class. 

 
Stable Therapy 

 Approval may be given for children age 18 years and under who have documented 
stable therapy on the requested medication for 60 consecutive days or greater.  

 
Medical Justification 

 Medical justification may include peer reviewed literature, medical record 
documentation, or other information specifically requested.  

  
PA Approval Timeframes 

 Approval may be given for up to 12 months.  
 
Electronic Prior Authorization (EPA) 

 Estrogens are included in the electronic PA program. 
 
Verbal PA Requests 

 PA requests that meet prior usage requirement for approval may be accepted 
verbally. 
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Antidiabetic Agents 
 
Appropriate Diagnosis 

 The patient must have an appropriate diagnosis supported by documentation in the 
patient record.  

 
Prior Treatment Trials 

 The patient must also have failed 30-day treatment trials with at least two prescribed 
and preferred antidiabetic agents, either generic, OTC or brand, within the past 12 
months, or have a documented allergy or contraindication to all preferred agents in 
this class.  

 
 If the request is for Avandia®, Avandamet®, or Avandaryl®, the patient must also have 

failed a 30-day treatment trial with at least two prescribed and preferred antidiabetic 
agents (of which one is Actos®), either generic, OTC or brand, within the past 6 
months.  
 

 If the request is for Symlin®, the patient must also be on insulin therapy and have a 
hemoglobin A1c greater than 7% despite more than 90 days of insulin therapy. 
 

 If the request is for Korlym®, the patient must be ≥18 years of age with endogenous 
Cushing’s syndrome with type 2 diabetes mellitus or glucose intolerance and have 
failed surgery or are not candidates for surgery. 

 
Stable Therapy 

 Approval may be given for those who have documented stable therapy on the 
requested medication for 60 consecutive days or greater.  

 
Medical Justification 

 Medical justification may include peer-reviewed literature, medical record 
documentation, or other information specifically requested.  

 
PA Approval Timeframes 

 Approval may be given for up to 12 months.  
 
Electronic Prior Authorization (EPA) 

 Antidiabetic agents, excluding Symlin®, are included in the electronic PA program. 
 
Verbal PA Requests 

 PA requests that meet prior usage requirement for approval may be accepted 
verbally. 
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Prenatal Vitamins 
 
Appropriate Diagnosis 

 The patient must have an appropriate diagnosis supported by documentation in the 
patient record.  

 
Prior Treatment Trials 

 The patient must also have failed 30-day treatment trials with at least two prescribed 
and preferred agents in this class, either generic, OTC or brand, within the past 6 
months or have a documented allergy or contraindication to all preferred agents in 
this class.  

 
Stable Therapy 

 Approval may be given for children age 18 years and under who have documented 
stable therapy on the requested medication for 60 consecutive days or greater.  

 
Medical Justification 

 Medical justification may include peer-reviewed literature, medical record 
documentation, or other information specifically requested.  

 
PA Approval Timeframes 

 Approval may be given for up to 12 months.  
 
Electronic Prior Authorization (EPA) 

 Not Applicable 
 
Verbal PA Requests 

 PA requests that meet prior usage requirement for approval may be accepted verbally.
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AGENDA 
 

ALABAMA MEDICAID AGENCY 
PHARMACY AND THERAPEUTICS (P&T) COMMITTEE 

 
February 11, 2015  

9:00 a.m. – 12:00 noon 
 

 
1. Opening remarks………………………………………………………...……..Chair 
2. Approval of November 12, 2014 P&T Committee Meeting minutes.…….......Chair     
3. Pharmacy program update………………….….…...….………...Alabama Medicaid 
4. Oral presentations by manufacturers/manufacturers’ representatives 

         (prior to each respective class review) 
5. Pharmacotherapy class re-reviews…...University of Massachusetts Medical School  

Clinical Pharmacy Services 
 First Generation Antihistamines 

o Ethanolamine Derivatives-AHFS 040404 
o Ethylenediamine Derivatives-AHFS 040408 
o Propylamine Derivatives-AHFS 040420 

 Estrogens-AHFS 681604 
 Alpha Glucosidase Inhibitors-AHFS 682002 
 Amylinomimetics-AHFS 682003 
 Biguanides-AHFS 682004 
 Dipeptidyl Peptidase-4 (DPP-4) Inhibitors-AHFS 682005 
 Incretin Mimetics-AHFS 682006 
 Insulins-AHFS 682008 
 Meglitinide-AHFS 682016 
 Sodium-glucose Cotransport 1 Inhibitors- AHFS 682017 
 Sodium-glucose Cotransport 2 Inhibitors- AHFS 682018 
 Sulfonylureas-AHFS 682020 
 Thiazolidinediones-AHFS 682028 
 Antidiabetic Agents, Miscellaneous-AHFS 682092 
 Multivitamin Preparations: Prenatal Vitamins-AHFS 882800 

6. New drug review………………….… University of Massachusetts Medical School 
 AerospanTM (Adrenals)-AHFS 68040000 

7. Results of voting announced……………………………...………...………….Chair 
8. New business 
9. Next meeting dates:  

 May 20, 2015 
 August 12, 2015 
 November 18, 2015 

10. Adjourn 
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Alabama Medicaid Agency 
Pharmacy and Therapeutics Committee Meeting 

Pharmacotherapy Review of First Generation Antihistamines 
Ethanolamine Derivatives, AHFS Class 040404 

Ethylenediamine Derivatives, AHFS Class 040408 
Propylamine Derivatives, AHFS Class 040420 

February 11, 2015 
 

I. Overview 
 
The H1-antihistamines are approved for the treatment of allergic and non-allergic conditions; however, they are 
primarily used for the management of allergic rhinitis, urticaria, and angioedema. Allergic rhinitis is a common 
disorder that is associated with significant morbidity, including lost school/work days, interference with activities 
of daily living, and a decrease in quality of life. Nasal symptoms include sneezing, itching, rhinorrhea, and 
congestion. Rhinitis may also be accompanied by symptoms involving the eyes, ears, and throat.1 Urticaria is a 
common disorder characterized by pruritic, raised, erythematous plaques. Lesions may appear on any part of the 
body; however, they frequently appear on the trunk and extremities. As is seen with allergic rhinitis, intense 
itching may interfere with sleep, school/work productivity, and quality of life. Angioedema is characterized by 
swelling of deeper subcutaneous tissues, with less circumscribed lesions. It often involves the face, eyelids, lips, 
and tongue and may be life-threatening if laryngeal edema or tongue swelling obstructs the airway.2,3 

 
H1-antihistamines reduce the physiologic effects elicited by histamine at the H1-receptor; however, they do not 
prevent the release of histamine or bind to histamine that has already been released. They are classified as first 
generation and second generation agents. First generation antihistamines bind to both central and peripheral H1-
receptors, whereas second generation agents are more selective for peripheral H1-receptors. As a result, the first 
generation antihistamines may cause sedation, performance impairment in school and driving, as well as 
anticholinergic effects.4  
 
The first generation antihistamines include ethanolamine derivatives (carbinoxamine, clemastine, 
diphenhydramine, and doxylamine), ethylenediamine derivatives (pyrilamine), and propylamine derivatives 
(brompheniramine, chlorpheniramine, dexchlorpheniramine, and triprolidine). They are available as single entity 
agents, as well as in combination with other first generation antihistamines and oral decongestants.  
 
The first generation antihistamines that are included in this review are listed in Table 1. This review encompasses 
all systemic dosage forms and strengths. The eye, ear, nose, and throat anti-allergic agents (American Hospital 
Formulary Service 520200) were previously reviewed and are not included in this review. The majority of the first 
generation antihistamines are available in a generic formulation. Cough and cold products are an 
excludable/optional drug class in accordance with the Omnibus Budget Reconciliation Act of 1990 (OBRA 90). 
Brand cough and cold products are not covered by Alabama Medicaid; therefore, these products were not included 
in this review. The second generation antihistamines (acrivastine, cetirizine, desloratadine, fexofenadine, 
levocetirizine, and loratadine) are not included on the mandatory preferred drug list. Brand products currently 
require prior authorization. Covered generics (unless otherwise specified) do not require prior authorization. 
Although the second generation antihistamines may be mentioned throughout this review, they are not being 
considered for preferred status at this time. This class was last reviewed in November 2012.  

 
Table 1. First Generation Antihistamines Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Ethanolamine Derivatives   
Carbinoxamine  solution, tablet Arbinoxa®*, Karbinal ER® carbinoxamine 
Clemastine syrup, tablet N/A clemastine 
Diphenhydramine  elixir, injection N/A diphenhydramine 
Doxylamine  chewable tablet Aldex-AN® none 
Phenylephrine and 
diphenhydramine 

chewable tablet Aldex CT® none 

Ethylenediamine Derivatives   
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Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Phenylephrine and 
pyrilamine 

suspension Aldex D® none 

Propylamine Derivatives   
Brompheniramine drops J-Tan PD® none 
Phenylephrine and 
chlorpheniramine 

drops N/A phenylephrine and 
chlorpheniramine 

Pseudoephedrine and 
brompheniramine 

drops  J-Tan D PD® none 

Pseudoephedrine and 
triprolidine 

liquid, syrup, tablet Pediatex TD® none 

*Generic is available in at least one dosage form or strength 
N/A=Not available; PDL=Preferred Drug List 
 
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
 
Current treatment guidelines that incorporate the use of the first generation antihistamines are summarized in 
Table 2.  
 
Table 2. Treatment Guidelines Using the First Generation Antihistamines 

Clinical Guideline Recommendation(s) 
American Academy of Allergy, 
Asthma, and Immunology/ 
American College of Allergy, 
Asthma, and Immunology/ Joint 
Council on Allergy, Asthma, and 
Immunology:  
The Diagnosis and 
Management of Anaphylaxis: 
An Updated Practice 
Parameter  

(2010)5 

Immediate intervention 
 Aqueous epinephrine 1:1,000 dilution (1 mg/mL), 0.2 to 0.5 mL (0.01 

mg/kg in children; maximum, 0.3 mg dosage) intramuscularly or 
subcutaneously every five minutes, as necessary, to control symptoms 
and increase blood pressure. No data support the use of epinephrine in 
anaphylaxis through a non-parenteral route. 
 

Subsequent emergency care 
 Consider parenteral diphenhydramine (1 to 2 mg/kg or 25 to 50 

mg/dose). H1-antihistamines are considered second-line therapy to 
epinephrine and should never be administered in lieu of epinephrine in 
the treatment of anaphylaxis. 

 Consider parenteral ranitidine (50 mg in adults and 12.5 to 50 mg [1 
mg/kg] in children). Parenteral cimetidine (4 mg/kg) may also be used 
in adults, but no pediatric dosage in anaphylaxis has been established. 
The combination of diphenhydramine and ranitidine is more 
efficacious than diphenhydramine alone. These agents should never be 
used alone in the treatment of anaphylaxis and are considered second-
line therapy to epinephrine. 

 Consider inhaled beta-agonist (e.g., albuterol metered dose inhaler two 
to six puffs or nebulized, 2.5 to 5 mg in 3 mL saline and repeat as 
necessary) for the treatment of bronchospasms that are resistant to 
adequate doses of epinephrine. 

 Glucocorticosteroids are not acutely effective and should never be used 
in place of or prior to epinephrine.  

 When anaphylaxis is not responding to the above measures, including 
repeated doses of intramuscular or subcutaneous epinephrine, 
vasopressors and glucagon may be considered. 

American Academy of 
Dermatology Clinical Guidelines 
Task Force:  
Guidelines of Care for the 
Management of Atopic 
Dermatitis  
(2014)6-7 

Topical corticosteroids 
 Topical corticosteroids (TCs) are used in the management of atopic 

dermatitis in both adults and children and are the mainstay of anti-
inflammatory therapy. 

 TCs are typically introduced into the treatment regimen after failure of 
lesions to respond to good skin care and regular use of moisturizers 
alone. 
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Clinical Guideline Recommendation(s) 
 TCs are used for both active inflammatory disease and for prevention 

of relapses. 
 There are no data to support one or a few specific agents as being more 

efficacious than others.  
 Most studies involve twice daily application. This is the most common 

clinical practice and also the generally recommended frequency. 
However, there is evidence to support that once daily application of 
some potent corticosteroids may be as effective as twice daily 
application. Some newer formulations also use once daily application. 

 
Topical calcineurin inhibitors  
 The two available topical calcineurin inhibitors (TCIs), tacrolimus 

ointment and pimecrolimus cream, have been shown to be more 
effective than vehicle in short-term and long-term studies in adults and 
children with active disease.  

 Tacrolimus is approved for moderate to severe disease, where 
pimecrolimus is indicated for mild to moderate atopic dermatitis, and 
six-week comparative studies support a greater effect for tacrolimus for 
all severities.  

 Twice daily application of the tacrolimus ointments and pimecrolimus 
cream are significantly more effective at decreasing signs of 
inflammation, affected body surface area, and associated pruritus of 
lesional areas on the head/neck and non-head/neck locations than 
vehicle or once-daily application in adults, children, and infants.  

 Proactive, intermittent application of TCI two to three times weekly to 
recurrent sites of disease has also been shown to be effective in 
reducing relapses. 

 
Topical antimicrobials and antiseptics 
 Patients with atopic dermatitis are commonly colonized with 

Staphylococcus aureus. 
 No clear benefit for topical antibiotics/antiseptics, antibacterial soaps, 

or antibacterial bath additives has been established. Thus, topical 
antimicrobial preparations are not generally recommended in the 
treatment of atopic dermatitis.  

 
Topical antihistamines 
 Topical antihistamines have been tried doe the treatment of atopic 

dermatitis but have demonstrated little utility and are not 
recommended.  

 
Systemic agents  
 Systemic agents are recommended in the subset of atopic dermatitis 

patients in whom optimized topical regimens and/or phototherapy do 
not adequately control the disease, or when quality of life is 
substantially impacted.  

 All immunomodulatory agents should be adjusted to the minimal 
effective dose once response is attained and sustained. 

 Adjunctive therapies should be continued to use the lowest dose and 
duration of systemic agent possible. 

 Insufficient data exist to firmly recommend optimal dosing, duration of 
therapy, and precise monitoring protocols for any systemic 
immunomodulating medication. 

 Treatment decisions should be based on each individual patient’s 
atopic dermatitis status (current and historical), comorbidities, and 
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Clinical Guideline Recommendation(s) 
preferences. 

 Cyclosporine is effective and recommended as a treatment option for 
patients with atopic dermatitis refractory to conventional topical 
treatment. 

 Azathioprine is recommended as a systemic agent for the treatment of 
refractory atopic dermatitis. 

 Methotrexate is recommended as a systemic agent for the treatment of 
refractory atopic dermatitis. Folate supplementation is recommended 
during treatment with methotrexate. 

 Mycophenolate mofetil may be considered as an alternative, variably 
effective therapy for refractory atopic dermatitis. 

 Interferon gamma is moderately and variably effective and may be 
considered as an alternative therapy for refractory atopic dermatitis in 
adults and children who have not responded to, or have 
contraindications to the use of, other systemic therapies or 
phototherapy. 

 Systemic steroids should be avoided if possible for the treatment of 
atopic dermatitis. Their use should be exclusively reserved for acute, 
severe exacerbations and as a short-term bridge therapy to other 
systemic, steroid-sparing therapy. 

 The use of systemic antibiotics in the treatment of noninfected atopic 
dermatitis is not recommended. Systemic antibiotics are appropriate 
and can be recommended for use in patients with clinical evidence of 
bacterial infections in addition to standard and appropriate treatments 
for atopic dermatitis disease itself (which may include the concurrent 
use of topical corticosteroids). Systemic antiviral agents should be used 
for the treatment of eczema herpeticum.  

 There is insufficient evidence to recommend the general use of oral 
antihistamines as part of the treatment of atopic dermatitis. Short-term, 
intermittent use of sedating antihistamines may be beneficial in the 
setting of sleep loss secondary to itch, but should not be substituted for 
management of atopic dermatitis with topical therapies. Nonsedating 
antihistamines are not recommended as a routine treatment for atopic 
dermatitis in the absence of urticaria or other atopic conditions such as 
rhinoconjunctivitis. 

American Academy of Allergy, 
Asthma, and Immunology/ 
American College of Allergy, 
Asthma, and Immunology/ Joint 
Council on Allergy, Asthma, and 
Immunology:  
Disease Management of Atopic 
Dermatitis: An Updated 
Practice Parameter  

(2013)8 

 

 

General considerations 
 The intensity of management and treatment of atopic dermatitis is 

dictated by the severity of illness. The clinician should establish 
treatment goals with the patient, which may include reduction in 
number and severity of flares and increase in disease-free periods.  

 Clinicians should use a systematic, multipronged approach that 
includes skin hydration, topical anti-inflammatory medications, 
antipruritic therapy, antibacterial measures, and elimination of 
exacerbating factors.  

 
Skin hydration 
 Atopic dermatitis is characterized by reduced skin barrier function, 

which leads to enhanced water loss and dry skin; therefore, hydration 
with warm soaking baths for at least 10 minutes followed by 
application of a moisturizer is recommended as first-line therapy.  

 
Topical corticosteroids 
 If atopic dermatitis is not controlled by moisturizers alone, a topical 

corticosteroid is recommended.  
 Low-potency corticosteroids are recommended for maintenance 
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Clinical Guideline Recommendation(s) 
therapy, whereas intermediate and high-potency corticosteroids should 
be used for the treatment of clinical exacerbation over short periods of 
time. Clinicians should not prescribe potent fluorinated corticosteroids 
for use on the face, eyelids, genitalia, and intertriginous areas or in 
young infants. Ultrahigh-potency corticosteroids are recommended 
only for very short periods (1 to 2 weeks) and in nonfacial non-
skinfold areas. 

 When prescribing topical steroids, clinicians should remember that the 
degree of corticosteroid absorption through the skin and hence the 
potential for systemic adverse effects are directly dependent on the 
surface area of the skin involved, thickness of the skin, the use of 
occlusive dressing, and the potency of the corticosteroid preparation. 

 
Topical calcineurin inhibitors 
 Clinicians can consider the use of tacrolimus ointment, which has been 

shown to be effective and safe in both adults and children older than 
two years for the treatment of atopic dermatitis, with most patients 
experiencing a reduction of pruritus within three days of initiating 
therapy. Tacrolimus ointment, which, unlike topical steroids, does not 
cause atrophy for eczema on the face, eyelid, and skin folds, is an 
option for patients unresponsive to low-potency topical steroids. 
Topical tacrolimus can cause transient localized burning and itching 
during the first week of therapy. This might limit its usefulness in 
certain patients. Once a flare is controlled, the clinician might consider 
prescribing tacrolimus ointment twice daily, twice weekly to eczema-
prone areas to prevent future flares. 

 Clinicians should consider the use of topical pimecrolimus cream, 
which is a calcineurin inhibitor that safely decreases the number of 
flares, reduces the need for corticosteroids, does not cause skin 
atrophy, and controls pruritus. 

 
Tar preparations 
 Although tar preparations are widely used, there are no randomized 

controlled studies that have demonstrated their efficacy. Tar should not 
be recommended for acutely inflamed skin because this might result in 
additional skin irritation.  

 
Antihistamines 
 Some patients may benefit from the use of antihistamines for the relief 

of pruritus. Treatment with topical antihistamines is not recommended 
because of potential cutaneous sensitization.  

 
Vitamin D 
 Patient may benefit from supplementation with vitamin D, particularly 

if they have a documented low level or low vitamin D intake. 
 
Dilute bleach baths  
 Consider the addition of dilute bleach baths twice weekly to reduce the 

severity of atopic dermatitis, especially in patients with recurrent skin 
infections. 

 
Microbes 
 Skin infections with Staphylococcus aureus are a recurrent problem in 

patients with atopic dermatitis, and patients with moderate-to-severe 
dermatitis have been found to make IgE antibodies against 
staphylococcal toxins present in their skin. 
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 A short course of an appropriate systemic antibiotic should only be 

prescribed for patients who are clinically infected with Staphylococcus 
aureus. In areas with high levels of methicillin-resistant 
Staphylococcus aureus, the clinician might want to obtain a skin 
culture and initiate treatment with clindamycin, doxycycline, or 
sulfamethoxazole-trimethoprim while awaiting culture results.  

 Atopic dermatitis can be complicated by recurrent viral skin infections, 
such as herpes simplex, warts, and molluscum contagiosum. 
Disseminated herpes simplex or eczema herpeticum should promptly 
be treated with systemic antiviral agents. 

 Atopic dermatitis patients and their household should not be 
immunized with the smallpox vaccine because they can have a severe, 
widespread, potentially fatal cutaneous infection called eczema 
vaccinatum, which is similar in appearance to eczema herpeticum. 

 Consider fungal infections that can contribute to exacerbations. The 
diagnosis of dermatophytes can be made by using KOH preparation or 
culture. Malassezia species, which is a particular problem in young 
adults with refractory head and neck eczema, can be diagnosed 
clinically or with a KOH preparation. Specific IgE to Malassezia 
species might also be obtained. 

American Academy of 
Ophthalmology Preferred 
Practice Pattern Guidelines:  
Conjunctivitis  

(2013)9 

Seasonal allergic conjunctivitis 
 Mild allergic conjunctivitis can be treated with an over-the-counter 

antihistamine/vasoconstrictor agent or with the more effective second-
generation topical histamine H1- receptor antagonists. 

 Mast-cell stabilizers can be utilized if the condition is recurrent or 
persistent.  

 Combination antihistamine and mast-cell stabilizer medications can be 
utilized for either acute or chronic disease.  

 If the symptoms are not adequately controlled, a brief course (one to 
two weeks) of a low-potency topical corticosteroid can be added to the 
regimen.  

 A nonsteroidal anti-inflammatory agent (ketorolac) has been Food and 
Drug Administration (FDA)-approved for the treatment of allergic 
conjunctivitis. 

 Additional measures include the use of artificial tears, cool 
compresses, oral antihistamines, and allergen avoidance. Frequent 
clothes washing and bathing/showering before bedtime may also be 
helpful.  

 Use of topical mast-cell stabilizers can also be helpful in alleviating 
symptoms of allergic rhinitis, and intranasal corticosteroids are not 
effective for the treatment of seasonal allergic conjunctivitis.  
 

Vernal/atopic conjunctivitis 
 General treatment measures include minimizing exposure to allergens 

or irritants, and using cool compresses and ocular lubricants.  
 Topical and oral antihistamines and topical mast-cell stabilizers can be 

useful to maintain comfort.  
 Topical corticosteroids are usually necessary to control severe signs 

and symptoms during acute exacerbations.  
 Topical cyclosporine (2.0%) is effective as adjunctive therapy to 

reduce the amount of topical corticosteroid used to treat severe atopic 
keratoconjunctivitis. 

 For severe sight-threatening atopic keratoconjunctivitis that is not 
responsive to topical therapy, systemic immunosuppression may be 
warranted rarely.  
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 In patients two years of age and older, eyelids can be treated with 

pimecrolimus cream (1.0%) or tacrolimus ointment applied to the 
affected eyelid skin. Both agents are rarely associated with 
development of skin cancer or lymphoma.  

American Academy of Allergy, 
Asthma, and Immunology/ 
American College of Allergy, 
Asthma, and Immunology/ Joint 
Council on Allergy, Asthma, and 
Immunology:  
The Diagnosis and 
Management of Rhinitis: An 
Updated Practice Parameter  
(2008)1 

Pharmacologic therapy 
 The selection of pharmacotherapy depends on multiple factors, 

including the type of rhinitis present (e.g., allergic, nonallergic, mixed, 
episodic), most prominent symptoms, severity, and patient age.  
 

Oral antihistamines 
 First-generation antihistamines have significant potential to cause 

sedation, performance impairment, and anticholinergic effects.  
 First-generation antihistamines may produce performance impairment 

in school and driving that can exist without subjective awareness of 
sedation. The use of first-generation antihistamines has been associated 
with increased automobile and occupational accidents.  

 Due to the prolonged half-life and active metabolites, these adverse 
effects cannot be eliminated by the administration of first-generation 
antihistamines only at bedtime.  

 The anticholinergic effects of the first-generation antihistamines may 
explain the reported better control of rhinorrhea compared with the 
second-generation antihistamines.  

 The overall efficacy of first-generation antihistamines compared with 
second generation for the management of allergic rhinitis symptoms 
has not been adequately studied.  

 Before prescribing a first-generation antihistamine, healthcare 
providers should ensure that the patient understands both the potential 
for adverse effects and the availability of alternative antihistamines 
with a lower likelihood of adverse effects.  

 Second-generation antihistamines are generally preferred over first-
generation antihistamines for the treatment of allergic rhinitis because 
they have a lower tendency to cause sedation, performance 
impairment, and/or anticholinergic adverse effects. 

 Second-generation antihistamines differ in their onset of action, 
sedation properties, skin test suppression, and dosing guidelines.  

 With regards to their sedative properties: fexofenadine, loratadine, and 
desloratadine do not cause sedation at recommended doses; loratadine 
and desloratadine may cause sedation at doses exceeding the 
recommended dose; cetirizine and intranasal azelastine may cause 
sedation at recommended doses. 

 No single second-generation antihistamine has been conclusively 
shown to have greater efficacy.  
 

Intranasal antihistamines 
 Intranasal antihistamines may be considered for use as first-line 

treatment for allergic and nonallergic rhinitis.  
 Intranasal antihistamines are efficacious and equal to or more effective 

than oral second-generation antihistamines for treatment of seasonal 
allergic rhinitis. 

 Intranasal antihistamines have been associated with sedation and can 
inhibit skin test reactions due to systemic absorption.  

 Intranasal antihistamines have been associated with a clinically 
significant effect on nasal congestion.  

 Intranasal antihistamines are generally less effective than intranasal 
corticosteroids for treatment of allergic rhinitis. 
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Oral decongestants 
 Oral decongestants, such as pseudoephedrine and phenylephrine, 

effectively relieve nasal congestion in patients with allergic and 
nonallergic rhinitis, but can result in adverse effects such as insomnia, 
loss of appetite, irritability, and palpitations.  

 The efficacy of an oral decongestant in combination with an 
antihistamine in the management of allergic rhinitis has not been 
adequately documented to increase the efficacy of either drug alone.  

 Pseudoephedrine is a key ingredient used in making methamphetamine 
and restrictions have been placed on the sale of pseudoephedrine in the 
United States to reduce illicit production of methamphetamine.  

 Phenylephrine has been substituted for pseudoephedrine in many over-
the-counter products. Phenylephrine appears to be less effective than 
pseudoephedrine as it is extensively metabolized in the gut. The 
efficacy of phenylephrine as an oral decongestant has not been well 
established.  

 Elevation of blood pressure after taking an oral decongestant is rarely 
seen in normotensive patients and only occasionally in patients with 
controlled hypertension.  

 Concomitant use of caffeine and stimulants may be associated with an 
increase in adverse events. 

 Oral decongestants should be used with caution in older adults and 
young children, and in patients of any age with a history of cardiac 
arrhythmia, angina pectoris, cerebrovascular disease, hypertension, 
bladder neck obstruction, glaucoma, or hyperthyroidism. 

 Oral decongestants are usually well tolerated in children over six years 
of age. However, use in infants and young children has been associated 
with agitated psychosis, ataxia, hallucinations, and death. The risks and 
benefits must be considered before using oral decongestants in children 
below six years of age.  
 

Topical decongestants 
 Topical decongestants may be considered for the short-term or 

intermittent/episodic treatment of nasal congestion, but are not 
recommended for daily use due to the risk of rhinitis medicamentosa.  
 

Intranasal corticosteroids 
 Intranasal corticosteroids are the most effective medication class for 

controlling symptoms of allergic rhinitis.  
 Intranasal corticosteroids have been shown to be more effective than 

the combined use of an antihistamine and leukotriene antagonist in the 
treatment of seasonal allergic rhinitis in most studies. 

 The clinical response does not appear to vary significantly among the 
intranasal corticosteroids, despite the differences in topical potency, 
lipid solubility, and binding affinity.  

 Intranasal corticosteroids may be useful in the treatment of some forms 
of nonallergic rhinitis.  

 Nasal irritation and bleeding may occur with the use of intranasal 
corticosteroids. Nasal septal perforation has rarely been reported. 
 

Oral corticosteroids 
 A short course (five to seven days) of oral corticosteroids may be 

appropriate for the treatment of very severe or intractable nasal 
symptoms or to treat significant nasal polyposis.  
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 Single administration of parenteral corticosteroids is discouraged and 

recurrent administration of parenteral corticosteroids is contraindicated 
because of greater potential for long-term corticosteroid side effects.  
 

Intranasal cromolyn 
 Intranasal cromolyn sodium is effective in some patients for prevention 

and treatment of allergic rhinitis and is associated with minimal side 
effects.  

 Intranasal cromolyn is less effective than corticosteroids in most 
patients and has not been adequately studied in comparison with 
leukotriene antagonists or antihistamines.  
 

Intranasal anticholinergics 
 Intranasal anticholinergics may effectively reduce rhinorrhea, but have 

no effect on other nasal symptoms.  
 Dryness of the nasal membranes may occur with intranasal 

anticholinergics.  
 The concomitant use of ipratropium bromide nasal spray and an 

intranasal corticosteroid is more effective than administration of either 
drug alone in the treatment of rhinorrhea without any increased risk of 
adverse events.  
 

Oral antileukotriene agents 
 Oral antileukotriene agents alone, or in combination with 

antihistamines, have proven to be useful in the treatment of allergic 
rhinitis.  
 

Omalizumab 
 Omalizumab has demonstrated efficacy in allergic rhinitis; however, it 

only FDA-approved for use in allergic asthma.  
 

Nasal saline 
 Topical saline is beneficial in the treatment of the symptoms of chronic 

rhinorrhea and rhinosinusitis when used alone or as adjunctive therapy. 
 

Over-the-counter cough and cold medications for young children 
 The efficacy of cold and cough medications for symptomatic treatment 

of upper respiratory tract infections has not been established for 
children younger than six years.  

 Because of the potential toxicity, the use of these over-the-counter 
products should be avoided in children below six years of age.  

Institute for Clinical Systems 
Improvement:  
Diagnosis and Treatment of 
Respiratory Illness in Children 
and Adults  

(2013)10 

 

 

 

Strep pharyngitis 
 Penicillin is the drug of choice for treatment of culture positive cases of 

group A beta streptococcal pharyngitis. In children and patients unable 
to swallow pills, amoxicillin is an acceptable alternative due to the 
poor palatability of the penicillin suspension. 

 In penicillin-allergic patients, options include cephalosporins (for some 
types of allergies), macrolides, and clindamycin. Consider reevaluating 
patient for carrier status. Although macrolides may be an acceptable 
alternative, clinicians should check their local resistance patterns.  

 Alternative medication recommendations include macrolides, 
cephalexin, clindamycin, amoxicillin-clavulanate, and rocephin.  

 
Non-infectious rhinitis 
 With the exception of systemic steroids, intranasal corticosteroids are 
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the most effective single agents for controlling allergic rhinitis 
symptoms and should be considered first-line therapy in patients with 
moderate to severe symptoms. Systemic corticosteroid use should be 
reserved for refractory or severe cases only and given as a short burst. 
Injectable corticosteroids are generally not recommended as they are 
invasive and tend to have a longer course of action than typical courses 
of corticosteroids. 

 Antihistamines are effective at controlling all symptoms associated 
with allergic rhinitis, with the exception of nasal congestion. They are 
less than intranasal corticosteroids, but can be used either on a daily 
basis or on an as-needed basis.  

 Second-generation antihistamines are less sedating than first-
generation antihistamines, and cause less central nervous system 
impairment. Adverse events commonly associated with first-generation 
antihistamines include somnolence, decreased alertness, and 
anticholinergic effects. These agents may cause central nervous system 
impairment and impair driving performance.  

 Oral decongestants can reduce nasal congestion but can result in side 
effects such as irritability, insomnia, and palpitations. Topical 
decongestants are used for short-term or intermittent/episodic therapy. 
Routine daily use is not recommended because of the risk for the 
development of rhinitis medicamentosa. Both oral and topical 
decongestants should be used with caution in older adults, children 
under the age of six, and patients of any age who have a history of the 
following: arrhythmia, angina, cerebrovascular disease, high blood 
pressure, bladder neck obstruction, glaucoma, or hyperthyroidism. 

 Cromolyn is less effective than intranasal corticosteroids, and is most 
effective when used regularly prior to the onset of allergic symptoms. 
Cromolyn is a good alternative for patients who are not candidates for 
corticosteroids.  

 Intranasal anticholinergics are effective in relieving anterior rhinorrhea 
in patients with allergic and non-allergic rhinitis. They have no effect 
on congestion, sneezing, or itching.  

 Montelukast is a leukotriene receptor antagonist that is as effective as 
loratadine and less effective than nasal steroids. It is generally well 
tolerated and may be considered as a third-line option to add after the 
failure of a nasal corticosteroid and an oral antihistamine.  

 Ophthalmic preparations contain antihistamines, decongestants, 
corticosteroids, combination antihistamines/decongestants, 
corticosteroids, or mast cell stabilizers. Topical antihistamines can be 
used as needed for acute symptomatic relief and prophylaxis of allergic 
rhinitis with minimal systemic side effects. 
 

Non-allergic rhinitis 
 Treatment of symptomatic nasal obstruction due to non-allergic rhinitis 

includes the use of azelastine nasal spray, intranasal corticosteroids, 
intranasal cromolyn, oral decongestants, nasal strips, and topical 
antihistamines. 

 Intranasal corticosteroids can be used to treat chronic nasal congestion 
secondary to non-allergic rhinitis. Intranasal corticosteroids have a 
relatively long onset of action (up to four weeks) and are therefore 
better suited to patients with chronic symptoms.  

 Intranasal cromolyn may improve sneezing and congestion scores, and 
it can be safely used in children two years of age and older.  

 Some patients find oral decongestants helpful at relieving symptomatic 
nasal obstruction secondary to non-allergic rhinitis. Oral decongestants 
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have a relatively rapid onset of action and therefore are particularly 
useful for sporadic symptoms. Patients using oral decongestants should 
be monitored for hypertension. 

 Nasal strips may be effective for patients with nocturnal symptoms. 
They are more effective for patients with narrow noses or with anterior 
septal deviations. Daytime use of nasal strips is not usually practical.  

 Topical antihistamines have been shown to be effective in controlling 
rhinorrhea associated with non-allergic rhinitis.  

 Conservative treatment of symptomatic non-purulent chronic posterior 
nasal drainage includes increased water intake, decreased caffeine and 
alcohol intake, nasal saline irrigation, use of petroleum jelly or 
antibiotic ointment for nasal crusting, and the addition of humidity in 
bedroom, if significantly less than 50%. In addition, it should be 
determined if the patient is using any medications that may cause oral 
or nasal dryness.  

 Medical treatment of symptomatic non-purulent chronic posterior nasal 
drainage includes intranasal corticosteroids.  

 Treatment of symptomatic bilateral chronic anterior rhinorrhea due to 
non-allergic rhinitis includes avoidance of triggers, intranasal 
corticosteroids, intranasal ipratropium bromide, and nasal saline.  
 

Bacterial sinusitis 
 Intranasal corticosteroids may be rational but is an unproved 

adjunctive therapy for acute sinusitis. This therapy may be appropriate 
for selected cases of recurrent sinusitis, especially in the presence of an 
allergy or inflammation etiology. 

 Antibiotics should be reserved for those patients who failed 
decongestant therapy, those we present with symptoms and signs of a 
more severe illness, and those who have complications of acute 
sinusitis.  

Global Allergy and Asthma 
European Network:  
Allergic Rhinitis and its 
Impact on Asthma (ARIA) 
Guidelines: 2010 Revision 
(2010)11 

Pharmacologic treatment of allergic rhinitis 
 New-generation oral H1-antihistamines that do not cause sedation and 

do not interact with cytochrome P450 are recommended for allergic 
rhinitis.  

 New-generation oral H1-antihistamines are recommended over old-
generation oral H1-antihistamines. 

 In infants with atopic dermatitis and/or family history of allergy or 
asthma, it is suggested that oral H1-antihistamines not be used to 
prevent wheezing or asthma. 

 Intranasal H1-antihistamines are suggested in adults and children with 
seasonal allergic rhinitis.  

 New-generation oral H1-antihistamines are suggested over intranasal 
H1-antihistamines in adults with seasonal allergic rhinitis and in adults 
with persistent allergic rhinitis. The same is suggested for children 
with intermittent or persistent allergic rhinitis. 

 Oral leukotriene receptor antagonists are suggested in adults and 
children with seasonal allergic rhinitis, as well as in preschool children 
with persistent allergic rhinitis. It is suggested that these agents not be 
used in adults with persistent allergic rhinitis. 

 Oral H1-antihistamines are suggested over oral leukotriene receptor 
antagonists for seasonal allergic rhinitis and in preschool children with 
persistent allergic rhinitis.  

 Intranasal glucocorticosteroids are recommended for adults with 
allergic rhinitis. These agents are suggested in the management of 
children with allergic rhinitis. 
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 For seasonal and persistent allergic rhinitis, intranasal 

glucocorticosteroids are suggested over oral H1-antihistamines in 
adults and children.  

 Intranasal glucocorticosteroids are recommended over intranasal H1-
antihistaimines for allergic rhinitis, and are recommended over oral 
leukotriene receptor antagonists for seasonal allergic rhinitis.  

 For treatment refractory allergic rhinitis with moderate to severe nasal 
and/or ocular symptoms, a short course of oral glucocorticosteroids is 
suggested. 

 Intramuscular glucocorticosteroids are not recommended for allergic 
rhinitis.  

 Intranasal chromones are suggested for allergic rhinitis, and intranasal 
H1-antihistamines are suggested over intranasal chromones.  

 Intranasal ipratropium bromide is suggested for the management of 
rhinorrhea with persistent allergic rhinitis. 

 A very short course (no longer than five days and preferably shorter) of 
intranasal decongestants is suggested for the management of severe 
nasal obstruction with allergic rhinitis in adults. These agents should 
be administered with other treatments, and it is suggested that they not 
be used in preschool children.  

 It is suggested that regular use of oral decongestants, either alone or in 
combination with an oral H1-antihistamine, not occur in patients with 
allergic rhinitis. 

 Intraocular H1-antihistamines or chromones are suggested for the 
management of symptoms of conjunctivitis with allergic rhinitis. 

International Primary Care 
Respiratory Group Guidelines:  
Management of Allergic 
Rhinitis  

(2006)12 

Mild intermittent allergic rhinitis 
 Recommended therapy: 

o Oral H1-blocker. 
o Intranasal H1-blocker. 
o Decongestant. 
 AND/OR 
o Intranasal saline. 

 Review patient after two to four weeks. If improved, consider stepping 
down therapy. 

 If failure, review diagnosis, review compliance, query infections and 
other causes, then consider trial of different treatment option or step up 
therapy (see moderate/severe intermittent allergic rhinitis treatment 
options). 
 

Moderate/severe intermittent allergic rhinitis 
 Recommended therapy: 

o Oral H1-blocker. 
o Intranasal H1-blocker. 
 AND/OR 
o Decongestant. 
o Intranasal saline. 
o Intranasal glucocorticosteroid. 
o Mast cell stabilizer. 
o Antileukotriene (preferred in patients with coexisting asthma). 

 Review patient after two to four weeks. If improved, consider stepping 
down therapy.  

 If failure, review diagnosis and compliance, query infections and other 
causes, then consider trial of different treatment option or specialist 
referral. 
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Mild persistent allergic rhinitis 
 Recommended therapy: 

o Oral H1-blocker. 
o Intranasal H1-blocker. 
AND/OR 
o Decongestant. 
o Intranasal glucocorticosteroid. 
o Intranasal saline. 
o Mast cell stabilizer. 
o Antileukotriene (preferred in patients with coexisting asthma). 

 Review patient after two to four weeks. If improved, continue 
treatment for at least one month after symptoms resolve. Consider 
stepping down dose. 

 If failure, review diagnosis, review compliance, query infections and 
other causes, then consider trial of different treatment option or step up 
therapy (see moderate/severe persistent allergic rhinitis treatment 
options). 
 

Moderate/severe persistent allergic rhinitis 
 Recommended therapy: 

o Intranasal glucocorticosteroid. 
o Decongestant. 
o Oral H1-blocker. 
o Intranasal saline. 
o Antileukotriene (preferred in patients with coexisting asthma). 

 Review patient after two to four weeks. If improved, continue 
treatment for at least one month after symptoms resolve. Consider 
stepping down dose. 

 If failure, review diagnosis, review compliance, query infections and 
other causes, then choose one or more of the following options: 

o Increase nasal steroid dose, consider trial of different 
treatment option, or consider referral to specialist. 

o If sneeze/itch: add H1-blocker. 
o If rhinorrhea: add ipratropium. 
o If blockage: add decongestant or short course of oral steroids. 

 
General treatment considerations 
 First generation H1-antihistamines cause sedation and central nervous 

system impairment. These side effects may adversely affect cognition, 
learning and driving. These side effects may be potentiated by alcohol 
and other sedatives. Adverse events may not always be perceived by 
patients.  

 Second generation H1-antihistamines are associated with less sedation 
and impairment than first generation antihistamines. 

 Intranasal and intraocular H1-antihistamines are as effective as oral 
antihistamines at the site of their administration.  

 Intranasal glucocorticosteroids are the most effective class of 
medications available for the treatment of allergic and nonallergic 
rhinitis. Oral glucocorticosteroids are rarely needed to control severe 
symptoms of allergic rhinitis.  

 Mast cell stabilizers reduce symptoms of allergic rhinitis, but are 
generally less effective than other treatments and require frequent 
administration. Ocular mast cell stabilizers are effective and have a 
role in the treatment of allergic conjunctivitis.  

 Anticholinergic agents can reduce rhinorrhea, but have little effect on 
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other symptoms of allergic rhinitis. 

 Antileukotriene agents are effective for the treatment of allergic 
rhinitis and asthma. They have been shown to be as effective as oral 
antihistamines, but have a greater effect on nasal obstruction. They 
may have an additive effect with antihistamines.  

American Academy of 
Otolaryngology–Head and Neck 
Surgery Foundation:  
Clinical Practice Guideline: 
Adult Sinusitis  

(2007)13 

 

 

 

 

Symptomatic relief of viral rhinosinusitis  
 Management of viral rhinosinusitis is primarily symptomatic, with an 

analgesic or antipyretic provided for pain or fever, respectively.  
 Topical or systemic decongestants may offer additional symptomatic 

relief. 
 Antihistamines have been used to treat viral rhinosinusitis due to their 

drying effect; however, no studies have been published that assess the 
impact of antihistamines specifically on viral rhinosinusitis outcomes. 
Adverse effects of antihistamines, especially first-generation H1-
antagonists, include drowsiness, behavioral changes, and impaired 
mucus transport in the nose and sinuses because of drying. 
 

Symptomatic relief of acute bacterial rhinosinusitis 
 Symptomatic treatments for acute bacterial rhinosinusitis include 

decongestants, corticosteroids, saline irrigation, and mucolytics. None 
of these products have been approved by the FDA for use in acute 
rhinosinusitis, and few have data from controlled clinical studies 
supporting this use. 

 Antihistamines have no role in the symptomatic relief of acute 
bacterial rhinosinusitis in nonatopic patients. There are no studies that 
support their use in an infectious setting, and antihistamines may 
worsen congestion by drying the nasal mucosa.  

 Antihistamines may be considered in patients with acute bacterial 
rhinosinusitis whose symptoms suggest a significant allergic 
component. 
 

Watchful waiting for acute bacterial rhinosinusitis 
 Observation without use of antibiotics is an option for selected adults 

with uncomplicated acute bacterial rhinosinusitis who have mild illness 
(mild pain and temperature <38.3°C or 101°F).  
 

Choice of antibiotic for acute bacterial rhinosinusitis 
 If a decision is made to treat acute bacterial rhinosinusitis with an 

antibiotic, the clinician should prescribe amoxicillin as first-line 
therapy for most adults.  
 

Treatment failure for acute bacterial rhinosinusitis 
 If the patient worsens or fails to improve with the initial management 

option by seven days after diagnosis, the clinician should reassess the 
patient to confirm acute bacterial rhinosinusitis, exclude other causes 
of illness, and detect complications.  

 If acute bacterial rhinosinusitis is confirmed in the patient initially 
managed with observation, the clinician should begin antibiotic 
therapy.  

 If the patient was initially managed with an antibiotic, the clinician 
should change the antibiotic.  

American Academy of Allergy, 
Asthma, and Immunology/ 
American College of Allergy, 
Asthma, and Immunology/ Joint 

Antibiotics 
 Antibiotics are the primary therapy for bacterial sinusitis.  
 The most common bacteria observed in acute sinusitis, recurrent acute 

sinusitis, and acute exacerbations of chronic sinusitis are Streptococcus 
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Council on Allergy, Asthma, and 
Immunology:  
The Diagnosis and 
Management of Sinusitis: An 
Updated Practice Parameter   

(2005)14 

pneumoniae, Haemophilus influenzae, and Moraxella catarrhalis.  
 Amoxicillin often is the drug of choice for children and adults.  
 Trimethoprim-sulfamethoxazole can be used as an alternative drug in 

adults.  
 For patients who do not respond to amoxicillin, high-dose amoxicillin-

clavulanate is recommended.  
 For patients allergic to or intolerant of amoxicillin, alternatives include 

cephalosporins, macrolides, or quinolones. 
 The appropriate duration of antibiotic therapy for acute sinusitis is not 

well defined.  
 Antibiotic treatment of uncomplicated viral upper respiratory tract 

infection is inappropriate and discouraged strongly.  
 

Antihistamines 
 There are no data to recommend the use of H1-antihistamines for the 

treatment of acute bacterial sinusitis.  
 There may be a role for the use of antihistamines in the treatment of 

chronic sinusitis if the underlying risk factor is allergic rhinitis. 
 

α-adrenergic decongestants 
 Topical and oral decongestants are often used to treat acute and 

chronic sinusitis as they decrease nasal resistance and increase ostial 
patency; however, additional studies are needed to assess the value of 
decongestants in the prevention and treatment of sinusitis. 
 

Glucocorticosteroids 
 The addition of intranasal corticosteroids to antibiotic therapy might be 

modestly beneficial in the treatment of patients with recurrent acute or 
chronic sinusitis.  

 The use of systemic corticosteroid therapy for sinus disease has not 
been well studied.  
 

Adjunctive therapies: saline, mucolytics, and expectorants 
 These agents are commonly used and in some instances might be 

beneficial in some patients; however, use of all these agents as 
prophylaxis for exacerbations of chronic sinusitis is empiric and not 
supported by clinical data. 

 Saline nasal sprays or lavage might be a useful adjunct by liquefying 
secretions and decreasing the risk of crusting near the sinus ostia.  

 There is no conclusive evidence that mucolytics, such as guaifenesin, 
are useful adjuncts in treating acute sinusitis. 

British Association of 
Dermatologists Therapy 
Guidelines and Audit 
Subcommittee:  
Guidelines for Evaluation and 
Management of Urticaria in 
Adults and Children 

(2007)2 

Antihistamines 
 Antihistamines are effective and safe for the treatment of urticaria; 

however, not all patients respond and some become worse. 
 All patients should be offered the choice of at least two nonsedating 

H1-antihistamines because responses and tolerance vary between 
individuals.  

 It has become common practice to increase the dose above the 
manufacturer’s licensed recommendation for patients who do not 
respond when the potential benefits are considered to outweigh any 
risks.  

 The use of sedating antihistamines as monotherapy is now less 
common because of concerns about reduced concentration and 
performance, but they can be effective and well tolerated by some 
individuals.  
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 Doxepin has useful antihistaminic properties, but has sedating and 

anticholinergic side effects.  
 Addition of a sedating antihistamine at night (e.g., chlorphenamine, 

hydroxyzine) to a nonsedating antihistamine by day may help patients 
sleep better; however, it probably has little additional clinical effect on 
urticaria if the H1 receptor is already saturated.  
 

Antileukotriene agents 
 Antileukotriene agents may be taken in addition to an H1-antihistamine 

for poorly controlled urticaria; however, there is little evidence that 
they are useful as monotherapy.  

 Antileukotriene agents are more likely to benefit aspirin-sensitive and 
autologous serum skin test-positive chronic ordinary urticaria than 
other patterns of urticaria. Montelukast is usually chosen. 
 

Corticosteroids 
 Oral corticosteroids may shorten the duration of acute urticaria.  
 Parenteral hydrocortisone is often given as an adjunct for severe 

laryngeal edema and anaphylaxis although its action is delayed. Short 
courses of oral steroids over three to four weeks may be necessary for 
urticarial vasculitis and severe delayed pressure urticaria, but long-
term oral corticosteroids should not be used in chronic urticaria except 
in select cases under regular specialist supervision. 
 

Immunomodulating therapies 
 Cyclosporin is the best studied immunosuppressive drug for chronic 

ordinary urticaria. Optimal patient selection, dose and duration of 
treatment still need to be defined.  

 Similar response rates have been seen with tacrolimus and 
mycophenolate mofetil. 

 Plasmapheresis and intravenous immunoglobulins may also be 
effective in severe autoimmune chronic urticaria.  

 There have been reports of success with methotrexate and 
cyclophosphamide.  

American Academy of Allergy, 
Asthma, and Immunology/ 
American College of Allergy, 
Asthma, and Immunology/ Joint 
Council on Allergy, Asthma, and 
Immunology:  
Diagnosis and Management of 
Urticaria: A Practice 
Parameter  

(2014)3 

Acute urticaria and angioedema 
 Antihistamines are efficacious in most cases and are recommended as 

first-line therapy. Although first-generation antihistamines are rapidly 
acting and effective, in both pediatric and adult patients they may be 
associated with sedation and impaired motor skills due to their ability 
to cross the blood-brain barrier, while these impairments are less 
evident or not evident with second-generation antihistamines as a class.   

 In patients with poor response to antihistamines, a brief course of oral 
corticosteroids may also be required while attempting to eliminate 
suspected triggers and develop an effective treatment plan.   

 
Chronic urticaria  
 H1-antagonists are effective in the majority of patients but may not 

achieve complete control in all patients.  Second-generation 
antihistamines are safe and effective therapies in chronic urticaria and 
are considered first-line agents.   

 For patients not responding to monotherapy with a second generation 
antihistamine at Food and Drug Administration- approved doses, 
several treatment options can be employed. Higher doses of second-
generation antihistamines may provide more efficacy but data are 
limited and conflicting for certain agents. Addition of H2-antagonists or 
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leukotriene receptor antagonists may be considered for patients with 
unsatisfactory responses to 2nd generation antihistamine monotherapy. 
First-generation antihistamines may also be considered in patients who 
do not achieve control of their condition with higher dose second-
generation antihistamines.  

 Treatment with a potent antihistamine, hydroxyzine or doxepin, may be 
considered in patients who remain poorly controlled with dose 
advancement of second-generation antihistamines, and/or addition of 
one of more of the following: H2-antihistamines, first-generation H1-
antihistamine at bedtime, and/or anti-leukotrienes.  

 Systemic corticosteroids are frequently used for refractory patients, but 
no controlled studies have demonstrated efficacy. In some patients, 
short-term use (e.g., one to three weeks duration) may be required to 
gain control of their disease until other therapies can achieve control.  
Because of the risk of adverse effects with systemic corticosteroids, 
long-term use for treatment of chronic urticaria patients should be 
avoided.  Patients who are not adequately controlled on maximal 
antihistamine therapy may be considered to have refractory chronic 
urticaria.   

 A number of alternative therapies have been studied for the treatment 
of chronic urticaria; these therapies merit consideration for patients 
with refractory disease.  
o Omalizumab and cyclosporine have the greatest published 

experience for efficacy compared to all other alternative agents.  
The therapeutic utility of omalizumab for refractory chronic 
urticaria has been supported by findings from large double-blind 
randomized controlled trials and is associated with a relatively low 
rate of clinically significant adverse effects.  

o There is evidence from observational studies with cyclosporine, 
including long-term use that suggests cyclosporine is efficacious 
for refractory chronic urticaria and capable of inducing remission. 
There is also evidence for efficacy of cyclosporine from 
randomized controlled trials; however, taken in the context of 
study limitations, potential harms and cost, the quality of evidence 
from these randomized controlled trials supporting cyclosporine is 
low, leading to a weak recommendation for use of cyclosporine.  

o Many other alternative therapies have been used in refractory 
chronic urticaria; however the level of evidence supporting their 
use is lower than with omalizumab or cyclosporine. Anti-
inflammatory agents including dapsone, sulfasalazine, 
hydroxychloroquine, and colchicine have limited evidence for 
efficacy and some require laboratory monitoring for adverse 
effects. These agents are generally well tolerated and may be 
considered for properly selected patients with antihistamine 
refractory chronic urticaria.  Other  agents have been used in 
patients with refractory chronic urticaria,  including but not limited 
to: theophylline, attenuated androgens, anticoagulants, NSAIDs, 
beta-agonists, cyclophosphamide, gold, plasmapheresis, cromolyn, 
and nifedipine; however, these agents should be reserved for 
patients with refractory urticaria who have failed other anti-
inflammatory, immunosuppressant or biologic agents. Other 
unproven therapies, which are not recommended, include allergen 
immunotherapy, herbal therapies, vitamins, supplements, and 
acupuncture. 

European Academy 
of Allergy and Clinical 

Basic considerations 
 The therapeutic approach to urticaria is universal (regardless of 
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Immunology/ Global Allergy 
and Asthma European Network/ 
European Dermatology Forum/ 
World Allergy Organization: 
Guideline for the definition, 
classification, diagnosis, and 
management of urticaria: the 
2013 revision and update 
(2013)15 

 
 
 
 
 

subtype) and based on the same principles as in other mast-cell-
dependent diseases (elimination/avoidance of the cause or trigger, 
symptomatic pharmacological treatment, and inducing tolerance).  

 Acute urticaria differs from all other types as it is self-limited. 
Treatment is usually based on symptomatic relief.  

 
Symptomatic pharmacological treatment 
 Continuous treatment with H1-antihistamines. 
 Recommendations are against the use of sedating (first-generation) 

antihistamines for the routine management of chronic urticaria as first-
line agents. 

 Modern second-generation antihistamines (e.g., cetirizine, loratadine, 
fexofenadine) should be considered as the first-line symptomatic 
treatment for urticaria because of their good safety profile. 

 The majority of patients with urticaria not responding to single dose 
will profit from up-dosing of antihistamines. Modern second-
generation antihistamines at licensed doses are first-line treatment in 
urticaria, and up-dosing is second-line treatment (up to fourfold dose). 

 A trial of omalizumab, cyclosporine A, or montelukast as add on 
therapy to modern second generation H1-antihistamines is 
recommended as third-line therapy in treatment of urticaria. 

 Short course (maximum of 10 days) of corticosteroids may also be 
used as a third-line therapy or as an option for acute exacerbation. 
Long-term use of systemic corticosteroids is not recommended. 

 Antagonists of tumor necrosis factor-a (TNF-alpha) and IVIG, which 
have been successfully used in case reports, are recommended 
currently only to be used in specialized centers as last option (i.e., anti-
TNF-alpha for delayed pressure urticaria and IVIG for chronic 
spontaneous urticaria).  
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IV. Pharmacokinetics 
 
The pharmacokinetic parameters of the first generation antihistamines are listed in Table 4. There is insufficient 
information on the pharmacokinetic properties of the fixed-dose combination products. Therefore, only 
information on the individual components was included in the table.  

 
Table 4. Pharmacokinetic Parameters of the First Generation Antihistamines4,16 

Generic Name(s) Bioavailability 
(%) 

Protein 
Binding (%) 

Metabolism 
(%) 

Excretion 
(%) 

Half-Life 
(hours) 

Ethanolamine Derivatives 
Carbinoxamine  Good Not reported Liver Renal 10 to 20 
Clemastine  39 Not reported Liver Renal 21 
Diphenhydramine  65 to 100 76 to 85 Liver (50) Renal 

(50 to 65) 
4 to 8 

Doxylamine  Good Not reported Liver Renal 10 to 13 
Ethylenediamine Derivatives 
Pyrilamine Not reported Not reported Liver Renal Not reported 
Propylamine Derivatives 
Brompheniramine Not reported Not reported Liver, extensive Renal (17) 12 to 25 
Chlorpheniramine Good Not reported Liver, extensive Renal (50) 20 
Triprolidine Well absorbed Not reported Liver Renal 2 to 5 
Decongestants 
Phenylephrine 38 

 
Not reported 

 
Intestinal wall, 

extensive; 
Liver, moderate 

Renal  
(80 to 86) 

 

2 to 3 

Pseudoephedrine Not reported Not reported Liver  
(10 to 30) 

Renal  
(70 to 90) 

9 to 16 

 
 

V. Drug Interactions 
 
Significant drug interactions with the first generation antihistamines are listed in Table 5. Drug interactions are 
due to the individual components of the combinations products; therefore, only information on the individual 
ingredients was included in the table. 

 
Table 5. Significant Drug Interactions with the First Generation Antihistamines4 

Generic Name(s) Significance Level Interaction Mechanism 
Sympathomimetics  
(phenylephrine, 
pseudoephedrine) 

1 Monoamine 
oxidase inhibitors 

Coadministration of a monoamine 
oxidase inhibitor and an indirect- or 
mixed-acting sympathomimetic may 
cause hypertensive crisis. 

Sympathomimetics  
(phenylephrine, 
pseudoephedrine) 

1 Linezolid Pharmacologic effects of 
sympathomimetics may be increased by 
linezolid. Headache, hyperpyrexia, and 
hypertension may occur. 

Sympathomimetics  
(phenylephrine, 
pseudoephedrine) 

2 Rauwolfia 
alkaloids (e.g., 
reserpine) 

Reserpine depletes stores of 
catecholamines, increasing the receptor 
sensitivity to the direct-acting 
sympathomimetics while antagonizing 
the effects of the indirect-acting agents 
which release norepinephrine from the 
neurons. Coadministration may result in 
hypertension. 

Sympathomimetics  
(phenylephrine, 
pseudoephedrine) 

2 Tricyclic 
antidepressants  

Tricyclic antidepressants potentiate the 
pressor response of the direct-acting 
sympathomimetics; dysrhythmias have 
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Generic Name(s) Significance Level Interaction Mechanism 
occurred. The pressor response to the 
indirect-acting sympathomimetics is 
decreased by the tricyclic antidepressants. 

Sympathomimetics  
(phenylephrine, 
pseudoephedrine) 

2 Urinary 
alkalinizers  

The tubular reabsorption of the 
sympathomimetic may be increased 
because of an increased urinary pH by 
urinary alkalinizers. The therapeutic or 
toxic effects of the sympathomimetic 
may be increased. 

Sympathomimetics  
(phenylephrine, 
pseudoephedrine) 

2 Methyldopa The coadministration of methyldopa and 
sympathomimetics may result in an 
increased pressor response, possibly 
resulting in hypertension. 

Carbinoxamine 2 Monoamine 
oxidase inhibitors 

Carbinoxamine anticholinergic effects 
(e.g., drying) may be increased and 
prolonged with monoamine oxidase 
inhibitor coadministration. 

Diphenhydramine 2 Beta-adrenergic 
blockers 

Inhibition of cytochrome P450 2D6 
isoenzyme-mediated metabolism by 
diphenhydramine may decrease the 
elimination of beta-adrenergic blockers. 
Plasma concentrations and cardiovascular 
effects of beta-adrenergic blockers may 
be increased when co-administered with 
diphenhydramine. 

Significance level 1 = major severity, significance level 2 = moderate severity
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VII. Dosing and Administration 
 

The usual dosing regimens for the first generation antihistamines are listed in Table 7. Due to the differences in 
dosing with the various salt formulations, the products have been further classified by salt formulation in this table 
when necessary.  

 
Table 7. Usual Dosing Regimens for the First Generation Antihistamines4,17-34 

Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
Ethanolamine Derivatives 
Carbinoxamine  Allergic rhinitis and other allergic 

conditions: 
Solution, tablet: 4 to 8 mg three to 
four times daily 
 

Allergic rhinitis and other allergic 
conditions: 
Solution, tablet: ≥6 years of age: 
4 to 6 mg three to four times daily 
 
Solution: 3 to 6 years of age: 2 to 
4 mg three to four times daily; 2 
to 3 years of age: 2 mg three or 
four times daily 

Solution: 
4 mg/5 mL 
 
Tablet: 
4 mg 

Clemastine  Allergic rhinitis: 
Syrup, tablet: initial, 1.34 mg two 
times daily; maximum, 8.04 
mg/day 
 
Allergic urticaria and 
angioedema: 
Syrup, tablet: initial, 2.68 mg one 
to three times daily; maximum, 
8.04 mg/day 
 
Upper respiratory conditions: 
Syrup, tablet: 1.34 mg two times 
daily; maximum, 2.68 mg/day 
 

Allergic rhinitis: 
Syrup, tablet: ≥12 years of age: 
initial, 1.34 mg two times daily; 
maximum, 8.04 mg/day; 6 to <12 
years of age: initial, 0.67 mg two 
times daily; maximum, 4.02 
mg/day 
 
Allergic urticaria and 
angioedema: 
Syrup, tablet: ≥12 years of age: 
initial, 2.68 mg one to three times 
daily; maximum, 8.04 mg/day; 6 
to <12 years of age: initial, 1.34 
mg two times daily; maximum, 
4.02 mg/day 
 
Upper respiratory conditions: 
Syrup, tablet: ≥12 years of age: 
1.34 mg two times daily; 
maximum, 2.68 mg/day 

Syrup: 
0.67 mg/5 mL 
 
Tablet: 
1.34 mg 
2.68 mg 
 

Diphenhydramine  Allergic rhinitis and upper 
respiratory conditions: 
Oral: 25 to 50 mg four to six 
times daily; maximum, 300 
mg/day 
 
Antitussive: 
Oral: 25 mg six times daily; 
maximum, 150 mg/day  
 
Insomnia: 
Oral: 50 mg at bedtime 
 
Motion sickness: 
Oral: 25 to 50 mg four to six 
times daily; maximum, 300 
mg/day 
 

Allergic rhinitis and upper 
respiratory conditions: 
Oral: ≥12 years of age: 25 to 50 
mg four to six times daily; 
maximum, 300 mg/day; 6 to <12 
years of age: 12.5 to 25 mg four 
to six times daily; maximum, 150 
mg/day; 2 to <6 years of age: 6.25 
mg four to six times daily; 
maximum, 37.5 mg/day 
 
Antitussive: 
Oral: ≥12 years of age: 25 to 50 
mg four to six times daily; 
maximum, 300 mg/day; 6 to <12 
years of age: 12.5 mg six times 
daily; maximum, 75 mg/day; 2 to 
<6 years of age: 6.25 mg six 

Elixir: 
12.5 mg/5 mL 
 
Injection: 
10 mg/mL 
50 mg/mL  
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Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
Parkinsonian syndrome: 
Oral: initial, 25 mg three times 
daily; maintenance, 50 mg four 
times daily 
 
Other: 
Injection: 10 to 15 mg IM or IV; 
maximum, 400 mg/day 
 

times daily; maximum, 37.5 
mg/day 
 
Motion sickness: 
Oral: ≥12 years of age: 25 to 50 
mg four to six times daily; 
maximum, 300 mg/day; 6 to <12 
years of age: 12.5 to 25 mg 30 to 
60 minutes prior to travel and 
four to six times daily; maximum, 
150 mg/day; 2 to <6 years of age: 
6.25 mg 30 to 60 minutes prior to 
travel and four to six times daily; 
maximum, 37.5 mg/day 
 
Insomnia:  
Oral: 2 to 12 years of age: 1 
mg/kg 30 minutes prior to 
bedtime; maximum, 50 mg/day 
 
Other: 
Injection: 5 mg/kg/day or 150 
mg/m2 IM or IV; maximum, 300 
mg/day 

Doxylamine  Antihistamine: 
Tablet, tablet (chewable): 7.5 to 
12.5 mg four to six times daily; 
maximum, 75 mg/day  
 
Insomnia: 
Tablet, tablet (chewable): 25 mg 
30 minutes prior to bedtime 

Antihistamine: 
Tablet, tablet (chewable): ≥12 
years of age: 7.5 to 12.5 mg four 
to six times daily; maximum, 75 
mg/day; 6 to <12 years of age: 
3.75 to 6.25 mg four to six times 
daily; maximum, 37.5 mg/day; 2 
to <6 years of age: 1.9 to 3.125 
mg four to six times daily; 
maximum, 18.75 mg/day 
 
Insomnia: 
Tablet, tablet (chewable): >12 
years of age: 25 mg 30 minutes 
prior to bedtime 

Tablet: 
25 mg 
 
Tablet 
(chewable): 
5 mg 

Phenylephrine 
tannate and 
diphenhydramine 
tannate 

Upper respiratory allergies and 
upper respiratory conditions: 
Tablet (chewable): 5-12.5 to 10-
25 mg four times daily 

Upper respiratory allergies and 
upper respiratory conditions: 
Tablet (chewable): ≥12 years of 
age: 5-12.5 to 10-25 mg four 
times daily; 6 to <12 years of age: 
2.5-6.25 to 5-12.5 mg four times 
daily 

Tablet 
(chewable): 
5-12.5 mg 

Ethylenediamine Derivatives 
Phenylephrine 
HCl and 
pyrilamine 
maleate 

Antihistamine/Decongestant: 
Suspension: 5-16 to 10-32 mg 
four times daily; maximum, four 
teaspoons per day 
 
Tablet: 10-25 mg four to six times 
daily; maximum, six tablets per 
day 

Antihistamine/Decongestant: 
Suspension: ≥12 years of age: 5-
16 to 10-32 mg four times daily; 
maximum, four teaspoons per 
day; 6 to <12 years of age: 5-16 
mg four times daily; maximum, 
four teaspoons per day 
 
Tablet: ≥12 years of age: 10-25 

Suspension: 
5-16 mg/5 mL 
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Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
mg four to six times daily; 
maximum, six tablets per day; 6 
to <12 years of age: 5-12.5 mg 
four to six times daily; maximum, 
three tablets per day 

Phenylephrine 
tannate and 
pyrilamine tannate 

Antihistamine/Decongestant: 
Suspension: 5-16 to 10-32 mg 
four times daily; maximum, four 
teaspoons per day 
 

Antihistamine/Decongestant: 
Suspension: ≥12 years of age: 5-
16 to 10-32 mg four times daily; 
maximum, four teaspoons per 
day; 6 to <12 years of age: 5-16 
mg four times daily; maximum, 
four teaspoons per day 

Suspension: 
5-16 mg/5 mL  
 

Propylamine Derivatives 
Brompheniramine 
maleate 

Antihistamine: 
Drops: 4 mg six times daily; 
maximum, 12 mg/day  

Antihistamine: 
Drops: ≥12 years of age: 4 mg six 
times daily; maximum, 12 
mg/day; 6 to <12 years of age: 2 
mg six times daily; maximum, 12 
mg/day; 2 to <6 years of age: 1 
mg six times daily; maximum, 6 
mg/day 

Drops: 
1 mg/mL 
 

Phenylephrine 
HCl and 
chlorpheniramine 
maleate 

Antihistamine/Decongestant: 
Drops (2-1 mg/mL): four mL four 
to six times daily; maximum, 24 
mL per day  
 
Extended-release tablet: One or 
two tablets every 12 hours  
 
Liquid: 10-4 mg six times daily; 
maximum, six teaspoons per day 
 
Tablet: one tablet every four 
hours, up to six tablets per day 
 
 

Antihistamine/Decongestant: 
Drops (2-1 mg/mL): ≥12 years of 
age: four mL four to six times 
daily; maximum, 24 mL per day; 
6 to <12 years of age: two mL 
four to six times daily; maximum, 
8 to 12 mL per day 
 
Drops (2.5-1 mg/mL): 6 to 12 
years of age: two mL four to six 
times daily; 2 to 6 years of age: 
one mL four to six times daily 
 
Drops (3.5-1 mg/mL): 6 to <12 
years of age: one mL four to six 
times daily; maximum, six mL 
per day 
 
Drops (5-2 mg/mL): 6 to <12 
years of age: one mL every four 
hours; maximum, 6 mL per day 
 
Extended-release tablet: ≥12 
years of age: one or two tablets 
every 12 hours; 6 to <12 years of 
age: one tablet every 12 hours 
 
Liquid: ≥12 years of age: 10-4 mg 
six times daily; maximum, six 
teaspoons per day; 6 to <12 years 
of age: 5-2 mg six times daily; 
maximum three teaspoons per day 
 
Tablet: ≥12 years of age: one 
tablet every four hours; 

Drops: 
2-1 mg/mL 
2.5-1 mg/mL 
3.5-1 mg/mL 
5-2 mg/mL 
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Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
maximum, six tablets per day; 6 
to <12 years of age: ½ tablet 
every four hours; maximum, three 
tablets per day 

Pseudoephedrine 
HCl and 
brompheniramine 
maleate 

Antihistamine/Decongestant: 
No dosing information is 
available in the various drug 
databases.  
 

Antihistamine/Decongestant: 
Drops: 6 to 12 years of age: two 
drops four to six times daily; 
maximum, 12 drops per day; 2 to 
6 years of age: one drop four to 
six times daily; maximum, six 
drops per day 

Drops: 
7.5-1 mg/mL 
 

Pseudoephedrine 
HCl and 
triprolidine HCl 

Antihistamine/Decongestant: 
Liquid: 26.7-2.5 mg four to six 
times daily 
 
Syrup, tablet: 60-2.5 mg four 
times daily 
 

Antihistamine/Decongestant: 
Liquid: ≥12 years of age: 26.7-2.5 
mg four to six times daily; 6 to 
<12 years of age: 13.3-1.25 mg 
four to six times daily 
 
Syrup, tablet: ≥12 years of age: 
60-2.5 mg four times daily 

Liquid: 
10-0.938 
mg/mL 
 
Syrup: 
30-1.25 mg/5 
mL 
 
Tablet: 
60-2.5 mg 

HCl=hydrochloride, IM=intramuscular, IV=intravenous  
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Additional Evidence 
 
Dose Simplification 
A search of Medline and PubMed did not reveal data pertinent to this topic.  
 
Stable Therapy 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

          Rx=prescription 
 
 

Table 9. Relative Cost of the First Generation Antihistamines 

Generic Name(s) Formulation(s) Example Brand Name(s) Brand 
Cost 

Generic 
Cost 

Ethanolamine Derivatives 
Carbinoxamine  liquid, tablet Arbinoxa®*, Karbinal ER® $-$$$$ $ 
Clemastine syrup, tablet N/A N/A $$ 
Diphenhydramine elixir, injection N/A N/A $ 
Doxylamine  chewable tablet Aldex-AN® $$$$$ N/A 
Phenylephrine and 
diphenhydramine 

chewable tablet Aldex CT® $$$$$ N/A 

Ethylenediamine Derivatives 
Phenylephrine and 
pyrilamine 

suspension Aldex D® $$$-$$$$ N/A 

Propylamine Derivatives 
Brompheniramine drops J-Tan PD® $$$$$ N/A 
Phenylephrine and 
chlorpheniramine 

drops N/A  N/A $-$$$ 

Pseudoephedrine and 
brompheniramine 

drops  J-Tan D PD® $$$$$ N/A 

Pseudoephedrine and 
triprolidine 

liquid Pediatex TD® $$$ N/A 

*Generic is available in at least one dosage form or strength.  
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N/A=Not available 
 
 

X. Conclusions 
 

The first generation antihistamines are approved for the treatment of allergic and non-allergic conditions; 
however, they are primarily used for the management of allergic rhinitis, urticaria, and angioedema. They are 
available as single entity agents, as well as in combination with other first generation antihistamines and oral 
decongestants. Many of the products are available in a generic formulation. 
 
There are several organizations that provide recommendations on the use of first generation antihistamines. There 
are a variety of effective treatment options for allergic rhinitis, including H1-antihistamines. The second 
generation antihistamines are preferred over first generation agents because they have a lower tendency to cause 
sedation, anticholinergic effects, and performance impairment.1,11 Due to their pharmacokinetic properties 
(prolonged half-life and active metabolites), the central nervous system effects cannot be eliminated by 
administering these agents at bedtime.1 For the treatment of urticaria, antihistamines are the cornerstone of 
therapy. Second generation antihistamines are generally preferred; however, first generation agents can also be 
effective and well-tolerated by patients. The addition of a sedating first generation antihistamine to a second 
generation antihistamine may help patients sleep better.2-3 For the treatment of atopic dermatitis, topical 
corticosteroids are the standard of care.6-7 Antihistamines may help relieve pruritic symptoms, especially in those 
with concomitant urticaria or allergic rhinitis.7 First generation antihistamines may also be useful in patients with 
sleep disturbances due to pruritus.6-8 For the management of allergic/atopic conjunctivitis, topical antihistamines 
are an effective treatment option; however, oral antihistamines may also be considered.8 Antihistamines are not 
recommended for the treatment of acute sinusitis. They may have a role in the management of chronic sinusitis if 
allergic rhinitis is an underlying risk factor.10,13-14 The available guidelines do not give preference to one particular 
first generation antihistamine over another.1-3,5-15  
 
There are very few studies that directly compare the first generation antihistamines. Clemastine and 
chlorpheniramine were found to be equally effective for the treatment of allergic rhinitis.40-42 The first generation 
antihistamines have also been shown to be as effective as second generation antihistamines in multiple 
studies.36,38-46,48,53 The fixed-dose combination of triprolidine-pseudoephedrine was shown to be more effective 
than monotherapy with triprolidine or pseudoephedrine.49-51 However, there were no studies found in the medical 
literature that directly compared the efficacy of the fixed-dose combination product to the coadministration of 
each component as separate formulations. Several clinical trials have evaluated the central nervous system effects 
of antihistamines. The first generation antihistamines have been shown to adversely affect cognitive and 
psychomotor functions, as well as impair driving performance.55-78  
 
Oral decongestants (pseudoephedrine and phenylephrine) help to relieve nasal congestion and are available in 
combination with several of the first generation antihistamines. Pseudoephedrine has been used to make 
methamphetamine and there are restrictions on the sale of this product in the United States. Many over-the-
counter products now contain phenylephrine; however, phenylephrine appears to be less effective than 
pseudoephedrine as it is extensively metabolized in the gut.1  

 
There is insufficient evidence to support that one brand first generation antihistamine is safer or more efficacious 
than another within its given indication. Formulations without a generic alternative should be managed through 
the medical justification portion of the prior authorization process.  

 
Therefore, all brand products within the class reviewed are comparable to each other and to the generic products 
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.  
 
 

XI. Recommendations 
 

No brand first generation antihistamine is recommended for preferred status. Alabama Medicaid should accept 
cost proposals from manufacturers to determine the most cost effective products and possibly designate one or 
more preferred brands. 
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I. Overview 

 
The estrogens are approved for the treatment of vasomotor symptoms associated with menopause, vulvar and 
vaginal atrophy, abnormal uterine bleeding, hypoestrogenism, prevention of postmenopausal osteoporosis, as well 
as for the palliative treatment of prostate and breast cancer.1-35 The menopausal transition period is associated with 
irregular or heavy bleeding, hot flashes, sleep disturbance, vaginal dryness, sexual dysfunction, incontinence, 
urinary tract infections, depression, and other clinical manifestations. For most women, these symptoms are 
usually mild and of short duration. The use of hormone therapy helps to alleviate these symptoms. Estrogen can 
be used alone in women who have had a hysterectomy; however, a progestin should be added to the regimen for 
women with an intact uterus as it reduces the risk of endometrial cancer.36-48  
 
For over 20 years, studies have examined the role of hormone therapy in the prevention of chronic diseases.47 
Observational studies suggested that there was a lower risk of cardiovascular disease, colorectal cancer, and 
osteoporotic fractures with the use of hormone therapy.49 The Women’s Health Initiative (WHI) studies were 
designed to further assess the effects of hormone therapy on these end points. Women with an intact uterus were 
enrolled in the estrogen-plus-progestin therapy (EPT) trial, whereas women without a uterus were enrolled in the 
estrogen-alone therapy (ET) study. The EPT substudy was stopped early due to an increased risk for 
cardiovascular events, stroke, pulmonary emboli, venous thromboembolic events, and invasive breast cancer.50 

The ET substudy was also stopped early due to an increased risk of stroke and no benefit with regards to 
cardiovascular disease.51 Two additional long-term trials (HERS and HERS II) also failed to show a benefit with 
hormone therapy for the primary or secondary prevention of cardiovascular disease.52 The Food and Drug 
Administration requested that the manufacturers of estrogen products revise their product labeling to include 
updated safety information from the WHI studies.53-54 Many organizations recommend the use of hormone 
therapy only for the short-term treatment of menopausal symptoms. The long-term use of hormone therapy is no 
longer recommended for the prevention of chronic diseases.38,44-47  
 

The estrogens are available in a variety of dosage forms, including injectable, oral, topical, transdermal, and 
vaginal preparations. Oral estrogens have a greater effect on the liver than topical formulations due to first-pass 
metabolism following gastrointestinal absorption. Oral estrogens may increase the production of cholesterol 
(triglycerides and high density lipoprotein cholesterol) and clotting factors, which is only minimally affected by 
topical, transdermal, and vaginal preparations.55  
 
Conjugated estrogens-bazedoxifene bind to and activate estrogen receptors alpha and beta, which vary in 
proportion from tissue to tissue. Bazedoxifene is a third generation selective estrogen receptor modulator which 
acts as an agonist in some tissues and as an antagonist in the uterus. The pairing of conjugated estrogens with 
bazedoxifene produces a composite effect specific to each tissue. The addition of bazedoxifene reduces the risk 
of endometrial hyperplasia associated with the conjugated estrogens component.1,35 

 
The estrogens that are included in this review are listed in Table 1. This review encompasses all dosage forms and 
strengths. Estradiol, estradiol valerate, estradiol-norethindrone and estropipate are available in a generic 
formulation. This class was last reviewed in November 2012. 

 
Table 1. Estrogens Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Estradiol tablet, topical gel, 

topical spray, 
transdermal patch, 
vaginal cream, vaginal 
ring, vaginal tablet  

Alora®, Climara®*, 
Divigel®, Estrace®*, 
Estring®, Evamist®, 
Menostar®, Minivelle®, 
Vagifem®, Vivelle-Dot® 

estradiol 

Estradiol acetate vaginal ring Femring® none 
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Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Estradiol cypionate injection Depo-Estradiol®  none 
Estradiol valerate injection Delestrogen®* estradiol valerate 
Estradiol and drospirenone tablet Angeliq® none 
Estradiol and levonorgestrel transdermal patch Climara Pro®  none 
Estradiol and norethindrone tablet, transdermal 

patch 
Activella®*, Combipatch®  estradiol and 

norethindrone 
Estradiol and norgestimate tablet Prefest® none 
Estrogens, conjugated injection, tablet, 

vaginal cream 
Premarin® Premarin® (tablets only) 

Estrogens, conjugated, 
synthetic A 

tablet Cenestin® Cenestin® 

Estrogens, conjugated, 
synthetic B 

tablet Enjuvia® none 

Estrogens, conjugated and 
bazedoxifene 

tablet Duavee® none 

Estrogens, conjugated and 
medroxyprogesterone 

tablet Premphase®, Prempro® none 

Estrogens, esterified tablet Menest® Menest® 
Estropipate tablet N/A estropipate 
Norethindrone and ethinyl 
estradiol 

tablet FemHRT®* norethindrone and 
ethinyl estradiol 

*Generic is available in at least one dosage form or strength.  
N/A=not applicable, PDL=Preferred Drug List 
 
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current treatment guidelines that incorporate the use of the estrogens are summarized in Table 2. 
 
Table 2. Treatment Guidelines Using the Estrogens 

Clinical Guideline Recommendation(s) 
The American Society for 
Reproductive Medicine, The 
Asia Pacific Menopause 
Federation, The Endocrine 
Society, The European 
Menopause and Andropause 
Society, The International 
Menopause Society, The 
International Osteoporosis 
Foundation, and The North 
American Menopause Society: 
Global Consensus Statement 
on Menopausal Hormone 
Therapy 
(2013)36 

 

 Menopausal hormone therapy (MHT) is the most effective treatment 
for vasomotor symptoms associated with menopause at any age, but 
benefits are more likely to outweigh risks for symptomatic women 
before the age of 60 years or within 10 years after menopause. 

 MHT is effective and appropriate for the prevention of osteoporosis-
related fractures in at-risk women before age 60 years or within 10 
years after menopause. 

 Randomized clinical trials and observational data as well as meta-
analyses provide evidence that standard-dose estrogen-alone MHT 
may decrease coronary heart disease and all-cause mortality in women 
younger than 60 years of age and within 10 years of menopause. Data 
on estrogen plus progestogen MHT in this population show a similar 
trend for mortality but in most randomized clinical trials no significant 
increase or decrease in coronary heart disease has been found. 

 Local low-dose estrogen therapy is preferred for women whose 
symptoms are limited to vaginal dryness or associated discomfort with 
intercourse. 

 Estrogen as a single systemic agent is appropriate in women after 
hysterectomy but additional progestogen is required in the presence of 
a uterus. 

 The option of MHT is an individual decision in terms of quality of life 
and health priorities as well as personal risk factors such as age, time 
since menopause, and the risk of venous thromboembolism, stroke, 
ischemic heart disease, and breast cancer. 
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 The risk of venous thromboembolism and ischemic stroke increases 

with oral MHT but the absolute risk is rare below age 60 years. 
Observational studies point to a lower risk with transdermal therapy. 

 The risk of breast cancer in women over 50 years associated with MHT 
is a complex issue. The increased risk of breast cancer is primarily 
associated with the addition of a progestogen to estrogen therapy and 
related to the duration of use. The risk of breast cancer attributable to 
MHT is small and the risk decreases after treatment is stopped. 

 The dose and duration of MHT should be consistent with treatment 
goals and safety issues and should be individualized. 

 In women with premature ovarian insufficiency, systemic MHT is 
recommended at least until the average age of the natural menopause. 

 The use of custom-compounded bioidentical hormone therapy is not 
recommended. 

 Current safety data do not support the use of MHT in breast cancer 
survivors. 

North American Menopause 
Society: 
Management of Osteoporosis 
in Postmenopausal Women: 
2010 Position Statement  
(2010)37 

 The primary indication for estrogen therapy (ET) and combined 
estrogen-progestogen therapy (EPT) is to treat moderate-to-severe 
menopausal symptoms. 

 The primary goal of osteoporosis therapy is fracture prevention. This is 
accomplished by slowing or stopping bone loss, maintaining bone 
strength, and minimizing or eliminating factors that may contribute to 
fractures. 

 ET/EPT should be used at the lowest effective dose consistent with 
treatment goals. Lower doses of ET/EPT than used in the Women’s 
Health Initiative have not been examined with regard to fracture 
efficacy.  

 Extended use of hormone therapy is an option for women who have 
established reduction in bone mass, regardless of menopause 
symptoms, for prevention of further bone loss and/or reduction of 
osteoporotic fracture when other therapies are not appropriate or cause 
side effects, or when the benefits of extended use are expected to 
exceed the risks.  

North American Menopause 
Society:  
The 2012 Hormone Therapy 
Position Statement  
(2012)38 
  

Benefits and risks of hormone therapy 
 Estrogen therapy (ET) with or without a progestogen is the most 

effective treatment of menopause-related vasomotor symptoms and 
their potential consequences, such as diminished sleep quality, 
irritability, difficulty concentrating, and subsequently reduced quality 
of life. Treatment of moderate to severe vasomotor symptoms remains 
the primary indication for hormone therapy (HT). 

 ET is the most effective treatment of moderate to severe symptoms of 
vulvar and vaginal atrophy (e.g., vaginal dryness, dyspareunia, and 
atrophic vaginitis). Some low dose systemic regimens may be 
inadequate for the relief of vaginal symptoms and may require the 
addition of low-dose local ET to achieve the desired results. When ET 
is considered solely for treatment of vaginal atrophy, local vaginal ET 
is advised. 

 A significant effect of ET on sexual interest, arousal, and orgasmic 
response independent from its role in treating menopausal symptoms is 
not supported by current evidence. 

 When alternate osteoporosis therapies are not appropriate or cause 
adverse effects, the extended use of HT is an option for women who 
are at high risk of osteoporotic fracture. There is no evidence that HT 
stops working with long-term treatment; however, the benefits of HT 
on bone mass and fracture reduction dissipate quickly after the 
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discontinuation of treatment, necessitating a transition to a different 
osteoporosis treatment (or prevention strategy) to preserve bone mass. 

 HT is currently not recommended for coronary protection in women of 
any age. Initiation of HT by women ages 50 to 59 years or by those 
within 10 years of menopause to treat typical menopausal symptoms 
does not seem to increase the risk of coronary heart disease (CHD) 
events. There is emerging evidence that the initiation of ET in early 
postmenopause may reduce coronary artery disease and CHD risk. 

 Unopposed systemic ET in postmenopausal women with an intact 
uterus is associated with increased endometrial cancer risk related to 
the ET dose and duration of use. To negate this increased risk, 
adequate concomitant progestogen is recommended for women with an 
intact uterus when using systemic ET. In general, HT is not 
recommended in women with a history of endometrial cancer. 

 Diagnosis of breast cancer increases with estrogen-progestogen 
therapy (EPT) use beyond three to five years. For all outcomes, the 
absolute risk of events in younger women is lower than that for older 
women. HT use in breast cancer survivors may be associated with an 
increased risk of recurrence. Published data on the role of HT and risk 
of ovarian cancer are conflicting. ET was associated with a higher risk 
of ovarian cancer than EPT. The association between ovarian cancer 
and EPT use beyond five years would fall into the rare- or very rare-
risk category. Women at increased risk of ovarian cancer (e.g., those 
with a family history or a BRCA mutation) should be counseled about 
this potential association.  

 HT may reduce total mortality when initiated soon after menopause. 
The Women’s Health Initiative suggests that both ET and EPT 
nonsignificantly reduce total mortality by 30% when initiated in 
women younger than 60 years and that when data from the ET and 
EPT arms were combined, that reduction was statistically significant. 

 
Practical therapeutic issues 
 The primary menopause-related indication for progestogen use is to 

negate the increased risk of endometrial cancer from systemic ET use. 
All women with an intact uterus who use systemic ET should also be 
prescribed adequate progestogen. With occasional exceptions (e.g., 
history of extensive endometriosis), postmenopausal women without a 
uterus should not be prescribed a progestogen with systemic ET. 

 The lowest effective dose of estrogen consistent with treatment goals, 
benefits, and risks for the individual woman should be the therapeutic 
goal, with an appropriate dose of progestogen added to counter the 
adverse effects of systemic ET on the uterus. 

 
Duration of use  
 Recommendations for duration of use differ between ET and EPT. 

Given the more favorable safety profile of ET, it could be considered 
for longer duration of therapy in the absence of adverse effects and risk 
factors. Women experiencing premature menopause are at increased 
risk of osteoporosis and, possibly, cardiovascular disease, and they 
often experience more intense symptoms than do women reaching 
menopause at the median age. Therefore, HT generally is advised for 
these young women until the median age of menopause when 
treatment should be reassessed. 

 For EPT, duration is limited by the increased risk of breast cancer and 
breast cancer mortality associated with three to five years of use; for 
ET, a more favorable benefit risk profile was observed during a mean 
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of seven years of use and four years of follow-up, a finding that allows 
more flexibility in duration of use. 

 Individualization is of key importance in the decision to use HT and 
should incorporate the woman’s health and quality of life priorities as 
well as her personal risk factors, such as risk of venous thrombosis, 
CHD, stroke, and breast cancer. 

Practice Committee of the 
American Society for 
Reproductive Medicine: 
Estrogen and Progestogen 
Therapy in Postmenopausal 
Women  

(2008)39 

 Hormone therapy reduces the number of hot flushes by approximately 
18 per week more than placebo. 

 The effect is greatest during the first year of treatment.  
 There are no significant differences between the effects of different 

types of estrogen or routes of administration. 
 Any influence of progestogen treatment, in continuous or cyclic forms, 

cannot be determined from the trial evidence.  
European Menopause and 
Andropause Society:  
The EMAS 2008 Update on 
Clinical Recommendations on 
Postmenopausal Hormone 
Therapy  

(2008)40 

 The main indication for hormone therapy in postmenopausal women 
remains the relief of menopausal symptoms. 

 Treatment significantly decreases bone loss and the risk of 
osteoporotic fractures. 

 The risk of stroke is slightly increased by both estrogen-only and 
estrogen-progestin treatment, but remains of low clinical impact in 
women <70 years old.  

 The risk of breast cancer increases according to the duration of 
treatment and is higher with estrogen-progestin than estrogen-only 
hormone therapy.  

 For women ages 50 to 59 years, there may be a reduced risk of 
coronary heart disease with the use of hormone therapy; however, 
these findings are still controversial.  

National Osteoporosis 
Foundation:  
Clinician’s Guide to 
Prevention and Treatment of 
Osteoporosis  

(2014)41 

 

  

Universal recommendations for all patients  
 Adequate intake of calcium and vitamin D: If adequate dietary calcium 

cannot be obtained, dietary supplementation is indicated up to the 
recommended daily intake. 
o Recommendations are for men age 50 to 70 to consume 1,000 mg 

per day of calcium and that women age ≥51 and men age ≥71 to 
consume 1,200 mg per day of calcium. There is no evidence that 
calcium intake in excess of these amounts confers additional bone 
strength. 

o Vitamin D recommended daily intake for adults age 50 and older 
is 800 to 1,000 international units.  

 Regular weight-bearing and muscle-strengthening exercises reduce the 
risk of falls and fractures. 

 Tobacco smoking and excessive alcohol intake should be avoided. 
 
Pharmacologic therapy 
 Postmenopausal women and men age 50 and older presenting with the 

following should be considered for treatment: 
o A hip or vertebral fracture. 
o T-score ≤ -2.5 at the femoral neck, total hip, or lumbar spine. 
o Low bone mass (T-score between -1.0 and -2.5 at the femoral neck 

or lumbar spine and a 10 year probability of a hip fracture ≥3% or 
a 10 year probability of a major osteoporosis-related fracture 
≥20%. 

 Current FDA-approved pharmacologic options for osteoporosis are 
bisphosphonates (alendronate, ibandronate, risedronate and zoledronic 
acid), calcitonin, estrogen agonist/antagonist (raloxifene), estrogens 
and/or hormone therapy, tissue-selective estrogen complex (conjugated 
estrogens/bazedoxifene), parathyroid hormone (teriparatide), and 
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RANK ligand inhibitor (denosumab). 

 No pharmacologic therapy should be considered indefinite in duration. 
After the initial treatment period, which depends on the pharmacologic 
agent, a comprehensive risk assessment should be performed. There is 
no uniform recommendation that applies to all patients and duration 
decisions need to be individualized.  

 Sequential treatment with anabolic therapy followed by an 
antiresorptive agent is generally preferred. Combination therapy with 
teriparatide and an antiresorptive can be considered in a few clinical 
settings in patients with very severe osteoporosis such as spine and hip 
fractures. There are few indications for combining two antiresorptive 
treatments, but such options could be considered in the short-term in 
women who are experiencing active bone loss while on low dose HT 
for menopausal symptoms or raloxifene for breast cancer prevention. 

North American Menopause 
Society:  
Management of symptomatic 
vulvovaginal atrophy: 2013 
position statement  
(2013)42 
 
 

 First-line therapies for women with symptomatic vulvovaginal atrophy 
(VVA) include nonhormonal lubricants with intercourse and, if 
indicated, regular use of long-acting vaginal moisturizers. 

 For symptomatic women with moderate to severe VVA and for those 
with milder VVA who do not respond to lubricants and moisturizers, 
estrogen therapy either vaginally at low-dose or systemically remains 
the therapeutic standard. Low-dose vaginal estrogen is preferred when 
VVA is the only menopausal symptom.  

 Ospemifene is another option for dyspareunia.  
 For women with a history of breast or endometrial cancer, 

management depends on a woman’s preference, need, understanding of 
potential risks, and consultation with her oncologist.  

 Estrogen therapy carries a class effect of venous thromboembolism. 
Low-dose vaginal estrogen may carry a very low risk, but there has 
been no report of an increased risk in the vaginal estrogen clinical 
trials. Data in high-risk women are lacking.  

 A progestin is generally not indicated when low-dose vaginal estrogen 
is administered for symptomatic VVA. Endometrial safety data are not 
available for use longer than one year.  

 If a woman is at high risk of endometrial cancer or is using a higher 
dose of vaginal ET, transvaginal ultrasound or intermittent progestogen 
therapy may be considered. There are insufficient data to recommend 
routine annual endometrial surveillance in asymptomatic women using 
vaginal ET. 

 Spotting or bleeding in a postmenopausal woman who has an intact 
uterus requires a thorough evaluation that may include transvaginal 
ultrasound and/or endometrial biopsy. 

 For women treated for non-hormone-dependent cancer, management of 
VVA is similar to that for women without a cancer history. 

 Vaginal ET or ospemifene, with appropriate clinical surveillance, can 
be continued as long as bothersome symptoms are present.  

 Proactive education on vaginal health is recommended for 
postmenopausal women.  

American Heart Association:  
Effectiveness-Based Guidelines 
for the Prevention of 
Cardiovascular Disease in 
Women: 2011 Update  

(2011)43 

 Hormone therapy and selective estrogen-receptor modulators (SERMs) 
should not be used for the primary or secondary prevention of 
cardiovascular disease (CVD).  

 Other approaches such as lowering cholesterol and controlling blood 
pressure should be considered for cardiovascular disease prevention. 

International Menopause 
Society:  

General considerations 
 Menopausal hormone therapy (MHT) must be individualized and 
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Updated 2013 International 
Menopause Society 
recommendations on 
menopausal hormone therapy 
and preventive strategies for 
midlife health 

(2013)44 

tailored according to symptoms and the need for prevention, as well as 
personal and family history, results of relevant investigations, and the 
woman’s preferences and expectations. 

 Women experiencing a spontaneous or iatrogenic menopause before 
the age of 45 years and particularly before 40 years are at higher risk 
for cardiovascular disease and osteoporosis and may be at increased 
risk of affective disorders and dementia. In women with premature 
ovarian insufficiency, systemic MHT is recommended until the average 
age of the natural menopause. 

 MHT decreases bone turnover and the incidence of all osteoporosis-
related fractures, including vertebral and hip fractures. MHT can be 
considered as one of the first-line therapies for the prevention and 
treatment of osteoporosis-related fractures in women below 60 years. 
The initiation of MHT for the sole purpose of the prevention of 
fractures after the age of 60 years is not recommended. The protective 
effect of MHT on bone mineral density declines after cessation of 
therapy at an unpredictable rate. 

 MHT should not be recommended without a clear indication for its use, 
i.e. significant symptoms or physical effects of estrogen deficiency. 

 The dose and duration of MHT should be consistent with treatment 
goals, such as symptom relief, and should be individualized. 

 Estrogen as a single systemic agent is appropriate in women after 
hysterectomy otherwise addition of micronized progesterone/ 
progestogen is required for endometrial protection. 

 
Benefits of MHT 
 MHT is the most effective treatment for moderate to severe 

menopausal symptoms and is most beneficial before the age of 60 
years or within 10 years after menopause.  

 MHT is an effective treatment for the prevention of fracture in at-risk 
women before age 60 years or within 10 years after menopause. 

 Randomized controlled trials and observational data provide strong 
evidence that standard-dose estrogen-alone MHT decreases coronary 
disease and all-cause mortality in women younger than 60 years of age 
and within 10 years of menopause. Data on estrogen–progestogen 
therapy in this population show a similar trend but with less precision. 
MHT does not increase coronary events in healthy women less than 60 
years of age or within 10 years of menopause. 

 Local low-dose estrogen therapy is preferred for women whose 
symptoms are limited to vaginal dryness or associated discomfort with 
intercourse. 

 
Potential serious adverse effects of MHT 
 The risk of breast cancer in women over 50 years associated with MHT 

is a complex issue. The increased risk of breast cancer is primarily 
associated with the addition of a progestogen to estrogen therapy and 
related to the duration of use. The risk of breast cancer attributable to 
MHT is small and the risk decreases after treatment is stopped. There is 
a lack of safety data supporting the use of MHT (estrogen therapy or 
estrogen–progestogen therapy) in breast cancer survivors. 

 Unopposed estrogen administration induces a dose-related stimulation 
of the endometrium. Women with a uterus should have progestogen 
supplementation to counteract this effect. Continuous combined 
estrogen–progestogen regimens are associated with a lower incidence 
of endometrial hyperplasia and cancer than occurs in the normal 
population. 
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 The risk of venous thromboembolic events and ischemic stroke 

increases with oral MHT but the absolute risk is rare below age 60 
years. Observational studies point to a lower risk with low-dose 
transdermal therapy. The incidence of venous thromboembolism with 
MHT is very low among Asian women. 

 ‘Customized bioidentical hormonal preparations’ have not been 
adequately evaluated for dosage or efficacy in studies, and their purity 
and risks are unknown. The use of custom compounded bioidentical 
hormone therapy is not recommended. 

American Association of 
Clinical Endocrinologists:  
Medical Guidelines for 
Clinical Practice for the 
Diagnosis and Treatment of 
Menopause  
(2011)45 

 Menopausal hormone therapy may be appropriate for the relief of 
severe menopausal symptoms in selected postmenopausal women, on 
the basis of individually determined benefit-vs-risk prolife.  

 Menopausal hormone therapy may be prescribed during the 
perimenopause and early menopause for relief of menopausal 
symptoms and treatment of vulvovaginal atrophy.  

 The use of the transdermal route of estrogen administration should be 
considered in order to avoid the hepatic “first-pass effect,” which may 
theoretically reduce the risk of thromboembolic disease.  

 The use of transvaginal estrogen may be considered to provide topical 
effects with less systemic absorption.  

 The dose of menopausal hormone therapy may be reduced with 
advancing age.  

 Because of the increased risk of endometrial cancer, unopposed 
estrogen should not be used in women with an intact uterus.  

 Progestational agents should be used for a minimum of 10 to 14 days 
per month in women treated with estrogen who have an intact uterus. 

 Long-cycle therapy with use of a progestogen for 14 days every three 
months may be considered, in an effort to reduce breast exposure to 
progestogens, despite lack of definitive assessment of efficacy.  

 Amenorrhea may be achieved by using a low dose of progestogen 
administered continuously (daily) in conjunction with estrogen. 
Because recent trials suggest adverse breast outcomes with continuous 
progesterone exposure, this form of therapy is not recommended.  

 Menopausal hormone therapy should be used in the lowest dose and 
for the shortest period necessary to control menopausal symptoms.  

 Therapeutic trials of nonhormonal prescription medications (e.g., 
clonidine, antidepressants, gabapentin) may also be considered for the 
relief of menopausal symptoms in women with no specific 
contraindications. 

 Over-the-counter supplements should be used with caution because 
they are not regulated by the United States FDA and have the potential 
for interactions with drugs and for causing harm.  

 Phytoestrogens, including soy-derived isoflavonoids, result in 
inconsistent relief of symptoms. Because these compounds may have 
estrogenic effects, women with a personal or strong family history of 
hormone-dependent cancers, thromboembolic events, or cardiovascular 
events should not use soy-based therapies.  

 Custom compounded “biochemical hormone therapy” is not 
recommended.  

 FDA-approved bioidentical hormone preparations may be considered, 
but evidence is lacking that they are safer or more effective compared 
to traditional forms of hormone therapy.  

 Menopausal hormone therapy should be used for the prevention and 
treatment of osteoporosis within the context of the overall benefit-vs-
risk analysis of each patient. Data from multiple randomized-
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controlled trials substantiate the efficacy of estrogens in preserving 
bone mass, and less consistently, preventing fractures, but 
nonhormonal therapeutic options for bone health exist.  

 Hormone therapy for the prevention or treatment (or both) of dementia 
is not recommended.  

 Menopausal hormone therapy should be prescribed to women in 
conjunction with a thorough discussion of the possible relationship of 
menopausal hormone therapy to breast cancer. Current evidence 
suggests that estrogen/progestogen regimens are associated with a 
possible higher risk of breast cancer compared to estrogen therapy.  

 Concordant with current FDA warnings, it is recommended that 
women who are at increased risk of thromboembolic disease should 
not take estrogen-containing therapy. 

 Women should be advised that smoking increases the risk of 
cardiovascular and venous thromboembolic disease when taking 
estrogen, and aggressive smoking cessation programs should be 
advised.  

 Menopausal hormone therapy is not recommended for primary or 
secondary prevention of cardiovascular disease.  

 Lipid profiles, smoking history, and diabetes as well as family history 
should be assessed to assist in the determination of individual 
cardiovascular risk.  

 Women should be advised that cerebrovascular accidents occur with 
increased frequency in patients with estrogen alone or 
estrogen/progesterone therapy in an age-dependent manner.  

 Women should be advised that there may be an increase in ovarian 
epithelial tumors with the use of estrogen for more than ten years.  

 Women may be advised that several trials, including the WHI, have 
demonstrated a lower risk of colon cancer in women treated with 
estrogen/progesterone therapy. 

 The FDA has approved the use of menopausal hormone therapy for the 
following: 

o Treatment of moderate to severe vasomotor symptoms 
associated with menopause. Estrogen-containing products are 
the most effective approved therapies for these symptoms.  

o Treatment of moderate to severe symptoms of vulvar and 
vaginal atrophy associated with menopause. When estrogen is 
prescribed solely for the treatment of symptoms of vulvar and 
vaginal atrophy, topical vaginal preparations should be 
considered.  

 Prevention of postmenopausal osteoporosis. When menopausal 
hormone therapy is being prescribed solely for the prevention of 
postmenopausal osteoporosis, approved non-estrogen treatments 
should be carefully considered. Estrogen therapy and 
estrogen/progesterone therapy should be considered only in women 
with substantial risk of osteoporosis that outweighs the potential drug-
related risks.  

Agency for Healthcare Research 
and Quality, United States 
Preventive Services Task Force:  
Menopausal Hormone 
Therapy for the Primary 
Prevention of Chronic 
Conditions  
(2012)46 

 This recommendation applies to postmenopausal women who are 
considering hormone therapy for the primary prevention of chronic 
medical conditions. It does not apply to women who are considering 
hormone therapy to treat menopausal symptoms, such as hot flashes or 
vaginal dryness. 

 The chronic disease prevention benefits of combined estrogen and 
progestin do not outweigh the harms in most postmenopausal women. 

 The chronic disease prevention benefits of estrogen are unlikely to 
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outweigh the harms in most postmenopausal women who have had a 
hysterectomy. 

 Although combined estrogen and progestin therapy (specifically, oral 
conjugated equine estrogen, 0.625 mg/day, plus medroxyprogesterone 
acetate, 2.5 mg/day) decreases the risk for fractures in postmenopausal 
women, there is an accompanying increased risk for serious adverse 
events, such as stroke, invasive breast cancer, dementia, gallbladder 
disease, deep venous thrombosis, and pulmonary embolism. 

 Estrogen therapy (specifically, oral conjugated equine estrogen, 0.625 
mg/day) decreases the risk for fractures and has a small effect on the 
risk for invasive breast cancer, but it is also associated with important 
harms, such as an increased likelihood of stroke, deep venous 
thrombosis, and gallbladder disease. 

 Neither combined estrogen and progestin therapy nor estrogen alone 
reduces the risk for coronary heart disease in postmenopausal women. 

American College of 
Obstetricians and Gynecologists: 
Committee Opinion: Hormone 
Therapy and Heart Disease 

(2013)47 

 Menopausal hormone therapy should not be used for the primary or 
secondary prevention of coronary heart disease at the present time. 
Evidence is insufficient to conclude that long-term estrogen therapy or 
hormone therapy use improves cardiovascular outcomes. 

Royal College of Obstetricians 
and Gynaecologists:  
Venous Thromboembolism 
and Hormone Replacement 
Therapy  

(2011)48 

 The mechanism by which oral hormone replacement therapy provokes 
an increased risk of venous thromboembolism (VTE) is unclear. 

 Women initiating hormone replacement therapy should be counseled 
about the risk of VTE and the signs and symptoms of VTE.  

 Women should be advised to immediately seek medical help if they 
suspect that they have developed a thrombosis.  

 Women initiating or continuing hormone replacement therapy should 
be counseled on the perceived benefits and possible risks for their 
individual situations, including consideration of alternative therapies.  

 The risks of VTE in association with hormone replacement therapy 
may be influenced by the type of preparation and the duration of its 
use.  

 The risk of VTE may be less with esterified estrogens compared with 
conjugated equine estrogen. 

 There may be a greater risk of VTE with combination therapy and 
definitive information on individual estrogen types is still lacking. 
However, the results to date suggest that therapy with estrogen alone is 
associated with a significant VTE risk.  

 There is some evidence that the effect of estrogen therapy may be dose 
related.  

 Transdermal preparations are associated with a substantially lower risk 
of VTE compared to oral preparations.  

 The risk of VTE is highest in the first year of hormone replacement 
therapy, with no evidence of continuing risk on stopping hormone 
replacement therapy.  

 Universal screening of women for thrombophilic defects before 
prescribing or before continuing the prescription of hormone 
replacement therapy is inappropriate. 

 Oral hormone replacement therapy should be avoided in women 
without a personal history of VTE but with a high-risk thrombophilic 
trait that has been identified through screening because of a 
symptomatic family member.  

 A personal history of thrombosis is a contraindication to oral hormone 
replacement therapy. 

 If it is considered that quality of life is so severely affected that the 
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benefits of hormone replacement therapy outweigh the risks, a 
transdermal preparation should be used. 

 It is recommended that hormone replacement therapy be discontinued 
when a women receiving therapy develops a VTE. 

 If it is considered desirable that a woman should continue hormone 
replacement therapy after a VTE has occurred on therapy, she should 
be referred to a clinician with special expertise in managing women at 
increased thrombotic risk requiring hormone replacement therapy. 

 Before initiating hormone replacement therapy, any personal or family 
history of VTE should be assessed. 

 A history of VTE in a first-degree relative is a relative contraindication 
to hormone replacement therapy.  

 When there is a family history of VTE in a first-degree relative, 
alternatives to oral hormone replacement therapy should be suggested. 
If hormone replacement therapy is considered desirable, transdermal 
preparations are associated with a significantly lower risk of venous 
thrombosis. 

 Hormone replacement therapy should be avoided in women with 
multiple pre-existing risk factors for VTE. 

 An individual assessment of the risks and benefits of stopping hormone 
replacement therapy before elective surgery is required for all women. 
Hormone replacement therapy may not need to be discontinued prior to 
surgery provided that appropriate thromboprophylaxis is utilized.  
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V. Drug Interactions 
 
Significant drug interactions with the estrogens are listed in Table 6.  

 
Table 6. Significant Drug Interactions with the Estrogens56 

Generic Name(s) Significance Level Interaction Mechanism 
Estrogens  
(conjugated estrogens, 
esterified estrogens, 
estradiol, estropipate, 
ethinyl estradiol)  

1 
 

Bosentan Bosentan induces cytochrome P450 
3A4 and 2C9 isoenzymes which may 
lead to a decrease in the effectiveness 
of estrogens. 

Estrogens  
(conjugated estrogens, 
esterified estrogens, 
estradiol, estrone, 
estropipate, ethinyl 
estradiol) 

2 Barbiturates  
 

Barbiturates induce the hepatic 
microsomal enzymes and may 
increase the elimination of estrogens 
and decrease plasma concentrations. 

Estrogens  
(conjugated estrogens, 
esterified estrogens, 
estradiol, estrone, 
estropipate, ethinyl 
estradiol) 

2 Corticosteroids  Estrogens inactivate the hepatic 
cytochrome P450 which may result in 
an increase in the effects of 
corticosteroids. 

Estrogens 
(conjugated estrogens, 
esterified estrogens, 
estradiol, estrone, 
estropipate) 

2 Hydantoins  
 

Hydantoins induce hepatic enzymes 
that may increase metabolism of 
estrogens. Protein binding of 
phenytoin may be affected. 

Estrogens  
(conjugated estrogen, 
esterified estrogens, 
estradiol, estrone, 
estropipate, ethinyl 
estradiol) 

2 Rifamycins  
 

Rifamycins induce the cytochrome 
P450 3A4 isoenzymes. 
Coadministration may reduce plasma 
concentrations of estrogens. This may 
result in a decrease of therapeutic 
effects and/or changes in the uterine 
bleeding profile. 

Estrogens 
(conjugated estrogens, 
esterified estrogens, 
estradiol, estropipate, 
ethinyl estradiol) 

2 Thyroid hormones  Estrogens may increase serum 
thyroxine-binding globulin 
concentrations and therefore change 
serum thyroxine and thyrotropin 
concentrations. Thyroid hormone 
requirements may increase. 

Estrogens  
(conjugated estrogens, 
esterified estrogens, 
estradiol, estrone, 
estropipate, ethinyl 
estradiol) 

2 Topiramate  Topiramate may increase the 
metabolism of estrogens and therefore 
decrease their efficacy. 

Ethinyl estradiol 2 Armodafinil, 
modafinil  

Modafinil may induce gastrointestinal 
(major) and hepatic (minor) 
metabolism of ethinyl estradiol and 
impair efficacy. 

Significance level 1 = major severity, significance level 2 = moderate severity 
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 Table 9. Boxed Warning for the Estrogens56 

WARNING 
Estrogen-alone therapy:  
Endometrial cancer: There is an increased risk of endometrial cancer in a woman with a uterus who uses 
unopposed estrogens. Adding a progestin to estrogen therapy has been shown to reduce the risk of endometrial 
hyperplasia, which may be a precursor to endometrial cancer. Adequate diagnostic measures, including directed 
or random endometrial sampling when indicated, should be undertaken to rule out malignancy in 
postmenopausal women with undiagnosed persistent or recurring abnormal genital bleeding. 
 
Cardiovascular disorders and probable dementia:  
Estrogen-alone therapy should not be used for the prevention of cardiovascular disease or dementia. The 
Women's Health Initiative (WHI) estrogen-alone substudy reported increased risks of stroke and deep vein 
thrombosis in postmenopausal women (50 to 79 years of age) during 7.1 years of treatment with daily oral 
conjugated estrogens 0.625 mg alone, relative to placebo. 
 
The WHI Memory Study (WHIMS) estrogen-alone ancillary study of WHI reported an increased risk of 
developing probable dementia in postmenopausal women 65 years or older during 5.2 years of treatment with 
daily CE 0.625 mg alone, relative to placebo. It is unknown whether this finding applies to younger 
postmenopausal women. 
 
In the absence of comparable data, these risks should be assumed to be similar for other doses of conjugated 
estrogens and other dosage forms of estrogens. Estrogens with or without progestins should be prescribed at the 
lowest effective doses and for the shortest duration consistent with treatment goals and risks for the individual 
woman. 
 
Estrogen plus progestin therapy:  
Cardiovascular disorders and probable dementia: Estrogen plus progestin therapy should not be used for the 
prevention of cardiovascular disease or dementia. The WHI estrogen plus progestin substudy reported increased 
risks of DVT, pulmonary embolism, stroke and myocardial infarction in postmenopausal women (50 to 79 
years of age) during 5.6 years of treatment with daily oral conjugated estrogen 0.625 mg combined with 
medroxyprogesterone 2.5 mg, relative to placebo. The WHIMS estrogen plus progestin ancillary study of the 
WHI reported an increased risk of developing probable dementia in postmenopausal women 65 years or older 
during 4 years of treatment with daily conjugated estrogen 0.625 mg combined with medroxyprogesterone 2.5 
mg, relative to placebo. It is unknown whether this finding applies to younger postmenopausal women. 
 
Breast cancer: The WHI estrogen plus progestin substudy also demonstrated an increased risk of invasive 
breast cancer. In the absence of comparable data, these risks should be assumed to be similar for other doses of 
conjugated estrogen and medroxyprogesterone, and other combinations and dosage forms of estrogens and 
progestins. Estrogens with or without progestins should be prescribed at the lowest effective doses and for the 
shortest duration consistent with treatment goals and risks for the individual woman. 

 
 

VII. Dosing and Administration 
 

The usual dosing regimens for the estrogens are listed in Table 10.  
 

Table 10. Usual Dosing Regimens for the Estrogens2-35,56 
Generic 
Name Usual Adult Dose Usual 

Pediatric Dose Availability 

Single Entity Agents 
Estradiol  Palliative treatment of advanced androgen-dependent 

carcinoma of the prostate: 
Tablet (Estrace®): 1 to 2 mg TID 
 
Palliative treatment of breast cancer in appropriately 
selected women and men with metastatic breast cancer: 

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet 
(Estrace®): 
0.5 mg 
1 mg 
2 mg 
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Generic 
Name Usual Adult Dose Usual 

Pediatric Dose Availability 

Tablet (Estrace®): 10 mg TID for ≥3 months 
 
Prevention of postmenopausal osteoporosis: 
Tablet (Estrace®): initial, 0.5 mg/day; maintenance, 
adjust dose as necessary 
 
Transdermal patch (Alora®): initial, 0.025 mg/day 
applied twice weekly; maintenance, adjust dose as 
necessary 
 
Transdermal patch (Climara®): initial, 0.025 mg/day 
applied once weekly; maintenance, adjust dose as 
necessary 
 
Transdermal patch (Menostar®): 14 μg/day applied 
once weekly 
 
Transdermal patch (Vivelle-Dot®): initial, 0.025 
mg/day applied twice weekly; maintenance, adjust dose 
as necessary 
 
Treatment of hypoestrogenism due to hypogonadism, 
castration, or primary ovarian failure: 
Tablet (Estrace®): initial, 1 to 2 mg/day; maintenance, 
adjust dose as necessary 
 
Transdermal patch (Alora®): initial, 0.05 mg/day 
applied twice weekly; maintenance, adjust dose as 
necessary 
 
Transdermal patch (Climara®): initial, 0.025 mg/day 
applied once weekly; maintenance, adjust dose as 
necessary 
 
Transdermal patch (Vivelle-Dot®): initial, 0.025 
mg/day applied twice weekly; maintenance, adjust dose 
as necessary 
 
Treatment of moderate to severe vasomotor symptoms 
associated with menopause: 
Tablet (Estrace®): initial, 1 to 2 mg/day administered 
cyclically (three weeks on and one week off); 
maintenance, adjust dose as necessary  
 
Transdermal gel (Divigel®): initial, 0.25 g/day; 
maintenance, adjust dose as necessary 
 
Transdermal patch (Alora®): initial, 0.05 mg/day 
applied twice weekly; maintenance, adjust dose as 
necessary 
 
Transdermal patch (Climara®): initial, 0.025 mg/day 
applied once weekly; maintenance, adjust dose as 
necessary 
 

Transdermal gel 
(Divigel®): 
0.25 mg (0.1%) 
0.5 mg (0.1%) 
1 mg (0.1%) 
 
Transdermal 
patch (Alora®): 
0.025 mg/day 
0.05 mg/day 
0.075 mg/day 
0.1 mg/day 
 
Transdermal 
patch 
(Climara®): 
0.025 mg/day 
0.0375 mg/day 
0.05 mg/day 
0.06 mg/day 
0.075 mg/day  
0.1 mg/day 
 
Transdermal 
patch 
(Menostar®): 
14 μg/day 
Transdermal 
patch (Vivelle-
Dot®): 
0.025 mg/day 
0.0375 mg/day 
0.05 mg/day 
0.075 mg/day 
0.1 mg/day 
 
Transdermal 
spray 
(Evamist®): 
1.53 mg/spray 
(1.7%) 
 
Vaginal cream 
(Estrace®): 
0.1 mg/g 
(0.01%) 
 
Vaginal ring 
(Estring®): 
2 mg (7.5 
μg/day) 
 
Vaginal tablet 
(Vagifem®): 
10 μg 
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Generic 
Name Usual Adult Dose Usual 

Pediatric Dose Availability 

Transdermal patch (Vivelle-Dot®): initial, 0.0375 
mg/day applied twice weekly; maintenance, adjust dose 
as necessary 
 
Transdermal spray (Evamist®): initial, one spray daily; 
maintenance, adjust dose as necessary 
 
Treatment of moderate to severe vulvar and vaginal 
atrophy associated with menopause: 
Tablet (Estrace®): initial, 1 to 2 mg/day administered 
cyclically (three weeks on and one week off); 
maintenance, adjust dose as necessary 
 
Transdermal patch (Alora®): initial, 0.05 mg/day 
applied twice weekly; maintenance, adjust dose as 
necessary 
 
Transdermal patch (Climara®): initial, 0.025 mg/day 
applied once weekly; maintenance, adjust dose as 
necessary 
 
Transdermal patch (Vivelle-Dot®): initial, 0.0375 
mg/day applied twice weekly; maintenance, adjust dose 
as necessary 
 
Treatment of atrophic vaginitis due to menopause: 
Vaginal tablet (Vagifem®): one tablet administered 
intravaginally for two weeks, followed by one tablet 
intravaginally twice weekly; in general start treatment 
with 10 μg 
 
Treatment of moderate to severe urogenital symptoms 
due to postmenopausal atrophy of the vagina and/or the 
lower urinary tract: 
Vaginal ring (Estring®): 2 mg vaginal ring inserted as 
deeply as possible into the upper one-third of the 
vaginal vault; the ring is to remain in place 
continuously for three months 
 
Treatment of vulvar and vaginal atrophy: 
Vaginal cream (Estrace®): 2 to 4 g/day administered 
intravaginally for one to two weeks, followed by ½ the 
initial dose for a similar period; maintenance, 1 g 
administered intravaginally one to three times per week 
(may be used after restoration of the vaginal mucosa 
has been achieved)  

 

Estradiol 
acetate  

Treatment of moderate to severe vasomotor symptoms 
associated with menopause: 
Vaginal ring: initial, 0.05 mg/day; maintenance, 0.05 to 
0.1 mg/day 
 
Treatment of moderate to severe vulvar and vaginal 
atrophy associated with menopause: 
Vaginal ring: initial, 0.05 mg/day; maintenance, 0.05 to 
0.1 mg/day 

Safety and 
efficacy in 
children have 
not been 
established. 

Vaginal ring 
(Femring®): 
0.05 mg/day 
0.1 mg/day 
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Generic 
Name Usual Adult Dose Usual 

Pediatric Dose Availability 

Estradiol 
cypionate 

Treatment of hypoestrogenism due to hypogonadism, 
castration, or primary ovarian failure: 
Injection: 1.5 to 2 mg intramuscularly at monthly 
intervals 
 
Treatment of vasomotor symptoms associated with 
menopause: 
Injection: 1 to 5 mg intramuscularly every three to four 
weeks 

Safety and 
efficacy in 
children have 
not been 
established. 

Injection 
(intramuscular):  
5 mg/mL 

Estradiol 
valerate 

Palliative treatment of advanced prostate cancer: 
Injection: 30 mg or more intramuscularly every one to 
two weeks 
 
Treatment of hypoestrogenism due to hypogonadism, 
castration, or primary ovarian failure: 
Injection: 10 to 20 mg intramuscularly every four 
weeks 
 
Treatment of vasomotor symptoms associated with 
menopause: 
Injection: 10 to 20 mg intramuscularly every four 
weeks 
 
Treatment of vulvar and vaginal atrophy associated 
with menopause: 
Injection: 10 to 20 mg intramuscularly every four 
weeks 

Safety and 
efficacy in 
children have 
not been 
established. 

Injection 
(intramuscular): 
10 mg/mL 
20 mg/mL 
40 mg/mL 

Estrogens, 
conjugated 
equine  

Palliative treatment of advanced androgen-dependent 
carcinoma of the prostate: 
Tablet: 1.25 to 2.5 mg TID  
 
Palliative treatment of breast cancer in appropriately 
selected women and men with metastatic disease: 
Tablet: 10 mg TID for ≥3 months 
 
Prevention of postmenopausal osteoporosis: 
Tablet: initial, 0.3 mg/day; maintenance, subsequent 
dosage adjustment may be made based upon the 
individual clinical and bone mineral density responses 
 
Treatment of abnormal uterine bleeding due to 
hormonal imbalance in the absence of organic 
pathology: 
Injection: 25 mg intramuscularly or intravenously 
once; repeat in six to 12 hours if necessary 
 
Treatment of atrophic vaginitis and kraurosis vulvae: 
Vaginal cream: initial, 0.5 g/day intravaginally 
administered cyclically (three weeks on and one week 
off); maintenance, 0.5 to 2 g 
 
Treatment of hypoestrogenism due to hypogonadism, 
castration, or primary ovarian failure: 
Tablet: 0.3 or 0.625 mg/day administered cyclically 
(three weeks on and one week off); maintenance, doses 

Safety and 
efficacy in 
children have 
not been 
established. 

Injection 
(intramuscular 
and intravenous): 
25 mg 
 
Tablet: 
0.3 mg 
0.45 mg 
0.625 mg 
0.9 mg 
1.25 mg 
 
Vaginal cream: 
0.625 mg/g (30 
or 42.5 g) 



  Estrogens 
AHFS Class 681604 

 

114 
Prepared by University of Massachusetts Medical School Clinical Pharmacy Services 

Generic 
Name Usual Adult Dose Usual 

Pediatric Dose Availability 

are adjusted depending on the severity of symptoms 
and responsiveness of the endometrium 
 
Treatment of moderate to severe vasomotor symptoms 
associated with menopause: 
Tablet: initial, 0.3 mg/day; maintenance, subsequent 
dosage adjustment may be made based upon the 
individual patient response 
 
Treatment of moderate to severe dyspareunia, a 
symptom of vulvar and vaginal atrophy, due to 
menopause: 
Vaginal cream: 0.5 mg/day intravaginally in a twice-
weekly continuous regimen or in a cyclic regimen of 
21 days of therapy followed by seven days off of 
therapy 
 
Treatment of moderate to severe vaginal dryness 
symptoms of vulvar and vaginal atrophy associated 
with menopause: 
Tablet: initial, 0.3 mg/day; maintenance, subsequent 
dosage adjustment may be made based upon the 
individual patient response 

Estrogens, 
conjugated, 
synthetic A  

Treatment of moderate to severe vaginal dryness 
symptoms of vulvar and vaginal atrophy associated 
with menopause: 
Tablet: 0.3 mg/day 
 
Treatment of moderate to severe vasomotor symptoms 
associated with menopause: 
Tablet: initial, 0.45 mg/day; maintenance, 0.45 to 1.25 
mg/day 

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet: 
0.3 mg 
0.45 mg 
0.625 mg 
0.9 mg 
1.25 mg 

Estrogens, 
conjugated, 
synthetic B  

Treatment of moderate to severe vasomotor symptoms 
associated with menopause: 
Tablet: 0.3 to 1.25 mg/day  
 
Treatment of moderate to severe vaginal dryness and 
pain with intercourse, symptoms of vulvar and vaginal 
atrophy, associated with menopause: 
Tablet: 0.3 mg/day 

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet: 
0.3 mg 
0.45 mg  
0.625 mg  
0.9 mg  
1.25 mg 

Estrogens, 
esterified  

Palliative treatment of breast cancer in appropriately 
selected women and men with metastatic disease: 
Tablet: 10 mg TID for ≥3 months 
 
Palliative therapy of advanced prostatic carcinoma: 
Tablet: 1.25 to 2.5 mg TID 
 
Treatment of hypoestrogenism due to hypogonadism, 
castration, or primary ovarian failure: 
Tablet (hypogonadism): 2.5 to 7.5 mg/day, in divided 
doses for 20 days, followed by a rest period of 10 days’ 
duration 
 
Tablet (female castration, primary ovarian failure): 

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet: 
0.3 mg 
0.625 mg  
1.25 mg  
2.5 mg 
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Generic 
Name Usual Adult Dose Usual 

Pediatric Dose Availability 

1.25 mg/day administered cyclically (three weeks on 
and one week off) 
 
Treatment of moderate to severe vasomotor symptoms 
associated with menopause: 
Tablet: 1.25 mg/day administered cyclically (three 
weeks on and one week off) 
 
Treatment of vulval and vaginal atrophy associated 
with menopause: 
Tablet: 0.3 to 1.25 mg or more daily administered 
cyclically (three weeks on and one week off) 

Estropipate Prevention of osteoporosis: 
Tablet: 0.75 mg/day for 25 days of a 31-day cycle per 
month 
 
Treatment of hypoestrogenism due to hypogonadism, 
castration, or primary ovarian failure: 
Tablet : 1.5 to 9 mg/day for the first three weeks of a 
theoretical cycle, followed by a rest period of eight to 
10 days 
 
Treatment of moderate to severe vasomotor symptoms 
associated with menopause and treatment of vulval and 
vaginal atrophy: 
Tablet: 0.75 to 6 mg/day 

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet: 
0.75 mg 
1.5 mg 
3 mg 

Combination Products 
Estradiol and 
drospirenone 

Treatment of moderate to severe symptoms of vulvar 
and vaginal atrophy due to menopause: 
Tablet: 0.5-0.25 mg or 1-0.5 mg QD 
 
Treatment of moderate to severe vasomotor symptoms 
due to menopause: 
Tablet: 1-0.5 mg QD 

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet*: 
0.5-0.25 mg 
1.0-0.5 mg 

Estradiol and 
levo-
norgestrel 

Prevention of postmenopausal osteoporosis and 
treatment of moderate to severe vasomotor symptoms 
due to menopause: 
Transdermal patch: 0.045-0.015 mg transdermal patch 
worn continuously for seven days; maintenance, a new 
0.045-0.015 mg transdermal patch should be applied 
weekly during a 28-day cycle 

Safety and 
efficacy in 
children have 
not been 
established.  

Transdermal 
patch: 
0.045-0.015 
mg/day 
 

Estradiol and  
norethindrone 

Prevention of postmenopausal osteoporosis: 
Tablet: 0.5-0.1 or 1-0.5 mg QD 
 
Treatment of hypoestrogenism due to hypogonadism, 
castration, or primary ovarian failure: 
Transdermal patch: 0.05-0.014 or 0.05-0.25 mg 
transdermal patch worn continuously; maintenance, a 
new 0.05-0.014 or 0.05-0.25 mg transdermal system 
should be applied twice weekly during a 28-day cycle† 
 
Treatment of moderate to severe symptoms of vulvar 
and vaginal atrophy due to menopause: 
Tablet: 1-0.5 mg QD  

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet‡: 
0.5-0.1 mg 
(Activella®) 
1.0-0.5 mg 
(Activella®) 
 
Transdermal 
patch: 
0.05-0.14 mg 
0.05-0.25 mg 
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Generic 
Name Usual Adult Dose Usual 

Pediatric Dose Availability 

 
Transdermal patch: 0.05-0.014 or 0.05-0.25 mg 
transdermal patch worn continuously; maintenance, a 
new 0.05-0.014 or 0.05-0.25 mg transdermal system 
should be applied twice weekly during a 28-day cycle† 
 
Treatment of moderate to severe vasomotor symptoms 
due to menopause: 
Tablet: 0.5-0.1 or 1-0.5 mg QD 
 
Transdermal patch: 0.05-0.014 or 0.05-0.25 mg 
transdermal patch worn continuously; maintenance, a 
new 0.05-0.014 or 0.05-0.25 mg transdermal system 
should be applied twice weekly during a 28-day cycle† 

Estradiol and  
norgestimate 

Prevention of postmenopausal osteoporosis, treatment 
of moderate to severe symptoms of vulvar and vaginal 
atrophy due to menopause, and treatment of moderate 
to severe vasomotor symptoms due to menopause: 
Tablet: one tablet QD 

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet§: 
1 mg (estradiol) 
and 1-0.09 mg 
(estradiol/ 
norgestimate) 

Estrogens, 
conjugated 
and 
bazedoxifene  

Prevention of postmenopausal osteoporosis and 
treatment of moderate to severe vasomotor symptoms 
due to menopause: 
Tablet: one tablet QD 

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet: 
0.45-20 mg 

Estrogens, 
conjugated 
equine and  
medroxy-
progesterone 

Prevention of postmenopausal osteoporosis, treatment 
of moderate to severe symptoms of vulvar and vaginal 
atrophy due to menopause, and treatment of moderate 
to severe vasomotor symptoms due to menopause: 
Tablet: one tablet QD 

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet║: 
0.3-1.5 mg 
(Prempro®) 
0.45-1.5 mg 
(Prempro®) 
0.625-2.5 mg 
(Prempro®) 
0.625-5 mg 
(Prempro®) 
0.625 mg 
(estrogen, 
conjugated 
equine) and 
0.625-5 mg 
(estrogen, 
conjugated 
equine/ 
medroxy-
progesterone) 
(Premphase®) 

Ethinyl 
estradiol and 
norethindrone 

Prevention of postmenopausal osteoporosis and 
treatment of moderate to severe vasomotor symptoms 
due to menopause: 
Tablet: one tablet QD 

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet#: 
2.5 μg-0.5 mg 
(Femhrt®) 
5 μg-1 mg 
(Femhrt®) 

QD=once daily, TID=three times daily 
*Available in three blisters of 28 tablets. 
†Can also be administered in combination with an estradiol transdermal patch. With this regimen, estradiol transdermal patch (0.05 mg) is 
administered for the first 14 days of a 28-day cycle, followed by estradiol/norethindrone 0.05/0.14 or 0.05/0.25 mg transdermal patch for the 
remaining 14 days of the 28-day cycle. 
‡Activella®: available as 28 tablets in a calendar dial pack dispenser.  
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§Available in cartons of six pouches. Each pouch consists of a blister card containing three 1 mg estradiol tablets followed by three 1.0/0.9 mg 
estradiol/norgestimate tablets. The pattern of three estradiol tablets and three combination tablets repeats for a total of 30 tablets per blister 
card. Each blister card contains 15 tablets of each of the two tablets. The three day phases are alternated continuously during treatment. 
║Prempro®: available as one or three blisters of 28 tablets. Premphase®: available as one blister of 28 tablets. 
#Femhrt®: available as bottles of 90 tablets or blisters of 28 tablets.  
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w
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 m
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 b
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 c
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r p
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 c
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 d
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t b
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 p
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 c
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 c
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 p
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r t
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f c
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ra
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f d
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r c
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 p
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 c
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f p
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 o
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r p
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r b
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t b
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f p
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ee

 fr
om

 th
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ra
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Additional Evidence 
 
Dose Simplification 
Two studies demonstrated that continuous administration of hormone therapy was better tolerated than sequential 
administration, which led to an improvement in compliance. Doren et al. found that women who were treated with 
continuous estrogen and progestin therapy (estradiol 2 mg, estriol 1 mg, and norethisterone 1 mg) had better 
compliance than women who were treated sequentially with estradiol valerate 2 mg daily and 
medroxyprogesterone acetate 5 mg daily for 12 days of the month (93 vs 66%, respectively). The most frequent 
reason for discontinuation of therapy was uterine bleeding.150 Eiken et al. found that the continuous administration 
of estradiol and norethisterone improved compliance compared to the sequential administration of the same 
product. The eight year compliance rate for the continuous combination regimen was 46% compared to 32% for 
the sequential regimen. The difference in compliance rates was due to monthly bleeding associated with the 
sequential regimen.151  
 
Stable Therapy 
Place et al. evaluated women whose menopausal symptoms were satisfactorily controlled on conjugated 
estrogens. Participants were randomly selected to continue with oral therapy or to switch to transdermal estradiol. 
The results showed that women who switched to transdermal therapy had similar relief of menopausal symptoms 
as the women who remained on oral conjugated estrogens.83 
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

          Rx=prescription 
 
Table 12. Relative Cost of the Estrogens 

Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 
Estradiol tablet, topical gel, 

topical spray, 
transdermal patch, 
vaginal cream, 
vaginal ring, vaginal 
tablet  

Alora®, Climara®*, 
Divigel®, Estrace®*, 
Estring®, Evamist®, 
Menostar®, Minivelle®, 
Vagifem®, Vivelle-Dot® 

$$$$ $ 

Estradiol acetate vaginal ring Femring® $$-$$$$ N/A 
Estradiol cypionate injection Depo-Estradiol®  $$$$ N/A 
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Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 
Estradiol valerate injection Delestrogen®* $$$$ $$$$ 
Estradiol and 
drospirenone 

tablet Angeliq® $$$ N/A 

Estradiol and 
levonorgestrel 

transdermal patch Climara Pro®  $$$ N/A 

Estradiol and 
norethindrone 

tablet, transdermal 
patch 

Activella®*, Combipatch®  $$$ $$$ 

Estradiol and 
norgestimate 

tablet Prefest® $$-$$$ N/A 

Estrogens, conjugated injection, tablet, 
vaginal cream 

Premarin® $$$$$ N/A 

Estrogens, conjugated, 
synthetic A 

tablet Cenestin® $$-$$$ N/A 

Estrogens, conjugated, 
synthetic B 

tablet Enjuvia® $$ N/A 

Estrogens, conjugated 
and bazedoxifene 

tablet Duavee® $$$$ N/A 

Estrogens, conjugated 
and 
medroxyprogesterone 

tablet Premphase®, Prempro® $$$$$ N/A 

Estrogens, esterified tablet Menest® $$$ N/A 
Estropipate tablet N/A N/A $ 
Norethindrone and 
ethinyl estradiol 

tablet FemHRT®* $$$ $$$ 

*Generic is available in at least one dosage form or strength.  
N/A=Not available 

 
 

X. Conclusions 
 

The estrogens are approved for the treatment of vasomotor symptoms associated with menopause, vulvar and 
vaginal atrophy, abnormal uterine bleeding, hypoestrogenism, prevention of postmenopausal osteoporosis, as 
well as for the palliative treatment of prostate and breast cancer.1-35 They are available in a variety of dosage 
forms, including injectable, oral, topical, transdermal, and vaginal preparations. Estradiol, estradiol valerate, 
estradiol/norethindrone, and estropipate are available in a generic formulation. 
 
The recommendations for the use of hormone therapy have changed since the Women’s Health Initiative studies 
were published.36-48 The use of hormone therapy was associated with an increased risk of myocardial infarction, 
stroke, invasive breast cancer, pulmonary emboli, and deep vein thrombosis.50-51 The long-term use of hormone 
therapy is no longer recommended for the prevention of chronic diseases, such as cardiovascular disease, 
cerebrovascular disease or dementia. 38,44-47 Hormone therapy may be considered for the prevention of 
osteoporosis when other therapies are not appropriate or when the benefits outweigh the risks.37-38,45 Hormone 
therapy remains the most effective treatment for moderate-to-severe menopausal symptoms.37-38,40,45  

 
It is recommended that the lowest possible dose be used for the shortest amount of time.36-38,44-45 Vaginal 
formulations are recommended for women who only have symptoms of vulvar and vaginal atrophy.38,42,45 
Systemic progestogen is required for endometrial protection of unopposed estrogen therapy.36,38,44-45 

 
A variety of clinical trials have been conducted with the estrogens, which have evaluated efficacy, safety, 
tolerability, as well as pharmacokinetic and pharmacodynamic end points. Numerous studies have demonstrated a 
similar improvement in menopausal symptoms with the various estrogen preparations.38-39,42,71,73,77,79-87,90-92,96-99,124 

There were no studies found in the medical literature that compared the continuous administration of a 
combination product versus the concomitant administration of the individual components. There is no evidence 
that natural estrogens are more or less hazardous than synthetic estrogens at equivalent doses.1-35 
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The efficacy and safety of bazedoxifene with conjugated estrogens have been evaluated in the phase 3 Selective 
estrogens, Menopause And Response to Therapy (SMART) trials conducted in generally healthy postmenopausal 
women.137-148 Bazedoxifene-conjugated estrogens have shown an improvement in menopausal symptoms and 
bone loss and a favorable safety profile when compared to placebo.137-149 There were no studies found that 
compared bazedoxifene-conjugated estrogens to another selective estrogen receptor modifier and estrogen 
combination regimen.  
 
There is insufficient evidence to support that one brand estrogen is safer or more efficacious than another within 
its given indication. Formulations without a generic alternative should be managed through the medical 
justification portion of the prior authorization process.  

 
Therefore, all brand products within the class reviewed are comparable to each other and to the generic products 
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.  

 
 

XI. Recommendations 
 

No brand estrogen is recommended for preferred status. Alabama Medicaid should accept cost proposals from 
manufacturers to determine the most cost effective products and possibly designate one or more preferred brands. 
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I. Overview 

 
Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes: 
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced, 
genetic defects in β-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the 
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and 
long-term complications, including microvascular and macrovascular events. There are a variety of oral and 
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12 
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of 
action, efficacy, safety profiles, tolerability, and ease of use.  
 
The alpha-glucosidase inhibitors are approved for use as an adjunct to diet and exercise to improve glycemic 
control in adults with type 2 diabetes mellitus. The antihyperglycemic action of acarbose results from a 
competitive, reversible inhibition of pancreatic alpha-amylase and membrane-bound intestinal alpha-glucoside 
hydrolase enzymes. The antihyperglycemic action of miglitol results from a reversible inhibition of membrane-
bound intestinal alpha-glucoside hydrolase enzymes. This enzyme inhibition leads to a delay in glucose 
absorption and subsequent lowering of postprandial hyperglycemia.1-2  
 
The alpha-glucosidase inhibitors that are included in this review are listed in Table 1. This review encompasses all 
dosage forms and strengths. Acarbose is available in a generic formulation. This class was last reviewed in 
November 2012. 

 
Table 1. Alpha-Glucosidase Inhibitors Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Acarbose tablet Precose®* acarbose 
Miglitol tablet Glyset® Glyset® 

*Generic is available in at least one dosage form or strength.  
PDL=Preferred Drug List 
 
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type 
2 diabetes are presented globally, addressing the role of various medication classes.   
 
Table 2. Treatment Guidelines Using the Alpha-Glucosidase Inhibitors 

Clinical Guideline Recommendation(s) 
American Diabetes Association:  
Standards of Medical Care in 
Diabetes  

(2014)3 

 
 

Current criteria for the diagnosis of diabetes 
 The following are the criteria for a diagnosis of diabetes: glycosylated 

hemoglobin (HbA1c) ≥6.5%, or a fasting plasma glucose (FPG) ≥126 
mg/dL, or a two-hour plasma glucose ≥200 mg/dL during an oral 
glucose tolerance test or patients with classic symptoms of 
hyperglycemia, or classic symptoms of hyperglycemia or 
hyperglycemic crisis (random plasma glucose ≥200 mg/dL).  

 
Prevention/delay of type 2 diabetes 
 An ongoing support program for weight loss of 7% of body weight and 

an increase in physical activity to ≥150 minutes/week of moderate 
activity should be encouraged in patients with impaired glucose 
tolerance, impaired fasting glucose, or an HbA1c 5.7 to 6.4%. 
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Clinical Guideline Recommendation(s) 
 Metformin therapy for prevention of type 2 diabetes may be considered 

in patients with impaired glucose tolerance, impaired fasting glucose, 
or an HbA1c 5.7 to 6.7%, especially for those with a body mass index 
>35 kg/m2, age <60 years, and women with prior gestational diabetes 
mellitus.  

 
Glycemic goals in adults 
 Lowering HbA1c to below or around 7.0% has been shown to reduce 

microvascular complications of diabetes, and if implemented soon 
after the diagnosis of diabetes is associated with long term reduction in 
macrovascular disease. A reasonable HbA1c goal for many nonpregnant 
adults is <7.0%. 

 It may be reasonable for providers to suggest more stringent HbA1c 
goals (<6.5%) for selected patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. Such 
patients may include those with short duration of diabetes, long life 
expectancy, and no significant cardiovascular disease.  

 Conversely, less stringent HbA1c goals (<8.0%) may be appropriate for 
patients with a history of severe hypoglycemia, limited life expectancy, 
advanced microvascular or macrovascular complications, extensive 
comorbid conditions, and those with longstanding diabetes in whom 
the general goal is difficult to attain despite diabetes self-management 
education, appropriate glucose monitoring, and effective doses of 
multiple glucose-lowering agents including insulin.  

 
Pharmacologic and overall approaches to treatment-type 1 diabetes 
 Recommended therapy consists of the following components: 

o Use of multiple dose insulin injections (three to four 
injections per day of basal and pre-prandial insulin) or 
continuous subcutaneous (SC) insulin infusion therapy. 

o Matching prandial insulin to carbohydrate intake, pre-meal 
blood glucose, and anticipated activity. 

o Most patients should use of insulin analogs to reduce 
hypoglycemia risk. 

 
Pharmacologic and overall approaches to treatment-type 2 diabetes 
 At the time of diagnosis, initiate metformin therapy along with lifestyle 

interventions, unless metformin is contraindicated.  
 In newly diagnosed patients with markedly symptomatic and/or 

elevated blood glucose levels or HbA1c, consider insulin therapy, with 
or without additional agents, from the onset.  

 If noninsulin monotherapy at maximal tolerated dose does not achieve 
or maintain the HbA1c target over three to six months, add a second 
oral agent, a glucagon-like peptide-1 (GLP-1) receptor agonist, or 
insulin. 

 Because of the progressive nature of type 2 diabetes, insulin therapy is 
eventually indicated for many patients with type 2 diabetes. 

American Diabetes Association/ 
European Association for the 
Study of Diabetes: 
Management of 
Hyperglycemia in Type 2 
Diabetes: A Patient-Centered 
Approach  

(2012)4 

 

Key points 
 Glycemic targets and glucose-lowering therapies must be 

individualized.  
 Diet, exercise, and education remain the foundation of any type 2 

diabetes treatment program. 
 Unless there are prevalent contraindications, metformin is the optimal 

first line drug.  
 After metformin, there are limited data to guide treatment decisions. 
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Clinical Guideline Recommendation(s) 
 Combination therapy with an additional one to two oral or injectable 

agents is reasonable, aiming to minimize side effects where possible.  
 Ultimately, many patients will require insulin therapy alone or in 

combination with other agents to maintain glucose control.  
 All treatment decisions, where possible, should be made in conjunction 

with the patient, focusing on his/her preferences, needs, and values.  
 Comprehensive cardiovascular risk reduction must be a major focus of 

therapy.  
 
Initial drug therapy 
 It is generally agreed that metformin, if not contraindicated and if 

tolerated, is the preferred and most cost-effective first agent.  
 Metformin should be initiated at, or soon after, diagnosis, especially in 

patients in whom lifestyle intervention alone has not achieved, or is 
unlikely to achieve, HbA1c goals. 

 Patients with high baseline HbA1c (e.g., ≥9.0%) have a low probability 
of achieving a near-normal target with monotherapy; therefore, it may 
be justified to start directly with a combination of two non-insulin 
agents or with insulin itself in this circumstance.  

 If a patient presents with significant hyperglycemic symptoms and/or 
has dramatically elevated plasma glucose concentrations or HbA1c 
(e.g., ≥10.0 to 12.0%), insulin therapy should be strongly considered 
from the outset. Such therapy is mandatory when catabolic features are 
exhibited or, of course, if ketonuria is demonstrated, the latter 
reflecting profound insulin deficiency.  

 If metformin cannot be used, another oral agent could be chosen, such 
as a sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 
(DPP-4) inhibitor; in occasional cases where weight loss is seen as an 
essential aspect of therapy, initial treatment with a glucagon-like 
peptide (GLP)-1 receptor agonist might be useful.  

 Where available, less commonly used drugs (alpha-glucosidase 
inhibitors, colesevelam, bromocriptine) might also be considered in 
selected patients, but their modest glycemic effects and side effect 
profiles make them less attractive candidates.  

 Specific patient preferences, characteristics, susceptibilities to side 
effects, potential for weight gain, and hypoglycemia should play a 
major role in drug selection.  

 
Advancing to dual combination therapy 
 If monotherapy alone does not achieve/maintain HbA1c target over 

approximately three months, the next step would be to add a second 
oral agent, a GLP-1 receptor agonist or basal insulin. Notably the 
higher the HbA1c, the more likely insulin will be required.  

 On average, any second agent is typically associated with an 
approximate further reduction in HbA1c of approximately 1.0%.  

 If no clinically meaningful glycemic reduction is demonstrated, then 
adherence having been investigated, that agent should be discontinued, 
and another with a different mechanism of action substituted. 

 Uniform recommendations on the best agent to be combined with 
metformin cannot be made, thus advantages and disadvantages of 
specific drugs for each patient should be considered.  

 It remains important to avoid unnecessary weight gain by optimal 
medication selection and dose titration.  

 For all medications, consideration should also be given to overall 
tolerability.  
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Clinical Guideline Recommendation(s) 
 
Advancing to triple combination therapy 
 Some trials have shown advantages of adding a third non-insulin agent 

to a two drug combination that is not yet or no longer achieving the 
glycemic target. However, the most robust response will usually be 
with insulin.  

 Many patients, especially those with long standing disease, will 
eventually need to be transitioned to insulin, which should be favored 
in circumstances where the degree of hyperglycemia (e.g., HbA1c 
≥8.5%) makes it unlikely that another drug will be of sufficient benefit.  

 In using triple combinations the essential consideration is to use agents 
with complementary mechanisms of action.  

 Increasing the number of drugs heightens the potential for side effects 
and drug-drug interactions which can negatively impact patient 
adherence. 

 
Anti-hyperglycemia Therapy in Type 2 Diabetes: General 
Recommendations 

Initial Drug 
Monotherapy 

Metformin 

Efficacy (↓HbA1c) High 
Hypoglycemia Low risk 

Weight Neutral/loss 
Side Effects Gastrointestinal/lactic acidosis 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to two drug combination therapy (order not meant to denote any specific preference) 

Two Drug 
Combin-
ations  

Metformin  
+  

sulfonyl-
urea 

Metformin  
+  

thia-
zolidinedione 

(TZD) 

Metformin  
+  

DPP-4 
inhibitor 

Metformin  
+  

GLP-1 
receptor 
agonist 

Metformin  
+  

insulin 
(usually 
basal) 

Efficacy 
(↓HbA1c) 

High High Inter-
mediate 

High Highest 

Hypo-
glycemia 

Moderate 
risk 

Low risk Low risk Low risk High risk 

Weight Gain Gain Neutral Loss Gain 
Major Side 

Effects 
Hypo-

glycemia 
Edema, heart 
failure, bone 

fracture 

Rare Gastro- 
intestinal 

Hypo-
glycemia 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to three drug combination therapy (order not meant to denote any specific preference) 

Three 
Drug 
Combin-
ations 

Metformin  
+  

sulfonyl-
urea 
 + 

Metformin  
+  

TZD  
+ 

Metformin  
+  

DPP-4 
inhibitor  

+ 

Metformin  
+  

GLP-1 
receptor 
agonist  

+ 

Metformin  
+  

insulin 
therapy 

+ 

TZD, DPP-
4 inhibitor, 

GLP-1 
receptor 

agonist, or 
insulin 

Sulfonylurea, 
or DPP-4 
inhibitor, 
GLP-1 

receptor 
agonist, or 

insulin 

Sulfonyl-
urea, TZD, 
or insulin 

Sulfonyl-
urea, TZD, 
or insulin 

TZD, 
DPP-4 

inhibitor, 
or GLP-1 
receptor 
agonist 

If combination therapy that includes basal insulin has failed to achieve HbA1c target after 
three to six months, proceed to a more complex insulin strategy, usually in combination 

with one or two non-insulin agents 
More Complex 
Insulin Strategies 

Insulin (multiple daily doses) 

 

American College of Physicians:  
Oral Pharmacologic 
Treatment of Type 2 Diabetes 
Mellitus  

 Oral pharmacologic therapy in patients with type 2 diabetes should be 
added when lifestyle modifications, including diet, exercise, and 
weight loss, have failed to adequately improve hyperglycemia. 
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Clinical Guideline Recommendation(s) 
(2012)5 
 

 Monotherapy with metformin for initial pharmacologic therapy is 
recommended to treat most patients with type 2 diabetes.  

 It is recommended that a second agent be added to metformin to 
patients with persistent hyperglycemia when lifestyle modifications 
and monotherapy with metformin fail to control hyperglycemia. 

American Association of 
Clinical Endocrinologists: 
Medical Guidelines for 
Clinical Practice for 
Developing a Diabetes Mellitus 
Comprehensive Care Plan 
(2011)6 

 

Antihyperglycemic pharmacotherapy  
 The choice of therapeutic agents should be based on their differing 

metabolic actions and adverse effect profiles as described in the 2009 
American Association of Clinical Endocrinologists/American College 
of Endocrinology Diabetes Algorithm for Glycemic Control.* 

 Insulin should be considered for patients with type 2 diabetes mellitus 
when noninsulin antihyperglycemic therapy fails to achieve target 
glycemic control or when a patient, whether drug naïve or not, has 
symptomatic hyperglycemia. 

 Antihyperglycemic agents may be broadly categorized by whether they 
predominantly target fasting plasma glucose (FPG) or postprandial 
glucose (PPG) levels. These effects are not exclusive; drugs acting on 
FPG passively reduce PPG, and drugs acting on PPG passively reduce 
FPG, but these broad categories can aid in therapeutic decision-
making.  

 Thiazolidinediones (TZDs) and sulfonylureas are examples of oral 
agents primarily affecting FPG. Metformin and incretin enhancers 
(DPP-4 inhibitors) also favorably affect FPG.  

 When insulin therapy is indicated in patients with type 2 diabetes to 
target FPG, therapy with long-acting basal insulin should be the initial 
choice in most cases; insulin analogues glargine and detemir are 
preferred over intermediate-acting neutral protamine Hagedorn (NPH) 
because they are associated with less hypoglycemia.  

 The initial choice of an agent targeting FPG or PPG involves 
comprehensive patient assessment with emphasis given to the glycemic 
profile obtained by self-monitoring of blood glucose. 

 When postprandial hyperglycemia is present, glinides and/or α-
glucosidase inhibitors, short- or rapid-acting insulin, and metformin 
should be considered. Incretin-based therapy (DPP-4 inhibitors and 
GLP-1 receptor agonists) also target postprandial hyperglycemia in a 
glucose-dependent fashion, which reduces the risks of hypoglycemia.  

 When control of postprandial hyperglycemia is needed and insulin is 
indicated, rapid-acting insulin analogues are preferred over regular 
human insulin because they have a more rapid onset and offset of 
action and are associated with less hypoglycemia.  

 Pramlintide can be used as an adjunct to prandial insulin therapy to 
reduce postprandial hyperglycemia, HbA1c, and weight. 

 Premixed insulin analogue therapy may be considered for patients in 
whom adherence to a drug regimen is an issue; however, these 
preparations lack component dosage flexibility and may increase the 
risk for hypoglycemia compared to basal insulin or basal-bolus insulin. 
Basal-bolus insulin therapy is flexible and is recommended for 
intensive insulin therapy. 

 Intensification of pharmacotherapy requires glucose monitoring and 
medication adjustment at appropriate intervals when treatment goals 
are not achieved or maintained.  

 Most patients with an initial HbA1c level >7.5% will require 
combination therapy using agents with complementary mechanisms of 
action. 

American Association of Principles underlying the algorithm 
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American Association of 
Clinical Endocrinologists: 
Comprehensive Diabetes 
Management Algorithm 2013 
Consensus Statement  
(2013)7 

 
 

 Lifestyle optimization is essential for all patients with diabetes; 
however, it should not delay needed pharmacotherapy, which can be 
initiated simultaneously and adjusted based on patient response to 
lifestyle efforts. The need for medical therapy should not be interpreted 
as a failure of lifestyle management, but as an adjunct to it. 

 Achieving an HbA1c ≤6.5% is recommended as the primary goal if it 
can be achieved in a safe and affordable manner; however, higher 
targets may be appropriate for certain individuals and may change for a 
given individual over time.  

 Minimizing risk of hypoglycemia and weight gain is a priority. It is a 
matter of safety, adherence, and cost. 

 For optimal glycemic control, therapies with complementary 
mechanisms of action must typically be used in combination.  

 Therapeutic effectiveness must be evaluated frequently until stable 
(e.g., every three months). 

 Safety and efficacy should be given higher priority than the initial 
acquisition cost of medications, as medication cost is only a small part 
of the total cost of diabetes care. In assessing the cost of a medication, 
consideration should be given to monitoring requirements and risks of 
hypoglycemia and weight gain. 

 Rapid-acting insulin analogs are superior to regular insulin because 
they are more predictable. 

 Long-acting insulin analogs are superior to neutral protamine 
Hagedorn insulin because they provide a fairly flat response for 
approximately 24 hours and provide better reproducibility and 
consistency, both between and within patients, with a corresponding 
reduction in hypoglycemia risk. 
 

Monotherapy  
 Patients with recent-onset diabetes and those with mild hyperglycemia 

(HbA1c <7.5%), initial monotherapy with metformin (at doses of 1,500 
to 2,000 mg/day) and life-style modifications will achieve their 
glycemic goals in a majority of patients.  

 In patients with intolerance or contraindications to metformin, 
acceptable therapeutic alternatives that reduce glucose without weight 
gain or hypoglycemia (in order based on suggested hierarchy of usage) 
include: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors.  
o Alpha-glucosidase inhibitors. 
o Sodium glucose cotransporter 2 (SGLT-2) inhibitors. 

 TZD, sulfonylurea, and glinides (in order based on suggested hierarchy 
of usage) may be used but with caution due to possible weight gain and 
hypoglycemia. 

 
Combination therapy  
 Patients who present with an initial HbA1c >7.5% or who do not reach 

their target HbA1c with metformin in three months should be started on 
a second agent to be used in combination with metformin.  

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 In metformin-intolerant patients, two drugs from other classes with 
complimentary mechanisms of action should be used. 

 Combination (in order based on suggested hierarchy of usage) include 
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metformin (or other first-line agent) plus: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides. 

 
Three-drug combination therapy  
 Generally, the efficacy of a third antidiabetic agent added to dual 

therapy is reduced compared to the efficacy of the same drug used as 
monotherapy or combination therapy with one other agent. 

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 Patients who present with an HbA1c <8.0% or who do not reach their 
target HbA1c with two antidiabetic drugs after 3 months has a high 
likelihood of reaching target with a third agent.  

 Patients who present with an HbA1c >9.0% or who do not reach their 
target HbA1c with two antidiabetic drugs has are less likely of reaching 
target with a third agent or fourth agent and insulin should be 
considered. 

 Continuation with noninsulin therapies while starting basal insulin is 
common and does not increase cardiovascular risk, but may increase 
risk of hypoglycemia when sulfourea are used in conjunction with 
insulin.  

 Three-drug combination (in order based on suggested hierarchy of 
usage) include metformin (or other first-line agent), a second-line 
agent plus: 

o GLP-1 receptor agonists. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o DPP-4 inhibitors.  
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides 

 
Insulin therapy algorithm 
 Patients who present with an initial HbA1c >9.0% and are symptomatic, 

should initiate therapy with insulin with or without other antidiabetic 
agents.  

 Start insulin if a patient has marked hyperglycemia despite treatment 
with several oral antidiabetic agents and is symptomatic with polyuria 
and weight loss. 

 Patients who are not at target HbA1c despite the use of oral antidiabetic 
agents or GLP-1 therapy should be considered for insulin therapy.  

 Patients with an HbA1c level >8.0% while receiving ≥2 antidiabetic 
agents, particularly individuals with long duration of diabetes, have 
significant impairment of beta cell insulin secretory capacity and are 
unlikely to reach the recommended target by the addition of further 
oral antidiabetic drugs. 
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Basal insulin 
 Patients with an HbA1c level >8.0% while receiving ≥2 oral 

antidiabetic agents or GLP-1 therapy can be started on single daily 
dose of basal insulin as an add-on to the patient’s existing regimen. 

 Titrate insulin dose every two to three days to reach glycemic goals. 
 Basal insulin analogues (glargine and detemir) are preferred over 

protamine Hagedorn insulin because they have been shown to provide 
a relatively flat serum insulin concentration for up to 24 hours from a 
single daily injection. 

 Patients who fail to achieve glucose control with basal insulin or 
premixed insulin formulations can also be considered for basal 
intensification with a DPP-4 inhibitor or GLP-1 receptor agonist if the 
glucose level is not markedly elevated, because this approach tends to 
not cause weight gain or additional hypoglycemia. 

 
Basal-bolus insulin regimens 
 Patients who fail to achieve glucose control with basal insulin or 

premixed insulin formulations and those with symptomatic 
hyperglycemia and HbA1c >10% often respond better to combined 
basal and mealtime bolus insulin. 

 A full basal-bolus program with an insulin basal analogue once or 
twice daily and a rapid-acting analogue at each meal is most effective 
and provides flexibility for patients with variable mealtimes and meal 
carbohydrate content.  

 Doses of insulin may be titrated every two to three days to reach 
glycemic goals.  

 
Basal insulin and incretin therapy regimens 
 Use of the amylin analog pramlintide in conjunction with bolus insulin 

improves both glycemia and weight in patients with type 2 diabetes.  
 The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) 

have similar properties, and also increase endogenous insulin secretion. 
Therefore, the combination of basal insulin and incretin therapy 
decreases basal and postprandial glucose and may minimize the weight 
gain and hypoglycemia risk observed with basal-bolus insulin 
replacement. 

American Association of 
Clinical Endocrinologists:  
Medical Guidelines for 
Clinical Practice for the 
Management of Diabetes 
Mellitus  
(2007)8 
 
 
 
 

Glycemic management-all patients with diabetes 
 Encourage patients to achieve glycemic levels as near normal as 

possible without inducing clinically significant hypoglycemia. 
Glycemic targets include the following: 

o HbA1c ≤6.5%. 
o FPG <100 mg/dL. 
o Two-hour PPG <140 mg/dL. 

 Refer patients for comprehensive, ongoing education in diabetes self-
management skills and nutrition therapy.  

 Initiate self-monitoring blood glucose levels.  
 

Glycemic management-patients with type 1 diabetes 
 Initiate intensive insulin therapy with one of the following regimens: 

o Basal-bolus therapy, using a long-acting insulin analog in 
combination with a rapid-acting insulin analog or inhaled 
insulin at meals.  

o Continuous SC insulin infusion with an insulin pump; insulin 
pump therapy indicated for: 
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 Patients unable to achieve control using a regimen of 

multiple daily injections. 
 Patients with histories of frequent hypoglycemia 

and/or hypoglycemia unawareness.  
 Patients who are pregnant.  
 Patients with extreme insulin sensitivity (pump 

therapy facilitates better precision than SC 
injections).  

 Patients with a history of dawn phenomenon (these 
patients can program a higher basal rate for the early 
morning hours to counteract the rise in blood glucose 
concentration).  

 Patients who require more intensive diabetes 
management because of complications including 
neuropathy, nephropathy, and retinopathy.  

 Patients taking multiple daily injections who have 
demonstrated willingness and ability to comply with 
prescribed diabetes self-care behavior including 
frequent glucose monitoring, carbohydrate counting, 
and insulin adjustment.  

 Consider adding pramlintide to intensive insulin therapy to enhance 
glycemic control and to assist with weight management.  

 Consider adding an insulin sensitizer to address insulin resistance as 
needed. Exercise caution because of the potential for increased fluid 
retention when TZDs are used with insulin.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL.  

 
Glycemic management-patients with type 2 diabetes 
 Aggressively implement all appropriate components of care at the time 

of diagnosis.  
 Persistently monitor and titrate pharmacologic therapy until all 

glycemic goals are achieved.  
o First assess current HbA1c level, fasting/pre-prandial glycemic 

profile, and two-hour PPG profile to evaluate the level of 
control and identify patterns.  

o After initiating pharmacologic therapy based on the patterns 
identified in the profile, persistently monitor and titrate 
therapy over the next two to three months until all glycemic 
goals are achieved.  

o If glycemic goals are not achieved at the end of two to three 
months, initiate a more intensive regimen and persistently 
monitor and titrate therapy over the next two to three months 
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until all glycemic goals are achieved.  

o Recognize that patients currently treated with monotherapy or 
combination therapy who have not achieved glycemic goals 
will require either increased dosages of current medications or 
the addition of a second or third medication.  

o Consider insulin therapy in patients with HbA1c >8.0% and 
symptomatic hyperglycemic, and in patients with elevated 
fasting blood glucose levels or exaggerated PPG excursions 
regardless of HbA1c levels.  

o Initiate insulin therapy to control hyperglycemia and to 
reverse glucose toxicity when HbA1c >10.0%. Insulin therapy 
can then be modified or discontinued once glucose toxicity is 
reversed.  

o Consider a continuous SC insulin infusion in insulin-treated 
patients.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily. Although monitoring glucose 
levels at least three times daily is recommended, there is no supporting 
evidence regarding optimal frequency of glucose monitoring with or 
without insulin pump therapy.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients whose glycemic levels are above target while being 
treated with oral agents alone, oral agents plus once-daily insulin, or 
once-daily insulin alone to monitor glucose levels at least two times 
daily. There is no supporting evidence regarding optimal frequency of 
glucose monitoring in these patients. 

 Instruct patients who are meeting target glycemic levels, including 
those treated non-pharmacologically, to monitor glucose levels at least 
once daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct patients to obtain comprehensive pre-prandial and two-hour 
PPG measurements to create a weekly profile periodically and before 
clinician visits to guide nutrition and physical activity, to detect post-
prandial hyperglycemia, and to prevent hypoglycemia.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL. 

 
Clinical support-clinical considerations in patients with type 1 diabetes 
 Instruct patients to administer pre-prandial rapid-acting analog insulin 

20 to 30 minutes before the meal when the pre-meal blood glucose 
levels is high and after the meal has begun when the pre-meal blood 
glucose level is below the reference range.  

 Measure 2:00 to 3:00 AM blood glucose periodically in all patients 
with diabetes to asses for nocturnal hypoglycemia, especially when the 
morning blood glucose level is elevated.  

 Consider using regular insulin instead of rapid-acting insulin analogs 
to obtain better control of post-prandial and pre-meal glucose levels in 
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patients with gastroparesis. Insulin pump therapy may also be 
advantageous in these patients. 

 Some type 1 diabetics treated with basal insulin may require two daily 
injections of basal insulin for greater stability.  

 Carefully assess PPG levels when the HbA1c level is elevated and pre-
meal glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Arrange for continuous glucose monitoring for patients with unstable 
glucose control and for patients unable to achieve an acceptable HbA1c 
level. Continuous glucose monitoring is particularly valuable in 
detecting both unrecognized nocturnal hypoglycemia and post-prandial 
hyperglycemia. 

 Some patients using pramlintide may achieve better post-prandial and 
pre-meal glucose control by combining it with regular insulin rather 
than rapid-acting analogs.  

 Individualize insulin regimens to accommodate patient exercise 
patterns.  

 Treat hypoglycemic reactions with simple carbohydrates. 
 
Clinical support-clinical considerations in patients with type 2 diabetes 
 Combining therapeutic agents with different modes of action may be 

advantageous.  
 Use insulin sensitizers, such as metformin or TZDs, as part of the 

therapeutic regimen in most patients unless contraindicated or 
intolerance has been demonstrated.  

 Insulin is the therapy of choice in patients with advanced chronic 
kidney disease.  

 Metformin, TZDs, and incretin mimetics do not cause hypoglycemia. 
However, when used in combination with secretagogues or insulin, 
these medications may need to be adjusted as blood glucose levels 
decline.  

 The weight gain associated with TZDs in some patients may be partly 
offset by combination therapy with metformin.  

 Carefully assess PPG levels if the HbA1c level is elevated and pre-
prandial glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Individualize treatment regimens to accommodate patient exercise 
patterns.  

 Administer basal insulin in the evening if fasting glucose is elevated. 
 Long-acting insulin analogs are associated with less hypoglycemia 

than NPH insulin.  
National Institute for Health and 
Care Excellence:  
The Management of Type 2 
Diabetes  
(Issued 2009, last modified 
July 2014)9 
 
 

Metformin 
 Start metformin in overweight or obese patients and whose blood 

glucose is inadequately controlled by lifestyle interventions alone. 
 Consider metformin as an option for first-line glucose-lowering 

therapy for patients who are not overweight.  
 Continue metformin if blood glucose control remains or becomes 

inadequate and another oral glucose-lowering medication (usually a 
sulfonylurea) is added.  

 Step up metformin therapy gradually over weeks to minimize risk of 
gastrointestinal (GI) side effects. Consider a trial of extended release 
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metformin if GI tolerability prevents continuation of therapy.  

 
Insulin secretagogues 
 Consider a sulfonylurea as an option for first-line glucose-lowering 

therapy if the patient is not overweight, the patient does not tolerate 
metformin (or it is contraindicated), or a rapid response to therapy is 
required because of hyperglycemic symptoms. 

 Add a sulfonylurea as second-line therapy when blood glucose control 
remains or becomes inadequate with metformin.  

 Continue sulfonylurea therapy if blood glucose control remains or 
becomes inadequate and another oral glucose-lowering medication is 
added. 

 When adherence is a problem, offer a once-daily, long-acting 
sulfonylurea.  

 
Rapid-acting insulin secretagogues 
 Consider offering a rapid-acting insulin secretagogue to a patient with 

an erratic lifestyle.  
 
Acarbose 
 Consider acarbose for a patient unable to use other oral glucose-

lowering medications.  
 
DPP-4 inhibitors  
 Consider adding a DPP-4 inhibitor to metformin (as second-line 

therapy) instead of a sulfonylurea when blood glucose control is 
inadequate (HbA1c ≥6.5%) if the person is at risk of hypoglycemia, 
does not tolerate a sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a DPP-4 inhibitor to sulfonylurea (as second-line 
therapy) when control of blood glucose is inadequate (HbA1c ≥6.5%) if 
the person does not tolerate metformin or if metformin is 
contraindicated.  

 Consider adding a DPP-4 inhibitor as third-line therapy to first-line 
metformin and a second-line sulfonylurea when control of blood 
glucose remains or becomes inadequate (HbA1c ≥7.5%) and insulin is 
unacceptable or inappropriate. 

 Only continue DPP-4 inhibitor therapy if the person has had a 
beneficial metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 A DPP-4 inhibitor may be preferable to a thiazolidinedione (TZD) if: 
o Further weight gain would cause or exacerbate significant 

problems associated with a high body weight. 
o A thiazolidinedione is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a thiazolidinedione. 
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 
 
TZDs 
 Consider adding a TZD to metformin (as second-line therapy) instead 

of a sulfonylurea when blood glucose control is inadequate (HbA1c 
≥6.5%) if the person is at risk of hypoglycemia, does not tolerate a 
sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a TZD to sulfonylurea (as second-line therapy) when 
control of blood glucose is inadequate (HbA1c ≥6.5%) if the person 
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does not tolerate metformin or if metformin is contraindicated.  

 Consider adding a TZD as third-line therapy to first-line metformin 
and a second-line sulfonylurea when control of blood glucose remains 
or becomes inadequate (HbA1c ≥7.5%) and insulin is unacceptable or 
inappropriate. 

 Do not use a TZD is people who have heart failure, or who are at 
higher risk of fracture.  

 Only continue TZD therapy if the person has had a beneficial 
metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 Consider combining TZD with insulin therapy for a person who 
previously had a marked glucose-lowering response to TZD therapy or 
who is on high-dose insulin therapy and whose blood glucose is 
inadequately controlled.  

 A TZD may be preferable to a DPP-4 inhibitor if: 
o The person has marked insulin insensitivity. 
o A DPP-4 inhibitor is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a DPP-4 inhibitor.  
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 

 
Gliptins: GLP-1 enhancers 
 No recommendations are made on the use of gliptins as these drugs are 

not covered in this guideline. 
 
GLP-1 mimetics 
 Consider adding a GLP-1 mimetic as third-line therapy to first-line 

metformin and a second-line sulfonylurea when control of blood 
glucose is inadequate (HbA1c ≥7.5%) and the person has: 

o A body mass index ≥35 kg/m2 in those of European descent 
(with appropriate adjustment for other ethnic groups).  

o A BMI <35 kg/m2, and therapy with insulin would have 
significant occupational implications or weight loss would 
benefit other significant obesity-related comorbidities.  

 Only continue GLP-1 mimetic therapy if the person has had a 
beneficial metabolic response (≥1% reduction in HbA1c and weight 
loss ≥3% of initial body weight at six months). 

 
Insulin therapy 
 May be offered to patients with inadequate blood glucose control on 

optimized oral glucose-lowering agents. 
 When starting basal insulin therapy:  

o Continue with metformin and the sulfonylurea (and acarbose, 
if used).  

o Review the use of the sulfonylurea if hypoglycemia occurs.  
 When starting pre-mixed insulin therapy (or mealtime plus basal 

insulin regimens): 
o Continue with metformin.  
o Continue the sulfonylurea initially and discontinue if 

hypoglycemia occurs. 
 Begin with human NPH insulin injected at bedtime or twice daily 

according to need.  
 Consider using a long-acting insulin analogue if:  

o The person needs assistance from a caregiver or healthcare 
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professional to inject insulin, and use of a long-acting insulin 
analogue would reduce the frequency of injections from twice 
to once daily.  

o The person’s lifestyle is restricted by recurrent symptomatic 
hypoglycemic episodes.  

o The person would otherwise need twice-daily NPH insulin 
injections in combination with oral glucose-lowering drugs.  

o The person cannot use the device to inject NPH insulin. 
 Consider twice-daily pre-mixed (biphasic) human insulin (particularly 

if HbA1c ≥9.0%). A once-daily regimen may be an option.  
 Consider pre-mixed preparations that include short-acting insulin 

analogs, rather than pre-mixed preparations that include short-acting 
human insulin preparations, if:  

o A person prefers injecting insulin immediately before a meal.  
o Hypoglycemia is a problem.  
o Blood glucose levels rise markedly after meals. 

 Consider switching to a long-acting insulin analogue from NPH insulin 
in people:  

o Who do not reach their target HbA1c because of significant 
hypoglycemia.  

o Who experience significant hypoglycemia on NPH insulin 
irrespective of the level of HbA1c reached.  

o Who cannot use the device needed to inject NPH insulin but 
who could administer their own insulin safely and accurately 
if a switch to a long-acting insulin analogue were made.  

o Who need help from a caregiver or healthcare professional to 
administer insulin injections and for whom switching to a 
long-acting insulin analogue would reduce the number of 
daily injections.  

 Monitor a person on a basal insulin regimen (NPH insulin or a long-
acting insulin analogue) for the need for short-acting insulin before 
meals (or a pre-mixed insulin preparation). 

Institute for Clinical Systems 
Improvement:  
Diagnosis and Management of 
Type 2 Diabetes Mellitus in 
Adults  

(2014)10 
 
 
  

 Personalize goals to achieve glycemic control with a hemoglobin 
HbA1c in the range of <7 or 8% based on the risks and benefits of each 
patient. A goal of <8% may be more appropriate when: 

o Known cardiovascular disease or high cardiovascular risk, 
may be determined by the Framingham or ACC/AHA 
Cardiovascular Risk Calculator, or alternatively as having two 
or more cardiovascular risks (BMI >30, hypertension, 
dyslipidemia, smoking, and microalbuminuria). 

o Inability to recognize and treat hypoglycemia, including a 
history of severe hypoglycemia requiring assistance. 

o Inability to comply with standard goals, such as 
polypharmacy issues. 

o Limited life expectancy or estimated survival of less than 10 
years. 

o Cognitive impairment. 
o Extensive comorbid conditions such as renal failure, liver 

failure, and end-stage disease complications. 
 A multifactorial approach to diabetes care that includes emphasis on 

blood pressure, lipids, glucose, aspirin use, and non-use of tobacco will 
maximize health outcomes far more than a strategy that is limited to 
just one or two of these clinical domains. 

 Recommend education and self-management, as appropriate.  
 Initiate metformin as first-line pharmacotherapy for patients with type 

2 diabetes, unless medically inappropriate.  
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o Metformin may reduce HbA1c by 1 to 1.5%, rarely causes 

hypoglycemia when used as monotherapy and does not cause 
weight gain. 

o Metformin can also be used in combination with all other 
glucose-lowering agents.  

 Improved microvascular and macrovascular outcomes have been 
demonstrated in large clinical trials. 

International Diabetes 
Federation Clinical Guidelines 
Task Force:  
Global Guideline for Type 2 
Diabetes 
(2012)11 

 
 

Lifestyle management 
 Changing patterns of eating and physical activity can be effective in 

controlling many of the adverse risk factors found in type 2 diabetes. 
 Match the timing of medication (including insulin) and meals.   
 Reduce energy intake and control of foods with high amounts of added 

sugars, fats, or alcohol.  
 Introduce physical activity gradually, based on the individual’s 

willingness and ability, and setting individualized and specific goals.  
 Encourage increased duration and frequency of physical activity 

(where needed), up to 30 to 45 minutes on three to five days per week, 
or an accumulation of 150 minutes per week of moderate-intensity 
aerobic activity (50 to 70% of maximum heart rate). In the absence of 
contraindications, encourage resistance training three times per week. 

 Provide guidance for adjusting medications (insulin) and/or adding 
carbohydrate for physical activity. 

 
Glucose control levels 
 Maintaining HbA1c below 7% minimizes the risk of developing 

complications.  
 A lower HbA1c target may be considered if it is easily and safely 

achieved. 
 A higher HbA1c target may be considered for people with 

comorbidities or when previous attempts to optimize control have been 
associated with unacceptable hypoglycemia.  

 
Oral therapy 
 Begin oral glucose lowering medications when lifestyle interventions 

alone are unable to maintain blood glucose control at target levels. 
Maintain support for lifestyle measures throughout the use of these 
medications.  

 Consider each initiation or dose increase of an oral glucose lowering 
medication as a trial, monitoring response in three months.  

 First-line therapy  
o Begin with metformin unless there is evidence of renal 

impairment or other contraindication.  
o Titrate the dose over early weeks to minimize discontinuation 

due to gastrointestinal intolerance. Monitor renal function and 
use metformin with caution if estimated glomerular filtration 
rate <45 mL/min/1.73m2. 

o Other options include a sulfonylurea (or glinide) for rapid 
response where glucose levels are high, or α-glucosidase 
inhibitors in some populations; these agents can also be used 
initially where metformin cannot.  

o In some circumstances dual therapy may be indicated initially 
if it is considered unlikely that single agent therapy will 
achieve glucose targets.  

 Second-line therapy  
o When glucose control targets are not achieved, add a 
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sulfonylurea.  

o Other options include adding metformin if not used first-line, 
an α-glucosidase inhibitor, a dipeptidyl peptidase 4 (DPP-4) 
inhibitor, or a thiazolidinedione (TZD). A rapid-acting insulin 
secretagogue is an alternative option to sulfonylureas. 

 Third-line therapy 
o When glucose control targets are no longer being achieved, 

start insulin or add a third oral agent. 
o If starting insulin, add basal insulin or use premix insulin.  
o If adding a third oral agent options include an α-glucosidase 

inhibitor, a DPP-4 inhibitor, or a TZD. 
o Another option is to add a glucagon-like peptide-1 (GLP-1) 

agonist.  
 Fourth-line therapy 

o Begin insulin therapy when optimized oral blood glucose 
lowering mediations (and/or GLP-1 agonist) and lifestyle 
interventions are unable to maintain target glucose control.  

 
Insulin therapy 
 Do not unduly delay the commencement of insulin. Maintain lifestyle 

measures. Consider every initiation or dose increase of insulin as a 
trial, monitoring the response.  

 Provide education and appropriate self-monitoring.  
 Explain that starting doses of insulin are low, for safety reasons, but 

that eventual dose requirement is expected to be 30 to 100 units/day. 
 Continue metformin. Other oral agents may also be continued.  
 Begin with a basal insulin once daily such as neutral protamine 

Hagedorn (NPH) insulin, insulin glargine, or insulin detemir, or once 
or twice daily premix insulin (biphasic insulin).  

 Initiate insulin using a self-titration regimen (dose increases of two 
units every three days) or with biweekly or more frequent contact with 
a health-care professional.  

 Aim for pre-meal glucose levels of <6.5 mmol/L (<115 mg/dL). 
 Monitor glucose control for deterioration and increase dose to maintain 

target levels or consider transfer to a basal plus mealtime insulin 
regimen.  

American Diabetes Association:  
Care of Children and 
Adolescents with Type 1 
Diabetes  
(2005)12 
 
 

 Insulin type, mixture of insulins, site of injection, and individual 
patient response differences can all affect the onset, peak, and duration 
of insulin activity. 

 Children with diabetes often require multiple daily injections of 
insulin, using combinations of rapid-, short-, intermediate-, or long-
acting insulin before meals and at bedtime to maintain optimal blood 
glucose control. 

 The basal/bolus insulin regimen uses a long-acting insulin analog 
combined with a rapid-acting insulin analog given before meals and 
snacks. This regimen has been shown to result in stable glycemic 
control and less hypoglycemia compared with regimens using 
intermediate and short insulin regimens. 

 Many young children and teenagers consume multiple snacks 
throughout the day. An ideal basal/bolus regimen may consist of as 
many as six to seven insulin injections per day. A combination of 
rapid-acting insulin with small amounts of intermediate-acting insulin 
to allow coverage for snacks may be an appropriate alternative to the 
basal/bolus plan. However, two or three doses of mixed rapid-acting or 
short-acting insulin with intermediate-acting insulin generally cannot 
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maintain HbA1c levels within the target range. Recommendations now 
support moving toward a basal/bolus insulin regimen for most patients. 

 The combination of rapid-acting insulin analogs and a long-acting 
insulin offers an excellent option for basal and bolus insulin 
administration. 

 Basal/bolus regimens have been shown to result in lower fasting blood 
glucose levels with less nocturnal hypoglycemia than regimens that use 
NPH insulin in children/adolescents, as well as in adults. 

American Academy of 
Pediatrics: 
Management of Newly 
Diagnosed Type 2 Diabetes 
Mellitus (T2DM) in Children 
and Adolescents 
(2013)13 

 
 

 Clinicians must ensure that insulin therapy is initiated for children and 
adolescents with T2DM who are ketotic or in diabetic ketoacidosis and 
in whom the distinction between types 1 and 2 diabetes mellitus is 
unclear and, in usual cases, should initiate insulin therapy for patients  

o Who have random venous or plasma blood glucose (BG) 
concentrations ≥250 mg/dL. 

o Whose HbA1c is >9%. 
 In all other instances, clinicians should initiate a lifestyle modification 

program, including nutrition and physical activity, and start metformin 
as first-line therapy for children and adolescents at the time of 
diagnosis of T2DM.  

 Monitoring of HbA1c concentrations is recommended every three 
months and intensifying treatment is recommended if treatment goals 
for finger-stick BG and HbA1c concentrations are not being met. 

 Advise patients to monitor finger-stick BG concentrations in patients 
who:  

o Are taking insulin or other medications with a risk of 
hypoglycemia; or 

o Are initiating or changing their diabetes treatment regimen; or 
o Have not met treatment goals; or 
o Have intercurrent illnesses. 

 Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight 
Management Evidence-Based Nutrition Practice Guidelines in dietary 
or nutrition counseling of patients with T2DM at the time of diagnosis 
and as part of ongoing management.  

 Encourage children and adolescents with T2DM to engage in 
moderate-to-vigorous exercise for at least 60 minutes daily and to limit 
nonacademic “screen time” to less than two hours a day.  

National Institute for Health and 
Care Excellence:  
Diagnosis and Management of 
Type 1 Diabetes in 
Children, Young People, and 
Adults  
(Issued 2004, last modified 
July 2014)14 

 
 

Children (aged younger than 11 years) and young people (aged 11 to <18 
years) 
 Children and young people with type 1 diabetes should be offered an 

ongoing integrated package of care by a multidisciplinary pediatric 
diabetes care team. 

 Insulin regimens  
o One, two, or three insulin injections per day: these are usually 

injections of short-acting insulin or rapid-acting insulin 
analogue mixed with intermediate-acting insulin. The insulin 
preparations may be mixed by the patient at the time of 
injection. 

o Multiple daily injection regimen: the person has injections of 
short-acting insulin or rapid-acting insulin analogue before 
meals, together with one or more separate daily injections of 
intermediate-acting insulin or long-acting insulin analogue. 

o Continuous subcutaneous insulin infusion (insulin pump 
therapy): a programmable pump and insulin storage reservoir 
that gives a regular or continuous amount of insulin (usually 
in the form of a rapid-acting insulin analogue or short-acting 
insulin) by a subcutaneous needle or cannula. 
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 Pre-school and primary school children should be offered the most 

appropriate individualized regimens to optimize glycemic control.  
 Young people should be offered multiple daily injection regimens to 

help optimize glycemia control. 
 As it improves glycemic control, multiple daily injection regimens 

should be offered only as part of a package of care that involves 
continuing education; dietary management; instruction on the use of 
insulin delivery systems and blood glucose monitoring; emotional and 
behavioral support; and medical, nursing, and dietetic expertise in 
pediatric diabetes. 

 Children and young people using multiple daily injection regimens 
should be informed that they may experience an initial increase in the 
risk of hypoglycemia and short-term weight gain.  

 Children and young people and their families should be informed about 
strategies for the avoidance and management of hypoglycemia.  

 Young people who do not achieve satisfactory glycemic control with 
multiple daily injection regimens should be offered additional support 
and, if appropriate, alternative insulin therapy (once, twice, or three 
times daily mixed insulin regimens or continuous SC insulin infusion 
using an insulin pump).  

 Young people who have difficulty adhering to the multiple daily 
injection regimens should be offered twice-daily injection regimens.  

 Continuous SC insulin infusion is recommended as an option for 
patients provided that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and; 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Continuous SC insulin infusion therapy should be initiated only by a 
trained specialist team. 

 All individuals beginning continuous SC insulin infusion therapy 
should be provided with specific training in its use.  

 Established users of continuous SC insulin infusion therapy should 
have their insulin management reviewed by their specialist team so that 
a decision can be made about whether a trial or a switch to multiple-
dose insulin incorporating insulin glargine would be appropriate.  

 Insulin preparations:  
o Children and young people should be offered the most 

appropriate insulin preparations according to their individual 
needs with the aim of obtaining an HbA1c <7.5% without 
frequent disabling hypoglycemia and maximizing quality of 
life.  

o Children and young people using multiple daily insulin 
regimens should be informed that injection of rapid-acting 
insulin analogs before eating (rather than after eating) reduces 
PPG levels thus helps to optimize blood glucose control. 

o For pre-school children it may be appropriate to use rapid-
acting insulin analogs shortly after eating (rather than before 
eating) because food intake can be unpredictable.  

o Children and young people who use insulin preparations 
containing intermediate-acting insulin should be informed that 
these preparations should be mixed before use according to 
instructions provided in patient information leaflets.  

 Insulin delivery:  
o Children and young people should be offered a choice of 
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insulin delivery systems that takes account of their insulin 
requirements and personal preferences.  

o Children and young people using insulin injection regimens 
should be offered needles that are of an appropriate length for 
their body fat.  

 Non-insulin agents (oral antidiabetic agents):  
o Children and young people should not be offered acarbose or 

sulfonylureas in combination with insulin because they may 
increase the risk of hypoglycemia without improving 
glycemic control. 

o Metformin in combination with insulin is suitable for use only 
within research trials because the effectiveness of this 
combination therapy in providing glycemic control is 
uncertain. 

 
Adults (aged 18 years or older): Insulin regimens 
 Patients should have access to the types (preparation and species) of 

insulin they find allow them optimal well-being. 
 Cultural preferences need to be discussed and respected in agreeing on 

the insulin regimen for a patient. 
 Multiple insulin injection regimens, in patients who prefer them, 

should be used as part of an integrated package of which education, 
food, and skills training should be integral parts.  

 Appropriate self-monitoring and education should be used as part of an 
integrated package to help achieve optimal diabetes outcomes.  

 Mealtime insulin injections should be provided by injection 
unmodified (‘soluble’) insulin or rapid-acting insulin analogs before 
main meals.  

 Rapid-acting insulin analogs should be used as an alternative to 
mealtime unmodified insulin where nocturnal or late inter-prandial 
hypoglycemia is a problem, and in those in whom they allow 
equivalent blood glucose control without use of snacks between meals 
and this is needed or desired.  

 Basal insulin therapy (including nocturnal insulin supply) should be 
provided by the use of isophane (NPH) insulin or long-acting insulin 
analogs (insulin glargine). Isophane (NPH) insulin should be given at 
bedtime. If rapid-acting insulin analogs are given at mealtimes or the 
midday insulin dose is small or lacking, the need to give isophane 
(NPH) insulin twice-daily (or more often) should be considered.  

 Long-acting insulin analogs (insulin glargine) should be used when:  
o Nocturnal hypoglycemia is a problem on isophane (NPH) 

insulin. 
o Morning hypoglycemia on isophane (NPH) insulin results in 

difficult daytime blood glucose control.  
o Rapid-acting insulin analogues are used for mealtime blood 

glucose control.  
 Twice-daily insulin regimens should be used by those adults who 

consider number of daily injections an important issue in quality of 
life: 

o Biphasic insulin preparations (pre-mixes) are often the 
preparations of choice in this circumstance.  

o Biphasic rapid-acting insulin analog pre-mixes may give an 
advantage to those prone to hypoglycemia at night.  

o Such twice-daily regimens may also help those who find 
adherence to their agreed lunchtime insulin injection difficult 
and those with learning difficulties who may require 
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assistance from others.  

 Adults whose nutritional and physical activity patterns vary 
considerably from day-to-day, for vocational or recreational reasons, 
may need careful and detailed review of their self-monitoring and 
insulin injection regimen(s). This should include all the appropriate 
preparations and consideration of unusual patterns and combinations.  

 For adults undergoing periods of fasting or sleep following eating (e.g., 
during religious feasts and fasts, after night-shift work), a rapid-acting 
insulin analog before the meal (provided the meal is not prolonged) 
should be considered.  

 For adults with erratic and unpredictable blood glucose control, rather 
than a change in a previously optimized insulin regimen, the following 
should be considered: 

o Re-suspension of insulin and injection technique.  
o Injection sites. 
o Self-monitoring skills. 
o Knowledge and self-management skills.  
o Nature of lifestyle.  
o Psychological and psychosocial difficulties.  
o Possible organic causes (e.g., gastroparesis).  

 Continuous SC insulin infusion is recommended as an option provided 
that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Partial insulin replacement to achieve blood glucose control targets 
(basal insulin only, or just some mealtime insulin) should be 
considered for patients initiating insulin therapy, until such time as 
islet β-cell deficiency progresses further.  

 Clear guidelines and protocols should be given to all patients to assist 
them in adjusting insulin doses appropriate during intercurrent illness.  

 Oral glucose-lowering drugs should generally not be used in the 
management of type 1 diabetics.  

 
Adults (aged 18 years or older): Insulin delivery 
 Adults who inject insulin should have access to the insulin injection 

delivery device they find allows them optimal well-being, often using 
one or more types of insulin injection pen.  

 Adults who have special visual or psychological needs should be 
provided with injection devices or needle-free systems that they can 
use independently for accurate dosing. 

 Insulin injection should be made into the deep SC fat. To achieve this, 
needles of a length appropriate to the individual should be made 
available. 

 Adults should be informed that the abdominal wall is the therapeutic 
choice for mealtime insulin injections. 

 Adults should be informed that extended-acting suspension insulin 
(e.g., isophane [NPH] insulin) may give a longer profile of action when 
injected into the SC tissue of the thigh rather than the arm or 
abdominal wall.  

 Adults should be recommended to use one anatomical area for the 
injections given at the same time of day, but to move the precise 
injection site around in the whole of the available skin within that area.  

 Patients should be provided with suitable containers for the collection 
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of used needles. Arrangements should be available for the suitable 
disposal of these containers.  

 Injection site condition should be checked annually, and if new 
problems with blood glucose control occur.  

American Diabetes Association:  
Type 1 Diabetes Through the 
Life Span: A Position 
Statement of the American 
Diabetes Association  
(2014)15 

 
 

Nutritional therapy  
 Individualized medical nutrition therapy is recommended for all people 

with type 1 diabetes as an effective component of the overall treatment 
plan. 

 Monitoring carbohydrate intake, whether by carbohydrate counting or 
experience-based estimation, remains a key strategy in achieving 
glycemic control. 

 If adults with type 1 diabetes choose to drink alcohol, they should be 
advised to do so in moderation (one drink per day or less for adult 
women and two drinks per day or less for adult men). Discussion with 
a health care provider is advised to explore potential interactions with 
medications. Adults should be advised that alcohol can lower blood 
glucose levels and that driving after drinking alcohol is 
contraindicated. 

 
Physical activity and exercise  
 Exercise should be a standard recommendation as it is for individuals 

without diabetes; however, recommendations may need modifications 
due to the presence of macro- and microvascular diabetes 
complications.  

 Patients of all ages (or caregivers of children) should be educated about 
the prevention and management of hypoglycemia that may occur 
during or after exercise.  

 Patients should be advised about safe preexercise blood glucose levels 
(typically 100 mg/dL or higher depending on the individual and type of 
physical activity). 

 Reducing the prandial insulin dose for the meal/snack preceding 
exercise and/or increasing food intake can be used to help raise the 
preexercise blood glucose level and reduce hypoglycemia. 

 A reduction in overnight basal insulin the night following exercise may 
reduce the risk for delayed exercise-induced hypoglycemia.  

 Self-monitoring of blood glucose should be performed as frequently as 
needed, and sources of simple carbohydrate should be readily available 
to prevent and treat hypoglycemia.  

 
Glycemic control goals  
 The American Diabetes Association strongly believes that blood 

glucose and HbA1c targets should be individualized with the goal of 
achieving the best possible control while minimizing the risk of severe 
hyperglycemia and hypoglycemia and maintaining normal growth and 
development. 

 An HbA1c goal of <7.5% is recommended across all pediatric age-
groups.  

 A reasonable HbA1c goal for many nonpregnant adults with type 1 
diabetes is <7%. 

 Providers might reasonably suggest more stringent HbA1c goals (such 
as <6.5%) for select individual patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. 

 Less stringent HbA1c goals (such as <8.5%) may be appropriate for 
patients with a history of severe hypoglycemia, hypoglycemia 
unawareness, limited life expectancy, advanced microvascular/ 
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macrovascular complications, or extensive comorbid conditions. 

 
Insulin therapy 
 Most individuals with type 1 diabetes should be treated with multiple 

daily insulin injections (three or more injections per day of prandial 
insulin and one to two injections of basal insulin) or continuous 
subcutaneous insulin infusion. 

 Most individuals should be educated in how to match prandial insulin 
dose to carbohydrate intake, premeal blood glucose, and anticipated 
activity.  

 Most individuals should use insulin analogs to reduce hypoglycemia 
risk. 

 All individuals with type 1 diabetes should be taught how to manage 
blood glucose levels under varying circumstances, such as when ill or 
receiving glucocorticoids or for those on pumps, when pump problems 
arise. 

 Child caregivers and school personnel should be taught how to 
administer insulin based on provider orders when a child cannot self-
manage and is out of the care and control of his or her parent/guardian. 

 
Adjunctive therapies  
 Pramlintide may be considered for use as adjunctive therapy to 

prandial insulin in adults with type 1 diabetes failing to achieve 
glycemic goals. 

 Evidence suggests that adding metformin to insulin therapy may reduce 
insulin requirements and improve metabolic control in overweight/ 
obese patients and poorly controlled adolescents with type 1 diabetes, 
but evidence from larger longitudinal studies is required. 

 Current type 2 diabetes medications (GLP-1 agonists, DPP-4 
inhibitors, and SGLT2 inhibitors) may be potential therapies for type 1 
diabetic patients, but require large clinical trials before use in type 1 
diabetic patients. 

*This algorithm was updated in 20137 

 
 

III. Indications 
 

The Food and Drug Administration (FDA)-approved indications for the alpha-glucosidase inhibitors are noted in 
Table 3. While agents within this therapeutic class may have demonstrated positive activity via in vitro trials, the 
clinical significance of this activity remains unknown until fully demonstrated in well-controlled, peer-reviewed 
in vivo clinical trials. As such, this review and the recommendations provided are based exclusively upon the 
results of such clinical trials.  

 
Table 3. FDA-Approved Indications for the Alpha-Glucosidase Inhibitors1,2 

Indication(s) Acarbose Miglitol 
Adjunct to diet and exercise to improve glycemic control 
in adults with type 2 diabetes mellitus   

 
 

IV. Pharmacokinetics 
 
The pharmacokinetic parameters of the alpha-glucosidase inhibitors are listed in Table 4.  
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Table 4. Pharmacokinetic Parameters of the Alpha-Glucosidase Inhibitors16 

Generic Name(s) Bioavailability 
(%) 

Protein Binding 
(%) 

Metabolism 
(%) 

Excretion 
(%) 

Half-Life 
(hours) 

Acarbose 0.5 to 2.0 Negligible (% not 
reported) 

Intestinal wall 
(extensive, % not 

reported) 

Renal (2), 
Feces (51) 

2 

Miglitol 100 <4 Hepatic (% not 
reported) 

Renal (>95) 2 

 
 

V. Drug Interactions 
 
Significant drug interactions with the alpha-glucosidase inhibitors are listed in Table 5. 

 
Table 5. Significant Drug Interactions with the Alpha-Glucosidase Inhibitors17 

Generic Name(s) Significance Level Interaction Mechanism 
Acarbose 2 Digoxin Impaired digoxin absorption is suspected; 

therefore, serum digoxin concentrations may be 
reduced, decreasing its therapeutic effects. 

Significance level 1 = major severity, significance level 2 = moderate severity 
 
 

VI. Adverse Drug Events 
 
The most common adverse drug events reported with the alpha-glucosidase inhibitors are listed in Table 6.  

 
Table 6. Adverse Drug Events (%) Reported with the Alpha-Glucosidase Inhibitors1,2 

Adverse Events Acarbose Miglitol 
Dermatologic 
Hypersensitive skin reactions  - 
Rash  4.3 
Gastrointestinal  
Abdominal pain 19 11.7 
Diarrhea 31 28.7 
Flatulence 74 41.5 
Ileus/subileus  - 
Hepatic 
Fulminant hepatitis - - 
Hepatitis  - 
Jaundice  - 
Transaminases increased <4 - 
Other 
Edema  - 
Low serum iron - 9.2 

   Percent not specified. 
   - Event not reported. 
 
 

VII. Dosing and Administration 
 

The usual dosing regimens for the alpha-glucosidase inhibitors are listed in Table 7. 
 

Table 7. Usual Dosing Regimens for the Alpha-Glucosidase Inhibitors1,2,17 

Generic 
Name(s) Usual Adult Dose Usual Pediatric Dose Availability 

Acarbose Adjunct to diet and exercise to improve glycemic Safety and effectiveness Tablet:  
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Generic 
Name(s) Usual Adult Dose Usual Pediatric Dose Availability 

control in adults with type 2 diabetes mellitus: 
Tablet: initial, 25 mg TID with meals; maintenance, 
25 to 50 mg TID; maximum, 50 mg TID (≤60 kg) 
or 100 mg TID (>60 kg) 

in pediatric patients 
have not been 
established. 

25 mg  
50 mg  
100 mg 

Miglitol Adjunct to diet and exercise to improve glycemic 
control in adults with type 2 diabetes mellitus: 
Tablet: initial, 25 mg TID with meals; maintenance, 
50 mg TID; maximum, 100 mg TID 

Safety and effectiveness 
in pediatric patients 
have not been 
established. 

Tablet:  
25 mg  
50 mg  
100 mg 

TID=three times daily
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Additional Evidence 
 
Dose Simplification 
One small study by Aoki et al. concluded that the effects of alpha-glucosidase inhibitors on glycosylated 
hemoglobin (HbA1c) were similar to those who took it prior to meals (as recommended) and those who took it 
after meals. Thirty-one type 2 diabetic patients who had never been treated with insulin injections or alpha-
glucosidase inhibitors were randomized into two groups. One group took miglitol prior to meals, and the other 
group took miglitol after meals. After three months, the reduction in HbA1c between the two groups was similar. 
The authors concluded that for those patients who could not remember to take their alpha-glucosidase inhibitor 
prior to meals could do so after their meal without a noticeable difference in HbA1c.53 

 
Stable Therapy 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

          Rx=prescription 
 

Table 9. Relative Cost of the Alpha-Glucosidase Inhibitors 
Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 

Acarbose tablet Precose®* $$ $$ 
Miglitol tablet Glyset® $$$$-$$$$$ N/A 

*Generic is available in at least one dosage form or strength.  
N/A=Not available 

 
 

X. Conclusions 
 

The alpha-glucosidase inhibitors are approved for use as an adjunct to diet and exercise to improve glycemic 
control in adults with type 2 diabetes mellitus.1-2 Acarbose is currently the only agent available in a generic 
formulation.  
 
According to current clinical guidelines for the management of type 2 diabetes, metformin remains the 
cornerstone to most antidiabetic treatment regimens. Additionally, patients with a high glycosylated hemoglobin 
(HbA1c) will most likely require combination or triple therapy in order to achieve glycemic goals. At this time, 
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uniform recommendations on the best agent to be combined with metformin cannot be made; therefore, 
advantages and disadvantages of specific antidiabetic agents for each patient should be considered. In general, the 
α-glucosidase inhibitors are not recommended for use in the management of patients with a high HbA1c (7.6 to 
9.0%), mainly due to the limited HbA1c lowering potential associated with the medication class compared to other 
available antidiabetic medications. The α-glucosidase inhibitors may be utilized as monotherapy in the 
management of patients with a low HbA1c (6.5 to 7.5%); however, metformin remains the most appropriate initial 
choice for monotherapy in all patients. In addition, clinical guidelines recognize the potential use of α-glucosidase 
inhibitors when postprandial hyperglycemia is present. Among all current clinical guidelines, preference of one α-
glucosidase inhibitor over another is not stated.3-12  
 
A variety of clinical trials have been conducted with the alpha-glucosidase inhibitors. A clinical trial directly 
comparing acarbose and miglitol does not evaluate glycemic control among type 2 diabetics; rather the results 
demonstrate that there is no significant difference between the two agents with regards to glucose variability 
during pre- and post-prandial periods.35 The majority of the clinical trials have compared active treatment to 
placebo or compared combination therapy to monotherapy. In these studies, the more aggressive treatment 
regimens improved glycemic parameters to a greater extent than the less-intensive treatment regimens.22-25,33-34,42-

43,45,47-51 When comparing similar monotherapy treatment regimens, sulfonylureas have been shown to be more 
effective than the alpha-glucosidase inhibitors.28,30 

 
There have been no clinical studies establishing conclusive evidence of macrovascular risk reduction with the 
alpha-glucosidase inhibitors or any other antidiabetic drug.1,2  
 
There is insufficient evidence to support that one brand alpha-glucosidase inhibitor is safer or more efficacious 
than another within its given indication. Formulations without a generic alternative should be managed through 
the medical justification portion of the prior authorization process.  

 
Therefore, all brand products within the class reviewed are comparable to each other and to the generic products 
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.  
 
 

XI. Recommendations 
 

No brand alpha-glucosidase inhibitor is recommended for preferred status. Alabama Medicaid should accept cost 
proposals from manufacturers to determine the most cost effective products and possibly designate one or more 
preferred brands.
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I. Overview 
 

Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes: 
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced, 
genetic defects in β-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the 
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and 
long-term complications, including microvascular and macrovascular events. There are a variety of oral and 
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12 
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of 
action, efficacy, safety profiles, tolerability, and ease of use.   
 
Pramlintide is the only amylinomimetic agent that is currently available. It is approved for use as an adjunctive 
treatment in patients with type 1 and type 2 diabetes mellitus who use mealtime insulin therapy and who have 
failed to achieve desired glucose control despite optimal insulin therapy.1-3 Amylin is co-secreted with insulin by 
pancreatic beta cells in response to food intake. It affects postprandial glucose levels by slowing gastric emptying, 
suppressing glucagon secretion, and regulating food intake via modulation of appetite.1 Patients with type 1 and 
type 2 diabetes have dysfunctional beta cells, which leads to a reduced secretion of insulin and amylin in response 
to food.1 Pramlintide is a synthetic analog of human amylin, which has been shown to modulate gastric emptying, 
decrease postprandial glucagon concentrations in patients using insulin, and reduce caloric intake.1-3   
 
The amylinomimetics that are included in this review are listed in Table 1. This review encompasses all dosage 
forms and strengths. There are no generic products available. This class was last reviewed in November 2012. 

 
Table 1. Amylinomimetics Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Pramlintide injection SymlinPen® none 

PDL=Preferred Drug List 
 
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type 
1 and 2 diabetes are presented globally, addressing the role of various medication classes. 
 
Table 2. Treatment Guidelines Using the Amylinomimetics 

Clinical Guideline Recommendation(s) 
American Diabetes Association:  
Standards of Medical Care in 
Diabetes  

(2014)4 
 
 
 

Current criteria for the diagnosis of diabetes 
 The following are the criteria for a diagnosis of diabetes: glycosylated 

hemoglobin (HbA1c) ≥6.5%, or a fasting plasma glucose (FPG) ≥126 
mg/dL, or a two-hour plasma glucose ≥200 mg/dL during an oral 
glucose tolerance test or patients with classic symptoms of 
hyperglycemia, or classic symptoms of hyperglycemia or 
hyperglycemic crisis (random plasma glucose ≥200 mg/dL).  

 
Prevention/delay of type 2 diabetes 
 An ongoing support program for weight loss of 7% of body weight and 

an increase in physical activity to ≥150 minutes/week of moderate 
activity should be encouraged in patients with impaired glucose 
tolerance, impaired fasting glucose, or an HbA1c 5.7 to 6.4%. 
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Clinical Guideline Recommendation(s) 
 Metformin therapy for prevention of type 2 diabetes may be considered 

in patients with impaired glucose tolerance, impaired fasting glucose, 
or an HbA1c 5.7 to 6.7%, especially for those with a body mass index 
>35 kg/m2, age <60 years, and women with prior gestational diabetes 
mellitus.  

 
Glycemic goals in adults 
 Lowering HbA1c to below or around 7.0% has been shown to reduce 

microvascular complications of diabetes, and if implemented soon 
after the diagnosis of diabetes is associated with long term reduction in 
macrovascular disease. A reasonable HbA1c goal for many nonpregnant 
adults is <7.0%. 

 It may be reasonable for providers to suggest more stringent HbA1c 
goals (<6.5%) for selected patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. Such 
patients may include those with short duration of diabetes, long life 
expectancy, and no significant cardiovascular disease.  

 Conversely, less stringent HbA1c goals (<8.0%) may be appropriate for 
patients with a history of severe hypoglycemia, limited life expectancy, 
advanced microvascular or macrovascular complications, extensive 
comorbid conditions, and those with longstanding diabetes in whom 
the general goal is difficult to attain despite diabetes self-management 
education, appropriate glucose monitoring, and effective doses of 
multiple glucose-lowering agents including insulin.  

 
Pharmacologic and overall approaches to treatment-type 1 diabetes 
 Recommended therapy consists of the following components: 

o Use of multiple dose insulin injections (three to four 
injections per day of basal and pre-prandial insulin) or 
continuous subcutaneous (SC) insulin infusion therapy. 

o Matching prandial insulin to carbohydrate intake, pre-meal 
blood glucose, and anticipated activity. 

o Most patients should use of insulin analogs to reduce 
hypoglycemia risk. 

 
Pharmacologic and overall approaches to treatment-type 2 diabetes 
 At the time of diagnosis, initiate metformin therapy along with lifestyle 

interventions, unless metformin is contraindicated.  
 In newly diagnosed patients with markedly symptomatic and/or 

elevated blood glucose levels or HbA1c, consider insulin therapy, with 
or without additional agents, from the onset.  

 If noninsulin monotherapy at maximal tolerated dose does not achieve 
or maintain the HbA1c target over three to six months, add a second 
oral agent, a glucagon-like peptide-1 (GLP-1) receptor agonist, or 
insulin. 

 Because of the progressive nature of type 2 diabetes, insulin therapy is 
eventually indicated for many patients with type 2 diabetes. 

American Diabetes Association/ 
European Association for the 
Study of Diabetes: 
Management of 
Hyperglycemia in Type 2 
Diabetes: A Patient-Centered 
Approach  

(2012)5 
 

Key points 
 Glycemic targets and glucose-lowering therapies must be 

individualized.  
 Diet, exercise, and education remain the foundation of any type 2 

diabetes treatment program. 
 Unless there are prevalent contraindications, metformin is the optimal 

first line drug.  
 After metformin, there are limited data to guide treatment decisions. 
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Clinical Guideline Recommendation(s) 
 Combination therapy with an additional one to two oral or injectable 

agents is reasonable, aiming to minimize side effects where possible.  
 Ultimately, many patients will require insulin therapy alone or in 

combination with other agents to maintain glucose control.  
 All treatment decisions, where possible, should be made in conjunction 

with the patient, focusing on his/her preferences, needs, and values.  
 Comprehensive cardiovascular risk reduction must be a major focus of 

therapy.  
 
Initial drug therapy 
 It is generally agreed that metformin, if not contraindicated and if 

tolerated, is the preferred and most cost-effective first agent.  
 Metformin should be initiated at, or soon after, diagnosis, especially in 

patients in whom lifestyle intervention alone has not achieved, or is 
unlikely to achieve, HbA1c goals. 

 Patients with high baseline HbA1c (e.g., ≥9.0%) have a low probability 
of achieving a near-normal target with monotherapy; therefore, it may 
be justified to start directly with a combination of two non-insulin 
agents or with insulin itself in this circumstance.  

 If a patient presents with significant hyperglycemic symptoms and/or 
has dramatically elevated plasma glucose concentrations or HbA1c 
(e.g., ≥10.0 to 12.0%), insulin therapy should be strongly considered 
from the outset. Such therapy is mandatory when catabolic features are 
exhibited or, of course, if ketonuria is demonstrated, the latter 
reflecting profound insulin deficiency.  

 If metformin cannot be used, another oral agent could be chosen, such 
as a sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 
(DPP-4) inhibitor; in occasional cases where weight loss is seen as an 
essential aspect of therapy, initial treatment with a glucagon-like 
peptide (GLP)-1 receptor agonist might be useful.  

 Where available, less commonly used drugs (alpha-glucosidase 
inhibitors, colesevelam, bromocriptine) might also be considered in 
selected patients, but their modest glycemic effects and side effect 
profiles make them less attractive candidates.  

 Specific patient preferences, characteristics, susceptibilities to side 
effects, potential for weight gain, and hypoglycemia should play a 
major role in drug selection.  

 
Advancing to dual combination therapy 
 If monotherapy alone does not achieve/maintain HbA1c target over 

approximately three months, the next step would be to add a second 
oral agent, a GLP-1 receptor agonist or basal insulin. Notably the 
higher the HbA1c, the more likely insulin will be required.  

 On average, any second agent is typically associated with an 
approximate further reduction in HbA1c of approximately 1.0%.  

 If no clinically meaningful glycemic reduction is demonstrated, then 
adherence having been investigated, that agent should be discontinued, 
and another with a different mechanism of action substituted. 

 Uniform recommendations on the best agent to be combined with 
metformin cannot be made, thus advantages and disadvantages of 
specific drugs for each patient should be considered.  

 It remains important to avoid unnecessary weight gain by optimal 
medication selection and dose titration.  

 For all medications, consideration should also be given to overall 
tolerability.  
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Clinical Guideline Recommendation(s) 
 
Advancing to triple combination therapy 
 Some trials have shown advantages of adding a third non-insulin agent 

to a two drug combination that is not yet or no longer achieving the 
glycemic target. However, the most robust response will usually be 
with insulin.  

 Many patients, especially those with long standing disease, will 
eventually need to be transitioned to insulin, which should be favored 
in circumstances where the degree of hyperglycemia (e.g., HbA1c 
≥8.5%) makes it unlikely that another drug will be of sufficient benefit.  

 In using triple combinations the essential consideration is to use agents 
with complementary mechanisms of action.  

 Increasing the number of drugs heightens the potential for side effects 
and drug-drug interactions which can negatively impact patient 
adherence. 

 
Anti-hyperglycemia Therapy in Type 2 Diabetes: General 
Recommendations 

Initial Drug 
Monotherapy 

Metformin 

Efficacy (↓HbA1c) High 
Hypoglycemia Low risk 

Weight Neutral/loss 
Side Effects Gastrointestinal/lactic acidosis 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to two drug combination therapy (order not meant to denote any specific preference) 

Two Drug 
Combin-
ations  

Metformin  
+  

sulfonyl-
urea 

Metformin  
+  

thia-
zolidinedione 

(TZD) 

Metformin  
+  

DPP-4 
inhibitor 

Metformin  
+  

GLP-1 
receptor 
agonist 

Metformin  
+  

insulin 
(usually 
basal) 

Efficacy 
(↓HbA1c) 

High High Inter-
mediate 

High Highest 

Hypo-
glycemia 

Moderate 
risk 

Low risk Low risk Low risk High risk 

Weight Gain Gain Neutral Loss Gain 
Major Side 

Effects 
Hypo-

glycemia 
Edema, heart 
failure, bone 

fracture 

Rare Gastro- 
intestinal 

Hypo-
glycemia 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to three drug combination therapy (order not meant to denote any specific preference) 

Three 
Drug 
Combin-
ations 

Metformin  
+  

sulfonyl-
urea 
 + 

Metformin  
+  

TZD  
+ 

Metformin  
+  

DPP-4 
inhibitor  

+ 

Metformin  
+  

GLP-1 
receptor 
agonist  

+ 

Metformin  
+  

insulin 
therapy 

+ 

TZD, DPP-
4 inhibitor, 

GLP-1 
receptor 

agonist, or 
insulin 

Sulfonylurea, 
or DPP-4 
inhibitor, 
GLP-1 

receptor 
agonist, or 

insulin 

Sulfonyl-
urea, TZD, 
or insulin 

Sulfonyl-
urea, TZD, 
or insulin 

TZD, 
DPP-4 

inhibitor, 
or GLP-1 
receptor 
agonist 

If combination therapy that includes basal insulin has failed to achieve HbA1c target after 
three to six months, proceed to a more complex insulin strategy, usually in combination 

with one or two non-insulin agents 
More Complex 
Insulin Strategies 

Insulin (multiple daily doses) 

 

American College of Physicians:  
Oral Pharmacologic 
Treatment of Type 2 Diabetes 
Mellitus  

 Oral pharmacologic therapy in patients with type 2 diabetes should be 
added when lifestyle modifications, including diet, exercise, and 
weight loss, have failed to adequately improve hyperglycemia. 
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Clinical Guideline Recommendation(s) 
(2012)6 
 
 

 Monotherapy with metformin for initial pharmacologic therapy is 
recommended to treat most patients with type 2 diabetes.  

 It is recommended that a second agent be added to metformin to 
patients with persistent hyperglycemia when lifestyle modifications 
and monotherapy with metformin fail to control hyperglycemia. 

American Association of 
Clinical Endocrinologists: 
Medical Guidelines for 
Clinical Practice for 
Developing a Diabetes Mellitus 
Comprehensive Care Plan 
(2011)7 
 

Antihyperglycemic pharmacotherapy  
 The choice of therapeutic agents should be based on their differing 

metabolic actions and adverse effect profiles as described in the 2009 
American Association of Clinical Endocrinologists/American College 
of Endocrinology Diabetes Algorithm for Glycemic Control.* 

 Insulin should be considered for patients with type 2 diabetes mellitus 
when noninsulin antihyperglycemic therapy fails to achieve target 
glycemic control or when a patient, whether drug naïve or not, has 
symptomatic hyperglycemia. 

 Antihyperglycemic agents may be broadly categorized by whether they 
predominantly target fasting plasma glucose (FPG) or postprandial 
glucose (PPG) levels. These effects are not exclusive; drugs acting on 
FPG passively reduce PPG, and drugs acting on PPG passively reduce 
FPG, but these broad categories can aid in therapeutic decision-
making.  

 Thiazolidinediones (TZDs) and sulfonylureas are examples of oral 
agents primarily affecting FPG. Metformin and incretin enhancers 
(DPP-4 inhibitors) also favorably affect FPG.  

 When insulin therapy is indicated in patients with type 2 diabetes to 
target FPG, therapy with long-acting basal insulin should be the initial 
choice in most cases; insulin analogues glargine and detemir are 
preferred over intermediate-acting neutral protamine Hagedorn (NPH) 
because they are associated with less hypoglycemia.  

 The initial choice of an agent targeting FPG or PPG involves 
comprehensive patient assessment with emphasis given to the glycemic 
profile obtained by self-monitoring of blood glucose. 

 When postprandial hyperglycemia is present, glinides and/or α-
glucosidase inhibitors, short- or rapid-acting insulin, and metformin 
should be considered. Incretin-based therapy (DPP-4 inhibitors and 
GLP-1 receptor agonists) also target postprandial hyperglycemia in a 
glucose-dependent fashion, which reduces the risks of hypoglycemia.  

 When control of postprandial hyperglycemia is needed and insulin is 
indicated, rapid-acting insulin analogues are preferred over regular 
human insulin because they have a more rapid onset and offset of 
action and are associated with less hypoglycemia.  

 Pramlintide can be used as an adjunct to prandial insulin therapy to 
reduce postprandial hyperglycemia, HbA1c, and weight. 

 Premixed insulin analogue therapy may be considered for patients in 
whom adherence to a drug regimen is an issue; however, these 
preparations lack component dosage flexibility and may increase the 
risk for hypoglycemia compared to basal insulin or basal-bolus insulin. 
Basal-bolus insulin therapy is flexible and is recommended for 
intensive insulin therapy. 

 Intensification of pharmacotherapy requires glucose monitoring and 
medication adjustment at appropriate intervals when treatment goals 
are not achieved or maintained.  

 Most patients with an initial HbA1c level >7.5% will require 
combination therapy using agents with complementary mechanisms of 
action. 

American Association of Principles underlying the algorithm 
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American Association of 
Clinical Endocrinologists: 
Comprehensive Diabetes 
Management Algorithm 2013 
Consensus Statement  
(2013)8 
 
 

 Lifestyle optimization is essential for all patients with diabetes; 
however, it should not delay needed pharmacotherapy, which can be 
initiated simultaneously and adjusted based on patient response to 
lifestyle efforts. The need for medical therapy should not be interpreted 
as a failure of lifestyle management, but as an adjunct to it. 

 Achieving an HbA1c ≤6.5% is recommended as the primary goal if it 
can be achieved in a safe and affordable manner; however, higher 
targets may be appropriate for certain individuals and may change for a 
given individual over time.  

 Minimizing risk of hypoglycemia and weight gain is a priority. It is a 
matter of safety, adherence, and cost. 

 For optimal glycemic control, therapies with complementary 
mechanisms of action must typically be used in combination.  

 Therapeutic effectiveness must be evaluated frequently until stable 
(e.g., every three months). 

 Safety and efficacy should be given higher priority than the initial 
acquisition cost of medications, as medication cost is only a small part 
of the total cost of diabetes care. In assessing the cost of a medication, 
consideration should be given to monitoring requirements and risks of 
hypoglycemia and weight gain. 

 Rapid-acting insulin analogs are superior to regular insulin because 
they are more predictable. 

 Long-acting insulin analogs are superior to neutral protamine 
Hagedorn insulin because they provide a fairly flat response for 
approximately 24 hours and provide better reproducibility and 
consistency, both between and within patients, with a corresponding 
reduction in hypoglycemia risk. 
 

Monotherapy  
 Patients with recent-onset diabetes and those with mild hyperglycemia 

(HbA1c <7.5%), initial monotherapy with metformin (at doses of 1,500 
to 2,000 mg/day) and life-style modifications will achieve their 
glycemic goals in a majority of patients.  

 In patients with intolerance or contraindications to metformin, 
acceptable therapeutic alternatives that reduce glucose without weight 
gain or hypoglycemia (in order based on suggested hierarchy of usage) 
include: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors.  
o Alpha-glucosidase inhibitors. 
o Sodium glucose cotransporter 2 (SGLT-2) inhibitors. 

 TZD, sulfonylurea, and glinides (in order based on suggested hierarchy 
of usage) may be used but with caution due to possible weight gain and 
hypoglycemia. 

 
Combination therapy  
 Patients who present with an initial HbA1c >7.5% or who do not reach 

their target HbA1c with metformin in three months should be started on 
a second agent to be used in combination with metformin.  

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 In metformin-intolerant patients, two drugs from other classes with 
complimentary mechanisms of action should be used. 

 Combination (in order based on suggested hierarchy of usage) include 
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metformin (or other first-line agent) plus: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides. 

 
Three-drug combination therapy  
 Generally, the efficacy of a third antidiabetic agent added to dual 

therapy is reduced compared to the efficacy of the same drug used as 
monotherapy or combination therapy with one other agent. 

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 Patients who present with an HbA1c <8.0% or who do not reach their 
target HbA1c with two antidiabetic drugs after 3 months has a high 
likelihood of reaching target with a third agent.  

 Patients who present with an HbA1c >9.0% or who do not reach their 
target HbA1c with two antidiabetic drugs has are less likely of reaching 
target with a third agent or fourth agent and insulin should be 
considered. 

 Continuation with noninsulin therapies while starting basal insulin is 
common and does not increase cardiovascular risk, but may increase 
risk of hypoglycemia when sulfourea are used in conjunction with 
insulin.  

 Three-drug combination (in order based on suggested hierarchy of 
usage) include metformin (or other first-line agent), a second-line 
agent plus: 

o GLP-1 receptor agonists. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o DPP-4 inhibitors.  
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides 

 
Insulin therapy algorithm 
 Patients who present with an initial HbA1c >9.0% and are symptomatic, 

should initiate therapy with insulin with or without other antidiabetic 
agents.  

 Start insulin if a patient has marked hyperglycemia despite treatment 
with several oral antidiabetic agents and is symptomatic with polyuria 
and weight loss. 

 Patients who are not at target HbA1c despite the use of oral antidiabetic 
agents or GLP-1 therapy should be considered for insulin therapy.  

 Patients with an HbA1c level >8.0% while receiving ≥2 antidiabetic 
agents, particularly individuals with long duration of diabetes, have 
significant impairment of beta cell insulin secretory capacity and are 
unlikely to reach the recommended target by the addition of further 
oral antidiabetic drugs. 
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Basal insulin 
 Patients with an HbA1c level >8.0% while receiving ≥2 oral 

antidiabetic agents or GLP-1 therapy can be started on single daily 
dose of basal insulin as an add-on to the patient’s existing regimen. 

 Titrate insulin dose every two to three days to reach glycemic goals. 
 Basal insulin analogues (glargine and detemir) are preferred over 

protamine Hagedorn insulin because they have been shown to provide 
a relatively flat serum insulin concentration for up to 24 hours from a 
single daily injection. 

 Patients who fail to achieve glucose control with basal insulin or 
premixed insulin formulations can also be considered for basal 
intensification with a DPP-4 inhibitor or GLP-1 receptor agonist if the 
glucose level is not markedly elevated, because this approach tends to 
not cause weight gain or additional hypoglycemia. 

 
Basal-bolus insulin regimens 
 Patients who fail to achieve glucose control with basal insulin or 

premixed insulin formulations and those with symptomatic 
hyperglycemia and HbA1c >10% often respond better to combined 
basal and mealtime bolus insulin. 

 A full basal-bolus program with an insulin basal analogue once or 
twice daily and a rapid-acting analogue at each meal is most effective 
and provides flexibility for patients with variable mealtimes and meal 
carbohydrate content.  

 Doses of insulin may be titrated every two to three days to reach 
glycemic goals.  

 
Basal insulin and incretin therapy regimens 
 Use of the amylin analog pramlintide in conjunction with bolus insulin 

improves both glycemia and weight in patients with type 2 diabetes.  
 The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) 

have similar properties, and also increase endogenous insulin secretion. 
Therefore, the combination of basal insulin and incretin therapy 
decreases basal and postprandial glucose and may minimize the weight 
gain and hypoglycemia risk observed with basal-bolus insulin 
replacement. 

American Association of 
Clinical Endocrinologists:  
Medical Guidelines for 
Clinical Practice for the 
Management of Diabetes 
Mellitus  
(2007)9 
 
 
 
 
 
 

Glycemic management-all patients with diabetes 
 Encourage patients to achieve glycemic levels as near normal as 

possible without inducing clinically significant hypoglycemia. 
Glycemic targets include the following: 

o HbA1c ≤6.5%. 
o FPG <100 mg/dL. 
o Two-hour PPG <140 mg/dL. 

 Refer patients for comprehensive, ongoing education in diabetes self-
management skills and nutrition therapy.  

 Initiate self-monitoring blood glucose levels.  
 

Glycemic management-patients with type 1 diabetes 
 Initiate intensive insulin therapy with one of the following regimens: 

o Basal-bolus therapy, using a long-acting insulin analog in 
combination with a rapid-acting insulin analog or inhaled 
insulin at meals.  

o Continuous SC insulin infusion with an insulin pump; insulin 
pump therapy indicated for: 



Amylinomimetics 
AHFS Class 682003 

244 
Prepared by University of Massachusetts Medical School Clinical Pharmacy Services 

Clinical Guideline Recommendation(s) 
 Patients unable to achieve control using a regimen of 

multiple daily injections. 
 Patients with histories of frequent hypoglycemia 

and/or hypoglycemia unawareness.  
 Patients who are pregnant.  
 Patients with extreme insulin sensitivity (pump 

therapy facilitates better precision than SC 
injections).  

 Patients with a history of dawn phenomenon (these 
patients can program a higher basal rate for the early 
morning hours to counteract the rise in blood glucose 
concentration).  

 Patients who require more intensive diabetes 
management because of complications including 
neuropathy, nephropathy, and retinopathy.  

 Patients taking multiple daily injections who have 
demonstrated willingness and ability to comply with 
prescribed diabetes self-care behavior including 
frequent glucose monitoring, carbohydrate counting, 
and insulin adjustment.  

 Consider adding pramlintide to intensive insulin therapy to enhance 
glycemic control and to assist with weight management.  

 Consider adding an insulin sensitizer to address insulin resistance as 
needed. Exercise caution because of the potential for increased fluid 
retention when TZDs are used with insulin.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL.  

 
Glycemic management-patients with type 2 diabetes 
 Aggressively implement all appropriate components of care at the time 

of diagnosis.  
 Persistently monitor and titrate pharmacologic therapy until all 

glycemic goals are achieved.  
o First assess current HbA1c level, fasting/pre-prandial glycemic 

profile, and two-hour PPG profile to evaluate the level of 
control and identify patterns.  

o After initiating pharmacologic therapy based on the patterns 
identified in the profile, persistently monitor and titrate 
therapy over the next two to three months until all glycemic 
goals are achieved.  

o If glycemic goals are not achieved at the end of two to three 
months, initiate a more intensive regimen and persistently 
monitor and titrate therapy over the next two to three months 
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until all glycemic goals are achieved.  

o Recognize that patients currently treated with monotherapy or 
combination therapy who have not achieved glycemic goals 
will require either increased dosages of current medications or 
the addition of a second or third medication.  

o Consider insulin therapy in patients with HbA1c >8.0% and 
symptomatic hyperglycemic, and in patients with elevated 
fasting blood glucose levels or exaggerated PPG excursions 
regardless of HbA1c levels.  

o Initiate insulin therapy to control hyperglycemia and to 
reverse glucose toxicity when HbA1c >10.0%. Insulin therapy 
can then be modified or discontinued once glucose toxicity is 
reversed.  

o Consider a continuous SC insulin infusion in insulin-treated 
patients.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily. Although monitoring glucose 
levels at least three times daily is recommended, there is no supporting 
evidence regarding optimal frequency of glucose monitoring with or 
without insulin pump therapy.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients whose glycemic levels are above target while being 
treated with oral agents alone, oral agents plus once-daily insulin, or 
once-daily insulin alone to monitor glucose levels at least two times 
daily. There is no supporting evidence regarding optimal frequency of 
glucose monitoring in these patients. 

 Instruct patients who are meeting target glycemic levels, including 
those treated non-pharmacologically, to monitor glucose levels at least 
once daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct patients to obtain comprehensive pre-prandial and two-hour 
PPG measurements to create a weekly profile periodically and before 
clinician visits to guide nutrition and physical activity, to detect post-
prandial hyperglycemia, and to prevent hypoglycemia.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL. 

 
Clinical support-clinical considerations in patients with type 1 diabetes 
 Instruct patients to administer pre-prandial rapid-acting analog insulin 

20 to 30 minutes before the meal when the pre-meal blood glucose 
levels is high and after the meal has begun when the pre-meal blood 
glucose level is below the reference range.  

 Measure 2:00 to 3:00 AM blood glucose periodically in all patients 
with diabetes to asses for nocturnal hypoglycemia, especially when the 
morning blood glucose level is elevated.  

 Consider using regular insulin instead of rapid-acting insulin analogs 
to obtain better control of post-prandial and pre-meal glucose levels in 
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patients with gastroparesis. Insulin pump therapy may also be 
advantageous in these patients. 

 Some type 1 diabetics treated with basal insulin may require two daily 
injections of basal insulin for greater stability.  

 Carefully assess PPG levels when the HbA1c level is elevated and pre-
meal glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Arrange for continuous glucose monitoring for patients with unstable 
glucose control and for patients unable to achieve an acceptable HbA1c 
level. Continuous glucose monitoring is particularly valuable in 
detecting both unrecognized nocturnal hypoglycemia and post-prandial 
hyperglycemia. 

 Some patients using pramlintide may achieve better post-prandial and 
pre-meal glucose control by combining it with regular insulin rather 
than rapid-acting analogs.  

 Individualize insulin regimens to accommodate patient exercise 
patterns.  

 Treat hypoglycemic reactions with simple carbohydrates. 
 
Clinical support-clinical considerations in patients with type 2 diabetes 
 Combining therapeutic agents with different modes of action may be 

advantageous.  
 Use insulin sensitizers, such as metformin or TZDs, as part of the 

therapeutic regimen in most patients unless contraindicated or 
intolerance has been demonstrated.  

 Insulin is the therapy of choice in patients with advanced chronic 
kidney disease.  

 Metformin, TZDs, and incretin mimetics do not cause hypoglycemia. 
However, when used in combination with secretagogues or insulin, 
these medications may need to be adjusted as blood glucose levels 
decline.  

 The weight gain associated with TZDs in some patients may be partly 
offset by combination therapy with metformin.  

 Carefully assess PPG levels if the HbA1c level is elevated and pre-
prandial glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Individualize treatment regimens to accommodate patient exercise 
patterns.  

 Administer basal insulin in the evening if fasting glucose is elevated. 
 Long-acting insulin analogs are associated with less hypoglycemia 

than NPH insulin.  
National Institute for Health and 
Care Excellence:  
The Management of Type 2 
Diabetes  
(Issued 2009, last modified 
July 2014)10 

 
 

Metformin 
 Start metformin in overweight or obese patients and whose blood 

glucose is inadequately controlled by lifestyle interventions alone. 
 Consider metformin as an option for first-line glucose-lowering 

therapy for patients who are not overweight.  
 Continue metformin if blood glucose control remains or becomes 

inadequate and another oral glucose-lowering medication (usually a 
sulfonylurea) is added.  

 Step up metformin therapy gradually over weeks to minimize risk of 
gastrointestinal (GI) side effects. Consider a trial of extended release 
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metformin if GI tolerability prevents continuation of therapy.  

 
Insulin secretagogues 
 Consider a sulfonylurea as an option for first-line glucose-lowering 

therapy if the patient is not overweight, the patient does not tolerate 
metformin (or it is contraindicated), or a rapid response to therapy is 
required because of hyperglycemic symptoms. 

 Add a sulfonylurea as second-line therapy when blood glucose control 
remains or becomes inadequate with metformin.  

 Continue sulfonylurea therapy if blood glucose control remains or 
becomes inadequate and another oral glucose-lowering medication is 
added. 

 When adherence is a problem, offer a once-daily, long-acting 
sulfonylurea.  

 
Rapid-acting insulin secretagogues 
 Consider offering a rapid-acting insulin secretagogue to a patient with 

an erratic lifestyle.  
 
Acarbose 
 Consider acarbose for a patient unable to use other oral glucose-

lowering medications.  
 
DPP-4 inhibitors  
 Consider adding a DPP-4 inhibitor to metformin (as second-line 

therapy) instead of a sulfonylurea when blood glucose control is 
inadequate (HbA1c ≥6.5%) if the person is at risk of hypoglycemia, 
does not tolerate a sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a DPP-4 inhibitor to sulfonylurea (as second-line 
therapy) when control of blood glucose is inadequate (HbA1c ≥6.5%) if 
the person does not tolerate metformin or if metformin is 
contraindicated.  

 Consider adding a DPP-4 inhibitor as third-line therapy to first-line 
metformin and a second-line sulfonylurea when control of blood 
glucose remains or becomes inadequate (HbA1c ≥7.5%) and insulin is 
unacceptable or inappropriate. 

 Only continue DPP-4 inhibitor therapy if the person has had a 
beneficial metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 A DPP-4 inhibitor may be preferable to a thiazolidinedione (TZD) if: 
o Further weight gain would cause or exacerbate significant 

problems associated with a high body weight. 
o A thiazolidinedione is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a thiazolidinedione. 
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 
 
TZDs 
 Consider adding a TZD to metformin (as second-line therapy) instead 

of a sulfonylurea when blood glucose control is inadequate (HbA1c 
≥6.5%) if the person is at risk of hypoglycemia, does not tolerate a 
sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a TZD to sulfonylurea (as second-line therapy) when 
control of blood glucose is inadequate (HbA1c ≥6.5%) if the person 
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does not tolerate metformin or if metformin is contraindicated.  

 Consider adding a TZD as third-line therapy to first-line metformin 
and a second-line sulfonylurea when control of blood glucose remains 
or becomes inadequate (HbA1c ≥7.5%) and insulin is unacceptable or 
inappropriate. 

 Do not use a TZD is people who have heart failure, or who are at 
higher risk of fracture.  

 Only continue TZD therapy if the person has had a beneficial 
metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 Consider combining TZD with insulin therapy for a person who 
previously had a marked glucose-lowering response to TZD therapy or 
who is on high-dose insulin therapy and whose blood glucose is 
inadequately controlled.  

 A TZD may be preferable to a DPP-4 inhibitor if: 
o The person has marked insulin insensitivity. 
o A DPP-4 inhibitor is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a DPP-4 inhibitor.  
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 

 
Gliptins: GLP-1 enhancers 
 No recommendations are made on the use of gliptins as these drugs are 

not covered in this guideline. 
 
GLP-1 mimetics 
 Consider adding a GLP-1 mimetic as third-line therapy to first-line 

metformin and a second-line sulfonylurea when control of blood 
glucose is inadequate (HbA1c ≥7.5%) and the person has: 

o A body mass index ≥35 kg/m2 in those of European descent 
(with appropriate adjustment for other ethnic groups).  

o A BMI <35 kg/m2, and therapy with insulin would have 
significant occupational implications or weight loss would 
benefit other significant obesity-related comorbidities.  

 Only continue GLP-1 mimetic therapy if the person has had a 
beneficial metabolic response (≥1% reduction in HbA1c and weight 
loss ≥3% of initial body weight at six months). 

 
Insulin therapy 
 May be offered to patients with inadequate blood glucose control on 

optimized oral glucose-lowering agents. 
 When starting basal insulin therapy:  

o Continue with metformin and the sulfonylurea (and acarbose, 
if used).  

o Review the use of the sulfonylurea if hypoglycemia occurs.  
 When starting pre-mixed insulin therapy (or mealtime plus basal 

insulin regimens): 
o Continue with metformin.  
o Continue the sulfonylurea initially and discontinue if 

hypoglycemia occurs. 
 Begin with human NPH insulin injected at bedtime or twice daily 

according to need.  
 Consider using a long-acting insulin analogue if:  

o The person needs assistance from a caregiver or healthcare 
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professional to inject insulin, and use of a long-acting insulin 
analogue would reduce the frequency of injections from twice 
to once daily.  

o The person’s lifestyle is restricted by recurrent symptomatic 
hypoglycemic episodes.  

o The person would otherwise need twice-daily NPH insulin 
injections in combination with oral glucose-lowering drugs.  

o The person cannot use the device to inject NPH insulin. 
 Consider twice-daily pre-mixed (biphasic) human insulin (particularly 

if HbA1c ≥9.0%). A once-daily regimen may be an option.  
 Consider pre-mixed preparations that include short-acting insulin 

analogs, rather than pre-mixed preparations that include short-acting 
human insulin preparations, if:  

o A person prefers injecting insulin immediately before a meal.  
o Hypoglycemia is a problem.  
o Blood glucose levels rise markedly after meals. 

 Consider switching to a long-acting insulin analogue from NPH insulin 
in people:  

o Who do not reach their target HbA1c because of significant 
hypoglycemia.  

o Who experience significant hypoglycemia on NPH insulin 
irrespective of the level of HbA1c reached.  

o Who cannot use the device needed to inject NPH insulin but 
who could administer their own insulin safely and accurately 
if a switch to a long-acting insulin analogue were made.  

o Who need help from a caregiver or healthcare professional to 
administer insulin injections and for whom switching to a 
long-acting insulin analogue would reduce the number of 
daily injections.  

Monitor a person on a basal insulin regimen (NPH insulin or a long-acting 
insulin analogue) for the need for short-acting insulin before meals (or a 
pre-mixed insulin preparation). 

Institute for Clinical Systems 
Improvement:  
Diagnosis and Management of 
Type 2 Diabetes Mellitus in 
Adults  

(2014)11 

 
 
  

 Personalize goals to achieve glycemic control with a hemoglobin 
HbA1c in the range of <7 or 8% based on the risks and benefits of each 
patient. A goal of <8% may be more appropriate when: 

o Known cardiovascular disease or high cardiovascular risk, 
may be determined by the Framingham or ACC/AHA 
Cardiovascular Risk Calculator, or alternatively as having two 
or more cardiovascular risks (BMI >30, hypertension, 
dyslipidemia, smoking, and microalbuminuria). 

o Inability to recognize and treat hypoglycemia, including a 
history of severe hypoglycemia requiring assistance. 

o Inability to comply with standard goals, such as 
polypharmacy issues. 

o Limited life expectancy or estimated survival of less than 10 
years. 

o Cognitive impairment. 
o Extensive comorbid conditions such as renal failure, liver 

failure, and end-stage disease complications. 
 A multifactorial approach to diabetes care that includes emphasis on 

blood pressure, lipids, glucose, aspirin use, and non-use of tobacco will 
maximize health outcomes far more than a strategy that is limited to 
just one or two of these clinical domains. 

 Recommend education and self-management, as appropriate.  
 Initiate metformin as first-line pharmacotherapy for patients with type 

2 diabetes, unless medically inappropriate.  
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o Metformin may reduce HbA1c by 1 to 1.5%, rarely causes 

hypoglycemia when used as monotherapy and does not cause 
weight gain. 

o Metformin can also be used in combination with all other 
glucose-lowering agents.  

 Improved microvascular and macrovascular outcomes have been 
demonstrated in large clinical trials. 

International Diabetes 
Federation Clinical Guidelines 
Task Force:  
Global Guideline for Type 2 
Diabetes 
(2012)12 

 
 

Lifestyle management 
 Changing patterns of eating and physical activity can be effective in 

controlling many of the adverse risk factors found in type 2 diabetes. 
 Match the timing of medication (including insulin) and meals.   
 Reduce energy intake and control of foods with high amounts of added 

sugars, fats, or alcohol.  
 Introduce physical activity gradually, based on the individual’s 

willingness and ability, and setting individualized and specific goals.  
 Encourage increased duration and frequency of physical activity 

(where needed), up to 30 to 45 minutes on three to five days per week, 
or an accumulation of 150 minutes per week of moderate-intensity 
aerobic activity (50 to 70% of maximum heart rate). In the absence of 
contraindications, encourage resistance training three times per week. 

 Provide guidance for adjusting medications (insulin) and/or adding 
carbohydrate for physical activity. 

 
Glucose control levels 
 Maintaining HbA1c below 7% minimizes the risk of developing 

complications.  
 A lower HbA1c target may be considered if it is easily and safely 

achieved. 
 A higher HbA1c target may be considered for people with 

comorbidities or when previous attempts to optimize control have been 
associated with unacceptable hypoglycemia.  

 
Oral therapy 
 Begin oral glucose lowering medications when lifestyle interventions 

alone are unable to maintain blood glucose control at target levels. 
Maintain support for lifestyle measures throughout the use of these 
medications.  

 Consider each initiation or dose increase of an oral glucose lowering 
medication as a trial, monitoring response in three months.  

 First-line therapy  
o Begin with metformin unless there is evidence of renal 

impairment or other contraindication.  
o Titrate the dose over early weeks to minimize discontinuation 

due to gastrointestinal intolerance. Monitor renal function and 
use metformin with caution if estimated glomerular filtration 
rate <45 mL/min/1.73m2. 

o Other options include a sulfonylurea (or glinide) for rapid 
response where glucose levels are high, or α-glucosidase 
inhibitors in some populations; these agents can also be used 
initially where metformin cannot.  

o In some circumstances dual therapy may be indicated initially 
if it is considered unlikely that single agent therapy will 
achieve glucose targets.  

 Second-line therapy  
o When glucose control targets are not achieved, add a 
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sulfonylurea.  

o Other options include adding metformin if not used first-line, 
an α-glucosidase inhibitor, a dipeptidyl peptidase 4 (DPP-4) 
inhibitor, or a thiazolidinedione (TZD). A rapid-acting insulin 
secretagogue is an alternative option to sulfonylureas. 

 Third-line therapy 
o When glucose control targets are no longer being achieved, 

start insulin or add a third oral agent. 
o If starting insulin, add basal insulin or use premix insulin.  
o If adding a third oral agent options include an α-glucosidase 

inhibitor, a DPP-4 inhibitor, or a TZD. 
o Another option is to add a glucagon-like peptide-1 (GLP-1) 

agonist.  
 Fourth-line therapy 

o Begin insulin therapy when optimized oral blood glucose 
lowering mediations (and/or GLP-1 agonist) and lifestyle 
interventions are unable to maintain target glucose control.  

 
Insulin therapy 
 Do not unduly delay the commencement of insulin. Maintain lifestyle 

measures. Consider every initiation or dose increase of insulin as a 
trial, monitoring the response.  

 Provide education and appropriate self-monitoring.  
 Explain that starting doses of insulin are low, for safety reasons, but 

that eventual dose requirement is expected to be 30 to 100 units/day. 
 Continue metformin. Other oral agents may also be continued.  
 Begin with a basal insulin once daily such as neutral protamine 

Hagedorn (NPH) insulin, insulin glargine, or insulin detemir, or once 
or twice daily premix insulin (biphasic insulin).  

 Initiate insulin using a self-titration regimen (dose increases of two 
units every three days) or with biweekly or more frequent contact with 
a health-care professional.  

 Aim for pre-meal glucose levels of <6.5 mmol/L (<115 mg/dL). 
 Monitor glucose control for deterioration and increase dose to maintain 

target levels or consider transfer to a basal plus mealtime insulin 
regimen.  

American Diabetes Association:  
Care of Children and 
Adolescents with Type 1 
Diabetes  
(2005)13 

 
 

 Insulin type, mixture of insulins, site of injection, and individual 
patient response differences can all affect the onset, peak, and duration 
of insulin activity. 

 Children with diabetes often require multiple daily injections of 
insulin, using combinations of rapid-, short-, intermediate-, or long-
acting insulin before meals and at bedtime to maintain optimal blood 
glucose control. 

 The basal/bolus insulin regimen uses a long-acting insulin analog 
combined with a rapid-acting insulin analog given before meals and 
snacks. This regimen has been shown to result in stable glycemic 
control and less hypoglycemia compared with regimens using 
intermediate and short insulin regimens. 

 Many young children and teenagers consume multiple snacks 
throughout the day. An ideal basal/bolus regimen may consist of as 
many as six to seven insulin injections per day. A combination of 
rapid-acting insulin with small amounts of intermediate-acting insulin 
to allow coverage for snacks may be an appropriate alternative to the 
basal/bolus plan. However, two or three doses of mixed rapid-acting or 
short-acting insulin with intermediate-acting insulin generally cannot 
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maintain HbA1c levels within the target range. Recommendations now 
support moving toward a basal/bolus insulin regimen for most patients. 

 The combination of rapid-acting insulin analogs and a long-acting 
insulin offers an excellent option for basal and bolus insulin 
administration. 

 Basal/bolus regimens have been shown to result in lower fasting blood 
glucose levels with less nocturnal hypoglycemia than regimens that use 
NPH insulin in children/adolescents, as well as in adults. 

American Academy of 
Pediatrics: 
Management of Newly 
Diagnosed Type 2 Diabetes 
Mellitus (T2DM) in Children 
and Adolescents 
(2013)14 

 
 

 Clinicians must ensure that insulin therapy is initiated for children and 
adolescents with T2DM who are ketotic or in diabetic ketoacidosis and 
in whom the distinction between types 1 and 2 diabetes mellitus is 
unclear and, in usual cases, should initiate insulin therapy for patients  

o Who have random venous or plasma blood glucose (BG) 
concentrations ≥250 mg/dL. 

o Whose HbA1c is >9%. 
 In all other instances, clinicians should initiate a lifestyle modification 

program, including nutrition and physical activity, and start metformin 
as first-line therapy for children and adolescents at the time of 
diagnosis of T2DM.  

 Monitoring of HbA1c concentrations is recommended every three 
months and intensifying treatment is recommended if treatment goals 
for finger-stick BG and HbA1c concentrations are not being met. 

 Advise patients to monitor finger-stick BG concentrations in patients 
who:  

o Are taking insulin or other medications with a risk of 
hypoglycemia; or 

o Are initiating or changing their diabetes treatment regimen; or 
o Have not met treatment goals; or 
o Have intercurrent illnesses. 

 Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight 
Management Evidence-Based Nutrition Practice Guidelines in dietary 
or nutrition counseling of patients with T2DM at the time of diagnosis 
and as part of ongoing management.  

 Encourage children and adolescents with T2DM to engage in 
moderate-to-vigorous exercise for at least 60 minutes daily and to limit 
nonacademic “screen time” to less than two hours a day.  

National Institute for Health and 
Care Excellence:  
Diagnosis and Management of 
Type 1 Diabetes in 
Children, Young People, and 
Adults  
(Issued 2004, last modified 
July 2014)15 

 
 

Children (aged younger than 11 years) and young people (aged 11 to <18 
years) 
 Children and young people with type 1 diabetes should be offered an 

ongoing integrated package of care by a multidisciplinary pediatric 
diabetes care team. 

 Insulin regimens  
o One, two, or three insulin injections per day: these are usually 

injections of short-acting insulin or rapid-acting insulin 
analogue mixed with intermediate-acting insulin. The insulin 
preparations may be mixed by the patient at the time of 
injection. 

o Multiple daily injection regimen: the person has injections of 
short-acting insulin or rapid-acting insulin analogue before 
meals, together with one or more separate daily injections of 
intermediate-acting insulin or long-acting insulin analogue. 

o Continuous subcutaneous insulin infusion (insulin pump 
therapy): a programmable pump and insulin storage reservoir 
that gives a regular or continuous amount of insulin (usually 
in the form of a rapid-acting insulin analogue or short-acting 
insulin) by a subcutaneous needle or cannula. 
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 Pre-school and primary school children should be offered the most 

appropriate individualized regimens to optimize glycemic control.  
 Young people should be offered multiple daily injection regimens to 

help optimize glycemia control. 
 As it improves glycemic control, multiple daily injection regimens 

should be offered only as part of a package of care that involves 
continuing education; dietary management; instruction on the use of 
insulin delivery systems and blood glucose monitoring; emotional and 
behavioral support; and medical, nursing, and dietetic expertise in 
pediatric diabetes. 

 Children and young people using multiple daily injection regimens 
should be informed that they may experience an initial increase in the 
risk of hypoglycemia and short-term weight gain.  

 Children and young people and their families should be informed about 
strategies for the avoidance and management of hypoglycemia.  

 Young people who do not achieve satisfactory glycemic control with 
multiple daily injection regimens should be offered additional support 
and, if appropriate, alternative insulin therapy (once, twice, or three 
times daily mixed insulin regimens or continuous SC insulin infusion 
using an insulin pump).  

 Young people who have difficulty adhering to the multiple daily 
injection regimens should be offered twice-daily injection regimens.  

 Continuous SC insulin infusion is recommended as an option for 
patients provided that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and; 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Continuous SC insulin infusion therapy should be initiated only by a 
trained specialist team. 

 All individuals beginning continuous SC insulin infusion therapy 
should be provided with specific training in its use.  

 Established users of continuous SC insulin infusion therapy should 
have their insulin management reviewed by their specialist team so that 
a decision can be made about whether a trial or a switch to multiple-
dose insulin incorporating insulin glargine would be appropriate.  

 Insulin preparations:  
o Children and young people should be offered the most 

appropriate insulin preparations according to their individual 
needs with the aim of obtaining an HbA1c <7.5% without 
frequent disabling hypoglycemia and maximizing quality of 
life.  

o Children and young people using multiple daily insulin 
regimens should be informed that injection of rapid-acting 
insulin analogs before eating (rather than after eating) reduces 
PPG levels thus helps to optimize blood glucose control. 

o For pre-school children it may be appropriate to use rapid-
acting insulin analogs shortly after eating (rather than before 
eating) because food intake can be unpredictable.  

o Children and young people who use insulin preparations 
containing intermediate-acting insulin should be informed that 
these preparations should be mixed before use according to 
instructions provided in patient information leaflets.  

 Insulin delivery:  
o Children and young people should be offered a choice of 
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insulin delivery systems that takes account of their insulin 
requirements and personal preferences.  

o Children and young people using insulin injection regimens 
should be offered needles that are of an appropriate length for 
their body fat.  

 Non-insulin agents (oral antidiabetic agents):  
o Children and young people should not be offered acarbose or 

sulfonylureas in combination with insulin because they may 
increase the risk of hypoglycemia without improving 
glycemic control. 

o Metformin in combination with insulin is suitable for use only 
within research trials because the effectiveness of this 
combination therapy in providing glycemic control is 
uncertain. 

 
Adults (aged 18 years or older): Insulin regimens 
 Patients should have access to the types (preparation and species) of 

insulin they find allow them optimal well-being. 
 Cultural preferences need to be discussed and respected in agreeing on 

the insulin regimen for a patient. 
 Multiple insulin injection regimens, in patients who prefer them, 

should be used as part of an integrated package of which education, 
food, and skills training should be integral parts.  

 Appropriate self-monitoring and education should be used as part of an 
integrated package to help achieve optimal diabetes outcomes.  

 Mealtime insulin injections should be provided by injection 
unmodified (‘soluble’) insulin or rapid-acting insulin analogs before 
main meals.  

 Rapid-acting insulin analogs should be used as an alternative to 
mealtime unmodified insulin where nocturnal or late inter-prandial 
hypoglycemia is a problem, and in those in whom they allow 
equivalent blood glucose control without use of snacks between meals 
and this is needed or desired.  

 Basal insulin therapy (including nocturnal insulin supply) should be 
provided by the use of isophane (NPH) insulin or long-acting insulin 
analogs (insulin glargine). Isophane (NPH) insulin should be given at 
bedtime. If rapid-acting insulin analogs are given at mealtimes or the 
midday insulin dose is small or lacking, the need to give isophane 
(NPH) insulin twice-daily (or more often) should be considered.  

 Long-acting insulin analogs (insulin glargine) should be used when:  
o Nocturnal hypoglycemia is a problem on isophane (NPH) 

insulin. 
o Morning hypoglycemia on isophane (NPH) insulin results in 

difficult daytime blood glucose control.  
o Rapid-acting insulin analogues are used for mealtime blood 

glucose control.  
 Twice-daily insulin regimens should be used by those adults who 

consider number of daily injections an important issue in quality of 
life: 

o Biphasic insulin preparations (pre-mixes) are often the 
preparations of choice in this circumstance.  

o Biphasic rapid-acting insulin analog pre-mixes may give an 
advantage to those prone to hypoglycemia at night.  

o Such twice-daily regimens may also help those who find 
adherence to their agreed lunchtime insulin injection difficult 
and those with learning difficulties who may require 
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assistance from others.  

 Adults whose nutritional and physical activity patterns vary 
considerably from day-to-day, for vocational or recreational reasons, 
may need careful and detailed review of their self-monitoring and 
insulin injection regimen(s). This should include all the appropriate 
preparations and consideration of unusual patterns and combinations.  

 For adults undergoing periods of fasting or sleep following eating (e.g., 
during religious feasts and fasts, after night-shift work), a rapid-acting 
insulin analog before the meal (provided the meal is not prolonged) 
should be considered.  

 For adults with erratic and unpredictable blood glucose control, rather 
than a change in a previously optimized insulin regimen, the following 
should be considered: 

o Re-suspension of insulin and injection technique.  
o Injection sites. 
o Self-monitoring skills. 
o Knowledge and self-management skills.  
o Nature of lifestyle.  
o Psychological and psychosocial difficulties.  
o Possible organic causes (e.g., gastroparesis).  

 Continuous SC insulin infusion is recommended as an option provided 
that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Partial insulin replacement to achieve blood glucose control targets 
(basal insulin only, or just some mealtime insulin) should be 
considered for patients initiating insulin therapy, until such time as 
islet β-cell deficiency progresses further.  

 Clear guidelines and protocols should be given to all patients to assist 
them in adjusting insulin doses appropriate during intercurrent illness.  

 Oral glucose-lowering drugs should generally not be used in the 
management of type 1 diabetics.  

 
Adults (aged 18 years or older): Insulin delivery 
 Adults who inject insulin should have access to the insulin injection 

delivery device they find allows them optimal well-being, often using 
one or more types of insulin injection pen.  

 Adults who have special visual or psychological needs should be 
provided with injection devices or needle-free systems that they can 
use independently for accurate dosing. 

 Insulin injection should be made into the deep SC fat. To achieve this, 
needles of a length appropriate to the individual should be made 
available. 

 Adults should be informed that the abdominal wall is the therapeutic 
choice for mealtime insulin injections. 

 Adults should be informed that extended-acting suspension insulin 
(e.g., isophane [NPH] insulin) may give a longer profile of action when 
injected into the SC tissue of the thigh rather than the arm or 
abdominal wall.  

 Adults should be recommended to use one anatomical area for the 
injections given at the same time of day, but to move the precise 
injection site around in the whole of the available skin within that area.  

 Patients should be provided with suitable containers for the collection 
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of used needles. Arrangements should be available for the suitable 
disposal of these containers.  

 Injection site condition should be checked annually, and if new 
problems with blood glucose control occur.  

American Diabetes Association:  
Type 1 Diabetes Through the 
Life Span: A Position 
Statement of the American 
Diabetes Association  
(2014)16 

 
 

Nutritional therapy  
 Individualized medical nutrition therapy is recommended for all people 

with type 1 diabetes as an effective component of the overall treatment 
plan. 

 Monitoring carbohydrate intake, whether by carbohydrate counting or 
experience-based estimation, remains a key strategy in achieving 
glycemic control. 

 If adults with type 1 diabetes choose to drink alcohol, they should be 
advised to do so in moderation (one drink per day or less for adult 
women and two drinks per day or less for adult men). Discussion with 
a health care provider is advised to explore potential interactions with 
medications. Adults should be advised that alcohol can lower blood 
glucose levels and that driving after drinking alcohol is 
contraindicated. 

 
Physical activity and exercise  
 Exercise should be a standard recommendation as it is for individuals 

without diabetes; however, recommendations may need modifications 
due to the presence of macro- and microvascular diabetes 
complications.  

 Patients of all ages (or caregivers of children) should be educated about 
the prevention and management of hypoglycemia that may occur 
during or after exercise.  

 Patients should be advised about safe preexercise blood glucose levels 
(typically 100 mg/dL or higher depending on the individual and type of 
physical activity). 

 Reducing the prandial insulin dose for the meal/snack preceding 
exercise and/or increasing food intake can be used to help raise the 
preexercise blood glucose level and reduce hypoglycemia. 

 A reduction in overnight basal insulin the night following exercise may 
reduce the risk for delayed exercise-induced hypoglycemia.  

 Self-monitoring of blood glucose should be performed as frequently as 
needed, and sources of simple carbohydrate should be readily available 
to prevent and treat hypoglycemia.  

 
Glycemic control goals  
 The American Diabetes Association strongly believes that blood 

glucose and HbA1c targets should be individualized with the goal of 
achieving the best possible control while minimizing the risk of severe 
hyperglycemia and hypoglycemia and maintaining normal growth and 
development. 

 An HbA1c goal of <7.5% is recommended across all pediatric age-
groups.  

 A reasonable HbA1c goal for many nonpregnant adults with type 1 
diabetes is <7%. 

 Providers might reasonably suggest more stringent HbA1c goals (such 
as <6.5%) for select individual patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. 

 Less stringent HbA1c goals (such as <8.5%) may be appropriate for 
patients with a history of severe hypoglycemia, hypoglycemia 
unawareness, limited life expectancy, advanced microvascular/ 
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macrovascular complications, or extensive comorbid conditions. 

 
Insulin therapy 
 Most individuals with type 1 diabetes should be treated with multiple 

daily insulin injections (three or more injections per day of prandial 
insulin and one to two injections of basal insulin) or continuous 
subcutaneous insulin infusion. 

 Most individuals should be educated in how to match prandial insulin 
dose to carbohydrate intake, premeal blood glucose, and anticipated 
activity.  

 Most individuals should use insulin analogs to reduce hypoglycemia 
risk. 

 All individuals with type 1 diabetes should be taught how to manage 
blood glucose levels under varying circumstances, such as when ill or 
receiving glucocorticoids or for those on pumps, when pump problems 
arise. 

 Child caregivers and school personnel should be taught how to 
administer insulin based on provider orders when a child cannot self-
manage and is out of the care and control of his or her parent/guardian. 

 
Adjunctive therapies  
 Pramlintide may be considered for use as adjunctive therapy to 

prandial insulin in adults with type 1 diabetes failing to achieve 
glycemic goals. 

 Evidence suggests that adding metformin to insulin therapy may reduce 
insulin requirements and improve metabolic control in overweight/ 
obese patients and poorly controlled adolescents with type 1 diabetes, 
but evidence from larger longitudinal studies is required.  

 Current type 2 diabetes medications (GLP-1 agonists, DPP-4 
inhibitors, and SGLT2 inhibitors) may be potential therapies for type 1 
diabetic patients, but require large clinical trials before use in type 1 
diabetic patients. 

*This algorithm was updated in 20138 

 

 
III. Indications 

 
The Food and Drug Administration (FDA)-approved indications for the amylinomimetics are noted in Table 3. 
While agents within this therapeutic class may have demonstrated positive activity via in vitro trials, the clinical 
significance of this activity remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo 
clinical trials. As such, this review and the recommendations provided are based exclusively upon the results of 
such clinical trials.  

 
Table 3. FDA-Approved Indications for the Amylinomimetics1 

Indication Pramlintide 
Type 1 diabetes, as an adjunct treatment in patients who use mealtime insulin therapy and 
who have failed to achieve desired glucose control despite optimal insulin therapy  
Type 2 diabetes, as an adjunct treatment in patients who use mealtime insulin therapy and 
who have failed to achieve desired glucose control despite optimal insulin therapy  

 
 

IV. Pharmacokinetics 
 
The pharmacokinetic parameters of the amylinomimetics are listed in Table 4.  
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Table 4. Pharmacokinetic Parameters of the Amylinomimetics1-3 

Generic Name(s) Bioavailability 
(%) 

Protein Binding  
(%) 

Metabolism 
(%) 

Half-Life 
(hours) 

Pramlintide 30 to 40 Not extensively protein bound Renal 0.50 to 0.83 
 
 

V. Drug Interactions 
 
There are no significant drug interactions reported with the amylinomimetics.1-3 Due to its effects on gastric 
emptying, pramlintide should not be considered for patients taking drugs that alter gastrointestinal motility (e.g., 
anticholinergic agents) and agents that slow the intestinal absorption of nutrients (e.g., alpha-glucosidase 
inhibitors).1 Pramlintide has the potential to delay the absorption of concomitantly administered oral medications. 
When the rapid onset of a concomitant administered oral agent is a critical determinant of effectiveness, the agent 
should be administered at least one hour prior to or two hours after pramlintide injection.1 
 
 

VI. Adverse Drug Events 
 
The most common adverse drug events reported with the amylinomimetics are listed in Table 5. The boxed 
warning for pramlintide is listed in Table 6. When used alone, pramlintide does not cause hypoglycemia; 
however, when co-administered with insulin, there is an increased risk of insulin-induced severe hypoglycemia. 
Severe hypoglycemia occurs within the first three hours following administration of pramlintide. 

 
Table 5. Adverse Drug Events (%) Reported with the Amylinomimetics1-3 

Adverse Event Pramlintide* 
Central Nervous System 
Dizziness 2 to 6 
Fatigue 3 to 7 
Headache 5 to 13 
Gastrointestinal 
Abdominal pain 2 to 8 
Anorexia 0 to 17 
Nausea 28 to 48 
Vomiting 7 to 11 
Respiratory 
Coughing 2 to 6 
Pharyngitis 3 to 5 
Other 
Allergic reaction <1 to 6 
Arthralgia 2 to 7 
Inflicted injury 8 to 14 
Severe hypoglycemia (medically assisted) 0.4 to 7.3 
Severe hypoglycemia (patient-ascertained) 0.6 to 16.8 

  *In combination with insulin therapy.  
 
 

 Table 6. Boxed Warning for the Amylinomimetics1-3 

WARNING 
Pramlintide is used with insulin and has been associated with an increased risk of insulin-induced severe 
hypoglycemia, particularly in patients with type 1 diabetes. When severe hypoglycemia associated with 
pramlintide use occurs, it is seen within three hours following a pramlintide injection. If severe hypoglycemia 
occurs while operating a motor vehicle, heavy machinery, or while engaging in other high-risk activities, 
serious injuries may occur. Appropriate patient selection, careful patient instruction, and insulin dose 
adjustments are critical elements for reducing this risk. 
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VII. Dosing and Administration 

 
The usual dosing regimens for the amylinomimetics are listed in Table 7. 

 
Table 7. Usual Dosing Regimens for the Amylinomimetics1-3 

Generic 
Name Usual Adult Dose Usual 

Pediatric Dose Availability 

Pramlintide Type 1 diabetes, as an adjunct treatment in patients who 
use mealtime insulin therapy and who have failed to 
achieve desired glucose control despite optimal insulin 
therapy: 
Multi-dose pen: initial, 15 μg SC immediately prior to 
major meals; maintenance, 30 to 60 μg SC immediately 
prior to major meals 
 
Type 2 diabetes, as an adjunct treatment in patients who 
use mealtime insulin therapy and who have failed to 
achieve desired glucose control despite optimal insulin 
therapy: 
Multi-dose pen: initial, 60 μg SC immediately prior to 
major meals; maintenance, 60 to 120 μg SC 
immediately prior to major meals 

Safety and 
efficacy in 
children have 
not been 
established. 

Pen injector: 
2700 μg/ 2.7 mL 
1500 μg/ 1.5 mL 
 

SC=subcutaneous



A
m

yl
in

om
im

et
ic

s 
A

H
FS

 C
la

ss
 6

82
00

3 

26
0 

Pr
ep

ar
ed

 b
y 

U
ni

ve
rs

ity
 o

f M
as

sa
ch

us
et

ts
 M

ed
ic

al
 S

ch
oo

l C
lin

ic
al

 P
ha

rm
ac

y 
Se

rv
ic

es
 

V
II

I. 
E

ff
ec

tiv
en

es
s  

 
C

lin
ic

al
 st

ud
ie

s e
va

lu
at

in
g 

th
e 

sa
fe

ty
 a

nd
 e

ffi
ca

cy
 o

f t
he

 a
m

yl
in

om
im

et
ic

s a
re

 su
m

m
ar

iz
ed

 in
 T

ab
le

 8
. 

 
T

ab
le

 8
. C

om
pa

ra
tiv

e 
C

lin
ic

al
 T

ri
al

s w
ith

 th
e 

A
m

yl
in

om
im

et
ic

s 

St
ud

y 
an

d 
D

ru
g 

R
eg

im
en

 
St

ud
y 

D
es

ig
n 

an
d 

D
em

og
ra

ph
ic

s 

St
ud

y 
Si

ze
 

an
d 

St
ud

y 
D

ur
at

io
n 

E
nd

 P
oi

nt
s 

R
es

ul
ts

 

T
yp

e 
1 

D
ia

be
te

s 
Ed

el
m

an
 e

t a
l.17

 

(2
00

6)
 

 Pr
am

lin
tid

e 
15

 to
 

60
 μ

g 
w

ith
 m

ea
ls

 
an

d 
in

su
lin

 
(e

xi
st

in
g 

re
gi

m
en

) 
 vs

 
 pl

ac
eb

o 
an

d 
in

su
lin

 (e
xi

st
in

g 
re

gi
m

en
)  

D
B

, M
C

, P
C

, R
C

T 
 Ty

pe
 1

 d
ia

be
tic

 
pa

tie
nt

s <
18

 y
ea

rs
 

of
 a

ge
 w

ith
 a

n 
H

bA
1c

 7
.5

 to
 9

.0
%

, 
in

te
ns

el
y 

or
 

co
nt

in
uo

us
ly

 tr
ea

te
d 

w
ith

 in
su

lin
 fo

r t
he

 
pa

st
 y

ea
r, 

an
d 

w
ith

 
no

 se
ve

re
 

hy
po

gl
yc

em
ic

 e
ve

nt
 

ov
er

 th
e 

pr
ec

ed
in

g 
6 

m
on

th
s  

N
=2

96
 

 
29

 w
ee

ks
 

Pr
im

ar
y:

 
Sa

fe
ty

 
 Se

co
nd

ar
y:

 
C

ha
ng

e 
fr

om
 

ba
se

lin
e 

in
 H

bA
1c

, 
PP

G
 

co
nc

en
tra

tio
ns

, 
in

su
lin

, a
nd

 
w

ei
gh

t; 
to

le
ra

bi
lit

y 

Pr
im

ar
y:

 
B

ot
h 

tre
at

m
en

ts
 re

su
lte

d 
in

 a
 si

m
ila

r n
um

be
r o

f n
on

se
ve

re
 h

yp
og

ly
ce

m
ic

 
ev

en
ts

. T
he

 e
ve

nt
 ra

te
 p

er
 p

at
ie

nt
 y

ea
rs

 w
as

 0
.5

7 
w

ith
 p

ra
m

lin
tid

e 
co

m
pa

re
d 

to
 0

.3
0 

w
ith

 p
la

ce
bo

 (P
<0

.0
5)

.  
 Se

co
nd

ar
y:

 
B

as
el

in
e 

H
bA

1c
 w

as
 8

.1
%

 w
ith

 b
ot

h 
tre

at
m

en
ts

 a
nd

 a
t w

ee
k 

29
 h

ad
 

de
cr

ea
se

d 
co

m
pa

ra
bl

y 
(-

0.
50

; 9
5%

 C
I, 

-0
.6

1 
to

 -0
.3

3 
vs

 -0
.5

0%
; 9

5%
 C

I, 
-

0 .
63

 to
 -0

.3
5;

 P
 v

al
ue

 n
ot

 re
po

rte
d)

.  
 A

m
on

g 
pr

am
lin

tid
e -

tre
at

ed
 p

at
ie

nt
s, 

a 
si

gn
ifi

ca
nt

ly
 g

re
at

er
 n

um
be

r w
er

e 
ab

le
 to

 a
ch

ie
ve

 a
 P

PG
 c

on
ce

nt
ra

tio
n 

of
 9

.9
 m

m
ol

/L
 a

t b
re

ak
fa

st
 (6

8 
vs

 
51

%
), 

lu
nc

h 
(7

1 
vs

 6
1%

), 
an

d 
di

nn
er

 (7
0 

vs
 5

8%
; P

<0
.0

00
1 

fo
r e

ac
h 

m
ea

l).
 

 A
t w

ee
k 

29
 th

e 
to

ta
l i

ns
ul

in
 d

os
e 

w
ith

 p
ra

m
lin

tid
e 

de
cr

ea
se

d 
by

 -1
2%

 
co

m
pa

re
d 

to
 a

n 
in

cr
ea

se
 o

f 1
%

 w
ith

 p
la

ce
bo

. 
 B

et
w

ee
n 

w
ee

ks
 0

 th
ro

ug
h 

29
, t

he
 re

du
ct

io
n 

in
 b

od
y 

w
ei

gh
t w

as
 si

gn
ifi

ca
nt

 
w

ith
 p

ra
m

lin
tid

e 
co

m
pa

re
d 

to
 p

la
ce

bo
 ( -

1.
3 

vs
 1

.2
 k

g;
 P

<0
.0

00
1)

. 
 R

ed
uc

ed
 a

pp
et

ite
, v

om
iti

ng
, a

nd
 si

nu
si

tis
 o

cc
ur

re
d 

at
 tw

ic
e 

th
e 

le
ve

l w
ith

 
pr

am
lin

tid
e 

co
m

pa
re

d 
to

 p
la

ce
bo

 (P
<0

.0
1)

. 
W

hi
te

ho
us

e 
et

 a
l.18

 

(2
00

2)
 

 Pr
am

lin
tid

e 
30

 to
 

60
 μ

g 
Q

ID
 a

nd
 

in
su

lin
 (e

xi
st

in
g 

re
gi

m
en

)  
 

D
B

, P
C

, R
C

T 
 Ty

pe
 1

 d
ia

be
tic

 
pa

tie
nt

s  

N
=4

80
 

 
52

 w
ee

ks
 

 

Pr
im

ar
y:

  
C

ha
ng

e 
fr

om
 

ba
se

lin
e 

H
bA

1c
  

 Se
co

nd
ar

y:
  

C
ha

ng
e 

fr
om

 
ba

se
lin

e 
H

bA
1c

 a
nd

 
bo

dy
 w

ei
gh

t a
t 

Pr
im

ar
y:

 
Si

gn
ifi

ca
nt

ly
 g

re
at

er
 re

du
ct

io
ns

 in
 H

bA
1c

 w
er

e 
ob

se
rv

ed
 w

ith
 p

ra
m

lin
tid

e 
(-

0.
39

%
) c

om
pa

re
d 

to
 p

la
ce

bo
 (-

0.
12

%
; P

=0
.0

07
1)

 a
t 5

2 
w

ee
ks

. 
 

Se
co

nd
ar

y:
 

Si
gn

ifi
ca

nt
ly

 g
re

at
er

 re
du

ct
io

ns
 in

 H
bA

1c
 w

ith
 p

ra
m

lin
tid

e 
w

er
e 

ac
hi

ev
ed

 
at

 w
ee

ks
 1

3 
( -

0.
67

 v
s -

0.
16

%
; P

<0
.0

00
1)

, 2
6 

(-
0.

58
 v

s -
0.

18
%

; P
=0

.0
00

1)
, 

an
d 

52
 (-

0.
39

 v
s -

0.
12

%
; P

=0
.0

07
1)

. 



A
m

yl
in

om
im

et
ic

s 
A

H
FS

 C
la

ss
 6

82
00

3 

26
1 

Pr
ep

ar
ed

 b
y 

U
ni

ve
rs

ity
 o

f M
as

sa
ch

us
et

ts
 M

ed
ic

al
 S

ch
oo

l C
lin

ic
al

 P
ha

rm
ac

y 
Se

rv
ic

es
 

St
ud

y 
an

d 
D

ru
g 

R
eg

im
en

 
St

ud
y 

D
es

ig
n 

an
d 

D
em

og
ra

ph
ic

s 

St
ud

y 
Si

ze
 

an
d 

St
ud

y 
D

ur
at

io
n 

E
nd

 P
oi

nt
s 

R
es

ul
ts

 

vs
 

 pl
ac

eb
o 

an
d 

in
su

lin
 (e

xi
st

in
g 

re
gi

m
en

)  

w
ee

ks
 1

3,
 2

6,
 a

nd
 

52
 

 Pr
am

lin
tid

e -
tre

at
ed

 p
at

ie
nt

s h
ad

 su
st

ai
ne

d 
re

du
ct

io
ns

 in
 b

od
y 

w
ei

gh
t t

ha
t 

w
er

e 
si

gn
ifi

ca
nt

ly
 d

iff
er

en
t c

om
pa

re
d 

to
 p

la
ce

bo
-tr

ea
te

d 
pa

tie
nt

s 
(P

<0
.0

01
) f

ro
m

 w
ee

k 
13

 o
nw

ar
d 

(d
at

a 
re

po
rte

d 
in

 g
ra

ph
ic

al
 fo

rm
 o

nl
y)

. 
 Th

e 
m

os
t c

om
m

on
ly

 re
po

rte
d 

si
de

 e
ff

ec
ts

 w
ith

 p
ra

m
lin

tid
e 

w
er

e 
na

us
ea

 
(4

6.
5 

vs
 2

1.
9%

; P
 v

al
ue

s n
ot

 re
po

rte
d)

 a
nd

 a
no

re
xi

a 
(1

7.
7 

vs
 2

.1
%

; P
 

va
lu

es
 n

ot
 re

po
rte

d)
. W

ith
dr

aw
al

 d
ue

 to
 a

dv
er

se
 e

ve
nt

(s
) o

cc
ur

re
d 

in
 3

1 
(1

2.
8%

) a
nd

 1
9 

(8
.0

%
) p

ra
m

lin
tid

e-
 a

nd
 p

la
ce

bo
-tr

ea
te

d 
pa

tie
nt

s.
 

R
at

ne
r e

t a
l.19

 

(2
00

4)
 

 Pr
am

lin
tid

e 
60

 μ
g 

TI
D

, 6
0 
μg

 Q
ID

, 
or

 9
0 
μg

 T
ID

 a
nd

 
in

su
lin

 (e
xi

st
in

g 
re

gi
m

en
)  

 vs
 

 pl
ac

eb
o 

an
d 

in
su

lin
 (e

xi
st

in
g 

re
gi

m
en

)  

D
B

, P
C

, R
C

T 
 Ty

pe
 1

 d
ia

be
tic

s  

N
=6

51
 

 
52

 w
ee

ks
 

Pr
im

ar
y:

  
C

ha
ng

e 
fr

om
 

ba
se

lin
e 

H
bA

1c
 a

t 
w

ee
k 

26
 

 Se
co

nd
ar

y:
  

C
ha

ng
e 

fr
om

 
ba

se
lin

e 
H

bA
1c

 a
t 

w
ee

k 
52

, 
pr

op
or

tio
n 

of
 

pa
tie

nt
s a

ch
ie

vi
ng

 
H

bA
1c

 <
7.

0%
, 

sa
fe

ty
 

Pr
im

ar
y:

 
Si

gn
ifi

ca
nt

ly
 g

re
at

er
 re

du
ct

io
ns

 in
 H

bA
1c

 w
er

e 
ac

hi
ev

ed
 w

ith
 p

ra
m

lin
tid

e 
60

 μ
g 

TI
D

 c
om

pa
re

d 
to

 p
la

ce
bo

 ( -
0.

41
 v

s -
0.

18
%

; P
=0

.0
12

) a
fte

r 2
6 

w
ee

ks
. I

n 
ad

di
tio

n,
 si

gn
ifi

ca
nt

ly
 g

re
at

er
 re

du
ct

io
ns

 in
 H

bA
1c

 w
er

e 
ac

hi
ev

ed
 w

ith
 p

ra
m

lin
tid

e 
60

 μ
g 

Q
ID

 c
om

pa
re

d 
to

 p
la

ce
bo

 (-
0.

39
 v

s -
0.

18
%

; P
=0

.0
13

). 
 Se

co
nd

ar
y:

 
Si

gn
ifi

ca
nt

ly
 g

re
at

er
 re

du
ct

io
ns

 in
 H

bA
1c

 w
er

e 
ac

hi
ev

ed
 w

ith
 p

ra
m

lin
tid

e 
60

 μ
g 

TI
D

 c
om

pa
re

d 
to

 p
la

ce
bo

 ( -
0.

29
 v

s -
0.

04
%

; P
=0

.0
11

) a
fte

r 5
2 

w
ee

ks
. I

n 
ad

di
tio

n,
 si

gn
ifi

ca
nt

ly
 g

re
at

er
 re

du
ct

io
ns

 in
 H

bA
1c

 w
er

e 
ac

hi
ev

ed
 w

ith
 p

ra
m

lin
tid

e 
60

 μ
g 

Q
ID

 c
om

pa
re

d 
to

 p
la

ce
bo

 (-
0.

34
 v

s -
0.

04
%

; P
=0

.0
01

). 
 A

 th
re

ef
ol

d 
gr

ea
te

r p
ro

po
rti

on
 o

f p
ra

m
lin

tid
e -

tre
at

ed
 p

at
ie

nt
s a

ch
ie

ve
d 

H
bA

1c
 <

7.
0%

 c
om

pa
re

d 
to

 p
la

ce
bo

 tr
ea

te
d 

pa
tie

nt
s (

P 
va

lu
e 

no
t r

ep
or

te
d;

 
da

ta
 w

as
 re

po
rte

d 
in

 g
ra

ph
ic

al
 fo

rm
 o

nl
y)

. P
ra

m
lin

tid
e 

90
 μ

g 
w

as
 e

xc
lu

de
d 

fr
om

 th
e 

an
al

ys
is

 w
he

n 
re

su
lts

 fr
om

 a
 se

pa
ra

te
 tr

ia
l i

nd
ic

at
ed

 th
e 

do
se

 h
ad

 
an

 a
dv

er
se

 to
le

ra
bi

lit
y 

pr
of

ile
. P

at
ie

nt
s o

rig
in

al
ly

 ra
nd

om
iz

ed
 to

 th
is

 
tre

at
m

en
t c

on
tin

ue
d 

to
 re

ce
iv

e 
90

 μ
g 

to
 p

re
se

rv
e 

th
e 

tri
al

 d
es

ig
n.

  
 D

ur
in

g 
th

e 
fir

st
 fo

ur
 w

ee
ks

 o
f t

he
ra

py
, p

ra
m

lin
tid

e -
tre

at
ed

 p
at

ie
nt

s h
ad

 a
 

fo
ur

fo
ld

 in
cr

ea
se

 in
 se

ve
re

 h
yp

og
ly

ce
m

ic
 e

ve
nt

 ra
te

 c
om

pa
re

d 
to

 p
la

ce
bo

-
tre

at
ed

 su
bj

ec
ts

 (3
.7

8 
vs

 0
.8

7 
ev

en
ts

/y
ea

r; 
no

 P
 v

al
ue

 re
po

rte
d)

. T
he

 m
os

t 
co

m
m

on
ly

 re
po

rte
d 

ad
ve

rs
e 

ev
en

t w
ith

 p
ra

m
lin

tid
e 

w
as

 n
au

se
a.

 
W

ith
dr

aw
al

 d
ue

 to
 a

dv
er

se
 e

ve
nt

(s
) o

cc
ur

re
d 

in
 3

8 
(2

2.
1%

) p
at

ie
nt

s 
re

ce
iv

in
g 

pr
am

lin
tid

e 
90

 μ
g 

TI
D

, 2
2 

(1
3.

7%
) p

at
ie

nt
s r

ec
ei

vi
ng

 
pr

am
lin

tid
e 

60
 μ

g 
Q

ID
, 3

2 
(1

9.
5%

) p
at

ie
nt

s r
ec

ei
vi

ng
 p

ra
m

lin
tid

e 
60

 μ
g 



A
m

yl
in

om
im

et
ic

s 
A

H
FS

 C
la

ss
 6

82
00

3 

26
2 

Pr
ep

ar
ed

 b
y 

U
ni

ve
rs

ity
 o

f M
as

sa
ch

us
et

ts
 M

ed
ic

al
 S

ch
oo

l C
lin

ic
al

 P
ha

rm
ac

y 
Se

rv
ic

es
 

St
ud

y 
an

d 
D

ru
g 

R
eg

im
en

 
St

ud
y 

D
es

ig
n 

an
d 

D
em

og
ra

ph
ic

s 

St
ud

y 
Si

ze
 

an
d 

St
ud

y 
D

ur
at

io
n 

E
nd

 P
oi

nt
s 

R
es

ul
ts

 

TI
D

, a
nd

 si
x 

(3
.9

%
) p

at
ie

nt
s r

ec
ei

vi
ng

 p
la

ce
bo

. 
M

ar
re

ro
 e

t a
l.20

 

(2
00

7)
 

 Pr
am

lin
tid

e 
15

 to
 

60
 μ

g 
w

ith
 m

ea
ls

 
an

d 
in

su
lin

 
(e

xi
st

in
g 

re
gi

m
en

) 
 vs

 
 pl

ac
eb

o 
an

d 
in

su
lin

 (e
xi

st
in

g 
re

gi
m

en
)  

Po
st

 h
oc

 a
na

ly
si

s 
 Ty

pe
 1

 d
ia

be
tic

 
pa

tie
nt

s w
ho

 
co

m
pl

et
ed

 a
 2

9 
w

ee
k 

D
B

, 
no

ni
nf

er
io

rit
y,

 d
os

e-
fin

di
ng

 p
ra

m
lin

tid
e 

tri
al

 

N
=2

66
 

 
29

 w
ee

ks
 

Pr
im

ar
y:

 
Pa

tie
nt

 re
sp

on
se

 to
 

sa
tis

fa
ct

io
n 

qu
es

tio
nn

ai
re

 
 Se

co
nd

ar
y:

 
N

ot
 re

po
rte

d 

Pr
im

ar
y:

 
Fo

r t
he

 fo
llo

w
in

g 
to

pi
cs

 th
e 

su
rv

ey
 ra

tin
gs

 fa
vo

re
d 

pr
am

lin
tid

e:
 S

tu
dy

 
m

ed
ic

at
io

n 
(1

) “
m

ad
e 

m
y 

bl
oo

d 
gl

uc
os

e 
co

nt
ro

l m
or

e 
ev

en
 o

r 
pr

ed
ic

ta
bl

e,
” 

(2
) “

pr
ov

id
ed

 m
e 

w
ith

 m
or

e 
fle

xi
bi

lit
y 

in
 w

ha
t I

 c
an

 e
at

,”
 (3

) 
“m

ad
e 

it 
ea

si
er

 to
 c

on
tro

l m
y 

w
ei

gh
t,”

 a
nd

 (4
) “

m
ad

e 
it 

ea
si

er
 to

 c
on

tro
l 

m
y 

ap
pe

tit
e”

 (P
<0

.0
5 

fo
r a

ll)
.  

 Th
er

e 
w

as
 n

o 
di

ff
er

en
ce

 b
et

w
ee

n 
tre

at
m

en
ts

 in
 th

e 
re

sp
on

se
 to

 th
e 

fo
llo

w
in

g 
st

at
em

en
ts

: S
tu

dy
 m

ed
ic

at
io

n 
(1

) “
m

ad
e 

it 
ea

si
er

 to
 a

vo
id

 lo
w

 
bl

oo
d 

su
ga

r r
ea

ct
io

ns
 (h

yp
og

ly
ce

m
ia

)”
 a

nd
 (2

) “
I w

ou
ld

 li
ke

 to
 c

on
tin

ue
 

ta
ki

ng
 th

e 
st

ud
y 

m
ed

ic
at

io
n”

 (P
 v

al
ue

 n
ot

 si
gn

ifi
ca

nt
).  

 Se
co

nd
ar

y:
 

N
ot

 re
po

rte
d 

R
at

ne
r e

t a
l.21

 

(2
00

5)
 

 Pr
am

lin
tid

e 
an

d 
in

su
lin

 (e
xi

st
in

g 
re

gi
m

en
)  

 vs
 

 pl
ac

eb
o 

an
d 

in
su

lin
 (e

xi
st

in
g 

re
gi

m
en

) 

M
A

 (3
 tr

ia
ls

) 
 Ty

pe
 1

 d
ia

be
tic

 
pa

tie
nt

s w
ith

 H
bA

1c
 

7.
0 

to
 8

.5
%

 

N
=4

77
 

 
26

 w
ee

ks
 

Pr
im

ar
y:

 
C

ha
ng

e 
fr

om
 

ba
se

lin
e 

in
 H

bA
1c

 
an

d 
bo

dy
 w

ei
gh

t, 
ad

ve
rs

e 
ev

en
ts

 
(h

yp
og

ly
ce

m
ia

) 
 Se

co
nd

ar
y:

 
N

ot
 re

po
rte

d 

Pr
im

ar
y:

 
Si

gn
ifi

ca
nt

 b
as

el
in

e 
re

du
ct

io
ns

 in
 H

bA
1c

 (-
0.

3%
) a

nd
 b

od
y 

w
ei

gh
t (

-1
.8

 
kg

) a
t e

nd
po

in
t w

er
e 

ac
hi

ev
ed

 w
ith

 p
ra

m
lin

tid
e 

(P
<0

.0
00

9 
fo

r b
ot

h)
.  

  Th
e 

ris
k 

of
 se

ve
re

 h
yp

og
ly

ce
m

ia
 w

as
 1

.4
0 

w
ith

 p
ra

m
lin

tid
e 

co
m

pa
re

d 
to

 
1.

86
 w

ith
 p

la
ce

bo
.  

 Se
co

nd
ar

y:
 

N
ot

 re
po

rte
d 

H
ep

tu
lla

 e
t a

l.22
 

(2
00

9)
 

 Pr
am

lin
tid

e 
3 

to
 5

 
μg

 /h
ou

r a
s a

 b
as

al
 

do
se

 a
nd

 in
su

lin
 

in
fu

si
on

 (e
xi

st
in

g 
re

gi
m

en
 w

as
 

re
du

ce
d 

by
 3

0%
)  

 

R
C

T 
 A

do
le

sc
en

ts
 w

ith
 

ty
pe

 1
 d

ia
be

te
s 

m
el

lit
us

 o
n 

in
su

lin
 

pu
m

p 
th

er
ap

y  

N
=1

3  
24

 h
ou

rs
 

Pr
im

ar
y:

  
PP

G
, g

lu
ca

go
n,

 
an

d 
in

su
lin

 
co

nc
en

t ra
tio

ns
 

 Se
co

nd
ar

y:
 

N
ot

 re
po

rte
d 

Pr
im

ar
y:

 
Po

st
pr

an
di

al
 h

yp
er

gl
yc

em
ia

 w
as

 re
du

ce
d 

by
 2

6%
 w

ith
 p

ra
m

lin
tid

e 
co

m
pa

re
d 

to
 p

la
ce

bo
 (P

<0
.0

08
).  

 Po
st

pr
an

di
al

 g
lu

ca
go

n 
co

nc
en

tra
tio

ns
 w

er
e 

su
pp

re
ss

ed
 w

ith
 p

ra
m

lin
tid

e 
co

m
pa

re
d 

to
 p

la
ce

bo
 (P

<0
.0

03
). 

 
 Th

e 
pl

as
m

a 
in

su
l in

 c
on

ce
nt

ra
tio

ns
 w

er
e 

un
ch

an
ge

d.
  

 Se
co

nd
ar

y:
 



A
m

yl
in

om
im

et
ic

s 
A

H
FS

 C
la

ss
 6

82
00

3 

26
3 

Pr
ep

ar
ed

 b
y 

U
ni

ve
rs

ity
 o

f M
as

sa
ch

us
et

ts
 M

ed
ic

al
 S

ch
oo

l C
lin

ic
al

 P
ha

rm
ac

y 
Se

rv
ic

es
 

St
ud

y 
an

d 
D

ru
g 

R
eg

im
en

 
St

ud
y 

D
es

ig
n 

an
d 

D
em

og
ra

ph
ic

s 

St
ud

y 
Si

ze
 

an
d 

St
ud

y 
D

ur
at

io
n 

E
nd

 P
oi

nt
s 

R
es

ul
ts

 

vs
 

 in
su

lin
 in

fu
si

on
 

(e
xi

st
in

g 
re

gi
m

en
) 

N
ot

 re
po

rte
d 

T
yp

e 
2 

D
ia

be
te

s 
Si

ng
h-

Fr
an

co
 e

t 
al

.23
 

(2
01

1)
 

 Pr
am

lin
tid

e 
12

0 
to

 
15

0 
μg

 S
C

 B
ID

 o
r 

TI
D

 w
ith

 m
ea

ls
 

M
A

 (8
 tr

ia
ls

) 
 Ty

pe
 2

 d
ia

be
tic

 
pa

tie
nt

s (
4 

tri
al

s)
 

an
d 

ob
es

e 
pa

tie
nt

s 
w

ith
ou

t d
ia

be
te

s (
4 

tri
al

s)
 

N
=1

,6
16

 
 

6 
to

 5
2 

w
ee

ks
 

Pr
im

ar
y:

 
C

ha
ng

e 
fr

om
 

ba
se

lin
e 

in
 H

bA
1c

  
 Se

co
nd

ar
y:

 
Li

ke
lih

oo
d 

of
 

ac
hi

ev
in

g 
H

bA
1c

 
≤7

.0
%

; c
ha

ng
e 

fr
om

 b
as

el
in

e 
in

 
FP

G
, P

PG
, a

nd
 

w
ei

gh
t  

Pr
im

ar
y:

 
Po

ol
ed

 a
na

ly
si

s r
ev

ea
le

d 
th

at
 c

om
pa

re
d 

to
 p

la
ce

bo
, p

ra
m

lin
tid

e 
w

as
 

as
so

ci
at

ed
 w

ith
 a

 b
as

el
in

e 
re

du
ct

io
n 

in
 H

bA
1c

 o
f -

0.
33

%
 (P

=0
.0

00
4)

. 
 Se

co
nd

ar
y:

 
A

fte
r 5

2 
w

ee
ks

, p
ra

m
lin

tid
e-

tre
at

ed
 p

at
ie

nt
s w

er
e 

1.
52

 ti
m

es
 (9

5%
 C

I, 
0.

83
 to

 2
.7

8)
 m

or
e 

lik
el

y 
to

 a
ch

ie
ve

 a
n 

H
bA

1c
 ≤

7.
0%

 c
om

pa
re

d 
to

 p
la

ce
bo

 
tre

at
ed

 p
at

ie
nt

s;
 h

ow
ev

er
, t

hi
s d

iff
er

en
ce

 w
as

 n
ot

 si
gn

ifi
ca

nt
 (P

=0
.1

8)
. 

 Tr
ea

tm
en

t w
ith

 p
ra

m
lin

tid
e 

w
as

 a
ss

oc
ia

te
d 

w
ith

 a
 re

du
ct

io
n 

fr
om

 b
as

el
in

e 
in

 F
PG

 o
f -

6.
34

 m
g/

dL
 (9

5%
 C

I, 
-2

4.
96

 to
 1

2.
28

) o
ve

r 2
4 

w
ee

ks
 o

f 
tre

at
m

en
t, 

bu
t t

he
 d

iff
er

en
ce

 w
as

 n
ot

 si
gn

ifi
ca

nt
 (P

=0
.5

0)
. 

 Tr
ea

tm
en

t w
ith

 p
ra

m
lin

tid
e 

w
as

 a
ss

oc
ia

te
d 

w
ith

 a
 re

du
ct

io
n 

fr
om

 b
as

el
in

e 
in

 P
PG

 o
f -

7.
20

 m
g/

dL
 (9

5%
 C

I, 
-4

0.
12

 to
 2

5.
75

) o
ve

r 2
4 

w
ee

ks
 o

f 
tre

at
m

en
t, 

bu
t t

he
 d

iff
er

en
ce

 w
as

 n
ot

 si
gn

ifi
ca

nt
 (P

=0
.6

7)
. 

 Pr
am

lin
tid

e 
w

as
 a

ss
oc

ia
te

d 
w

ith
 a

 si
gn

ifi
ca

nt
 c

ha
ng

e 
in

 b
od

y 
w

ei
gh

t i
n 

pa
tie

nt
s w

ith
 ty

pe
 2

 d
ia

be
te

s c
om

pa
re

d 
to

 p
la

ce
bo

 (-
2.

21
 k

g;
 P

<0
.0

00
00

1)
. 

K
ar

l e
t a

l.24
 

(2
00

7)
 

 Pr
am

lin
tid

e 
12

0 
μg

 
be

fo
re

 m
ea

ls
 a

nd
 

in
su

lin
 (e

xi
st

in
g 

re
gi

m
en

)  
 

M
C

, O
L 

 Ty
pe

 2
 d

ia
be

tic
s 

>1
8 

ye
ar

s o
f a

ge
 

cu
rr

en
tly

 re
ce

iv
in

g 
in

su
lin

 th
er

ap
y 

w
ith

 
or

 w
ith

ou
t o

ra
l 

an
tid

ia
be

tic
s, 

an
d 

H
bA

1c
 >

7.
0 

to
 

<1
1.

0%
  

N
=1

66
 

 
12

 m
on

th
s 

(a
ll 

re
su

lts
 

re
po

rte
d 

at
 6

 
m

on
th

s)
 

Pr
im

ar
y:

 
C

ha
ng

e 
fr

om
 

ba
se

lin
e 

in
 H

bA
1c

, 
FP

G
, P

PG
, b

od
y 

w
ei

gh
t, 

an
d 

in
su

lin
; s

af
et

y  
 Se

co
nd

ar
y:

 
N

ot
 re

po
rte

d 

Pr
im

ar
y:

 
Pr

am
lin

tid
e 

re
su

lte
d 

in
 si

gn
ifi

ca
nt

 H
bA

1c
 re

du
ct

io
ns

 a
t m

on
th

s t
hr

ee
 a

nd
 

si
x 

( -
0.

66
 a

nd
 -0

.5
6%

; P
<0

.0
5)

. A
t s

om
e 

po
in

t d
ur

in
g 

th
e 

in
iti

al
 si

x 
m

on
th

s a
fte

r i
ni

tia
tin

g 
th

er
ap

y,
 2

8.
1%

 o
f t

he
 p

at
ie

nt
s w

ho
 h

ad
 a

 b
as

el
in

e 
H

bA
1c

 >
7.

0%
 a

ch
ie

ve
d 

an
 H

bA
1c

 <
7.

0%
. 

 C
om

pa
re

d 
to

 b
as

el
in

e,
 b

ot
h 

fa
st

in
g 

an
d 

PP
G

 c
on

ce
nt

ra
tio

ns
 w

er
e 

si
gn

ifi
ca

nt
ly

 re
du

ce
d 

(P
<0

.0
5)

.  
 Si

gn
ifi

ca
nt

 b
as

el
in

e 
re

du
ct

io
ns

 in
 w

ei
gh

t w
er

e 
no

te
d 

at
 m

on
th

s t
hr

ee
 a

nd
 

si
x 

( -
2.

3 
an

d 
-2

.8
 k

g;
 P

<0
.0

5)
. 

 A
t m

on
th

s t
hr

ee
 a

nd
 si

x,
 m

ea
lti

m
e 

an
d 

to
ta

l i
ns

ul
in

 d
os

es
 re

m
ai

ne
d 



A
m

yl
in

om
im

et
ic

s 
A

H
FS

 C
la

ss
 6

82
00

3 

26
4 

Pr
ep

ar
ed

 b
y 

U
ni

ve
rs

ity
 o

f M
as

sa
ch

us
et

ts
 M

ed
ic

al
 S

ch
oo

l C
lin

ic
al

 P
ha

rm
ac

y 
Se

rv
ic

es
 

St
ud

y 
an

d 
D

ru
g 

R
eg

im
en

 
St

ud
y 

D
es

ig
n 

an
d 

D
em

og
ra

ph
ic

s 

St
ud

y 
Si

ze
 

an
d 

St
ud

y 
D

ur
at

io
n 

E
nd

 P
oi

nt
s 

R
es

ul
ts

 

si
gn

ifi
ca

nt
ly

 lo
w

er
 c

om
pa

re
d 

to
 b

as
el

in
e 

(P
<0

.0
5)

. 
 N

au
se

a 
(2

9.
5%

), 
vo

m
iti

ng
 (7

.2
%

), 
an

d 
di

ar
rh

ea
 (5

.4
%

) w
er

e 
th

e 
m

os
t 

co
m

m
on

ly
 re

po
rte

d 
ad

ve
rs

e 
ev

en
ts

. T
he

re
 w

as
 a

n 
ov

er
al

l i
nc

id
en

ce
 o

f 
12

%
 fo

r h
yp

og
ly

ce
m

ia
, w

ith
 tw

o 
pa

tie
nt

s e
xp

er
ie

nc
in

g 
se

ve
re

 
hy

po
gl

yc
em

ia
 d

ur
in

g 
th

e 
si

x 
m

on
th

 tr
ea

tm
en

t p
er

io
d.

 
  Se

co
nd

ar
y:

 
N

ot
 re

po
rte

d 
R

id
dl

e 
et

 a
l.25

 
(2

00
7)

 
 Pr

am
lin

tid
e 

60
 μ

g 
SC

 B
ID

 o
r T

ID
 

w
ith

 m
ea

ls
, t

itr
at

ed
 

to
 1

20
 μ

g 
SC

 
 vs

 
 pl

ac
eb

o 
 

 A
ll 

pa
tie

nt
s a

ls
o 

re
ce

iv
ed

 e
xi

st
in

g 
in

su
lin

 re
gi

m
en

s.
 

    

D
B

, M
C

, P
C

, R
C

T 
 Ty

pe
 2

 d
ia

be
tic

s 2
5 

to
 7

5 
ye

ar
s o

f a
ge

 
no

t a
ch

ie
vi

ng
 

ad
eq

ua
te

 g
ly

ce
m

ic
 

co
nt

ro
l  

w
ith

 in
su

lin
 

gl
ar

gi
ne

 (n
o 

m
ea

lti
m

e 
in

su
lin

), 
w

ith
 o

r w
ith

ou
t o

ra
l 

an
tid

ia
be

tic
 th

er
ap

y,
 

an
d 

an
 H

bA
1c

 >
7.

0 
to

 1
0.

5%
 a

nd
 B

M
I 

25
 to

 4
5 

kg
/m

2  
   

N
=2

12
 

 
16

 w
ee

ks
 

Pr
im

ar
y:

 
C

ha
ng

e 
fr

om
 

ba
se

lin
e 

H
bA

1c
 a

t 
w

ee
k 

16
, 

pr
op

or
tio

n 
of

 
pa

tie
nt

s  
m

ee
tin

g 
al

l o
f t

he
 

fo
llo

w
in

g 
pr

es
pe

ci
fie

d  
cr

ite
ria

 a
t w

ee
k 

16
: 

H
bA

1c
 ≤

7.
0%

 o
r a

n 
H

bA
1c

 b
as

el
in

e 
re

du
ct

io
n 
≥0

.5
%

, 
m

ea
n 

da
ily

 P
PG

 
in

cr
em

en
ts

 
≤4

0 
m

g/
dL

, n
o 

w
ei

gh
t g

ai
n,

 a
nd

 
no

 se
ve

re
 

hy
po

gl
yc

em
ia

 
 Se

co
nd

ar
y:

 
In

di
vi

du
al

 
co

m
po

ne
nt

s o
f t

he
 

co
m

po
si

te
 

en
dp

oi
nt

; 
pr

op
or

tio
n 

of
 

pa
tie

nt
s a

ch
ie

vi
ng

 
H

bA
1c

 ≤
7.

0 
or

 

Pr
im

ar
y:

 
Pr

am
lin

tid
e-

tre
at

ed
 p

at
ie

nt
s e

xp
er

ie
nc

ed
 si

gn
ifi

ca
nt

ly
 g

re
at

er
 b

as
el

in
e 

re
du

ct
io

ns
 in

 H
bA

1c
 a

t w
ee

k 
16

 c
om

pa
re

d 
to

 p
la

ce
bo

 –
tre

at
ed

 p
at

ie
nt

s (
-

0.
70

 v
s -

0.
36

%
; P

<0
.0

5)
. 

 A
t w

ee
k 

16
, s

ig
ni

fic
an

tly
 m

or
e 

pr
am

lin
tid

e -
tre

at
ed

 p
at

ie
nt

s a
ch

ie
ve

d 
th

e 
co

m
po

si
te

 e
nd

po
in

t c
om

pa
re

d 
to

 p
la

ce
bo

-tr
ea

te
d 

pa
tie

nt
s (

25
 v

s 7
%

; 
P<

0.
00

1)
. 

 Se
co

nd
ar

y:
 

Th
e 

pr
op

or
tio

n 
of

 p
at

ie
nt

s w
ho

 a
ch

ie
ve

d 
an

 H
bA

1c
 ≤

7.
0%

 o
r w

ho
 h

ad
 a

 
re

du
ct

io
n 

in
 H

bA
1c

 ≥
0.

5%
 w

as
 n

ot
 d

iff
er

en
t b

et
w

ee
n 

pr
am

lin
tid

e 
an

d 
pl

ac
eb

o 
(5

4 
vs

 4
5%

; P
 v

al
ue

 n
ot

 re
po

rte
d)

. 
 Si

gn
ifi

ca
nt

ly
 m

or
e 

pr
am

lin
tid

e -
tre

at
ed

 p
at

ie
nt

s a
ch

ie
ve

d 
m

ea
n 

PP
G

 
in

cr
em

en
ts

 ≤
40

 m
g/

dL
 (P

<0
.0

00
1)

 a
nd

 d
id

 n
ot

 e
xp

er
ie

nc
e 

w
ei

gh
t g

ai
n 

(P
<0

.0
00

1)
 c

om
pa

re
d 

to
 p

la
ce

bo
-tr

ea
te

d 
pa

tie
nt

s.
 

 C
om

pa
re

d 
to

 p
la

ce
bo

-tr
ea

te
d 

pa
tie

nt
s, 

m
or

e 
pr

am
lin

tid
e-

tre
at

ed
 p

at
ie

nt
s 

ac
hi

ev
ed

 b
ot

h 
H

bA
1c

 a
nd

 P
PG

 c
om

po
ne

nt
s (

P<
0.

00
5)

, m
or

e 
pa

tie
nt

s 
re

ac
he

d 
th

e 
H

bA
1c

 g
oa

l w
ith

ou
t w

ei
gh

t g
ai

n 
(P

<0
.0

00
1)

, a
nd

 m
or

e 
pa

tie
nt

s 
ha

d 
w

el
l c

on
tro

lle
d 

PP
G

 w
ith

ou
t w

ei
gh

t g
ai

n 
( P

<0
.0

00
1)

. 
 Th

e 
pr

op
or

tio
n 

of
 p

at
ie

nt
s a

ch
ie

vi
ng

 a
n 

H
bA

1c
 ≤

7.
0 

or
 ≤

6.
5%

 w
as

 2
3 

an
d 

11
%

 w
ith

 p
ra

m
lin

tid
e 

co
m

pa
re

d 
to

 1
3 

an
d 

4%
 w

ith
 p

la
ce

bo
, r

es
pe

ct
iv

el
y 

(P
 v

al
ue

s n
ot

 re
po

rte
d)

.  
 Th

e 
in

su
lin

 g
la

rg
in

e 
do

sa
ge

 in
cr

ea
se

d 
st

ea
di

ly
 th

ro
ug

ho
ut

 th
e 

tri
al

. T
he

 



A
m

yl
in

om
im

et
ic

s 
A

H
FS

 C
la

ss
 6

82
00

3 

26
5 

Pr
ep

ar
ed

 b
y 

U
ni

ve
rs

ity
 o

f M
as

sa
ch

us
et

ts
 M

ed
ic

al
 S

ch
oo

l C
lin

ic
al

 P
ha

rm
ac

y 
Se

rv
ic

es
 

St
ud

y 
an

d 
D

ru
g 

R
eg

im
en

 
St

ud
y 

D
es

ig
n 

an
d 

D
em

og
ra

ph
ic

s 

St
ud

y 
Si

ze
 

an
d 

St
ud

y 
D

ur
at

io
n 

E
nd

 P
oi

nt
s 

R
es

ul
ts

 

≤6
.5

%
; 

ch
an

ge
s f

ro
m

 
ba

se
lin

e 
to

 e
ac

h 
tim

e  
po

in
t i

n 
H

bA
1c

, s
ev

en
-p

oi
nt

 
gl

uc
os

e 
pr

of
ile

s,
 

PP
G

 in
cr

em
en

ts
, 

FP
G

, w
ei

gh
t, 

an
d 

in
su

lin
 g

la
rg

in
e 

do
se

 

m
ea

n 
in

cr
ea

se
 in

 in
su

lin
 g

la
rg

in
e 

do
sa

ge
 a

t w
ee

k 
16

 w
as

 1
1.

7±
1.

9 
an

d 
13

.1
±1

.6
 u

ni
ts

 w
ith

 p
ra

m
lin

tid
e 

an
d 

pl
ac

eb
o,

 re
sp

ec
tiv

el
y 

(P
 v

al
ue

 n
ot

 
re

po
rte

d)
.  

 Th
e 

av
er

ag
e 

ch
an

ge
 fr

om
 b

as
el

in
e 

in
 F

PG
 w

as
 -2

8.
3 

an
d 

-1
2.

0 
m

g/
dL

 a
t 

w
ee

k 
16

 w
ith

 p
ra

m
lin

tid
e 

an
d 

pl
ac

eb
o,

 re
sp

ec
tiv

el
y 

(P
 v

al
ue

 n
ot

 re
po

rte
d)

.  
 A

t w
ee

k 
16

, P
PG

 w
as

 s
ig

ni
fic

an
tly

 d
ec

re
as

ed
 fr

om
 b

as
el

in
e 

w
ith

 
pr

am
lin

tid
e 

co
m

pa
re

d 
to

 p
la

ce
bo

 (-
24

.4
 v

s -
0.

4 
m

g/
dL

; P
<0

.0
00

1)
. 

 B
y 

w
ee

k 
16

, p
ra

m
lin

tid
e 

w
as

 a
ss

oc
ia

te
d 

w
ith

 w
ei

gh
t l

os
s c

om
pa

re
d 

to
 

w
ei

gh
t g

ai
n 

w
ith

 p
la

ce
bo

 ( -
1.

6 
vs

 0
.7

 k
g;

 P
<0

.0
00

1)
 B

y 
th

e 
en

d 
of

 
tre

at
m

en
t, 

68
%

 o
f p

ra
m

lin
tid

e-
tre

at
ed

 p
at

ie
nt

s h
ad

 lo
st

 w
ei

gh
t c

om
pa

re
d 

to
 a

pp
ro

xi
m

at
el

y 
35

%
 o

f p
la

ce
bo

-tr
ea

te
d 

pa
tie

nt
s (

P<
0.

00
01

). 
H

ol
la

nd
er

 e
t a

l.26
 

(2
00

3)
 

 Pr
am

lin
tid

e 
60

, 9
0,

 
or

 1
20

 μ
g 

SC
 B

ID
 

an
d 

in
su

lin
 

(e
xi

st
in

g 
re

gi
m

en
) 

 vs
 

 pl
ac

eb
o  

an
d 

in
su

lin
 (e

xi
st

in
g 

re
gi

m
en

) 
 D

at
a 

fo
r p

at
ie

nt
s 

ra
nd

om
iz

ed
 to

 
pr

am
lin

tid
e 

60
 μ

g 
SC

 B
ID

 a
re

 n
ot

 
re

po
rte

d.
 

D
B

, M
C

, P
C

, P
G

, 
R

C
T  

 Ty
pe

 2
 d

ia
be

tic
s 

>1
8 

ye
ar

s o
f a

ge
 

re
qu

iri
ng

 in
su

lin
 

th
er

ap
y 

fo
r ≥

 6
 

m
on

th
s p

rio
r t

o 
tri

al
 

in
iti

at
io

n 
w

ith
 a

n 
H

bA
1c

 ≥
8.

0%
, a

nd
 

w
ith

ou
t 

hy
po

gl
yc

em
ia

 in
 th

e 
2  

w
ee

ks
 p

re
ce

di
ng

 
th

e 
tri

al
  

 

N
=6

56
 

 
12

 m
on

th
s 

 

Pr
im

ar
y:

 
C

ha
ng

e 
fr

om
 

ba
se

lin
e 

in
 H

bA
1c

 
at

 w
ee

k 
26

 
 Se

co
nd

ar
y:

 
A

bs
ol

ut
e 

ch
an

ge
 in

 
H

bA
1c

 a
t o

th
er

 
tim

e 
po

in
ts

, 
pr

op
or

tio
n 

of
 

pa
tie

nt
s w

ho
 

ac
hi

ev
ed

 a
n 

H
bA

1c
 

<7
.0

 o
r <

8.
0%

 
 

Pr
im

ar
y:

 
A

fte
r 2

6 
w

ee
ks

, p
ra

m
lin

tid
e 

12
0  
μg

 w
as

 a
ss

oc
ia

te
d 

w
ith

 a
 si

gn
ifi

ca
nt

 
re

du
ct

io
n 

in
 H

bA
1c

 co
m

pa
re

d 
to

 p
la

ce
bo

 (-
0.

68
; P

<0
.0

5)
, b

ut
 n

o 
di

ffe
re

nc
e 

in
 th

e 
ba

se
lin

e 
re

du
ct

io
n 

of
 H

bA
1c

 w
as

 re
po

rte
d 

be
tw

ee
n 

th
e 

pr
am

lin
tid

e 
90

 μ
g 

an
d 

pl
ac

eb
o 

( -
0.

54
%

; P
 v

al
ue

 n
ot

 re
po

rte
d)

. 
 Se

co
nd

ar
y:

 
A

fte
r 5

2 
w

ee
ks

, p
ra

m
lin

tid
e 

12
0 
μg

 w
as

 a
ss

oc
ia

te
d 

w
ith

 a
 si

gn
ifi

ca
nt

 
ba

se
lin

e 
re

du
ct

io
n 

in
 H

bA
1c

 co
m

pa
re

d 
to

 p
la

ce
bo

 (-
0.

62
; P

<0
.0

5)
, b

ut
 n

o 
di

ffe
re

nc
e 

in
 th

e 
ba

se
lin

e 
re

du
ct

io
n 

of
 H

bA
1c

 w
as

 re
po

rte
d 

be
tw

ee
n 

pr
am

lin
tid

e 
90

 μ
g 

an
d 

pl
ac

eb
o 

(-
0.

35
%

; P
 v

al
ue

 n
ot

 re
po

rte
d)

. 
 M

or
e 

pa
tie

nt
s r

ec
ei

vi
ng

 p
ra

m
lin

tid
e 

(e
ith

er
 d

os
e)

 a
ch

ie
ve

d 
an

 H
bA

1c
 

<7
.0

%
 c

om
pa

re
d 

to
 p

at
ie

nt
s r

ec
ei

vi
ng

 p
la

ce
bo

 (9
.4

 a
nd

 1
2.

2 
vs

 4
.1

%
, 

re
sp

ec
tiv

el
y;

 P
 v

al
ue

 n
ot

 re
po

rte
d)

. S
im

ila
rly

, 4
2.

4,
 4

5.
7,

 a
nd

 2
7.

6%
 o

f 
pa

tie
nt

s r
ec

ei
vi

ng
 p

ra
m

lin
tid

e 
90

 μ
g,

 p
ra

m
lin

tid
e 

12
0 
μg

, a
nd

 p
la

ce
bo

, 
re

sp
ec

tiv
el

y,
 a

ch
ie

ve
d 

an
 H

bA
1c

 <
8.

0%
 (P

 v
al

ue
 n

ot
 re

po
rte

d)
. 

R
at

ne
r e

t a
l.27

 

(2
00

2)
 

 Pr
am

lin
tid

e 
30

 to
 

D
B

, P
C

, R
C

T 
 Ty

pe
 2

 d
ia

be
tic

 
pa

tie
nt

s 

N
=5

38
 

 
52

 w
ee

ks
 

 

Pr
im

ar
y:

  
C

ha
ng

e 
in

 b
as

el
in

e 
H

bA
1c

 a
nd

 b
od

y 
w

ei
gh

t a
t w

ee
ks

 

Pr
im

ar
y:

 
Si

gn
ifi

ca
nt

ly
 g

re
at

er
 re

du
ct

io
ns

 in
 H

bA
1c

 w
er

e 
ac

hi
ev

ed
 w

ith
 p

ra
m

lin
tid

e 
75

 μ
g 

co
m

pa
re

d 
to

 p
la

ce
bo

 (-
0.

9%
; P

=0
.0

00
4)

 a
fte

r 1
3 

w
ee

ks
. I

n 
ad

di
tio

n,
 

H
bA

1c
 w

as
 si

gn
ifi

ca
nt

ly
 lo

w
er

 fo
r t

he
 m

aj
or

ity
 o

f t
he

 st
ud

y 
pe

rio
ds

 w
ith

 



A
m

yl
in

om
im

et
ic

s 
A

H
FS

 C
la

ss
 6

82
00

3 

26
6 

Pr
ep

ar
ed

 b
y 

U
ni

ve
rs

ity
 o

f M
as

sa
ch

us
et

ts
 M

ed
ic

al
 S

ch
oo

l C
lin

ic
al

 P
ha

rm
ac

y 
Se

rv
ic

es
 

St
ud

y 
an

d 
D

ru
g 

R
eg

im
en

 
St

ud
y 

D
es

ig
n 

an
d 

D
em

og
ra

ph
ic

s 

St
ud

y 
Si

ze
 

an
d 

St
ud

y 
D

ur
at

io
n 

E
nd

 P
oi

nt
s 

R
es

ul
ts

 

15
0 
μg

 T
ID

 a
nd

 
in

su
lin

 (e
xi

st
in

g 
re

gi
m

en
)  

 vs
 

 pl
ac

eb
o 

an
d 

in
su

lin
 (e

xi
st

in
g 

re
gi

m
en

)  
 

13
, 2

6,
 a

nd
 5

2 
 Se

co
nd

ar
y:

  
Pr

op
or

tio
n 

of
 

pa
tie

nt
s a

ch
ie

vi
ng

 
H

bA
1c

 <
7.

0 
or

 
8.

0%
, r

el
at

iv
e 

ch
an

ge
 o

f i
ns

ul
in

 
us

e,
 sa

fe
ty

 

th
e 

ex
ce

pt
io

n 
of

 w
ee

k 
52

 (P
 v

al
ue

 n
ot

 re
po

rte
d)

. 
 Si

gn
ifi

ca
nt

ly
 g

re
at

er
 re

du
ct

io
ns

 in
 H

bA
1c

 w
er

e 
ac

hi
ev

ed
 w

ith
 p

ra
m

lin
tid

e 
15

0 
μg

 c
om

pa
re

d 
to

 p
la

ce
bo

 (-
1.

0%
; P

=0
.0

00
2)

. A
fte

r 1
3 

w
ee

ks
, H

bA
1c

 
re

m
ai

ne
d 

si
gn

ifi
ca

nt
ly

 lo
w

er
 fo

r t
he

 re
st

 o
f t

he
 tr

ia
l (

-0
.6

%
; P

=0
.0

06
8)

. 
 R

ed
uc

tio
ns

 in
 H

bA
1c

 w
ith

 p
ra

m
lin

tid
e 

30
 μ

g 
w

er
e 

no
t d

iff
er

en
t c

om
pa

re
d 

to
 p

la
ce

bo
 a

t a
ny

 p
oi

nt
 d

ur
in

g 
th

e 
tri

al
. 

 Si
gn

ifi
ca

nt
 b

as
el

in
e 

re
du

ct
io

ns
 (P

<0
.0

5)
 in

 b
od

y 
w

ei
gh

t w
er

e 
ac

hi
ev

ed
 

w
ith

 a
ll 

pr
am

lin
tid

e 
do

se
s t

hr
ou

gh
ou

t t
he

 tr
ia

l w
he

n 
co

m
pa

re
d 

to
 p

la
ce

bo
. 

 Se
co

nd
ar

y:
 

Th
e 

pr
op

or
tio

ns
 o

f p
at

ie
nt

s a
ch

ie
vi

ng
 a

n 
H

bA
1c

 <
7.

0%
 w

er
e 

12
.7

, 1
3.

4,
 

an
d 

19
.2

%
 in

 p
at

ie
nt

s r
ec

ei
vi

ng
 p

ra
m

lin
tid

e 
30

, 7
5,

 a
nd

 1
50

 μ
g 

co
m

pa
re

d 
to

 1
1.

1%
 in

 p
at

ie
nt

s r
ec

ei
vi

ng
 p

la
ce

bo
 (P

 v
al

ue
s n

ot
 re

po
rte

d)
.  

 
Th

e 
pr

op
or

tio
ns

 o
f p

at
ie

nt
s a

ch
ie

vi
ng

 a
n 

H
bA

1c
 <

8.
0%

 w
er

e 
45

.1
, 4

6.
4,

 
an

d 
54

.0
%

 in
 p

at
ie

nt
s r

ec
ei

vi
ng

 p
ra

m
lin

tid
e 

30
, 7

5,
 a

nd
 1

50
 μ

g 
co

m
pa

re
d 

to
 3

7.
6%

 in
 p

at
ie

nt
s r

ec
ei

vi
ng

 p
la

ce
bo

 (P
 v

al
ue

s n
ot

 re
po

rte
d)

.  
 In

su
lin

 u
se

 in
cr

ea
se

d 
w

ith
 a

ll 
tre

at
m

en
ts

. W
ith

 p
ra

m
lin

tid
e,

 in
su

lin
 u

se
 

in
cr

ea
se

d 
by

 7
.9

 to
 1

0.
9%

, w
hi

le
 in

su
lin

 u
se

 in
cr

ea
se

d 
by

 1
5.

4%
 w

ith
 

pl
ac

eb
o 

(P
 v

al
ue

s n
ot

 re
po

rte
d)

. 
 Th

e 
m

os
t c

om
m

on
ly

 re
po

rte
d 

si
de

 e
ff

ec
t w

ith
 p

ra
m

lin
tid

e 
w

as
 n

au
se

a.
 

H
ol

la
nd

er
 e

t a
l.28

 

(2
00

3)
 

 Pr
am

lin
tid

e 
12

0 
μg

 
B

ID
 a

nd
 in

su
lin

 
(e

xi
st

in
g 

re
gi

m
en

) 
 vs

 
 pl

ac
eb

o 
an

d 
in

su
lin

 (e
xi

st
in

g 

Po
st

 h
oc

 a
na

ly
si

s 
 Ty

pe
 2

 d
ia

be
tic

 
pa

tie
nt

s w
ho

 
co

m
pl

et
ed

 a
 2

6 
or

 
52

 w
ee

k,
 D

B
, P

C
, 

R
C

T 
 

N
=1

86
 

 
26

 a
nd

  
52

 w
ee

ks
 

Pr
im

ar
y:

 
C

ha
ng

e 
in

 b
as

el
in

e 
H

bA
1c

, b
od

y 
w

ei
gh

t, 
in

su
lin

 u
se

, 
an

d 
th

e 
ra

te
 o

f 
se

ve
re

 
hy

po
gl

yc
em

ia
 a

t 
w

ee
k 

26
; s

af
et

y 
 Se

co
nd

ar
y:

 
N

ot
 re

po
rte

d 

Pr
im

ar
y:

 
A

t w
ee

k 
26

, t
he

 d
iff

er
en

ce
 in

 H
bA

1c
 b

as
el

in
e 

re
du

ct
io

n 
w

ith
 p

ra
m

lin
tid

e 
co

m
pa

re
d 

to
 p

la
ce

bo
 w

as
- 0

.4
3%

 (P
<0

.0
00

9)
. T

he
 p

ro
po

rti
on

 o
f p

at
ie

nt
s 

w
ho

 a
ch

ie
ve

d 
an

 H
bA

1c
 <

7.
0%

 a
t w

ee
k 

26
 w

as
 1

4%
 in

 th
e 

pr
am

lin
tid

e 
gr

ou
p 

co
m

pa
re

d 
to

 2
%

 in
 th

e 
pl

ac
eb

o 
gr

ou
p 

(P
 v

al
ue

 w
as

 n
ot

 re
po

rte
d)

. 
 A

t w
ee

k 
26

, t
he

 d
iff

er
en

ce
 in

 w
ei

gh
t b

as
el

in
e 

re
du

ct
io

n 
w

ith
 p

ra
m

lin
tid

e 
co

m
pa

re
d 

to
 p

la
ce

bo
 w

as
 2

 k
g 

(P
<0

.0
00

3)
.  

 N
o 

si
gn

ifi
ca

nt
 c

ha
ng

e 
in

 in
su

lin
 d

os
e 

or
 th

e 
nu

m
be

r o
f i

ns
ul

in
 in

je
ct

io
ns

 
w

as
 n

ot
ed

 b
et

w
ee

n 
th

e 
tre

at
m

en
ts

 (P
 v

al
ue

 n
ot

 re
po

rte
d)

. 



A
m

yl
in

om
im

et
ic

s 
A

H
FS

 C
la

ss
 6

82
00

3 

26
7 

Pr
ep

ar
ed

 b
y 

U
ni

ve
rs

ity
 o

f M
as

sa
ch

us
et

ts
 M

ed
ic

al
 S

ch
oo

l C
lin

ic
al

 P
ha

rm
ac

y 
Se

rv
ic

es
 

St
ud

y 
an

d 
D

ru
g 

R
eg

im
en

 
St

ud
y 

D
es

ig
n 

an
d 

D
em

og
ra

ph
ic

s 

St
ud

y 
Si

ze
 

an
d 

St
ud

y 
D

ur
at

io
n 

E
nd

 P
oi

nt
s 

R
es

ul
ts

 

re
gi

m
en

) 
 A

t w
ee

k 
26

, n
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 w
as

 n
ot

ed
 b

et
w

ee
n 

th
e 

tre
at

m
en

ts
 in

 
ra

te
s o

f s
ev

er
e 

hy
po

gl
yc

em
ia

 a
s r

ep
or

te
d 

in
 e

ve
nt

 ra
te

 p
er

 su
bj

ec
t y

ea
r 

(0
.1

3 
vs

 0
.1

9;
 P

 v
al

ue
 n

ot
 re

po
rte

d)
.  

 N
o 

se
rio

us
 a

dv
er

se
 e

ve
nt

s w
er

e 
re

po
rte

d 
w

ith
 e

ith
er

 tr
ea

tm
en

t.  
 Se

co
nd

ar
y:

 
N

ot
 re

po
rte

d 
M

ag
gs

 e
t a

l.29
 

(2
00

3)
 

 Pr
am

lin
tid

e 
12

0 
μg

 
B

ID
 o

r p
ra

m
lin

tid
e 

15
0 
μg

 T
ID

 a
nd

 
in

su
lin

 (e
xi

st
in

g 
re

gi
m

en
)  

 vs
 

 pl
ac

eb
o 

an
d 

in
su

lin
 (e

xi
st

in
g 

re
gi

m
en

) 

Po
st

 h
oc

 a
na

ly
si

s 
 Ty

pe
 2

 d
ia

be
tic

 
pa

tie
nt

s w
ho

 
co

m
pl

et
ed

 a
 5

2 
w

ee
k,

 D
B

, P
C

, R
C

T 

N
=4

10
 

 
52

 w
ee

ks
 

Pr
im

ar
y:

 
C

ha
ng

e 
in

 b
as

el
in

e 
in

 H
bA

1c
 a

nd
 

w
ei

gh
t a

t w
ee

k 
52

, 
sa

fe
ty

 
 Se

co
nd

ar
y:

 
N

ot
 re

po
rte

d 

Pr
im

ar
y:

 
A

 si
gn

ifi
ca

nt
ly

 g
re

at
er

 b
as

el
in

e 
re

du
ct

io
n 

in
 H

bA
1c

 w
as

 a
ch

ie
ve

d 
w

ith
 

pr
am

lin
tid

e 
co

m
pa

re
d 

to
 p

la
ce

bo
 a

t w
ee

k 
52

 (P
<0

.0
00

1)
. T

hi
s r

es
ul

t w
as

 
se

en
 a

cr
os

s t
he

 fo
llo

w
in

g 
et

h n
ic

 g
ro

up
s:

 A
fr

ic
an

 A
m

er
ic

an
s (

-0
.7

%
), 

C
au

ca
si

an
s (

-0
.5

%
), 

an
d 

H
is

pa
ni

cs
 (-

0.
3%

). 
 A

 si
gn

ifi
ca

nt
 b

as
el

in
e 

re
du

ct
io

n 
in

 b
od

y 
w

ei
gh

t w
as

 a
ch

ie
ve

d 
w

ith
 

pr
am

lin
tid

e 
co

m
pa

re
d 

to
 p

la
ce

bo
 a

t w
ee

k 
52

 ( -
2.

6 
kg

; P
<0

.0
00

1)
. 

 N
au

se
a 

w
as

 m
or

e 
co

m
m

on
 w

ith
 p

ra
m

lin
tid

e,
 a

nd
 h

yp
og

ly
ce

m
ia

 w
as

 
re

po
rte

d 
to

 a
 si

m
ila

r e
xt

en
t w

ith
 b

ot
h 

tre
at

m
en

ts
. 

 Se
co

nd
ar

y:
 

N
ot

 re
po

rte
d 

H
ol

la
nd

er
 e

t a
l. 3

0 

(2
00

4)
 

 Pr
am

lin
tid

e 
12

0 
μg

 
B

ID
 a

nd
 in

su
lin

 
(e

xi
st

in
g 

re
gi

m
en

) 
 vs

 
 pl

ac
eb

o 
an

d 
in

su
lin

 (e
xi

st
in

g 
re

gi
m

en
) 

Po
st

 h
oc

 a
na

ly
si

s 
 Ty

pe
 2

 d
ia

be
ti c

 
pa

tie
nt

s w
ho

 
co

m
pl

et
ed

 a
 2

6 
or

 
52

 w
ee

k,
 D

B
, P

C
, 

R
C

T  

N
=4

98
 

 
26

 a
nd

  
52

 w
ee

ks
 

Pr
im

ar
y:

 
C

ha
ng

e 
in

 b
as

el
in

e 
H

bA
1c

, i
ns

ul
in

 
do

se
, a

nd
 b

od
y 

w
ei

gh
t  

 Se
co

nd
ar

y:
 

N
ot

 re
po

rte
d 

Pr
im

ar
y:

 
A

t w
ee

k 
26

, m
ea

n 
ba

se
lin

e 
re

du
ct

io
ns

 in
 H

bA
1c

 w
ith

 p
ra

m
lin

tid
e 

co
m

pa
re

d 
to

 p
la

ce
bo

 (-
0.

59
 v

s -
0.

18
%

; P
<0

.0
00

1)
.  

 Th
er

e 
w

as
 n

o 
di

ff
er

en
ce

 in
 th

e 
ch

an
ge

 in
 to

ta
l d

ai
ly

 in
su

lin
 re

qu
ire

m
en

ts
 

be
tw

ee
n 

th
e 

tw
o 

tre
at

m
en

ts
.  

 A
t w

ee
k 

26
, p

ra
m

lin
tid

e -
tre

at
ed

 p
at

ie
nt

s a
ch

ie
ve

d 
a 

si
gn

ifi
ca

nt
 b

as
el

in
e 

re
du

ct
io

n 
in

 w
ei

gh
t c

om
pa

re
d 

to
 p

la
ce

bo
 ( -

1.
5 

vs
 0

.3
 k

g;
 P

<0
.0

00
1)

. 
 Se

co
nd

ar
y:

 
N

ot
 re

po
rte

d 
R

id
dl

e 
et

 a
l.31

 

(2
00

9)
 

M
C

, O
L 

 
N

=1
13

 
 

Pr
im

ar
y:

  
Pr

op
or

tio
n 

of
 

Pr
im

ar
y:

  
Th

irt
y 

pe
rc

en
t o

f p
ra

m
lin

tid
e-

tre
at

ed
 p

at
ie

nt
s a

ch
ie

ve
d 

an
 H

bA
1c

 ≤
7%

 



A
m

yl
in

om
im

et
ic

s 
A

H
FS

 C
la

ss
 6

82
00

3 

26
8 

Pr
ep

ar
ed

 b
y 

U
ni

ve
rs

ity
 o

f M
as

sa
ch

us
et

ts
 M

ed
ic

al
 S

ch
oo

l C
lin

ic
al

 P
ha

rm
ac

y 
Se

rv
ic

es
 

St
ud

y 
an

d 
D

ru
g 

R
eg

im
en

 
St

ud
y 

D
es

ig
n 

an
d 

D
em

og
ra

ph
ic

s 

St
ud

y 
Si

ze
 

an
d 

St
ud

y 
D

ur
at

io
n 

E
nd

 P
oi

nt
s 

R
es

ul
ts

 

 Pr
am

lin
tid

e 
12

0 
μg

 
pr

io
r t

o 
m

ea
ls

 a
nd

 
ba

sa
l i

ns
ul

in
 (Q

D
 

to
 B

ID
)  

 vs
 

 ra
pi

d -
ac

tin
g 

in
su

lin
 a

na
lo

gs
  

5 
un

its
 b

ef
or

e 
m

ea
ls

 (t
itr

at
ed

) a
nd

 
ba

sa
l i

ns
ul

in
  

(Q
D

 to
 B

ID
) 

Ty
pe

 2
 d

ia
be

tic
 

pa
tie

nt
s  w

ho
 w

er
e 

in
ad

eq
ua

te
ly

 
co

nt
ro

lle
d 

us
in

g 
ba

sa
l i

ns
ul

in
 a

nd
 

pr
io

r o
ra

l 
an

tih
yp

er
gl

yc
em

ic
 

ag
en

ts
 

24
 w

ee
ks

 
pa

tie
nt

s a
ch

ie
vi

ng
 

an
 H

bA
1c

 ≤
7.

0%
  

 Se
co

nd
ar

y:
 

In
di

vi
du

al
 

co
m

po
ne

nt
s o

f t
he

 
co

m
po

si
te

 e
nd

 
po

in
t, 

in
su

lin
 d

os
e,

 
H

bA
1c

, c
ha

ng
e 

in
 

H
bA

1c
, 

pr
op

or
tio

n 
of

 
pa

tie
nt

s r
ea

ch
in

g 
H

bA
1c

 ≤
6.

5%
, 

FP
G

, P
PG

 
in

cr
em

en
ts

, 
ch

an
ge

s i
n 

w
ei

gh
t, 

ch
an

ge
s i

n 
w

ai
st

 
ci

rc
um

fe
re

nc
e,

 a
nd

 
ad

ve
rs

e 
ev

en
ts

 
in

cl
ud

in
g 

th
e 

in
ci

de
nc

e,
 se

ve
rit

y,
 

an
d 

tim
e 

co
ur

se
s o

f 
hy

po
gl

yc
em

ia
 a

nd
 

na
us

ea
 

 

co
m

pa
re

d 
to

 1
1%

 o
f t

he
 p

at
ie

nt
s r

ec
ei

vi
ng

 ra
pi

d-
ac

tin
g 

in
su

lin
 a

na
lo

gs
 

(P
=0

.0
18

) w
ith

 a
 si

m
ila

r d
os

e 
of

 b
as

al
 in

su
lin

.  
 Se

co
nd

ar
y:

 
M

ea
n 

H
bA

1c
 a

t 2
4 

w
ee

ks
 w

as
 7

.2
%

 w
ith

 a
dd

iti
on

 o
f p

ra
m

lin
tid

e 
an

d 
7.

0%
 

w
ith

 a
dd

iti
on

 o
f a

 ra
pi

d 
ac

tin
g 

in
su

lin
 a

na
lo

g.
 T

he
 le

as
t s

qu
ar

es
 m

ea
n 

re
du

ct
io

n 
of

 H
bA

1c
 fr

om
 b

as
el

in
e 

w
as

 -1
.1

%
 fo

r p
ra

m
lin

tid
e 

an
d 

-1
.3

%
 fo

r 
ra

pi
d 

ac
tin

g 
in

su
lin

 a
na

lo
gs

 (P
=0

.4
6 

be
tw

ee
n 

gr
ou

ps
). 

 
 H

bA
1c

 ≤
6.

5%
 a

t 2
4 

w
ee

ks
 w

as
 a

ch
ie

ve
d 

by
 2

9%
 o

f p
at

ie
nt

s t
re

at
ed

 w
ith

 
pr

am
lin

tid
e 

an
d 

by
 3

4%
 o

f p
at

ie
nt

s t
re

at
ed

 w
ith

 a
 ra

pi
d -

ac
tin

g 
in

su
lin

 
an

al
og

 (P
=0

.6
8 

be
tw

ee
n 

gr
ou

ps
). 

 
 A

t w
ee

k 
24

, m
ea

n 
w

ei
gh

ts
 w

er
e 

10
6 

kg
 (p

ra
m

lin
tid

e)
 v

er
su

s  
10

9 
kg

 (r
ap

id
-a

ct
in

g 
in

su
lin

 a
na

lo
g)

. L
ea

st
 sq

ua
re

s m
ea

n 
ch

an
ge

s i
n 

w
ei

gh
t f

ro
m

 b
as

el
in

e 
w

er
e 

0.
0k

g 
(p

ra
m

lin
tid

e)
 v

er
su

s 4
.7

 k
g 

(r
ap

id
-a

ct
in

g 
in

su
lin

 a
na

lo
g;

 P
<0

.0
00

1)
.  

 D
iff

er
en

ce
s i

n 
w

ai
st

 m
ea

su
re

m
en

ts
 w

er
e 

co
ns

is
te

nt
 w

ith
 w

ei
gh

t 
di

ffe
re

nc
es

. W
ai

st
 c

irc
um

fe
re

nc
es

 a
t w

ee
k 

24
 w

er
e 

11
5 

cm
 a

nd
 1

20
 c

m
 fo

r 
th

e 
pr

am
lin

tid
e 

an
d 

ra
p i

d-
ac

tin
g 

in
su

lin
 a

na
lo

g 
gr

ou
ps

, r
es

pe
ct

iv
el

y.
 L

ea
st

 
sq

ua
re

s m
ea

n 
ch

an
ge

s i
n 

w
ai

st
 c

irc
um

fe
re

nc
e 

fr
om

 b
as

el
in

e 
w

er
e 

-0
.6

 c
m

 
an

d 
2.

2 
cm

, r
es

pe
ct

iv
el

y 
(P

=0
.0

16
)  

 Si
m

ila
r b

as
al

 in
su

lin
 ti

tra
tio

n 
in

 b
ot

h 
tre

at
m

en
t a

rm
s r

es
ul

te
d 

in
 si

m
ila

r 
m

ea
n 

FP
G

 c
on

ce
nt

ra
tio

ns
 a

t w
ee

k 
24

: 1
22

 m
g/

dl
 (p

ra
m

lin
tid

e)
 a

nd
 1

23
 

m
g/

dl
 (r

ap
id

-a
ct

in
g 

in
su

lin
 a

na
lo

g)
 T

he
 le

as
t s

qu
ar

es
 m

ea
n 

ch
an

ge
 o

f F
PG

 
fr

om
 b

as
el

in
e 

w
as

 -3
1 

m
g/

dl
 (p

ra
m

lin
tid

e)
 a

nd
 -3

4 
m

g/
dl

 (r
ap

id
-a

ct
in

g 
in

su
lin

 a
na

lo
g;

 P
=0

.6
5)

.  
 A

n 
FP

G
 c

on
ce

nt
ra

tio
n 

<1
00

 m
g/

dl
 w

as
 a

ch
ie

ve
d 

at
 w

ee
k 

24
 b

y 
30

%
 o

f 
pr

am
lin

tid
e -

tre
at

ed
 a

nd
 2

7%
 o

f r
ap

id
-a

ct
in

g 
in

su
lin

 a
na

lo
g-

tre
at

ed
 p

at
ie

nt
s 

(P
=0

.8
3)

. 
 P P

G
 in

cr
em

en
ts

 w
er

e 
si

m
ila

r b
et

w
ee

n 
st

ud
y 

gr
ou

ps
 a

t w
ee

k 
24

. N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 th

e 
le

as
t s

qu
ar

es
 m

ea
n 

ch
an

ge
 in

 p
os

tp
ra

nd
ia

l 
in

cr
em

en
t f

ro
m

 b
as

el
in

e 
to

 w
ee

k 
24

 w
as

 fo
un

d 
be

tw
ee

n 
tre

at
m

en
t g

ro
up

s 



A
m

yl
in

om
im

et
ic

s 
A

H
FS

 C
la

ss
 6

82
00

3 

26
9 

Pr
ep

ar
ed

 b
y 

U
ni

ve
rs

ity
 o

f M
as

sa
ch

us
et

ts
 M

ed
ic

al
 S

ch
oo

l C
lin

ic
al

 P
ha

rm
ac

y 
Se

rv
ic

es
 

St
ud

y 
an

d 
D

ru
g 

R
eg

im
en

 
St

ud
y 

D
es

ig
n 

an
d 

D
em

og
ra

ph
ic

s 

St
ud

y 
Si

ze
 

an
d 

St
ud

y 
D

ur
at

io
n 

E
nd

 P
oi

nt
s 

R
es

ul
ts

 

(-
17

 m
g/

dl
 [p

ra
m

lin
tid

e]
 v

s 
-2

7 
m

g/
dl

 [r
ap

id
-a

ct
in

g 
in

su
lin

 a
na

lo
g]

; 
P=

0.
17

).  
 Th

e 
m

os
t c

om
m

on
 a

dv
er

se
 e

ve
nt

s w
er

e 
hy

po
gl

yc
em

ia
 a

nd
 n

au
se

a.
 M

ild
 o

r 
m

od
er

at
e 

hy
po

gl
yc

em
ia

 o
cc

ur
re

d 
m

or
e 

fr
eq

ue
nt

ly
 th

an
 n

au
se

a 
in

 b
ot

h 
st

ud
y 

gr
ou

ps
 a

nd
 w

as
 o

bs
er

ve
d 

in
 m

or
e 

pa
tie

nt
s t

re
at

ed
 w

ith
 ra

pi
d 

ac
tin

g 
in

su
lin

 a
na

lo
g 

(8
2%

) t
ha

n 
w

ith
 p

ra
m

lin
tid

e 
(5

5%
). 

H
yp

og
ly

ce
m

ic
 e

ve
nt

s 
oc

cu
rr

ed
 m

or
e 

fr
eq

ue
nt

ly
 in

 th
e 

pr
am

lin
tid

e 
tre

at
m

en
t g

ro
up

 in
 th

e 
fir

st
 4

 
w

ee
ks

 b
ut

 w
er

e 
m

or
e 

co
m

m
on

 in
 th

e 
ra

pi
d 

ac
tin

g 
in

su
lin

 a
na

lo
g 

tre
at

m
en

t 
gr

ou
p 

fr
om

 1
8 

to
 2

4 
w

ee
ks

. N
au

se
a 

w
as

 re
po

rte
d 

on
ly

 in
 th

e 
pr

am
lin

tid
e 

gr
ou

p 
(2

1%
), 

m
os

t o
fte

n 
ea

rly
 in

 tr
ea

tm
en

t a
nd

 d
ec

lin
ed

 o
ve

r t
im

e.
 

D
ru

g 
re

gi
m

en
 a

bb
re

vi
at

io
ns

: B
ID

=t
w

ic
e 

da
ily

, Q
D

=o
nc

e 
da

ily
, Q

ID
=f

ou
r t

im
es

 d
ai

ly
, S

C
=s

ub
cu

ta
ne

ou
s, 

TI
D

=t
hr

ee
 ti

m
es

 d
ai

ly
 

St
ud

y 
ab

br
ev

ia
tio

ns
: D

B
=d

ou
bl

e-
bl

in
d,

 M
A

=m
et

a-
an

al
ys

is
, M

C
=m

ul
tic

en
te

r, 
O

L=
op

en
 la

be
l, 

PC
=

pl
ac

eb
o-

co
nt

ro
lle

d,
 P

G
=p

ar
al

le
l-g

ro
up

, R
C

T=
ra

nd
om

iz
ed

 c
on

tro
lle

d 
tri

al
 

M
isc

el
la

ne
ou

s a
bb

re
vi

at
io

n:
 B

M
I=

bo
dy

 m
as

s i
nd

ex
, C

I=
co

nf
id

en
ce

 in
te

rv
al

, F
PG

=f
as

tin
g 

pl
as

m
a 

gl
uc

os
e,

 H
bA

1c
=g

ly
co

sy
la

te
d 

he
m

og
lo

bi
n,

 P
PG

=p
os

t-p
ra

nd
ia

l g
lu

co
se

 



Amylinomimetics 
AHFS Class 682003 

270 
Prepared by University of Massachusetts Medical School Clinical Pharmacy Services 

Additional Evidence 
 
Dose Simplification 
A search of Medline and PubMed did not reveal data pertinent to this topic.  
 
Stable Therapy 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

           Rx=prescription 
 

Table 9. Relative Cost of the Amylinomimetics 
Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 

Pramlintide injection SymlinPen® $$$$$ N/A 
N/A=Not available 
 

 
X. Conclusions 

 
Pramlintide is the only amylinomimetic agent that is currently available. It is approved for use as an adjunctive 
treatment in patients with type 1 and type 2 diabetes mellitus who use mealtime insulin therapy and who have 
failed to achieve desired glucose control despite optimal insulin therapy.1-3 It is not available in a generic 
formulation.  
 

Several guidelines provide recommendations on the treatment of type 2 diabetes. According to the American 
Diabetes Association/ European Association for the Study of Diabetes  treatment algorithm, metformin is 
recommended as first-line therapy, followed by a second oral agent, a glucagon-like peptide-1 (GLP-1) receptor 
agonist, or basal insulin. Notably the higher the glycosylated hemoglobin (HbA1c), the more likely insulin will be 
required.8 Pramlintide may be used as an adjunct to prandial insulin therapy to reduce postprandial hyperglycemia, 
HbA1c, and weight.7-8 In general, current clinical guidelines do not support the use of amylin analogs in the 
management of type 2 diabetes. 
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For the treatment of type 1 diabetes, the American Diabetes Association recommends the use of multiple dose 
insulin injections or continuous subcutaneous insulin infusion therapy.4 The addition of pramlintide to intensive 
insulin therapy should be considered to enhance glycemic control and to assist with weight management.9,16 
 
Several clinical trials have been conducted with pramlintide in patients with type 1 and type 2 diabetes mellitus.17-

19,22,25-27 Data from clinical trials demonstrate that treatment with pramlintide is associated with significant 
baseline reductions in HbA1c compared to treatment with placebo in type 1 and 2 diabetics already receiving 
insulin.17-31 Furthermore, treatment with pramlintide is associated with significant baseline reductions in fasting 
plasma glucose levels, post-prandial glucose levels, insulin use, and body weight.17-31 However, compared to other 
available antidiabetic agents, pramlintide is associated with modest HbA1c lowering ability, and its use is often 
limited by adverse events.5  
 
Pramlintide does not cause hypoglycemia when used alone; however, it is intended to be coadministered with 
insulin therapy. In this setting, pramlintide increases the risk of insulin-induced severe hypoglycemia, especially 
in patients with type 1 diabetes mellitus.1 To minimize this risk, patients must be carefully selected, proper 
education must be provided, and glucose levels must be carefully monitored.1 Therapy should only be considered 
in patients with insulin-using type 1or type 2 diabetes who fulfill the following criteria: 1) have failed to achieve 
adequate glycemic control despite individualized insulin management; and 2) are receiving ongoing care under the 
guidance of a healthcare professional skilled in the use of insulin and supported by the services of diabetes 
educator(s).1 

 
There is insufficient evidence to support that one brand amylinomimetic is safer or more efficacious than another 
within its given indication. Since pramlintide is only approved for use as an adjunctive treatment in patients with 
type 1 and type 2 diabetes mellitus, it should be managed through the existing medical justification portion of the 
prior authorization process. 

 
Therefore, all brand products within the class reviewed are comparable to each other and to the generic products 
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.  
 
 

XI. Recommendations 
 
No brand amylinomimetic is recommended for preferred status. Alabama Medicaid should accept cost proposals 
from manufacturers to determine the most cost effective products and possibly designate one or more preferred 
brands.
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I. Overview 

 
Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes: 
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced, 
genetic defects in β-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the 
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and 
long-term complications, including microvascular and macrovascular events. There are a variety of oral and 
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12 
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of 
action, efficacy, safety profiles, tolerability, and ease of use.  
 
Metformin in the only biguanide that is currently available and it is approved for use as an adjunct to diet and 
exercise to improve glycemic control in patients with type 2 diabetes mellitus. Metformin decreases hepatic 
glucose production, decreases intestinal absorption of glucose, and improves insulin sensitivity by increasing 
peripheral glucose uptake and utilization. Insulin secretion remains unchanged; however, fasting insulin levels and 
day-long plasma insulin response may decrease.1-6  
 
The biguanides that are included in this review are listed in Table 1. This review encompasses all dosage forms 
and strengths. Both the immediate-release and sustained-release tablets are available in a generic formulation. 
This class was last reviewed in November 2012. 

 
Table 1. Biguanides Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Metformin  Extended-release tablet, 

solution, tablet  
Fortamet®*, Glucophage®*, 
Glucophage XR®*, 
Glumetza®, Riomet® 

metformin, metformin 
extended-release 

*Generic is available in at least one dosage form or strength.  
PDL=Preferred Drug List 
 
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type 
2 diabetes are presented globally, addressing the role of various medication classes. 
    
Table 2. Treatment Guidelines Using the Biguanides 

Clinical Guideline Recommendation(s) 
American Diabetes 
Association:  
Standards of Medical Care 
in Diabetes  

(2014)7 

 
 
 

Current criteria for the diagnosis of diabetes 
 The following are the criteria for a diagnosis of diabetes: glycosylated 

hemoglobin (HbA1c) ≥6.5%, or a fasting plasma glucose (FPG) ≥126 
mg/dL, or a two-hour plasma glucose ≥200 mg/dL during an oral glucose 
tolerance test or patients with classic symptoms of hyperglycemia, or 
classic symptoms of hyperglycemia or hyperglycemic crisis (random 
plasma glucose ≥200 mg/dL).  

 
Prevention/delay of type 2 diabetes 
 An ongoing support program for weight loss of 7% of body weight and an 

increase in physical activity to ≥150 minutes/week of moderate activity 
should be encouraged in patients with impaired glucose tolerance, 
impaired fasting glucose, or an HbA1c 5.7 to 6.4%. 
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 Metformin therapy for prevention of type 2 diabetes may be considered in 

patients with impaired glucose tolerance, impaired fasting glucose, or an 
HbA1c 5.7 to 6.7%, especially for those with a body mass index >35 
kg/m2, age <60 years, and women with prior gestational diabetes mellitus.  

 
Glycemic goals in adults 
 Lowering HbA1c to below or around 7.0% has been shown to reduce 

microvascular complications of diabetes, and if implemented soon after 
the diagnosis of diabetes is associated with long term reduction in 
macrovascular disease. A reasonable HbA1c goal for many nonpregnant 
adults is <7.0%. 

 It may be reasonable for providers to suggest more stringent HbA1c goals 
(<6.5%) for selected patients, if this can be achieved without significant 
hypoglycemia or other adverse effects of treatment. Such patients may 
include those with short duration of diabetes, long life expectancy, and no 
significant cardiovascular disease.  

 Conversely, less stringent HbA1c goals (<8.0%) may be appropriate for 
patients with a history of severe hypoglycemia, limited life expectancy, 
advanced microvascular or macrovascular complications, extensive 
comorbid conditions, and those with longstanding diabetes in whom the 
general goal is difficult to attain despite diabetes self-management 
education, appropriate glucose monitoring, and effective doses of multiple 
glucose-lowering agents including insulin.  

 
Pharmacologic and overall approaches to treatment-type 1 diabetes 
 Recommended therapy consists of the following components: 

o Use of multiple dose insulin injections (three to four injections 
per day of basal and pre-prandial insulin) or continuous 
subcutaneous (SC) insulin infusion therapy. 

o Matching prandial insulin to carbohydrate intake, pre-meal blood 
glucose, and anticipated activity. 

o Most patients should use of insulin analogs to reduce 
hypoglycemia risk. 

 
Pharmacologic and overall approaches to treatment-type 2 diabetes 
 At the time of diagnosis, initiate metformin therapy along with lifestyle 

interventions, unless metformin is contraindicated.  
 In newly diagnosed patients with markedly symptomatic and/or elevated 

blood glucose levels or HbA1c, consider insulin therapy, with or without 
additional agents, from the onset.  

 If noninsulin monotherapy at maximal tolerated dose does not achieve or 
maintain the HbA1c target over three to six months, add a second oral 
agent, a glucagon-like peptide-1 (GLP-1) receptor agonist, or insulin. 

 Because of the progressive nature of type 2 diabetes, insulin therapy is 
eventually indicated for many patients with type 2 diabetes. 

American Diabetes 
Association/ European 
Association for the Study of 
Diabetes: 
Management of 
Hyperglycemia in Type 2 
Diabetes: A Patient-
Centered Approach  

(2012)8 

 
 

Key points 
 Glycemic targets and glucose-lowering therapies must be individualized.  
 Diet, exercise, and education remain the foundation of any type 2 diabetes 

treatment program. 
 Unless there are prevalent contraindications, metformin is the optimal first 

line drug.  
 After metformin, there are limited data to guide treatment decisions. 

Combination therapy with an additional one to two oral or injectable 
agents is reasonable, aiming to minimize side effects where possible.  

 Ultimately, many patients will require insulin therapy alone or in 
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combination with other agents to maintain glucose control.  

 All treatment decisions, where possible, should be made in conjunction 
with the patient, focusing on his/her preferences, needs, and values.  

 Comprehensive cardiovascular risk reduction must be a major focus of 
therapy.  

 
Initial drug therapy 
 It is generally agreed that metformin, if not contraindicated and if 

tolerated, is the preferred and most cost-effective first agent.  
 Metformin should be initiated at, or soon after, diagnosis, especially in 

patients in whom lifestyle intervention alone has not achieved, or is 
unlikely to achieve, HbA1c goals. 

 Patients with high baseline HbA1c (e.g., ≥9.0%) have a low probability of 
achieving a near-normal target with monotherapy; therefore, it may be 
justified to start directly with a combination of two non-insulin agents or 
with insulin itself in this circumstance.  

 If a patient presents with significant hyperglycemic symptoms and/or has 
dramatically elevated plasma glucose concentrations or HbA1c (e.g., ≥10.0 
to 12.0%), insulin therapy should be strongly considered from the outset. 
Such therapy is mandatory when catabolic features are exhibited or, of 
course, if ketonuria is demonstrated, the latter reflecting profound insulin 
deficiency.  

 If metformin cannot be used, another oral agent could be chosen, such as a 
sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 (DPP-4) 
inhibitor; in occasional cases where weight loss is seen as an essential 
aspect of therapy, initial treatment with a glucagon-like peptide (GLP)-1 
receptor agonist might be useful.  

 Where available, less commonly used drugs (alpha-glucosidase inhibitors, 
colesevelam, bromocriptine) might also be considered in selected patients, 
but their modest glycemic effects and side effect profiles make them less 
attractive candidates.  

 Specific patient preferences, characteristics, susceptibilities to side effects, 
potential for weight gain, and hypoglycemia should play a major role in 
drug selection.  

 
Advancing to dual combination therapy 
 If monotherapy alone does not achieve/maintain HbA1c target over 

approximately three months, the next step would be to add a second oral 
agent, a GLP-1 receptor agonist or basal insulin. Notably the higher the 
HbA1c, the more likely insulin will be required.  

 On average, any second agent is typically associated with an approximate 
further reduction in HbA1c of approximately 1.0%.  

 If no clinically meaningful glycemic reduction is demonstrated, then 
adherence having been investigated, that agent should be discontinued, 
and another with a different mechanism of action substituted. 

 Uniform recommendations on the best agent to be combined with 
metformin cannot be made, thus advantages and disadvantages of specific 
drugs for each patient should be considered.  

 It remains important to avoid unnecessary weight gain by optimal 
medication selection and dose titration.  

 For all medications, consideration should also be given to overall 
tolerability.  

 
Advancing to triple combination therapy 
 Some trials have shown advantages of adding a third non-insulin agent to 
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a two drug combination that is not yet or no longer achieving the glycemic 
target. However, the most robust response will usually be with insulin.  

 Many patients, especially those with long standing disease, will eventually 
need to be transitioned to insulin, which should be favored in 
circumstances where the degree of hyperglycemia (e.g., HbA1c ≥8.5%) 
makes it unlikely that another drug will be of sufficient benefit.  

 In using triple combinations the essential consideration is to use agents 
with complementary mechanisms of action.  

 Increasing the number of drugs heightens the potential for side effects and 
drug-drug interactions which can negatively impact patient adherence. 

 
Anti-hyperglycemia Therapy in Type 2 Diabetes: General 
Recommendations 

Initial Drug 
Monotherapy 

Metformin 

Efficacy (↓HbA1c) High 
Hypoglycmia Low risk 

Weight Neutral/loss 
Side Effects Gastrointestinal/lactic acidosis 

If needed to reach individualized HbA1c target after approximately three months, proceed to 
two drug combination therapy (order not meant to denote any specific preference) 

Two Drug 
Combin-
ations  

Metformin  
+  

sulfonyl-
urea 

Metformin  
+  

thia-
zolidinedione 

(TZD) 

Metformin  
+  

DPP-4 
inhibitor 

Metformin  
+  

GLP-1 
receptor 
agonist 

Metformin  
+  

insulin 
(usually 
basal) 

Efficacy 
(↓HbA1c) 

High High Inter-
mediate 

High Highest 

Hypo-
glycemia 

Moderate 
risk 

Low risk Low risk Low risk High risk 

Weight Gain Gain Neutral Loss Gain 
Major Side 

Effects 
Hypo-

glycemia 
Edema, heart 
failure, bone 

fracture 

Rare Gastro- 
intestinal 

Hypo-
glycemia 

If needed to reach individualized HbA1c target after approximately three months, proceed to 
three drug combination therapy (order not meant to denote any specific preference) 

Three 
Drug 
Combin-
ations 

Metformin  
+  

sulfonyl-
urea 
 + 

Metformin  
+  

TZD  
+ 

Metformin  
+  

DPP-4 
inhibitor  

+ 

Metformin  
+  

GLP-1 
receptor 
agonist  

+ 

Metformin  
+  

insulin 
therapy 

+ 

TZD, DPP-
4 inhibitor, 

GLP-1 
receptor 

agonist, or 
insulin 

Sulfonylurea, 
or DPP-4 
inhibitor, 
GLP-1 

receptor 
agonist, or 

insulin 

Sulfonyl-
urea, TZD, 
or insulin 

Sulfonyl-
urea, TZD, 
or insulin 

TZD, DPP-
4 inhibitor, 
or GLP-1 
receptor 
agonist 

If combination therapy that includes basal insulin has failed to achieve HbA1c target after 
three to six months, proceed to a more complex insulin strategy, usually in combination 

with one or two non-insulin agents 
More Complex 
Insulin Strategies 

Insulin (multiple daily doses) 

 

American College of 
Physicians:  
Oral Pharmacologic 
Treatment of Type 2 
Diabetes Mellitus  

(2012)9 

 
 

 Oral pharmacologic therapy in patients with type 2 diabetes should be 
added when lifestyle modifications, including diet, exercise, and weight 
loss, have failed to adequately improve hyperglycemia. 

 Monotherapy with metformin for initial pharmacologic therapy is 
recommended to treat most patients with type 2 diabetes.  

 It is recommended that a second agent be added to metformin to patients 
with persistent hyperglycemia when lifestyle modifications and 
monotherapy with metformin fail to control hyperglycemia. 
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American Association of 
Clinical Endocrinologists: 
Medical Guidelines for 
Clinical Practice for 
Developing a Diabetes 
Mellitus Comprehensive 
Care Plan (2011)10 

 
 

Antihyperglycemic pharmacotherapy  
 The choice of therapeutic agents should be based on their differing 

metabolic actions and adverse effect profiles as described in the 2009 
American Association of Clinical Endocrinologists/American College of 
Endocrinology Diabetes Algorithm for Glycemic Control.* 

 Insulin should be considered for patients with type 2 diabetes mellitus 
when noninsulin antihyperglycemic therapy fails to achieve target 
glycemic control or when a patient, whether drug naïve or not, has 
symptomatic hyperglycemia. 

 Antihyperglycemic agents may be broadly categorized by whether they 
predominantly target fasting plasma glucose (FPG) or postprandial 
glucose (PPG) levels. These effects are not exclusive; drugs acting on 
FPG passively reduce PPG, and drugs acting on PPG passively reduce 
FPG, but these broad categories can aid in therapeutic decision-making.  

 Thiazolidinediones (TZDs) and sulfonylureas are examples of oral agents 
primarily affecting FPG. Metformin and incretin enhancers (DPP-4 
inhibitors) also favorably affect FPG.  

 When insulin therapy is indicated in patients with type 2 diabetes to target 
FPG, therapy with long-acting basal insulin should be the initial choice in 
most cases; insulin analogues glargine and detemir are preferred over 
intermediate-acting neutral protamine Hagedorn (NPH) because they are 
associated with less hypoglycemia.  

 The initial choice of an agent targeting FPG or PPG involves 
comprehensive patient assessment with emphasis given to the glycemic 
profile obtained by self-monitoring of blood glucose. 

 When postprandial hyperglycemia is present, glinides and/or α-
glucosidase inhibitors, short- or rapid-acting insulin, and metformin 
should be considered. Incretin-based therapy (DPP-4 inhibitors and GLP-1 
receptor agonists) also target postprandial hyperglycemia in a glucose-
dependent fashion, which reduces the risks of hypoglycemia.  

 When control of postprandial hyperglycemia is needed and insulin is 
indicated, rapid-acting insulin analogues are preferred over regular human 
insulin because they have a more rapid onset and offset of action and are 
associated with less hypoglycemia.  

 Pramlintide can be used as an adjunct to prandial insulin therapy to reduce 
postprandial hyperglycemia, HbA1c, and weight. 

 Premixed insulin analogue therapy may be considered for patients in 
whom adherence to a drug regimen is an issue; however, these 
preparations lack component dosage flexibility and may increase the risk 
for hypoglycemia compared to basal insulin or basal-bolus insulin. Basal-
bolus insulin therapy is flexible and is recommended for intensive insulin 
therapy. 

 Intensification of pharmacotherapy requires glucose monitoring and 
medication adjustment at appropriate intervals when treatment goals are 
not achieved or maintained.  

 Most patients with an initial HbA1c level >7.5% will require combination 
therapy using agents with complementary mechanisms of action. 

American Association of 
Clinical Endocrinologists: 
American Association of 
Clinical Endocrinologists: 
Comprehensive Diabetes 
Management Algorithm 
2013 Consensus Statement  
(2013)11 

Principles underlying the algorithm 
 Lifestyle optimization is essential for all patients with diabetes; however, 

it should not delay needed pharmacotherapy, which can be initiated 
simultaneously and adjusted based on patient response to lifestyle efforts. 
The need for medical therapy should not be interpreted as a failure of 
lifestyle management, but as an adjunct to it. 

 Achieving an HbA1c ≤6.5% is recommended as the primary goal if it can 
be achieved in a safe and affordable manner; however, higher targets may 
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be appropriate for certain individuals and may change for a given 
individual over time.  

 Minimizing risk of hypoglycemia and weight gain is a priority. It is a 
matter of safety, adherence, and cost. 

 For optimal glycemic control, therapies with complementary mechanisms 
of action must typically be used in combination.  

 Therapeutic effectiveness must be evaluated frequently until stable (e.g., 
every three months). 

 Safety and efficacy should be given higher priority than the initial 
acquisition cost of medications, as medication cost is only a small part of 
the total cost of diabetes care. In assessing the cost of a medication, 
consideration should be given to monitoring requirements and risks of 
hypoglycemia and weight gain. 

 Rapid-acting insulin analogs are superior to regular insulin because they 
are more predictable. 

 Long-acting insulin analogs are superior to neutral protamine Hagedorn 
insulin because they provide a fairly flat response for approximately 24 
hours and provide better reproducibility and consistency, both between 
and within patients, with a corresponding reduction in hypoglycemia risk. 
 

Monotherapy  
 Patients with recent-onset diabetes and those with mild hyperglycemia 

(HbA1c <7.5%), initial monotherapy with metformin (at doses of 1,500 to 
2,000 mg/day) and life-style modifications will achieve their glycemic 
goals in a majority of patients.  

 In patients with intolerance or contraindications to metformin, acceptable 
therapeutic alternatives that reduce glucose without weight gain or 
hypoglycemia (in order based on suggested hierarchy of usage) include: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors.  
o Alpha-glucosidase inhibitors. 
o Sodium glucose cotransporter 2 (SGLT-2) inhibitors. 

 TZD, sulfonylurea, and glinides (in order based on suggested hierarchy of 
usage) may be used but with caution due to possible weight gain and 
hypoglycemia. 

 
Combination therapy  
 Patients who present with an initial HbA1c >7.5% or who do not reach 

their target HbA1c with metformin in three months should be started on a 
second agent to be used in combination with metformin.  

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 In metformin-intolerant patients, two drugs from other classes with 
complimentary mechanisms of action should be used. 

 Combination (in order based on suggested hierarchy of usage) include 
metformin (or other first-line agent) plus: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
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o Sulfonylureas and glinides. 

 
Three-drug combination therapy  
 Generally, the efficacy of a third antidiabetic agent added to dual therapy 

is reduced compared to the efficacy of the same drug used as monotherapy 
or combination therapy with one other agent. 

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 Patients who present with an HbA1c <8.0% or who do not reach their 
target HbA1c with two antidiabetic drugs after 3 months has a high 
likelihood of reaching target with a third agent.  

 Patients who present with an HbA1c >9.0% or who do not reach their 
target HbA1c with two antidiabetic drugs has are less likely of reaching 
target with a third agent or fourth agent and insulin should be considered. 

 Continuation with noninsulin therapies while starting basal insulin is 
common and does not increase cardiovascular risk, but may increase risk 
of hypoglycemia when sulfourea are used in conjunction with insulin.  

 Three-drug combination (in order based on suggested hierarchy of usage) 
include metformin (or other first-line agent), a second-line agent plus: 

o GLP-1 receptor agonists. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o DPP-4 inhibitors.  
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides 

 
Insulin therapy algorithm 
 Patients who present with an initial HbA1c >9.0% and are symptomatic, 

should initiate therapy with insulin with or without other antidiabetic 
agents.  

 Start insulin if a patient has marked hyperglycemia despite treatment with 
several oral antidiabetic agents and is symptomatic with polyuria and 
weight loss. 

 Patients who are not at target HbA1c despite the use of oral antidiabetic 
agents or GLP-1 therapy should be considered for insulin therapy.  

 Patients with an HbA1c level >8.0% while receiving ≥2 antidiabetic 
agents, particularly individuals with long duration of diabetes, have 
significant impairment of beta cell insulin secretory capacity and are 
unlikely to reach the recommended target by the addition of further oral 
antidiabetic drugs. 
 

Basal insulin 
 Patients with an HbA1c level >8.0% while receiving ≥2 oral antidiabetic 

agents or GLP-1 therapy can be started on single daily dose of basal 
insulin as an add-on to the patient’s existing regimen. 

 Titrate insulin dose every two to three days to reach glycemic goals. 
 Basal insulin analogues (glargine and detemir) are preferred over 

protamine Hagedorn insulin because they have been shown to provide a 
relatively flat serum insulin concentration for up to 24 hours from a single 
daily injection. 

 Patients who fail to achieve glucose control with basal insulin or premixed 
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insulin formulations can also be considered for basal intensification with a 
DPP-4 inhibitor or GLP-1 receptor agonist if the glucose level is not 
markedly elevated, because this approach tends to not cause weight gain 
or additional hypoglycemia. 

 
Basal-bolus insulin regimens 
 Patients who fail to achieve glucose control with basal insulin or premixed 

insulin formulations and those with symptomatic hyperglycemia and 
HbA1c >10% often respond better to combined basal and mealtime bolus 
insulin. 

 A full basal-bolus program with an insulin basal analogue once or twice 
daily and a rapid-acting analogue at each meal is most effective and 
provides flexibility for patients with variable mealtimes and meal 
carbohydrate content.  

 Doses of insulin may be titrated every two to three days to reach glycemic 
goals.  

 
Basal insulin and incretin therapy regimens 
 Use of the amylin analog pramlintide in conjunction with bolus insulin 

improves both glycemia and weight in patients with type 2 diabetes.  
 The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) 

have similar properties, and also increase endogenous insulin secretion. 
Therefore, the combination of basal insulin and incretin therapy decreases 
basal and postprandial glucose and may minimize the weight gain and 
hypoglycemia risk observed with basal-bolus insulin replacement. 

American Association of 
Clinical Endocrinologists:  
Medical Guidelines for 
Clinical Practice for the 
Management of Diabetes 
Mellitus  
(2007)12 

 
 
 
 
 
 

Glycemic management-all patients with diabetes 
 Encourage patients to achieve glycemic levels as near normal as possible 

without inducing clinically significant hypoglycemia. Glycemic targets 
include the following: 

o HbA1c ≤6.5%. 
o FPG <100 mg/dL. 
o Two-hour PPG <140 mg/dL. 

 Refer patients for comprehensive, ongoing education in diabetes self-
management skills and nutrition therapy.  

 Initiate self-monitoring blood glucose levels.  
 

Glycemic management-patients with type 1 diabetes 
 Initiate intensive insulin therapy with one of the following regimens: 

o Basal-bolus therapy, using a long-acting insulin analog in 
combination with a rapid-acting insulin analog or inhaled insulin 
at meals.  

o Continuous SC insulin infusion with an insulin pump; insulin 
pump therapy indicated for: 

 Patients unable to achieve control using a regimen of 
multiple daily injections. 

 Patients with histories of frequent hypoglycemia and/or 
hypoglycemia unawareness.  

 Patients who are pregnant.  
 Patients with extreme insulin sensitivity (pump therapy 

facilitates better precision than SC injections).  
 Patients with a history of dawn phenomenon (these 

patients can program a higher basal rate for the early 
morning hours to counteract the rise in blood glucose 
concentration).  

 Patients who require more intensive diabetes 
management because of complications including 
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neuropathy, nephropathy, and retinopathy.  

 Patients taking multiple daily injections who have 
demonstrated willingness and ability to comply with 
prescribed diabetes self-care behavior including frequent 
glucose monitoring, carbohydrate counting, and insulin 
adjustment.  

 Consider adding pramlintide to intensive insulin therapy to enhance 
glycemic control and to assist with weight management.  

 Consider adding an insulin sensitizer to address insulin resistance as 
needed. Exercise caution because of the potential for increased fluid 
retention when TZDs are used with insulin.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of insulin 
infusion delivered by an insulin pump.  

 Instruct patients to monitor glucose levels anytime there is a suspected (or 
risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during illness 
and to perform a ketone test each time a measured glucose concentration 
is >250 mg/dL.  

 
Glycemic management-patients with type 2 diabetes 
 Aggressively implement all appropriate components of care at the time of 

diagnosis.  
 Persistently monitor and titrate pharmacologic therapy until all glycemic 

goals are achieved.  
o First assess current HbA1c level, fasting/pre-prandial glycemic 

profile, and two-hour PPG profile to evaluate the level of control 
and identify patterns.  

o After initiating pharmacologic therapy based on the patterns 
identified in the profile, persistently monitor and titrate therapy 
over the next two to three months until all glycemic goals are 
achieved.  

o If glycemic goals are not achieved at the end of two to three 
months, initiate a more intensive regimen and persistently 
monitor and titrate therapy over the next two to three months 
until all glycemic goals are achieved.  

o Recognize that patients currently treated with monotherapy or 
combination therapy who have not achieved glycemic goals will 
require either increased dosages of current medications or the 
addition of a second or third medication.  

o Consider insulin therapy in patients with HbA1c >8.0% and 
symptomatic hyperglycemic, and in patients with elevated fasting 
blood glucose levels or exaggerated PPG excursions regardless of 
HbA1c levels.  

o Initiate insulin therapy to control hyperglycemia and to reverse 
glucose toxicity when HbA1c >10.0%. Insulin therapy can then be 
modified or discontinued once glucose toxicity is reversed.  

o Consider a continuous SC insulin infusion in insulin-treated 
patients.  
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 Instruct patients whose glycemic levels are at or above target while 

receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily. Although monitoring glucose 
levels at least three times daily is recommended, there is no supporting 
evidence regarding optimal frequency of glucose monitoring with or 
without insulin pump therapy.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of insulin 
infusion delivered by an insulin pump.  

 Instruct patients whose glycemic levels are above target while being 
treated with oral agents alone, oral agents plus once-daily insulin, or once-
daily insulin alone to monitor glucose levels at least two times daily. 
There is no supporting evidence regarding optimal frequency of glucose 
monitoring in these patients. 

 Instruct patients who are meeting target glycemic levels, including those 
treated non-pharmacologically, to monitor glucose levels at least once 
daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct patients to obtain comprehensive pre-prandial and two-hour PPG 
measurements to create a weekly profile periodically and before clinician 
visits to guide nutrition and physical activity, to detect post-prandial 
hyperglycemia, and to prevent hypoglycemia.  

 Instruct patients to monitor glucose levels anytime there is a suspected (or 
risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during illness 
and to perform a ketone test each time a measured glucose concentration 
is >250 mg/dL. 

 
Clinical support-clinical considerations in patients with type 1 diabetes 
 Instruct patients to administer pre-prandial rapid-acting analog insulin 20 

to 30 minutes before the meal when the pre-meal blood glucose levels is 
high and after the meal has begun when the pre-meal blood glucose level 
is below the reference range.  

 Measure 2:00 to 3:00 AM blood glucose periodically in all patients with 
diabetes to asses for nocturnal hypoglycemia, especially when the 
morning blood glucose level is elevated.  

 Consider using regular insulin instead of rapid-acting insulin analogs to 
obtain better control of post-prandial and pre-meal glucose levels in 
patients with gastroparesis. Insulin pump therapy may also be 
advantageous in these patients. 

 Some type 1 diabetics treated with basal insulin may require two daily 
injections of basal insulin for greater stability.  

 Carefully assess PPG levels when the HbA1c level is elevated and pre-
meal glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect unrecognized 
exaggerated PPG excursions even when the HbA1c level is at or near 
target.  

 Arrange for continuous glucose monitoring for patients with unstable 
glucose control and for patients unable to achieve an acceptable HbA1c 
level. Continuous glucose monitoring is particularly valuable in detecting 
both unrecognized nocturnal hypoglycemia and post-prandial 
hyperglycemia. 
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 Some patients using pramlintide may achieve better post-prandial and pre-

meal glucose control by combining it with regular insulin rather than 
rapid-acting analogs.  

 Individualize insulin regimens to accommodate patient exercise patterns.  
 Treat hypoglycemic reactions with simple carbohydrates. 

 
Clinical support-clinical considerations in patients with type 2 diabetes 
 Combining therapeutic agents with different modes of action may be 

advantageous.  
 Use insulin sensitizers, such as metformin or TZDs, as part of the 

therapeutic regimen in most patients unless contraindicated or intolerance 
has been demonstrated.  

 Insulin is the therapy of choice in patients with advanced chronic kidney 
disease.  

 Metformin, TZDs, and incretin mimetics do not cause hypoglycemia. 
However, when used in combination with secretagogues or insulin, these 
medications may need to be adjusted as blood glucose levels decline.  

 The weight gain associated with TZDs in some patients may be partly 
offset by combination therapy with metformin.  

 Carefully assess PPG levels if the HbA1c level is elevated and pre-prandial 
glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect unrecognized 
exaggerated PPG excursions even when the HbA1c level is at or near 
target.  

 Individualize treatment regimens to accommodate patient exercise 
patterns.  

 Administer basal insulin in the evening if fasting glucose is elevated. 
 Long-acting insulin analogs are associated with less hypoglycemia than 

NPH insulin.  
National Institute for Health 
and Care Excellence:  
The Management of Type 2 
Diabetes  
(Issued 2009, last modified 
July 2014)13 

 
 

Metformin 
 Start metformin in overweight or obese patients and whose blood glucose 

is inadequately controlled by lifestyle interventions alone. 
 Consider metformin as an option for first-line glucose-lowering therapy 

for patients who are not overweight.  
 Continue metformin if blood glucose control remains or becomes 

inadequate and another oral glucose-lowering medication (usually a 
sulfonylurea) is added.  

 Step up metformin therapy gradually over weeks to minimize risk of 
gastrointestinal (GI) side effects. Consider a trial of extended release 
metformin if GI tolerability prevents continuation of therapy.  

 
Insulin secretagogues 
 Consider a sulfonylurea as an option for first-line glucose-lowering 

therapy if the patient is not overweight, the patient does not tolerate 
metformin (or it is contraindicated), or a rapid response to therapy is 
required because of hyperglycemic symptoms. 

 Add a sulfonylurea as second-line therapy when blood glucose control 
remains or becomes inadequate with metformin.  

 Continue sulfonylurea therapy if blood glucose control remains or 
becomes inadequate and another oral glucose-lowering medication is 
added. 

 When adherence is a problem, offer a once-daily, long-acting 
sulfonylurea.  

 
Rapid-acting insulin secretagogues 
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 Consider offering a rapid-acting insulin secretagogue to a patient with an 

erratic lifestyle.  
 
Acarbose 
 Consider acarbose for a patient unable to use other oral glucose-lowering 

medications.  
 
DPP-4 inhibitors  
 Consider adding a DPP-4 inhibitor to metformin (as second-line therapy) 

instead of a sulfonylurea when blood glucose control is inadequate (HbA1c 
≥6.5%) if the person is at risk of hypoglycemia, does not tolerate a 
sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a DPP-4 inhibitor to sulfonylurea (as second-line 
therapy) when control of blood glucose is inadequate (HbA1c ≥6.5%) if the 
person does not tolerate metformin or if metformin is contraindicated.  

 Consider adding a DPP-4 inhibitor as third-line therapy to first-line 
metformin and a second-line sulfonylurea when control of blood glucose 
remains or becomes inadequate (HbA1c ≥7.5%) and insulin is 
unacceptable or inappropriate. 

 Only continue DPP-4 inhibitor therapy if the person has had a beneficial 
metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 A DPP-4 inhibitor may be preferable to a thiazolidinedione (TZD) if: 
o Further weight gain would cause or exacerbate significant 

problems associated with a high body weight. 
o A thiazolidinedione is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a thiazolidinedione. 
There may be some individuals for whom either a DPP-4 inhibitor or a TZD 
may be suitable. The choice of treatment should be based on patient 
preference. 
 
TZDs 
 Consider adding a TZD to metformin (as second-line therapy) instead of a 

sulfonylurea when blood glucose control is inadequate (HbA1c ≥6.5%) if 
the person is at risk of hypoglycemia, does not tolerate a sulfonylurea, or a 
sulfonylurea is contraindicated. 

 Consider adding a TZD to sulfonylurea (as second-line therapy) when 
control of blood glucose is inadequate (HbA1c ≥6.5%) if the person does 
not tolerate metformin or if metformin is contraindicated.  

 Consider adding a TZD as third-line therapy to first-line metformin and a 
second-line sulfonylurea when control of blood glucose remains or 
becomes inadequate (HbA1c ≥7.5%) and insulin is unacceptable or 
inappropriate. 

 Do not use a TZD is people who have heart failure, or who are at higher 
risk of fracture.  

 Only continue TZD therapy if the person has had a beneficial metabolic 
response (≥0.5% reduction in HbA1c in 6 months). 

 Consider combining TZD with insulin therapy for a person who 
previously had a marked glucose-lowering response to TZD therapy or 
who is on high-dose insulin therapy and whose blood glucose is 
inadequately controlled.  

 A TZD may be preferable to a DPP-4 inhibitor if: 
o The person has marked insulin insensitivity. 
o A DPP-4 inhibitor is contraindicated. 
o The person has previously had a poor response to, or did not 
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tolerate, a DPP-4 inhibitor.  

There may be some individuals for whom either a DPP-4 inhibitor or a TZD 
may be suitable. The choice of treatment should be based on patient 
preference. 

 
Gliptins: GLP-1 enhancers 
 No recommendations are made on the use of gliptins as these drugs are not 

covered in this guideline. 
 
GLP-1 mimetics 
 Consider adding a GLP-1 mimetic as third-line therapy to first-line 

metformin and a second-line sulfonylurea when control of blood glucose 
is inadequate (HbA1c ≥7.5%) and the person has: 

o A body mass index ≥35 kg/m2 in those of European descent (with 
appropriate adjustment for other ethnic groups).  

o A BMI <35 kg/m2, and therapy with insulin would have 
significant occupational implications or weight loss would 
benefit other significant obesity-related comorbidities.  

 Only continue GLP-1 mimetic therapy if the person has had a beneficial 
metabolic response (≥1% reduction in HbA1c and weight loss ≥3% of 
initial body weight at six months). 

 
Insulin therapy 
 May be offered to patients with inadequate blood glucose control on 

optimized oral glucose-lowering agents. 
 When starting basal insulin therapy:  

o Continue with metformin and the sulfonylurea (and acarbose, if 
used).  

o Review the use of the sulfonylurea if hypoglycemia occurs.  
 When starting pre-mixed insulin therapy (or mealtime plus basal insulin 

regimens): 
o Continue with metformin.  
o Continue the sulfonylurea initially and discontinue if 

hypoglycemia occurs. 
 Begin with human NPH insulin injected at bedtime or twice daily 

according to need.  
 Consider using a long-acting insulin analogue if:  

o The person needs assistance from a caregiver or healthcare 
professional to inject insulin, and use of a long-acting insulin 
analogue would reduce the frequency of injections from twice to 
once daily.  

o The person’s lifestyle is restricted by recurrent symptomatic 
hypoglycemic episodes.  

o The person would otherwise need twice-daily NPH insulin 
injections in combination with oral glucose-lowering drugs.  

o The person cannot use the device to inject NPH insulin. 
 Consider twice-daily pre-mixed (biphasic) human insulin (particularly if 

HbA1c ≥9.0%). A once-daily regimen may be an option.  
 Consider pre-mixed preparations that include short-acting insulin analogs, 

rather than pre-mixed preparations that include short-acting human insulin 
preparations, if:  

o A person prefers injecting insulin immediately before a meal.  
o Hypoglycemia is a problem.  
o Blood glucose levels rise markedly after meals. 

 Consider switching to a long-acting insulin analogue from NPH insulin in 
people:  
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o Who do not reach their target HbA1c because of significant 

hypoglycemia.  
o Who experience significant hypoglycemia on NPH insulin 

irrespective of the level of HbA1c reached.  
o Who cannot use the device needed to inject NPH insulin but who 

could administer their own insulin safely and accurately if a 
switch to a long-acting insulin analogue were made.  

o Who need help from a caregiver or healthcare professional to 
administer insulin injections and for whom switching to a long-
acting insulin analogue would reduce the number of daily 
injections.  

 Monitor a person on a basal insulin regimen (NPH insulin or a long-acting 
insulin analogue) for the need for short-acting insulin before meals (or a 
pre-mixed insulin preparation). 

Institute for Clinical Systems 
Improvement:  
Diagnosis and Management 
of Type 2 Diabetes Mellitus 
in Adults  

(2014)14 

 
 
 

 Personalize goals to achieve glycemic control with a hemoglobin HbA1c in 
the range of <7 or 8% based on the risks and benefits of each patient. A 
goal of <8% may be more appropriate when: 

o Known cardiovascular disease or high cardiovascular risk, may 
be determined by the Framingham or ACC/AHA Cardiovascular 
Risk Calculator, or alternatively as having two or more 
cardiovascular risks (BMI >30, hypertension, dyslipidemia, 
smoking, and microalbuminuria). 

o Inability to recognize and treat hypoglycemia, including a history 
of severe hypoglycemia requiring assistance. 

o Inability to comply with standard goals, such as polypharmacy 
issues. 

o Limited life expectancy or estimated survival of less than 10 
years. 

o Cognitive impairment. 
o Extensive comorbid conditions such as renal failure, liver failure, 

and end-stage disease complications. 
 A multifactorial approach to diabetes care that includes emphasis on blood 

pressure, lipids, glucose, aspirin use, and non-use of tobacco will 
maximize health outcomes far more than a strategy that is limited to just 
one or two of these clinical domains. 

 Recommend education and self-management, as appropriate.  
 Initiate metformin as first-line pharmacotherapy for patients with type 2 

diabetes, unless medically inappropriate.  
o Metformin may reduce HbA1c by 1 to 1.5%, rarely causes 

hypoglycemia when used as monotherapy and does not cause 
weight gain. 

o Metformin can also be used in combination with all other 
glucose-lowering agents.  

 Improved microvascular and macrovascular outcomes have been 
demonstrated in large clinical trials. 

International Diabetes 
Federation Clinical 
Guidelines Task Force:  
Global Guideline for Type 
2 Diabetes 
(2012)15 

 
 

Lifestyle management 
 Changing patterns of eating and physical activity can be effective in 

controlling many of the adverse risk factors found in type 2 diabetes. 
 Match the timing of medication (including insulin) and meals.   
 Reduce energy intake and control of foods with high amounts of added 

sugars, fats, or alcohol.  
 Introduce physical activity gradually, based on the individual’s 

willingness and ability, and setting individualized and specific goals.  
 Encourage increased duration and frequency of physical activity (where 

needed), up to 30 to 45 minutes on three to five days per week, or an 
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accumulation of 150 minutes per week of moderate-intensity aerobic 
activity (50 to 70% of maximum heart rate). In the absence of 
contraindications, encourage resistance training three times per week. 

 Provide guidance for adjusting medications (insulin) and/or adding 
carbohydrate for physical activity. 

 
Glucose control levels 
 Maintaining HbA1c below 7% minimizes the risk of developing 

complications.  
 A lower HbA1c target may be considered if it is easily and safely achieved. 
 A higher HbA1c target may be considered for people with comorbidities or 

when previous attempts to optimize control have been associated with 
unacceptable hypoglycemia.  

 
Oral therapy 
 Begin oral glucose lowering medications when lifestyle interventions 

alone are unable to maintain blood glucose control at target levels. 
Maintain support for lifestyle measures throughout the use of these 
medications.  

 Consider each initiation or dose increase of an oral glucose lowering 
medication as a trial, monitoring response in three months.  

 First-line therapy  
o Begin with metformin unless there is evidence of renal 

impairment or other contraindication.  
o Titrate the dose over early weeks to minimize discontinuation 

due to gastrointestinal intolerance. Monitor renal function and 
use metformin with caution if estimated glomerular filtration rate 
<45 mL/min/1.73m2. 

o Other options include a sulfonylurea (or glinide) for rapid 
response where glucose levels are high, or α-glucosidase 
inhibitors in some populations; these agents can also be used 
initially where metformin cannot.  

o In some circumstances dual therapy may be indicated initially if 
it is considered unlikely that single agent therapy will achieve 
glucose targets.  

 Second-line therapy  
o When glucose control targets are not achieved, add a 

sulfonylurea.  
o Other options include adding metformin if not used first-line, an 

α-glucosidase inhibitor, a dipeptidyl peptidase 4 (DPP-4) 
inhibitor, or a thiazolidinedione (TZD). A rapid-acting insulin 
secretagogue is an alternative option to sulfonylureas. 

 Third-line therapy 
o When glucose control targets are no longer being achieved, start 

insulin or add a third oral agent. 
o If starting insulin, add basal insulin or use premix insulin.  
o If adding a third oral agent options include an α-glucosidase 

inhibitor, a DPP-4 inhibitor, or a TZD. 
o Another option is to add a glucagon-like peptide-1 (GLP-1) 

agonist.  
 Fourth-line therapy 

o Begin insulin therapy when optimized oral blood glucose 
lowering mediations (and/or GLP-1 agonist) and lifestyle 
interventions are unable to maintain target glucose control.  

 
Insulin therapy 
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 Do not unduly delay the commencement of insulin. Maintain lifestyle 

measures. Consider every initiation or dose increase of insulin as a trial, 
monitoring the response.  

 Provide education and appropriate self-monitoring.  
 Explain that starting doses of insulin are low, for safety reasons, but that 

eventual dose requirement is expected to be 30 to 100 units/day. 
 Continue metformin. Other oral agents may also be continued.  
 Begin with a basal insulin once daily such as neutral protamine Hagedorn 

(NPH) insulin, insulin glargine, or insulin detemir, or once or twice daily 
premix insulin (biphasic insulin).  

 Initiate insulin using a self-titration regimen (dose increases of two units 
every three days) or with biweekly or more frequent contact with a health-
care professional.  

 Aim for pre-meal glucose levels of <6.5 mmol/L (<115 mg/dL). 
 Monitor glucose control for deterioration and increase dose to maintain 

target levels or consider transfer to a basal plus mealtime insulin regimen.  
American Diabetes 
Association:  
Care of Children and 
Adolescents with Type 1 
Diabetes  
(2005)16 

 
 

 Insulin type, mixture of insulins, site of injection, and individual patient 
response differences can all affect the onset, peak, and duration of insulin 
activity. 

 Children with diabetes often require multiple daily injections of insulin, 
using combinations of rapid-, short-, intermediate-, or long-acting insulin 
before meals and at bedtime to maintain optimal blood glucose control. 

 The basal/bolus insulin regimen uses a long-acting insulin analog 
combined with a rapid-acting insulin analog given before meals and 
snacks. This regimen has been shown to result in stable glycemic control 
and less hypoglycemia compared with regimens using intermediate and 
short insulin regimens. 

 Many young children and teenagers consume multiple snacks throughout 
the day. An ideal basal/bolus regimen may consist of as many as six to 
seven insulin injections per day. A combination of rapid-acting insulin 
with small amounts of intermediate-acting insulin to allow coverage for 
snacks may be an appropriate alternative to the basal/bolus plan. However, 
two or three doses of mixed rapid-acting or short-acting insulin with 
intermediate-acting insulin generally cannot maintain HbA1c levels within 
the target range. Recommendations now support moving toward a 
basal/bolus insulin regimen for most patients. 

 The combination of rapid-acting insulin analogs and a long-acting insulin 
offers an excellent option for basal and bolus insulin administration. 

 Basal/bolus regimens have been shown to result in lower fasting blood 
glucose levels with less nocturnal hypoglycemia than regimens that use 
NPH insulin in children/adolescents, as well as in adults. 

American Academy of 
Pediatrics: 
Management of Newly 
Diagnosed Type 2 Diabetes 
Mellitus (T2DM) in 
Children and Adolescents 
(2013)17 

 
 

 Clinicians must ensure that insulin therapy is initiated for children and 
adolescents with T2DM who are ketotic or in diabetic ketoacidosis and in 
whom the distinction between types 1 and 2 diabetes mellitus is unclear 
and, in usual cases, should initiate insulin therapy for patients  

o Who have random venous or plasma blood glucose (BG) 
concentrations ≥250 mg/dL. 

o Whose HbA1c is >9%. 
 In all other instances, clinicians should initiate a lifestyle modification 

program, including nutrition and physical activity, and start metformin as 
first-line therapy for children and adolescents at the time of diagnosis of 
T2DM.  

 Monitoring of HbA1c concentrations is recommended every three months 
and intensifying treatment is recommended if treatment goals for finger-
stick BG and HbA1c concentrations are not being met. 
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 Advise patients to monitor finger-stick BG concentrations in patients who:  

o Are taking insulin or other medications with a risk of 
hypoglycemia; or 

o Are initiating or changing their diabetes treatment regimen; or 
o Have not met treatment goals; or 
o Have intercurrent illnesses. 

 Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight 
Management Evidence-Based Nutrition Practice Guidelines in dietary or 
nutrition counseling of patients with T2DM at the time of diagnosis and as 
part of ongoing management.  

 Encourage children and adolescents with T2DM to engage in moderate-to-
vigorous exercise for at least 60 minutes daily and to limit nonacademic 
“screen time” to less than two hours a day.  

National Institute for Health 
and Care Excellence:  
Diagnosis and Management 
of Type 1 Diabetes in 
Children, Young People, 
and Adults  
(Issued 2004, last modified 
July 2014)18 

 
 

Children (aged younger than 11 years) and young people (aged 11 to <18 
years) 
 Children and young people with type 1 diabetes should be offered an 

ongoing integrated package of care by a multidisciplinary pediatric 
diabetes care team. 

 Insulin regimens  
o One, two, or three insulin injections per day: these are usually 

injections of short-acting insulin or rapid-acting insulin analogue 
mixed with intermediate-acting insulin. The insulin preparations 
may be mixed by the patient at the time of injection. 

o Multiple daily injection regimen: the person has injections of 
short-acting insulin or rapid-acting insulin analogue before meals, 
together with one or more separate daily injections of 
intermediate-acting insulin or long-acting insulin analogue. 

o Continuous subcutaneous insulin infusion (insulin pump therapy): 
a programmable pump and insulin storage reservoir that gives a 
regular or continuous amount of insulin (usually in the form of a 
rapid-acting insulin analogue or short-acting insulin) by a 
subcutaneous needle or cannula. 

 Pre-school and primary school children should be offered the most 
appropriate individualized regimens to optimize glycemic control.  

 Young people should be offered multiple daily injection regimens to help 
optimize glycemia control. 

 As it improves glycemic control, multiple daily injection regimens should 
be offered only as part of a package of care that involves continuing 
education; dietary management; instruction on the use of insulin delivery 
systems and blood glucose monitoring; emotional and behavioral support; 
and medical, nursing, and dietetic expertise in pediatric diabetes. 

 Children and young people using multiple daily injection regimens should 
be informed that they may experience an initial increase in the risk of 
hypoglycemia and short-term weight gain.  

 Children and young people and their families should be informed about 
strategies for the avoidance and management of hypoglycemia.  

 Young people who do not achieve satisfactory glycemic control with 
multiple daily injection regimens should be offered additional support and, 
if appropriate, alternative insulin therapy (once, twice, or three times daily 
mixed insulin regimens or continuous SC insulin infusion using an insulin 
pump).  

 Young people who have difficulty adhering to the multiple daily injection 
regimens should be offered twice-daily injection regimens.  

 Continuous SC insulin infusion is recommended as an option for patients 
provided that: 



Biguanides 
AHFS Class 682004 

291 
Prepared by University of Massachusetts Medical School Clinical Pharmacy Services 

Clinical Guideline Recommendation(s) 
o Multiple-dose insulin therapy (including, where appropriate, the 

use of insulin glargine) has failed, and; 
o Patients receiving the treatment have the commitment and 

competence to use the therapy effectively. 
 Continuous SC insulin infusion therapy should be initiated only by a 

trained specialist team. 
 All individuals beginning continuous SC insulin infusion therapy should 

be provided with specific training in its use.  
 Established users of continuous SC insulin infusion therapy should have 

their insulin management reviewed by their specialist team so that a 
decision can be made about whether a trial or a switch to multiple-dose 
insulin incorporating insulin glargine would be appropriate.  

 Insulin preparations:  
o Children and young people should be offered the most 

appropriate insulin preparations according to their individual 
needs with the aim of obtaining an HbA1c <7.5% without 
frequent disabling hypoglycemia and maximizing quality of life.  

o Children and young people using multiple daily insulin regimens 
should be informed that injection of rapid-acting insulin analogs 
before eating (rather than after eating) reduces PPG levels thus 
helps to optimize blood glucose control. 

o For pre-school children it may be appropriate to use rapid-acting 
insulin analogs shortly after eating (rather than before eating) 
because food intake can be unpredictable.  

o Children and young people who use insulin preparations 
containing intermediate-acting insulin should be informed that 
these preparations should be mixed before use according to 
instructions provided in patient information leaflets.  

 Insulin delivery:  
o Children and young people should be offered a choice of insulin 

delivery systems that takes account of their insulin requirements 
and personal preferences.  

o Children and young people using insulin injection regimens 
should be offered needles that are of an appropriate length for 
their body fat.  

 Non-insulin agents (oral antidiabetic agents):  
o Children and young people should not be offered acarbose or 

sulfonylureas in combination with insulin because they may 
increase the risk of hypoglycemia without improving glycemic 
control. 

o Metformin in combination with insulin is suitable for use only 
within research trials because the effectiveness of this 
combination therapy in providing glycemic control is uncertain. 

 
Adults (aged 18 years or older): Insulin regimens 
 Patients should have access to the types (preparation and species) of 

insulin they find allow them optimal well-being. 
 Cultural preferences need to be discussed and respected in agreeing on the 

insulin regimen for a patient. 
 Multiple insulin injection regimens, in patients who prefer them, should be 

used as part of an integrated package of which education, food, and skills 
training should be integral parts.  

 Appropriate self-monitoring and education should be used as part of an 
integrated package to help achieve optimal diabetes outcomes.  

 Mealtime insulin injections should be provided by injection unmodified 
(‘soluble’) insulin or rapid-acting insulin analogs before main meals.  
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 Rapid-acting insulin analogs should be used as an alternative to mealtime 

unmodified insulin where nocturnal or late inter-prandial hypoglycemia is 
a problem, and in those in whom they allow equivalent blood glucose 
control without use of snacks between meals and this is needed or desired.  

 Basal insulin therapy (including nocturnal insulin supply) should be 
provided by the use of isophane (NPH) insulin or long-acting insulin 
analogs (insulin glargine). Isophane (NPH) insulin should be given at 
bedtime. If rapid-acting insulin analogs are given at mealtimes or the 
midday insulin dose is small or lacking, the need to give isophane (NPH) 
insulin twice-daily (or more often) should be considered.  

 Long-acting insulin analogs (insulin glargine) should be used when:  
o Nocturnal hypoglycemia is a problem on isophane (NPH) insulin. 
o Morning hypoglycemia on isophane (NPH) insulin results in 

difficult daytime blood glucose control.  
o Rapid-acting insulin analogues are used for mealtime blood 

glucose control.  
 Twice-daily insulin regimens should be used by those adults who consider 

number of daily injections an important issue in quality of life: 
o Biphasic insulin preparations (pre-mixes) are often the 

preparations of choice in this circumstance.  
o Biphasic rapid-acting insulin analog pre-mixes may give an 

advantage to those prone to hypoglycemia at night.  
o Such twice-daily regimens may also help those who find 

adherence to their agreed lunchtime insulin injection difficult and 
those with learning difficulties who may require assistance from 
others.  

 Adults whose nutritional and physical activity patterns vary considerably 
from day-to-day, for vocational or recreational reasons, may need careful 
and detailed review of their self-monitoring and insulin injection 
regimen(s). This should include all the appropriate preparations and 
consideration of unusual patterns and combinations.  

 For adults undergoing periods of fasting or sleep following eating (e.g., 
during religious feasts and fasts, after night-shift work), a rapid-acting 
insulin analog before the meal (provided the meal is not prolonged) should 
be considered.  

 For adults with erratic and unpredictable blood glucose control, rather than 
a change in a previously optimized insulin regimen, the following should 
be considered: 

o Re-suspension of insulin and injection technique.  
o Injection sites. 
o Self-monitoring skills. 
o Knowledge and self-management skills.  
o Nature of lifestyle.  
o Psychological and psychosocial difficulties.  
o Possible organic causes (e.g., gastroparesis).  

 Continuous SC insulin infusion is recommended as an option provided 
that: 

o Multiple-dose insulin therapy (including, where appropriate, the 
use of insulin glargine) has failed, and 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Partial insulin replacement to achieve blood glucose control targets (basal 
insulin only, or just some mealtime insulin) should be considered for 
patients initiating insulin therapy, until such time as islet β-cell deficiency 
progresses further.  

 Clear guidelines and protocols should be given to all patients to assist 
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them in adjusting insulin doses appropriate during intercurrent illness.  

 Oral glucose-lowering drugs should generally not be used in the 
management of type 1 diabetics.  

 
Adults (aged 18 years or older): Insulin delivery 
 Adults who inject insulin should have access to the insulin injection 

delivery device they find allows them optimal well-being, often using one 
or more types of insulin injection pen.  

 Adults who have special visual or psychological needs should be provided 
with injection devices or needle-free systems that they can use 
independently for accurate dosing. 

 Insulin injection should be made into the deep SC fat. To achieve this, 
needles of a length appropriate to the individual should be made available. 

 Adults should be informed that the abdominal wall is the therapeutic 
choice for mealtime insulin injections. 

 Adults should be informed that extended-acting suspension insulin (e.g., 
isophane [NPH] insulin) may give a longer profile of action when injected 
into the SC tissue of the thigh rather than the arm or abdominal wall.  

 Adults should be recommended to use one anatomical area for the 
injections given at the same time of day, but to move the precise injection 
site around in the whole of the available skin within that area.  

 Patients should be provided with suitable containers for the collection of 
used needles. Arrangements should be available for the suitable disposal 
of these containers.  

 Injection site condition should be checked annually, and if new problems 
with blood glucose control occur.  

American Diabetes 
Association:  
Type 1 Diabetes Through 
the Life Span: A Position 
Statement of the American 
Diabetes Association  
(2014)19 

 
 

Nutritional therapy  
 Individualized medical nutrition therapy is recommended for all people 

with type 1 diabetes as an effective component of the overall treatment 
plan. 

 Monitoring carbohydrate intake, whether by carbohydrate counting or 
experience-based estimation, remains a key strategy in achieving glycemic 
control. 

 If adults with type 1 diabetes choose to drink alcohol, they should be 
advised to do so in moderation (one drink per day or less for adult women 
and two drinks per day or less for adult men). Discussion with a health 
care provider is advised to explore potential interactions with medications. 
Adults should be advised that alcohol can lower blood glucose levels and 
that driving after drinking alcohol is contraindicated. 

 
Physical activity and exercise  
 Exercise should be a standard recommendation as it is for individuals 

without diabetes; however, recommendations may need modifications due 
to the presence of macro- and microvascular diabetes complications.  

 Patients of all ages (or caregivers of children) should be educated about 
the prevention and management of hypoglycemia that may occur during or 
after exercise.  

 Patients should be advised about safe preexercise blood glucose levels 
(typically 100 mg/dL or higher depending on the individual and type of 
physical activity). 

 Reducing the prandial insulin dose for the meal/snack preceding exercise 
and/or increasing food intake can be used to help raise the preexercise 
blood glucose level and reduce hypoglycemia. 

 A reduction in overnight basal insulin the night following exercise may 
reduce the risk for delayed exercise-induced hypoglycemia.  
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 Self-monitoring of blood glucose should be performed as frequently as 

needed, and sources of simple carbohydrate should be readily available to 
prevent and treat hypoglycemia.  

 
Glycemic control goals  
 The American Diabetes Association strongly believes that blood glucose 

and HbA1c targets should be individualized with the goal of achieving the 
best possible control while minimizing the risk of severe hyperglycemia 
and hypoglycemia and maintaining normal growth and development. 

 An HbA1c goal of <7.5% is recommended across all pediatric age-groups.  
 A reasonable HbA1c goal for many nonpregnant adults with type 1 

diabetes is <7%. 
 Providers might reasonably suggest more stringent HbA1c goals (such as 

<6.5%) for select individual patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. 

 Less stringent HbA1c goals (such as <8.5%) may be appropriate for 
patients with a history of severe hypoglycemia, hypoglycemia 
unawareness, limited life expectancy, advanced microvascular/ 
macrovascular complications, or extensive comorbid conditions. 

 
Insulin therapy 
 Most individuals with type 1 diabetes should be treated with multiple daily 

insulin injections (three or more injections per day of prandial insulin and 
one to two injections of basal insulin) or continuous subcutaneous insulin 
infusion. 

 Most individuals should be educated in how to match prandial insulin dose 
to carbohydrate intake, premeal blood glucose, and anticipated activity.  

 Most individuals should use insulin analogs to reduce hypoglycemia risk. 
 All individuals with type 1 diabetes should be taught how to manage blood 

glucose levels under varying circumstances, such as when ill or receiving 
glucocorticoids or for those on pumps, when pump problems arise. 

 Child caregivers and school personnel should be taught how to administer 
insulin based on provider orders when a child cannot self-manage and is 
out of the care and control of his or her parent/guardian. 

 
Adjunctive therapies  
 Pramlintide may be considered for use as adjunctive therapy to prandial 

insulin in adults with type 1 diabetes failing to achieve glycemic goals. 
 Evidence suggests that adding metformin to insulin therapy may reduce 

insulin requirements and improve metabolic control in overweight/ obese 
patients and poorly controlled adolescents with type 1 diabetes, but 
evidence from larger longitudinal studies is required. 

 Current type 2 diabetes medications (GLP-1 agonists, DPP-4 inhibitors, 
and SGLT2 inhibitors) may be potential therapies for type 1 diabetic 
patients, but require large clinical trials before use in type 1 diabetic 
patients. 

*This algorithm was updated in 201311 
 
 

III. Indications 
 

The Food and Drug Administration (FDA)-approved indications for the biguanides are noted in Table 3. While 
agents within this therapeutic class may have demonstrated positive activity via in vitro trials, the clinical 
significance of this activity remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo 
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clinical trials. As such, this review and the recommendations provided are based exclusively upon the results of 
such clinical trials.  

 
Table 3. FDA-Approved Indications for the Biguanides1-4 

Indication Metformin 
Adjunct to diet and exercise to improve glycemic control in patients with type 2 diabetes mellitus  

  
 

IV. Pharmacokinetics 
 
The pharmacokinetic parameters of the biguanides are listed in Table 4.  

 
Table 4. Pharmacokinetic Parameters of the Biguanides5 

Generic Name(s) Bioavailability 
(%) 

Protein Binding 
(%) 

Excretion 
(%) 

Half-Life 
(hours) 

Metformin 50 to 60† Negligible (% not 
reported) 

Renal (90) 1.5 to 6.2 (plasma) 
17.6 (blood) 

†Immediate-release formulations 
 
 

V. Drug Interactions 
 
Significant drug interactions with the biguanides are listed in Table 5. 

 
Table 5. Significant Drug Interactions with the Biguanides6 

Generic Name(s) Significance Level Interaction Mechanism 
Metformin 1 Iodinated 

contrast 
materials, 
parenteral 

Iodinated contrast materials-induced renal 
failure can interfere with the renal elimination 
of metformin; therefore, there is an increased 
risk of metformin-induced lactic acidosis. 

Significance level 1 = major severity, significance level 2 = moderate severity 
 
 

VI. Adverse Drug Events 
 
The most common adverse drug events reported with the biguanides are listed in Table 6. The boxed warnings for 
metformin-containing products are listed in Tables 7 and 8.  

 
Table 6. Adverse Drug Events (%) Reported with the Biguanides1-4 

Adverse Events Metformin  
Immediate-Release Formulations 

Metformin  
Sustained-Release Formulations 

Cardiovascular   
Chest discomfort - 1 to 5* 
Hypertension - 1 to 5* 
Palpitations 1 to 5 - 
Central Nervous System   
Asthenia 9.2 1 to 5* 
Dizziness - 1 to 5 
Headache 5.7 4.7 to 5 
Lightheadedness 1 to 5 - 
Gastrointestinal   
Abdominal discomfort 6.4 - 
Abdominal pain - 1 to 5 
Abnormal stools 1 to 5 1 to 5* 
Constipation - 1 to 5 
Diarrhea 53.2 9.6 to 16.7 
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Adverse Events Metformin  
Immediate-Release Formulations 

Metformin  
Sustained-Release Formulations 

Distention abdomen - 1 to 5 
Dyspepsia/heartburn - 1 to 5 
Flatulence 12.1 1 to 5 
Indigestion 7.1 - 
Loose stools - 1 to 5* 
Nausea/vomiting 25.5 6.5 to 8.5 
Respiratory   
Dyspnea 1 to 5 - 
Rhinitis - 4.2 
Upper respiratory infection - 1 to 5 
Miscellaneous   
Accidental injury - 5.6 to 7.3 
Contusion - 1 to 5* 
Ear pain - 1 to 5* 
Flu syndrome 1 to 5 1 to 5* 
Hypoglycemia 1 to 5 13.7* 
Increased sweating 1 to 5 - 
Infection 20.9 20.5, 1 to 5* 
Myalgia 1 to 5 1 to 5* 
Nail disorder 1 to 5 - 
Rash 1 to 5 - 
Seasonal allergy - 1 to 5* 
Taste disorder 1 to 5 1 to 5 
Toothache - 1 to 5* 
Tonsillitis - 1 to 5* 
Tremor - 1 to 5* 

- Event not reported 
*Reported with Glumetza® 

 
 
   Table 7. Boxed Warning for Fortamet®, Glucophage®, Glucophage XR®, and Riomet® (metformin)1,2,4 

WARNING 
Lactic Acidosis: Lactic acidosis is a rare, but serious, metabolic complication that can occur due to metformin 
accumulation during treatment with metformin; when it occurs, it is fatal in approximately 50% of cases. Lactic 
acidosis may also occur in association with a number of pathophysiologic conditions, including diabetes 
mellitus, and whenever there is significant tissue hypoperfusion and hypoxemia. Lactic acidosis is 
characterized by elevated blood lactate levels (>5 mmol/L), decreased blood pH, electrolyte disturbances with 
an increased anion gap, and an increased lactate/pyruvate ratio. When metformin is implicated as the cause of 
lactic acidosis, metformin plasma levels >5 μg/mL are generally found. The reported incidence of lactic 
acidosis in patients receiving metformin hydrochloride is very low (approximately 0.03 cases/1,000 patient-
years, with approximately 0.015 fatal cases/1,000 patient-years). Reported cases have occurred primarily in 
diabetic patients with significant renal insufficiency, including both intrinsic renal disease and renal 
hypoperfusion, often in the setting of multiple concomitant medical/surgical problems and multiple 
concomitant medications. Patients with congestive heart failure requiring pharmacologic management, in 
particular those with unstable or acute congestive heart failure who are at risk of hypoperfusion and hypoxemia, 
are at increased risk of lactic acidosis. The risk of lactic acidosis increases with the degree of renal dysfunction 
and the patient’s age. The risk of lactic acidosis may, therefore, be significantly decreased by regular 
monitoring of renal function in patients taking metformin and by use of the minimum effective dose of 
metformin. In particular, treatment of the elderly should be accompanied by careful monitoring of renal 
function. Metformin treatment should not be initiated in patients ≥80 years of age unless measurement of 
creatinine clearance demonstrates that renal function is not reduced, as these patients are more susceptible to 
developing lactic acidosis. In addition, metformin should be promptly withheld in the presence of any condition 
associated with hypoxemia, dehydration, or sepsis. Because impaired hepatic function may significantly limit 
the ability to clear lactate, metformin should generally be avoided in patients with clinical or laboratory 
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WARNING 
evidence of hepatic disease. Patients should be cautioned against excessive alcohol intake, either acute or 
chronic, when taking metformin, since alcohol potentiates the effects of metformin hydrochloride on lactate 
metabolism. In addition, metformin should be temporarily discontinued prior to any intravascular radiocontrast 
study and for any surgical procedure. The onset of lactic acidosis often is subtle, and accompanied only by 
nonspecific symptoms such as malaise, myalgias, respiratory distress, increasing somnolence, and nonspecific 
abdominal distress. There may be associated hypothermia, hypotension, and resistant bradyarrhythmias with 
more marked acidosis. The patient and the patient’s physician must be aware of the possible importance of such 
symptoms and the patient should be instructed to notify the physician immediately if they occur. Metformin 
should be withdrawn until the situation is clarified. Serum electrolytes, ketones, blood glucose and, if indicated, 
blood pH, lactate levels, and even blood metformin levels may be useful. Once a patient is stabilized on any 
dose level of metformin, gastrointestinal symptoms, which are common during initiation of therapy, are 
unlikely to be drug related. Later occurrence of gastrointestinal symptoms could be due to lactic acidosis or 
other serious disease. Levels of fasting venous plasma lactate above the upper limit of normal but less than 5 
mmol/L in patients taking metformin do not necessarily indicate impending lactic acidosis and may be 
explainable by other mechanisms, such as poorly controlled diabetes or obesity, vigorous physical activity, or 
technical problems in sample handling. Lactic acidosis should be suspected in any diabetic patient with 
metabolic acidosis lacking evidence of ketoacidosis (ketonuria and ketonemia). Lactic acidosis is a medical 
emergency that must be treated in a hospital setting. In a patient with lactic acidosis who is taking metformin, 
the drug should be discontinued immediately and general supportive measures promptly instituted. Because 
metformin hydrochloride is dialyzable (with a clearance of up to 170 mL/minute under good hemodynamic 
conditions), prompt hemodialysis is recommended to correct the acidosis and remove the accumulated 
metformin. Such management often results in prompt reversal of symptoms and recovery. 

 
Table 8. Boxed Warning for Glumetza® (metformin)3 

WARNING 
Lactic acidosis is a rare, but serious, complication that can occur due to metformin accumulation. The risk 
increases with conditions such as sepsis, dehydration, excess alcohol intake, hepatic impairment, renal 
impairment, and acute congestive heart failure. The onset of lactic acidosis is often subtle, accompanied only 
by nonspecific symptoms such as malaise, myalgias, respiratory distress, increasing somnolence, and 
nonspecific abdominal distress. Laboratory abnormalities include low pH, increased anion gap, and elevated 
blood lactate. If acidosis is suspected, Glumetza®, should be discontinued and the patient hospitalized 
immediately. 

 
 

VII. Dosing and Administration 
 

The usual dosing regimens for the biguanides are listed in Table 9. 
 

Table 9. Usual Dosing Regimens for the Biguanides1-4 

Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
Metformin 
 

Adjunct to diet and exercise to 
improve glycemic control in 
adults with type 2 diabetes 
mellitus: 
Oral solution, tablet: initial, 500 
mg BID or 850 mg QD; 
maintenance, 2,000 mg/day 
administered in divided doses; 
maximum, 2,550 mg/day  
 
Sustained-release tablet 
(Fortamet®): initial, 500 or 1,000 
mg QD; maximum, 2,500 
mg/day 
 

Adjunct to diet and exercise 
to improve glycemic control 
in children 10 to 16 years of 
age with type 2 diabetes 
mellitus: 
Oral solution, tablet: initial, 
500 mg BID; maximum, 
2,000 mg/day 

Oral solution 
(Riomet®): 
500 mg/5 mL  
 
Sustained-release 
tablet: 
500 mg 
(Fortamet®, 
Glucophage XR®, 
Glumetza®) 
750 mg 
(Glucophage XR®) 
1,000 mg 
(Fortamet®, 
Glumetza®) 
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Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
Sustained-release tablet 
(Glucophage XR®, Glumetza®): 
initial, 500 mg QD; maximum, 
2,000 mg QD 
 

 
Tablet 
(Glucophage®): 
500 mg 
850 mg 
1,000 mg 

BID=twice daily, QD=once daily 
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Additional Evidence 
 
Dose Simplification 
Schwartz et al. compared the efficacy, tolerability, and safety of metformin immediate-release tablets and 
metformin extended-release tablets. Patients received a dose of 1,500 mg once daily, 1,500 mg twice daily, or 
2,000 mg once daily of metformin extended-release or 1,500 mg daily of metformin immediate-release given in 
two divided doses. The investigators demonstrated that once-daily extended-release metformin was as effective as 
twice-daily immediate-release metformin.24  

 
Donnan et al. evaluated the patterns and predictors of adherence in patients with type 2 diabetes receiving 
treatment with a single antidiabetic agent. Adherence was ≥90% in 31.3% of the patients prescribed sulfonylureas 
and 33.9% of patients prescribed metformin. Patients with better adherence tended to be younger and had a shorter 
duration of diabetes. There were linear trends of poorer adherence with each increase in the daily number of 
tablets taken for both sulfonylurea (P=0.001) and metformin (P=0.074) indices. There were significant trends of 
decreasing adherence with the number of co-medications for the sulfonylurea group (P=0.0001) and metformin 
group (P=0.007). This study did not measure the impact of adherence on clinical outcomes.133  
 
Stable Therapy 
Fujioka et al. evaluated glycemic control in patients with type 2 diabetes mellitus switched from twice-daily 
immediate-release metformin to a once-daily extended-release formulation. The investigators found comparable 
efficacy and tolerability among the treatment groups.23 Bhansali et al. demonstrated similar results when patients 
were switched from an immediate-release metformin product to an extended-release product. The investigators 
found that patients receiving immediate-release metformin achieved comparable glycemic control when treatment 
was switched to a once- or twice-daily metformin extended-release product.21  
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

          Rx=prescription 
 
Table 11. Relative Cost of the Biguanides 

Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 
Metformin  Extended-release 

tablet, solution, tablet  
Fortamet®*, Glucophage®*, 
Glucophage XR®*, 
Glumetza®, Riomet® 

$$$$ $ 

*Generic is available in at least one dosage form or strength.  
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X. Conclusions 
 
Metformin in the only biguanide that is currently available and it is approved for use as an adjunct to diet and 
exercise to improve glycemic control in adults with type 2 diabetes mellitus.1-4 The immediate-release and 
sustained-release tablets are both available in a generic formulation.  
 
According to current clinical guidelines, metformin remains the cornerstone to most antidiabetic treatment 
regimens. Additionally, patients with a high glycosylated hemoglobin (HbA1c) will most likely require 
combination or triple therapy in order to achieve glycemic goals, and at this time, there are no uniform 
recommendations on the best agent to be combined with metformin. Metformin may be considered for the 
prevention/delay of type 2 diabetes in certain patients. Furthermore, metformin is recommended first-line, and 
should be initiated at the time of diagnosis, along with lifestyle modifications, unless contraindicated. Metformin 
is recognized as having high HbA1c-lowering potential, a low risk of hypoglycemia, and a weight neutral effect 
compared to other available antidiabetic medications. Among all current clinical guidelines, no one metformin 
formulation is recommended or preferred over another.7-19 
 
Numerous clinical trials have established the efficacy/safety of metformin as monotherapy, as well as in 
combination with other antidiabetic agents.20-133 Studies directly comparing immediate-release and sustained-
release formulations of metformin have demonstrated similar efficacy.21-23  

 
The most common adverse events with metformin are gastrointestinal in nature and include diarrhea, flatulence, 
nausea/vomiting, abdominal discomfort and indigestion. There is also a risk of lactic acidosis with metformin. 
Although it occurs rarely, it can be fatal in approximately 50% of cases. Patients with renal insufficiency, 
congestive heart failure, hepatic impairment, history of lactic acidosis, decreased tissue perfusion, hemodynamic 
instability, hypoxic states or serious acute illness are at increased risk of lactic acidosis.1-4 

 
There have been no clinical studies establishing conclusive evidence of macrovascular risk reduction with 
metformin or any other antidiabetic drug.1-4  
 
There is insufficient evidence to support that one brand biguanide is safer or more efficacious than another within 
its given indication. Formulations without a generic alternative should be managed through the medical 
justification portion of the prior authorization process.  

 
Therefore, all brand products within the class reviewed are comparable to each other and to the generic products 
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.  
 
 

XI. Recommendations 
 

No brand biguanide is recommended for preferred status. Alabama Medicaid should accept cost proposals from 
manufacturers to determine the most cost effective products and possibly designate one or more preferred brands. 
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I. Overview 

 
Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes: 
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced, 
genetic defects in β-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the 
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and 
long-term complications, including microvascular and macrovascular events. There are a variety of oral and 
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12 
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of 
action, efficacy, safety profiles, tolerability, and ease of use.  
 
The dipeptidyl peptidase-4 (DPP-4) inhibitors are approved for use as an adjunct to diet and exercise to improve 
glycemic control in adults with type 2 diabetes mellitus. Glucagon-like peptide-1 (GLP-1) and glucose-dependent 
insulinotropic polypeptide (GIP) are human incretin hormones that are released from the small intestine in 
response to food intake. These hormones have multiple effects on the stomach, liver, pancreas, and brain to 
control glucose concentrations; however, they are inactivated by the DPP-4 enzyme within minutes. Endogenous 
GLP-1 levels have been shown to be reduced in patients with type 2 diabetes. The DPP-4 inhibitors slow the 
inactivation of the incretin hormones and increase their concentration in the bloodstream. This effect enhances 
glucose-dependent insulin secretion by pancreatic beta cells and suppresses glucagon secretion from pancreatic 
alpha cells.1-4  

 
Alogliptin, linagliptin, saxagliptin, and sitagliptin are also available in combination with metformin. Metformin 
decreases hepatic glucose production, decreases intestinal absorption of glucose, and improves insulin sensitivity 
by increasing peripheral glucose uptake and utilization.5-9 Alogliptin is also available in combination with 
pioglitazone, a thiazolidinedione. The thiazolidinediones increase the insulin sensitivity of adipose tissue, skeletal 
muscle, and the liver. This results in increased glucose uptake and metabolism, suppression of hepatic glucose 
production, and decreased plasma free fatty acid concentrations.11 In general, all of the combination DPP-4 
inhibitor products are available for use when treatment with both drug components is appropriate.5-11 
 
The DPP-4 inhibitors that are included in this review are listed in Table 1. This review encompasses all dosage 
forms and strengths. There are no generic products available; however, metformin and pioglitazone are available 
generically in a separate formulation. This class was last reviewed in November 2012. 

 
Table 1. Dipeptidyl Peptidase-4 (DPP-4) Inhibitors Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Single Entity Agents 
Alogliptin tablet Nesina® none 
Linagliptin tablet Tradjenta® none 
Saxagliptin tablet Onglyza® none 
Sitagliptin  tablet  Januvia® none 
Combination Products 
Alogliptin and metformin tablet Kazano® none 
Alogliptin and pioglitazone tablet Oseni® none 
Linagliptin and metformin  tablet Jentadueto® none 
Saxagliptin and metformin extended-release tablet Kombiglyze XR® none 
Sitagliptin and metformin extended-release, 

tablet, tablet 
Janumet®, Janumet XR® none 

PDL=Preferred Drug List 
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II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type 
2 diabetes are presented globally, addressing the role of various medication classes. 
 
Table 2. Treatment Guidelines Using the Dipeptidyl Peptidase-4 (DPP-4) Inhibitors 

Clinical Guideline Recommendation(s) 
American Diabetes Association:  
Standards of Medical Care in 
Diabetes  

(2014)12 

 
 
 

Current criteria for the diagnosis of diabetes 
 The following are the criteria for a diagnosis of diabetes: glycosylated 

hemoglobin (HbA1c) ≥6.5%, or a fasting plasma glucose (FPG) ≥126 
mg/dL, or a two-hour plasma glucose ≥200 mg/dL during an oral 
glucose tolerance test or patients with classic symptoms of 
hyperglycemia, or classic symptoms of hyperglycemia or 
hyperglycemic crisis (random plasma glucose ≥200 mg/dL).  

 
Prevention/delay of type 2 diabetes 
 An ongoing support program for weight loss of 7% of body weight and 

an increase in physical activity to ≥150 minutes/week of moderate 
activity should be encouraged in patients with impaired glucose 
tolerance, impaired fasting glucose, or an HbA1c 5.7 to 6.4%. 

 Metformin therapy for prevention of type 2 diabetes may be considered 
in patients with impaired glucose tolerance, impaired fasting glucose, 
or an HbA1c 5.7 to 6.7%, especially for those with a body mass index 
>35 kg/m2, age <60 years, and women with prior gestational diabetes 
mellitus.  

 
Glycemic goals in adults 
 Lowering HbA1c to below or around 7.0% has been shown to reduce 

microvascular complications of diabetes, and if implemented soon 
after the diagnosis of diabetes is associated with long term reduction in 
macrovascular disease. A reasonable HbA1c goal for many nonpregnant 
adults is <7.0%. 

 It may be reasonable for providers to suggest more stringent HbA1c 
goals (<6.5%) for selected patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. Such 
patients may include those with short duration of diabetes, long life 
expectancy, and no significant cardiovascular disease.  

 Conversely, less stringent HbA1c goals (<8.0%) may be appropriate for 
patients with a history of severe hypoglycemia, limited life expectancy, 
advanced microvascular or macrovascular complications, extensive 
comorbid conditions, and those with longstanding diabetes in whom 
the general goal is difficult to attain despite diabetes self-management 
education, appropriate glucose monitoring, and effective doses of 
multiple glucose-lowering agents including insulin.  

 
Pharmacologic and overall approaches to treatment-type 1 diabetes 
 Recommended therapy consists of the following components: 

o Use of multiple dose insulin injections (three to four 
injections per day of basal and pre-prandial insulin) or 
continuous subcutaneous (SC) insulin infusion therapy. 

o Matching prandial insulin to carbohydrate intake, pre-meal 
blood glucose, and anticipated activity. 

o Most patients should use of insulin analogs to reduce 
hypoglycemia risk. 

 
Pharmacologic and overall approaches to treatment-type 2 diabetes 
 At the time of diagnosis, initiate metformin therapy along with lifestyle 
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Clinical Guideline Recommendation(s) 
interventions, unless metformin is contraindicated.  

 In newly diagnosed patients with markedly symptomatic and/or 
elevated blood glucose levels or HbA1c, consider insulin therapy, with 
or without additional agents, from the onset.  

 If noninsulin monotherapy at maximal tolerated dose does not achieve 
or maintain the HbA1c target over three to six months, add a second 
oral agent, a glucagon-like peptide-1 (GLP-1) receptor agonist, or 
insulin. 

 Because of the progressive nature of type 2 diabetes, insulin therapy is 
eventually indicated for many patients with type 2 diabetes. 

American Diabetes Association/ 
European Association for the 
Study of Diabetes: 
Management of 
Hyperglycemia in Type 2 
Diabetes: A Patient-Centered 
Approach  

(2012)13 

 
 

Key points 
 Glycemic targets and glucose-lowering therapies must be 

individualized.  
 Diet, exercise, and education remain the foundation of any type 2 

diabetes treatment program. 
 Unless there are prevalent contraindications, metformin is the optimal 

first line drug.  
 After metformin, there are limited data to guide treatment decisions. 

Combination therapy with an additional one to two oral or injectable 
agents is reasonable, aiming to minimize side effects where possible.  

 Ultimately, many patients will require insulin therapy alone or in 
combination with other agents to maintain glucose control.  

 All treatment decisions, where possible, should be made in conjunction 
with the patient, focusing on his/her preferences, needs, and values.  

 Comprehensive cardiovascular risk reduction must be a major focus of 
therapy.  

 
Initial drug therapy 
 It is generally agreed that metformin, if not contraindicated and if 

tolerated, is the preferred and most cost-effective first agent.  
 Metformin should be initiated at, or soon after, diagnosis, especially in 

patients in whom lifestyle intervention alone has not achieved, or is 
unlikely to achieve, HbA1c goals. 

 Patients with high baseline HbA1c (e.g., ≥9.0%) have a low probability 
of achieving a near-normal target with monotherapy; therefore, it may 
be justified to start directly with a combination of two non-insulin 
agents or with insulin itself in this circumstance.  

 If a patient presents with significant hyperglycemic symptoms and/or 
has dramatically elevated plasma glucose concentrations or HbA1c 
(e.g., ≥10.0 to 12.0%), insulin therapy should be strongly considered 
from the outset. Such therapy is mandatory when catabolic features are 
exhibited or, of course, if ketonuria is demonstrated, the latter 
reflecting profound insulin deficiency.  

 If metformin cannot be used, another oral agent could be chosen, such 
as a sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 
(DPP-4) inhibitor; in occasional cases where weight loss is seen as an 
essential aspect of therapy, initial treatment with a glucagon-like 
peptide (GLP)-1 receptor agonist might be useful.  

 Where available, less commonly used drugs (alpha-glucosidase 
inhibitors, colesevelam, bromocriptine) might also be considered in 
selected patients, but their modest glycemic effects and side effect 
profiles make them less attractive candidates.  

 Specific patient preferences, characteristics, susceptibilities to side 
effects, potential for weight gain, and hypoglycemia should play a 
major role in drug selection.  
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Advancing to dual combination therapy 
 If monotherapy alone does not achieve/maintain HbA1c target over 

approximately three months, the next step would be to add a second 
oral agent, a GLP-1 receptor agonist or basal insulin. Notably the 
higher the HbA1c, the more likely insulin will be required.  

 On average, any second agent is typically associated with an 
approximate further reduction in HbA1c of approximately 1.0%.  

 If no clinically meaningful glycemic reduction is demonstrated, then 
adherence having been investigated, that agent should be discontinued, 
and another with a different mechanism of action substituted. 

 Uniform recommendations on the best agent to be combined with 
metformin cannot be made, thus advantages and disadvantages of 
specific drugs for each patient should be considered.  

 It remains important to avoid unnecessary weight gain by optimal 
medication selection and dose titration.  

 For all medications, consideration should also be given to overall 
tolerability.  

 
Advancing to triple combination therapy 
 Some trials have shown advantages of adding a third non-insulin agent 

to a two drug combination that is not yet or no longer achieving the 
glycemic target. However, the most robust response will usually be 
with insulin.  

 Many patients, especially those with long standing disease, will 
eventually need to be transitioned to insulin, which should be favored 
in circumstances where the degree of hyperglycemia (e.g., HbA1c 
≥8.5%) makes it unlikely that another drug will be of sufficient benefit.  

 In using triple combinations the essential consideration is to use agents 
with complementary mechanisms of action.  

 Increasing the number of drugs heightens the potential for side effects 
and drug-drug interactions which can negatively impact patient 
adherence. 

 
Anti-hyperglycemia Therapy in Type 2 Diabetes: General 
Recommendations 

Initial Drug 
Monotherapy 

Metformin 

Efficacy (↓HbA1c) High 
Hypoglycemia Low risk 

Weight Neutral/loss 
Side Effects Gastrointestinal/lactic acidosis 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to two drug combination therapy (order not meant to denote any specific preference) 

Two Drug 
Combin-
ations  

Metformin  
+  

sulfonyl-
urea 

Metformin  
+  

thia-
zolidinedione 

(TZD) 

Metformin  
+  

DPP-4 
inhibitor 

Metformin  
+  

GLP-1 
receptor 
agonist 

Metformin  
+  

insulin 
(usually 
basal) 

Efficacy 
(↓HbA1c) 

High High Inter-
mediate 

High Highest 

Hypo-
glycemia 

Moderate 
risk 

Low risk Low risk Low risk High risk 

Weight Gain Gain Neutral Loss Gain 
Major Side 

Effects 
Hypo-

glycemia 
Edema, heart 
failure, bone 

fracture 

Rare Gastro- 
intestinal 

Hypo-
glycemia 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to three drug combination therapy (order not meant to denote any specific preference) 

Three Metformin  Metformin  Metformin  Metformin  Metformin  
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Drug 
Combin-
ations 

+  
sulfonyl-

urea 
 + 

+  
TZD  

+ 

+  
DPP-4 

inhibitor  
+ 

+  
GLP-1 

receptor 
agonist  

+ 

+  
insulin 
therapy 

+ 

TZD, DPP-
4 inhibitor, 

GLP-1 
receptor 

agonist, or 
insulin 

Sulfonylurea, 
or DPP-4 
inhibitor, 
GLP-1 

receptor 
agonist, or 

insulin 

Sulfonyl-
urea, TZD, 
or insulin 

Sulfonyl-
urea, TZD, 
or insulin 

TZD, 
DPP-4 

inhibitor, 
or GLP-1 
receptor 
agonist 

If combination therapy that includes basal insulin has failed to achieve HbA1c target after 
three to six months, proceed to a more complex insulin strategy, usually in combination 

with one or two non-insulin agents 
More Complex 
Insulin Strategies 

Insulin (multiple daily doses) 

 

American College of Physicians:  
Oral Pharmacologic 
Treatment of Type 2 Diabetes 
Mellitus  

(2012)14 

 
 

 Oral pharmacologic therapy in patients with type 2 diabetes should be 
added when lifestyle modifications, including diet, exercise, and 
weight loss, have failed to adequately improve hyperglycemia. 

 Monotherapy with metformin for initial pharmacologic therapy is 
recommended to treat most patients with type 2 diabetes.  

 It is recommended that a second agent be added to metformin to 
patients with persistent hyperglycemia when lifestyle modifications 
and monotherapy with metformin fail to control hyperglycemia. 

American Association of 
Clinical Endocrinologists: 
Medical Guidelines for 
Clinical Practice for 
Developing a Diabetes Mellitus 
Comprehensive Care Plan 
(2011)15 

 
 

Antihyperglycemic pharmacotherapy  
 The choice of therapeutic agents should be based on their differing 

metabolic actions and adverse effect profiles as described in the 2009 
American Association of Clinical Endocrinologists/American College 
of Endocrinology Diabetes Algorithm for Glycemic Control.* 

 Insulin should be considered for patients with type 2 diabetes mellitus 
when noninsulin antihyperglycemic therapy fails to achieve target 
glycemic control or when a patient, whether drug naïve or not, has 
symptomatic hyperglycemia. 

 Antihyperglycemic agents may be broadly categorized by whether they 
predominantly target fasting plasma glucose (FPG) or postprandial 
glucose (PPG) levels. These effects are not exclusive; drugs acting on 
FPG passively reduce PPG, and drugs acting on PPG passively reduce 
FPG, but these broad categories can aid in therapeutic decision-
making.  

 Thiazolidinediones (TZDs) and sulfonylureas are examples of oral 
agents primarily affecting FPG. Metformin and incretin enhancers 
(DPP-4 inhibitors) also favorably affect FPG.  

 When insulin therapy is indicated in patients with type 2 diabetes to 
target FPG, therapy with long-acting basal insulin should be the initial 
choice in most cases; insulin analogues glargine and detemir are 
preferred over intermediate-acting neutral protamine Hagedorn (NPH) 
because they are associated with less hypoglycemia.  

 The initial choice of an agent targeting FPG or PPG involves 
comprehensive patient assessment with emphasis given to the glycemic 
profile obtained by self-monitoring of blood glucose. 

 When postprandial hyperglycemia is present, glinides and/or α-
glucosidase inhibitors, short- or rapid-acting insulin, and metformin 
should be considered. Incretin-based therapy (DPP-4 inhibitors and 
GLP-1 receptor agonists) also target postprandial hyperglycemia in a 
glucose-dependent fashion, which reduces the risks of hypoglycemia.  

 When control of postprandial hyperglycemia is needed and insulin is 
indicated, rapid-acting insulin analogues are preferred over regular 
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human insulin because they have a more rapid onset and offset of 
action and are associated with less hypoglycemia.  

 Pramlintide can be used as an adjunct to prandial insulin therapy to 
reduce postprandial hyperglycemia, HbA1c, and weight. 

 Premixed insulin analogue therapy may be considered for patients in 
whom adherence to a drug regimen is an issue; however, these 
preparations lack component dosage flexibility and may increase the 
risk for hypoglycemia compared to basal insulin or basal-bolus insulin. 
Basal-bolus insulin therapy is flexible and is recommended for 
intensive insulin therapy. 

 Intensification of pharmacotherapy requires glucose monitoring and 
medication adjustment at appropriate intervals when treatment goals 
are not achieved or maintained.  

 Most patients with an initial HbA1c level >7.5% will require 
combination therapy using agents with complementary mechanisms of 
action. 

American Association of 
Clinical Endocrinologists: 
American Association of 
Clinical Endocrinologists: 
Comprehensive Diabetes 
Management Algorithm 2013 
Consensus Statement  
(2013)16 

 
 

Principles underlying the algorithm 
 Lifestyle optimization is essential for all patients with diabetes; 

however, it should not delay needed pharmacotherapy, which can be 
initiated simultaneously and adjusted based on patient response to 
lifestyle efforts. The need for medical therapy should not be interpreted 
as a failure of lifestyle management, but as an adjunct to it. 

 Achieving an HbA1c ≤6.5% is recommended as the primary goal if it 
can be achieved in a safe and affordable manner; however, higher 
targets may be appropriate for certain individuals and may change for a 
given individual over time.  

 Minimizing risk of hypoglycemia and weight gain is a priority. It is a 
matter of safety, adherence, and cost. 

 For optimal glycemic control, therapies with complementary 
mechanisms of action must typically be used in combination.  

 Therapeutic effectiveness must be evaluated frequently until stable 
(e.g., every three months). 

 Safety and efficacy should be given higher priority than the initial 
acquisition cost of medications, as medication cost is only a small part 
of the total cost of diabetes care. In assessing the cost of a medication, 
consideration should be given to monitoring requirements and risks of 
hypoglycemia and weight gain. 

 Rapid-acting insulin analogs are superior to regular insulin because 
they are more predictable. 

 Long-acting insulin analogs are superior to neutral protamine 
Hagedorn insulin because they provide a fairly flat response for 
approximately 24 hours and provide better reproducibility and 
consistency, both between and within patients, with a corresponding 
reduction in hypoglycemia risk. 
 

Monotherapy  
 Patients with recent-onset diabetes and those with mild hyperglycemia 

(HbA1c <7.5%), initial monotherapy with metformin (at doses of 1,500 
to 2,000 mg/day) and life-style modifications will achieve their 
glycemic goals in a majority of patients.  

 In patients with intolerance or contraindications to metformin, 
acceptable therapeutic alternatives that reduce glucose without weight 
gain or hypoglycemia (in order based on suggested hierarchy of usage) 
include: 

o GLP-1 receptor agonists. 
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o DPP-4 inhibitors.  
o Alpha-glucosidase inhibitors. 
o Sodium glucose cotransporter 2 (SGLT-2) inhibitors. 

 TZD, sulfonylurea, and glinides (in order based on suggested hierarchy 
of usage) may be used but with caution due to possible weight gain and 
hypoglycemia. 

 
Combination therapy  
 Patients who present with an initial HbA1c >7.5% or who do not reach 

their target HbA1c with metformin in three months should be started on 
a second agent to be used in combination with metformin.  

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 In metformin-intolerant patients, two drugs from other classes with 
complimentary mechanisms of action should be used. 

 Combination (in order based on suggested hierarchy of usage) include 
metformin (or other first-line agent) plus: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides. 

 
Three-drug combination therapy  
 Generally, the efficacy of a third antidiabetic agent added to dual 

therapy is reduced compared to the efficacy of the same drug used as 
monotherapy or combination therapy with one other agent. 

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 Patients who present with an HbA1c <8.0% or who do not reach their 
target HbA1c with two antidiabetic drugs after 3 months has a high 
likelihood of reaching target with a third agent.  

 Patients who present with an HbA1c >9.0% or who do not reach their 
target HbA1c with two antidiabetic drugs has are less likely of reaching 
target with a third agent or fourth agent and insulin should be 
considered. 

 Continuation with noninsulin therapies while starting basal insulin is 
common and does not increase cardiovascular risk, but may increase 
risk of hypoglycemia when sulfourea are used in conjunction with 
insulin.  

 Three-drug combination (in order based on suggested hierarchy of 
usage) include metformin (or other first-line agent), a second-line 
agent plus: 

o GLP-1 receptor agonists. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o DPP-4 inhibitors.  
o Colesevelam. 
o Bromocriptine quick release. 
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o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides 

 
Insulin therapy algorithm 
 Patients who present with an initial HbA1c >9.0% and are symptomatic, 

should initiate therapy with insulin with or without other antidiabetic 
agents.  

 Start insulin if a patient has marked hyperglycemia despite treatment 
with several oral antidiabetic agents and is symptomatic with polyuria 
and weight loss. 

 Patients who are not at target HbA1c despite the use of oral antidiabetic 
agents or GLP-1 therapy should be considered for insulin therapy.  

 Patients with an HbA1c level >8.0% while receiving ≥2 antidiabetic 
agents, particularly individuals with long duration of diabetes, have 
significant impairment of beta cell insulin secretory capacity and are 
unlikely to reach the recommended target by the addition of further 
oral antidiabetic drugs. 
 

Basal insulin 
 Patients with an HbA1c level >8.0% while receiving ≥2 oral 

antidiabetic agents or GLP-1 therapy can be started on single daily 
dose of basal insulin as an add-on to the patient’s existing regimen. 

 Titrate insulin dose every two to three days to reach glycemic goals. 
 Basal insulin analogues (glargine and detemir) are preferred over 

protamine Hagedorn insulin because they have been shown to provide 
a relatively flat serum insulin concentration for up to 24 hours from a 
single daily injection. 

 Patients who fail to achieve glucose control with basal insulin or 
premixed insulin formulations can also be considered for basal 
intensification with a DPP-4 inhibitor or GLP-1 receptor agonist if the 
glucose level is not markedly elevated, because this approach tends to 
not cause weight gain or additional hypoglycemia. 

 
Basal-bolus insulin regimens 
 Patients who fail to achieve glucose control with basal insulin or 

premixed insulin formulations and those with symptomatic 
hyperglycemia and HbA1c >10% often respond better to combined 
basal and mealtime bolus insulin. 

 A full basal-bolus program with an insulin basal analogue once or 
twice daily and a rapid-acting analogue at each meal is most effective 
and provides flexibility for patients with variable mealtimes and meal 
carbohydrate content.  

 Doses of insulin may be titrated every two to three days to reach 
glycemic goals.  

 
Basal insulin and incretin therapy regimens 
 Use of the amylin analog pramlintide in conjunction with bolus insulin 

improves both glycemia and weight in patients with type 2 diabetes. 
 The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) 

have similar properties, and also increase endogenous insulin secretion. 
Therefore, the combination of basal insulin and incretin therapy 
decreases basal and postprandial glucose and may minimize the weight 
gain and hypoglycemia risk observed with basal-bolus insulin 
replacement. 

American Association of Glycemic management-all patients with diabetes 
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Medical Guidelines for 
Clinical Practice for the 
Management of Diabetes 
Mellitus  
(2007)17 

 
 
 
 
 
 

 Encourage patients to achieve glycemic levels as near normal as 
possible without inducing clinically significant hypoglycemia. 
Glycemic targets include the following: 

o HbA1c ≤6.5%. 
o FPG <100 mg/dL. 
o Two-hour PPG <140 mg/dL. 

 Refer patients for comprehensive, ongoing education in diabetes self-
management skills and nutrition therapy.  

 Initiate self-monitoring blood glucose levels.  
 

Glycemic management-patients with type 1 diabetes 
 Initiate intensive insulin therapy with one of the following regimens: 

o Basal-bolus therapy, using a long-acting insulin analog in 
combination with a rapid-acting insulin analog or inhaled 
insulin at meals.  

o Continuous SC insulin infusion with an insulin pump; insulin 
pump therapy indicated for: 

 Patients unable to achieve control using a regimen of 
multiple daily injections. 

 Patients with histories of frequent hypoglycemia 
and/or hypoglycemia unawareness.  

 Patients who are pregnant.  
 Patients with extreme insulin sensitivity (pump 

therapy facilitates better precision than SC 
injections).  

 Patients with a history of dawn phenomenon (these 
patients can program a higher basal rate for the early 
morning hours to counteract the rise in blood glucose 
concentration).  

 Patients who require more intensive diabetes 
management because of complications including 
neuropathy, nephropathy, and retinopathy.  

 Patients taking multiple daily injections who have 
demonstrated willingness and ability to comply with 
prescribed diabetes self-care behavior including 
frequent glucose monitoring, carbohydrate counting, 
and insulin adjustment.  

 Consider adding pramlintide to intensive insulin therapy to enhance 
glycemic control and to assist with weight management.  

 Consider adding an insulin sensitizer to address insulin resistance as 
needed. Exercise caution because of the potential for increased fluid 
retention when TZDs are used with insulin.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
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concentration is >250 mg/dL.  

 
Glycemic management-patients with type 2 diabetes 
 Aggressively implement all appropriate components of care at the time 

of diagnosis.  
 Persistently monitor and titrate pharmacologic therapy until all 

glycemic goals are achieved.  
o First assess current HbA1c level, fasting/pre-prandial glycemic 

profile, and two-hour PPG profile to evaluate the level of 
control and identify patterns.  

o After initiating pharmacologic therapy based on the patterns 
identified in the profile, persistently monitor and titrate 
therapy over the next two to three months until all glycemic 
goals are achieved.  

o If glycemic goals are not achieved at the end of two to three 
months, initiate a more intensive regimen and persistently 
monitor and titrate therapy over the next two to three months 
until all glycemic goals are achieved.  

o Recognize that patients currently treated with monotherapy or 
combination therapy who have not achieved glycemic goals 
will require either increased dosages of current medications or 
the addition of a second or third medication.  

o Consider insulin therapy in patients with HbA1c >8.0% and 
symptomatic hyperglycemic, and in patients with elevated 
fasting blood glucose levels or exaggerated PPG excursions 
regardless of HbA1c levels.  

o Initiate insulin therapy to control hyperglycemia and to 
reverse glucose toxicity when HbA1c >10.0%. Insulin therapy 
can then be modified or discontinued once glucose toxicity is 
reversed.  

o Consider a continuous SC insulin infusion in insulin-treated 
patients.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily. Although monitoring glucose 
levels at least three times daily is recommended, there is no supporting 
evidence regarding optimal frequency of glucose monitoring with or 
without insulin pump therapy.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients whose glycemic levels are above target while being 
treated with oral agents alone, oral agents plus once-daily insulin, or 
once-daily insulin alone to monitor glucose levels at least two times 
daily. There is no supporting evidence regarding optimal frequency of 
glucose monitoring in these patients. 

 Instruct patients who are meeting target glycemic levels, including 
those treated non-pharmacologically, to monitor glucose levels at least 
once daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct patients to obtain comprehensive pre-prandial and two-hour 
PPG measurements to create a weekly profile periodically and before 
clinician visits to guide nutrition and physical activity, to detect post-
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prandial hyperglycemia, and to prevent hypoglycemia.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL. 

 
Clinical support-clinical considerations in patients with type 1 diabetes 
 Instruct patients to administer pre-prandial rapid-acting analog insulin 

20 to 30 minutes before the meal when the pre-meal blood glucose 
levels is high and after the meal has begun when the pre-meal blood 
glucose level is below the reference range.  

 Measure 2:00 to 3:00 AM blood glucose periodically in all patients 
with diabetes to asses for nocturnal hypoglycemia, especially when the 
morning blood glucose level is elevated.  

 Consider using regular insulin instead of rapid-acting insulin analogs 
to obtain better control of post-prandial and pre-meal glucose levels in 
patients with gastroparesis. Insulin pump therapy may also be 
advantageous in these patients. 

 Some type 1 diabetics treated with basal insulin may require two daily 
injections of basal insulin for greater stability.  

 Carefully assess PPG levels when the HbA1c level is elevated and pre-
meal glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Arrange for continuous glucose monitoring for patients with unstable 
glucose control and for patients unable to achieve an acceptable HbA1c 
level. Continuous glucose monitoring is particularly valuable in 
detecting both unrecognized nocturnal hypoglycemia and post-prandial 
hyperglycemia. 

 Some patients using pramlintide may achieve better post-prandial and 
pre-meal glucose control by combining it with regular insulin rather 
than rapid-acting analogs.  

 Individualize insulin regimens to accommodate patient exercise 
patterns.  

 Treat hypoglycemic reactions with simple carbohydrates. 
 
Clinical support-clinical considerations in patients with type 2 diabetes 
 Combining therapeutic agents with different modes of action may be 

advantageous.  
 Use insulin sensitizers, such as metformin or TZDs, as part of the 

therapeutic regimen in most patients unless contraindicated or 
intolerance has been demonstrated.  

 Insulin is the therapy of choice in patients with advanced chronic 
kidney disease.  

 Metformin, TZDs, and incretin mimetics do not cause hypoglycemia. 
However, when used in combination with secretagogues or insulin, 
these medications may need to be adjusted as blood glucose levels 
decline.  

 The weight gain associated with TZDs in some patients may be partly 
offset by combination therapy with metformin.  

 Carefully assess PPG levels if the HbA1c level is elevated and pre-
prandial glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
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unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Individualize treatment regimens to accommodate patient exercise 
patterns.  

 Administer basal insulin in the evening if fasting glucose is elevated. 
 Long-acting insulin analogs are associated with less hypoglycemia 

than NPH insulin.  
National Institute for Health and 
Care Excellence:  
The Management of Type 2 
Diabetes  
(Issued 2009, last modified 
July 2014)18 

 
 

Metformin 
 Start metformin in overweight or obese patients and whose blood 

glucose is inadequately controlled by lifestyle interventions alone. 
 Consider metformin as an option for first-line glucose-lowering 

therapy for patients who are not overweight.  
 Continue metformin if blood glucose control remains or becomes 

inadequate and another oral glucose-lowering medication (usually a 
sulfonylurea) is added.  

 Step up metformin therapy gradually over weeks to minimize risk of 
gastrointestinal (GI) side effects. Consider a trial of extended release 
metformin if GI tolerability prevents continuation of therapy.  

 
Insulin secretagogues 
 Consider a sulfonylurea as an option for first-line glucose-lowering 

therapy if the patient is not overweight, the patient does not tolerate 
metformin (or it is contraindicated), or a rapid response to therapy is 
required because of hyperglycemic symptoms. 

 Add a sulfonylurea as second-line therapy when blood glucose control 
remains or becomes inadequate with metformin.  

 Continue sulfonylurea therapy if blood glucose control remains or 
becomes inadequate and another oral glucose-lowering medication is 
added. 

 When adherence is a problem, offer a once-daily, long-acting 
sulfonylurea.  

 
Rapid-acting insulin secretagogues 
 Consider offering a rapid-acting insulin secretagogue to a patient with 

an erratic lifestyle.  
 
Acarbose 
 Consider acarbose for a patient unable to use other oral glucose-

lowering medications.  
 
DPP-4 inhibitors  
 Consider adding a DPP-4 inhibitor to metformin (as second-line 

therapy) instead of a sulfonylurea when blood glucose control is 
inadequate (HbA1c ≥6.5%) if the person is at risk of hypoglycemia, 
does not tolerate a sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a DPP-4 inhibitor to sulfonylurea (as second-line 
therapy) when control of blood glucose is inadequate (HbA1c ≥6.5%) if 
the person does not tolerate metformin or if metformin is 
contraindicated.  

 Consider adding a DPP-4 inhibitor as third-line therapy to first-line 
metformin and a second-line sulfonylurea when control of blood 
glucose remains or becomes inadequate (HbA1c ≥7.5%) and insulin is 
unacceptable or inappropriate. 

 Only continue DPP-4 inhibitor therapy if the person has had a 
beneficial metabolic response (≥0.5% reduction in HbA1c in 6 months). 
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 A DPP-4 inhibitor may be preferable to a thiazolidinedione (TZD) if: 

o Further weight gain would cause or exacerbate significant 
problems associated with a high body weight. 

o A thiazolidinedione is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a thiazolidinedione. 
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 
 
TZDs 
 Consider adding a TZD to metformin (as second-line therapy) instead 

of a sulfonylurea when blood glucose control is inadequate (HbA1c 
≥6.5%) if the person is at risk of hypoglycemia, does not tolerate a 
sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a TZD to sulfonylurea (as second-line therapy) when 
control of blood glucose is inadequate (HbA1c ≥6.5%) if the person 
does not tolerate metformin or if metformin is contraindicated.  

 Consider adding a TZD as third-line therapy to first-line metformin 
and a second-line sulfonylurea when control of blood glucose remains 
or becomes inadequate (HbA1c ≥7.5%) and insulin is unacceptable or 
inappropriate. 

 Do not use a TZD is people who have heart failure, or who are at 
higher risk of fracture.  

 Only continue TZD therapy if the person has had a beneficial 
metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 Consider combining TZD with insulin therapy for a person who 
previously had a marked glucose-lowering response to TZD therapy or 
who is on high-dose insulin therapy and whose blood glucose is 
inadequately controlled.  

 A TZD may be preferable to a DPP-4 inhibitor if: 
o The person has marked insulin insensitivity. 
o A DPP-4 inhibitor is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a DPP-4 inhibitor.  
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 

 
Gliptins: GLP-1 enhancers 
 No recommendations are made on the use of gliptins as these drugs are 

not covered in this guideline. 
 
GLP-1 mimetics 
 Consider adding a GLP-1 mimetic as third-line therapy to first-line 

metformin and a second-line sulfonylurea when control of blood 
glucose is inadequate (HbA1c ≥7.5%) and the person has: 

o A body mass index ≥35 kg/m2 in those of European descent 
(with appropriate adjustment for other ethnic groups).  

o A BMI <35 kg/m2, and therapy with insulin would have 
significant occupational implications or weight loss would 
benefit other significant obesity-related comorbidities.  

 Only continue GLP-1 mimetic therapy if the person has had a 
beneficial metabolic response (≥1% reduction in HbA1c and weight 
loss ≥3% of initial body weight at six months). 

 



Dipeptidyl Peptidase-4 (DPP-4) Inhibitors 
AHFS Class 682005 

408 
Prepared by University of Massachusetts Medical School Clinical Pharmacy Services 

Clinical Guideline Recommendation(s) 
Insulin therapy 
 May be offered to patients with inadequate blood glucose control on 

optimized oral glucose-lowering agents. 
 When starting basal insulin therapy:  

o Continue with metformin and the sulfonylurea (and acarbose, 
if used).  

o Review the use of the sulfonylurea if hypoglycemia occurs.  
 When starting pre-mixed insulin therapy (or mealtime plus basal 

insulin regimens): 
o Continue with metformin.  
o Continue the sulfonylurea initially and discontinue if 

hypoglycemia occurs. 
 Begin with human NPH insulin injected at bedtime or twice daily 

according to need.  
 Consider using a long-acting insulin analogue if:  

o The person needs assistance from a caregiver or healthcare 
professional to inject insulin, and use of a long-acting insulin 
analogue would reduce the frequency of injections from twice 
to once daily.  

o The person’s lifestyle is restricted by recurrent symptomatic 
hypoglycemic episodes.  

o The person would otherwise need twice-daily NPH insulin 
injections in combination with oral glucose-lowering drugs.  

o The person cannot use the device to inject NPH insulin. 
 Consider twice-daily pre-mixed (biphasic) human insulin (particularly 

if HbA1c ≥9.0%). A once-daily regimen may be an option.  
 Consider pre-mixed preparations that include short-acting insulin 

analogs, rather than pre-mixed preparations that include short-acting 
human insulin preparations, if:  

o A person prefers injecting insulin immediately before a meal.  
o Hypoglycemia is a problem.  
o Blood glucose levels rise markedly after meals. 

 Consider switching to a long-acting insulin analogue from NPH insulin 
in people:  

o Who do not reach their target HbA1c because of significant 
hypoglycemia.  

o Who experience significant hypoglycemia on NPH insulin 
irrespective of the level of HbA1c reached.  

o Who cannot use the device needed to inject NPH insulin but 
who could administer their own insulin safely and accurately 
if a switch to a long-acting insulin analogue were made.  

o Who need help from a caregiver or healthcare professional to 
administer insulin injections and for whom switching to a 
long-acting insulin analogue would reduce the number of 
daily injections.  

 Monitor a person on a basal insulin regimen (NPH insulin or a long-
acting insulin analogue) for the need for short-acting insulin before 
meals (or a pre-mixed insulin preparation). 

Institute for Clinical Systems 
Improvement:  
Diagnosis and Management of 
Type 2 Diabetes Mellitus in 
Adults  

(2014)19 

 
 

 Personalize goals to achieve glycemic control with a hemoglobin 
HbA1c in the range of <7 or 8% based on the risks and benefits of each 
patient. A goal of <8% may be more appropriate when: 

o Known cardiovascular disease or high cardiovascular risk, 
may be determined by the Framingham or ACC/AHA 
Cardiovascular Risk Calculator, or alternatively as having two 
or more cardiovascular risks (BMI >30, hypertension, 
dyslipidemia, smoking, and microalbuminuria). 
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 o Inability to recognize and treat hypoglycemia, including a 

history of severe hypoglycemia requiring assistance. 
o Inability to comply with standard goals, such as 

polypharmacy issues. 
o Limited life expectancy or estimated survival of less than 10 

years. 
o Cognitive impairment. 
o Extensive comorbid conditions such as renal failure, liver 

failure, and end-stage disease complications. 
 A multifactorial approach to diabetes care that includes emphasis on 

blood pressure, lipids, glucose, aspirin use, and non-use of tobacco will 
maximize health outcomes far more than a strategy that is limited to 
just one or two of these clinical domains. 

 Recommend education and self-management, as appropriate.  
 Initiate metformin as first-line pharmacotherapy for patients with type 

2 diabetes, unless medically inappropriate.  
o Metformin may reduce HbA1c by 1 to 1.5%, rarely causes 

hypoglycemia when used as monotherapy and does not cause 
weight gain. 

o Metformin can also be used in combination with all other 
glucose-lowering agents.  

 Improved microvascular and macrovascular outcomes have been 
demonstrated in large clinical trials. 

International Diabetes 
Federation Clinical Guidelines 
Task Force:  
Global Guideline for Type 2 
Diabetes 
(2012)20 

 
 

Lifestyle management 
 Changing patterns of eating and physical activity can be effective in 

controlling many of the adverse risk factors found in type 2 diabetes. 
 Match the timing of medication (including insulin) and meals.   
 Reduce energy intake and control of foods with high amounts of added 

sugars, fats, or alcohol.  
 Introduce physical activity gradually, based on the individual’s 

willingness and ability, and setting individualized and specific goals.  
 Encourage increased duration and frequency of physical activity 

(where needed), up to 30 to 45 minutes on three to five days per week, 
or an accumulation of 150 minutes per week of moderate-intensity 
aerobic activity (50 to 70% of maximum heart rate). In the absence of 
contraindications, encourage resistance training three times per week. 

 Provide guidance for adjusting medications (insulin) and/or adding 
carbohydrate for physical activity. 

 
Glucose control levels 
 Maintaining HbA1c below 7% minimizes the risk of developing 

complications.  
 A lower HbA1c target may be considered if it is easily and safely 

achieved. 
 A higher HbA1c target may be considered for people with 

comorbidities or when previous attempts to optimize control have been 
associated with unacceptable hypoglycemia.  

 
Oral therapy 
 Begin oral glucose lowering medications when lifestyle interventions 

alone are unable to maintain blood glucose control at target levels. 
Maintain support for lifestyle measures throughout the use of these 
medications.  

 Consider each initiation or dose increase of an oral glucose lowering 
medication as a trial, monitoring response in three months.  
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 First-line therapy  

o Begin with metformin unless there is evidence of renal 
impairment or other contraindication.  

o Titrate the dose over early weeks to minimize discontinuation 
due to gastrointestinal intolerance. Monitor renal function and 
use metformin with caution if estimated glomerular filtration 
rate <45 mL/min/1.73m2. 

o Other options include a sulfonylurea (or glinide) for rapid 
response where glucose levels are high, or α-glucosidase 
inhibitors in some populations; these agents can also be used 
initially where metformin cannot.  

o In some circumstances dual therapy may be indicated initially 
if it is considered unlikely that single agent therapy will 
achieve glucose targets.  

 Second-line therapy  
o When glucose control targets are not achieved, add a 

sulfonylurea.  
o Other options include adding metformin if not used first-line, 

an α-glucosidase inhibitor, a dipeptidyl peptidase 4 (DPP-4) 
inhibitor, or a thiazolidinedione (TZD). A rapid-acting insulin 
secretagogue is an alternative option to sulfonylureas. 

 Third-line therapy 
o When glucose control targets are no longer being achieved, 

start insulin or add a third oral agent. 
o If starting insulin, add basal insulin or use premix insulin.  
o If adding a third oral agent options include an α-glucosidase 

inhibitor, a DPP-4 inhibitor, or a TZD. 
o Another option is to add a glucagon-like peptide-1 (GLP-1) 

agonist.  
 Fourth-line therapy 

o Begin insulin therapy when optimized oral blood glucose 
lowering mediations (and/or GLP-1 agonist) and lifestyle 
interventions are unable to maintain target glucose control.  

 
Insulin therapy 
 Do not unduly delay the commencement of insulin. Maintain lifestyle 

measures. Consider every initiation or dose increase of insulin as a 
trial, monitoring the response.  

 Provide education and appropriate self-monitoring.  
 Explain that starting doses of insulin are low, for safety reasons, but 

that eventual dose requirement is expected to be 30 to 100 units/day. 
 Continue metformin. Other oral agents may also be continued.  
 Begin with a basal insulin once daily such as neutral protamine 

Hagedorn (NPH) insulin, insulin glargine, or insulin detemir, or once 
or twice daily premix insulin (biphasic insulin).  

 Initiate insulin using a self-titration regimen (dose increases of two 
units every three days) or with biweekly or more frequent contact with 
a health-care professional.  

 Aim for pre-meal glucose levels of <6.5 mmol/L (<115 mg/dL). 
 Monitor glucose control for deterioration and increase dose to maintain 

target levels or consider transfer to a basal plus mealtime insulin 
regimen.  

American Diabetes Association:  
Care of Children and 
Adolescents with Type 1 

 Insulin type, mixture of insulins, site of injection, and individual 
patient response differences can all affect the onset, peak, and duration 
of insulin activity. 
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Diabetes  
(2005)21 

 
 

 Children with diabetes often require multiple daily injections of 
insulin, using combinations of rapid-, short-, intermediate-, or long-
acting insulin before meals and at bedtime to maintain optimal blood 
glucose control. 

 The basal/bolus insulin regimen uses a long-acting insulin analog 
combined with a rapid-acting insulin analog given before meals and 
snacks. This regimen has been shown to result in stable glycemic 
control and less hypoglycemia compared with regimens using 
intermediate and short insulin regimens. 

 Many young children and teenagers consume multiple snacks 
throughout the day. An ideal basal/bolus regimen may consist of as 
many as six to seven insulin injections per day. A combination of 
rapid-acting insulin with small amounts of intermediate-acting insulin 
to allow coverage for snacks may be an appropriate alternative to the 
basal/bolus plan. However, two or three doses of mixed rapid-acting or 
short-acting insulin with intermediate-acting insulin generally cannot 
maintain HbA1c levels within the target range. Recommendations now 
support moving toward a basal/bolus insulin regimen for most patients. 

 The combination of rapid-acting insulin analogs and a long-acting 
insulin offers an excellent option for basal and bolus insulin 
administration. 

 Basal/bolus regimens have been shown to result in lower fasting blood 
glucose levels with less nocturnal hypoglycemia than regimens that use 
NPH insulin in children/adolescents, as well as in adults. 

American Academy of 
Pediatrics: 
Management of Newly 
Diagnosed Type 2 Diabetes 
Mellitus (T2DM) in Children 
and Adolescents 
(2013)22 

 
 

 Clinicians must ensure that insulin therapy is initiated for children and 
adolescents with T2DM who are ketotic or in diabetic ketoacidosis and 
in whom the distinction between types 1 and 2 diabetes mellitus is 
unclear and, in usual cases, should initiate insulin therapy for patients  

o Who have random venous or plasma blood glucose (BG) 
concentrations ≥250 mg/dL. 

o Whose HbA1c is >9%. 
 In all other instances, clinicians should initiate a lifestyle modification 

program, including nutrition and physical activity, and start metformin 
as first-line therapy for children and adolescents at the time of 
diagnosis of T2DM.  

 Monitoring of HbA1c concentrations is recommended every three 
months and intensifying treatment is recommended if treatment goals 
for finger-stick BG and HbA1c concentrations are not being met. 

 Advise patients to monitor finger-stick BG concentrations in patients 
who:  

o Are taking insulin or other medications with a risk of 
hypoglycemia; or 

o Are initiating or changing their diabetes treatment regimen; or 
o Have not met treatment goals; or 
o Have intercurrent illnesses. 

 Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight 
Management Evidence-Based Nutrition Practice Guidelines in dietary 
or nutrition counseling of patients with T2DM at the time of diagnosis 
and as part of ongoing management.  

 Encourage children and adolescents with T2DM to engage in 
moderate-to-vigorous exercise for at least 60 minutes daily and to limit 
nonacademic “screen time” to less than two hours a day.  

National Institute for Health and 
Care Excellence:  
Diagnosis and Management of 

Children (aged younger than 11 years) and young people (aged 11 to <18 
years) 
 Children and young people with type 1 diabetes should be offered an 
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Type 1 Diabetes in 
Children, Young People, and 
Adults  
(Issued 2004, last modified 
July 2014)23 

 
 

ongoing integrated package of care by a multidisciplinary pediatric 
diabetes care team. 

 Insulin regimens  
o One, two, or three insulin injections per day: these are usually 

injections of short-acting insulin or rapid-acting insulin 
analogue mixed with intermediate-acting insulin. The insulin 
preparations may be mixed by the patient at the time of 
injection. 

o Multiple daily injection regimen: the person has injections of 
short-acting insulin or rapid-acting insulin analogue before 
meals, together with one or more separate daily injections of 
intermediate-acting insulin or long-acting insulin analogue. 

o Continuous subcutaneous insulin infusion (insulin pump 
therapy): a programmable pump and insulin storage reservoir 
that gives a regular or continuous amount of insulin (usually 
in the form of a rapid-acting insulin analogue or short-acting 
insulin) by a subcutaneous needle or cannula. 

 Pre-school and primary school children should be offered the most 
appropriate individualized regimens to optimize glycemic control.  

 Young people should be offered multiple daily injection regimens to 
help optimize glycemia control. 

 As it improves glycemic control, multiple daily injection regimens 
should be offered only as part of a package of care that involves 
continuing education; dietary management; instruction on the use of 
insulin delivery systems and blood glucose monitoring; emotional and 
behavioral support; and medical, nursing, and dietetic expertise in 
pediatric diabetes. 

 Children and young people using multiple daily injection regimens 
should be informed that they may experience an initial increase in the 
risk of hypoglycemia and short-term weight gain.  

 Children and young people and their families should be informed about 
strategies for the avoidance and management of hypoglycemia.  

 Young people who do not achieve satisfactory glycemic control with 
multiple daily injection regimens should be offered additional support 
and, if appropriate, alternative insulin therapy (once, twice, or three 
times daily mixed insulin regimens or continuous SC insulin infusion 
using an insulin pump).  

 Young people who have difficulty adhering to the multiple daily 
injection regimens should be offered twice-daily injection regimens.  

 Continuous SC insulin infusion is recommended as an option for 
patients provided that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and; 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Continuous SC insulin infusion therapy should be initiated only by a 
trained specialist team. 

 All individuals beginning continuous SC insulin infusion therapy 
should be provided with specific training in its use.  

 Established users of continuous SC insulin infusion therapy should 
have their insulin management reviewed by their specialist team so that 
a decision can be made about whether a trial or a switch to multiple-
dose insulin incorporating insulin glargine would be appropriate.  

 Insulin preparations:  
o Children and young people should be offered the most 
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appropriate insulin preparations according to their individual 
needs with the aim of obtaining an HbA1c <7.5% without 
frequent disabling hypoglycemia and maximizing quality of 
life.  

o Children and young people using multiple daily insulin 
regimens should be informed that injection of rapid-acting 
insulin analogs before eating (rather than after eating) reduces 
PPG levels thus helps to optimize blood glucose control. 

o For pre-school children it may be appropriate to use rapid-
acting insulin analogs shortly after eating (rather than before 
eating) because food intake can be unpredictable.  

o Children and young people who use insulin preparations 
containing intermediate-acting insulin should be informed that 
these preparations should be mixed before use according to 
instructions provided in patient information leaflets.  

 Insulin delivery:  
o Children and young people should be offered a choice of 

insulin delivery systems that takes account of their insulin 
requirements and personal preferences.  

o Children and young people using insulin injection regimens 
should be offered needles that are of an appropriate length for 
their body fat.  

 Non-insulin agents (oral antidiabetic agents):  
o Children and young people should not be offered acarbose or 

sulfonylureas in combination with insulin because they may 
increase the risk of hypoglycemia without improving 
glycemic control. 

o Metformin in combination with insulin is suitable for use only 
within research trials because the effectiveness of this 
combination therapy in providing glycemic control is 
uncertain. 

 
Adults (aged 18 years or older): Insulin regimens 
 Patients should have access to the types (preparation and species) of 

insulin they find allow them optimal well-being. 
 Cultural preferences need to be discussed and respected in agreeing on 

the insulin regimen for a patient. 
 Multiple insulin injection regimens, in patients who prefer them, 

should be used as part of an integrated package of which education, 
food, and skills training should be integral parts.  

 Appropriate self-monitoring and education should be used as part of an 
integrated package to help achieve optimal diabetes outcomes.  

 Mealtime insulin injections should be provided by injection 
unmodified (‘soluble’) insulin or rapid-acting insulin analogs before 
main meals.  

 Rapid-acting insulin analogs should be used as an alternative to 
mealtime unmodified insulin where nocturnal or late inter-prandial 
hypoglycemia is a problem, and in those in whom they allow 
equivalent blood glucose control without use of snacks between meals 
and this is needed or desired.  

 Basal insulin therapy (including nocturnal insulin supply) should be 
provided by the use of isophane (NPH) insulin or long-acting insulin 
analogs (insulin glargine). Isophane (NPH) insulin should be given at 
bedtime. If rapid-acting insulin analogs are given at mealtimes or the 
midday insulin dose is small or lacking, the need to give isophane 
(NPH) insulin twice-daily (or more often) should be considered.  
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Clinical Guideline Recommendation(s) 
 Long-acting insulin analogs (insulin glargine) should be used when:  

o Nocturnal hypoglycemia is a problem on isophane (NPH) 
insulin. 

o Morning hypoglycemia on isophane (NPH) insulin results in 
difficult daytime blood glucose control.  

o Rapid-acting insulin analogues are used for mealtime blood 
glucose control.  

 Twice-daily insulin regimens should be used by those adults who 
consider number of daily injections an important issue in quality of 
life: 

o Biphasic insulin preparations (pre-mixes) are often the 
preparations of choice in this circumstance.  

o Biphasic rapid-acting insulin analog pre-mixes may give an 
advantage to those prone to hypoglycemia at night.  

o Such twice-daily regimens may also help those who find 
adherence to their agreed lunchtime insulin injection difficult 
and those with learning difficulties who may require 
assistance from others.  

 Adults whose nutritional and physical activity patterns vary 
considerably from day-to-day, for vocational or recreational reasons, 
may need careful and detailed review of their self-monitoring and 
insulin injection regimen(s). This should include all the appropriate 
preparations and consideration of unusual patterns and combinations.  

 For adults undergoing periods of fasting or sleep following eating (e.g., 
during religious feasts and fasts, after night-shift work), a rapid-acting 
insulin analog before the meal (provided the meal is not prolonged) 
should be considered.  

 For adults with erratic and unpredictable blood glucose control, rather 
than a change in a previously optimized insulin regimen, the following 
should be considered: 

o Re-suspension of insulin and injection technique.  
o Injection sites. 
o Self-monitoring skills. 
o Knowledge and self-management skills.  
o Nature of lifestyle.  
o Psychological and psychosocial difficulties.  
o Possible organic causes (e.g., gastroparesis).  

 Continuous SC insulin infusion is recommended as an option provided 
that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Partial insulin replacement to achieve blood glucose control targets 
(basal insulin only, or just some mealtime insulin) should be 
considered for patients initiating insulin therapy, until such time as 
islet β-cell deficiency progresses further.  

 Clear guidelines and protocols should be given to all patients to assist 
them in adjusting insulin doses appropriate during intercurrent illness.  

 Oral glucose-lowering drugs should generally not be used in the 
management of type 1 diabetics.  

 
Adults (aged 18 years or older): Insulin delivery 
 Adults who inject insulin should have access to the insulin injection 

delivery device they find allows them optimal well-being, often using 
one or more types of insulin injection pen.  
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Clinical Guideline Recommendation(s) 
 Adults who have special visual or psychological needs should be 

provided with injection devices or needle-free systems that they can 
use independently for accurate dosing. 

 Insulin injection should be made into the deep SC fat. To achieve this, 
needles of a length appropriate to the individual should be made 
available. 

 Adults should be informed that the abdominal wall is the therapeutic 
choice for mealtime insulin injections. 

 Adults should be informed that extended-acting suspension insulin 
(e.g., isophane [NPH] insulin) may give a longer profile of action when 
injected into the SC tissue of the thigh rather than the arm or 
abdominal wall.  

 Adults should be recommended to use one anatomical area for the 
injections given at the same time of day, but to move the precise 
injection site around in the whole of the available skin within that area.  

 Patients should be provided with suitable containers for the collection 
of used needles. Arrangements should be available for the suitable 
disposal of these containers.  

 Injection site condition should be checked annually, and if new 
problems with blood glucose control occur.  

American Diabetes Association:  
Type 1 Diabetes Through the 
Life Span: A Position 
Statement of the American 
Diabetes Association  
(2014)24 

 
 

Nutritional therapy  
 Individualized medical nutrition therapy is recommended for all people 

with type 1 diabetes as an effective component of the overall treatment 
plan. 

 Monitoring carbohydrate intake, whether by carbohydrate counting or 
experience-based estimation, remains a key strategy in achieving 
glycemic control. 

 If adults with type 1 diabetes choose to drink alcohol, they should be 
advised to do so in moderation (one drink per day or less for adult 
women and two drinks per day or less for adult men). Discussion with 
a health care provider is advised to explore potential interactions with 
medications. Adults should be advised that alcohol can lower blood 
glucose levels and that driving after drinking alcohol is 
contraindicated. 

 
Physical activity and exercise  
 Exercise should be a standard recommendation as it is for individuals 

without diabetes; however, recommendations may need modifications 
due to the presence of macro- and microvascular diabetes 
complications.  

 Patients of all ages (or caregivers of children) should be educated about 
the prevention and management of hypoglycemia that may occur 
during or after exercise.  

 Patients should be advised about safe preexercise blood glucose levels 
(typically 100 mg/dL or higher depending on the individual and type of 
physical activity). 

 Reducing the prandial insulin dose for the meal/snack preceding 
exercise and/or increasing food intake can be used to help raise the 
preexercise blood glucose level and reduce hypoglycemia. 

 A reduction in overnight basal insulin the night following exercise may 
reduce the risk for delayed exercise-induced hypoglycemia.  

 Self-monitoring of blood glucose should be performed as frequently as 
needed, and sources of simple carbohydrate should be readily available 
to prevent and treat hypoglycemia.  
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Clinical Guideline Recommendation(s) 
Glycemic control goals  
 The American Diabetes Association strongly believes that blood 

glucose and HbA1c targets should be individualized with the goal of 
achieving the best possible control while minimizing the risk of severe 
hyperglycemia and hypoglycemia and maintaining normal growth and 
development. 

 An HbA1c goal of <7.5% is recommended across all pediatric age-
groups.  

 A reasonable HbA1c goal for many nonpregnant adults with type 1 
diabetes is <7%. 

 Providers might reasonably suggest more stringent HbA1c goals (such 
as <6.5%) for select individual patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. 

 Less stringent HbA1c goals (such as <8.5%) may be appropriate for 
patients with a history of severe hypoglycemia, hypoglycemia 
unawareness, limited life expectancy, advanced microvascular/ 
macrovascular complications, or extensive comorbid conditions. 

 
Insulin therapy 
 Most individuals with type 1 diabetes should be treated with multiple 

daily insulin injections (three or more injections per day of prandial 
insulin and one to two injections of basal insulin) or continuous 
subcutaneous insulin infusion. 

 Most individuals should be educated in how to match prandial insulin 
dose to carbohydrate intake, premeal blood glucose, and anticipated 
activity.  

 Most individuals should use insulin analogs to reduce hypoglycemia 
risk. 

 All individuals with type 1 diabetes should be taught how to manage 
blood glucose levels under varying circumstances, such as when ill or 
receiving glucocorticoids or for those on pumps, when pump problems 
arise. 

 Child caregivers and school personnel should be taught how to 
administer insulin based on provider orders when a child cannot self-
manage and is out of the care and control of his or her parent/guardian. 

 
Adjunctive therapies  
 Pramlintide may be considered for use as adjunctive therapy to 

prandial insulin in adults with type 1 diabetes failing to achieve 
glycemic goals. 

 Evidence suggests that adding metformin to insulin therapy may reduce 
insulin requirements and improve metabolic control in overweight/ 
obese patients and poorly controlled adolescents with type 1 diabetes, 
but evidence from larger longitudinal studies is required. 

 Current type 2 diabetes medications (GLP-1 agonists, DPP-4 
inhibitors, and SGLT2 inhibitors) may be potential therapies for type 1 
diabetic patients, but require large clinical trials before use in type 1 
diabetic patients. 

*This algorithm was updated in 201316 
 
 

III. Indications 
 

The Food and Drug Administration (FDA)-approved indications for the dipeptidyl peptidase-4 (DPP-4) inhibitors 
are noted in Table 3. While agents within this therapeutic class may have demonstrated positive activity via in 
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vitro trials, the clinical significance of this activity remains unknown until fully demonstrated in well-controlled, 
peer-reviewed in vivo clinical trials. As such, this review and the recommendations provided, are based 
exclusively upon the results of such clinical trials.  
 
Table 3. FDA-Approved Indications for the DPP-4 Inhibitors1-11 

Generic Name(s) 

Adjunct to Diet and 
Exercise to Improve 
Glycemic Control in 
Adults With Type 2 

Diabetes  

Monotherapy or Combination 
Therapy as Adjunct to Diet 

and Exercise to Improve 
Glycemic Control in Adults 

With Type 2 Diabetes 

Patients For Whom 
Treatment With 

Both Sitagliptin and 
Simvastatin is 
Appropriate 

Single Entity Agents 
Alogliptin    
Linagliptin    
Saxagliptin    
Sitagliptin    
Combination Products 
Alogliptin and 
metformin 

a   

Alogliptin and 
pioglitazone 

b   

Linagliptin and 
metformin 

c   

Saxagliptin and 
metformin  

d   

Sitagliptin and 
metformin 

e   

aWhen treatment with both alogliptin and metformin is appropriate. 
b When treatment with both alogliptin and pioglitazone is appropriate. 
cWhen treatment with both linagliptin and metformin is appropriate. 
dWhen treatment with both saxagliptin and metformin is appropriate. 
eWhen treatment with both sitagliptin and metformin or metformin extended-release is appropriate. 

 
IV. Pharmacokinetics 

 
The pharmacokinetic parameters of the dipeptidyl peptidase-4 (DPP-4) inhibitors are listed in Table 4.  

 
Table 4. Pharmacokinetic Parameters of the DPP-4 Inhibitors25 

Generic 
Name(s) 

Bioavailability 
(%) 

Protein Binding 
(%) 

Metabolism 
(%) 

Excretion 
(%) 

Half-Life 
(hours) 

Single Entity Agents 
Alogliptin 100 20 Liver, limited (% 

not reported) 
Renal (76),  
Feces (13) 

21 

Linagliptin 30 70 to 99 Not reported Renal (5 to 7), 
Bile (80) 

>100 

Saxagliptin Not reported Negligible  
(% not reported) 

Liver  
(% not reported) 

Renal (60),  
Feces (22) 

2.5 

Sitagliptin 87 38 Liver, minimal (% 
not reported) 

Renal (87), Feces 
(13) 

12.4 

Combination Products 
Alogliptin 
and 
metformin 

100/50 to 60 20/ Negligible (% 
not reported) 

Liver, limited (% 
not reported)/None 

Renal (76), Feces 
(13)/ Renal (90) 

21/6.2 

Alogliptin 
and 
pioglitazone 

100/50* 20/ >99 Liver, limited (% 
not reported)/ 

Liver, extensive (% 
not reported) 

Renal (76), Feces 
(13)/ Renal (15 to 

30) 

21/3 to 7 

Linagliptin 30/50 to 60 70 to 99/ Minimal (% not Renal (5 to 7), >100/6.2 
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Generic 
Name(s) 

Bioavailability 
(%) 

Protein Binding 
(%) 

Metabolism 
(%) 

Excretion 
(%) 

Half-Life 
(hours) 

and 
metformin 

Negligible (% not 
reported) 

reported)/None  Bile (80)/ 
Renal (90) 

Saxagliptin 
and 
metformin  

Not reported/ 
50 to 60 

Negligible (% not 
reported)/ 

Negligible (% not 
reported) 

Liver (% not 
reported)/None  

Renal (60), Feces 
(22)/ 

Renal (90) 

2.5/6.2 

Sitagliptin 
and 
metformin 

87/50 to 60 38/Negligible (% 
not reported) 

Liver, minimal (% 
not reported)/None 

Renal (87), Feces 
(13)/ 

Renal (90) 

12.4/6.2 

*Animal studies 
 
 

V. Drug Interactions 
 
Significant drug interactions with the dipeptidyl peptidase-4 (DPP-4) inhibitors are listed in Table 5. 

 
Table 5. Significant Drug Interactions with the DPP-4 Inhibitors26 

Generic Name(s) Significance Level Interaction Mechanism 
Sitagliptin and 
metformin 

1 Iodine-containing 
radiopaque agents 

Iodine-containing radiopaque 
agents can produce acute renal 
failure and decrease the clearance 
of sitagliptin/metformin. This may 
result in lactic acidosis. 
Sitagliptin/metformin should not 
be restarted until renal function 
returns to normal. 

Metformin 2 Ethanol The hypoglycemic effects of 
sitagliptin/metformin may be 
increased by ethanol. The 
incidence of lactic acidosis may 
also be increased. 

Pioglitazone 2 Gemfibrozil Gemfibrozil may inhibit the 
metabolism of thiazolidinediones 
and increase plasma 
concentrations. There is an 
increased risk of hypoglycemia 
and other adverse effects.  

Pioglitazone 2 Rifamycins Rifamycins may increase the 
metabolism of the 
thiazolidinediones, reducing their 
plasma concentrations and half-
lives, resulting in decreased 
glycemic control.  

Significance level 1 = major severity, significance level 2 = moderate severity 
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Table 7. Boxed Warning for DPP-4 Inhibitor Combination Products Containing Metformin5-9 

WARNING 
Lactic acidosis is a rare, but serious, complication that can occur due to metformin accumulation. The risk 
increases with conditions such as sepsis, dehydration, excess alcohol intake, hepatic impairment, renal 
impairment, and acute congestive heart failure. The onset of lactic acidosis is often subtle, accompanied only 
by nonspecific symptoms such as malaise, myalgias, respiratory distress, increasing somnolence, and 
nonspecific abdominal distress. Laboratory abnormalities include low pH, increased anion gap, and elevated 
blood lactate. If acidosis is suspected therapy should be discontinued and the patient hospitalized immediately. 

 
Table 8. Boxed Warning for Alogliptin and Pioglitazone11 

WARNING 
Thiazolidinediones, including pioglitazone, cause or exacerbate congestive heart failure (CHF) in some 
patients. After initiation and after dose increases, monitor patients carefully for signs and symptoms of heart 
failure (e.g., excessive, rapid weight gain; dyspnea; edema). If heart failure develops, it should be managed 
according to current standards of care, and discontinuation or dose reduction of alogliptin/pioglitazone must be 
considered. 
 
Alogliptin/pioglitazone is not recommended in patients with symptomatic heart failure. Initiation in patients 
with established New York Heart Association (NYHA) class III or IV heart failure is contraindicated. 

 
 

VII. Dosing and Administration 
 

The usual dosing regimens for the dipeptidyl peptidase-4 (DPP-4) inhibitors are listed in Table 9. 
 

Table 9. Usual Dosing Regimens for the DPP-4 Inhibitors1-11 

Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
Single-Entity Agents 
Alogliptin Monotherapy or combination therapy 

as adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes: 
Tablet: 25 mg QD 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
6.25 mg 
12.5 mg 
25 mg 

Linagliptin Monotherapy or combination therapy 
as adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes: 
Tablet: 5 mg QD 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
5 mg 

Saxagliptin Monotherapy or combination therapy 
as adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes: 
Tablet: 2.5 or 5 mg QD 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
2.5 mg 
5 mg 

Sitagliptin 
 

Monotherapy or combination therapy 
as adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes: 
Tablet: 100 mg QD 

Safety and efficacy in 
children have not been 
established. 

Tablet:  
25 mg 
50 mg 
100 mg 

Combination Products 
Alogliptin and 
metformin 

Adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes when treatment 
with both alogliptin and metformin is 
appropriate: 
Tablet: initial, individualized based 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
12.5-1,000 mg 
12.5-500 mg 
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Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
on the patient’s current regimen and 
administered BID; maximum, 25-
2,000 mg/day 

Alogliptin and 
pioglitazone 

Adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes when treatment 
with both linagliptin and pioglitazone 
is appropriate: 
Tablet: initial, individualized based 
on the patient’s current regimen and 
glycemic control and administered 
QD; maximum, 25-45 mg/day 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
12.5-15 mg 
12.5-30 mg 
12.5-45 mg 
25-15 mg 
25-30 mg 
25-45 mg  

Linagliptin and 
metformin 

Adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes when treatment 
with both linagliptin and metformin is 
appropriate: 
Tablet: initial, individualized on the 
basis of both effectiveness and 
tolerability; maximum, 2.5-1,000 mg 
BID 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
2.5-500 mg 
2.5-850 mg 
2.5-1,000 mg 

Saxagliptin and 
metformin  

Adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes when treatment 
with both saxagliptin and metformin 
is appropriate: 
Extended-release tablet: initial, 
individualized on the basis of the 
patient’s current regimen, 
effectiveness, and tolerability and 
administered QD; maximum, 5-2,000 
mg/day 

Safety and efficacy in 
children have not been 
established. 

Extended-release 
tablet:  
5-500 mg 
2.5-1,000 mg 
5-1,000 mg 

Sitagliptin and 
metformin 

Adjunct to diet and exercise to 
improve glycemic control in adults 
with type 2 diabetes when treatment 
with both sitagliptin and metformin 
or metformin extended-release is 
appropriate:  
Extended-release tablet: initial, 
individualized based on the patient’s 
current regimen and administered 
QD; maximum, 100-2,000 mg/day 
 
Tablet: initial, individualized based 
on the patient’s current regimen and 
administered BID; maximum, 100-
2,000 mg/day 

Safety and efficacy in 
children have not been 
established. 

Extended-release 
tablet: 
50-500 mg 
50-1,000 mg 
100-1,000 mg 
 
Tablet:  
50-500 mg 
50-1,000 mg 
 
 

BID=twice daily, QD=once daily
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Additional Evidence 
 
Dose Simplification 
A search of Medline and PubMed did not reveal data pertinent to this topic.  
 
Stable Therapy 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

          Rx=prescription 
 

Table 10. Relative Cost of the Dipeptidyl Peptidase-4 (DPP-4) Inhibitors 
Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 

Single Entity Agents 
Alogliptin tablet Nesina® $$$$$ N/A 
Linagliptin tablet Tradjenta® $$$$$ N/A 
Saxagliptin tablet Onglyza® $$$$$ N/A 
Sitagliptin  tablet  Januvia® $$$$$ N/A 
Combination Products 
Alogliptin and metformin tablet Kazano® $$$$ N/A 
Alogliptin and 
pioglitazone 

tablet Oseni® $$$$$ N/A 

Linagliptin and metformin  tablet Jentadueto® $$$$$ N/A 
Saxagliptin and 
metformin 

extended-release 
tablet 

Kombiglyze XR® $$$$$ N/A 

Sitagliptin and metformin extended-release, 
tablet, tablet 

Janumet®, Janumet XR® $$$$$ N/A 

N/A=Not available 
 
 

X. Conclusions 
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The dipeptidyl peptidase-4 (DPP-4) inhibitors are approved for use as an adjunct to diet and exercise to improve 
glycemic control in adults with type 2 diabetes mellitus. Available DPP-4 inhibitor combination products with 
metformin and pioglitazone are available for use when treatment with both drug components is appropriate.1-11 
There are no generic products available; however, metformin and pioglitazone are available generically in a 
separate formulation. 
 
According to current clinical guidelines for the management of type 2 diabetes, metformin remains the 
cornerstone of most antidiabetic treatment regimens. Additionally, patients with a high glycosylated hemoglobin 
(HbA1c) will likely require combination or triple therapy in order to achieve glycemic goals. At this time, uniform 
recommendations on the best agent to be combined with metformin cannot be made; therefore, advantages and 
disadvantages of specific antidiabetic agents for each patient should be considered. The DPP-4 inhibitors are 
recommended as a potential second-line treatment option to be added to or used in combination with metformin in 
patients not achieving glycemic goals. Clinical guidelines note a lower rate of hypoglycemia and an established 
efficacy and safety profile when used in combination with metformin as advantages associated with the DPP-4 
inhibitors compared to other classes of antidiabetic agents. Patients who are not appropriate for initial therapy 
with metformin may be initiated on another oral antidiabetic agent, such as a sulfonylurea/glinide, pioglitazone, or 
a DPP-4 inhibitor, and in occasional cases where weight loss is seen as an essential aspect of therapy, initial 
therapy with an incretin mimetic may be useful. Among all current clinical guidelines, preference of one DPP-4 
inhibitor over another is not stated.12-24  
 
A variety of clinical trials have been conducted with the DPP-4 inhibitors. The majority of the clinical trials have 
compared active treatment to placebo in patients not adequately controlled on other antidiabetic medications. In 
these trials, the more aggressive treatment regimens improved glycemic parameters to a greater extent than the 
less-intensive treatment regimens.27-99 In treatment naïve patients, sitagliptin was shown to be non-inferior to 
metformin when used as monotherapy; however, monotherapy with exenatide was more beneficial with regards to 
glycemic parameters compared to monotherapy with sitagliptin.38-39 Sitagliptin was also shown to be as effective 
as rosiglitazone or glipizide when these agents were added to existing metformin monotherapy.84,93 The addition 
of exenatide to metformin led to a greater reduction in two-hour postprandial glucose concentrations compared to 
the addition of sitagliptin to metformin.37 Limited head-to-head clinical trials comparing DPP-4 inhibitors have 
been conducted. In one trial, saxagliptin demonstrated non-inferiority to sitagliptin when both agents were added 
to existing metformin therapy.70 There have been minimal clinical efficacy or safety trials conducted with any of 
the DPP-4 inhibitor fixed-dose combination products; bioequivalence of these products with co-administration of 
the individual drug components has been demonstrated for all tablet strengths.5-11 Available trials evaluating the 
fixed-dose combination of sitagliptin and metformin support its efficacy and safety in the management of type 2 
diabetes. Specifically, combination therapy was associated with significantly improved glycemic control 
compared to metformin monotherapy.80  Alogliptin and pioglitazone combination therapy has also demonstrated 
significant improvements in HbA1c when compared to monotherapy with either agent.50-52 According to current 
type 2 diabetes guidelines, DPP-4 inhibitors may be considered as a second-line therapy in addition to metformin 
when blood glucose control is inadequate.12-20 
 
The DPP-4 inhibitors are generally well tolerated. There have been postmarketing reports of serious 
hypersensitivity reactions in patients taking a DPP-4 inhibitor. These reactions include anaphylaxis, angioedema 
and exfoliative skin conditions including Stevens-Johnson syndrome. There have also been postmarketing reports 
of acute pancreatitis, including fatal and non-fatal hemorrhagic or necrotizing pancreatitis, in patients taking a 
DPP-4 inhibitor. Combination DPP-4 inhibitor products containing metformin are associated with a risk of lactic 
acidosis.1-11 
 
There have been no clinical studies establishing conclusive evidence of macrovascular risk reduction with the 
DPP-4 inhibitors or any other antidiabetic drug.1-11  
 
There is insufficient evidence to support that one brand DPP-4 inhibitor is safer or more efficacious than another 
within its given indication. Since the DPP-4 inhibitors are not recommended as first-line therapy for the treatment 
of type 2 diabetes mellitus, they should be managed through the medical justification portion of the prior 
authorization process. 

 
Therefore, all brand products within the class reviewed are comparable to each other and to the generic products 
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.  
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XI. Recommendations 
 

No brand DPP-4 inhibitor is recommended for preferred status. Alabama Medicaid should accept cost proposals 
from manufacturers to determine the most cost effective products and possibly designate one or more preferred 
brands.
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I. Overview 

 
Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes: 
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced, 
genetic defects in β-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the 
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and 
long-term complications, including microvascular and macrovascular events. There are a variety of oral and 
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12 
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of 
action, efficacy, safety profiles, tolerability, and ease of use.  
 
The incretin mimetics are approved for use as an adjunct to diet and exercise to improve glycemic control in 
adults with type 2 diabetes mellitus.1-6 The incretin mimetics are glucagon-like peptide-1 (GLP-1) receptor 
agonists. GLP-1 is a human incretin hormone that is secreted from the small intestine in response to food intake, 
which has multiple effects on the stomach, liver, pancreas and brain to control glucose concentrations. Human 
GLP-1 is inactivated by the dipeptidyl peptidase-4 (DPP4) enzyme within minutes. Endogenous GLP-1 levels 
have been shown to be reduced in patients with type 2 diabetes. Exenatide is a synthetic peptide with 
approximately 50% homology to human GLP-1, but is more resistant to inactivation by DPP-4. Liraglutide is an 
acylated human GLP-1 with 97% homology to the endogenous form and also has increased stability against 
metabolic degradation. Albiglutide is a recombinant fusion protein that has been modified to confer resistance to 
DPP-4 proteolysis, thereby lengthening the half life to five days and allowing for once weekly dosing.  The 
incretin mimetics enhance glucose-dependent insulin secretion by pancreatic beta cells, suppress glucagon 
secretion, slow gastric emptying, and reduce food intake.1-6  

 
The incretin mimetics that are included in this review are listed in Table 1. This review encompasses all dosage 
forms and strengths. There are no generic products available. This class was last reviewed in November 2012.  
 
Table 1. Incretin Mimetics Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Albiglutide injection Tanzeum® none 
Exenatide injection Byetta®, Bydureon® none 
Liraglutide injection Victoza® none 

PDL=Preferred Drug List 
 
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type 
2 diabetes are presented globally, addressing the role of various medication classes.   
 
Table 2. Treatment Guidelines Using the Incretin Mimetics 

Clinical Guideline Recommendation(s) 
American Diabetes Association:  
Standards of Medical Care in 
Diabetes  

(2014)7 

 
 
 

Current criteria for the diagnosis of diabetes 
 The following are the criteria for a diagnosis of diabetes: glycosylated 

hemoglobin (HbA1c) ≥6.5%, or a fasting plasma glucose (FPG) ≥126 
mg/dL, or a two-hour plasma glucose ≥200 mg/dL during an oral 
glucose tolerance test or patients with classic symptoms of 
hyperglycemia, or classic symptoms of hyperglycemia or 
hyperglycemic crisis (random plasma glucose ≥200 mg/dL).  
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Prevention/delay of type 2 diabetes 
 An ongoing support program for weight loss of 7% of body weight and 

an increase in physical activity to ≥150 minutes/week of moderate 
activity should be encouraged in patients with impaired glucose 
tolerance, impaired fasting glucose, or an HbA1c 5.7 to 6.4%. 

 Metformin therapy for prevention of type 2 diabetes may be considered 
in patients with impaired glucose tolerance, impaired fasting glucose, 
or an HbA1c 5.7 to 6.7%, especially for those with a body mass index 
>35 kg/m2, age <60 years, and women with prior gestational diabetes 
mellitus.  

 
Glycemic goals in adults 
 Lowering HbA1c to below or around 7.0% has been shown to reduce 

microvascular complications of diabetes, and if implemented soon 
after the diagnosis of diabetes is associated with long term reduction in 
macrovascular disease. A reasonable HbA1c goal for many nonpregnant 
adults is <7.0%. 

 It may be reasonable for providers to suggest more stringent HbA1c 
goals (<6.5%) for selected patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. Such 
patients may include those with short duration of diabetes, long life 
expectancy, and no significant cardiovascular disease.  

 Conversely, less stringent HbA1c goals (<8.0%) may be appropriate for 
patients with a history of severe hypoglycemia, limited life expectancy, 
advanced microvascular or macrovascular complications, extensive 
comorbid conditions, and those with longstanding diabetes in whom 
the general goal is difficult to attain despite diabetes self-management 
education, appropriate glucose monitoring, and effective doses of 
multiple glucose-lowering agents including insulin.  

 
Pharmacologic and overall approaches to treatment-type 1 diabetes 
 Recommended therapy consists of the following components: 

o Use of multiple dose insulin injections (three to four 
injections per day of basal and pre-prandial insulin) or 
continuous subcutaneous (SC) insulin infusion therapy. 

o Matching prandial insulin to carbohydrate intake, pre-meal 
blood glucose, and anticipated activity. 

o Most patients should use of insulin analogs to reduce 
hypoglycemia risk. 

 
Pharmacologic and overall approaches to treatment-type 2 diabetes 
 At the time of diagnosis, initiate metformin therapy along with lifestyle 

interventions, unless metformin is contraindicated.  
 In newly diagnosed patients with markedly symptomatic and/or 

elevated blood glucose levels or HbA1c, consider insulin therapy, with 
or without additional agents, from the onset.  

 If noninsulin monotherapy at maximal tolerated dose does not achieve 
or maintain the HbA1c target over three to six months, add a second 
oral agent, a glucagon-like peptide-1 (GLP-1) receptor agonist, or 
insulin. 

 Because of the progressive nature of type 2 diabetes, insulin therapy is 
eventually indicated for many patients with type 2 diabetes. 

American Diabetes Association/ 
European Association for the 
Study of Diabetes: 
Management of 

Key points 
 Glycemic targets and glucose-lowering therapies must be 

individualized.  
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Hyperglycemia in Type 2 
Diabetes: A Patient-Centered 
Approach  

(2012)8 

 
 

 Diet, exercise, and education remain the foundation of any type 2 
diabetes treatment program. 

 Unless there are prevalent contraindications, metformin is the optimal 
first line drug.  

 After metformin, there are limited data to guide treatment decisions. 
Combination therapy with an additional one to two oral or injectable 
agents is reasonable, aiming to minimize side effects where possible.  

 Ultimately, many patients will require insulin therapy alone or in 
combination with other agents to maintain glucose control.  

 All treatment decisions, where possible, should be made in conjunction 
with the patient, focusing on his/her preferences, needs, and values.  

 Comprehensive cardiovascular risk reduction must be a major focus of 
therapy.  

 
Initial drug therapy 
 It is generally agreed that metformin, if not contraindicated and if 

tolerated, is the preferred and most cost-effective first agent.  
 Metformin should be initiated at, or soon after, diagnosis, especially in 

patients in whom lifestyle intervention alone has not achieved, or is 
unlikely to achieve, HbA1c goals. 

 Patients with high baseline HbA1c (e.g., ≥9.0%) have a low probability 
of achieving a near-normal target with monotherapy; therefore, it may 
be justified to start directly with a combination of two non-insulin 
agents or with insulin itself in this circumstance.  

 If a patient presents with significant hyperglycemic symptoms and/or 
has dramatically elevated plasma glucose concentrations or HbA1c 
(e.g., ≥10.0 to 12.0%), insulin therapy should be strongly considered 
from the outset. Such therapy is mandatory when catabolic features are 
exhibited or, of course, if ketonuria is demonstrated, the latter 
reflecting profound insulin deficiency.  

 If metformin cannot be used, another oral agent could be chosen, such 
as a sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 
(DPP-4) inhibitor; in occasional cases where weight loss is seen as an 
essential aspect of therapy, initial treatment with a glucagon-like 
peptide (GLP)-1 receptor agonist might be useful.  

 Where available, less commonly used drugs (alpha-glucosidase 
inhibitors, colesevelam, bromocriptine) might also be considered in 
selected patients, but their modest glycemic effects and side effect 
profiles make them less attractive candidates.  

 Specific patient preferences, characteristics, susceptibilities to side 
effects, potential for weight gain, and hypoglycemia should play a 
major role in drug selection.  

 
Advancing to dual combination therapy 
 If monotherapy alone does not achieve/maintain HbA1c target over 

approximately three months, the next step would be to add a second 
oral agent, a GLP-1 receptor agonist or basal insulin. Notably the 
higher the HbA1c, the more likely insulin will be required.  

 On average, any second agent is typically associated with an 
approximate further reduction in HbA1c of approximately 1.0%.  

 If no clinically meaningful glycemic reduction is demonstrated, then 
adherence having been investigated, that agent should be discontinued, 
and another with a different mechanism of action substituted. 

 Uniform recommendations on the best agent to be combined with 
metformin cannot be made, thus advantages and disadvantages of 
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specific drugs for each patient should be considered.  

 It remains important to avoid unnecessary weight gain by optimal 
medication selection and dose titration.  

 For all medications, consideration should also be given to overall 
tolerability.  

 
Advancing to triple combination therapy 
 Some trials have shown advantages of adding a third non-insulin agent 

to a two drug combination that is not yet or no longer achieving the 
glycemic target. However, the most robust response will usually be 
with insulin.  

 Many patients, especially those with long standing disease, will 
eventually need to be transitioned to insulin, which should be favored 
in circumstances where the degree of hyperglycemia (e.g., HbA1c 
≥8.5%) makes it unlikely that another drug will be of sufficient benefit.  

 In using triple combinations the essential consideration is to use agents 
with complementary mechanisms of action.  

 Increasing the number of drugs heightens the potential for side effects 
and drug-drug interactions which can negatively impact patient 
adherence. 

 
Anti-hyperglycemia Therapy in Type 2 Diabetes: General 
Recommendations 

Initial Drug 
Monotherapy 

Metformin 

Efficacy (↓HbA1c) High 
Hypoglycemia Low risk 

Weight Neutral/loss 
Side Effects Gastrointestinal/lactic acidosis 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to two drug combination therapy (order not meant to denote any specific preference) 

Two Drug 
Combin-
ations  

Metformin  
+  

sulfonyl-
urea 

Metformin  
+  

thia-
zolidinedione 

(TZD) 

Metformin  
+  

DPP-4 
inhibitor 

Metformin  
+  

GLP-1 
receptor 
agonist 

Metformin  
+  

insulin 
(usually 
basal) 

Efficacy 
(↓HbA1c) 

High High Inter-
mediate 

High Highest 

Hypo-
glycemia 

Moderate 
risk 

Low risk Low risk Low risk High risk 

Weight Gain Gain Neutral Loss Gain 
Major Side 

Effects 
Hypo-

glycemia 
Edema, heart 
failure, bone 

fracture 

Rare Gastro- 
intestinal 

Hypo-
glycemia 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to three drug combination therapy (order not meant to denote any specific preference) 

Three 
Drug 
Combin-
ations 

Metformin  
+  

sulfonyl-
urea 
 + 

Metformin  
+  

TZD  
+ 

Metformin  
+  

DPP-4 
inhibitor  

+ 

Metformin  
+  

GLP-1 
receptor 
agonist  

+ 

Metformin  
+  

insulin 
therapy 

+ 

TZD, DPP-
4 inhibitor, 

GLP-1 
receptor 

agonist, or 
insulin 

Sulfonylurea, 
or DPP-4 
inhibitor, 
GLP-1 

receptor 
agonist, or 

insulin 

Sulfonyl-
urea, TZD, 
or insulin 

Sulfonyl-
urea, TZD, 
or insulin 

TZD, 
DPP-4 

inhibitor, 
or GLP-1 
receptor 
agonist 

If combination therapy that includes basal insulin has failed to achieve HbA1c target after 
three to six months, proceed to a more complex insulin strategy, usually in combination 

with one or two non-insulin agents 
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More Complex 
Insulin Strategies 

Insulin (multiple daily doses) 

 

American College of Physicians:  
Oral Pharmacologic 
Treatment of Type 2 Diabetes 
Mellitus  

(2012)9 

 
 

 Oral pharmacologic therapy in patients with type 2 diabetes should be 
added when lifestyle modifications, including diet, exercise, and 
weight loss, have failed to adequately improve hyperglycemia. 

 Monotherapy with metformin for initial pharmacologic therapy is 
recommended to treat most patients with type 2 diabetes.  

 It is recommended that a second agent be added to metformin to 
patients with persistent hyperglycemia when lifestyle modifications 
and monotherapy with metformin fail to control hyperglycemia. 

American Association of 
Clinical Endocrinologists: 
Medical Guidelines for 
Clinical Practice for 
Developing a Diabetes Mellitus 
Comprehensive Care Plan 
(2011)10 

 
 

Antihyperglycemic pharmacotherapy  
 The choice of therapeutic agents should be based on their differing 

metabolic actions and adverse effect profiles as described in the 2009 
American Association of Clinical Endocrinologists/American College 
of Endocrinology Diabetes Algorithm for Glycemic Control.* 

 Insulin should be considered for patients with type 2 diabetes mellitus 
when noninsulin antihyperglycemic therapy fails to achieve target 
glycemic control or when a patient, whether drug naïve or not, has 
symptomatic hyperglycemia. 

 Antihyperglycemic agents may be broadly categorized by whether they 
predominantly target fasting plasma glucose (FPG) or postprandial 
glucose (PPG) levels. These effects are not exclusive; drugs acting on 
FPG passively reduce PPG, and drugs acting on PPG passively reduce 
FPG, but these broad categories can aid in therapeutic decision-
making.  

 Thiazolidinediones (TZDs) and sulfonylureas are examples of oral 
agents primarily affecting FPG. Metformin and incretin enhancers 
(DPP-4 inhibitors) also favorably affect FPG.  

 When insulin therapy is indicated in patients with type 2 diabetes to 
target FPG, therapy with long-acting basal insulin should be the initial 
choice in most cases; insulin analogues glargine and detemir are 
preferred over intermediate-acting neutral protamine Hagedorn (NPH) 
because they are associated with less hypoglycemia.  

 The initial choice of an agent targeting FPG or PPG involves 
comprehensive patient assessment with emphasis given to the glycemic 
profile obtained by self-monitoring of blood glucose. 

 When postprandial hyperglycemia is present, glinides and/or α-
glucosidase inhibitors, short- or rapid-acting insulin, and metformin 
should be considered. Incretin-based therapy (DPP-4 inhibitors and 
GLP-1 receptor agonists) also target postprandial hyperglycemia in a 
glucose-dependent fashion, which reduces the risks of hypoglycemia.  

 When control of postprandial hyperglycemia is needed and insulin is 
indicated, rapid-acting insulin analogues are preferred over regular 
human insulin because they have a more rapid onset and offset of 
action and are associated with less hypoglycemia.  

 Pramlintide can be used as an adjunct to prandial insulin therapy to 
reduce postprandial hyperglycemia, HbA1c, and weight. 

 Premixed insulin analogue therapy may be considered for patients in 
whom adherence to a drug regimen is an issue; however, these 
preparations lack component dosage flexibility and may increase the 
risk for hypoglycemia compared to basal insulin or basal-bolus insulin. 
Basal-bolus insulin therapy is flexible and is recommended for 
intensive insulin therapy. 

 Intensification of pharmacotherapy requires glucose monitoring and 
medication adjustment at appropriate intervals when treatment goals 
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are not achieved or maintained.  

 Most patients with an initial HbA1c level >7.5% will require 
combination therapy using agents with complementary mechanisms of 
action. 

American Association of 
Clinical Endocrinologists: 
American Association of 
Clinical Endocrinologists: 
Comprehensive Diabetes 
Management Algorithm 2013 
Consensus Statement  
(2013)11 

 
 

Principles underlying the algorithm 
 Lifestyle optimization is essential for all patients with diabetes; 

however, it should not delay needed pharmacotherapy, which can be 
initiated simultaneously and adjusted based on patient response to 
lifestyle efforts. The need for medical therapy should not be interpreted 
as a failure of lifestyle management, but as an adjunct to it. 

 Achieving an HbA1c ≤6.5% is recommended as the primary goal if it 
can be achieved in a safe and affordable manner; however, higher 
targets may be appropriate for certain individuals and may change for a 
given individual over time.  

 Minimizing risk of hypoglycemia and weight gain is a priority. It is a 
matter of safety, adherence, and cost. 

 For optimal glycemic control, therapies with complementary 
mechanisms of action must typically be used in combination.  

 Therapeutic effectiveness must be evaluated frequently until stable 
(e.g., every three months). 

 Safety and efficacy should be given higher priority than the initial 
acquisition cost of medications, as medication cost is only a small part 
of the total cost of diabetes care. In assessing the cost of a medication, 
consideration should be given to monitoring requirements and risks of 
hypoglycemia and weight gain. 

 Rapid-acting insulin analogs are superior to regular insulin because 
they are more predictable. 

 Long-acting insulin analogs are superior to neutral protamine 
Hagedorn insulin because they provide a fairly flat response for 
approximately 24 hours and provide better reproducibility and 
consistency, both between and within patients, with a corresponding 
reduction in hypoglycemia risk. 
 

Monotherapy  
 Patients with recent-onset diabetes and those with mild hyperglycemia 

(HbA1c <7.5%), initial monotherapy with metformin (at doses of 1,500 
to 2,000 mg/day) and life-style modifications will achieve their 
glycemic goals in a majority of patients.  

 In patients with intolerance or contraindications to metformin, 
acceptable therapeutic alternatives that reduce glucose without weight 
gain or hypoglycemia (in order based on suggested hierarchy of usage) 
include: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors.  
o Alpha-glucosidase inhibitors. 
o Sodium glucose cotransporter 2 (SGLT-2) inhibitors. 

 TZD, sulfonylurea, and glinides (in order based on suggested hierarchy 
of usage) may be used but with caution due to possible weight gain and 
hypoglycemia. 

 
Combination therapy  
 Patients who present with an initial HbA1c >7.5% or who do not reach 

their target HbA1c with metformin in three months should be started on 
a second agent to be used in combination with metformin.  

 Patients who present with an initial HbA1c >9.0% with no symptoms 
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should be started on combination therapy or three-drug combination 
therapy.  

 In metformin-intolerant patients, two drugs from other classes with 
complimentary mechanisms of action should be used. 

 Combination (in order based on suggested hierarchy of usage) include 
metformin (or other first-line agent) plus: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides. 

 
Three-drug combination therapy  
 Generally, the efficacy of a third antidiabetic agent added to dual 

therapy is reduced compared to the efficacy of the same drug used as 
monotherapy or combination therapy with one other agent. 

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 Patients who present with an HbA1c <8.0% or who do not reach their 
target HbA1c with two antidiabetic drugs after 3 months has a high 
likelihood of reaching target with a third agent.  

 Patients who present with an HbA1c >9.0% or who do not reach their 
target HbA1c with two antidiabetic drugs has are less likely of reaching 
target with a third agent or fourth agent and insulin should be 
considered. 

 Continuation with noninsulin therapies while starting basal insulin is 
common and does not increase cardiovascular risk, but may increase 
risk of hypoglycemia when sulfourea are used in conjunction with 
insulin.  

 Three-drug combination (in order based on suggested hierarchy of 
usage) include metformin (or other first-line agent), a second-line 
agent plus: 

o GLP-1 receptor agonists. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o DPP-4 inhibitors.  
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides 

 
Insulin therapy algorithm 
 Patients who present with an initial HbA1c >9.0% and are symptomatic, 

should initiate therapy with insulin with or without other antidiabetic 
agents.  

 Start insulin if a patient has marked hyperglycemia despite treatment 
with several oral antidiabetic agents and is symptomatic with polyuria 
and weight loss. 

 Patients who are not at target HbA1c despite the use of oral antidiabetic 
agents or GLP-1 therapy should be considered for insulin therapy.  
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 Patients with an HbA1c level >8.0% while receiving ≥2 antidiabetic 

agents, particularly individuals with long duration of diabetes, have 
significant impairment of beta cell insulin secretory capacity and are 
unlikely to reach the recommended target by the addition of further 
oral antidiabetic drugs. 
 

Basal insulin 
 Patients with an HbA1c level >8.0% while receiving ≥2 oral 

antidiabetic agents or GLP-1 therapy can be started on single daily 
dose of basal insulin as an add-on to the patient’s existing regimen. 

 Titrate insulin dose every two to three days to reach glycemic goals. 
 Basal insulin analogues (glargine and detemir) are preferred over 

protamine Hagedorn insulin because they have been shown to provide 
a relatively flat serum insulin concentration for up to 24 hours from a 
single daily injection. 

 Patients who fail to achieve glucose control with basal insulin or 
premixed insulin formulations can also be considered for basal 
intensification with a DPP-4 inhibitor or GLP-1 receptor agonist if the 
glucose level is not markedly elevated, because this approach tends to 
not cause weight gain or additional hypoglycemia. 

 
Basal-bolus insulin regimens 
 Patients who fail to achieve glucose control with basal insulin or 

premixed insulin formulations and those with symptomatic 
hyperglycemia and HbA1c >10% often respond better to combined 
basal and mealtime bolus insulin. 

 A full basal-bolus program with an insulin basal analogue once or 
twice daily and a rapid-acting analogue at each meal is most effective 
and provides flexibility for patients with variable mealtimes and meal 
carbohydrate content.  

 Doses of insulin may be titrated every two to three days to reach 
glycemic goals.  

 
Basal insulin and incretin therapy regimens 
 Use of the amylin analog pramlintide in conjunction with bolus insulin 

improves both glycemia and weight in patients with type 2 diabetes.  
 The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) 

have similar properties, and also increase endogenous insulin secretion. 
Therefore, the combination of basal insulin and incretin therapy 
decreases basal and postprandial glucose and may minimize the weight 
gain and hypoglycemia risk observed with basal-bolus insulin 
replacement. 

American Association of 
Clinical Endocrinologists:  
Medical Guidelines for 
Clinical Practice for the 
Management of Diabetes 
Mellitus  
(2007)12 

 
 
 
 
 
 

Glycemic management-all patients with diabetes 
 Encourage patients to achieve glycemic levels as near normal as 

possible without inducing clinically significant hypoglycemia. 
Glycemic targets include the following: 

o HbA1c ≤6.5%. 
o FPG <100 mg/dL. 
o Two-hour PPG <140 mg/dL. 

 Refer patients for comprehensive, ongoing education in diabetes self-
management skills and nutrition therapy.  

 Initiate self-monitoring blood glucose levels.  
 

Glycemic management-patients with type 1 diabetes 
 Initiate intensive insulin therapy with one of the following regimens: 
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o Basal-bolus therapy, using a long-acting insulin analog in 

combination with a rapid-acting insulin analog or inhaled 
insulin at meals.  

o Continuous SC insulin infusion with an insulin pump; insulin 
pump therapy indicated for: 

 Patients unable to achieve control using a regimen of 
multiple daily injections. 

 Patients with histories of frequent hypoglycemia 
and/or hypoglycemia unawareness.  

 Patients who are pregnant.  
 Patients with extreme insulin sensitivity (pump 

therapy facilitates better precision than SC 
injections).  

 Patients with a history of dawn phenomenon (these 
patients can program a higher basal rate for the early 
morning hours to counteract the rise in blood glucose 
concentration).  

 Patients who require more intensive diabetes 
management because of complications including 
neuropathy, nephropathy, and retinopathy.  

 Patients taking multiple daily injections who have 
demonstrated willingness and ability to comply with 
prescribed diabetes self-care behavior including 
frequent glucose monitoring, carbohydrate counting, 
and insulin adjustment.  

 Consider adding pramlintide to intensive insulin therapy to enhance 
glycemic control and to assist with weight management.  

 Consider adding an insulin sensitizer to address insulin resistance as 
needed. Exercise caution because of the potential for increased fluid 
retention when TZDs are used with insulin.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL.  

 
Glycemic management-patients with type 2 diabetes 
 Aggressively implement all appropriate components of care at the time 

of diagnosis.  
 Persistently monitor and titrate pharmacologic therapy until all 

glycemic goals are achieved.  
o First assess current HbA1c level, fasting/pre-prandial glycemic 

profile, and two-hour PPG profile to evaluate the level of 
control and identify patterns.  

o After initiating pharmacologic therapy based on the patterns 
identified in the profile, persistently monitor and titrate 
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therapy over the next two to three months until all glycemic 
goals are achieved.  

o If glycemic goals are not achieved at the end of two to three 
months, initiate a more intensive regimen and persistently 
monitor and titrate therapy over the next two to three months 
until all glycemic goals are achieved.  

o Recognize that patients currently treated with monotherapy or 
combination therapy who have not achieved glycemic goals 
will require either increased dosages of current medications or 
the addition of a second or third medication.  

o Consider insulin therapy in patients with HbA1c >8.0% and 
symptomatic hyperglycemic, and in patients with elevated 
fasting blood glucose levels or exaggerated PPG excursions 
regardless of HbA1c levels.  

o Initiate insulin therapy to control hyperglycemia and to 
reverse glucose toxicity when HbA1c >10.0%. Insulin therapy 
can then be modified or discontinued once glucose toxicity is 
reversed.  

o Consider a continuous SC insulin infusion in insulin-treated 
patients.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily. Although monitoring glucose 
levels at least three times daily is recommended, there is no supporting 
evidence regarding optimal frequency of glucose monitoring with or 
without insulin pump therapy.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients whose glycemic levels are above target while being 
treated with oral agents alone, oral agents plus once-daily insulin, or 
once-daily insulin alone to monitor glucose levels at least two times 
daily. There is no supporting evidence regarding optimal frequency of 
glucose monitoring in these patients. 

 Instruct patients who are meeting target glycemic levels, including 
those treated non-pharmacologically, to monitor glucose levels at least 
once daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct patients to obtain comprehensive pre-prandial and two-hour 
PPG measurements to create a weekly profile periodically and before 
clinician visits to guide nutrition and physical activity, to detect post-
prandial hyperglycemia, and to prevent hypoglycemia.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL. 

 
Clinical support-clinical considerations in patients with type 1 diabetes 
 Instruct patients to administer pre-prandial rapid-acting analog insulin 

20 to 30 minutes before the meal when the pre-meal blood glucose 
levels is high and after the meal has begun when the pre-meal blood 
glucose level is below the reference range.  
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 Measure 2:00 to 3:00 AM blood glucose periodically in all patients 

with diabetes to asses for nocturnal hypoglycemia, especially when the 
morning blood glucose level is elevated.  

 Consider using regular insulin instead of rapid-acting insulin analogs 
to obtain better control of post-prandial and pre-meal glucose levels in 
patients with gastroparesis. Insulin pump therapy may also be 
advantageous in these patients. 

 Some type 1 diabetics treated with basal insulin may require two daily 
injections of basal insulin for greater stability.  

 Carefully assess PPG levels when the HbA1c level is elevated and pre-
meal glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Arrange for continuous glucose monitoring for patients with unstable 
glucose control and for patients unable to achieve an acceptable HbA1c 
level. Continuous glucose monitoring is particularly valuable in 
detecting both unrecognized nocturnal hypoglycemia and post-prandial 
hyperglycemia. 

 Some patients using pramlintide may achieve better post-prandial and 
pre-meal glucose control by combining it with regular insulin rather 
than rapid-acting analogs.  

 Individualize insulin regimens to accommodate patient exercise 
patterns.  

 Treat hypoglycemic reactions with simple carbohydrates. 
 
Clinical support-clinical considerations in patients with type 2 diabetes 
 Combining therapeutic agents with different modes of action may be 

advantageous.  
 Use insulin sensitizers, such as metformin or TZDs, as part of the 

therapeutic regimen in most patients unless contraindicated or 
intolerance has been demonstrated.  

 Insulin is the therapy of choice in patients with advanced chronic 
kidney disease.  

 Metformin, TZDs, and incretin mimetics do not cause hypoglycemia. 
However, when used in combination with secretagogues or insulin, 
these medications may need to be adjusted as blood glucose levels 
decline.  

 The weight gain associated with TZDs in some patients may be partly 
offset by combination therapy with metformin.  

 Carefully assess PPG levels if the HbA1c level is elevated and pre-
prandial glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Individualize treatment regimens to accommodate patient exercise 
patterns.  

 Administer basal insulin in the evening if fasting glucose is elevated. 
 Long-acting insulin analogs are associated with less hypoglycemia 

than NPH insulin.  
National Institute for Health and 
Care Excellence:  
The Management of Type 2 
Diabetes  
(Issued 2009, last modified 

Metformin 
 Start metformin in overweight or obese patients and whose blood 

glucose is inadequately controlled by lifestyle interventions alone. 
 Consider metformin as an option for first-line glucose-lowering 

therapy for patients who are not overweight.  
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July 2014)13 

 
 

 Continue metformin if blood glucose control remains or becomes 
inadequate and another oral glucose-lowering medication (usually a 
sulfonylurea) is added.  

 Step up metformin therapy gradually over weeks to minimize risk of 
gastrointestinal (GI) side effects. Consider a trial of extended release 
metformin if GI tolerability prevents continuation of therapy.  

 
Insulin secretagogues 
 Consider a sulfonylurea as an option for first-line glucose-lowering 

therapy if the patient is not overweight, the patient does not tolerate 
metformin (or it is contraindicated), or a rapid response to therapy is 
required because of hyperglycemic symptoms. 

 Add a sulfonylurea as second-line therapy when blood glucose control 
remains or becomes inadequate with metformin.  

 Continue sulfonylurea therapy if blood glucose control remains or 
becomes inadequate and another oral glucose-lowering medication is 
added. 

 When adherence is a problem, offer a once-daily, long-acting 
sulfonylurea.  

 
Rapid-acting insulin secretagogues 
 Consider offering a rapid-acting insulin secretagogue to a patient with 

an erratic lifestyle.  
 
Acarbose 
 Consider acarbose for a patient unable to use other oral glucose-

lowering medications.  
 
DPP-4 inhibitors  
 Consider adding a DPP-4 inhibitor to metformin (as second-line 

therapy) instead of a sulfonylurea when blood glucose control is 
inadequate (HbA1c ≥6.5%) if the person is at risk of hypoglycemia, 
does not tolerate a sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a DPP-4 inhibitor to sulfonylurea (as second-line 
therapy) when control of blood glucose is inadequate (HbA1c ≥6.5%) if 
the person does not tolerate metformin or if metformin is 
contraindicated.  

 Consider adding a DPP-4 inhibitor as third-line therapy to first-line 
metformin and a second-line sulfonylurea when control of blood 
glucose remains or becomes inadequate (HbA1c ≥7.5%) and insulin is 
unacceptable or inappropriate. 

 Only continue DPP-4 inhibitor therapy if the person has had a 
beneficial metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 A DPP-4 inhibitor may be preferable to a thiazolidinedione (TZD) if: 
o Further weight gain would cause or exacerbate significant 

problems associated with a high body weight. 
o A thiazolidinedione is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a thiazolidinedione. 
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 
 
TZDs 
 Consider adding a TZD to metformin (as second-line therapy) instead 
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of a sulfonylurea when blood glucose control is inadequate (HbA1c 
≥6.5%) if the person is at risk of hypoglycemia, does not tolerate a 
sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a TZD to sulfonylurea (as second-line therapy) when 
control of blood glucose is inadequate (HbA1c ≥6.5%) if the person 
does not tolerate metformin or if metformin is contraindicated.  

 Consider adding a TZD as third-line therapy to first-line metformin 
and a second-line sulfonylurea when control of blood glucose remains 
or becomes inadequate (HbA1c ≥7.5%) and insulin is unacceptable or 
inappropriate. 

 Do not use a TZD is people who have heart failure, or who are at 
higher risk of fracture.  

 Only continue TZD therapy if the person has had a beneficial 
metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 Consider combining TZD with insulin therapy for a person who 
previously had a marked glucose-lowering response to TZD therapy or 
who is on high-dose insulin therapy and whose blood glucose is 
inadequately controlled.  

 A TZD may be preferable to a DPP-4 inhibitor if: 
o The person has marked insulin insensitivity. 
o A DPP-4 inhibitor is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a DPP-4 inhibitor.  
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 

 
Gliptins: GLP-1 enhancers 
 No recommendations are made on the use of gliptins as these drugs are 

not covered in this guideline. 
 
GLP-1 mimetics 
 Consider adding a GLP-1 mimetic as third-line therapy to first-line 

metformin and a second-line sulfonylurea when control of blood 
glucose is inadequate (HbA1c ≥7.5%) and the person has: 

o A body mass index ≥35 kg/m2 in those of European descent 
(with appropriate adjustment for other ethnic groups).  

o A BMI <35 kg/m2, and therapy with insulin would have 
significant occupational implications or weight loss would 
benefit other significant obesity-related comorbidities.  

 Only continue GLP-1 mimetic therapy if the person has had a 
beneficial metabolic response (≥1% reduction in HbA1c and weight 
loss ≥3% of initial body weight at six months). 

 
Insulin therapy 
 May be offered to patients with inadequate blood glucose control on 

optimized oral glucose-lowering agents. 
 When starting basal insulin therapy:  

o Continue with metformin and the sulfonylurea (and acarbose, 
if used).  

o Review the use of the sulfonylurea if hypoglycemia occurs.  
 When starting pre-mixed insulin therapy (or mealtime plus basal 

insulin regimens): 
o Continue with metformin.  
o Continue the sulfonylurea initially and discontinue if 
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hypoglycemia occurs. 

 Begin with human NPH insulin injected at bedtime or twice daily 
according to need.  

 Consider using a long-acting insulin analogue if:  
o The person needs assistance from a caregiver or healthcare 

professional to inject insulin, and use of a long-acting insulin 
analogue would reduce the frequency of injections from twice 
to once daily.  

o The person’s lifestyle is restricted by recurrent symptomatic 
hypoglycemic episodes.  

o The person would otherwise need twice-daily NPH insulin 
injections in combination with oral glucose-lowering drugs.  

o The person cannot use the device to inject NPH insulin. 
 Consider twice-daily pre-mixed (biphasic) human insulin (particularly 

if HbA1c ≥9.0%). A once-daily regimen may be an option.  
 Consider pre-mixed preparations that include short-acting insulin 

analogs, rather than pre-mixed preparations that include short-acting 
human insulin preparations, if:  

o A person prefers injecting insulin immediately before a meal.  
o Hypoglycemia is a problem.  
o Blood glucose levels rise markedly after meals. 

 Consider switching to a long-acting insulin analogue from NPH insulin 
in people:  

o Who do not reach their target HbA1c because of significant 
hypoglycemia.  

o Who experience significant hypoglycemia on NPH insulin 
irrespective of the level of HbA1c reached.  

o Who cannot use the device needed to inject NPH insulin but 
who could administer their own insulin safely and accurately 
if a switch to a long-acting insulin analogue were made.  

o Who need help from a caregiver or healthcare professional to 
administer insulin injections and for whom switching to a 
long-acting insulin analogue would reduce the number of 
daily injections.  

 Monitor a person on a basal insulin regimen (NPH insulin or a long-
acting insulin analogue) for the need for short-acting insulin before 
meals (or a pre-mixed insulin preparation). 

Institute for Clinical Systems 
Improvement:  
Diagnosis and Management of 
Type 2 Diabetes Mellitus in 
Adults  

(2014)14 

 
 
 

 Personalize goals to achieve glycemic control with a hemoglobin 
HbA1c in the range of <7 or 8% based on the risks and benefits of each 
patient. A goal of <8% may be more appropriate when: 

o Known cardiovascular disease or high cardiovascular risk, 
may be determined by the Framingham or ACC/AHA 
Cardiovascular Risk Calculator, or alternatively as having two 
or more cardiovascular risks (BMI >30, hypertension, 
dyslipidemia, smoking, and microalbuminuria). 

o Inability to recognize and treat hypoglycemia, including a 
history of severe hypoglycemia requiring assistance. 

o Inability to comply with standard goals, such as 
polypharmacy issues. 

o Limited life expectancy or estimated survival of less than 10 
years. 

o Cognitive impairment. 
o Extensive comorbid conditions such as renal failure, liver 

failure, and end-stage disease complications. 
 A multifactorial approach to diabetes care that includes emphasis on 

blood pressure, lipids, glucose, aspirin use, and non-use of tobacco will 
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maximize health outcomes far more than a strategy that is limited to 
just one or two of these clinical domains. 

 Recommend education and self-management, as appropriate.  
 Initiate metformin as first-line pharmacotherapy for patients with type 

2 diabetes, unless medically inappropriate.  
o Metformin may reduce HbA1c by 1 to 1.5%, rarely causes 

hypoglycemia when used as monotherapy and does not cause 
weight gain. 

o Metformin can also be used in combination with all other 
glucose-lowering agents.  

 Improved microvascular and macrovascular outcomes have been 
demonstrated in large clinical trials. 

International Diabetes 
Federation Clinical Guidelines 
Task Force:  
Global Guideline for Type 2 
Diabetes 
(2012)15 

 
 

Lifestyle management 
 Changing patterns of eating and physical activity can be effective in 

controlling many of the adverse risk factors found in type 2 diabetes. 
 Match the timing of medication (including insulin) and meals.   
 Reduce energy intake and control of foods with high amounts of added 

sugars, fats, or alcohol.  
 Introduce physical activity gradually, based on the individual’s 

willingness and ability, and setting individualized and specific goals.  
 Encourage increased duration and frequency of physical activity 

(where needed), up to 30 to 45 minutes on three to five days per week, 
or an accumulation of 150 minutes per week of moderate-intensity 
aerobic activity (50 to 70% of maximum heart rate). In the absence of 
contraindications, encourage resistance training three times per week. 

 Provide guidance for adjusting medications (insulin) and/or adding 
carbohydrate for physical activity. 

 
Glucose control levels 
 Maintaining HbA1c below 7% minimizes the risk of developing 

complications.  
 A lower HbA1c target may be considered if it is easily and safely 

achieved. 
 A higher HbA1c target may be considered for people with 

comorbidities or when previous attempts to optimize control have been 
associated with unacceptable hypoglycemia.  

 
Oral therapy 
 Begin oral glucose lowering medications when lifestyle interventions 

alone are unable to maintain blood glucose control at target levels. 
Maintain support for lifestyle measures throughout the use of these 
medications.  

 Consider each initiation or dose increase of an oral glucose lowering 
medication as a trial, monitoring response in three months.  

 First-line therapy  
o Begin with metformin unless there is evidence of renal 

impairment or other contraindication.  
o Titrate the dose over early weeks to minimize discontinuation 

due to gastrointestinal intolerance. Monitor renal function and 
use metformin with caution if estimated glomerular filtration 
rate <45 mL/min/1.73m2. 

o Other options include a sulfonylurea (or glinide) for rapid 
response where glucose levels are high, or α-glucosidase 
inhibitors in some populations; these agents can also be used 
initially where metformin cannot.  
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o In some circumstances dual therapy may be indicated initially 

if it is considered unlikely that single agent therapy will 
achieve glucose targets.  

 Second-line therapy  
o When glucose control targets are not achieved, add a 

sulfonylurea.  
o Other options include adding metformin if not used first-line, 

an α-glucosidase inhibitor, a dipeptidyl peptidase 4 (DPP-4) 
inhibitor, or a thiazolidinedione (TZD). A rapid-acting insulin 
secretagogue is an alternative option to sulfonylureas. 

 Third-line therapy 
o When glucose control targets are no longer being achieved, 

start insulin or add a third oral agent. 
o If starting insulin, add basal insulin or use premix insulin.  
o If adding a third oral agent options include an α-glucosidase 

inhibitor, a DPP-4 inhibitor, or a TZD. 
o Another option is to add a glucagon-like peptide-1 (GLP-1) 

agonist.  
 Fourth-line therapy 

o Begin insulin therapy when optimized oral blood glucose 
lowering mediations (and/or GLP-1 agonist) and lifestyle 
interventions are unable to maintain target glucose control.  

 
Insulin therapy 
 Do not unduly delay the commencement of insulin. Maintain lifestyle 

measures. Consider every initiation or dose increase of insulin as a 
trial, monitoring the response.  

 Provide education and appropriate self-monitoring.  
 Explain that starting doses of insulin are low, for safety reasons, but 

that eventual dose requirement is expected to be 30 to 100 units/day. 
 Continue metformin. Other oral agents may also be continued.  
 Begin with a basal insulin once daily such as neutral protamine 

Hagedorn (NPH) insulin, insulin glargine, or insulin detemir, or once 
or twice daily premix insulin (biphasic insulin).  

 Initiate insulin using a self-titration regimen (dose increases of two 
units every three days) or with biweekly or more frequent contact with 
a health-care professional.  

 Aim for pre-meal glucose levels of <6.5 mmol/L (<115 mg/dL). 
 Monitor glucose control for deterioration and increase dose to maintain 

target levels or consider transfer to a basal plus mealtime insulin 
regimen.  

American Diabetes Association:  
Care of Children and 
Adolescents with Type 1 
Diabetes  
(2005)16 

 
 

 Insulin type, mixture of insulins, site of injection, and individual 
patient response differences can all affect the onset, peak, and duration 
of insulin activity. 

 Children with diabetes often require multiple daily injections of 
insulin, using combinations of rapid-, short-, intermediate-, or long-
acting insulin before meals and at bedtime to maintain optimal blood 
glucose control. 

 The basal/bolus insulin regimen uses a long-acting insulin analog 
combined with a rapid-acting insulin analog given before meals and 
snacks. This regimen has been shown to result in stable glycemic 
control and less hypoglycemia compared with regimens using 
intermediate and short insulin regimens. 

 Many young children and teenagers consume multiple snacks 
throughout the day. An ideal basal/bolus regimen may consist of as 
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many as six to seven insulin injections per day. A combination of 
rapid-acting insulin with small amounts of intermediate-acting insulin 
to allow coverage for snacks may be an appropriate alternative to the 
basal/bolus plan. However, two or three doses of mixed rapid-acting or 
short-acting insulin with intermediate-acting insulin generally cannot 
maintain HbA1c levels within the target range. Recommendations now 
support moving toward a basal/bolus insulin regimen for most patients. 

 The combination of rapid-acting insulin analogs and a long-acting 
insulin offers an excellent option for basal and bolus insulin 
administration. 

 Basal/bolus regimens have been shown to result in lower fasting blood 
glucose levels with less nocturnal hypoglycemia than regimens that use 
NPH insulin in children/adolescents, as well as in adults. 

American Academy of 
Pediatrics: 
Management of Newly 
Diagnosed Type 2 Diabetes 
Mellitus (T2DM) in Children 
and Adolescents 
(2013)17 

 
 

 Clinicians must ensure that insulin therapy is initiated for children and 
adolescents with T2DM who are ketotic or in diabetic ketoacidosis and 
in whom the distinction between types 1 and 2 diabetes mellitus is 
unclear and, in usual cases, should initiate insulin therapy for patients  

o Who have random venous or plasma blood glucose (BG) 
concentrations ≥250 mg/dL. 

o Whose HbA1c is >9%. 
 In all other instances, clinicians should initiate a lifestyle modification 

program, including nutrition and physical activity, and start metformin 
as first-line therapy for children and adolescents at the time of 
diagnosis of T2DM.  

 Monitoring of HbA1c concentrations is recommended every three 
months and intensifying treatment is recommended if treatment goals 
for finger-stick BG and HbA1c concentrations are not being met. 

 Advise patients to monitor finger-stick BG concentrations in patients 
who:  

o Are taking insulin or other medications with a risk of 
hypoglycemia; or 

o Are initiating or changing their diabetes treatment regimen; or 
o Have not met treatment goals; or 
o Have intercurrent illnesses. 

 Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight 
Management Evidence-Based Nutrition Practice Guidelines in dietary 
or nutrition counseling of patients with T2DM at the time of diagnosis 
and as part of ongoing management.  

 Encourage children and adolescents with T2DM to engage in 
moderate-to-vigorous exercise for at least 60 minutes daily and to limit 
nonacademic “screen time” to less than two hours a day.  

National Institute for Health and 
Care Excellence:  
Diagnosis and Management of 
Type 1 Diabetes in 
Children, Young People, and 
Adults  
(Issued 2004, last modified 
July 2014)18 

 
 

Children (aged younger than 11 years) and young people (aged 11 to <18 
years) 
 Children and young people with type 1 diabetes should be offered an 

ongoing integrated package of care by a multidisciplinary pediatric 
diabetes care team. 

 Insulin regimens  
o One, two, or three insulin injections per day: these are usually 

injections of short-acting insulin or rapid-acting insulin 
analogue mixed with intermediate-acting insulin. The insulin 
preparations may be mixed by the patient at the time of 
injection. 

o Multiple daily injection regimen: the person has injections of 
short-acting insulin or rapid-acting insulin analogue before 
meals, together with one or more separate daily injections of 
intermediate-acting insulin or long-acting insulin analogue. 
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o Continuous subcutaneous insulin infusion (insulin pump 

therapy): a programmable pump and insulin storage reservoir 
that gives a regular or continuous amount of insulin (usually 
in the form of a rapid-acting insulin analogue or short-acting 
insulin) by a subcutaneous needle or cannula. 

 Pre-school and primary school children should be offered the most 
appropriate individualized regimens to optimize glycemic control.  

 Young people should be offered multiple daily injection regimens to 
help optimize glycemia control. 

 As it improves glycemic control, multiple daily injection regimens 
should be offered only as part of a package of care that involves 
continuing education; dietary management; instruction on the use of 
insulin delivery systems and blood glucose monitoring; emotional and 
behavioral support; and medical, nursing, and dietetic expertise in 
pediatric diabetes. 

 Children and young people using multiple daily injection regimens 
should be informed that they may experience an initial increase in the 
risk of hypoglycemia and short-term weight gain.  

 Children and young people and their families should be informed about 
strategies for the avoidance and management of hypoglycemia.  

 Young people who do not achieve satisfactory glycemic control with 
multiple daily injection regimens should be offered additional support 
and, if appropriate, alternative insulin therapy (once, twice, or three 
times daily mixed insulin regimens or continuous SC insulin infusion 
using an insulin pump).  

 Young people who have difficulty adhering to the multiple daily 
injection regimens should be offered twice-daily injection regimens.  

 Continuous SC insulin infusion is recommended as an option for 
patients provided that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and; 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Continuous SC insulin infusion therapy should be initiated only by a 
trained specialist team. 

 All individuals beginning continuous SC insulin infusion therapy 
should be provided with specific training in its use.  

 Established users of continuous SC insulin infusion therapy should 
have their insulin management reviewed by their specialist team so that 
a decision can be made about whether a trial or a switch to multiple-
dose insulin incorporating insulin glargine would be appropriate.  

 Insulin preparations:  
o Children and young people should be offered the most 

appropriate insulin preparations according to their individual 
needs with the aim of obtaining an HbA1c <7.5% without 
frequent disabling hypoglycemia and maximizing quality of 
life.  

o Children and young people using multiple daily insulin 
regimens should be informed that injection of rapid-acting 
insulin analogs before eating (rather than after eating) reduces 
PPG levels thus helps to optimize blood glucose control. 

o For pre-school children it may be appropriate to use rapid-
acting insulin analogs shortly after eating (rather than before 
eating) because food intake can be unpredictable.  

o Children and young people who use insulin preparations 
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containing intermediate-acting insulin should be informed that 
these preparations should be mixed before use according to 
instructions provided in patient information leaflets.  

 Insulin delivery:  
o Children and young people should be offered a choice of 

insulin delivery systems that takes account of their insulin 
requirements and personal preferences.  

o Children and young people using insulin injection regimens 
should be offered needles that are of an appropriate length for 
their body fat.  

 Non-insulin agents (oral antidiabetic agents):  
o Children and young people should not be offered acarbose or 

sulfonylureas in combination with insulin because they may 
increase the risk of hypoglycemia without improving 
glycemic control. 

o Metformin in combination with insulin is suitable for use only 
within research trials because the effectiveness of this 
combination therapy in providing glycemic control is 
uncertain. 

 
Adults (aged 18 years or older): Insulin regimens 
 Patients should have access to the types (preparation and species) of 

insulin they find allow them optimal well-being. 
 Cultural preferences need to be discussed and respected in agreeing on 

the insulin regimen for a patient. 
 Multiple insulin injection regimens, in patients who prefer them, 

should be used as part of an integrated package of which education, 
food, and skills training should be integral parts.  

 Appropriate self-monitoring and education should be used as part of an 
integrated package to help achieve optimal diabetes outcomes.  

 Mealtime insulin injections should be provided by injection 
unmodified (‘soluble’) insulin or rapid-acting insulin analogs before 
main meals.  

 Rapid-acting insulin analogs should be used as an alternative to 
mealtime unmodified insulin where nocturnal or late inter-prandial 
hypoglycemia is a problem, and in those in whom they allow 
equivalent blood glucose control without use of snacks between meals 
and this is needed or desired.  

 Basal insulin therapy (including nocturnal insulin supply) should be 
provided by the use of isophane (NPH) insulin or long-acting insulin 
analogs (insulin glargine). Isophane (NPH) insulin should be given at 
bedtime. If rapid-acting insulin analogs are given at mealtimes or the 
midday insulin dose is small or lacking, the need to give isophane 
(NPH) insulin twice-daily (or more often) should be considered.  

 Long-acting insulin analogs (insulin glargine) should be used when:  
o Nocturnal hypoglycemia is a problem on isophane (NPH) 

insulin. 
o Morning hypoglycemia on isophane (NPH) insulin results in 

difficult daytime blood glucose control.  
o Rapid-acting insulin analogues are used for mealtime blood 

glucose control.  
 Twice-daily insulin regimens should be used by those adults who 

consider number of daily injections an important issue in quality of 
life: 

o Biphasic insulin preparations (pre-mixes) are often the 
preparations of choice in this circumstance.  
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o Biphasic rapid-acting insulin analog pre-mixes may give an 

advantage to those prone to hypoglycemia at night.  
o Such twice-daily regimens may also help those who find 

adherence to their agreed lunchtime insulin injection difficult 
and those with learning difficulties who may require 
assistance from others.  

 Adults whose nutritional and physical activity patterns vary 
considerably from day-to-day, for vocational or recreational reasons, 
may need careful and detailed review of their self-monitoring and 
insulin injection regimen(s). This should include all the appropriate 
preparations and consideration of unusual patterns and combinations.  

 For adults undergoing periods of fasting or sleep following eating (e.g., 
during religious feasts and fasts, after night-shift work), a rapid-acting 
insulin analog before the meal (provided the meal is not prolonged) 
should be considered.  

 For adults with erratic and unpredictable blood glucose control, rather 
than a change in a previously optimized insulin regimen, the following 
should be considered: 

o Re-suspension of insulin and injection technique.  
o Injection sites. 
o Self-monitoring skills. 
o Knowledge and self-management skills.  
o Nature of lifestyle.  
o Psychological and psychosocial difficulties.  
o Possible organic causes (e.g., gastroparesis).  

 Continuous SC insulin infusion is recommended as an option provided 
that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Partial insulin replacement to achieve blood glucose control targets 
(basal insulin only, or just some mealtime insulin) should be 
considered for patients initiating insulin therapy, until such time as 
islet β-cell deficiency progresses further.  

 Clear guidelines and protocols should be given to all patients to assist 
them in adjusting insulin doses appropriate during intercurrent illness.  

 Oral glucose-lowering drugs should generally not be used in the 
management of type 1 diabetics.  

 
Adults (aged 18 years or older): Insulin delivery 
 Adults who inject insulin should have access to the insulin injection 

delivery device they find allows them optimal well-being, often using 
one or more types of insulin injection pen.  

 Adults who have special visual or psychological needs should be 
provided with injection devices or needle-free systems that they can 
use independently for accurate dosing. 

 Insulin injection should be made into the deep SC fat. To achieve this, 
needles of a length appropriate to the individual should be made 
available. 

 Adults should be informed that the abdominal wall is the therapeutic 
choice for mealtime insulin injections. 

 Adults should be informed that extended-acting suspension insulin 
(e.g., isophane [NPH] insulin) may give a longer profile of action when 
injected into the SC tissue of the thigh rather than the arm or 
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abdominal wall.  

 Adults should be recommended to use one anatomical area for the 
injections given at the same time of day, but to move the precise 
injection site around in the whole of the available skin within that area.  

 Patients should be provided with suitable containers for the collection 
of used needles. Arrangements should be available for the suitable 
disposal of these containers.  

 Injection site condition should be checked annually, and if new 
problems with blood glucose control occur.  

American Diabetes Association:  
Type 1 Diabetes Through the 
Life Span: A Position 
Statement of the American 
Diabetes Association  
(2014)19 

 
 

Nutritional therapy  
 Individualized medical nutrition therapy is recommended for all people 

with type 1 diabetes as an effective component of the overall treatment 
plan. 

 Monitoring carbohydrate intake, whether by carbohydrate counting or 
experience-based estimation, remains a key strategy in achieving 
glycemic control. 

 If adults with type 1 diabetes choose to drink alcohol, they should be 
advised to do so in moderation (one drink per day or less for adult 
women and two drinks per day or less for adult men). Discussion with 
a health care provider is advised to explore potential interactions with 
medications. Adults should be advised that alcohol can lower blood 
glucose levels and that driving after drinking alcohol is 
contraindicated. 

 
Physical activity and exercise  
 Exercise should be a standard recommendation as it is for individuals 

without diabetes; however, recommendations may need modifications 
due to the presence of macro- and microvascular diabetes 
complications.  

 Patients of all ages (or caregivers of children) should be educated about 
the prevention and management of hypoglycemia that may occur 
during or after exercise.  

 Patients should be advised about safe preexercise blood glucose levels 
(typically 100 mg/dL or higher depending on the individual and type of 
physical activity). 

 Reducing the prandial insulin dose for the meal/snack preceding 
exercise and/or increasing food intake can be used to help raise the 
preexercise blood glucose level and reduce hypoglycemia. 

 A reduction in overnight basal insulin the night following exercise may 
reduce the risk for delayed exercise-induced hypoglycemia.  

 Self-monitoring of blood glucose should be performed as frequently as 
needed, and sources of simple carbohydrate should be readily available 
to prevent and treat hypoglycemia.  

 
Glycemic control goals  
 The American Diabetes Association strongly believes that blood 

glucose and HbA1c targets should be individualized with the goal of 
achieving the best possible control while minimizing the risk of severe 
hyperglycemia and hypoglycemia and maintaining normal growth and 
development. 

 An HbA1c goal of <7.5% is recommended across all pediatric age-
groups.  

 A reasonable HbA1c goal for many nonpregnant adults with type 1 
diabetes is <7%. 

 Providers might reasonably suggest more stringent HbA1c goals (such 
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as <6.5%) for select individual patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. 

 Less stringent HbA1c goals (such as <8.5%) may be appropriate for 
patients with a history of severe hypoglycemia, hypoglycemia 
unawareness, limited life expectancy, advanced microvascular/ 
macrovascular complications, or extensive comorbid conditions. 

 
Insulin therapy 
 Most individuals with type 1 diabetes should be treated with multiple 

daily insulin injections (three or more injections per day of prandial 
insulin and one to two injections of basal insulin) or continuous 
subcutaneous insulin infusion. 

 Most individuals should be educated in how to match prandial insulin 
dose to carbohydrate intake, premeal blood glucose, and anticipated 
activity.  

 Most individuals should use insulin analogs to reduce hypoglycemia 
risk. 

 All individuals with type 1 diabetes should be taught how to manage 
blood glucose levels under varying circumstances, such as when ill or 
receiving glucocorticoids or for those on pumps, when pump problems 
arise. 

 Child caregivers and school personnel should be taught how to 
administer insulin based on provider orders when a child cannot self-
manage and is out of the care and control of his or her parent/guardian. 

 
Adjunctive therapies  
 Pramlintide may be considered for use as adjunctive therapy to 

prandial insulin in adults with type 1 diabetes failing to achieve 
glycemic goals. 

 Evidence suggests that adding metformin to insulin therapy may reduce 
insulin requirements and improve metabolic control in overweight/ 
obese patients and poorly controlled adolescents with type 1 diabetes, 
but evidence from larger longitudinal studies is required. 

 Current type 2 diabetes medications (GLP-1 agonists, DPP-4 
inhibitors, and SGLT2 inhibitors) may be potential therapies for type 1 
diabetic patients, but require large clinical trials before use in type 1 
diabetic patients. 

*This algorithm was updated in 201311 
 
 

III. Indications 
 

The Food and Drug Administration (FDA)-approved indications for the incretin mimetics are noted in Table 3. 
While agents within this therapeutic class may have demonstrated positive activity via in vitro trials, the clinical 
significance of this activity remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo 
clinical trials. As such, this review and the recommendations provided are based exclusively upon the results of 
such clinical trials.  

 
It is important to note that the incretin mimetics are not a substitute for insulin, and these agents should not be 
used in type 1 diabetics or for the treatment of diabetic ketoacidosis. The incretin mimetics would not be effective 
in these situations.1-4 

 
According to FDA-approved package labeling, due to the uncertain relevance of the rat thyroid C-cell tumor 
findings to humans, albiglutide, exenatide (Bydureon®), and liraglutide are not recommended as first-line therapy 
for patients who have inadequate glycemic control on diet and exercise.2-4 
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Table 3. FDA-Approved Indications for the Incretin Mimetics1-4  

Generic Name  Adjunct to Diet and Exercise to Improve Glycemic Control in Adults with Type 2 
Diabetes Mellitus 

Albiglutide  
Exenatide  
Liraglutide  

 
 

IV. Pharmacokinetics 
 
The pharmacokinetic parameters of the incretin mimetics are listed in Table 4.  

 
Table 4. Pharmacokinetic Parameters of the Incretin Mimetics5 

Generic 
Name(s) 

Bioavailability 

(%) 
Protein Binding 

(%) 
Metabolism 

(%) 
Excretion 

(%) 
Half-Life 
(hours) 

Albiglutide Not reported Not reported Vascular 
endothelium  

(% not reported) 

Not reported 120 

Exenatide 65 to 76† Not reported Plasma/tissues  
(% not reported)  

Renal (% not 
reported) 

2.4 

Liraglutide 55 >98 Not significant  
(% not reported) 

Renal (0 
unchanged; 6 

changed), Feces (0 
unchanged; 5 
unchanged) 

13 

†Information derived from animal data. 
 
 

V. Drug Interactions 
 
There are no significant drug interactions reported with the incretin mimetics.6 However, these agents slow gastric 
emptying and thereby have the potential to impact the absorption of concomitantly administered oral medications. 
Caution should be exercised when oral medications are concomitantly administered with the incretin mimetics.1-4  

 
 

VI. Adverse Drug Events 
 
The most common adverse drug events reported with the incretin mimetics are listed in Table 5. The boxed 
warning for the incretin mimetics are listed in Tables 6 through 8. Based on postmarketing data, the incretin 
mimetics have been associated with acute pancreatitis, including fatal and non-fatal hemorrhagic or necrotizing 
pancreatitis. There have been postmarketing reports of altered renal function, including increased serum 
creatinine, renal impairment, worsened chronic renal failure and acute renal failure, sometimes requiring 
hemodialysis or kidney transplantation. Patients may develop antibodies to exenatide consistent with the 
potentially immunogenic properties of protein and peptide pharmaceuticals. In a small percentage of patients, the 
formation of antibodies to exenatide at high titers could result in failure to achieve adequate improvement in 
glycemic control.1-4  

 
Table 5. Adverse Drug Events (%) Reported with the Incretin Mimetics6 

Adverse Event Albiglutide Exenatide/Exenatide Extended-Release Liraglutide 
Anorexia - - 9 
Antibody development (non-
neutralizing) 

6 - - 

Arthralgia 7 - - 
Asthenia - 4 - 
Atrial fibrillation 1 - - 
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Adverse Event Albiglutide Exenatide/Exenatide Extended-Release Liraglutide 
Back pain 7 - 5 
Constipation - -/6.3 to 10.1 5.1 to 9.9 
Cough 7 - - 
Decreased appetite - 1 to 2/5 9.3 
Diarrhea 13 1 to 13/9.3 to 20.0 7.2 to 17.1 
Dizziness - 1 to 9 5.2 
Dyspepsia - 3 to 7/5.0 to 7.4 5.2 to 6.5 
Fatigue - -/5.6 to 6.1 5.1 
Feeling jittery - 9 - 
Gastroenteritis viral - -/8.8 - 
Gastroesophageal reflux disease 4 3/7.4 - 
Headache - 9/6.1 to 9.9 8.2 to 9.6 
Hyperhidrosis - 3 - 
Hypertension - - 3 
Hypoglycemia 3 to 17 3.8 to 35.7/0 to 20 0.1 to 27.4 
Increased Gamma-  
Glutamyl Transferase 

2 - - 

Influenza 5 - 7.4 
Injection site erythema  2 -/5.4 to 7.4 - 
Injection site hematoma - -/5.4 - 
Injection site nodule - -/6.0 to 10.5 - 
Injection site pruritus  - -/5.0 to 18.2 - 
Injection site reaction 11 to 18 - - 
Nasopharyngitis - - 5.2 
Nausea 11 8 to 44/11.3 to 27.0 7.5 to 34.6 
Pneumonia 2 - - 
Sinusitis - - 5.6 
Upper respiratory tract infection 14 - 9.5 
Urinary tract infection - - 6 
Vomiting 4 4 to 13/10.8 to 11.3 6.5 to 12.4 

*Corresponds to monotherapy or combination therapy with other antidiabetic therapies.  
-Event not reported. 

 
 
Table 6. Boxed Warning for Tanzeum® (albiglutide)4 

WARNING 
Thyroid C-cell tumors have been observed in rodent studies with glucagon-like peptide-1 (GLP-1) receptor 
agonists at clinically relevant exposures. It is unknown whether Tanzeum™ causes thyroid C-cell tumors, 
including medullary thyroid carcinoma (MTC), in humans. Tanzeum is contraindicated in patients with a 
personal or family history of MTC or in patients with Multiple Endocrine Neoplasia syndrome type 2 (MEN 2). 
Routine serum calcitonin or thyroid ultrasound monitoring is of uncertain value in patients treated with 
Tanzeum. Patients should be counseled regarding the risk and symptoms of thyroid tumors. 

 
Table 7. Boxed Warning for Bydureon® (exenatide extended-release)2 

WARNING 
Exenatide extended-release causes an increased incidence in thyroid C-cell tumors at clinically relevant 
exposures in rats compared to controls. It is unknown whether exenatide extended-release causes thyroid C-cell 
tumors, including medullary thyroid carcinoma, in humans, as human relevance could not be determined by 
clinical or nonclinical studies. Exenatide extended-release is contraindicated in patients with a personal or 
family history of medullary thyroid carcinoma and in patients with Multiple Endocrine Neoplasia syndrome 
type 2. Routine serum calcitonin or thyroid ultrasound monitoring is of uncertain value in patients treated with 
exenatide extended-release. Patients should be counseled regarding the risk and symptoms of thyroid tumors. 
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Table 8. Boxed Warning for Victoza® (liraglutide)3 

WARNING 
Liraglutide causes dose-dependent and treatment-duration-dependent thyroid C-cell tumors at clinically 
relevant exposures in both genders of rats and mice. It is unknown whether liraglutide causes thyroid C-cell 
tumors, including medullary thyroid carcinoma, in humans, as human relevance could not be ruled out by 
clinical or nonclinical studies. Liraglutide is contraindicated in patients with a personal or family history of 
medullary thyroid carcinoma and in patients with Multiple Endocrine Neoplasia syndrome type 2. Based on the 
findings in rodents, monitoring with serum calcitonin or thyroid ultrasound was performed during clinical 
trials, but this may have increased the number of unnecessary thyroid surgeries. It is unknown whether 
monitoring with serum calcitonin or thyroid ultrasound will mitigate human risk of thyroid C-cell tumors. 
Patients should be counseled regarding the risk and symptoms of thyroid tumors. 

 
 

VII. Dosing and Administration 
 

The usual dosing regimens for the incretin mimetics are listed in Table 9. The incretin mimetics are administered 
by subcutaneous injection. There are currently two formulations of exenatide available. The immediate-release 
formulation (Byetta®) is administered twice daily and should be given within 60 minutes prior to a meal, while the 
extended-release (ER) formulation (Bydureon®) is administered once weekly and can be administered without 
regard to meals.1,2 The extended effect of exenatide ER results from the addition of a biodegradable polymer poly 
D, L-lactic-co-glycolic acid to the active component, exenatide, which forms microspheres. After exenatide ER is 
administered, continued infiltration of water into the microspheres causes them to swell and release the 
medication in a slow predictable fashion. Of note, patients who administer exenatide ER will have a palpable SC 
nodule at the injection site that dissipates as the medication is released.20  

 
Table 9. Usual Dosing Regimens for the Incretin Mimetics1-4 

Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
Albiglutide Adjunct to diet and exercise to improve 

glycemic control in adults with type 2 
diabetes mellitus: 
Injection: 30 mg SC once weekly, may be 
increased to 50 mg once weekly if the 
glycemic response is inadequate  

Safety and efficacy 
have not been 
established in pediatric 
patients. 

Injection: 
30 mg/0.5 mL 
50 mg/0.5 mL 

Exenatide Adjunct to diet and exercise to improve 
glycemic control in adults with type 2 
diabetes mellitus: 
Injection (Bydureon®): initial, 2 mg SC 
once weekly 
 
Injection (Byetta®): initial, 5 μg SC BID; 
maintenance, 10 μg SC BID after one 
month of therapy 

Safety and efficacy 
have not been 
established in pediatric 
patients. 

Injection: 
5 μg/0.02 mL 
(Byetta®)* 
10 μg /0.04 mL 
(Byetta®)† 
2 mg/vial 
(Bydureon)‡ 
2 mg/pen 
(Bydureon)^ 

Liraglutide Adjunct to diet and exercise to improve 
glycemic control in adults with type 2 
diabetes mellitus: 
Injection: initial, 0.6 mg SC QD for one 
week; maintenance, 1.2 to 1.8 mg SC QD 

Safety and efficacy 
have not been 
established in pediatric 
patients. 

Injection: 
6 mg/mL§ 

BID=twice daily, QD=once daily, SC=subcutaneous 
*Supplied as a pre-filled syringe (1.2 mL, 60 doses). 
†Supplied as a pre-filled syringe (2.4 mL, 60 doses). 
‡Supplied in cartons of four single-dose trays (one vial containing 2 mg exenatide, one pre-filled syringe, one vial connector, and two custom 
needles). 
^Supplied in cartons of four single-dose pens containing 2 mg of exenatide and diluent and including one needle. Each carton contains one 
spare needle. 
§Supplied as 0.6 (30 doses), 1.2 (15 doses), and 1.8 mg (10 doses) pre-filled, multi-dose pens (3 mL) available in a package of two or three 
pens.
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 m
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s p
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ei

gh
t, 

fa
st

in
g 

co
nc

en
tra

tio
ns

 o
f 

in
su

lin
, p

ro
in

su
lin

, 
an

d 
lip

id
s  

 Si
gn

ifi
ca

nt
ly

 g
re

at
er

 d
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.0

05
) a

nd
 1

0 
μg

 ( -
10

.1
 m

g/
dL

; P
<0

.0
00

1)
 c
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 d
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) c
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 c
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po
rte

d)
. 

 G
as

tro
in

te
st

in
al

 si
de

 e
ff

ec
ts

 w
er

e 
m

os
t c

om
m

on
ly

 re
po

rte
d 

w
ith

 e
xe

na
tid

e 
an

d 
in

cl
ud

ed
 n

au
se

a 
(4

5%
), 

di
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 p
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ra
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ra
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 d
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 m
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 m
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 d
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0.

55
±0

.0
7%

) a
nd

 1
0 
μg

 (-
0.

77
±0

.0
8%

) c
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r p
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 d
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) c
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r p
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 d
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 c
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 d
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) c
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s b
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o r
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s p
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t c
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 re
gi

m
en

, w
ith

 
or

 w
ith

ou
t 

m
et

fo
rm

in
.  

M
C

, P
C

, R
C

T 
 Ty

pe
 2

 d
ia

be
tic

s 2
1 

to
 7

5 
ye

ar
s o

f a
ge

 
w

ith
 a

 st
ab

le
 d

os
e 

of
 

a 
TZ

D
 

(r
os

ig
lit

az
on

e 
≥4

 
m

g/
da

y 
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s b
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 d
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 d
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 d
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 p
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m
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; 9
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C
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 d
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ps
ia
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%
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0.
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re
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 d
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 m
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 m
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 c
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l c
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 c
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Additional Evidence 
 
Dose Simplification 
A search of Medline and PubMed did not reveal data pertinent to this topic.  
 
Stable Therapy 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

           Rx=prescription 
 

Table 10. Relative Cost of the Incretin Mimetics 
Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 

Albiglutide injection Tanzeum® $$$$$ N/A 
Exenatide injection Byetta®, Bydureon® $$$$$ N/A 
Liraglutide injection Victoza® $$$$$ N/A 

N/A=Not available 
 
 

X. Conclusions 
 

The incretin mimetics are approved for use as an adjunct to diet and exercise to improve glycemic control in adults 
with type 2 diabetes mellitus.4 Albiglutide, exenatide, and liraglutide are included in this review. There are no 
generic products in this class. 
 
According to current clinical guidelines for the management of type 2 diabetes, metformin remains the 
cornerstone of most antidiabetic treatment regimens. Additionally, patients with a high HbA1c will likely require 
combination or triple therapy in order to achieve glycemic goals. At this time, uniform recommendations on the 
best agent to be combined with metformin cannot be made; therefore, advantages and disadvantages of specific 
antidiabetic agents for each patient should be considered. The incretin mimetics are recommended as a potential 
second line treatment option to be added to or used in combination with metformin in patients not achieving 
glycemic goals. Clinical guidelines note a lower rate of hypoglycemia, an established efficacy and safety profile 
when used in combination with metformin, demonstrated effectiveness in reducing post-prandial glucose, and the 
potential for weight loss as advantages associated with the incretin mimetics compared to other classes of 
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antidiabetic agents. Patients who are not appropriate for initial therapy with metformin, may be initiated on 
another oral antidiabetic agent, such as a sulfonylurea/glinide, pioglitazone, or a DPP-4 inhibitor, and in 
occasional cases where weight loss is seen as an essential aspect of therapy, initial therapy with an incretin 
mimetic may be useful. Among all current clinical guidelines, preference of one incretin mimetic over another is 
not stated.7-19  
 
A variety of clinical trials have been conducted evaluating the incretin mimetics. The incretin mimetics have been 
evaluated in combination with and in comparison to a variety of antidiabetic therapies. In these studies, the more 
aggressive treatment regimens improved glycemic parameters to a greater extent than the less-intensive treatment 
regimens. Overall, the incretin mimetics are effective in improving glycosylated hemoglobin (HbA1c), fasting 
plasma glucose, post-prandial glucose, and body weight. Efficacy data comparing the incretin mimetics to other 
antidiabetic agents are not consistent, with the incretin mimetics achieving significantly greater or comparable 
benefits in glycemic outcomes. However, in general, all incretin-based therapies, including the incretin mimetics, 
consistently demonstrate a beneficial effect on body weight compared to other antidiabetic agents. A limited number 
of head-to-head clinical trials have been conducted within the class. Results from these trials do not consistently 
demonstrate that one incretin mimetic is more effective than another.21-71 
 
Gastrointestinal-related adverse events are common with incretin mimetics.1-4 There have been postmarketing 
reports of acute pancreatitis, including fatal and non-fatal hemorrhagic or necrotizing pancreatitis, in patients 
taking these agents.1-5 There have also been postmarketing reports of altered renal function, including increased 
serum creatinine, renal impairment, worsened chronic renal failure, and acute renal failure, sometimes requiring 
hemodialysis or kidney transplantation.1-5 Patients may develop antibodies to the incretin mimetics consistent with 
the potentially immunogenic properties of protein and peptide pharmaceuticals.1-4  

 
There have been no clinical studies establishing conclusive evidence of macrovascular risk reduction with 
exenatide or any other antidiabetic drug.1-4  

 
There is insufficient evidence to support that one brand incretin mimetic is safer or more efficacious than another 
within its given indication. Since the incretin mimetics are not recommended as first-line therapy for the treatment 
of type 2 diabetes mellitus, they should be managed through the medical justification portion of the prior 
authorization process. 

 
Therefore, all brand products within the class reviewed are comparable to each other and to the generic products 
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.  
 
 

XI. Recommendations 
 

No brand incretin mimetic is recommended for preferred status. Alabama Medicaid should accept cost proposals 
from manufacturers to determine the most cost effective products and possibly designate one or more preferred 
brands. 
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I. Overview 

 
Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes: 
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced, 
genetic defects in β-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the 
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and 
long-term complications, including microvascular and macrovascular events. There are a variety of oral and 
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12 
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of 
action, efficacy, safety profiles, tolerability, and ease of use.  
 
Insulins stimulate peripheral glucose uptake by skeletal muscle and fat, decrease hepatic glucose production, 
inhibit lipolysis and proteolysis, and enhance protein synthesis.1-17 There are two types of insulin preparations 
currently available: human insulin and insulin analogs. Human insulin is derived from a biosynthetic process and 
is structurally identical to endogenous insulin. Insulin analogs are structurally different than human insulin. Each 
insulin analog differs in the addition, deletion, or substitution of amino acids on the B chain. These modifications 
lead to a faster onset and shorter duration of action (for rapid-acting insulin analogs) or slower absorption and a 
longer duration of action (for long-acting insulin analogs) than human insulins.1,2 
 
The insulin preparations are further categorized based on their duration of action. Rapid- and short-acting insulins 
are administered as a bolus prior to meals to control postprandial glucose excursions. They may also be 
administered continuously via an infusion pump. Intermediate- and long-acting insulins are administered once or 
twice daily. They act as basal insulin to decrease hepatic glucose production and lower fasting plasma glucose 
concentrations.1,2  
 
The insulins that are included in this review are listed in Table 1. This review encompasses all dosage forms and 
strengths. There are no generic formulations of insulin; however, there are several products available over-the-
counter. This class was last reviewed in November 2012. 

 
Table 1. Insulins Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Rapid-Acting Insulins 
Insulin aspart injection NovoLog® none 
Insulin glulisine injection Apidra®, Apidra Solostar® none 
Insulin lispro injection Humalog® Humalog® 
Short-Acting Insulins 
Insulin regular, human  injection Humulin®‡ R, Novolin®‡ R Humulin®‡ R, Novolin®‡ R 
Intermediate-Acting Insulins 
NPH, human insulin isophane injection Humulin®‡ N, Novolin®‡ N Humulin®‡ N, Novolin®‡ N 
Long-Acting Insulins 
Insulin detemir injection Levemir® none 
Insulin glargine, human 
recombinant analog 

injection Lantus®, Lantus Solostar® Lantus® 

Combination Insulins (Intermediate-Acting and Rapid-Acting) 
Insulin aspart protamine and 
insulin aspart  

injection NovoLog® Mix 70/30 none 

Insulin lispro protamine and 
insulin lispro  

injection Humalog® Mix 50/50, 
Humalog® Mix 75/25 

none 

Combination Insulins (Intermediate-Acting and Short-Acting) 
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Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
NPH, human insulin isophane 
and insulin regular, human 

injection Humulin®‡ 70/30,  
Novolin®‡ 70/30 

Humulin®‡ 70/30,  
Novolin®‡ 70/30 

‡Product is available over-the-counter. 
PDL=Preferred Drug List 
 
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type 
1 and 2 diabetes are presented globally, addressing the role of various medication classes.   
 
Table 2. Treatment Guidelines Using the Insulins 

Clinical Guideline Recommendation(s) 
American Diabetes Association:  
Standards of Medical Care in 
Diabetes  

(2014)18 

 
 
 

Current criteria for the diagnosis of diabetes 
 The following are the criteria for a diagnosis of diabetes: glycosylated 

hemoglobin (HbA1c) ≥6.5%, or a fasting plasma glucose (FPG) ≥126 
mg/dL, or a two-hour plasma glucose ≥200 mg/dL during an oral 
glucose tolerance test or patients with classic symptoms of 
hyperglycemia, or classic symptoms of hyperglycemia or 
hyperglycemic crisis (random plasma glucose ≥200 mg/dL).  

 
Prevention/delay of type 2 diabetes 
 An ongoing support program for weight loss of 7% of body weight and 

an increase in physical activity to ≥150 minutes/week of moderate 
activity should be encouraged in patients with impaired glucose 
tolerance, impaired fasting glucose, or an HbA1c 5.7 to 6.4%. 

 Metformin therapy for prevention of type 2 diabetes may be considered 
in patients with impaired glucose tolerance, impaired fasting glucose, 
or an HbA1c 5.7 to 6.7%, especially for those with a body mass index 
>35 kg/m2, age <60 years, and women with prior gestational diabetes 
mellitus.  

 
Glycemic goals in adults 
 Lowering HbA1c to below or around 7.0% has been shown to reduce 

microvascular complications of diabetes, and if implemented soon 
after the diagnosis of diabetes is associated with long term reduction in 
macrovascular disease. A reasonable HbA1c goal for many nonpregnant 
adults is <7.0%. 

 It may be reasonable for providers to suggest more stringent HbA1c 
goals (<6.5%) for selected patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. Such 
patients may include those with short duration of diabetes, long life 
expectancy, and no significant cardiovascular disease.  

 Conversely, less stringent HbA1c goals (<8.0%) may be appropriate for 
patients with a history of severe hypoglycemia, limited life expectancy, 
advanced microvascular or macrovascular complications, extensive 
comorbid conditions, and those with longstanding diabetes in whom 
the general goal is difficult to attain despite diabetes self-management 
education, appropriate glucose monitoring, and effective doses of 
multiple glucose-lowering agents including insulin.  

 
Pharmacologic and overall approaches to treatment-type 1 diabetes 
 Recommended therapy consists of the following components: 

o Use of multiple dose insulin injections (three to four 
injections per day of basal and pre-prandial insulin) or 
continuous subcutaneous (SC) insulin infusion therapy. 
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o Matching prandial insulin to carbohydrate intake, pre-meal 

blood glucose, and anticipated activity. 
o Most patients should use of insulin analogs to reduce 

hypoglycemia risk. 
 
Pharmacologic and overall approaches to treatment-type 2 diabetes 
 At the time of diagnosis, initiate metformin therapy along with lifestyle 

interventions, unless metformin is contraindicated.  
 In newly diagnosed patients with markedly symptomatic and/or 

elevated blood glucose levels or HbA1c, consider insulin therapy, with 
or without additional agents, from the onset.  

 If noninsulin monotherapy at maximal tolerated dose does not achieve 
or maintain the HbA1c target over three to six months, add a second 
oral agent, a glucagon-like peptide-1 (GLP-1) receptor agonist, or 
insulin. 

 Because of the progressive nature of type 2 diabetes, insulin therapy is 
eventually indicated for many patients with type 2 diabetes. 

American Diabetes Association/ 
European Association for the 
Study of Diabetes: 
Management of 
Hyperglycemia in Type 2 
Diabetes: A Patient-Centered 
Approach  

(2012)19 

 
 

Key points 
 Glycemic targets and glucose-lowering therapies must be 

individualized.  
 Diet, exercise, and education remain the foundation of any type 2 

diabetes treatment program. 
 Unless there are prevalent contraindications, metformin is the optimal 

first line drug.  
 After metformin, there are limited data to guide treatment decisions. 

Combination therapy with an additional one to two oral or injectable 
agents is reasonable, aiming to minimize side effects where possible.  

 Ultimately, many patients will require insulin therapy alone or in 
combination with other agents to maintain glucose control.  

 All treatment decisions, where possible, should be made in conjunction 
with the patient, focusing on his/her preferences, needs, and values.  

 Comprehensive cardiovascular risk reduction must be a major focus of 
therapy.  

 
Initial drug therapy 
 It is generally agreed that metformin, if not contraindicated and if 

tolerated, is the preferred and most cost-effective first agent.  
 Metformin should be initiated at, or soon after, diagnosis, especially in 

patients in whom lifestyle intervention alone has not achieved, or is 
unlikely to achieve, HbA1c goals. 

 Patients with high baseline HbA1c (e.g., ≥9.0%) have a low probability 
of achieving a near-normal target with monotherapy; therefore, it may 
be justified to start directly with a combination of two non-insulin 
agents or with insulin itself in this circumstance.  

 If a patient presents with significant hyperglycemic symptoms and/or 
has dramatically elevated plasma glucose concentrations or HbA1c 
(e.g., ≥10.0 to 12.0%), insulin therapy should be strongly considered 
from the outset. Such therapy is mandatory when catabolic features are 
exhibited or, of course, if ketonuria is demonstrated, the latter 
reflecting profound insulin deficiency.  

 If metformin cannot be used, another oral agent could be chosen, such 
as a sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 
(DPP-4) inhibitor; in occasional cases where weight loss is seen as an 
essential aspect of therapy, initial treatment with a glucagon-like 
peptide (GLP)-1 receptor agonist might be useful.  
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 Where available, less commonly used drugs (alpha-glucosidase 

inhibitors, colesevelam, bromocriptine) might also be considered in 
selected patients, but their modest glycemic effects and side effect 
profiles make them less attractive candidates.  

 Specific patient preferences, characteristics, susceptibilities to side 
effects, potential for weight gain, and hypoglycemia should play a 
major role in drug selection.  

 
Advancing to dual combination therapy 
 If monotherapy alone does not achieve/maintain HbA1c target over 

approximately three months, the next step would be to add a second 
oral agent, a GLP-1 receptor agonist or basal insulin. Notably the 
higher the HbA1c, the more likely insulin will be required.  

 On average, any second agent is typically associated with an 
approximate further reduction in HbA1c of approximately 1.0%.  

 If no clinically meaningful glycemic reduction is demonstrated, then 
adherence having been investigated, that agent should be discontinued, 
and another with a different mechanism of action substituted. 

 Uniform recommendations on the best agent to be combined with 
metformin cannot be made, thus advantages and disadvantages of 
specific drugs for each patient should be considered.  

 It remains important to avoid unnecessary weight gain by optimal 
medication selection and dose titration.  

 For all medications, consideration should also be given to overall 
tolerability.  

 
Advancing to triple combination therapy 
 Some trials have shown advantages of adding a third non-insulin agent 

to a two drug combination that is not yet or no longer achieving the 
glycemic target. However, the most robust response will usually be 
with insulin.  

 Many patients, especially those with long standing disease, will 
eventually need to be transitioned to insulin, which should be favored 
in circumstances where the degree of hyperglycemia (e.g., HbA1c 
≥8.5%) makes it unlikely that another drug will be of sufficient benefit.  

 In using triple combinations the essential consideration is to use agents 
with complementary mechanisms of action.  

 Increasing the number of drugs heightens the potential for side effects 
and drug-drug interactions which can negatively impact patient 
adherence. 

 
Anti-hyperglycemia Therapy in Type 2 Diabetes: General 
Recommendations 

Initial Drug 
Monotherapy 

Metformin 

Efficacy (↓HbA1c) High 
Hypoglycemia Low risk 

Weight Neutral/loss 
Side Effects Gastrointestinal/lactic acidosis 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to two drug combination therapy (order not meant to denote any specific preference) 

Two Drug 
Combin-
ations  

Metformin  
+  

sulfonyl-
urea 

Metformin  
+  

thia-
zolidinedione 

(TZD) 

Metformin  
+  

DPP-4 
inhibitor 

Metformin  
+  

GLP-1 
receptor 
agonist 

Metformin  
+  

insulin 
(usually 
basal) 

Efficacy 
(↓HbA1c) 

High High Inter-
mediate 

High Highest 
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Hypo-

glycemia 
Moderate 

risk 
Low risk Low risk Low risk High risk 

Weight Gain Gain Neutral Loss Gain 
Major Side 

Effects 
Hypo-

glycemia 
Edema, heart 
failure, bone 

fracture 

Rare Gastro- 
intestinal 

Hypo-
glycemia 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to three drug combination therapy (order not meant to denote any specific preference) 

Three 
Drug 
Combin-
ations 

Metformin  
+  

sulfonyl-
urea 
 + 

Metformin  
+  

TZD  
+ 

Metformin  
+  

DPP-4 
inhibitor  

+ 

Metformin  
+  

GLP-1 
receptor 
agonist  

+ 

Metformin  
+  

insulin 
therapy 

+ 

TZD, DPP-
4 inhibitor, 

GLP-1 
receptor 

agonist, or 
insulin 

Sulfonylurea, 
or DPP-4 
inhibitor, 
GLP-1 

receptor 
agonist, or 

insulin 

Sulfonyl-
urea, TZD, 
or insulin 

Sulfonyl-
urea, TZD, 
or insulin 

TZD, 
DPP-4 

inhibitor, 
or GLP-1 
receptor 
agonist 

If combination therapy that includes basal insulin has failed to achieve HbA1c target after 
three to six months, proceed to a more complex insulin strategy, usually in combination 

with one or two non-insulin agents 
More Complex 
Insulin Strategies 

Insulin (multiple daily doses) 

 

American College of Physicians:  
Oral Pharmacologic 
Treatment of Type 2 Diabetes 
Mellitus  

(2012)20 

 
 

 Oral pharmacologic therapy in patients with type 2 diabetes should be 
added when lifestyle modifications, including diet, exercise, and 
weight loss, have failed to adequately improve hyperglycemia. 

 Monotherapy with metformin for initial pharmacologic therapy is 
recommended to treat most patients with type 2 diabetes.  

 It is recommended that a second agent be added to metformin to 
patients with persistent hyperglycemia when lifestyle modifications 
and monotherapy with metformin fail to control hyperglycemia. 

American Association of 
Clinical Endocrinologists: 
Medical Guidelines for 
Clinical Practice for 
Developing a Diabetes Mellitus 
Comprehensive Care Plan 
(2011)21 

 
 

Antihyperglycemic pharmacotherapy  
 The choice of therapeutic agents should be based on their differing 

metabolic actions and adverse effect profiles as described in the 2009 
American Association of Clinical Endocrinologists/American College 
of Endocrinology Diabetes Algorithm for Glycemic Control.* 

 Insulin should be considered for patients with type 2 diabetes mellitus 
when noninsulin antihyperglycemic therapy fails to achieve target 
glycemic control or when a patient, whether drug naïve or not, has 
symptomatic hyperglycemia. 

 Antihyperglycemic agents may be broadly categorized by whether they 
predominantly target fasting plasma glucose (FPG) or postprandial 
glucose (PPG) levels. These effects are not exclusive; drugs acting on 
FPG passively reduce PPG, and drugs acting on PPG passively reduce 
FPG, but these broad categories can aid in therapeutic decision-
making.  

 Thiazolidinediones (TZDs) and sulfonylureas are examples of oral 
agents primarily affecting FPG. Metformin and incretin enhancers 
(DPP-4 inhibitors) also favorably affect FPG.  

 When insulin therapy is indicated in patients with type 2 diabetes to 
target FPG, therapy with long-acting basal insulin should be the initial 
choice in most cases; insulin analogues glargine and detemir are 
preferred over intermediate-acting neutral protamine Hagedorn (NPH) 
because they are associated with less hypoglycemia.  

 The initial choice of an agent targeting FPG or PPG involves 
comprehensive patient assessment with emphasis given to the glycemic 
profile obtained by self-monitoring of blood glucose. 
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 When postprandial hyperglycemia is present, glinides and/or α-

glucosidase inhibitors, short- or rapid-acting insulin, and metformin 
should be considered. Incretin-based therapy (DPP-4 inhibitors and 
GLP-1 receptor agonists) also target postprandial hyperglycemia in a 
glucose-dependent fashion, which reduces the risks of hypoglycemia.  

 When control of postprandial hyperglycemia is needed and insulin is 
indicated, rapid-acting insulin analogues are preferred over regular 
human insulin because they have a more rapid onset and offset of 
action and are associated with less hypoglycemia.  

 Pramlintide can be used as an adjunct to prandial insulin therapy to 
reduce postprandial hyperglycemia, HbA1c, and weight. 

 Premixed insulin analogue therapy may be considered for patients in 
whom adherence to a drug regimen is an issue; however, these 
preparations lack component dosage flexibility and may increase the 
risk for hypoglycemia compared to basal insulin or basal-bolus insulin. 
Basal-bolus insulin therapy is flexible and is recommended for 
intensive insulin therapy. 

 Intensification of pharmacotherapy requires glucose monitoring and 
medication adjustment at appropriate intervals when treatment goals 
are not achieved or maintained.  

 Most patients with an initial HbA1c level >7.5% will require 
combination therapy using agents with complementary mechanisms of 
action. 

American Association of 
Clinical Endocrinologists: 
American Association of 
Clinical Endocrinologists: 
Comprehensive Diabetes 
Management Algorithm 2013 
Consensus Statement  
(2013)22 

 
 

Principles underlying the algorithm 
 Lifestyle optimization is essential for all patients with diabetes; 

however, it should not delay needed pharmacotherapy, which can be 
initiated simultaneously and adjusted based on patient response to 
lifestyle efforts. The need for medical therapy should not be interpreted 
as a failure of lifestyle management, but as an adjunct to it. 

 Achieving an HbA1c ≤6.5% is recommended as the primary goal if it 
can be achieved in a safe and affordable manner; however, higher 
targets may be appropriate for certain individuals and may change for a 
given individual over time.  

 Minimizing risk of hypoglycemia and weight gain is a priority. It is a 
matter of safety, adherence, and cost. 

 For optimal glycemic control, therapies with complementary 
mechanisms of action must typically be used in combination.  

 Therapeutic effectiveness must be evaluated frequently until stable 
(e.g., every three months). 

 Safety and efficacy should be given higher priority than the initial 
acquisition cost of medications, as medication cost is only a small part 
of the total cost of diabetes care. In assessing the cost of a medication, 
consideration should be given to monitoring requirements and risks of 
hypoglycemia and weight gain. 

 Rapid-acting insulin analogs are superior to regular insulin because 
they are more predictable. 

 Long-acting insulin analogs are superior to neutral protamine 
Hagedorn insulin because they provide a fairly flat response for 
approximately 24 hours and provide better reproducibility and 
consistency, both between and within patients, with a corresponding 
reduction in hypoglycemia risk. 
 

Monotherapy  
 Patients with recent-onset diabetes and those with mild hyperglycemia 

(HbA1c <7.5%), initial monotherapy with metformin (at doses of 1,500 
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to 2,000 mg/day) and life-style modifications will achieve their 
glycemic goals in a majority of patients.  

 In patients with intolerance or contraindications to metformin, 
acceptable therapeutic alternatives that reduce glucose without weight 
gain or hypoglycemia (in order based on suggested hierarchy of usage) 
include: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors.  
o Alpha-glucosidase inhibitors. 
o Sodium glucose cotransporter 2 (SGLT-2) inhibitors. 

 TZD, sulfonylurea, and glinides (in order based on suggested hierarchy 
of usage) may be used but with caution due to possible weight gain and 
hypoglycemia. 

 
Combination therapy  
 Patients who present with an initial HbA1c >7.5% or who do not reach 

their target HbA1c with metformin in three months should be started on 
a second agent to be used in combination with metformin.  

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 In metformin-intolerant patients, two drugs from other classes with 
complimentary mechanisms of action should be used. 

 Combination (in order based on suggested hierarchy of usage) include 
metformin (or other first-line agent) plus: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides. 

 
Three-drug combination therapy  
 Generally, the efficacy of a third antidiabetic agent added to dual 

therapy is reduced compared to the efficacy of the same drug used as 
monotherapy or combination therapy with one other agent. 

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 Patients who present with an HbA1c <8.0% or who do not reach their 
target HbA1c with two antidiabetic drugs after 3 months has a high 
likelihood of reaching target with a third agent.  

 Patients who present with an HbA1c >9.0% or who do not reach their 
target HbA1c with two antidiabetic drugs has are less likely of reaching 
target with a third agent or fourth agent and insulin should be 
considered. 

 Continuation with noninsulin therapies while starting basal insulin is 
common and does not increase cardiovascular risk, but may increase 
risk of hypoglycemia when sulfourea are used in conjunction with 
insulin.  

 Three-drug combination (in order based on suggested hierarchy of 
usage) include metformin (or other first-line agent), a second-line 
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agent plus: 

o GLP-1 receptor agonists. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o DPP-4 inhibitors.  
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides 

 
Insulin therapy algorithm 
 Patients who present with an initial HbA1c >9.0% and are symptomatic, 

should initiate therapy with insulin with or without other antidiabetic 
agents.  

 Start insulin if a patient has marked hyperglycemia despite treatment 
with several oral antidiabetic agents and is symptomatic with polyuria 
and weight loss. 

 Patients who are not at target HbA1c despite the use of oral antidiabetic 
agents or GLP-1 therapy should be considered for insulin therapy.  

 Patients with an HbA1c level >8.0% while receiving ≥2 antidiabetic 
agents, particularly individuals with long duration of diabetes, have 
significant impairment of beta cell insulin secretory capacity and are 
unlikely to reach the recommended target by the addition of further 
oral antidiabetic drugs. 
 

Basal insulin 
 Patients with an HbA1c level >8.0% while receiving ≥2 oral 

antidiabetic agents or GLP-1 therapy can be started on single daily 
dose of basal insulin as an add-on to the patient’s existing regimen. 

 Titrate insulin dose every two to three days to reach glycemic goals. 
 Basal insulin analogues (glargine and detemir) are preferred over 

protamine Hagedorn insulin because they have been shown to provide 
a relatively flat serum insulin concentration for up to 24 hours from a 
single daily injection. 

 Patients who fail to achieve glucose control with basal insulin or 
premixed insulin formulations can also be considered for basal 
intensification with a DPP-4 inhibitor or GLP-1 receptor agonist if the 
glucose level is not markedly elevated, because this approach tends to 
not cause weight gain or additional hypoglycemia. 

 
Basal-bolus insulin regimens 
 Patients who fail to achieve glucose control with basal insulin or 

premixed insulin formulations and those with symptomatic 
hyperglycemia and HbA1c >10% often respond better to combined 
basal and mealtime bolus insulin. 

 A full basal-bolus program with an insulin basal analogue once or 
twice daily and a rapid-acting analogue at each meal is most effective 
and provides flexibility for patients with variable mealtimes and meal 
carbohydrate content.  

 Doses of insulin may be titrated every two to three days to reach 
glycemic goals.  

 
Basal insulin and incretin therapy regimens 
 Use of the amylin analog pramlintide in conjunction with bolus insulin 
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improves both glycemia and weight in patients with type 2 diabetes.  

 The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) 
have similar properties, and also increase endogenous insulin secretion. 
Therefore, the combination of basal insulin and incretin therapy 
decreases basal and postprandial glucose and may minimize the weight 
gain and hypoglycemia risk observed with basal-bolus insulin 
replacement. 

American Association of 
Clinical Endocrinologists:  
Medical Guidelines for 
Clinical Practice for the 
Management of Diabetes 
Mellitus  
(2007)23 

 
 
 
 
 
 

Glycemic management-all patients with diabetes 
 Encourage patients to achieve glycemic levels as near normal as 

possible without inducing clinically significant hypoglycemia. 
Glycemic targets include the following: 

o HbA1c ≤6.5%. 
o FPG <100 mg/dL. 
o Two-hour PPG <140 mg/dL. 

 Refer patients for comprehensive, ongoing education in diabetes self-
management skills and nutrition therapy.  

 Initiate self-monitoring blood glucose levels.  
 

Glycemic management-patients with type 1 diabetes 
 Initiate intensive insulin therapy with one of the following regimens: 

o Basal-bolus therapy, using a long-acting insulin analog in 
combination with a rapid-acting insulin analog or inhaled 
insulin at meals.  

o Continuous SC insulin infusion with an insulin pump; insulin 
pump therapy indicated for: 

 Patients unable to achieve control using a regimen of 
multiple daily injections. 

 Patients with histories of frequent hypoglycemia 
and/or hypoglycemia unawareness.  

 Patients who are pregnant.  
 Patients with extreme insulin sensitivity (pump 

therapy facilitates better precision than SC 
injections).  

 Patients with a history of dawn phenomenon (these 
patients can program a higher basal rate for the early 
morning hours to counteract the rise in blood glucose 
concentration).  

 Patients who require more intensive diabetes 
management because of complications including 
neuropathy, nephropathy, and retinopathy.  

 Patients taking multiple daily injections who have 
demonstrated willingness and ability to comply with 
prescribed diabetes self-care behavior including 
frequent glucose monitoring, carbohydrate counting, 
and insulin adjustment.  

 Consider adding pramlintide to intensive insulin therapy to enhance 
glycemic control and to assist with weight management.  

 Consider adding an insulin sensitizer to address insulin resistance as 
needed. Exercise caution because of the potential for increased fluid 
retention when TZDs are used with insulin.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
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PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL.  

 
Glycemic management-patients with type 2 diabetes 
 Aggressively implement all appropriate components of care at the time 

of diagnosis.  
 Persistently monitor and titrate pharmacologic therapy until all 

glycemic goals are achieved.  
o First assess current HbA1c level, fasting/pre-prandial glycemic 

profile, and two-hour PPG profile to evaluate the level of 
control and identify patterns.  

o After initiating pharmacologic therapy based on the patterns 
identified in the profile, persistently monitor and titrate 
therapy over the next two to three months until all glycemic 
goals are achieved.  

o If glycemic goals are not achieved at the end of two to three 
months, initiate a more intensive regimen and persistently 
monitor and titrate therapy over the next two to three months 
until all glycemic goals are achieved.  

o Recognize that patients currently treated with monotherapy or 
combination therapy who have not achieved glycemic goals 
will require either increased dosages of current medications or 
the addition of a second or third medication.  

o Consider insulin therapy in patients with HbA1c >8.0% and 
symptomatic hyperglycemic, and in patients with elevated 
fasting blood glucose levels or exaggerated PPG excursions 
regardless of HbA1c levels.  

o Initiate insulin therapy to control hyperglycemia and to 
reverse glucose toxicity when HbA1c >10.0%. Insulin therapy 
can then be modified or discontinued once glucose toxicity is 
reversed.  

o Consider a continuous SC insulin infusion in insulin-treated 
patients.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily. Although monitoring glucose 
levels at least three times daily is recommended, there is no supporting 
evidence regarding optimal frequency of glucose monitoring with or 
without insulin pump therapy.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients whose glycemic levels are above target while being 
treated with oral agents alone, oral agents plus once-daily insulin, or 
once-daily insulin alone to monitor glucose levels at least two times 
daily. There is no supporting evidence regarding optimal frequency of 
glucose monitoring in these patients. 

 Instruct patients who are meeting target glycemic levels, including 
those treated non-pharmacologically, to monitor glucose levels at least 
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once daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct patients to obtain comprehensive pre-prandial and two-hour 
PPG measurements to create a weekly profile periodically and before 
clinician visits to guide nutrition and physical activity, to detect post-
prandial hyperglycemia, and to prevent hypoglycemia.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL. 

 
Clinical support-clinical considerations in patients with type 1 diabetes 
 Instruct patients to administer pre-prandial rapid-acting analog insulin 

20 to 30 minutes before the meal when the pre-meal blood glucose 
levels is high and after the meal has begun when the pre-meal blood 
glucose level is below the reference range.  

 Measure 2:00 to 3:00 AM blood glucose periodically in all patients 
with diabetes to asses for nocturnal hypoglycemia, especially when the 
morning blood glucose level is elevated.  

 Consider using regular insulin instead of rapid-acting insulin analogs 
to obtain better control of post-prandial and pre-meal glucose levels in 
patients with gastroparesis. Insulin pump therapy may also be 
advantageous in these patients. 

 Some type 1 diabetics treated with basal insulin may require two daily 
injections of basal insulin for greater stability.  

 Carefully assess PPG levels when the HbA1c level is elevated and pre-
meal glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Arrange for continuous glucose monitoring for patients with unstable 
glucose control and for patients unable to achieve an acceptable HbA1c 
level. Continuous glucose monitoring is particularly valuable in 
detecting both unrecognized nocturnal hypoglycemia and post-prandial 
hyperglycemia. 

 Some patients using pramlintide may achieve better post-prandial and 
pre-meal glucose control by combining it with regular insulin rather 
than rapid-acting analogs.  

 Individualize insulin regimens to accommodate patient exercise 
patterns.  

 Treat hypoglycemic reactions with simple carbohydrates. 
 
Clinical support-clinical considerations in patients with type 2 diabetes 
 Combining therapeutic agents with different modes of action may be 

advantageous.  
 Use insulin sensitizers, such as metformin or TZDs, as part of the 

therapeutic regimen in most patients unless contraindicated or 
intolerance has been demonstrated.  

 Insulin is the therapy of choice in patients with advanced chronic 
kidney disease.  

 Metformin, TZDs, and incretin mimetics do not cause hypoglycemia. 
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However, when used in combination with secretagogues or insulin, 
these medications may need to be adjusted as blood glucose levels 
decline.  

 The weight gain associated with TZDs in some patients may be partly 
offset by combination therapy with metformin.  

 Carefully assess PPG levels if the HbA1c level is elevated and pre-
prandial glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Individualize treatment regimens to accommodate patient exercise 
patterns.  

 Administer basal insulin in the evening if fasting glucose is elevated. 
 Long-acting insulin analogs are associated with less hypoglycemia 

than NPH insulin.  
National Institute for Health and 
Care Excellence:  
The Management of Type 2 
Diabetes  
(Issued 2009, last modified 
July 2014)24 

 
 

Metformin 
 Start metformin in overweight or obese patients and whose blood 

glucose is inadequately controlled by lifestyle interventions alone. 
 Consider metformin as an option for first-line glucose-lowering 

therapy for patients who are not overweight.  
 Continue metformin if blood glucose control remains or becomes 

inadequate and another oral glucose-lowering medication (usually a 
sulfonylurea) is added.  

 Step up metformin therapy gradually over weeks to minimize risk of 
gastrointestinal (GI) side effects. Consider a trial of extended release 
metformin if GI tolerability prevents continuation of therapy.  

 
Insulin secretagogues 
 Consider a sulfonylurea as an option for first-line glucose-lowering 

therapy if the patient is not overweight, the patient does not tolerate 
metformin (or it is contraindicated), or a rapid response to therapy is 
required because of hyperglycemic symptoms. 

 Add a sulfonylurea as second-line therapy when blood glucose control 
remains or becomes inadequate with metformin.  

 Continue sulfonylurea therapy if blood glucose control remains or 
becomes inadequate and another oral glucose-lowering medication is 
added. 

 When adherence is a problem, offer a once-daily, long-acting 
sulfonylurea.  

 
Rapid-acting insulin secretagogues 
 Consider offering a rapid-acting insulin secretagogue to a patient with 

an erratic lifestyle.  
 
Acarbose 
 Consider acarbose for a patient unable to use other oral glucose-

lowering medications.  
 
DPP-4 inhibitors  
 Consider adding a DPP-4 inhibitor to metformin (as second-line 

therapy) instead of a sulfonylurea when blood glucose control is 
inadequate (HbA1c ≥6.5%) if the person is at risk of hypoglycemia, 
does not tolerate a sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a DPP-4 inhibitor to sulfonylurea (as second-line 
therapy) when control of blood glucose is inadequate (HbA1c ≥6.5%) if 
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the person does not tolerate metformin or if metformin is 
contraindicated.  

 Consider adding a DPP-4 inhibitor as third-line therapy to first-line 
metformin and a second-line sulfonylurea when control of blood 
glucose remains or becomes inadequate (HbA1c ≥7.5%) and insulin is 
unacceptable or inappropriate. 

 Only continue DPP-4 inhibitor therapy if the person has had a 
beneficial metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 A DPP-4 inhibitor may be preferable to a thiazolidinedione (TZD) if: 
o Further weight gain would cause or exacerbate significant 

problems associated with a high body weight. 
o A thiazolidinedione is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a thiazolidinedione. 
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 
 
TZDs 
 Consider adding a TZD to metformin (as second-line therapy) instead 

of a sulfonylurea when blood glucose control is inadequate (HbA1c 
≥6.5%) if the person is at risk of hypoglycemia, does not tolerate a 
sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a TZD to sulfonylurea (as second-line therapy) when 
control of blood glucose is inadequate (HbA1c ≥6.5%) if the person 
does not tolerate metformin or if metformin is contraindicated.  

 Consider adding a TZD as third-line therapy to first-line metformin 
and a second-line sulfonylurea when control of blood glucose remains 
or becomes inadequate (HbA1c ≥7.5%) and insulin is unacceptable or 
inappropriate. 

 Do not use a TZD is people who have heart failure, or who are at 
higher risk of fracture.  

 Only continue TZD therapy if the person has had a beneficial 
metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 Consider combining TZD with insulin therapy for a person who 
previously had a marked glucose-lowering response to TZD therapy or 
who is on high-dose insulin therapy and whose blood glucose is 
inadequately controlled.  

 A TZD may be preferable to a DPP-4 inhibitor if: 
o The person has marked insulin insensitivity. 
o A DPP-4 inhibitor is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a DPP-4 inhibitor.  
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 

 
Gliptins: GLP-1 enhancers 
 No recommendations are made on the use of gliptins as these drugs are 

not covered in this guideline. 
 
GLP-1 mimetics 
 Consider adding a GLP-1 mimetic as third-line therapy to first-line 

metformin and a second-line sulfonylurea when control of blood 
glucose is inadequate (HbA1c ≥7.5%) and the person has: 
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o A body mass index ≥35 kg/m2 in those of European descent 

(with appropriate adjustment for other ethnic groups).  
o A BMI <35 kg/m2, and therapy with insulin would have 

significant occupational implications or weight loss would 
benefit other significant obesity-related comorbidities.  

 Only continue GLP-1 mimetic therapy if the person has had a 
beneficial metabolic response (≥1% reduction in HbA1c and weight 
loss ≥3% of initial body weight at six months). 

 
Insulin therapy 
 May be offered to patients with inadequate blood glucose control on 

optimized oral glucose-lowering agents. 
 When starting basal insulin therapy:  

o Continue with metformin and the sulfonylurea (and acarbose, 
if used).  

o Review the use of the sulfonylurea if hypoglycemia occurs.  
 When starting pre-mixed insulin therapy (or mealtime plus basal 

insulin regimens): 
o Continue with metformin.  
o Continue the sulfonylurea initially and discontinue if 

hypoglycemia occurs. 
 Begin with human NPH insulin injected at bedtime or twice daily 

according to need.  
 Consider using a long-acting insulin analogue if:  

o The person needs assistance from a caregiver or healthcare 
professional to inject insulin, and use of a long-acting insulin 
analogue would reduce the frequency of injections from twice 
to once daily.  

o The person’s lifestyle is restricted by recurrent symptomatic 
hypoglycemic episodes.  

o The person would otherwise need twice-daily NPH insulin 
injections in combination with oral glucose-lowering drugs.  

o The person cannot use the device to inject NPH insulin. 
 Consider twice-daily pre-mixed (biphasic) human insulin (particularly 

if HbA1c ≥9.0%). A once-daily regimen may be an option.  
 Consider pre-mixed preparations that include short-acting insulin 

analogs, rather than pre-mixed preparations that include short-acting 
human insulin preparations, if:  

o A person prefers injecting insulin immediately before a meal.  
o Hypoglycemia is a problem.  
o Blood glucose levels rise markedly after meals. 

 Consider switching to a long-acting insulin analogue from NPH insulin 
in people:  

o Who do not reach their target HbA1c because of significant 
hypoglycemia.  

o Who experience significant hypoglycemia on NPH insulin 
irrespective of the level of HbA1c reached.  

o Who cannot use the device needed to inject NPH insulin but 
who could administer their own insulin safely and accurately 
if a switch to a long-acting insulin analogue were made.  

o Who need help from a caregiver or healthcare professional to 
administer insulin injections and for whom switching to a 
long-acting insulin analogue would reduce the number of 
daily injections.  

Monitor a person on a basal insulin regimen (NPH insulin or a long-acting 
insulin analogue) for the need for short-acting insulin before meals (or a 
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pre-mixed insulin preparation). 

Institute for Clinical Systems 
Improvement:  
Diagnosis and Management of 
Type 2 Diabetes Mellitus in 
Adults 

(2014)25 

 
 
 

 Personalize goals to achieve glycemic control with a hemoglobin 
HbA1c in the range of <7 or 8% based on the risks and benefits of each 
patient. A goal of <8% may be more appropriate when: 

o Known cardiovascular disease or high cardiovascular risk, 
may be determined by the Framingham or ACC/AHA 
Cardiovascular Risk Calculator, or alternatively as having two 
or more cardiovascular risks (BMI >30, hypertension, 
dyslipidemia, smoking, and microalbuminuria). 

o Inability to recognize and treat hypoglycemia, including a 
history of severe hypoglycemia requiring assistance. 

o Inability to comply with standard goals, such as 
polypharmacy issues. 

o Limited life expectancy or estimated survival of less than 10 
years. 

o Cognitive impairment. 
o Extensive comorbid conditions such as renal failure, liver 

failure, and end-stage disease complications. 
 A multifactorial approach to diabetes care that includes emphasis on 

blood pressure, lipids, glucose, aspirin use, and non-use of tobacco will 
maximize health outcomes far more than a strategy that is limited to 
just one or two of these clinical domains. 

 Recommend education and self-management, as appropriate.  
 Initiate metformin as first-line pharmacotherapy for patients with type 

2 diabetes, unless medically inappropriate.  
o Metformin may reduce HbA1c by 1 to 1.5%, rarely causes 

hypoglycemia when used as monotherapy and does not cause 
weight gain. 

o Metformin can also be used in combination with all other 
glucose-lowering agents.  

 Improved microvascular and macrovascular outcomes have been 
demonstrated in large clinical trials. 

International Diabetes 
Federation Clinical Guidelines 
Task Force:  
Global Guideline for Type 2 
Diabetes 
(2012)26 

 
 

Lifestyle management 
 Changing patterns of eating and physical activity can be effective in 

controlling many of the adverse risk factors found in type 2 diabetes. 
 Match the timing of medication (including insulin) and meals.   
 Reduce energy intake and control of foods with high amounts of added 

sugars, fats, or alcohol.  
 Introduce physical activity gradually, based on the individual’s 

willingness and ability, and setting individualized and specific goals.  
 Encourage increased duration and frequency of physical activity 

(where needed), up to 30 to 45 minutes on three to five days per week, 
or an accumulation of 150 minutes per week of moderate-intensity 
aerobic activity (50 to 70% of maximum heart rate). In the absence of 
contraindications, encourage resistance training three times per week. 

 Provide guidance for adjusting medications (insulin) and/or adding 
carbohydrate for physical activity. 

 
Glucose control levels 
 Maintaining HbA1c below 7% minimizes the risk of developing 

complications.  
 A lower HbA1c target may be considered if it is easily and safely 

achieved. 
 A higher HbA1c target may be considered for people with 

comorbidities or when previous attempts to optimize control have been 
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associated with unacceptable hypoglycemia.  

 
Oral therapy 
 Begin oral glucose lowering medications when lifestyle interventions 

alone are unable to maintain blood glucose control at target levels. 
Maintain support for lifestyle measures throughout the use of these 
medications.  

 Consider each initiation or dose increase of an oral glucose lowering 
medication as a trial, monitoring response in three months.  

 First-line therapy  
o Begin with metformin unless there is evidence of renal 

impairment or other contraindication.  
o Titrate the dose over early weeks to minimize discontinuation 

due to gastrointestinal intolerance. Monitor renal function and 
use metformin with caution if estimated glomerular filtration 
rate <45 mL/min/1.73m2. 

o Other options include a sulfonylurea (or glinide) for rapid 
response where glucose levels are high, or α-glucosidase 
inhibitors in some populations; these agents can also be used 
initially where metformin cannot.  

o In some circumstances dual therapy may be indicated initially 
if it is considered unlikely that single agent therapy will 
achieve glucose targets.  

 Second-line therapy  
o When glucose control targets are not achieved, add a 

sulfonylurea.  
o Other options include adding metformin if not used first-line, 

an α-glucosidase inhibitor, a dipeptidyl peptidase 4 (DPP-4) 
inhibitor, or a thiazolidinedione (TZD). A rapid-acting insulin 
secretagogue is an alternative option to sulfonylureas. 

 Third-line therapy 
o When glucose control targets are no longer being achieved, 

start insulin or add a third oral agent. 
o If starting insulin, add basal insulin or use premix insulin.  
o If adding a third oral agent options include an α-glucosidase 

inhibitor, a DPP-4 inhibitor, or a TZD. 
o Another option is to add a glucagon-like peptide-1 (GLP-1) 

agonist.  
 Fourth-line therapy 

o Begin insulin therapy when optimized oral blood glucose 
lowering mediations (and/or GLP-1 agonist) and lifestyle 
interventions are unable to maintain target glucose control.  

 
Insulin therapy 
 Do not unduly delay the commencement of insulin. Maintain lifestyle 

measures. Consider every initiation or dose increase of insulin as a 
trial, monitoring the response.  

 Provide education and appropriate self-monitoring.  
 Explain that starting doses of insulin are low, for safety reasons, but 

that eventual dose requirement is expected to be 30 to 100 units/day. 
 Continue metformin. Other oral agents may also be continued.  
 Begin with a basal insulin once daily such as neutral protamine 

Hagedorn (NPH) insulin, insulin glargine, or insulin detemir, or once 
or twice daily premix insulin (biphasic insulin).  

 Initiate insulin using a self-titration regimen (dose increases of two 
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units every three days) or with biweekly or more frequent contact with 
a health-care professional.  

 Aim for pre-meal glucose levels of <6.5 mmol/L (<115 mg/dL). 
 Monitor glucose control for deterioration and increase dose to maintain 

target levels or consider transfer to a basal plus mealtime insulin 
regimen.  

American Diabetes Association:  
Care of Children and 
Adolescents with Type 1 
Diabetes  
(2005)27 

 
 

 Insulin type, mixture of insulins, site of injection, and individual 
patient response differences can all affect the onset, peak, and duration 
of insulin activity. 

 Children with diabetes often require multiple daily injections of 
insulin, using combinations of rapid-, short-, intermediate-, or long-
acting insulin before meals and at bedtime to maintain optimal blood 
glucose control. 

 The basal/bolus insulin regimen uses a long-acting insulin analog 
combined with a rapid-acting insulin analog given before meals and 
snacks. This regimen has been shown to result in stable glycemic 
control and less hypoglycemia compared with regimens using 
intermediate and short insulin regimens. 

 Many young children and teenagers consume multiple snacks 
throughout the day. An ideal basal/bolus regimen may consist of as 
many as six to seven insulin injections per day. A combination of 
rapid-acting insulin with small amounts of intermediate-acting insulin 
to allow coverage for snacks may be an appropriate alternative to the 
basal/bolus plan. However, two or three doses of mixed rapid-acting or 
short-acting insulin with intermediate-acting insulin generally cannot 
maintain HbA1c levels within the target range. Recommendations now 
support moving toward a basal/bolus insulin regimen for most patients. 

 The combination of rapid-acting insulin analogs and a long-acting 
insulin offers an excellent option for basal and bolus insulin 
administration. 

 Basal/bolus regimens have been shown to result in lower fasting blood 
glucose levels with less nocturnal hypoglycemia than regimens that use 
NPH insulin in children/adolescents, as well as in adults. 

American Academy of 
Pediatrics: 
Management of Newly 
Diagnosed Type 2 Diabetes 
Mellitus (T2DM) in Children 
and Adolescents 
(2013)28 

 
 

 Clinicians must ensure that insulin therapy is initiated for children and 
adolescents with T2DM who are ketotic or in diabetic ketoacidosis and 
in whom the distinction between types 1 and 2 diabetes mellitus is 
unclear and, in usual cases, should initiate insulin therapy for patients  

o Who have random venous or plasma blood glucose (BG) 
concentrations ≥250 mg/dL. 

o Whose HbA1c is >9%. 
 In all other instances, clinicians should initiate a lifestyle modification 

program, including nutrition and physical activity, and start metformin 
as first-line therapy for children and adolescents at the time of 
diagnosis of T2DM.  

 Monitoring of HbA1c concentrations is recommended every three 
months and intensifying treatment is recommended if treatment goals 
for finger-stick BG and HbA1c concentrations are not being met. 

 Advise patients to monitor finger-stick BG concentrations in patients 
who:  

o Are taking insulin or other medications with a risk of 
hypoglycemia; or 

o Are initiating or changing their diabetes treatment regimen; or 
o Have not met treatment goals; or 
o Have intercurrent illnesses. 

 Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight 
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Management Evidence-Based Nutrition Practice Guidelines in dietary 
or nutrition counseling of patients with T2DM at the time of diagnosis 
and as part of ongoing management.  

 Encourage children and adolescents with T2DM to engage in 
moderate-to-vigorous exercise for at least 60 minutes daily and to limit 
nonacademic “screen time” to less than two hours a day.  

National Institute for Health and 
Care Excellence:  
Diagnosis and Management of 
Type 1 Diabetes in 
Children, Young People, and 
Adults  
(Issued 2004, last modified 
July 2014)29 

 
 

Children (aged younger than 11 years) and young people (aged 11 to <18 
years) 
 Children and young people with type 1 diabetes should be offered an 

ongoing integrated package of care by a multidisciplinary pediatric 
diabetes care team. 

 Insulin regimens  
o One, two, or three insulin injections per day: these are usually 

injections of short-acting insulin or rapid-acting insulin 
analogue mixed with intermediate-acting insulin. The insulin 
preparations may be mixed by the patient at the time of 
injection. 

o Multiple daily injection regimen: the person has injections of 
short-acting insulin or rapid-acting insulin analogue before 
meals, together with one or more separate daily injections of 
intermediate-acting insulin or long-acting insulin analogue. 

o Continuous subcutaneous insulin infusion (insulin pump 
therapy): a programmable pump and insulin storage reservoir 
that gives a regular or continuous amount of insulin (usually 
in the form of a rapid-acting insulin analogue or short-acting 
insulin) by a subcutaneous needle or cannula. 

 Pre-school and primary school children should be offered the most 
appropriate individualized regimens to optimize glycemic control.  

 Young people should be offered multiple daily injection regimens to 
help optimize glycemia control. 

 As it improves glycemic control, multiple daily injection regimens 
should be offered only as part of a package of care that involves 
continuing education; dietary management; instruction on the use of 
insulin delivery systems and blood glucose monitoring; emotional and 
behavioral support; and medical, nursing, and dietetic expertise in 
pediatric diabetes. 

 Children and young people using multiple daily injection regimens 
should be informed that they may experience an initial increase in the 
risk of hypoglycemia and short-term weight gain.  

 Children and young people and their families should be informed about 
strategies for the avoidance and management of hypoglycemia.  

 Young people who do not achieve satisfactory glycemic control with 
multiple daily injection regimens should be offered additional support 
and, if appropriate, alternative insulin therapy (once, twice, or three 
times daily mixed insulin regimens or continuous SC insulin infusion 
using an insulin pump).  

 Young people who have difficulty adhering to the multiple daily 
injection regimens should be offered twice-daily injection regimens.  

 Continuous SC insulin infusion is recommended as an option for 
patients provided that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and; 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Continuous SC insulin infusion therapy should be initiated only by a 
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trained specialist team. 

 All individuals beginning continuous SC insulin infusion therapy 
should be provided with specific training in its use.  

 Established users of continuous SC insulin infusion therapy should 
have their insulin management reviewed by their specialist team so that 
a decision can be made about whether a trial or a switch to multiple-
dose insulin incorporating insulin glargine would be appropriate.  

 Insulin preparations:  
o Children and young people should be offered the most 

appropriate insulin preparations according to their individual 
needs with the aim of obtaining an HbA1c <7.5% without 
frequent disabling hypoglycemia and maximizing quality of 
life.  

o Children and young people using multiple daily insulin 
regimens should be informed that injection of rapid-acting 
insulin analogs before eating (rather than after eating) reduces 
PPG levels thus helps to optimize blood glucose control. 

o For pre-school children it may be appropriate to use rapid-
acting insulin analogs shortly after eating (rather than before 
eating) because food intake can be unpredictable.  

o Children and young people who use insulin preparations 
containing intermediate-acting insulin should be informed that 
these preparations should be mixed before use according to 
instructions provided in patient information leaflets.  

 Insulin delivery:  
o Children and young people should be offered a choice of 

insulin delivery systems that takes account of their insulin 
requirements and personal preferences.  

o Children and young people using insulin injection regimens 
should be offered needles that are of an appropriate length for 
their body fat.  

 Non-insulin agents (oral antidiabetic agents):  
o Children and young people should not be offered acarbose or 

sulfonylureas in combination with insulin because they may 
increase the risk of hypoglycemia without improving 
glycemic control. 

o Metformin in combination with insulin is suitable for use only 
within research trials because the effectiveness of this 
combination therapy in providing glycemic control is 
uncertain. 

 
Adults (aged 18 years or older): Insulin regimens 
 Patients should have access to the types (preparation and species) of 

insulin they find allow them optimal well-being. 
 Cultural preferences need to be discussed and respected in agreeing on 

the insulin regimen for a patient. 
 Multiple insulin injection regimens, in patients who prefer them, 

should be used as part of an integrated package of which education, 
food, and skills training should be integral parts.  

 Appropriate self-monitoring and education should be used as part of an 
integrated package to help achieve optimal diabetes outcomes.  

 Mealtime insulin injections should be provided by injection 
unmodified (‘soluble’) insulin or rapid-acting insulin analogs before 
main meals.  

 Rapid-acting insulin analogs should be used as an alternative to 
mealtime unmodified insulin where nocturnal or late inter-prandial 
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hypoglycemia is a problem, and in those in whom they allow 
equivalent blood glucose control without use of snacks between meals 
and this is needed or desired.  

 Basal insulin therapy (including nocturnal insulin supply) should be 
provided by the use of isophane (NPH) insulin or long-acting insulin 
analogs (insulin glargine). Isophane (NPH) insulin should be given at 
bedtime. If rapid-acting insulin analogs are given at mealtimes or the 
midday insulin dose is small or lacking, the need to give isophane 
(NPH) insulin twice-daily (or more often) should be considered.  

 Long-acting insulin analogs (insulin glargine) should be used when:  
o Nocturnal hypoglycemia is a problem on isophane (NPH) 

insulin. 
o Morning hypoglycemia on isophane (NPH) insulin results in 

difficult daytime blood glucose control.  
o Rapid-acting insulin analogues are used for mealtime blood 

glucose control.  
 Twice-daily insulin regimens should be used by those adults who 

consider number of daily injections an important issue in quality of 
life: 

o Biphasic insulin preparations (pre-mixes) are often the 
preparations of choice in this circumstance.  

o Biphasic rapid-acting insulin analog pre-mixes may give an 
advantage to those prone to hypoglycemia at night.  

o Such twice-daily regimens may also help those who find 
adherence to their agreed lunchtime insulin injection difficult 
and those with learning difficulties who may require 
assistance from others.  

 Adults whose nutritional and physical activity patterns vary 
considerably from day-to-day, for vocational or recreational reasons, 
may need careful and detailed review of their self-monitoring and 
insulin injection regimen(s). This should include all the appropriate 
preparations and consideration of unusual patterns and combinations.  

 For adults undergoing periods of fasting or sleep following eating (e.g., 
during religious feasts and fasts, after night-shift work), a rapid-acting 
insulin analog before the meal (provided the meal is not prolonged) 
should be considered.  

 For adults with erratic and unpredictable blood glucose control, rather 
than a change in a previously optimized insulin regimen, the following 
should be considered: 

o Re-suspension of insulin and injection technique.  
o Injection sites. 
o Self-monitoring skills. 
o Knowledge and self-management skills.  
o Nature of lifestyle.  
o Psychological and psychosocial difficulties.  
o Possible organic causes (e.g., gastroparesis).  

 Continuous SC insulin infusion is recommended as an option provided 
that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Partial insulin replacement to achieve blood glucose control targets 
(basal insulin only, or just some mealtime insulin) should be 
considered for patients initiating insulin therapy, until such time as 
islet β-cell deficiency progresses further.  
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 Clear guidelines and protocols should be given to all patients to assist 

them in adjusting insulin doses appropriate during intercurrent illness.  
 Oral glucose-lowering drugs should generally not be used in the 

management of type 1 diabetics.  
 
Adults (aged 18 years or older): Insulin delivery 
 Adults who inject insulin should have access to the insulin injection 

delivery device they find allows them optimal well-being, often using 
one or more types of insulin injection pen.  

 Adults who have special visual or psychological needs should be 
provided with injection devices or needle-free systems that they can 
use independently for accurate dosing. 

 Insulin injection should be made into the deep SC fat. To achieve this, 
needles of a length appropriate to the individual should be made 
available. 

 Adults should be informed that the abdominal wall is the therapeutic 
choice for mealtime insulin injections. 

 Adults should be informed that extended-acting suspension insulin 
(e.g., isophane [NPH] insulin) may give a longer profile of action when 
injected into the SC tissue of the thigh rather than the arm or 
abdominal wall.  

 Adults should be recommended to use one anatomical area for the 
injections given at the same time of day, but to move the precise 
injection site around in the whole of the available skin within that area.  

 Patients should be provided with suitable containers for the collection 
of used needles. Arrangements should be available for the suitable 
disposal of these containers.  

 Injection site condition should be checked annually, and if new 
problems with blood glucose control occur.  

American Diabetes Association:  
Type 1 Diabetes Through the 
Life Span: A Position 
Statement of the American 
Diabetes Association  
(2014)30 

 
 

Nutritional therapy  
 Individualized medical nutrition therapy is recommended for all people 

with type 1 diabetes as an effective component of the overall treatment 
plan. 

 Monitoring carbohydrate intake, whether by carbohydrate counting or 
experience-based estimation, remains a key strategy in achieving 
glycemic control. 

 If adults with type 1 diabetes choose to drink alcohol, they should be 
advised to do so in moderation (one drink per day or less for adult 
women and two drinks per day or less for adult men). Discussion with 
a health care provider is advised to explore potential interactions with 
medications. Adults should be advised that alcohol can lower blood 
glucose levels and that driving after drinking alcohol is 
contraindicated. 

 
Physical activity and exercise  
 Exercise should be a standard recommendation as it is for individuals 

without diabetes; however, recommendations may need modifications 
due to the presence of macro- and microvascular diabetes 
complications.  

 Patients of all ages (or caregivers of children) should be educated about 
the prevention and management of hypoglycemia that may occur 
during or after exercise.  

 Patients should be advised about safe preexercise blood glucose levels 
(typically 100 mg/dL or higher depending on the individual and type of 
physical activity). 
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 Reducing the prandial insulin dose for the meal/snack preceding 

exercise and/or increasing food intake can be used to help raise the 
preexercise blood glucose level and reduce hypoglycemia. 

 A reduction in overnight basal insulin the night following exercise may 
reduce the risk for delayed exercise-induced hypoglycemia.  

 Self-monitoring of blood glucose should be performed as frequently as 
needed, and sources of simple carbohydrate should be readily available 
to prevent and treat hypoglycemia.  

 
Glycemic control goals  
 The American Diabetes Association strongly believes that blood 

glucose and HbA1c targets should be individualized with the goal of 
achieving the best possible control while minimizing the risk of severe 
hyperglycemia and hypoglycemia and maintaining normal growth and 
development. 

 An HbA1c goal of <7.5% is recommended across all pediatric age-
groups.  

 A reasonable HbA1c goal for many nonpregnant adults with type 1 
diabetes is <7%. 

 Providers might reasonably suggest more stringent HbA1c goals (such 
as <6.5%) for select individual patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. 

 Less stringent HbA1c goals (such as <8.5%) may be appropriate for 
patients with a history of severe hypoglycemia, hypoglycemia 
unawareness, limited life expectancy, advanced microvascular/ 
macrovascular complications, or extensive comorbid conditions. 

 
Insulin therapy 
 Most individuals with type 1 diabetes should be treated with multiple 

daily insulin injections (three or more injections per day of prandial 
insulin and one to two injections of basal insulin) or continuous 
subcutaneous insulin infusion. 

 Most individuals should be educated in how to match prandial insulin 
dose to carbohydrate intake, premeal blood glucose, and anticipated 
activity.  

 Most individuals should use insulin analogs to reduce hypoglycemia 
risk. 

 All individuals with type 1 diabetes should be taught how to manage 
blood glucose levels under varying circumstances, such as when ill or 
receiving glucocorticoids or for those on pumps, when pump problems 
arise. 

 Child caregivers and school personnel should be taught how to 
administer insulin based on provider orders when a child cannot self-
manage and is out of the care and control of his or her parent/guardian. 

 
Adjunctive therapies  
 Pramlintide may be considered for use as adjunctive therapy to 

prandial insulin in adults with type 1 diabetes failing to achieve 
glycemic goals. 

 Evidence suggests that adding metformin to insulin therapy may reduce 
insulin requirements and improve metabolic control in overweight/ 
obese patients and poorly controlled adolescents with type 1 diabetes, 
but evidence from larger longitudinal studies is required. 

 Current type 2 diabetes medications (GLP-1 agonists, DPP-4 
inhibitors, and SGLT2 inhibitors) may be potential therapies for type 1 
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diabetic patients, but require large clinical trials before use in type 1 
diabetic patients. 

*This algorithm was updated in 201322
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IV. Pharmacokinetics 
 
The pharmacokinetic parameters of the insulins are listed in Table 5.  

 
Table 5. Pharmacokinetic Parameters of the Insulins1,2 

Generic Name(s) Onset 
(hours) 

Peak 
(hours) 

Duration 
(hours) 

Half-Life 
(hours) 

Mixing of 
Insulins 

Rapid-Acting Insulins 
Insulin aspart 0.25 0.75 to 1.50 3 to 5 1.35 NPH 
Insulin glulisine 0.33 

 
Not 

reported 
5.3 

 
0.7 NPH 

Insulin lispro Not reported 
 

0.5 to 1.5 3 to 4 0.43 to 0.87 May be mixed 
with longer-

acting insulin 
Short-Acting Insulins 
Insulin regular, human 0.5 to 2.5 2 to 15 8 to 22 1.4 to 3.3 May be mixed 

with longer-
acting insulin 

Intermediate-Acting Insulins 
NPH, human insulin 
isophane 

0.5 to 1.5 2 to 12 24 Not reported Insulin regular, 
human 

Long-Acting Insulins 
Insulin detemir 3-4 6-8 5.7 to 23.2 5 to 7 None 
Insulin glargine, human 
recombinant analog 

1.1 5 10.8-24 Not reported None 

Combination Insulins (Intermediate-Acting and Rapid-Acting) 
Insulin aspart protamine 
and insulin aspart  

Not reported Not 
reported 

Not reported Not reported None 

Insulin lispro protamine 
and insulin lispro  

Not reported Not 
reported 

Not reported Not reported None 

Combination Insulins (Intermediate-Acting and Short-Acting) 
NPH, human insulin 
isophane and insulin 
regular, human 

Not reported Not 
reported 

Not reported Not reported None 

 
 

V. Drug Interactions 
 
Significant drug interactions with the insulins are listed in Table 6. 

 
Table 6. Significant Drug Interactions with the Insulins2 

Generic Name(s) Significance Level Interaction Mechanism 
Insulin 2 β-Adrenergic 

blocking agents (β-
blockers), 
nonselective 

β-blockers may blunt the sympathetic 
mediated response to hypoglycemia and 
may mask hypoglycemic symptoms. 
Discontinue nonselective β-blocker 
therapy or switch to a β-blocker with 
selective activity if possible.  

Insulin 2 Fenfluramine Fenfluramine may potentiate the 
hypoglycemic effects of insulin. Monitor 
blood glucose concentrations and adjust 
dose of insulin as needed to avoid 
hypoglycemia.  

Insulin 2 Monoamine 
oxidase inhibitors 
(MAOIs) 

MAOIs may potentiate the hypoglycemic 
effects of insulin by stimulating insulin 
secretion and inhibiting gluconeogenesis. 
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Generic Name(s) Significance Level Interaction Mechanism 
Monitor blood glucose concentrations and 
adjust the dose of insulin as needed.  

Insulin 2 Salicylates Salicylates increase basal insulin secretion 
and acute insulin response to a glucose 
load. The hypoglycemic effects of insulin 
may be potentiated. Monitor blood glucose 
concentrations and adjust the dose of 
insulin as needed. 

Significance level 1 = major severity, significance level 2 = moderate severity 
 
 

VI. Adverse Drug Events 
 
Adverse events with the insulin products are rare and are similar among the various products.1-17  
 
Hypoglycemia is the most common adverse event reported with insulin therapy. Because of the differences in 
onset and duration of action, the timing of hypoglycemia can vary between insulin formulations. Hypoglycemia 
risk may be increased when patients receive excessive doses of insulin, reduce their caloric intake, increase 
physical activity, during illnesses, or when receiving medications that increase the hypoglycemic effects of 
insulin.1-17  
 
Redness, swelling, and itching at the injection site may result if administration is not done properly, if the skin is 
sensitive to cleansing solution, or if the patient is allergic to insulin or components of the insulin formulation.1-17 
 
Generalized insulin allergies are rare but may present as a skin rash over the body, shortness of breath, fast pulse, 
sweating, a drop in blood pressure, bronchospasm, shock, anaphylaxis, or angioedema.1-17 
 
A range of different chest symptoms were reported as adverse events associated with insulin therapy and were 
grouped under a nonspecific term chest pain.1-17  
 
 

VII. Dosing and Administration 
 

The usual dosing regimens for the insulins are listed in Table 7. The dose of insulin is dependent upon the 
patient’s glycemic response to food intake and exercise. Dose frequency and timing is dependent upon blood 
glucose levels, food consumption, time and level of exercise, as well as the insulin formulation used. Thus, an 
insulin regimen must be individualized to suit the specific needs and treatment goals of the patient.  

 
Table 7. Usual Dosing Regimens for the Insulins1-17 

Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
Rapid-Acting Insulins 
Insulin aspart Diabetes: 

Dosage must be individualized. 
May be administered via SC 
injection, CSII by external 
pump, and intravenously. 
 
SC injection: inject 
immediately (within 5 to 10 
minutes) before a meal 
 
CSII: approximately 50% of the 
total dose is usually given as 
meal-related boluses and the 
remainder is given as a basal 
infusion. Pre-meal boluses of 

Insulin aspart has not been 
studied in pediatric patients 
younger than 2 years of age or 
in pediatric patients with type 
2 diabetes. 
 
Type 1 diabetes: 
Dosage must be 
individualized. May be 
administered via SC injection 
and as CSII by external pump. 
 
SC injection: inject 
immediately (within 5 to 10 
minutes) before a meal 

Cartridge: 
100 U/mL 
 
Pen: 
100 U/mL 
 
Vial:  
100 U/mL 
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Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
should be infused immediately 
(within 5 to 10 minutes) before 
a meal 
 
IV: infuse at a concentration of 
0.05 to 1.0 U/mL 

 
CSII: approximately 50% of 
the total dose is usually given 
as meal-related boluses and 
the remainder is given as a 
basal infusion. Pre-meal 
boluses of should be infused 
immediately (within 5 to 10 
minutes) before a meal 

Insulin glulisine Diabetes: 
Dosage must be individualized. 
May be administered via SC 
injection, CSII by external 
pump, and intravenously. 
 
SC injection: inject 15 minutes 
before a meal or within 20 
minutes of starting a  meal 
 
CSII: dosage must be 
individualized 
 
IV: infuse at a concentration of 
0.05 to 1.0 U/mL 

Insulin glulisine has not been 
studied in pediatric patients 
with type 1 diabetes younger 
than 4 years of age and in 
pediatric patients with type 2 
diabetes.  
 
Type 1 diabetes: 
Dosage must be 
individualized. Approved for 
use in children for SC 
injections and for CSII by 
external pump, and 
intravenously 
 
SC injection: 0.5 to 1.0 
unit/kg/day administered  15 
minutes before a meal or 
within 20 minutes of starting a 
meal 
 
CSII: dosage must be 
individualized 
 
IV: infuse at a concentration 
of 0.5 to 1.0 unit/mL  

Pen: 
100 U/mL 
 
Vial: 
100 U/mL 

Insulin lispro Diabetes: 
Dosage must be individualized. 
May be administered via SC 
injection and CSII by external 
pump. 
 
SC injection, CSII by external 
pump: 0.5 to 1 unit/kg/day; 
inject within 15 minutes before 
or immediately after a meal  

Insulin lispro has not been 
studied in pediatric patients 
with type 1 diabetes younger 
than 3 years of age and in 
pediatric patients with type 2 
diabetes.  
 
Diabetes: 
Dosage must be 
individualized. May be 
administered via SC injection 
and CSII by external pump. 
 
SC injection, CSII by external 
pump: 0.5 to 1 unit/kg/day; 
inject within 15 minutes 
before or immediately after a 
meal 

Cartridge: 
100 U/mL 
 
Pen: 
100 U/mL 
 
Vial: 
100 U/mL 

Short-Acting Insulins 
Insulin regular, 
human 

Diabetes: 
Dosage must be individualized. 

Insulin regular, human has not 
been studied in pediatric 

Vial: 
100 U/mL 
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Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
May be administered via SC 
injection and intravenously. 
 

patients with type 1 diabetes 
younger than 2 years of age in 
pediatric patients with type 2 
diabetes.  
 
Diabetes: 
Dosage must be 
individualized. May be 
administered via SC injection, 
CSII by external pump, and 
intravenously. 

500 U/mL 

Intermediate-Acting Insulins 
NPH, human insulin 
isophane 

Diabetes: 
Dosage must be individualized. 
May be administered via SC 
injection. 
 
SC injection: 0.5 to 1 
units/kg/day; administer in 2 
divided daily doses and within 
60 minutes of a meal 
 

NPH, human insulin isophane 
has not been studied in 
pediatric patients younger than 
12 years of age.  
 
Diabetes: 
Dosage must be 
individualized. May be 
administered via SC injection. 
 
SC injection: 0.5 to 1 
units/kg/day; administer in 2 
divided daily doses and within 
60 minutes of a meal 

Pen: 
300 U/3 mL 
 
Vial: 
100 U/mL 

Long-Acting Insulins 
Insulin detemir Diabetes: 

Dosage must be individualized. 
May be administered via SC 
injection. 
 
SC injection (type 1 diabetes): 
administer QD or BID 
 
SC injection (type 2 diabetes): 
10 units once daily in the 
evening or divided into a twice 
daily regimen 
 

Insulin detemir has not been 
studied in pediatric patients 
younger than 2 years of age 
with type 1 diabetes and 
pediatric patients with type 2 
diabetes. 
 
Type 1 diabetes: 
Dosage must be 
individualized. May be 
administered via SC injection. 
 
SC injection: administer QD 
or BID 

Pen: 
300 U/3 mL  
 
Vial: 
100 U/ml  

Insulin glargine, 
human recombinant 
analog 

Diabetes: 
Dosage must be individualized. 
May be administered via SC 
injection. 
 
SC injection: administer QD at 
the same time every day; 
maintenance, 2 to 100 units/day 
 

Insulin glargine, human 
recombinant analog has not 
been studied in pediatric 
patients younger than 6 years 
of age with type 1 diabetes 
and pediatric patients with 
type 2 diabetes.  
 
Type 1 diabetes: 
Dosage must be 
individualized. May be 
administered via SC injection. 
 
SC injection: administer QD at 
the same time every day; 

Pen: 
300 U/3 mL 
 
Vial: 
100 U/mL 
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Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
maintenance, 2 to 100 
units/day  

Combination Insulins (Intermediate-Acting and Rapid-Acting) 
Insulin aspart 
protamine and 
insulin aspart  

Diabetes: 
Dosage must be individualized. 
May be administered via SC 
injection. 
 
SC injection: fixed ratio 
insulins are typically dosed on a 
BID basis (i.e., before breakfast 
and supper) with each dose 
intended to cover two meals or 
a meal and snack. May be 
injected within 15 minutes of 
meal initiation. 

Safety and efficacy have not 
been established in pediatric 
patients.  

Pen:  
100 U (70-30)/mL 
 
Vial: 
100 U (70-30)/mL 

Insulin lispro 
protamine and 
insulin lispro  

Diabetes Mellitus: 
Dosage must be individualized. 
May be administered via SC 
injection.  
 
May be injected within 15 
minutes of meal initiation. 

Safety and efficacy have not 
been established in pediatric 
patients. 

Pen: 
100 U (50-50)/mL 
100 U (75-25)/mL 
 
Vial: 
100 U (50-50)/mL 
100 U (75-25)/mL 

Combination Insulins (Intermediate-Acting and Short-Acting) 
NPH, human insulin 
isophane and insulin 
regular, human 

Diabetes: 
Dosage must be individualized. 
May be administered via SC 
injection. 

NPH, human insulin isophane 
and insulin regular, human has 
not been studied in pediatric 
patients younger than 12 years 
of age.  
 
Diabetes: 
Dosage must be 
individualized. May be 
administered via SC injection.  

Pen: 
100 U (70-30)/mL 
 
Vial: 
100 U (70-30)/mL 

 BID=twice daily, CSII=Continuous Subcutaneous Insulin Infusion, IV=intravenous, QD=once daily, SC=subcutaneous
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Additional Evidence 
 
Dose Simplification 
A search of Medline and PubMed did not reveal data pertinent to this topic.  
 
Stable Therapy 
Yamada et al. evaluated the effects of switching patients to biphasic insulin lispro. Patients with type 2 diabetes 
who were receiving biphasic human insulin (70/30 or 50/50 mix) were randomized to continue their regimen or 
switch to biphasic insulin lispro (50/50 mix). There was a significant improvement in HbA1c following the 
transition to premixed insulin lispro. This change in therapy did not affect quality of life; however, patients 
reported an improvement in convenience with biphasic insulin lispro.150 Sharma et al. evaluated the effects of 
switching patients to a rapid-acting insulin regimen. Patients with poorly controlled type 2 diabetes mellitus on 
biphasic human insulin were switched to biphasic insulin aspart 30. There was a significant improvement in 
HbA1c, fasting plasma glucose and postprandial glucose, as well as a reduction in hypoglycemic episodes 
following the transition to biphasic insulin aspart 30.151 Yokoyama et al. evaluated the effects of switching patients 
from basal NPH insulin (administered at bedtime) to insulin glargine (administered in the morning) or continuing 
their existing NPH insulin therapy. Patients continued on their existing prandial insulin regimen. There was a 
significant reduction in HbA1c in patients who used insulin glargine compared to patients who continued NPH 
insulin. The risk of hypoglycemia did not significantly increased with the switch the morning insulin glargine.143 
Kanazawa et al. evaluated the effects of switching patients with type 1 or type 2 diabetes mellitus to insulin 
glargine from NPH insulin.153 After 3 months, HbA1c levels improved significantly after switching to insulin 
glargine. The frequency of mild-to-moderate hypoglycemia was lower in the insulin glargine group.153 Dornhorst 
et al. evaluated the effects of switching patients with type 2 diabetes who were on NPH insulin or insulin glargine 
to insulin detemir.154 All patients continued their current oral antidiabetic medications. Glycemic control improved 
significantly in patients switched to insulin detemir, regardless of their previous therapy with NPH insulin or 
insulin glargine. The incidence of total and nocturnal hypoglycemic episodes were reduced in patients who were 
switch from NPH insulin (P<0.0001) or insulin glargine (P<0.01 and P<0.05, respectively) to insulin detemir. The 
incidence of major hypoglycemic events did not differ significantly from baseline. Mean body weight was also 
significantly reduced in patients who were switched from NPH insulin (P<0.01) or insulin glargine (P<0.05) to 
insulin detemir.154 
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

          Rx=prescription 
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Table 9. Relative Cost of the Insulins 
Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 

Rapid-Acting Insulins 
Insulin aspart injection NovoLog® $$$$$ N/A 
Insulin glulisine injection Apidra®, Apidra Solostar® $$$$$ N/A 
Insulin lispro injection Humalog® $$$$$ N/A 
Short-Acting Insulins 
Insulin regular, human  injection Humulin®‡ R, Novolin®‡ R $$$$$ N/A 
Intermediate-Acting Insulins 
NPH, human insulin 
isophane 

injection Humulin®‡ N, Novolin®‡ N $$$$$ N/A 

Long-Acting Insulins 
Insulin detemir injection Levemir® $$$$$ N/A 
Insulin glargine, human 
recombinant analog 

injection Lantus®, Lantus Solostar® $$$$$ N/A 

Combination Insulins (Intermediate-Acting and Rapid-Acting) 
Insulin aspart protamine and 
insulin aspart  

injection NovoLog® Mix 70/30 $$$$$ N/A 

Insulin lispro protamine and 
insulin lispro  

injection Humalog® Mix 50/50, 
Humalog® Mix 75/25 

$$$$$ N/A 

Combination Insulins (Intermediate-Acting and Short-Acting) 
NPH, human insulin 
isophane and insulin regular, 
human 

injection Humulin®‡ 70/30,  
Novolin®‡ 70/30 

$$$$$ N/A 

‡Product is available over-the-counter. 
N/A=Not available 

 
 

X. Conclusions 
 

The insulins have been shown to improve glycemic control in adults and children with diabetes mellitus. There are 
two types of insulin preparations currently available: human insulin and insulin analogs. They are categorized 
based on their duration of action, which includes rapid-acting, short-acting, intermediate-acting and long-acting 
insulins. There are no generic products available; however, some insulins are available over-the-counter. 
 
According to current clinical guidelines regarding the management of type 1 diabetes, initiation of individualized, 
intensive insulin therapy at the time of diagnosis is recommended. Furthermore, overall approaches for 
management include the use of multiple dose injections or a subcutaneous insulin infusion, and matching of pre-
prandial insulin to carbohydrate intake, pre-meal blood glucose, and anticipated activity. According to the 
American Diabetes Association, insulin analogs should be utilized in most patients. In addition, use of a 
continuous subcutaneous insulin infusion is indicated in certain clinical settings, particularly when glycemic 
control is difficult to achieve, during pregnancy, or when the patient does not demonstrate a willingness to comply 
with a multiple injection regimen. As mentioned previously, insulin regimens should be tailored to the specific 
clinical circumstances in individual patients, and patients should have access to the types (preparation and species) 
of insulin therapy they find allow them optimal well-being. In general, pre-prandial rapid-acting insulin analogs 
should be administered 20 to 30 minutes prior to a meal. Regular insulin might be considered, instead of rapid-
acting, to obtain better control of post-prandial and premeal glucose levels in patients with gastroparesis. Some 
patients treated with basal, or long-acting, insulin may require twice-daily dosing to achieve greater control. Basal 
insulin should be provided by the use of isophane (NPH) or long-acting insulin analogs. Use of long-acting 
analogs should occur when nocturnal hypoglycemia is a problem with NPH, when morning hypoglycemia on 
NPH results in difficult daytime blood glucose control, or when rapid-acting insulin analogs are used for mealtime 
blood glucose control. Use of biphasic rapid-acting analog mixes (i.e., combination insulins) may be advantageous 
in patients prone to hypoglycemia at night. In general, no one specific insulin product among the various 
classifications is recommended or preferred over another. Again, insulin therapy must be individualized as the 
products within the different classifications play specific roles in achieving adequate glycemic control in patients 
with type 1 diabetes. Insulin therapy may also be appropriate in the management of type 2 diabetes; however, 
traditionally oral antidiabetic agents are utilized. Of note, many patients with type 2 diabetes will ultimately 
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require insulin therapy, alone or in combination with other agents, to maintain glucose control. Insulin is 
recognized as a potential option to be added to current oral antidiabetic agent regimens in patients not achieving 
glycemic goals. It may also be appropriate to initiate insulin therapy at the time of diagnosis in certain clinical 
settings, particularly in patients with a high baseline glycosylated hemoglobin (HbA1c) (≥9.0%), or in patients 
presenting with significant hyperglycemic symptoms and/or has dramatically elevated plasma glucose 
concentrations or HbA1c. Furthermore, such therapy is mandatory when catabolic features are exhibited or if 
ketonuria is demonstrated.18-30 

 
Numerous clinical trials have established the efficacy/safety of insulin therapy as monotherapy, as well as in 
combination with other antidiabetic agents.31-154 For the treatment of type 1 diabetes mellitus, several studies have 
compared the efficacy and safety of prandial insulin regimens, while maintaining stable basal insulin regimens. 
The use of rapid-acting insulin analogs has resulted in a similar, or greater, reduction in HbA1c compared to 
regular insulin. The rate of hypoglycemia was found to be either similar, or lower, with the rapid-acting insulin 
analogs compared to regular insulin.31-34,38,40 Head-to-head trials of rapid-acting analogs suggest comparable 
effectiveness in terms of decreasing HbA1c, achieving similar self-monitored glucose profiles, rates of 
hyperglycemia, and achieving glycemic goals in type 1 diabetics.35-37 Other trials have evaluated the efficacy and 
safety of various basal insulin regimens, while maintaining stable prandial insulin regimens. The use of long-
acting insulin analogs has resulted in a similar, or greater, reduction in HbA1c compared to NPH insulin. The rate 
of hypoglycemia was found to be either similar, or lower, with the long-acting insulin analogs compared to NPH 
insulin.56,58-68,70,73,76,77,79 Two trials directly compared insulin detemir and insulin glargine as basal therapy, while 
maintaining stable therapy with insulin aspart. There was a similar reduction in HbA1c reported in both studies and 
the overall rates of hypoglycemia did not differ among the treatment groups. However, nocturnal hypoglycemia 
was significantly lower with insulin detemir (reported in only one study).56,57 Two studies compared insulin aspart 
and insulin lispro administered through a continuous subcutaneous insulin infusion. There was no difference in 
HbA1c at the end of the 16-week trials and the rates of hypoglycemia were similar among the treatment groups.43,44  
 
For the treatment of type 2 diabetes mellitus, several studies have compared the efficacy and safety of insulin 
therapy alone, or in combination with oral antidiabetic drugs. The use of rapid-acting insulin analogs has resulted 
in a similar, or greater, reduction in HbA1c compared to regular insulin. There was no difference in hypoglycemic 
episodes reported among the treatment groups.47,49,50,52,53 The majority of the studies comparing long-acting 
insulin analogs to NPH insulin have demonstrated similar reductions in HbA1c.88-90,92,96-98,100-102 However, the 
long-acting insulin analogs were associated with less hypoglycemia than NPH insulin.89,90,92,96-102 Two studies 
directly compared insulin detemir with insulin glargine and showed no difference in HbA1c after 52 weeks of 
treatment.82,84 A third study reported a greater reduction in HbA1c with insulin glargine than insulin detemir after 
26 weeks of therapy (-1.28% vs -1.08%, respectively; P=0.035); however, the difference between the two 
treatments (0.207%) was not clinically meaningful.83 An additional study also found a greater reduction in HbA1c 
with insulin glargine than insulin detemir, but did not establish significance.86 There was no difference in the risk 
of overall hypoglycemia in any of the studies.82-84 In a study comparing biphasic insulin lispro (75/25 mix) and 
biphasic insulin aspart (70/30 mix), there was no significant difference in HbA1c or overall hypoglycemia reported 
among the treatment groups.48  
 
In summary, the insulin analogs have been shown to be at least as effective, or more effective, than human insulin. 
In several studies, there was a lower risk of hypoglycemia with the insulin analogs compared to human insulin. 
There is insufficient evidence to conclude that one rapid-acting insulin analog is safer or more efficacious than 
another. There is also insufficient evidence to conclude that one long-acting insulin analog is safer or more 
efficacious than another. 
 
Therefore, all brand products within the class reviewed, with the exception of rapid-acting and long-acting insulin 
analogs, are comparable to each other and to the generics and over-the-counter products in the class (if applicable) 
and offer no significant clinical advantage over other alternatives in general use. Rapid-acting insulin analogs 
offer significant clinical advantages in general use over short-acting human insulin, but are comparable to each 
other. Long-acting insulin analogs offer significant clinical advantages in general use over intermediate-acting 
human insulin, but are comparable to each other.  
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XI. Recommendations 
 
No brand insulin, with the exception of rapid-acting and long-acting insulin analogs, is recommended for 
preferred status. Alabama Medicaid should accept cost proposals from manufacturers to determine the most cost 
effective products and possibly designate one or more preferred brands. 
 
Alabama Medicaid should work with manufacturers on cost proposals so that at least one brand rapid-acting 
insulin analog is selected as a preferred agent. 
 
Alabama Medicaid should work with manufacturers on cost proposals so that at least one brand long-acting 
insulin analog is selected as a preferred agent. 
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I. Overview 

 
Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes: 
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced, 
genetic defects in β-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the 
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and 
long-term complications, including microvascular and macrovascular events. There are a variety of oral and 
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12 
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of 
action, efficacy, safety profiles, tolerability, and ease of use.   
 
The meglitinides are approved for use as an adjunct to diet and exercise to improve glycemic control in adults 
with type 2 diabetes mellitus.1-3 They are short-acting agents that decrease blood glucose concentrations by 
stimulating insulin secretion. Meglitinides interact with the ATP-dependent potassium channel on pancreatic beta 
cells.4-5 Blockade of the potassium channel leads to depolarization of the beta cell, which opens the calcium 
channel. The increased calcium influx induces insulin secretion. Insulin release is glucose dependent and 
diminishes at low glucose concentrations. Both nateglinide and repaglinide are highly tissue selective with low 
affinity for heart and skeletal muscle.1-2  
 
Repaglinide is also available in combination with metformin. Metformin decreases hepatic glucose production, 
decreases intestinal absorption of glucose and improves insulin sensitivity by increasing peripheral glucose uptake 
and utilization.3  

 
The meglitinides that are included in this review are listed in Table 1. This review encompasses all dosage forms 
and strengths. Nateglinide is available in a generic formulation. This class was last reviewed in November 2012. 

 
Table 1. Meglitinides Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Single Entity Agents 
Nateglinide tablet Starlix®* nateglinide 
Repaglinide tablet Prandin®* repaglinide 
Combination Products 
Repaglinide and metformin tablet PrandiMet® none 

*Generic is available in at least one dosage form or strength.  
PDL=Preferred Drug List 
 
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type 
2 diabetes are presented globally, addressing the role of various medication classes.   
 
Table 2. Treatment Guidelines Using the Meglitinides 

Clinical Guideline Recommendation(s) 
American Diabetes Association:  
Standards of Medical Care in 
Diabetes  

(2014)4 

 
 

Current criteria for the diagnosis of diabetes 
 The following are the criteria for a diagnosis of diabetes: glycosylated 

hemoglobin (HbA1c) ≥6.5%, or a fasting plasma glucose (FPG) ≥126 
mg/dL, or a two-hour plasma glucose ≥200 mg/dL during an oral 
glucose tolerance test or patients with classic symptoms of 
hyperglycemia, or classic symptoms of hyperglycemia or 
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 hyperglycemic crisis (random plasma glucose ≥200 mg/dL).  

 
Prevention/delay of type 2 diabetes 
 An ongoing support program for weight loss of 7% of body weight and 

an increase in physical activity to ≥150 minutes/week of moderate 
activity should be encouraged in patients with impaired glucose 
tolerance, impaired fasting glucose, or an HbA1c 5.7 to 6.4%. 

 Metformin therapy for prevention of type 2 diabetes may be considered 
in patients with impaired glucose tolerance, impaired fasting glucose, 
or an HbA1c 5.7 to 6.7%, especially for those with a body mass index 
>35 kg/m2, age <60 years, and women with prior gestational diabetes 
mellitus.  

 
Glycemic goals in adults 
 Lowering HbA1c to below or around 7.0% has been shown to reduce 

microvascular complications of diabetes, and if implemented soon 
after the diagnosis of diabetes is associated with long term reduction in 
macrovascular disease. A reasonable HbA1c goal for many nonpregnant 
adults is <7.0%. 

 It may be reasonable for providers to suggest more stringent HbA1c 
goals (<6.5%) for selected patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. Such 
patients may include those with short duration of diabetes, long life 
expectancy, and no significant cardiovascular disease.  

 Conversely, less stringent HbA1c goals (<8.0%) may be appropriate for 
patients with a history of severe hypoglycemia, limited life expectancy, 
advanced microvascular or macrovascular complications, extensive 
comorbid conditions, and those with longstanding diabetes in whom 
the general goal is difficult to attain despite diabetes self-management 
education, appropriate glucose monitoring, and effective doses of 
multiple glucose-lowering agents including insulin.  

 
Pharmacologic and overall approaches to treatment-type 1 diabetes 
 Recommended therapy consists of the following components: 

o Use of multiple dose insulin injections (three to four 
injections per day of basal and pre-prandial insulin) or 
continuous subcutaneous (SC) insulin infusion therapy. 

o Matching prandial insulin to carbohydrate intake, pre-meal 
blood glucose, and anticipated activity. 

o Most patients should use of insulin analogs to reduce 
hypoglycemia risk. 

 
Pharmacologic and overall approaches to treatment-type 2 diabetes 
 At the time of diagnosis, initiate metformin therapy along with lifestyle 

interventions, unless metformin is contraindicated.  
 In newly diagnosed patients with markedly symptomatic and/or 

elevated blood glucose levels or HbA1c, consider insulin therapy, with 
or without additional agents, from the onset.  

 If noninsulin monotherapy at maximal tolerated dose does not achieve 
or maintain the HbA1c target over three to six months, add a second 
oral agent, a glucagon-like peptide-1 (GLP-1) receptor agonist, or 
insulin. 

 Because of the progressive nature of type 2 diabetes, insulin therapy is 
eventually indicated for many patients with type 2 diabetes. 

American Diabetes Association/ 
European Association for the 

Key points 
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Study of Diabetes: 
Management of 
Hyperglycemia in Type 2 
Diabetes: A Patient-Centered 
Approach  

(2012)5 

 
 

 Glycemic targets and glucose-lowering therapies must be 
individualized.  

 Diet, exercise, and education remain the foundation of any type 2 
diabetes treatment program. 

 Unless there are prevalent contraindications, metformin is the optimal 
first line drug.  

 After metformin, there are limited data to guide treatment decisions. 
Combination therapy with an additional one to two oral or injectable 
agents is reasonable, aiming to minimize side effects where possible.  

 Ultimately, many patients will require insulin therapy alone or in 
combination with other agents to maintain glucose control.  

 All treatment decisions, where possible, should be made in conjunction 
with the patient, focusing on his/her preferences, needs, and values.  

 Comprehensive cardiovascular risk reduction must be a major focus of 
therapy.  

 
Initial drug therapy 
 It is generally agreed that metformin, if not contraindicated and if 

tolerated, is the preferred and most cost-effective first agent.  
 Metformin should be initiated at, or soon after, diagnosis, especially in 

patients in whom lifestyle intervention alone has not achieved, or is 
unlikely to achieve, HbA1c goals. 

 Patients with high baseline HbA1c (e.g., ≥9.0%) have a low probability 
of achieving a near-normal target with monotherapy; therefore, it may 
be justified to start directly with a combination of two non-insulin 
agents or with insulin itself in this circumstance.  

 If a patient presents with significant hyperglycemic symptoms and/or 
has dramatically elevated plasma glucose concentrations or HbA1c 
(e.g., ≥10.0 to 12.0%), insulin therapy should be strongly considered 
from the outset. Such therapy is mandatory when catabolic features are 
exhibited or, of course, if ketonuria is demonstrated, the latter 
reflecting profound insulin deficiency.  

 If metformin cannot be used, another oral agent could be chosen, such 
as a sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 
(DPP-4) inhibitor; in occasional cases where weight loss is seen as an 
essential aspect of therapy, initial treatment with a glucagon-like 
peptide (GLP)-1 receptor agonist might be useful.  

 Where available, less commonly used drugs (alpha-glucosidase 
inhibitors, colesevelam, bromocriptine) might also be considered in 
selected patients, but their modest glycemic effects and side effect 
profiles make them less attractive candidates.  

 Specific patient preferences, characteristics, susceptibilities to side 
effects, potential for weight gain, and hypoglycemia should play a 
major role in drug selection.  

 
Advancing to dual combination therapy 
 If monotherapy alone does not achieve/maintain HbA1c target over 

approximately three months, the next step would be to add a second 
oral agent, a GLP-1 receptor agonist or basal insulin. Notably the 
higher the HbA1c, the more likely insulin will be required.  

 On average, any second agent is typically associated with an 
approximate further reduction in HbA1c of approximately 1.0%.  

 If no clinically meaningful glycemic reduction is demonstrated, then 
adherence having been investigated, that agent should be discontinued, 
and another with a different mechanism of action substituted. 
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 Uniform recommendations on the best agent to be combined with 

metformin cannot be made, thus advantages and disadvantages of 
specific drugs for each patient should be considered.  

 It remains important to avoid unnecessary weight gain by optimal 
medication selection and dose titration.  

 For all medications, consideration should also be given to overall 
tolerability.  

 
Advancing to triple combination therapy 
 Some trials have shown advantages of adding a third non-insulin agent 

to a two drug combination that is not yet or no longer achieving the 
glycemic target. However, the most robust response will usually be 
with insulin.  

 Many patients, especially those with long standing disease, will 
eventually need to be transitioned to insulin, which should be favored 
in circumstances where the degree of hyperglycemia (e.g., HbA1c 
≥8.5%) makes it unlikely that another drug will be of sufficient benefit.  

 In using triple combinations the essential consideration is to use agents 
with complementary mechanisms of action.  

 Increasing the number of drugs heightens the potential for side effects 
and drug-drug interactions which can negatively impact patient 
adherence. 

 
Anti-hyperglycemia Therapy in Type 2 Diabetes: General 
Recommendations 

Initial Drug 
Monotherapy 

Metformin 

Efficacy (↓HbA1c) High 
Hypoglycemia Low risk 

Weight Neutral/loss 
Side Effects Gastrointestinal/lactic acidosis 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to two drug combination therapy (order not meant to denote any specific preference) 

Two Drug 
Combin-
ations  

Metformin  
+  

sulfonyl-
urea 

Metformin  
+  

thia-
zolidinedione 

(TZD) 

Metformin  
+  

DPP-4 
inhibitor 

Metformin  
+  

GLP-1 
receptor 
agonist 

Metformin  
+  

insulin 
(usually 
basal) 

Efficacy 
(↓HbA1c) 

High High Inter-
mediate 

High Highest 

Hypo-
glycemia 

Moderate 
risk 

Low risk Low risk Low risk High risk 

Weight Gain Gain Neutral Loss Gain 
Major Side 

Effects 
Hypo-

glycemia 
Edema, heart 
failure, bone 

fracture 

Rare Gastro- 
intestinal 

Hypo-
glycemia 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to three drug combination therapy (order not meant to denote any specific preference) 

Three 
Drug 
Combin-
ations 

Metformin  
+  

sulfonyl-
urea 
 + 

Metformin  
+  

TZD  
+ 

Metformin  
+  

DPP-4 
inhibitor  

+ 

Metformin  
+  

GLP-1 
receptor 
agonist  

+ 

Metformin  
+  

insulin 
therapy 

+ 

TZD, DPP-
4 inhibitor, 

GLP-1 
receptor 

agonist, or 
insulin 

Sulfonylurea, 
or DPP-4 
inhibitor, 
GLP-1 

receptor 
agonist, or 

insulin 

Sulfonyl-
urea, TZD, 
or insulin 

Sulfonyl-
urea, TZD, 
or insulin 

TZD, 
DPP-4 

inhibitor, 
or GLP-1 
receptor 
agonist 
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If combination therapy that includes basal insulin has failed to achieve HbA1c target after 
three to six months, proceed to a more complex insulin strategy, usually in combination 

with one or two non-insulin agents 
More Complex 
Insulin Strategies 

Insulin (multiple daily doses) 

 

American College of Physicians:  
Oral Pharmacologic 
Treatment of Type 2 Diabetes 
Mellitus  

(2012)6 

 
 

 Oral pharmacologic therapy in patients with type 2 diabetes should be 
added when lifestyle modifications, including diet, exercise, and 
weight loss, have failed to adequately improve hyperglycemia. 

 Monotherapy with metformin for initial pharmacologic therapy is 
recommended to treat most patients with type 2 diabetes.  

 It is recommended that a second agent be added to metformin to 
patients with persistent hyperglycemia when lifestyle modifications 
and monotherapy with metformin fail to control hyperglycemia. 

American Association of 
Clinical Endocrinologists: 
Medical Guidelines for 
Clinical Practice for 
Developing a Diabetes Mellitus 
Comprehensive Care Plan 
(2011)7 

 
 

Antihyperglycemic pharmacotherapy  
 The choice of therapeutic agents should be based on their differing 

metabolic actions and adverse effect profiles as described in the 2009 
American Association of Clinical Endocrinologists/American College 
of Endocrinology Diabetes Algorithm for Glycemic Control.* 

 Insulin should be considered for patients with type 2 diabetes mellitus 
when noninsulin antihyperglycemic therapy fails to achieve target 
glycemic control or when a patient, whether drug naïve or not, has 
symptomatic hyperglycemia. 

 Antihyperglycemic agents may be broadly categorized by whether they 
predominantly target fasting plasma glucose (FPG) or postprandial 
glucose (PPG) levels. These effects are not exclusive; drugs acting on 
FPG passively reduce PPG, and drugs acting on PPG passively reduce 
FPG, but these broad categories can aid in therapeutic decision-
making.  

 Thiazolidinediones (TZDs) and sulfonylureas are examples of oral 
agents primarily affecting FPG. Metformin and incretin enhancers 
(DPP-4 inhibitors) also favorably affect FPG.  

 When insulin therapy is indicated in patients with type 2 diabetes to 
target FPG, therapy with long-acting basal insulin should be the initial 
choice in most cases; insulin analogues glargine and detemir are 
preferred over intermediate-acting neutral protamine Hagedorn (NPH) 
because they are associated with less hypoglycemia.  

 The initial choice of an agent targeting FPG or PPG involves 
comprehensive patient assessment with emphasis given to the glycemic 
profile obtained by self-monitoring of blood glucose. 

 When postprandial hyperglycemia is present, glinides and/or α-
glucosidase inhibitors, short- or rapid-acting insulin, and metformin 
should be considered. Incretin-based therapy (DPP-4 inhibitors and 
GLP-1 receptor agonists) also target postprandial hyperglycemia in a 
glucose-dependent fashion, which reduces the risks of hypoglycemia.  

 When control of postprandial hyperglycemia is needed and insulin is 
indicated, rapid-acting insulin analogues are preferred over regular 
human insulin because they have a more rapid onset and offset of 
action and are associated with less hypoglycemia.  

 Pramlintide can be used as an adjunct to prandial insulin therapy to 
reduce postprandial hyperglycemia, HbA1c, and weight. 

 Premixed insulin analogue therapy may be considered for patients in 
whom adherence to a drug regimen is an issue; however, these 
preparations lack component dosage flexibility and may increase the 
risk for hypoglycemia compared to basal insulin or basal-bolus insulin. 
Basal-bolus insulin therapy is flexible and is recommended for 
intensive insulin therapy. 
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 Intensification of pharmacotherapy requires glucose monitoring and 

medication adjustment at appropriate intervals when treatment goals 
are not achieved or maintained.  

 Most patients with an initial HbA1c level >7.5% will require 
combination therapy using agents with complementary mechanisms of 
action. 

American Association of 
Clinical Endocrinologists: 
American Association of 
Clinical Endocrinologists: 
Comprehensive Diabetes 
Management Algorithm 2013 
Consensus Statement  
(2013)8 

 
 

Principles underlying the algorithm 
 Lifestyle optimization is essential for all patients with diabetes; 

however, it should not delay needed pharmacotherapy, which can be 
initiated simultaneously and adjusted based on patient response to 
lifestyle efforts. The need for medical therapy should not be interpreted 
as a failure of lifestyle management, but as an adjunct to it. 

 Achieving an HbA1c ≤6.5% is recommended as the primary goal if it 
can be achieved in a safe and affordable manner; however, higher 
targets may be appropriate for certain individuals and may change for a 
given individual over time.  

 Minimizing risk of hypoglycemia and weight gain is a priority. It is a 
matter of safety, adherence, and cost. 

 For optimal glycemic control, therapies with complementary 
mechanisms of action must typically be used in combination.  

 Therapeutic effectiveness must be evaluated frequently until stable 
(e.g., every three months). 

 Safety and efficacy should be given higher priority than the initial 
acquisition cost of medications, as medication cost is only a small part 
of the total cost of diabetes care. In assessing the cost of a medication, 
consideration should be given to monitoring requirements and risks of 
hypoglycemia and weight gain. 

 Rapid-acting insulin analogs are superior to regular insulin because 
they are more predictable. 

 Long-acting insulin analogs are superior to neutral protamine 
Hagedorn insulin because they provide a fairly flat response for 
approximately 24 hours and provide better reproducibility and 
consistency, both between and within patients, with a corresponding 
reduction in hypoglycemia risk. 
 

Monotherapy  
 Patients with recent-onset diabetes and those with mild hyperglycemia 

(HbA1c <7.5%), initial monotherapy with metformin (at doses of 1,500 
to 2,000 mg/day) and life-style modifications will achieve their 
glycemic goals in a majority of patients.  

 In patients with intolerance or contraindications to metformin, 
acceptable therapeutic alternatives that reduce glucose without weight 
gain or hypoglycemia (in order based on suggested hierarchy of usage) 
include: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors.  
o Alpha-glucosidase inhibitors. 
o Sodium glucose cotransporter 2 (SGLT-2) inhibitors. 

 TZD, sulfonylurea, and glinides (in order based on suggested hierarchy 
of usage) may be used but with caution due to possible weight gain and 
hypoglycemia. 

 
Combination therapy  
 Patients who present with an initial HbA1c >7.5% or who do not reach 

their target HbA1c with metformin in three months should be started on 
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a second agent to be used in combination with metformin.  

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 In metformin-intolerant patients, two drugs from other classes with 
complimentary mechanisms of action should be used. 

 Combination (in order based on suggested hierarchy of usage) include 
metformin (or other first-line agent) plus: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides. 

 
Three-drug combination therapy  
 Generally, the efficacy of a third antidiabetic agent added to dual 

therapy is reduced compared to the efficacy of the same drug used as 
monotherapy or combination therapy with one other agent. 

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 Patients who present with an HbA1c <8.0% or who do not reach their 
target HbA1c with two antidiabetic drugs after 3 months has a high 
likelihood of reaching target with a third agent.  

 Patients who present with an HbA1c >9.0% or who do not reach their 
target HbA1c with two antidiabetic drugs has are less likely of reaching 
target with a third agent or fourth agent and insulin should be 
considered. 

 Continuation with noninsulin therapies while starting basal insulin is 
common and does not increase cardiovascular risk, but may increase 
risk of hypoglycemia when sulfourea are used in conjunction with 
insulin.  

 Three-drug combination (in order based on suggested hierarchy of 
usage) include metformin (or other first-line agent), a second-line 
agent plus: 

o GLP-1 receptor agonists. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o DPP-4 inhibitors.  
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides 

 
Insulin therapy algorithm 
 Patients who present with an initial HbA1c >9.0% and are symptomatic, 

should initiate therapy with insulin with or without other antidiabetic 
agents.  

 Start insulin if a patient has marked hyperglycemia despite treatment 
with several oral antidiabetic agents and is symptomatic with polyuria 
and weight loss. 
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 Patients who are not at target HbA1c despite the use of oral antidiabetic 

agents or GLP-1 therapy should be considered for insulin therapy.  
 Patients with an HbA1c level >8.0% while receiving ≥2 antidiabetic 

agents, particularly individuals with long duration of diabetes, have 
significant impairment of beta cell insulin secretory capacity and are 
unlikely to reach the recommended target by the addition of further 
oral antidiabetic drugs. 
 

Basal insulin 
 Patients with an HbA1c level >8.0% while receiving ≥2 oral 

antidiabetic agents or GLP-1 therapy can be started on single daily 
dose of basal insulin as an add-on to the patient’s existing regimen. 

 Titrate insulin dose every two to three days to reach glycemic goals. 
 Basal insulin analogues (glargine and detemir) are preferred over 

protamine Hagedorn insulin because they have been shown to provide 
a relatively flat serum insulin concentration for up to 24 hours from a 
single daily injection. 

 Patients who fail to achieve glucose control with basal insulin or 
premixed insulin formulations can also be considered for basal 
intensification with a DPP-4 inhibitor or GLP-1 receptor agonist if the 
glucose level is not markedly elevated, because this approach tends to 
not cause weight gain or additional hypoglycemia. 

 
Basal-bolus insulin regimens 
 Patients who fail to achieve glucose control with basal insulin or 

premixed insulin formulations and those with symptomatic 
hyperglycemia and HbA1c >10% often respond better to combined 
basal and mealtime bolus insulin. 

 A full basal-bolus program with an insulin basal analogue once or 
twice daily and a rapid-acting analogue at each meal is most effective 
and provides flexibility for patients with variable mealtimes and meal 
carbohydrate content.  

 Doses of insulin may be titrated every two to three days to reach 
glycemic goals.  

 
Basal insulin and incretin therapy regimens 
 Use of the amylin analog pramlintide in conjunction with bolus insulin 

improves both glycemia and weight in patients with type 2 diabetes.  
 The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) 

have similar properties, and also increase endogenous insulin secretion. 
Therefore, the combination of basal insulin and incretin therapy 
decreases basal and postprandial glucose and may minimize the weight 
gain and hypoglycemia risk observed with basal-bolus insulin 
replacement. 

American Association of 
Clinical Endocrinologists:  
Medical Guidelines for 
Clinical Practice for the 
Management of Diabetes 
Mellitus  
(2007)9 

 
 
 
 

Glycemic management-all patients with diabetes 
 Encourage patients to achieve glycemic levels as near normal as 

possible without inducing clinically significant hypoglycemia. 
Glycemic targets include the following: 

o HbA1c ≤6.5%. 
o FPG <100 mg/dL. 
o Two-hour PPG <140 mg/dL. 

 Refer patients for comprehensive, ongoing education in diabetes self-
management skills and nutrition therapy.  

 Initiate self-monitoring blood glucose levels.  
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Glycemic management-patients with type 1 diabetes 
 Initiate intensive insulin therapy with one of the following regimens: 

o Basal-bolus therapy, using a long-acting insulin analog in 
combination with a rapid-acting insulin analog or inhaled 
insulin at meals.  

o Continuous SC insulin infusion with an insulin pump; insulin 
pump therapy indicated for: 

 Patients unable to achieve control using a regimen of 
multiple daily injections. 

 Patients with histories of frequent hypoglycemia 
and/or hypoglycemia unawareness.  

 Patients who are pregnant.  
 Patients with extreme insulin sensitivity (pump 

therapy facilitates better precision than SC 
injections).  

 Patients with a history of dawn phenomenon (these 
patients can program a higher basal rate for the early 
morning hours to counteract the rise in blood glucose 
concentration).  

 Patients who require more intensive diabetes 
management because of complications including 
neuropathy, nephropathy, and retinopathy.  

 Patients taking multiple daily injections who have 
demonstrated willingness and ability to comply with 
prescribed diabetes self-care behavior including 
frequent glucose monitoring, carbohydrate counting, 
and insulin adjustment.  

 Consider adding pramlintide to intensive insulin therapy to enhance 
glycemic control and to assist with weight management.  

 Consider adding an insulin sensitizer to address insulin resistance as 
needed. Exercise caution because of the potential for increased fluid 
retention when TZDs are used with insulin.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL.  

 
Glycemic management-patients with type 2 diabetes 
 Aggressively implement all appropriate components of care at the time 

of diagnosis.  
 Persistently monitor and titrate pharmacologic therapy until all 

glycemic goals are achieved.  
o First assess current HbA1c level, fasting/pre-prandial glycemic 

profile, and two-hour PPG profile to evaluate the level of 
control and identify patterns.  
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o After initiating pharmacologic therapy based on the patterns 

identified in the profile, persistently monitor and titrate 
therapy over the next two to three months until all glycemic 
goals are achieved.  

o If glycemic goals are not achieved at the end of two to three 
months, initiate a more intensive regimen and persistently 
monitor and titrate therapy over the next two to three months 
until all glycemic goals are achieved.  

o Recognize that patients currently treated with monotherapy or 
combination therapy who have not achieved glycemic goals 
will require either increased dosages of current medications or 
the addition of a second or third medication.  

o Consider insulin therapy in patients with HbA1c >8.0% and 
symptomatic hyperglycemic, and in patients with elevated 
fasting blood glucose levels or exaggerated PPG excursions 
regardless of HbA1c levels.  

o Initiate insulin therapy to control hyperglycemia and to 
reverse glucose toxicity when HbA1c >10.0%. Insulin therapy 
can then be modified or discontinued once glucose toxicity is 
reversed.  

o Consider a continuous SC insulin infusion in insulin-treated 
patients.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily. Although monitoring glucose 
levels at least three times daily is recommended, there is no supporting 
evidence regarding optimal frequency of glucose monitoring with or 
without insulin pump therapy.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients whose glycemic levels are above target while being 
treated with oral agents alone, oral agents plus once-daily insulin, or 
once-daily insulin alone to monitor glucose levels at least two times 
daily. There is no supporting evidence regarding optimal frequency of 
glucose monitoring in these patients. 

 Instruct patients who are meeting target glycemic levels, including 
those treated non-pharmacologically, to monitor glucose levels at least 
once daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct patients to obtain comprehensive pre-prandial and two-hour 
PPG measurements to create a weekly profile periodically and before 
clinician visits to guide nutrition and physical activity, to detect post-
prandial hyperglycemia, and to prevent hypoglycemia.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL. 

 
Clinical support-clinical considerations in patients with type 1 diabetes 
 Instruct patients to administer pre-prandial rapid-acting analog insulin 

20 to 30 minutes before the meal when the pre-meal blood glucose 
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levels is high and after the meal has begun when the pre-meal blood 
glucose level is below the reference range.  

 Measure 2:00 to 3:00 AM blood glucose periodically in all patients 
with diabetes to asses for nocturnal hypoglycemia, especially when the 
morning blood glucose level is elevated.  

 Consider using regular insulin instead of rapid-acting insulin analogs 
to obtain better control of post-prandial and pre-meal glucose levels in 
patients with gastroparesis. Insulin pump therapy may also be 
advantageous in these patients. 

 Some type 1 diabetics treated with basal insulin may require two daily 
injections of basal insulin for greater stability.  

 Carefully assess PPG levels when the HbA1c level is elevated and pre-
meal glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Arrange for continuous glucose monitoring for patients with unstable 
glucose control and for patients unable to achieve an acceptable HbA1c 
level. Continuous glucose monitoring is particularly valuable in 
detecting both unrecognized nocturnal hypoglycemia and post-prandial 
hyperglycemia. 

 Some patients using pramlintide may achieve better post-prandial and 
pre-meal glucose control by combining it with regular insulin rather 
than rapid-acting analogs.  

 Individualize insulin regimens to accommodate patient exercise 
patterns.  

 Treat hypoglycemic reactions with simple carbohydrates. 
 
Clinical support-clinical considerations in patients with type 2 diabetes 
 Combining therapeutic agents with different modes of action may be 

advantageous.  
 Use insulin sensitizers, such as metformin or TZDs, as part of the 

therapeutic regimen in most patients unless contraindicated or 
intolerance has been demonstrated.  

 Insulin is the therapy of choice in patients with advanced chronic 
kidney disease.  

 Metformin, TZDs, and incretin mimetics do not cause hypoglycemia. 
However, when used in combination with secretagogues or insulin, 
these medications may need to be adjusted as blood glucose levels 
decline.  

 The weight gain associated with TZDs in some patients may be partly 
offset by combination therapy with metformin.  

 Carefully assess PPG levels if the HbA1c level is elevated and pre-
prandial glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Individualize treatment regimens to accommodate patient exercise 
patterns.  

 Administer basal insulin in the evening if fasting glucose is elevated. 
 Long-acting insulin analogs are associated with less hypoglycemia 

than NPH insulin.  
National Institute for Health and 
Care Excellence:  
The Management of Type 2 

Metformin 
 Start metformin in overweight or obese patients and whose blood 

glucose is inadequately controlled by lifestyle interventions alone. 
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Diabetes  
(Issued 2009, last modified 
July 2014)10 

 
 

 Consider metformin as an option for first-line glucose-lowering 
therapy for patients who are not overweight.  

 Continue metformin if blood glucose control remains or becomes 
inadequate and another oral glucose-lowering medication (usually a 
sulfonylurea) is added.  

 Step up metformin therapy gradually over weeks to minimize risk of 
gastrointestinal (GI) side effects. Consider a trial of extended release 
metformin if GI tolerability prevents continuation of therapy.  

 
Insulin secretagogues 
 Consider a sulfonylurea as an option for first-line glucose-lowering 

therapy if the patient is not overweight, the patient does not tolerate 
metformin (or it is contraindicated), or a rapid response to therapy is 
required because of hyperglycemic symptoms. 

 Add a sulfonylurea as second-line therapy when blood glucose control 
remains or becomes inadequate with metformin.  

 Continue sulfonylurea therapy if blood glucose control remains or 
becomes inadequate and another oral glucose-lowering medication is 
added. 

 When adherence is a problem, offer a once-daily, long-acting 
sulfonylurea.  

 
Rapid-acting insulin secretagogues 
 Consider offering a rapid-acting insulin secretagogue to a patient with 

an erratic lifestyle.  
 
Acarbose 
 Consider acarbose for a patient unable to use other oral glucose-

lowering medications.  
 
DPP-4 inhibitors  
 Consider adding a DPP-4 inhibitor to metformin (as second-line 

therapy) instead of a sulfonylurea when blood glucose control is 
inadequate (HbA1c ≥6.5%) if the person is at risk of hypoglycemia, 
does not tolerate a sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a DPP-4 inhibitor to sulfonylurea (as second-line 
therapy) when control of blood glucose is inadequate (HbA1c ≥6.5%) if 
the person does not tolerate metformin or if metformin is 
contraindicated.  

 Consider adding a DPP-4 inhibitor as third-line therapy to first-line 
metformin and a second-line sulfonylurea when control of blood 
glucose remains or becomes inadequate (HbA1c ≥7.5%) and insulin is 
unacceptable or inappropriate. 

 Only continue DPP-4 inhibitor therapy if the person has had a 
beneficial metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 A DPP-4 inhibitor may be preferable to a thiazolidinedione (TZD) if: 
o Further weight gain would cause or exacerbate significant 

problems associated with a high body weight. 
o A thiazolidinedione is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a thiazolidinedione. 
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 
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TZDs 
 Consider adding a TZD to metformin (as second-line therapy) instead 

of a sulfonylurea when blood glucose control is inadequate (HbA1c 
≥6.5%) if the person is at risk of hypoglycemia, does not tolerate a 
sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a TZD to sulfonylurea (as second-line therapy) when 
control of blood glucose is inadequate (HbA1c ≥6.5%) if the person 
does not tolerate metformin or if metformin is contraindicated.  

 Consider adding a TZD as third-line therapy to first-line metformin 
and a second-line sulfonylurea when control of blood glucose remains 
or becomes inadequate (HbA1c ≥7.5%) and insulin is unacceptable or 
inappropriate. 

 Do not use a TZD is people who have heart failure, or who are at 
higher risk of fracture.  

 Only continue TZD therapy if the person has had a beneficial 
metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 Consider combining TZD with insulin therapy for a person who 
previously had a marked glucose-lowering response to TZD therapy or 
who is on high-dose insulin therapy and whose blood glucose is 
inadequately controlled.  

 A TZD may be preferable to a DPP-4 inhibitor if: 
o The person has marked insulin insensitivity. 
o A DPP-4 inhibitor is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a DPP-4 inhibitor.  
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 

 
Gliptins: GLP-1 enhancers 
 No recommendations are made on the use of gliptins as these drugs are 

not covered in this guideline. 
 
GLP-1 mimetics 
 Consider adding a GLP-1 mimetic as third-line therapy to first-line 

metformin and a second-line sulfonylurea when control of blood 
glucose is inadequate (HbA1c ≥7.5%) and the person has: 

o A body mass index ≥35 kg/m2 in those of European descent 
(with appropriate adjustment for other ethnic groups).  

o A BMI <35 kg/m2, and therapy with insulin would have 
significant occupational implications or weight loss would 
benefit other significant obesity-related comorbidities.  

 Only continue GLP-1 mimetic therapy if the person has had a 
beneficial metabolic response (≥1% reduction in HbA1c and weight 
loss ≥3% of initial body weight at six months). 

 
Insulin therapy 
 May be offered to patients with inadequate blood glucose control on 

optimized oral glucose-lowering agents. 
 When starting basal insulin therapy:  

o Continue with metformin and the sulfonylurea (and acarbose, 
if used).  

o Review the use of the sulfonylurea if hypoglycemia occurs.  
 When starting pre-mixed insulin therapy (or mealtime plus basal 

insulin regimens): 
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o Continue with metformin.  
o Continue the sulfonylurea initially and discontinue if 

hypoglycemia occurs. 
 Begin with human NPH insulin injected at bedtime or twice daily 

according to need.  
 Consider using a long-acting insulin analogue if:  

o The person needs assistance from a caregiver or healthcare 
professional to inject insulin, and use of a long-acting insulin 
analogue would reduce the frequency of injections from twice 
to once daily.  

o The person’s lifestyle is restricted by recurrent symptomatic 
hypoglycemic episodes.  

o The person would otherwise need twice-daily NPH insulin 
injections in combination with oral glucose-lowering drugs.  

o The person cannot use the device to inject NPH insulin. 
 Consider twice-daily pre-mixed (biphasic) human insulin (particularly 

if HbA1c ≥9.0%). A once-daily regimen may be an option.  
 Consider pre-mixed preparations that include short-acting insulin 

analogs, rather than pre-mixed preparations that include short-acting 
human insulin preparations, if:  

o A person prefers injecting insulin immediately before a meal.  
o Hypoglycemia is a problem.  
o Blood glucose levels rise markedly after meals. 

 Consider switching to a long-acting insulin analogue from NPH insulin 
in people:  

o Who do not reach their target HbA1c because of significant 
hypoglycemia.  

o Who experience significant hypoglycemia on NPH insulin 
irrespective of the level of HbA1c reached.  

o Who cannot use the device needed to inject NPH insulin but 
who could administer their own insulin safely and accurately 
if a switch to a long-acting insulin analogue were made.  

o Who need help from a caregiver or healthcare professional to 
administer insulin injections and for whom switching to a 
long-acting insulin analogue would reduce the number of 
daily injections.  

 Monitor a person on a basal insulin regimen (NPH insulin or a long-
acting insulin analogue) for the need for short-acting insulin before 
meals (or a pre-mixed insulin preparation). 

Institute for Clinical Systems 
Improvement:  
Diagnosis and Management of 
Type 2 Diabetes Mellitus in 
Adults  

(2014)11 

 
 
 

 Personalize goals to achieve glycemic control with a hemoglobin 
HbA1c in the range of <7 or 8% based on the risks and benefits of each 
patient. A goal of <8% may be more appropriate when: 

o Known cardiovascular disease or high cardiovascular risk, 
may be determined by the Framingham or ACC/AHA 
Cardiovascular Risk Calculator, or alternatively as having two 
or more cardiovascular risks (BMI >30, hypertension, 
dyslipidemia, smoking, and microalbuminuria). 

o Inability to recognize and treat hypoglycemia, including a 
history of severe hypoglycemia requiring assistance. 

o Inability to comply with standard goals, such as 
polypharmacy issues. 

o Limited life expectancy or estimated survival of less than 10 
years. 

o Cognitive impairment. 
o Extensive comorbid conditions such as renal failure, liver 

failure, and end-stage disease complications. 
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 A multifactorial approach to diabetes care that includes emphasis on 

blood pressure, lipids, glucose, aspirin use, and non-use of tobacco will 
maximize health outcomes far more than a strategy that is limited to 
just one or two of these clinical domains. 

 Recommend education and self-management, as appropriate.  
 Initiate metformin as first-line pharmacotherapy for patients with type 

2 diabetes, unless medically inappropriate.  
o Metformin may reduce HbA1c by 1 to 1.5%, rarely causes 

hypoglycemia when used as monotherapy and does not cause 
weight gain. 

o Metformin can also be used in combination with all other 
glucose-lowering agents.  

 Improved microvascular and macrovascular outcomes have been 
demonstrated in large clinical trials. 

International Diabetes 
Federation Clinical Guidelines 
Task Force:  
Global Guideline for Type 2 
Diabetes 
(2012)12 

 
 

Lifestyle management 
 Changing patterns of eating and physical activity can be effective in 

controlling many of the adverse risk factors found in type 2 diabetes. 
 Match the timing of medication (including insulin) and meals.   
 Reduce energy intake and control of foods with high amounts of added 

sugars, fats, or alcohol.  
 Introduce physical activity gradually, based on the individual’s 

willingness and ability, and setting individualized and specific goals.  
 Encourage increased duration and frequency of physical activity 

(where needed), up to 30 to 45 minutes on three to five days per week, 
or an accumulation of 150 minutes per week of moderate-intensity 
aerobic activity (50 to 70% of maximum heart rate). In the absence of 
contraindications, encourage resistance training three times per week. 

 Provide guidance for adjusting medications (insulin) and/or adding 
carbohydrate for physical activity. 

 
Glucose control levels 
 Maintaining HbA1c below 7% minimizes the risk of developing 

complications.  
 A lower HbA1c target may be considered if it is easily and safely 

achieved. 
 A higher HbA1c target may be considered for people with 

comorbidities or when previous attempts to optimize control have been 
associated with unacceptable hypoglycemia.  

 
Oral therapy 
 Begin oral glucose lowering medications when lifestyle interventions 

alone are unable to maintain blood glucose control at target levels. 
Maintain support for lifestyle measures throughout the use of these 
medications.  

 Consider each initiation or dose increase of an oral glucose lowering 
medication as a trial, monitoring response in three months.  

 First-line therapy  
o Begin with metformin unless there is evidence of renal 

impairment or other contraindication.  
o Titrate the dose over early weeks to minimize discontinuation 

due to gastrointestinal intolerance. Monitor renal function and 
use metformin with caution if estimated glomerular filtration 
rate <45 mL/min/1.73m2. 

o Other options include a sulfonylurea (or glinide) for rapid 
response where glucose levels are high, or α-glucosidase 
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inhibitors in some populations; these agents can also be used 
initially where metformin cannot.  

o In some circumstances dual therapy may be indicated initially 
if it is considered unlikely that single agent therapy will 
achieve glucose targets.  

 Second-line therapy  
o When glucose control targets are not achieved, add a 

sulfonylurea.  
o Other options include adding metformin if not used first-line, 

an α-glucosidase inhibitor, a dipeptidyl peptidase 4 (DPP-4) 
inhibitor, or a thiazolidinedione (TZD). A rapid-acting insulin 
secretagogue is an alternative option to sulfonylureas. 

 Third-line therapy 
o When glucose control targets are no longer being achieved, 

start insulin or add a third oral agent. 
o If starting insulin, add basal insulin or use premix insulin.  
o If adding a third oral agent options include an α-glucosidase 

inhibitor, a DPP-4 inhibitor, or a TZD. 
o Another option is to add a glucagon-like peptide-1 (GLP-1) 

agonist.  
 Fourth-line therapy 

o Begin insulin therapy when optimized oral blood glucose 
lowering mediations (and/or GLP-1 agonist) and lifestyle 
interventions are unable to maintain target glucose control.  

 
Insulin therapy 
 Do not unduly delay the commencement of insulin. Maintain lifestyle 

measures. Consider every initiation or dose increase of insulin as a 
trial, monitoring the response.  

 Provide education and appropriate self-monitoring.  
 Explain that starting doses of insulin are low, for safety reasons, but 

that eventual dose requirement is expected to be 30 to 100 units/day. 
 Continue metformin. Other oral agents may also be continued.  
 Begin with a basal insulin once daily such as neutral protamine 

Hagedorn (NPH) insulin, insulin glargine, or insulin detemir, or once 
or twice daily premix insulin (biphasic insulin).  

 Initiate insulin using a self-titration regimen (dose increases of two 
units every three days) or with biweekly or more frequent contact with 
a health-care professional.  

 Aim for pre-meal glucose levels of <6.5 mmol/L (<115 mg/dL). 
 Monitor glucose control for deterioration and increase dose to maintain 

target levels or consider transfer to a basal plus mealtime insulin 
regimen.  

American Diabetes Association:  
Care of Children and 
Adolescents with Type 1 
Diabetes 
(2005)13 

 
 

 Insulin type, mixture of insulins, site of injection, and individual 
patient response differences can all affect the onset, peak, and duration 
of insulin activity. 

 Children with diabetes often require multiple daily injections of 
insulin, using combinations of rapid-, short-, intermediate-, or long-
acting insulin before meals and at bedtime to maintain optimal blood 
glucose control. 

 The basal/bolus insulin regimen uses a long-acting insulin analog 
combined with a rapid-acting insulin analog given before meals and 
snacks. This regimen has been shown to result in stable glycemic 
control and less hypoglycemia compared with regimens using 
intermediate and short insulin regimens. 
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 Many young children and teenagers consume multiple snacks 

throughout the day. An ideal basal/bolus regimen may consist of as 
many as six to seven insulin injections per day. A combination of 
rapid-acting insulin with small amounts of intermediate-acting insulin 
to allow coverage for snacks may be an appropriate alternative to the 
basal/bolus plan. However, two or three doses of mixed rapid-acting or 
short-acting insulin with intermediate-acting insulin generally cannot 
maintain HbA1c levels within the target range. Recommendations now 
support moving toward a basal/bolus insulin regimen for most patients. 

 The combination of rapid-acting insulin analogs and a long-acting 
insulin offers an excellent option for basal and bolus insulin 
administration. 

 Basal/bolus regimens have been shown to result in lower fasting blood 
glucose levels with less nocturnal hypoglycemia than regimens that use 
NPH insulin in children/adolescents, as well as in adults. 

American Academy of 
Pediatrics: 
Management of Newly 
Diagnosed Type 2 Diabetes 
Mellitus (T2DM) in Children 
and Adolescents 
(2013)14 

 
 

 Clinicians must ensure that insulin therapy is initiated for children and 
adolescents with T2DM who are ketotic or in diabetic ketoacidosis and 
in whom the distinction between types 1 and 2 diabetes mellitus is 
unclear and, in usual cases, should initiate insulin therapy for patients  

o Who have random venous or plasma blood glucose (BG) 
concentrations ≥250 mg/dL. 

o Whose HbA1c is >9%. 
 In all other instances, clinicians should initiate a lifestyle modification 

program, including nutrition and physical activity, and start metformin 
as first-line therapy for children and adolescents at the time of 
diagnosis of T2DM.  

 Monitoring of HbA1c concentrations is recommended every three 
months and intensifying treatment is recommended if treatment goals 
for finger-stick BG and HbA1c concentrations are not being met. 

 Advise patients to monitor finger-stick BG concentrations in patients 
who:  

o Are taking insulin or other medications with a risk of 
hypoglycemia; or 

o Are initiating or changing their diabetes treatment regimen; or 
o Have not met treatment goals; or 
o Have intercurrent illnesses. 

 Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight 
Management Evidence-Based Nutrition Practice Guidelines in dietary 
or nutrition counseling of patients with T2DM at the time of diagnosis 
and as part of ongoing management.  

 Encourage children and adolescents with T2DM to engage in 
moderate-to-vigorous exercise for at least 60 minutes daily and to limit 
nonacademic “screen time” to less than two hours a day.  

National Institute for Health and 
Care Excellence:  
Diagnosis and Management of 
Type 1 Diabetes in 
Children, Young People, and 
Adults  
(Issued 2004, last modified 
July 2014)15 

 
 

Children (aged younger than 11 years) and young people (aged 11 to <18 
years) 
 Children and young people with type 1 diabetes should be offered an 

ongoing integrated package of care by a multidisciplinary pediatric 
diabetes care team. 

 Insulin regimens  
o One, two, or three insulin injections per day: these are usually 

injections of short-acting insulin or rapid-acting insulin 
analogue mixed with intermediate-acting insulin. The insulin 
preparations may be mixed by the patient at the time of 
injection. 

o Multiple daily injection regimen: the person has injections of 
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short-acting insulin or rapid-acting insulin analogue before 
meals, together with one or more separate daily injections of 
intermediate-acting insulin or long-acting insulin analogue. 

o Continuous subcutaneous insulin infusion (insulin pump 
therapy): a programmable pump and insulin storage reservoir 
that gives a regular or continuous amount of insulin (usually 
in the form of a rapid-acting insulin analogue or short-acting 
insulin) by a subcutaneous needle or cannula. 

 Pre-school and primary school children should be offered the most 
appropriate individualized regimens to optimize glycemic control.  

 Young people should be offered multiple daily injection regimens to 
help optimize glycemia control. 

 As it improves glycemic control, multiple daily injection regimens 
should be offered only as part of a package of care that involves 
continuing education; dietary management; instruction on the use of 
insulin delivery systems and blood glucose monitoring; emotional and 
behavioral support; and medical, nursing, and dietetic expertise in 
pediatric diabetes. 

 Children and young people using multiple daily injection regimens 
should be informed that they may experience an initial increase in the 
risk of hypoglycemia and short-term weight gain.  

 Children and young people and their families should be informed about 
strategies for the avoidance and management of hypoglycemia.  

 Young people who do not achieve satisfactory glycemic control with 
multiple daily injection regimens should be offered additional support 
and, if appropriate, alternative insulin therapy (once, twice, or three 
times daily mixed insulin regimens or continuous SC insulin infusion 
using an insulin pump).  

 Young people who have difficulty adhering to the multiple daily 
injection regimens should be offered twice-daily injection regimens.  

 Continuous SC insulin infusion is recommended as an option for 
patients provided that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and; 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Continuous SC insulin infusion therapy should be initiated only by a 
trained specialist team. 

 All individuals beginning continuous SC insulin infusion therapy 
should be provided with specific training in its use.  

 Established users of continuous SC insulin infusion therapy should 
have their insulin management reviewed by their specialist team so that 
a decision can be made about whether a trial or a switch to multiple-
dose insulin incorporating insulin glargine would be appropriate.  

 Insulin preparations:  
o Children and young people should be offered the most 

appropriate insulin preparations according to their individual 
needs with the aim of obtaining an HbA1c <7.5% without 
frequent disabling hypoglycemia and maximizing quality of 
life.  

o Children and young people using multiple daily insulin 
regimens should be informed that injection of rapid-acting 
insulin analogs before eating (rather than after eating) reduces 
PPG levels thus helps to optimize blood glucose control. 

o For pre-school children it may be appropriate to use rapid-
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acting insulin analogs shortly after eating (rather than before 
eating) because food intake can be unpredictable.  

o Children and young people who use insulin preparations 
containing intermediate-acting insulin should be informed that 
these preparations should be mixed before use according to 
instructions provided in patient information leaflets.  

 Insulin delivery:  
o Children and young people should be offered a choice of 

insulin delivery systems that takes account of their insulin 
requirements and personal preferences.  

o Children and young people using insulin injection regimens 
should be offered needles that are of an appropriate length for 
their body fat.  

 Non-insulin agents (oral antidiabetic agents):  
o Children and young people should not be offered acarbose or 

sulfonylureas in combination with insulin because they may 
increase the risk of hypoglycemia without improving 
glycemic control. 

o Metformin in combination with insulin is suitable for use only 
within research trials because the effectiveness of this 
combination therapy in providing glycemic control is 
uncertain. 

 
Adults (aged 18 years or older): Insulin regimens 
 Patients should have access to the types (preparation and species) of 

insulin they find allow them optimal well-being. 
 Cultural preferences need to be discussed and respected in agreeing on 

the insulin regimen for a patient. 
 Multiple insulin injection regimens, in patients who prefer them, 

should be used as part of an integrated package of which education, 
food, and skills training should be integral parts.  

 Appropriate self-monitoring and education should be used as part of an 
integrated package to help achieve optimal diabetes outcomes.  

 Mealtime insulin injections should be provided by injection 
unmodified (‘soluble’) insulin or rapid-acting insulin analogs before 
main meals.  

 Rapid-acting insulin analogs should be used as an alternative to 
mealtime unmodified insulin where nocturnal or late inter-prandial 
hypoglycemia is a problem, and in those in whom they allow 
equivalent blood glucose control without use of snacks between meals 
and this is needed or desired.  

 Basal insulin therapy (including nocturnal insulin supply) should be 
provided by the use of isophane (NPH) insulin or long-acting insulin 
analogs (insulin glargine). Isophane (NPH) insulin should be given at 
bedtime. If rapid-acting insulin analogs are given at mealtimes or the 
midday insulin dose is small or lacking, the need to give isophane 
(NPH) insulin twice-daily (or more often) should be considered.  

 Long-acting insulin analogs (insulin glargine) should be used when:  
o Nocturnal hypoglycemia is a problem on isophane (NPH) 

insulin. 
o Morning hypoglycemia on isophane (NPH) insulin results in 

difficult daytime blood glucose control.  
o Rapid-acting insulin analogues are used for mealtime blood 

glucose control.  
 Twice-daily insulin regimens should be used by those adults who 

consider number of daily injections an important issue in quality of 
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life: 

o Biphasic insulin preparations (pre-mixes) are often the 
preparations of choice in this circumstance.  

o Biphasic rapid-acting insulin analog pre-mixes may give an 
advantage to those prone to hypoglycemia at night.  

o Such twice-daily regimens may also help those who find 
adherence to their agreed lunchtime insulin injection difficult 
and those with learning difficulties who may require 
assistance from others.  

 Adults whose nutritional and physical activity patterns vary 
considerably from day-to-day, for vocational or recreational reasons, 
may need careful and detailed review of their self-monitoring and 
insulin injection regimen(s). This should include all the appropriate 
preparations and consideration of unusual patterns and combinations.  

 For adults undergoing periods of fasting or sleep following eating (e.g., 
during religious feasts and fasts, after night-shift work), a rapid-acting 
insulin analog before the meal (provided the meal is not prolonged) 
should be considered.  

 For adults with erratic and unpredictable blood glucose control, rather 
than a change in a previously optimized insulin regimen, the following 
should be considered: 

o Re-suspension of insulin and injection technique.  
o Injection sites. 
o Self-monitoring skills. 
o Knowledge and self-management skills.  
o Nature of lifestyle.  
o Psychological and psychosocial difficulties.  
o Possible organic causes (e.g., gastroparesis).  

 Continuous SC insulin infusion is recommended as an option provided 
that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Partial insulin replacement to achieve blood glucose control targets 
(basal insulin only, or just some mealtime insulin) should be 
considered for patients initiating insulin therapy, until such time as 
islet β-cell deficiency progresses further.  

 Clear guidelines and protocols should be given to all patients to assist 
them in adjusting insulin doses appropriate during intercurrent illness.  

 Oral glucose-lowering drugs should generally not be used in the 
management of type 1 diabetics.  

 
Adults (aged 18 years or older): Insulin delivery 
 Adults who inject insulin should have access to the insulin injection 

delivery device they find allows them optimal well-being, often using 
one or more types of insulin injection pen.  

 Adults who have special visual or psychological needs should be 
provided with injection devices or needle-free systems that they can 
use independently for accurate dosing. 

 Insulin injection should be made into the deep SC fat. To achieve this, 
needles of a length appropriate to the individual should be made 
available. 

 Adults should be informed that the abdominal wall is the therapeutic 
choice for mealtime insulin injections. 
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 Adults should be informed that extended-acting suspension insulin 

(e.g., isophane [NPH] insulin) may give a longer profile of action when 
injected into the SC tissue of the thigh rather than the arm or 
abdominal wall.  

 Adults should be recommended to use one anatomical area for the 
injections given at the same time of day, but to move the precise 
injection site around in the whole of the available skin within that area.  

 Patients should be provided with suitable containers for the collection 
of used needles. Arrangements should be available for the suitable 
disposal of these containers.  

 Injection site condition should be checked annually, and if new 
problems with blood glucose control occur.  

American Diabetes Association:  
Type 1 Diabetes Through the 
Life Span: A Position 
Statement of the American 
Diabetes Association  
(2014)16 

 
 

Nutritional therapy  
 Individualized medical nutrition therapy is recommended for all people 

with type 1 diabetes as an effective component of the overall treatment 
plan. 

 Monitoring carbohydrate intake, whether by carbohydrate counting or 
experience-based estimation, remains a key strategy in achieving 
glycemic control. 

 If adults with type 1 diabetes choose to drink alcohol, they should be 
advised to do so in moderation (one drink per day or less for adult 
women and two drinks per day or less for adult men). Discussion with 
a health care provider is advised to explore potential interactions with 
medications. Adults should be advised that alcohol can lower blood 
glucose levels and that driving after drinking alcohol is 
contraindicated. 

 
Physical activity and exercise  
 Exercise should be a standard recommendation as it is for individuals 

without diabetes; however, recommendations may need modifications 
due to the presence of macro- and microvascular diabetes 
complications.  

 Patients of all ages (or caregivers of children) should be educated about 
the prevention and management of hypoglycemia that may occur 
during or after exercise.  

 Patients should be advised about safe preexercise blood glucose levels 
(typically 100 mg/dL or higher depending on the individual and type of 
physical activity). 

 Reducing the prandial insulin dose for the meal/snack preceding 
exercise and/or increasing food intake can be used to help raise the 
preexercise blood glucose level and reduce hypoglycemia. 

 A reduction in overnight basal insulin the night following exercise may 
reduce the risk for delayed exercise-induced hypoglycemia.  

 Self-monitoring of blood glucose should be performed as frequently as 
needed, and sources of simple carbohydrate should be readily available 
to prevent and treat hypoglycemia.  

 
Glycemic control goals  
 The American Diabetes Association strongly believes that blood 

glucose and HbA1c targets should be individualized with the goal of 
achieving the best possible control while minimizing the risk of severe 
hyperglycemia and hypoglycemia and maintaining normal growth and 
development. 

 An HbA1c goal of <7.5% is recommended across all pediatric age-
groups.  
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 A reasonable HbA1c goal for many nonpregnant adults with type 1 

diabetes is <7%. 
 Providers might reasonably suggest more stringent HbA1c goals (such 

as <6.5%) for select individual patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. 

 Less stringent HbA1c goals (such as <8.5%) may be appropriate for 
patients with a history of severe hypoglycemia, hypoglycemia 
unawareness, limited life expectancy, advanced microvascular/ 
macrovascular complications, or extensive comorbid conditions. 

 
Insulin therapy 
 Most individuals with type 1 diabetes should be treated with multiple 

daily insulin injections (three or more injections per day of prandial 
insulin and one to two injections of basal insulin) or continuous 
subcutaneous insulin infusion. 

 Most individuals should be educated in how to match prandial insulin 
dose to carbohydrate intake, premeal blood glucose, and anticipated 
activity.  

 Most individuals should use insulin analogs to reduce hypoglycemia 
risk. 

 All individuals with type 1 diabetes should be taught how to manage 
blood glucose levels under varying circumstances, such as when ill or 
receiving glucocorticoids or for those on pumps, when pump problems 
arise. 

 Child caregivers and school personnel should be taught how to 
administer insulin based on provider orders when a child cannot self-
manage and is out of the care and control of his or her parent/guardian. 

 
Adjunctive therapies  
 Pramlintide may be considered for use as adjunctive therapy to 

prandial insulin in adults with type 1 diabetes failing to achieve 
glycemic goals. 

 Evidence suggests that adding metformin to insulin therapy may reduce 
insulin requirements and improve metabolic control in overweight/ 
obese patients and poorly controlled adolescents with type 1 diabetes, 
but evidence from larger longitudinal studies is required. 

 Current type 2 diabetes medications (GLP-1 agonists, DPP-4 
inhibitors, and SGLT2 inhibitors) may be potential therapies for type 1 
diabetic patients, but require large clinical trials before use in type 1 
diabetic patients. 

*This algorithm was updated in 20138 
 
 

III. Indications 
 

The Food and Drug Administration (FDA)-approved indications for the meglitinides are noted in Table 3. While 
agents within this therapeutic class may have demonstrated positive activity via in vitro trials, the clinical 
significance of this activity remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo 
clinical trials. As such, this review and the recommendations provided are based exclusively upon the results of 
such clinical trials.  
 
Table 3. FDA-Approved Indications for the Meglitinides1-3  

Indication Single Entity Agents Combination Products 
Nateglinide Repaglinide Repaglinide and metformin 

Adjunct to diet and exercise to improve    
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Indication Single Entity Agents Combination Products 
Nateglinide Repaglinide Repaglinide and metformin 

glycemic control in adults with type 2 
diabetes mellitus 
Adjunct to diet and exercise to improve 
glycemic control in adults with type 2 
diabetes mellitus who are already treated with 
a meglitinide and metformin or who have 
inadequate glycemic control on a meglitinide 
alone or metformin alone 

   

 
 

IV. Pharmacokinetics 
 
The pharmacokinetic parameters of the meglitinides are listed in Table 4.  

 
Table 4. Pharmacokinetic Parameters of the Meglitinides17 

Generic 
Name(s) 

Bioavailability 
(%) 

Protein Binding 
(%) 

Metabolism 
(%) 

Excretion 
(%) 

Half-Life 
(hours) 

Single Entity Agents 
Nateglinide 73 97 to 99 Liver, extensive (% 

not reported) 
Renal (13 to 14),  

Feces (10) 
1.25 to 

2.90 
Repaglinide 56 >98 Liver, complete (% 

not reported) 
Renal (8), Feces 

(90%) 
1 

Combination Products 
Repaglinide 
and  
metformin 

56/50 to 60 >98/Negligible 
(% not reported) 

Liver, complete (% 
not reported)/Liver, 

none (% not 
reported) 

Renal (8), 
Feces (90)/Renal 

(90) 

1.0/6.2 

 
 

V. Drug Interactions 
 
Significant drug interactions with the meglitinides are listed in Table 5. 

 
Table 5. Significant Drug Interactions with the Meglitinides18 

Generic Name(s) Significance Level Interaction Mechanism 
Metformin 1 Iodinated contrast 

materials, 
parenteral 

Iodinated contrast materials-induced renal 
failure can interfere with the renal 
elimination of metformin; therefore, there 
is an increased risk of metformin-induced 
lactic acidosis. 

Repaglinide 1 Gemfibrozil Gemfibrozil may inhibit repaglinide 
metabolism (cytochrome P450 2C8 
isoenzyme) causing elevated repaglinide 
plasma concentrations and increasing the 
risk of severe and protracted 
hypoglycemia. Avoid coadministration of 
repaglinide and gemfibrozil and reduce the 
dose of repaglinide when used together.  

Meglitinides  2 Cyclosporine Cyclosporine may inhibit meglitinide 
metabolism (cytochrome P450 3A4 
isoenzyme) and organic anion transporting 
polypeptide 1B1-mediated hepatic uptake, 
causing elevated plasma levels of 
meglitinide. Monitor blood glucose levels 
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Generic Name(s) Significance Level Interaction Mechanism 
when starting or stopping cyclosporine and 
adjust the meglitinide dose as needed. 

Meglitinides  2 Rifamycins  Rifamycins may increase metabolism 
(cytochrome P450 3A4 isoenzyme) of 
repaglinide during the first-pass and 
elimination phases, causing plasma 
concentrations of repaglinide to be 
decreased. Monitor blood glucose levels 
when starting or stopping rifamycin 
therapy and adjust meglitinide dose as 
needed.  

Repaglinide 2 Macrolide 
antibiotics  

Certain macrolide antibiotics may inhibit 
the first-pass metabolism (cytochrome 
P450 3A4 isoenzyme) of repaglinide, 
causing elevated plasma levels of 
repaglinide and subsequently increased 
pharmacologic and adverse effects. 
Monitor blood glucose levels when 
starting or stopping macrolide and related 
antibiotic therapy and adjust the 
repaglinide dose as needed. 

Significance level 1 = major severity, significance level 2 = moderate severity 
 
 

VI. Adverse Drug Events 
 
The most common adverse drug events reported with the meglitinides are listed in Table 6. The boxed warning for 
repaglinide/metformin is listed in Table 7.  

 
Table 6. Adverse Drug Events (%) Reported with the Meglitinides1-3,17-18 

Adverse Events Single Entity Agents Combination Products 
Nateglinide Repaglinide Repaglinide and metformin 

Cardiovascular    
Arrhythmia - ≤1 ≤1 
Chest pain - <2 <2 
EEG abnormal - ≤1 ≤1 
Hypertension - ≤1 ≤1 
Myocardial infarction - ≤1 ≤1 
Palpitations - ≤1 ≤1 
Central Nervous System    
Dizziness 4 - - 
Headache - 9 to 11 22 
Dermatologic  
Pruritus  - - 
Rash  - - 
Urticaria  - - 
Endocrine/Metabolic  
Hypoglycemia 2 16 to 31 33 
Gastrointestinal     
Constipation - 2 to 3 - 
Diarrhea 3.2 4 to 5 19 
Dyspepsia - 2 to 4 - 
Nausea - 3 to 5 15 
Vomiting - 2 to 3 >5 
Hepatic    
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Adverse Events Single Entity Agents Combination Products 
Nateglinide Repaglinide Repaglinide and metformin 

Hepatic dysfunction -   
Hepatitis    
Jaundice    
Laboratory Test 
Abnormalities   

 

Hemolytic anemia -   
Liver enzymes increased    
Thrombocytopenia -   
Uric acid increased  - - 
Musculoskeletal    
Arthralgia 3 3 to 6 - 
Back pain 4 5 to 6 - 
Paresthesia - 2 to 3 - 
Respiratory    
Bronchitis 2.7 2 to 6 - 
Coughing 2.4 - - 
Rhinitis - 3 to 7 - 
Sinusitis - 3 to 6 - 
Upper respiratory infection 10 10 to 16 11 
Other    
Accidental trauma 2.9 - - 
Allergy - 1 to 2 - 
Alopecia -   
Anaphylactic reaction -   
Blurred vision -   
Flu symptoms 4 - - 
Pancreatitis -   
Stevens-Johnson Syndrome -   
Tooth disorder - 2 - 
Urinary tract infection - 2 to 3 - 
Weight gain  - - 
Percent not specified.  

 -Event not reported. 
 

 
Table 7. Boxed Warning for Repaglinide/Metformin3 

WARNING 
Lactic acidosis: Lactic acidosis is a rare but serious complication that can occur because of metformin 
accumulation. The risk increases with conditions such as sepsis, dehydration, excess alcohol intake, hepatic 
function impairment, renal function impairment, and acute congestive heart failure. The onset of lactic acidosis 
is often subtle and accompanied only by nonspecific symptoms such as malaise, myalgia, respiratory distress, 
increasing somnolence, and nonspecific abdominal distress. Laboratory abnormalities include low pH, 
increased anion gap, and elevated blood lactate. If acidosis is suspected, discontinue repaglinide/metformin and 
hospitalize the patient immediately. 

 
 

VII. Dosing and Administration 
 

The usual dosing regimens for the meglitinides are listed in Table 8. 
 

Table 8. Usual Dosing Regimens for the Meglitinides1-3 
Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 

Single Entity Agents 
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Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
Nateglinide Adjunct to diet and exercise to improve 

glycemic control in adults with type 2 
diabetes mellitus: 
Tablet: initial, 60 to 120 mg TID before 
meals; maintenance, 120 mg TID 
before meals 

Safety and efficacy in 
children have not been 
established. 

Tablet:  
60 mg 
120 mg 

Repaglinide Adjunct to diet and exercise to improve 
glycemic control in adults with type 2 
diabetes mellitus: 
Tablet: initial, 0.5 to 2 mg with meals; 
maintenance, 0.5 to 4 mg with meals; 
maximum, 16 mg/day 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
0.5 mg 
1 mg 
2 mg  

Combination Products 
Repaglinide and  
metformin 

Adjunct to diet and exercise to improve 
glycemic control in adults with type 2 
diabetes mellitus who are already 
treated with a meglitinide and 
metformin or who have inadequate 
glycemic control on a meglitinide alone 
or metformin alone: 
Tablet: initial, 1-500 mg BID to TID 
with meals, unless the patient is already 
taking higher coadministered doses of 
repaglinide and metformin; maximum, 
4-1,000 mg/day 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
1-500 mg 
2-500 mg 

BID=twice daily, TID=three times daily
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Additional Evidence 
 
Dose Simplification 
A search of Medline and PubMed did not reveal data pertinent to this topic.  
 
Stable Therapy 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

          Rx=prescription 
 

Table 10. Relative Cost of the Meglitinides 
Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 

Single Entity Agents 
Nateglinide tablet Starlix®* $$$$ $$$ 
Repaglinide tablet Prandin®* $$$$$ $$$$ 
Combination Products 
Repaglinide and metformin tablet PrandiMet® $$$$-$$$$$ N/A 

*Generic is available in at least one dosage form or strength.  
N/A=Not available 

 
 

X. Conclusions 
 

The meglitinides are approved for use as an adjunct to diet and exercise to improve glycemic control in adults 
with type 2 diabetes mellitus.1-3 Nateglinide and repaglinide are both available in generic formulations. 
 
According to current clinical guidelines for the management of type 2 diabetes, metformin remains the 
cornerstone to most antidiabetic treatment regimens. Additionally, patients with a high glycosylated hemoglobin 
(HbA1c) will most likely require combination or triple therapy in order to achieve glycemic goals. At this time, 
uniform recommendations on the best agent to be combined with metformin cannot be made; therefore, 
advantages and disadvantages of specific antidiabetic agents for each patient should be considered. The 
meglitinides are recommended as a potential second line treatment option to be added to or used in combination 
with metformin in patients not achieving glycemic goals. Clinical guidelines note that meglitinides are associated 
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with a limited HbA1c-lowering ability, weight gain, and a greater risk of inducing hypoglycemia compared to 
other available antidiabetic medications. Patients who are not appropriate for initial therapy with metformin, may 
be initiated on another oral antidiabetic agent, such as a sulfonylurea/meglitinide, pioglitazone, or a dipeptidyl 
peptidase-4 inhibitor, and in occasional cases where weight loss is seen as an essential aspect of therapy, initial 
therapy with an incretin mimetic may be useful. In addition, guidelines recognize the potential use of meglitinides 
when postprandial hyperglycemia is present. Among all current clinical guidelines, preference of one meglitinide 
over another is not stated.4-14  
 
The meglitinides have been evaluated in a variety of clinical trials. Three studies have directly compared 
nateglinide and repaglinide, either as monotherapy or in combination with metformin. In all three studies, the 
mean change in HbA1c from baseline was significantly greater with repaglinide compared to nateglinide.19-20,40 
The meglitinides have also been compared to sulfonylureas in monotherapy studies. Glyburide was found to be 
more effective than nateglinide in one study, whereas glyburide and repaglinide were found to be equally 
efficacious in another study.21-22 The combination of nateglinide and metformin was shown to be as effective, or 
more effective, than the combination of glyburide and metformin in two studies.43,51 Several studies evaluated the 
efficacy of meglitinides in dual therapy regimens compared to monotherapy regimens. In these studies, the more 
aggressive treatment regimens improved glycemic parameters to a greater extent than the less-intensive treatment 
regimens.41-42,45-48 

 
There have been no clinical studies establishing conclusive evidence of macrovascular risk reduction with the 
meglitinides or any other antidiabetic drug.  
 
There is insufficient evidence to support that one brand meglitinides is safer or more efficacious than another 
within its given indication. Since the meglitinides are not recommended as first-line therapy for the treatment of 
type 2 diabetes mellitus, formulations without a generic alternative should be managed through the medical 
justification portion of the prior authorization process. 
 
Therefore, all brand products within the class reviewed are comparable to each other and to the generic products 
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.  
 
 

XI. Recommendations 
 
No brand meglitinide is recommended for preferred status. Alabama Medicaid should accept cost proposals from 
manufacturers to determine the most cost effective products and possibly designate one or more preferred brands.
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Alabama Medicaid Agency 

Pharmacy and Therapeutics Committee Meeting 
Pharmacotherapy Review of Sodium-glucose Cotransport 1 Inhibitors 

AHFS Class 682017 
February 11, 2015 

 
I. Overview 

 
Currently there are no prescription medications classified by American Hospital Formulary Service (AHFS) as 
Sodium-glucose Cotransport 1 Inhibitors.  
 
 

II. Conclusions 
 
There are no prescription medications available in the sodium-glucose cotransport 1 inhibitors class (AHFS Class 
682018). 

 
III. Recommendations 

 
No sodium-glucose cotransport 1 inhibitor is recommended for preferred status. Alabama Medicaid should 
continue to include AHFS Class 682018 in the Preferred Drug List screening process. If new prescription sodium-
glucose cotransport 1 inhibitors are added, it is recommended that this class be re-reviewed. 
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Alabama Medicaid Agency 
Pharmacy and Therapeutics Committee Meeting 

Pharmacotherapy Review of Sodium-glucose Cotransport 2 Inhibitors 
AHFS Class 682018 
February 11, 2015 

 
I. Overview 

 
Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes: 
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced, 
genetic defects in β-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the 
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and 
long-term complications, including microvascular and macrovascular events. There are a variety of oral and 
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12 
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of 
action, efficacy, safety profiles, tolerability, and ease of use.  
 
Sodium-glucose cotransport 2 (SGLT2) inhibitors are a novel class of oral antidiabetic agents recently approved 
by the Food and Drug Association (FDA). The kidneys play a pivotal role in controlling plasma glucose 
concentration, reabsorbing nearly all plasma glucose in the proximal tubules and preventing glucose excretion in 
patients with normal glucose-tolerance. Approximately 90% of the filtered renal glucose is reabsorbed in the early 
convoluted segment of the proximal tubule and is facilitated by the SGLT2 transporter. The remaining 10% of 
filtered glucose is reabsorbed in the distal straight segment of the proximal tube by the SGLT1 transporter. In 
diabetic patients, the SGLT transporter system is often overwhelmed and unable to reabsorb all filtered plasma 
glucose due to hyperglycemic conditions. Once this threshold capacity is reached and surpassed, excess glucose 
that is not reabsorbed is excreted into the urine. In addition, a chronic elevated plasma glucose concentration 
provides the stimulus that ultimately leads to increased SGLT2 expression by the renal proximal tubular cells, 
resulting in an undesirable increase in renal capacity and threshold to reabsorb filtered glucose in both type 1 and 
type 2 diabetic patients.1,2  
 
SGLT2 inhibitors improve glycemic control by producing glucosuria. This is accomplished by inhibiting SGLT2 
and increasing urinary glucose excretion. The net effect is an increase excretion of glucose from the body and 
normalizing plasma glucose levels. At this time, it is unknown if this mechanism of action serves to reduce the 
kidney’s threshold capacity to reabsorb glucose, thus causing glucose excretion at lower plasma concentrations, or 
if the mechanism of action serves to prevent reabsorption of glucose load at all plasma glucose concentrations. 
SGLT2 inhibitors also have beneficial nonglycemic effects, including weight loss and small decreases in systolic 
and diastolic blood pressure as observed during clinical trials.1,2 
 
Two SGLT2 inhibitors are included in this review. Canagliflozin (Invokana®) and dapagliflozin (Farxiga®) are 
oral once daily tablets, indicated as adjunct to diet and exercise to improve glycemic control in adults with type 2 
diabetes mellitus.3,4 Canagliflozin is also formulated with metformin in a single tablet (Invokamet™), which is 
given twice daily.5 
 
The sodium-glucose cotransport 2 inhibitors that are included in this review are listed in Table 1. This review 
encompasses all dosage forms and strengths. There are no generic products available. This is the first time the 
SGLT2 inhibitors are being reviewed.  

 
Table 1. Sodium-glucose Cotransport 2 Inhibitors Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Single Entity Agents    
Canagliflozin tablet Invokana® none 
Dapagliflozin tablet Farxiga® none 
Combination Products 
Canagliflozin and 
Metformin 

tablet Invokamet™ none 

   PDL=Preferred Drug List 
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II. Evidence- Based Medicine and Current Treatment Guidelines 
 

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type 
2 diabetes are presented globally, addressing the role of various medication classes. 
 
Table 2. Treatment Guidelines Using the Sodium-glucose Cotransport 2 Inhibitors 

Clinical Guideline Recommendation(s) 
American Diabetes Association:  
Standards of Medical Care in 
Diabetes  

(2014)6 

 
 
 

Current criteria for the diagnosis of diabetes 
 The following are the criteria for a diagnosis of diabetes: glycosylated 

hemoglobin (HbA1c) ≥6.5%, or a fasting plasma glucose (FPG) ≥126 
mg/dL, or a two-hour plasma glucose ≥200 mg/dL during an oral 
glucose tolerance test or patients with classic symptoms of 
hyperglycemia, or classic symptoms of hyperglycemia or 
hyperglycemic crisis (random plasma glucose ≥200 mg/dL).  

 
Prevention/delay of type 2 diabetes 
 An ongoing support program for weight loss of 7% of body weight and 

an increase in physical activity to ≥150 minutes/week of moderate 
activity should be encouraged in patients with impaired glucose 
tolerance, impaired fasting glucose, or an HbA1c 5.7 to 6.4%. 

 Metformin therapy for prevention of type 2 diabetes may be considered 
in patients with impaired glucose tolerance, impaired fasting glucose, 
or an HbA1c 5.7 to 6.7%, especially for those with a body mass index 
>35 kg/m2, age <60 years, and women with prior gestational diabetes 
mellitus.  

 
Glycemic goals in adults 
 Lowering HbA1c to below or around 7.0% has been shown to reduce 

microvascular complications of diabetes, and if implemented soon 
after the diagnosis of diabetes is associated with long term reduction in 
macrovascular disease. A reasonable HbA1c goal for many nonpregnant 
adults is <7.0%. 

 It may be reasonable for providers to suggest more stringent HbA1c 
goals (<6.5%) for selected patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. Such 
patients may include those with short duration of diabetes, long life 
expectancy, and no significant cardiovascular disease.  

 Conversely, less stringent HbA1c goals (<8.0%) may be appropriate for 
patients with a history of severe hypoglycemia, limited life expectancy, 
advanced microvascular or macrovascular complications, extensive 
comorbid conditions, and those with longstanding diabetes in whom 
the general goal is difficult to attain despite diabetes self-management 
education, appropriate glucose monitoring, and effective doses of 
multiple glucose-lowering agents including insulin.  

 
Pharmacologic and overall approaches to treatment-type 1 diabetes 
 Recommended therapy consists of the following components: 

o Use of multiple dose insulin injections (three to four 
injections per day of basal and pre-prandial insulin) or 
continuous subcutaneous (SC) insulin infusion therapy. 

o Matching prandial insulin to carbohydrate intake, pre-meal 
blood glucose, and anticipated activity. 

o Most patients should use of insulin analogs to reduce 
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Clinical Guideline Recommendation(s) 
hypoglycemia risk. 

 
Pharmacologic and overall approaches to treatment-type 2 diabetes 
 At the time of diagnosis, initiate metformin therapy along with lifestyle 

interventions, unless metformin is contraindicated.  
 In newly diagnosed patients with markedly symptomatic and/or 

elevated blood glucose levels or HbA1c, consider insulin therapy, with 
or without additional agents, from the onset.  

 If noninsulin monotherapy at maximal tolerated dose does not achieve 
or maintain the HbA1c target over three to six months, add a second 
oral agent, a glucagon-like peptide-1 (GLP-1) receptor agonist, or 
insulin. 

 Because of the progressive nature of type 2 diabetes, insulin therapy is 
eventually indicated for many patients with type 2 diabetes. 

American Diabetes Association/ 
European Association for the 
Study of Diabetes: 
Management of 
Hyperglycemia in Type 2 
Diabetes: A Patient-Centered 
Approach  

(2012)7 

Key points 
 Glycemic targets and glucose-lowering therapies must be 

individualized.  
 Diet, exercise, and education remain the foundation of any type 2 

diabetes treatment program. 
 Unless there are prevalent contraindications, metformin is the optimal 

first line drug.  
 After metformin, there are limited data to guide treatment decisions. 

Combination therapy with an additional one to two oral or injectable 
agents is reasonable, aiming to minimize side effects where possible.  

 Ultimately, many patients will require insulin therapy alone or in 
combination with other agents to maintain glucose control.  

 All treatment decisions, where possible, should be made in conjunction 
with the patient, focusing on his/her preferences, needs, and values.  

 Comprehensive cardiovascular risk reduction must be a major focus of 
therapy.  

 
Initial drug therapy 
 It is generally agreed that metformin, if not contraindicated and if 

tolerated, is the preferred and most cost-effective first agent.  
 Metformin should be initiated at, or soon after, diagnosis, especially in 

patients in whom lifestyle intervention alone has not achieved, or is 
unlikely to achieve, HbA1c goals. 

 Patients with high baseline HbA1c (e.g., ≥9.0%) have a low probability 
of achieving a near-normal target with monotherapy; therefore, it may 
be justified to start directly with a combination of two non-insulin 
agents or with insulin itself in this circumstance.  

 If a patient presents with significant hyperglycemic symptoms and/or 
has dramatically elevated plasma glucose concentrations or HbA1c 
(e.g., ≥10.0 to 12.0%), insulin therapy should be strongly considered 
from the outset. Such therapy is mandatory when catabolic features are 
exhibited or, of course, if ketonuria is demonstrated, the latter 
reflecting profound insulin deficiency.  

 If metformin cannot be used, another oral agent could be chosen, such 
as a sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 
(DPP-4) inhibitor; in occasional cases where weight loss is seen as an 
essential aspect of therapy, initial treatment with a glucagon-like 
peptide (GLP)-1 receptor agonist might be useful.  

 Where available, less commonly used drugs (alpha-glucosidase 
inhibitors, colesevelam, bromocriptine) might also be considered in 
selected patients, but their modest glycemic effects and side effect 
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profiles make them less attractive candidates.  

 Specific patient preferences, characteristics, susceptibilities to side 
effects, potential for weight gain, and hypoglycemia should play a 
major role in drug selection.  

 
Advancing to dual combination therapy 
 If monotherapy alone does not achieve/maintain HbA1c target over 

approximately three months, the next step would be to add a second 
oral agent, a GLP-1 receptor agonist or basal insulin. Notably the 
higher the HbA1c, the more likely insulin will be required.  

 On average, any second agent is typically associated with an 
approximate further reduction in HbA1c of approximately 1.0%.  

 If no clinically meaningful glycemic reduction is demonstrated, then 
adherence having been investigated, that agent should be discontinued, 
and another with a different mechanism of action substituted. 

 Uniform recommendations on the best agent to be combined with 
metformin cannot be made, thus advantages and disadvantages of 
specific drugs for each patient should be considered.  

 It remains important to avoid unnecessary weight gain by optimal 
medication selection and dose titration.  

 For all medications, consideration should also be given to overall 
tolerability.  

 
Advancing to triple combination therapy 
 Some trials have shown advantages of adding a third non-insulin agent 

to a two drug combination that is not yet or no longer achieving the 
glycemic target. However, the most robust response will usually be 
with insulin.  

 Many patients, especially those with long standing disease, will 
eventually need to be transitioned to insulin, which should be favored 
in circumstances where the degree of hyperglycemia (e.g., HbA1c 
≥8.5%) makes it unlikely that another drug will be of sufficient benefit.  

 In using triple combinations the essential consideration is to use agents 
with complementary mechanisms of action.  

 Increasing the number of drugs heightens the potential for side effects 
and drug-drug interactions which can negatively impact patient 
adherence. 

 
Anti-hyperglycemia Therapy in Type 2 Diabetes: General Recommendations 

Initial Drug 
Monotherapy 

Metformin 

Efficacy 
(↓HbA1c) 

High 

Hypoglycemia Low risk 
Weight Neutral/loss 

Side Effects Gastrointestinal/lactic acidosis 
If needed to reach individualized HbA1c target after approximately three months, proceed 

to two drug combination therapy (order not meant to denote any specific preference) 
Two Drug 
Combin-
ations  

Metformin  
+  

sulfonyl-
urea 

Metformin  
+  

thia-
zolidinedione 

(TZD) 

Metformin  
+  

DPP-4 
inhibitor 

Metformin  
+  

GLP-1 
receptor 
agonist 

Metformin  
+  

insulin 
(usually 
basal) 

Efficacy 
(↓HbA1c) 

High High Inter-
mediate 

High Highest 

Hypo-
glycemia 

Moderate 
risk 

Low risk Low risk Low risk High risk 

Weight Gain Gain Neutral Loss Gain 
Major Side Hypo- Edema, heart Rare Gastro- Hypo-
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Effects glycemia failure, bone 

fracture 
intestinal glycemia 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to three drug combination therapy (order not meant to denote any specific preference) 

Three 
Drug 
Combin-
ations 

Metformin  
+  

sulfonyl-
urea 
 + 

Metformin  
+  

TZD  
+ 

Metformin  
+  

DPP-4 
inhibitor  

+ 

Metformin  
+  

GLP-1 
receptor 
agonist  

+ 

Metformin  
+  

insulin 
therapy 

+ 

TZD, DPP-
4 inhibitor, 

GLP-1 
receptor 

agonist, or 
insulin 

Sulfonylurea, 
or DPP-4 
inhibitor, 
GLP-1 

receptor 
agonist, or 

insulin 

Sulfonyl-
urea, TZD, 
or insulin 

Sulfonyl-
urea, TZD, 
or insulin 

TZD, 
DPP-4 

inhibitor, 
or GLP-1 
receptor 
agonist 

If combination therapy that includes basal insulin has failed to achieve HbA1c target after 
three to six months, proceed to a more complex insulin strategy, usually in combination 

with one or two non-insulin agents 
More 
Complex 
Insulin 
Strategies 

Insulin (multiple daily doses) 

 

American College of Physicians:  
Oral Pharmacologic 
Treatment of Type 2 Diabetes 
Mellitus  

(2012)8 

 Oral pharmacologic therapy in patients with type 2 diabetes should be 
added when lifestyle modifications, including diet, exercise, and 
weight loss, have failed to adequately improve hyperglycemia. 

 Monotherapy with metformin for initial pharmacologic therapy is 
recommended to treat most patients with type 2 diabetes.  

 It is recommended that a second agent be added to metformin to 
patients with persistent hyperglycemia when lifestyle modifications 
and monotherapy with metformin fail to control hyperglycemia. 

American Association of 
Clinical Endocrinologists: 
Medical Guidelines for 
Clinical Practice for 
Developing a Diabetes Mellitus 
Comprehensive Care Plan 
(2011)9 

Antihyperglycemic pharmacotherapy  
 The choice of therapeutic agents should be based on their differing 

metabolic actions and adverse effect profiles as described in the 2009 
American Association of Clinical Endocrinologists/American College 
of Endocrinology Diabetes Algorithm for Glycemic Control.* 

 Insulin should be considered for patients with type 2 diabetes mellitus 
when noninsulin antihyperglycemic therapy fails to achieve target 
glycemic control or when a patient, whether drug naïve or not, has 
symptomatic hyperglycemia. 

 Antihyperglycemic agents may be broadly categorized by whether they 
predominantly target fasting plasma glucose (FPG) or postprandial 
glucose (PPG) levels. These effects are not exclusive; drugs acting on 
FPG passively reduce PPG, and drugs acting on PPG passively reduce 
FPG, but these broad categories can aid in therapeutic decision-
making.  

 Thiazolidinediones (TZDs) and sulfonylureas are examples of oral 
agents primarily affecting FPG. Metformin and incretin enhancers 
(DPP-4 inhibitors) also favorably affect FPG.  

 When insulin therapy is indicated in patients with type 2 diabetes to 
target FPG, therapy with long-acting basal insulin should be the initial 
choice in most cases; insulin analogues glargine and detemir are 
preferred over intermediate-acting neutral protamine Hagedorn (NPH) 
because they are associated with less hypoglycemia.  

 The initial choice of an agent targeting FPG or PPG involves 
comprehensive patient assessment with emphasis given to the glycemic 
profile obtained by self-monitoring of blood glucose. 

 When postprandial hyperglycemia is present, glinides and/or α-
glucosidase inhibitors, short- or rapid-acting insulin, and metformin 
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should be considered. Incretin-based therapy (DPP-4 inhibitors and 
GLP-1 receptor agonists) also target postprandial hyperglycemia in a 
glucose-dependent fashion, which reduces the risks of hypoglycemia.  

 When control of postprandial hyperglycemia is needed and insulin is 
indicated, rapid-acting insulin analogues are preferred over regular 
human insulin because they have a more rapid onset and offset of 
action and are associated with less hypoglycemia.  

 Pramlintide can be used as an adjunct to prandial insulin therapy to 
reduce postprandial hyperglycemia, HbA1c, and weight. 

 Premixed insulin analogue therapy may be considered for patients in 
whom adherence to a drug regimen is an issue; however, these 
preparations lack component dosage flexibility and may increase the 
risk for hypoglycemia compared to basal insulin or basal-bolus insulin. 
Basal-bolus insulin therapy is flexible and is recommended for 
intensive insulin therapy. 

 Intensification of pharmacotherapy requires glucose monitoring and 
medication adjustment at appropriate intervals when treatment goals 
are not achieved or maintained.  

 Most patients with an initial HbA1c level >7.5% will require 
combination therapy using agents with complementary mechanisms of 
action. 

American Association of 
Clinical Endocrinologists: 
American Association of 
Clinical Endocrinologists: 
Comprehensive Diabetes 
Management Algorithm 2013 
Consensus Statement  
(2013)10 

 
 

Principles underlying the algorithm 
 Lifestyle optimization is essential for all patients with diabetes; 

however, it should not delay needed pharmacotherapy, which can be 
initiated simultaneously and adjusted based on patient response to 
lifestyle efforts. The need for medical therapy should not be interpreted 
as a failure of lifestyle management, but as an adjunct to it. 

 Achieving an HbA1c ≤6.5% is recommended as the primary goal if it 
can be achieved in a safe and affordable manner; however, higher 
targets may be appropriate for certain individuals and may change for a 
given individual over time.  

 Minimizing risk of hypoglycemia and weight gain is a priority. It is a 
matter of safety, adherence, and cost. 

 For optimal glycemic control, therapies with complementary 
mechanisms of action must typically be used in combination.  

 Therapeutic effectiveness must be evaluated frequently until stable 
(e.g., every three months). 

 Safety and efficacy should be given higher priority than the initial 
acquisition cost of medications, as medication cost is only a small part 
of the total cost of diabetes care. In assessing the cost of a medication, 
consideration should be given to monitoring requirements and risks of 
hypoglycemia and weight gain. 

 Rapid-acting insulin analogs are superior to regular insulin because 
they are more predictable. 

 Long-acting insulin analogs are superior to neutral protamine 
Hagedorn insulin because they provide a fairly flat response for 
approximately 24 hours and provide better reproducibility and 
consistency, both between and within patients, with a corresponding 
reduction in hypoglycemia risk. 
 

Monotherapy  
 Patients with recent-onset diabetes and those with mild hyperglycemia 

(HbA1c <7.5%), initial monotherapy with metformin (at doses of 1,500 
to 2,000 mg/day) and life-style modifications will achieve their 
glycemic goals in a majority of patients.  
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 In patients with intolerance or contraindications to metformin, 

acceptable therapeutic alternatives that reduce glucose without weight 
gain or hypoglycemia (in order based on suggested hierarchy of usage) 
include: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors.  
o Alpha-glucosidase inhibitors. 
o Sodium glucose cotransporter 2 (SGLT-2) inhibitors. 

 TZD, sulfonylurea, and glinides (in order based on suggested hierarchy 
of usage) may be used but with caution due to possible weight gain and 
hypoglycemia. 

 
Combination therapy  
 Patients who present with an initial HbA1c >7.5% or who do not reach 

their target HbA1c with metformin in three months should be started on 
a second agent to be used in combination with metformin.  

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 In metformin-intolerant patients, two drugs from other classes with 
complimentary mechanisms of action should be used. 

 Combination (in order based on suggested hierarchy of usage) include 
metformin (or other first-line agent) plus: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides. 

 
Three-drug combination therapy  
 Generally, the efficacy of a third antidiabetic agent added to dual 

therapy is reduced compared to the efficacy of the same drug used as 
monotherapy or combination therapy with one other agent. 

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 Patients who present with an HbA1c <8.0% or who do not reach their 
target HbA1c with two antidiabetic drugs after 3 months has a high 
likelihood of reaching target with a third agent.  

 Patients who present with an HbA1c >9.0% or who do not reach their 
target HbA1c with two antidiabetic drugs has are less likely of reaching 
target with a third agent or fourth agent and insulin should be 
considered. 

 Continuation with noninsulin therapies while starting basal insulin is 
common and does not increase cardiovascular risk, but may increase 
risk of hypoglycemia when sulfourea are used in conjunction with 
insulin.  

 Three-drug combination (in order based on suggested hierarchy of 
usage) include metformin (or other first-line agent), a second-line 
agent plus: 

o GLP-1 receptor agonists. 
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o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o DPP-4 inhibitors.  
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides 

 
Insulin therapy algorithm 
 Patients who present with an initial HbA1c >9.0% and are symptomatic, 

should initiate therapy with insulin with or without other antidiabetic 
agents.  

 Start insulin if a patient has marked hyperglycemia despite treatment 
with several oral antidiabetic agents and is symptomatic with polyuria 
and weight loss. 

 Patients who are not at target HbA1c despite the use of oral antidiabetic 
agents or GLP-1 therapy should be considered for insulin therapy.  

 Patients with an HbA1c level >8.0% while receiving ≥2 antidiabetic 
agents, particularly individuals with long duration of diabetes, have 
significant impairment of beta cell insulin secretory capacity and are 
unlikely to reach the recommended target by the addition of further 
oral antidiabetic drugs. 
 

Basal insulin 
 Patients with an HbA1c level >8.0% while receiving ≥2 oral 

antidiabetic agents or GLP-1 therapy can be started on single daily 
dose of basal insulin as an add-on to the patient’s existing regimen. 

 Titrate insulin dose every two to three days to reach glycemic goals. 
 Basal insulin analogues (glargine and detemir) are preferred over 

protamine Hagedorn insulin because they have been shown to provide 
a relatively flat serum insulin concentration for up to 24 hours from a 
single daily injection. 

 Patients who fail to achieve glucose control with basal insulin or 
premixed insulin formulations can also be considered for basal 
intensification with a DPP-4 inhibitor or GLP-1 receptor agonist if the 
glucose level is not markedly elevated, because this approach tends to 
not cause weight gain or additional hypoglycemia. 

 
Basal-bolus insulin regimens 
 Patients who fail to achieve glucose control with basal insulin or 

premixed insulin formulations and those with symptomatic 
hyperglycemia and HbA1c >10% often respond better to combined 
basal and mealtime bolus insulin. 

 A full basal-bolus program with an insulin basal analogue once or 
twice daily and a rapid-acting analogue at each meal is most effective 
and provides flexibility for patients with variable mealtimes and meal 
carbohydrate content.  

 Doses of insulin may be titrated every two to three days to reach 
glycemic goals.  

 
Basal insulin and incretin therapy regimens 
 Use of the amylin analog pramlintide in conjunction with bolus insulin 

improves both glycemia and weight in patients with type 2 diabetes.  
 The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) 
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have similar properties, and also increase endogenous insulin secretion. 
Therefore, the combination of basal insulin and incretin therapy 
decreases basal and postprandial glucose and may minimize the weight 
gain and hypoglycemia risk observed with basal-bolus insulin 
replacement. 

American Association of 
Clinical Endocrinologists:  
Medical Guidelines for 
Clinical Practice for the 
Management of Diabetes 
Mellitus  
(2007)11 

Glycemic management-all patients with diabetes 
 Encourage patients to achieve glycemic levels as near normal as 

possible without inducing clinically significant hypoglycemia. 
Glycemic targets include the following: 

o HbA1c ≤6.5%. 
o FPG <100 mg/dL. 
o Two-hour PPG <140 mg/dL. 

 Refer patients for comprehensive, ongoing education in diabetes self-
management skills and nutrition therapy.  

 Initiate self-monitoring blood glucose levels.  
 

Glycemic management-patients with type 1 diabetes 
 Initiate intensive insulin therapy with one of the following regimens: 

o Basal-bolus therapy, using a long-acting insulin analog in 
combination with a rapid-acting insulin analog or inhaled 
insulin at meals.  

o Continuous SC insulin infusion with an insulin pump; insulin 
pump therapy indicated for: 

 Patients unable to achieve control using a regimen of 
multiple daily injections. 

 Patients with histories of frequent hypoglycemia 
and/or hypoglycemia unawareness.  

 Patients who are pregnant.  
 Patients with extreme insulin sensitivity (pump 

therapy facilitates better precision than SC 
injections).  

 Patients with a history of dawn phenomenon (these 
patients can program a higher basal rate for the early 
morning hours to counteract the rise in blood glucose 
concentration).  

 Patients who require more intensive diabetes 
management because of complications including 
neuropathy, nephropathy, and retinopathy.  

 Patients taking multiple daily injections who have 
demonstrated willingness and ability to comply with 
prescribed diabetes self-care behavior including 
frequent glucose monitoring, carbohydrate counting, 
and insulin adjustment.  

 Consider adding pramlintide to intensive insulin therapy to enhance 
glycemic control and to assist with weight management.  

 Consider adding an insulin sensitizer to address insulin resistance as 
needed. Exercise caution because of the potential for increased fluid 
retention when TZDs are used with insulin.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct insulin-treated patients to always check glucose levels before 
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administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL.  

 
Glycemic management-patients with type 2 diabetes 
 Aggressively implement all appropriate components of care at the time 

of diagnosis.  
 Persistently monitor and titrate pharmacologic therapy until all 

glycemic goals are achieved.  
o First assess current HbA1c level, fasting/pre-prandial glycemic 

profile, and two-hour PPG profile to evaluate the level of 
control and identify patterns.  

o After initiating pharmacologic therapy based on the patterns 
identified in the profile, persistently monitor and titrate 
therapy over the next two to three months until all glycemic 
goals are achieved.  

o If glycemic goals are not achieved at the end of two to three 
months, initiate a more intensive regimen and persistently 
monitor and titrate therapy over the next two to three months 
until all glycemic goals are achieved.  

o Recognize that patients currently treated with monotherapy or 
combination therapy who have not achieved glycemic goals 
will require either increased dosages of current medications or 
the addition of a second or third medication.  

o Consider insulin therapy in patients with HbA1c >8.0% and 
symptomatic hyperglycemic, and in patients with elevated 
fasting blood glucose levels or exaggerated PPG excursions 
regardless of HbA1c levels.  

o Initiate insulin therapy to control hyperglycemia and to 
reverse glucose toxicity when HbA1c >10.0%. Insulin therapy 
can then be modified or discontinued once glucose toxicity is 
reversed.  

o Consider a continuous SC insulin infusion in insulin-treated 
patients.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily. Although monitoring glucose 
levels at least three times daily is recommended, there is no supporting 
evidence regarding optimal frequency of glucose monitoring with or 
without insulin pump therapy.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients whose glycemic levels are above target while being 
treated with oral agents alone, oral agents plus once-daily insulin, or 
once-daily insulin alone to monitor glucose levels at least two times 
daily. There is no supporting evidence regarding optimal frequency of 
glucose monitoring in these patients. 

 Instruct patients who are meeting target glycemic levels, including 
those treated non-pharmacologically, to monitor glucose levels at least 
once daily.  

 Instruct patients whose glycemic levels are above target or who 
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experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct patients to obtain comprehensive pre-prandial and two-hour 
PPG measurements to create a weekly profile periodically and before 
clinician visits to guide nutrition and physical activity, to detect post-
prandial hyperglycemia, and to prevent hypoglycemia.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL. 

 
Clinical support-clinical considerations in patients with type 1 diabetes 
 Instruct patients to administer pre-prandial rapid-acting analog insulin 

20 to 30 minutes before the meal when the pre-meal blood glucose 
levels is high and after the meal has begun when the pre-meal blood 
glucose level is below the reference range.  

 Measure 2:00 to 3:00 AM blood glucose periodically in all patients 
with diabetes to asses for nocturnal hypoglycemia, especially when the 
morning blood glucose level is elevated.  

 Consider using regular insulin instead of rapid-acting insulin analogs 
to obtain better control of post-prandial and pre-meal glucose levels in 
patients with gastroparesis. Insulin pump therapy may also be 
advantageous in these patients. 

 Some type 1 diabetics treated with basal insulin may require two daily 
injections of basal insulin for greater stability.  

 Carefully assess PPG levels when the HbA1c level is elevated and pre-
meal glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Arrange for continuous glucose monitoring for patients with unstable 
glucose control and for patients unable to achieve an acceptable HbA1c 
level. Continuous glucose monitoring is particularly valuable in 
detecting both unrecognized nocturnal hypoglycemia and post-prandial 
hyperglycemia. 

 Some patients using pramlintide may achieve better post-prandial and 
pre-meal glucose control by combining it with regular insulin rather 
than rapid-acting analogs.  

 Individualize insulin regimens to accommodate patient exercise 
patterns.  

 Treat hypoglycemic reactions with simple carbohydrates. 
 
Clinical support-clinical considerations in patients with type 2 diabetes 
 Combining therapeutic agents with different modes of action may be 

advantageous.  
 Use insulin sensitizers, such as metformin or TZDs, as part of the 

therapeutic regimen in most patients unless contraindicated or 
intolerance has been demonstrated.  

 Insulin is the therapy of choice in patients with advanced chronic 
kidney disease.  

 Metformin, TZDs, and incretin mimetics do not cause hypoglycemia. 
However, when used in combination with secretagogues or insulin, 
these medications may need to be adjusted as blood glucose levels 
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decline.  

 The weight gain associated with TZDs in some patients may be partly 
offset by combination therapy with metformin.  

 Carefully assess PPG levels if the HbA1c level is elevated and pre-
prandial glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Individualize treatment regimens to accommodate patient exercise 
patterns.  

 Administer basal insulin in the evening if fasting glucose is elevated. 
 Long-acting insulin analogs are associated with less hypoglycemia 

than NPH insulin.  
National Institute for Health and 
Care Excellence:  
The Management of Type 2 
Diabetes  
(Issued 2009, last modified 
July 2014)12 

 

Metformin 
 Start metformin in overweight or obese patients and whose blood 

glucose is inadequately controlled by lifestyle interventions alone. 
 Consider metformin as an option for first-line glucose-lowering 

therapy for patients who are not overweight.  
 Continue metformin if blood glucose control remains or becomes 

inadequate and another oral glucose-lowering medication (usually a 
sulfonylurea) is added.  

 Step up metformin therapy gradually over weeks to minimize risk of 
gastrointestinal (GI) side effects. Consider a trial of extended release 
metformin if GI tolerability prevents continuation of therapy.  

 
Insulin secretagogues 
 Consider a sulfonylurea as an option for first-line glucose-lowering 

therapy if the patient is not overweight, the patient does not tolerate 
metformin (or it is contraindicated), or a rapid response to therapy is 
required because of hyperglycemic symptoms. 

 Add a sulfonylurea as second-line therapy when blood glucose control 
remains or becomes inadequate with metformin.  

 Continue sulfonylurea therapy if blood glucose control remains or 
becomes inadequate and another oral glucose-lowering medication is 
added. 

 When adherence is a problem, offer a once-daily, long-acting 
sulfonylurea.  

 
Rapid-acting insulin secretagogues 
 Consider offering a rapid-acting insulin secretagogue to a patient with 

an erratic lifestyle.  
 
Acarbose 
 Consider acarbose for a patient unable to use other oral glucose-

lowering medications.  
 
DPP-4 inhibitors  
 Consider adding a DPP-4 inhibitor to metformin (as second-line 

therapy) instead of a sulfonylurea when blood glucose control is 
inadequate (HbA1c ≥6.5%) if the person is at risk of hypoglycemia, 
does not tolerate a sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a DPP-4 inhibitor to sulfonylurea (as second-line 
therapy) when control of blood glucose is inadequate (HbA1c ≥6.5%) if 
the person does not tolerate metformin or if metformin is 
contraindicated.  
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 Consider adding a DPP-4 inhibitor as third-line therapy to first-line 

metformin and a second-line sulfonylurea when control of blood 
glucose remains or becomes inadequate (HbA1c ≥7.5%) and insulin is 
unacceptable or inappropriate. 

 Only continue DPP-4 inhibitor therapy if the person has had a 
beneficial metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 A DPP-4 inhibitor may be preferable to a thiazolidinedione (TZD) if: 
o Further weight gain would cause or exacerbate significant 

problems associated with a high body weight. 
o A thiazolidinedione is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a thiazolidinedione. 
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 
 
TZDs 
 Consider adding a TZD to metformin (as second-line therapy) instead 

of a sulfonylurea when blood glucose control is inadequate (HbA1c 
≥6.5%) if the person is at risk of hypoglycemia, does not tolerate a 
sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a TZD to sulfonylurea (as second-line therapy) when 
control of blood glucose is inadequate (HbA1c ≥6.5%) if the person 
does not tolerate metformin or if metformin is contraindicated.  

 Consider adding a TZD as third-line therapy to first-line metformin 
and a second-line sulfonylurea when control of blood glucose remains 
or becomes inadequate (HbA1c ≥7.5%) and insulin is unacceptable or 
inappropriate. 

 Do not use a TZD is people who have heart failure, or who are at 
higher risk of fracture.  

 Only continue TZD therapy if the person has had a beneficial 
metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 Consider combining TZD with insulin therapy for a person who 
previously had a marked glucose-lowering response to TZD therapy or 
who is on high-dose insulin therapy and whose blood glucose is 
inadequately controlled.  

 A TZD may be preferable to a DPP-4 inhibitor if: 
o The person has marked insulin insensitivity. 
o A DPP-4 inhibitor is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a DPP-4 inhibitor.  
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 

 
Gliptins: GLP-1 enhancers 
 No recommendations are made on the use of gliptins as these drugs are 

not covered in this guideline. 
 
GLP-1 mimetics 
 Consider adding a GLP-1 mimetic as third-line therapy to first-line 

metformin and a second-line sulfonylurea when control of blood 
glucose is inadequate (HbA1c ≥7.5%) and the person has: 

o A body mass index ≥35 kg/m2 in those of European descent 
(with appropriate adjustment for other ethnic groups).  



Sodium-glucose Cotransport 2 Inhibitors  
AHFS Class 682018 

786 
Prepared by University of Massachusetts Medical School Clinical Pharmacy Services 

Clinical Guideline Recommendation(s) 
o A BMI <35 kg/m2, and therapy with insulin would have 

significant occupational implications or weight loss would 
benefit other significant obesity-related comorbidities.  

 Only continue GLP-1 mimetic therapy if the person has had a 
beneficial metabolic response (≥1% reduction in HbA1c and weight 
loss ≥3% of initial body weight at six months). 

 
Insulin therapy 
 May be offered to patients with inadequate blood glucose control on 

optimized oral glucose-lowering agents. 
 When starting basal insulin therapy:  

o Continue with metformin and the sulfonylurea (and acarbose, 
if used).  

o Review the use of the sulfonylurea if hypoglycemia occurs.  
 When starting pre-mixed insulin therapy (or mealtime plus basal 

insulin regimens): 
o Continue with metformin.  
o Continue the sulfonylurea initially and discontinue if 

hypoglycemia occurs. 
 Begin with human NPH insulin injected at bedtime or twice daily 

according to need.  
 Consider using a long-acting insulin analogue if:  

o The person needs assistance from a caregiver or healthcare 
professional to inject insulin, and use of a long-acting insulin 
analogue would reduce the frequency of injections from twice 
to once daily.  

o The person’s lifestyle is restricted by recurrent symptomatic 
hypoglycemic episodes.  

o The person would otherwise need twice-daily NPH insulin 
injections in combination with oral glucose-lowering drugs.  

o The person cannot use the device to inject NPH insulin. 
 Consider twice-daily pre-mixed (biphasic) human insulin (particularly 

if HbA1c ≥9.0%). A once-daily regimen may be an option.  
 Consider pre-mixed preparations that include short-acting insulin 

analogs, rather than pre-mixed preparations that include short-acting 
human insulin preparations, if:  

o A person prefers injecting insulin immediately before a meal.  
o Hypoglycemia is a problem.  
o Blood glucose levels rise markedly after meals. 

 Consider switching to a long-acting insulin analogue from NPH insulin 
in people:  

o Who do not reach their target HbA1c because of significant 
hypoglycemia.  

o Who experience significant hypoglycemia on NPH insulin 
irrespective of the level of HbA1c reached.  

o Who cannot use the device needed to inject NPH insulin but 
who could administer their own insulin safely and accurately 
if a switch to a long-acting insulin analogue were made.  

o Who need help from a caregiver or healthcare professional to 
administer insulin injections and for whom switching to a 
long-acting insulin analogue would reduce the number of 
daily injections.  

 Monitor a person on a basal insulin regimen (NPH insulin or a long-
acting insulin analogue) for the need for short-acting insulin before 
meals (or a pre-mixed insulin preparation). 
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(2014)13 

 
 
 

 Personalize goals to achieve glycemic control with a hemoglobin 
HbA1c in the range of <7 or 8% based on the risks and benefits of each 
patient. A goal of <8% may be more appropriate when: 

o Known cardiovascular disease or high cardiovascular risk, 
may be determined by the Framingham or ACC/AHA 
Cardiovascular Risk Calculator, or alternatively as having two 
or more cardiovascular risks (BMI >30, hypertension, 
dyslipidemia, smoking, and microalbuminuria). 

o Inability to recognize and treat hypoglycemia, including a 
history of severe hypoglycemia requiring assistance. 

o Inability to comply with standard goals, such as 
polypharmacy issues. 

o Limited life expectancy or estimated survival of less than 10 
years. 

o Cognitive impairment. 
o Extensive comorbid conditions such as renal failure, liver 

failure, and end-stage disease complications. 
 A multifactorial approach to diabetes care that includes emphasis on 

blood pressure, lipids, glucose, aspirin use, and non-use of tobacco will 
maximize health outcomes far more than a strategy that is limited to 
just one or two of these clinical domains. 

 Recommend education and self-management, as appropriate.  
 Initiate metformin as first-line pharmacotherapy for patients with type 

2 diabetes, unless medically inappropriate.  
o Metformin may reduce HbA1c by 1 to 1.5%, rarely causes 

hypoglycemia when used as monotherapy and does not cause 
weight gain. 

o Metformin can also be used in combination with all other 
glucose-lowering agents.  

 Improved microvascular and macrovascular outcomes have been 
demonstrated in large clinical trials. 

International Diabetes 
Federation Clinical Guidelines 
Task Force:  
Global Guideline for Type 2 
Diabetes 
(2012)14 

Lifestyle management 
 Changing patterns of eating and physical activity can be effective in 

controlling many of the adverse risk factors found in type 2 diabetes. 
 Match the timing of medication (including insulin) and meals.   
 Reduce energy intake and control of foods with high amounts of added 

sugars, fats, or alcohol.  
 Introduce physical activity gradually, based on the individual’s 

willingness and ability, and setting individualized and specific goals.  
 Encourage increased duration and frequency of physical activity 

(where needed), up to 30 to 45 minutes on three to five days per week, 
or an accumulation of 150 minutes per week of moderate-intensity 
aerobic activity (50 to 70% of maximum heart rate). In the absence of 
contraindications, encourage resistance training three times per week. 

 Provide guidance for adjusting medications (insulin) and/or adding 
carbohydrate for physical activity. 

 
Glucose control levels 
 Maintaining HbA1c below 7% minimizes the risk of developing 

complications.  
 A lower HbA1c target may be considered if it is easily and safely 

achieved. 
 A higher HbA1c target may be considered for people with 

comorbidities or when previous attempts to optimize control have been 
associated with unacceptable hypoglycemia.  
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Oral therapy 
 Begin oral glucose lowering medications when lifestyle interventions 

alone are unable to maintain blood glucose control at target levels. 
Maintain support for lifestyle measures throughout the use of these 
medications.  

 Consider each initiation or dose increase of an oral glucose lowering 
medication as a trial, monitoring response in three months.  

 First-line therapy  
o Begin with metformin unless there is evidence of renal 

impairment or other contraindication.  
o Titrate the dose over early weeks to minimize discontinuation 

due to gastrointestinal intolerance. Monitor renal function and 
use metformin with caution if estimated glomerular filtration 
rate <45 mL/min/1.73m2. 

o Other options include a sulfonylurea (or glinide) for rapid 
response where glucose levels are high, or α-glucosidase 
inhibitors in some populations; these agents can also be used 
initially where metformin cannot.  

o In some circumstances dual therapy may be indicated initially 
if it is considered unlikely that single agent therapy will 
achieve glucose targets.  

 Second-line therapy  
o When glucose control targets are not achieved, add a 

sulfonylurea.  
o Other options include adding metformin if not used first-line, 

an α-glucosidase inhibitor, a dipeptidyl peptidase 4 (DPP-4) 
inhibitor, or a thiazolidinedione (TZD). A rapid-acting insulin 
secretagogue is an alternative option to sulfonylureas. 

 Third-line therapy 
o When glucose control targets are no longer being achieved, 

start insulin or add a third oral agent. 
o If starting insulin, add basal insulin or use premix insulin.  
o If adding a third oral agent options include an α-glucosidase 

inhibitor, a DPP-4 inhibitor, or a TZD. 
o Another option is to add a glucagon-like peptide-1 (GLP-1) 

agonist.  
 Fourth-line therapy 

o Begin insulin therapy when optimized oral blood glucose 
lowering mediations (and/or GLP-1 agonist) and lifestyle 
interventions are unable to maintain target glucose control.  

 
Insulin therapy 
 Do not unduly delay the commencement of insulin. Maintain lifestyle 

measures. Consider every initiation or dose increase of insulin as a 
trial, monitoring the response.  

 Provide education and appropriate self-monitoring.  
 Explain that starting doses of insulin are low, for safety reasons, but 

that eventual dose requirement is expected to be 30 to 100 units/day. 
 Continue metformin. Other oral agents may also be continued.  
 Begin with a basal insulin once daily such as neutral protamine 

Hagedorn (NPH) insulin, insulin glargine, or insulin detemir, or once 
or twice daily premix insulin (biphasic insulin).  

 Initiate insulin using a self-titration regimen (dose increases of two 
units every three days) or with biweekly or more frequent contact with 
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a health-care professional.  

 Aim for pre-meal glucose levels of <6.5 mmol/L (<115 mg/dL). 
 Monitor glucose control for deterioration and increase dose to maintain 

target levels or consider transfer to a basal plus mealtime insulin 
regimen.  

American Diabetes Association:  
Care of Children and 
Adolescents with Type 1 
Diabetes 
(2005)15 

 Insulin type, mixture of insulins, site of injection, and individual 
patient response differences can all affect the onset, peak, and duration 
of insulin activity. 

 Children with diabetes often require multiple daily injections of 
insulin, using combinations of rapid-, short-, intermediate-, or long-
acting insulin before meals and at bedtime to maintain optimal blood 
glucose control. 

 The basal/bolus insulin regimen uses a long-acting insulin analog 
combined with a rapid-acting insulin analog given before meals and 
snacks. This regimen has been shown to result in stable glycemic 
control and less hypoglycemia compared with regimens using 
intermediate and short insulin regimens. 

 Many young children and teenagers consume multiple snacks 
throughout the day. An ideal basal/bolus regimen may consist of as 
many as six to seven insulin injections per day. A combination of 
rapid-acting insulin with small amounts of intermediate-acting insulin 
to allow coverage for snacks may be an appropriate alternative to the 
basal/bolus plan. However, two or three doses of mixed rapid-acting or 
short-acting insulin with intermediate-acting insulin generally cannot 
maintain HbA1c levels within the target range. Recommendations now 
support moving toward a basal/bolus insulin regimen for most patients. 

 The combination of rapid-acting insulin analogs and a long-acting 
insulin offers an excellent option for basal and bolus insulin 
administration. 

 Basal/bolus regimens have been shown to result in lower fasting blood 
glucose levels with less nocturnal hypoglycemia than regimens that use 
NPH insulin in children/adolescents, as well as in adults. 

American Academy of 
Pediatrics: 
Management of Newly 
Diagnosed Type 2 Diabetes 
Mellitus (T2DM) in Children 
and Adolescents 
(2013)16 

 

 Clinicians must ensure that insulin therapy is initiated for children and 
adolescents with T2DM who are ketotic or in diabetic ketoacidosis and 
in whom the distinction between types 1 and 2 diabetes mellitus is 
unclear and, in usual cases, should initiate insulin therapy for patients  

o Who have random venous or plasma blood glucose (BG) 
concentrations ≥250 mg/dL. 

o Whose HbA1c is >9%. 
 In all other instances, clinicians should initiate a lifestyle modification 

program, including nutrition and physical activity, and start metformin 
as first-line therapy for children and adolescents at the time of 
diagnosis of T2DM.  

 Monitoring of HbA1c concentrations is recommended every three 
months and intensifying treatment is recommended if treatment goals 
for finger-stick BG and HbA1c concentrations are not being met. 

 Advise patients to monitor finger-stick BG concentrations in patients 
who:  

o Are taking insulin or other medications with a risk of 
hypoglycemia; or 

o Are initiating or changing their diabetes treatment regimen; or 
o Have not met treatment goals; or 
o Have intercurrent illnesses. 

 Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight 
Management Evidence-Based Nutrition Practice Guidelines in dietary 
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or nutrition counseling of patients with T2DM at the time of diagnosis 
and as part of ongoing management.  

 Encourage children and adolescents with T2DM to engage in 
moderate-to-vigorous exercise for at least 60 minutes daily and to limit 
nonacademic “screen time” to less than two hours a day.  

National Institute for Health and 
Care Excellence:  
Diagnosis and Management of 
Type 1 Diabetes in 
Children, Young People, and 
Adults  
(Issued 2004, last modified 
July 2014)17 

 

Children (aged younger than 11 years) and young people (aged 11 to <18 
years) 
 Children and young people with type 1 diabetes should be offered an 

ongoing integrated package of care by a multidisciplinary pediatric 
diabetes care team. 

 Insulin regimens  
o One, two, or three insulin injections per day: these are usually 

injections of short-acting insulin or rapid-acting insulin 
analogue mixed with intermediate-acting insulin. The insulin 
preparations may be mixed by the patient at the time of 
injection. 

o Multiple daily injection regimen: the person has injections of 
short-acting insulin or rapid-acting insulin analogue before 
meals, together with one or more separate daily injections of 
intermediate-acting insulin or long-acting insulin analogue. 

o Continuous subcutaneous insulin infusion (insulin pump 
therapy): a programmable pump and insulin storage reservoir 
that gives a regular or continuous amount of insulin (usually 
in the form of a rapid-acting insulin analogue or short-acting 
insulin) by a subcutaneous needle or cannula. 

 Pre-school and primary school children should be offered the most 
appropriate individualized regimens to optimize glycemic control.  

 Young people should be offered multiple daily injection regimens to 
help optimize glycemia control. 

 As it improves glycemic control, multiple daily injection regimens 
should be offered only as part of a package of care that involves 
continuing education; dietary management; instruction on the use of 
insulin delivery systems and blood glucose monitoring; emotional and 
behavioral support; and medical, nursing, and dietetic expertise in 
pediatric diabetes. 

 Children and young people using multiple daily injection regimens 
should be informed that they may experience an initial increase in the 
risk of hypoglycemia and short-term weight gain.  

 Children and young people and their families should be informed about 
strategies for the avoidance and management of hypoglycemia.  

 Young people who do not achieve satisfactory glycemic control with 
multiple daily injection regimens should be offered additional support 
and, if appropriate, alternative insulin therapy (once, twice, or three 
times daily mixed insulin regimens or continuous SC insulin infusion 
using an insulin pump).  

 Young people who have difficulty adhering to the multiple daily 
injection regimens should be offered twice-daily injection regimens.  

 Continuous SC insulin infusion is recommended as an option for 
patients provided that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and; 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Continuous SC insulin infusion therapy should be initiated only by a 
trained specialist team. 
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 All individuals beginning continuous SC insulin infusion therapy 

should be provided with specific training in its use.  
 Established users of continuous SC insulin infusion therapy should 

have their insulin management reviewed by their specialist team so that 
a decision can be made about whether a trial or a switch to multiple-
dose insulin incorporating insulin glargine would be appropriate.  

 Insulin preparations:  
o Children and young people should be offered the most 

appropriate insulin preparations according to their individual 
needs with the aim of obtaining an HbA1c <7.5% without 
frequent disabling hypoglycemia and maximizing quality of 
life.  

o Children and young people using multiple daily insulin 
regimens should be informed that injection of rapid-acting 
insulin analogs before eating (rather than after eating) reduces 
PPG levels thus helps to optimize blood glucose control. 

o For pre-school children it may be appropriate to use rapid-
acting insulin analogs shortly after eating (rather than before 
eating) because food intake can be unpredictable.  

o Children and young people who use insulin preparations 
containing intermediate-acting insulin should be informed that 
these preparations should be mixed before use according to 
instructions provided in patient information leaflets.  

 Insulin delivery:  
o Children and young people should be offered a choice of 

insulin delivery systems that takes account of their insulin 
requirements and personal preferences.  

o Children and young people using insulin injection regimens 
should be offered needles that are of an appropriate length for 
their body fat.  

 Non-insulin agents (oral antidiabetic agents):  
o Children and young people should not be offered acarbose or 

sulfonylureas in combination with insulin because they may 
increase the risk of hypoglycemia without improving 
glycemic control. 

o Metformin in combination with insulin is suitable for use only 
within research trials because the effectiveness of this 
combination therapy in providing glycemic control is 
uncertain. 

 
Adults (aged 18 years or older): Insulin regimens 
 Patients should have access to the types (preparation and species) of 

insulin they find allow them optimal well-being. 
 Cultural preferences need to be discussed and respected in agreeing on 

the insulin regimen for a patient. 
 Multiple insulin injection regimens, in patients who prefer them, 

should be used as part of an integrated package of which education, 
food, and skills training should be integral parts.  

 Appropriate self-monitoring and education should be used as part of an 
integrated package to help achieve optimal diabetes outcomes.  

 Mealtime insulin injections should be provided by injection 
unmodified (‘soluble’) insulin or rapid-acting insulin analogs before 
main meals.  

 Rapid-acting insulin analogs should be used as an alternative to 
mealtime unmodified insulin where nocturnal or late inter-prandial 
hypoglycemia is a problem, and in those in whom they allow 
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equivalent blood glucose control without use of snacks between meals 
and this is needed or desired.  

 Basal insulin therapy (including nocturnal insulin supply) should be 
provided by the use of isophane (NPH) insulin or long-acting insulin 
analogs (insulin glargine). Isophane (NPH) insulin should be given at 
bedtime. If rapid-acting insulin analogs are given at mealtimes or the 
midday insulin dose is small or lacking, the need to give isophane 
(NPH) insulin twice-daily (or more often) should be considered.  

 Long-acting insulin analogs (insulin glargine) should be used when:  
o Nocturnal hypoglycemia is a problem on isophane (NPH) 

insulin. 
o Morning hypoglycemia on isophane (NPH) insulin results in 

difficult daytime blood glucose control.  
o Rapid-acting insulin analogues are used for mealtime blood 

glucose control.  
 Twice-daily insulin regimens should be used by those adults who 

consider number of daily injections an important issue in quality of 
life: 

o Biphasic insulin preparations (pre-mixes) are often the 
preparations of choice in this circumstance.  

o Biphasic rapid-acting insulin analog pre-mixes may give an 
advantage to those prone to hypoglycemia at night.  

o Such twice-daily regimens may also help those who find 
adherence to their agreed lunchtime insulin injection difficult 
and those with learning difficulties who may require 
assistance from others.  

 Adults whose nutritional and physical activity patterns vary 
considerably from day-to-day, for vocational or recreational reasons, 
may need careful and detailed review of their self-monitoring and 
insulin injection regimen(s). This should include all the appropriate 
preparations and consideration of unusual patterns and combinations.  

 For adults undergoing periods of fasting or sleep following eating (e.g., 
during religious feasts and fasts, after night-shift work), a rapid-acting 
insulin analog before the meal (provided the meal is not prolonged) 
should be considered.  

 For adults with erratic and unpredictable blood glucose control, rather 
than a change in a previously optimized insulin regimen, the following 
should be considered: 

o Re-suspension of insulin and injection technique.  
o Injection sites. 
o Self-monitoring skills. 
o Knowledge and self-management skills.  
o Nature of lifestyle.  
o Psychological and psychosocial difficulties.  
o Possible organic causes (e.g., gastroparesis).  

 Continuous SC insulin infusion is recommended as an option provided 
that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Partial insulin replacement to achieve blood glucose control targets 
(basal insulin only, or just some mealtime insulin) should be 
considered for patients initiating insulin therapy, until such time as 
islet β-cell deficiency progresses further.  

 Clear guidelines and protocols should be given to all patients to assist 
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them in adjusting insulin doses appropriate during intercurrent illness.  

 Oral glucose-lowering drugs should generally not be used in the 
management of type 1 diabetics.  

 
Adults (aged 18 years or older): Insulin delivery 
 Adults who inject insulin should have access to the insulin injection 

delivery device they find allows them optimal well-being, often using 
one or more types of insulin injection pen.  

 Adults who have special visual or psychological needs should be 
provided with injection devices or needle-free systems that they can 
use independently for accurate dosing. 

 Insulin injection should be made into the deep SC fat. To achieve this, 
needles of a length appropriate to the individual should be made 
available. 

 Adults should be informed that the abdominal wall is the therapeutic 
choice for mealtime insulin injections. 

 Adults should be informed that extended-acting suspension insulin 
(e.g., isophane [NPH] insulin) may give a longer profile of action when 
injected into the SC tissue of the thigh rather than the arm or 
abdominal wall.  

 Adults should be recommended to use one anatomical area for the 
injections given at the same time of day, but to move the precise 
injection site around in the whole of the available skin within that area.  

 Patients should be provided with suitable containers for the collection 
of used needles. Arrangements should be available for the suitable 
disposal of these containers.  

 Injection site condition should be checked annually, and if new 
problems with blood glucose control occur.  

American Diabetes Association:  
Type 1 Diabetes Through the 
Life Span: A Position 
Statement of the American 
Diabetes Association  
(2014)18 

 
 

Nutritional therapy  
 Individualized medical nutrition therapy is recommended for all people 

with type 1 diabetes as an effective component of the overall treatment 
plan. 

 Monitoring carbohydrate intake, whether by carbohydrate counting or 
experience-based estimation, remains a key strategy in achieving 
glycemic control. 

 If adults with type 1 diabetes choose to drink alcohol, they should be 
advised to do so in moderation (one drink per day or less for adult 
women and two drinks per day or less for adult men). Discussion with 
a health care provider is advised to explore potential interactions with 
medications. Adults should be advised that alcohol can lower blood 
glucose levels and that driving after drinking alcohol is 
contraindicated. 

 
Physical activity and exercise  
 Exercise should be a standard recommendation as it is for individuals 

without diabetes; however, recommendations may need modifications 
due to the presence of macro- and microvascular diabetes 
complications.  

 Patients of all ages (or caregivers of children) should be educated about 
the prevention and management of hypoglycemia that may occur 
during or after exercise.  

 Patients should be advised about safe preexercise blood glucose levels 
(typically 100 mg/dL or higher depending on the individual and type of 
physical activity). 

 Reducing the prandial insulin dose for the meal/snack preceding 
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exercise and/or increasing food intake can be used to help raise the 
preexercise blood glucose level and reduce hypoglycemia. 

 A reduction in overnight basal insulin the night following exercise may 
reduce the risk for delayed exercise-induced hypoglycemia.  

 Self-monitoring of blood glucose should be performed as frequently as 
needed, and sources of simple carbohydrate should be readily available 
to prevent and treat hypoglycemia.  

 
Glycemic control goals  
 The American Diabetes Association strongly believes that blood 

glucose and HbA1c targets should be individualized with the goal of 
achieving the best possible control while minimizing the risk of severe 
hyperglycemia and hypoglycemia and maintaining normal growth and 
development. 

 An HbA1c goal of <7.5% is recommended across all pediatric age-
groups.  

 A reasonable HbA1c goal for many nonpregnant adults with type 1 
diabetes is <7%. 

 Providers might reasonably suggest more stringent HbA1c goals (such 
as <6.5%) for select individual patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. 

 Less stringent HbA1c goals (such as <8.5%) may be appropriate for 
patients with a history of severe hypoglycemia, hypoglycemia 
unawareness, limited life expectancy, advanced microvascular/ 
macrovascular complications, or extensive comorbid conditions. 

 
Insulin therapy 
 Most individuals with type 1 diabetes should be treated with multiple 

daily insulin injections (three or more injections per day of prandial 
insulin and one to two injections of basal insulin) or continuous 
subcutaneous insulin infusion. 

 Most individuals should be educated in how to match prandial insulin 
dose to carbohydrate intake, premeal blood glucose, and anticipated 
activity.  

 Most individuals should use insulin analogs to reduce hypoglycemia 
risk. 

 All individuals with type 1 diabetes should be taught how to manage 
blood glucose levels under varying circumstances, such as when ill or 
receiving glucocorticoids or for those on pumps, when pump problems 
arise. 

 Child caregivers and school personnel should be taught how to 
administer insulin based on provider orders when a child cannot self-
manage and is out of the care and control of his or her parent/guardian. 

 
Adjunctive therapies  
 Pramlintide may be considered for use as adjunctive therapy to 

prandial insulin in adults with type 1 diabetes failing to achieve 
glycemic goals. 

 Evidence suggests that adding metformin to insulin therapy may reduce 
insulin requirements and improve metabolic control in overweight/ 
obese patients and poorly controlled adolescents with type 1 diabetes, 
but evidence from larger longitudinal studies is required. 

 Current type 2 diabetes medications (GLP-1 agonists, DPP-4 
inhibitors, and SGLT2 inhibitors) may be potential therapies for type 1 
diabetic patients, but require large clinical trials before use in type 1 
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diabetic patients. 

*This algorithm was updated in 201310 
 

III. Indications 
 

The Food and Drug Administration (FDA)-approved indications for the sodium-glucose cotransport 2 inhibitors 
are noted in Table 3. While agents within this therapeutic class may have demonstrated positive activity via in 
vitro trials, the clinical significance of this activity remains unknown until fully demonstrated in well-controlled, 
peer-reviewed in vivo clinical trials. As such, this review and the recommendations provided are based 
exclusively upon the results of such clinical trials.  

 
Table 3. FDA-Approved Indications for the Sodium-glucose Cotransport 2 Inhibitors3-5   

Indication Canagliflozin Dapagliflozin Canagliflozin 
and Metformin 

Type 2 diabetes mellitus, an adjunct to diet and exercise 
to improve glycemic control   

 

Type 2 diabetes mellitus, as an adjunct to diet and 
exercise to improve glycemic control in adults with who 
are not adequately controlled on a regimen containing 
metformin or canagliflozin, or in patients who are 
already treated with both canagliflozin and metformin 

   

 
 

IV. Pharmacokinetics 
 
The pharmacokinetic parameters of the sodium-glucose cotransport 2 inhibitors are listed in Table 4.  

 
Table 4. Pharmacokinetic Parameters of the Sodium-glucose Cotransport 2 Inhibitors19   

Generic 
Name(s) 

Bioavailability 
(%) 

Protein Binding  
(%) 

Metabolism 
(%) 

Excretion 
(%) 

Half-Life 
(hours) 

Single Entity Agents 

Canagliflozin 65 99 (primarily albumin) Liver (extensive)  
Urine (33) 

Feces 
(41.5) 

10.6 to 13.1 

Dapagliflozin 78 91 Liver (extensive) Urine (75) 
Feces (21) 12.9 

Combination Products  

Canagliflozin 
and 

Metformin 

65/ 
50 to 60 

99 (primarily albumin)/ 
Negligible (% not 

reported) 

Liver (extensive)/ 
None 

Urine (33) 
Feces 
(41.5)/ 

Renal (90) 

10.6 to 13.1/ 
6.2 

 
 

V. Drug Interactions 
 
There are no significant drug interactions reported with canagliflozin or dapagliflozin.20 Coadministration of 
canagliflozin with UDP-glucuronosyltransferase inducers, such as rifampin, may decrease the exposure to 
canagliflozin and therefore decrease efficacy.3 Additionally, Coadministration of canagliflozin with digoxin may 
increase digoxin exposure. Use caution if concomitant use is required and monitor digoxin levels. Consider 
advising the patient to report signs or symptoms of digoxin toxicity.3 

 
 

VI. Adverse Drug Events 
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The most common adverse drug events reported with the sodium-glucose cotransport 2 inhibitors are listed in 
Table 5. The boxed warning for canagliflozin-metformin is listed in Table 6. 

 
Table 5. Adverse Drug Events (%) Reported with the Sodium-glucose Cotransport 2 Inhibitors20 

Adverse Event 
Single Entity Agents Combination Products 

Canagliflozin Dapagliflozin Canagliflozin and 
Metformin# 

Central Nervous System 
Fatigue 2.0 to 2.2 - 2.0 to 2.2 
Gastrointestinal 
Abdominal pain 1.7 to 1.8 - 1.7 to 1.8 
Constipation 1.8 to 2.3 2 1.8 to 2.3 
Nausea 2.2 to 2.3 3 2.2 to 2.3 
Genitourinary 
Dysuria - 2 - 
Fungal vaginosis† - 7 to 8 - 
Genitourinary fungal infection‡ 10.4 to 11.4 (female) 

3.7 to 4.2 (male) 
3 10.4 to 11.4 (female) 

3.7 to 4.2 (male) 
Increased urination§ 4.6 to 5.3 3 to 4 4.6 to 5.3 
Urinary tract infection§§ 4.3 to 5.9 4 to 6 4.3 to 5.9 
Vulvovaginal pruritus 1.6 to 3  1.6 to 3 
Endocrine and metabolic 
Dyslipidemia - 2 to 3 - 
Hypovolemia* - 1 - 
Increased LDL cholesterol    
Increased serum phosphate  2  
Renal 
Decreased estimated GFR    
Increased serum creatinine     

Other 
Back pain - 3 to 4 - 
Hypersensitivity reaction 3.8 to 4.2  3.8 to 4.2 
Increased hematocrit (>55%) - 1 - 
Increased hemoglobin  -  
Influenza - 2 to 3 - 
Limb pain - 2 - 
Nasopharyngitis - 6 to 7 - 
Thirst 2.3 to 2.8 - 2.3 to 2.8 
Urticaria -  - 

  *Hypovolemia includes: dehydration, hypovolemia, orthostatic hypotension, and hypotension.  
†Fungal vaginosis includes: vulvovaginal mycotic infection, vaginal infection, vulvovaginal candidiasis, vulvovaginitis, genital infection, 
genital candidiasis, fungal genital infection, vulvitis, genitourinary tract infection, vulval abscess, vaginitis bacterial. 
‡Genitourinary fungal infections include: balanitis, fungal genital infection, balanitis candida, genital candidiasis, genital infection male, 
penile infection, balanoposthitis, balanoposthitis infective, genital infection, posthitis. 
§Increased urination includes: polyuria, pollakiuria, urine output increased, micturition urgency, and nocturia. 
§§Urinary tract infection includes: urinary tract infection, cystitis, kidney infection, and urosepsis. 
-Incidence not reported or <1%. 

Incidence not specified. 
#The incidence and type of adverse reactions for the combination canagliflozin/metformin was similar to the adverse reactions of 
canagliflozin alone. There were no additional adverse reactions identified in the pooling of three additional placebo-controlled studies that 
included metformin relative to the four placebo-controlled studies used for canagliflozin alone. 

 
 

Table 6. Boxed Warning for the Canagliflozin-Metformin5 

WARNING 
Lactic Acidosis:  

 Lactic acidosis is a rare but serious complication that can occur due to metformin accumulation. The risk 
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increases with conditions such as renal impairment, sepsis, dehydration, excess alcohol intake, hepatic 
impairment, and acute congestive heart failure. 

 The onset is often subtle, accompanied only by nonspecific symptoms such as malaise, myalgias, 
respiratory distress, increasing somnolence, and nonspecific abdominal distress. 

 Laboratory abnormalities include low pH, increased anion gap, and elevated blood lactate. 
 If lactic acidosis is suspected, canagliflozin-metformin should be discontinued and the patient hospitalized 

immediately. 
 
 

VII. Dosing and Administration 
 

The usual dosing regimens for the sodium-glucose cotransport 2 inhibitors are listed in Table 7. 
 

Table 7. Usual Dosing Regimens for the Sodium-glucose Cotransport 2 Inhibitors3-5 

Generic 
Name Usual Adult Dose Usual 

Pediatric Dose Availability 

Single Entity Agents 

Canagliflozin 

Type 2 diabetes mellitus, as an adjunct to diet and 
exercise to improve glycemic control: 
Tablet: initial, 100 mg once daily before the first meal of 
the day; in patients tolerating canagliflozin who have an 
eGFR ≥ 60 mL/min/1.73 m2 and require additional 
glycemic control, the dose can be increased to 300 mg 
once daily 

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet: 
100 mg 
300 mg 

Dapagliflozin 

Type 2 diabetes mellitus, as an adjunct to diet and 
exercise to improve glycemic control: 
Tablet: initial, 5 mg once daily in the morning; in patients 
tolerating dapagliflozin who require additional glycemic 
control, the dose can be increased to 10 mg once daily 

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet:  
5 mg 
10 mg 

Combination Products  

Canagliflozin 
and 
Metformin 

Type 2 diabetes mellitus, as an adjunct to diet and 
exercise to improve glycemic control in adults with who 
are not adequately controlled on a regimen containing 
metformin or canagliflozin, or in patients who are already 
treated with both canagliflozin and metformin: 
Tablet: initial, based on current regimen start 
canagliflozin 50 mg and/or metformin 500 mg twice 
daily with meals 

Safety and 
efficacy in 
children have 
not been 
established. 

Tablet: 
50-500 mg 
50-1,000 mg 
150-500 mg 
150-1,000 mg  
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Additional Evidence 
 
Dose Simplification 
A search of Medline and PubMed did not reveal data pertinent to this topic.  
 
Stable Therapy 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

          Rx=prescription 
 

Table 9. Relative Cost of the Sodium-glucose Cotransport 2 Inhibitors 
Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 

Single Entity Agents 
Canagliflozin tablet Invokana® $$$$$ N/A 
Dapagliflozin tablet Farxiga® $$$$$ N/A 
Combination Products 
Canagliflozin and 
Metformin 

tablet Invokamet™  $$$$$ N/A 

N/A=Not available 
 
 

X. Conclusions 
 

The sodium-glucose cotransport 2 (SGLT2) inhibitors are approved for use as an adjunct to diet and exercise to 
improve glycemic control in adults with type 2 diabetes mellitus.3-5 There are currently no generic products 
available.  

 
According to current clinical guidelines for the management of type 2 diabetes, metformin remains the 
cornerstone to most antidiabetic treatment regimens. Additionally, patients with a high glycosylated hemoglobin 
(HbA1c) will most likely require combination or triple therapy in order to achieve glycemic goals. At this time, 
uniform recommendations on the best agent to be combined with metformin cannot be made; therefore, 
advantages and disadvantages of specific antidiabetic agents for each patient should be considered.6-18 The role of 
SGLT2 inhibitors are addressed in one treatment guideline and are recommended as a potential first, second, or 



Sodium-glucose Cotransport 2 Inhibitors  
AHFS Class 682018 

810 
Prepared by University of Massachusetts Medical School Clinical Pharmacy Services 

third-line treatment option to be added as an alternative to or in combination with metformin in patients not 
achieving glycemic goals.10 SGLT2 inhibitors are acceptable therapeutic alternatives that reduce glucose without 
weight gain or hypoglycemia.10 

 

Canagliflozin and dapagliflozin are available as oral once-daily tablets and have demonstrated to be significantly 
more effective compared to placebo in reducing glycosylated hemoglobin (HbA1c) and fasting plasma glucose.21-24 
Combination and add-on therapy with SGLT2 inhibitors and metformin, a sulfonylurea, a thiazolidinedione, and 
insulin consistently demonstrates improved benefits in glycemic control over placebo. Currently no head-to-head 
trials comparing agents within the class been published.25-37 Limited trials have compared the SGLT2 inhibitors to 
other classes or oral antidiabetic agents: Studies thus far have demonstrated noninferiority to glimepiride, 
glipizide, and sitagliptin.28,29,35 

  
Though clinical experience is limited, the SGLT2 inhibitors are associated with several favorable side effects 
compared to other antidiabetic agents such as weight loss. Compared to sulfonylureas, the risk of hypoglycemia 
associated with the SGLT2 inhibitors is low as it reduces plasma glucose concentrations without stimulating 
insulin release or inhibiting its counterregulatory response.1-4 During clinical trials, common adverse side effects 
associated with the SGLT2 inhibitors included increased incidence of female genital mycotic infections, urinary 
tract infection, and increased urination.3-5 

 
There have been no clinical studies establishing conclusive evidence of macrovascular risk reduction with the 
SGLT2 inhibitors or any other antidiabetic drug.3-5  
 
There is insufficient evidence to support that one brand SGLT2 inhibitor is safer or more efficacious than another 
within its given indication. Formulations without a generic alternative should be managed through the medical 
justification portion of the prior authorization process.  
 
Therefore, all brand products within the class reviewed are comparable to each other and to the generic products 
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.  

 
 

XI. Recommendations 
 

No brand sodium-glucose cotransport 2 inhibitor is recommended for preferred status. Alabama Medicaid should 
accept cost proposals from manufacturers to determine the most cost effective products and possibly designate 
one or more preferred brands.  
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I. Overview 

 
Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes: 
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced, 
genetic defects in β-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the 
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and 
long-term complications, including microvascular and macrovascular events. There are a variety of oral and 
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12 
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of 
action, efficacy, safety profiles, tolerability, and ease of use.  
 
The sulfonylureas are approved for use as an adjunct to diet and exercise to improve glycemic control in adults 
with type 2 diabetes mellitus.1-10 They stimulate the release of insulin from functioning pancreatic beta cells.1-10 
There may also be additional extrapancreatic effects; however, the mechanism by which these agents lower blood 
glucose during long-term administration has not been clearly established. The sulfonylureas block ATP-dependent 
potassium channels in pancreatic beta cells. This leads to depolarization of the beta cell, followed by an influx of 
calcium and stimulation of insulin secretion.11  
 
The sulfonylureas may be further classified as first generation or second generation agents. The first generation 
sulfonylureas include chlorpropamide, tolazamide, and tolbutamide. The second generation sulfonylureas include 
glimepiride, glipizide, and glyburide. The second generation agents have structural characteristics that allow them 
to be given in much lower doses than the first generation agents. The sulfonylureas primarily differ in their 
pharmacokinetic parameters; however, they appear to have similar glucose-lowering effects when administered in 
equipotent doses.11 Glipizide and glyburide are also available in combination with metformin. Metformin 
decreases hepatic glucose production, decreases intestinal absorption of glucose and improves insulin sensitivity 
by increasing peripheral glucose uptake and utilization.4,7  

 
The sulfonylureas that are included in this review are listed in Table 1. This review encompasses all dosage forms 
and strengths. All of the sulfonylureas are available in a generic formulation, including the fixed-dose 
combination products. This class was last reviewed in November 2012. 

 
Table 1. Sulfonylureas Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Single Entity Agents    
Chlorpropamide tablet N/A chlorpropamide 
Glimepiride tablet Amaryl®* glimepiride 
Glipizide extended-release tablet, 

tablet 
Glucotrol®*, Glucotrol 
XL®*  

glipizide, glipizide 
extended-release 

Glyburide tablet DiaBeta®* glyburide 
Glyburide, micronized tablet Glynase®* glyburide, micronized 
Tolazamide tablet N/A tolazamide 
Tolbutamide tablet N/A tolbutamide 
Combination Products    
Glipizide and metformin tablet N/A glipizide and metformin 
Glyburide, micronized 
and metformin 

tablet Glucovance®* glyburide, micronized 
and metformin 

  *Generic is available in at least one dosage form or strength.  
   PDL=Preferred Drug List 
   N/A=Not available 
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II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type 
2 diabetes are presented globally, addressing the role of various medication classes.    
 
Table 2. Treatment Guidelines Using the Sulfonylureas 

Clinical Guideline Recommendation(s) 
American Diabetes Association:  
Standards of Medical Care in 
Diabetes  

(2014)12 

 
 
 

Current criteria for the diagnosis of diabetes 
 The following are the criteria for a diagnosis of diabetes: glycosylated 

hemoglobin (HbA1c) ≥6.5%, or a fasting plasma glucose (FPG) ≥126 
mg/dL, or a two-hour plasma glucose ≥200 mg/dL during an oral 
glucose tolerance test or patients with classic symptoms of 
hyperglycemia, or classic symptoms of hyperglycemia or 
hyperglycemic crisis (random plasma glucose ≥200 mg/dL).  

 
Prevention/delay of type 2 diabetes 
 An ongoing support program for weight loss of 7% of body weight and 

an increase in physical activity to ≥150 minutes/week of moderate 
activity should be encouraged in patients with impaired glucose 
tolerance, impaired fasting glucose, or an HbA1c 5.7 to 6.4%. 

 Metformin therapy for prevention of type 2 diabetes may be considered 
in patients with impaired glucose tolerance, impaired fasting glucose, 
or an HbA1c 5.7 to 6.7%, especially for those with a body mass index 
>35 kg/m2, age <60 years, and women with prior gestational diabetes 
mellitus.  

 
Glycemic goals in adults 
 Lowering HbA1c to below or around 7.0% has been shown to reduce 

microvascular complications of diabetes, and if implemented soon 
after the diagnosis of diabetes is associated with long term reduction in 
macrovascular disease. A reasonable HbA1c goal for many nonpregnant 
adults is <7.0%. 

 It may be reasonable for providers to suggest more stringent HbA1c 
goals (<6.5%) for selected patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. Such 
patients may include those with short duration of diabetes, long life 
expectancy, and no significant cardiovascular disease.  

 Conversely, less stringent HbA1c goals (<8.0%) may be appropriate for 
patients with a history of severe hypoglycemia, limited life expectancy, 
advanced microvascular or macrovascular complications, extensive 
comorbid conditions, and those with longstanding diabetes in whom 
the general goal is difficult to attain despite diabetes self-management 
education, appropriate glucose monitoring, and effective doses of 
multiple glucose-lowering agents including insulin.  

 
Pharmacologic and overall approaches to treatment-type 1 diabetes 
 Recommended therapy consists of the following components: 

o Use of multiple dose insulin injections (three to four 
injections per day of basal and pre-prandial insulin) or 
continuous subcutaneous (SC) insulin infusion therapy. 

o Matching prandial insulin to carbohydrate intake, pre-meal 
blood glucose, and anticipated activity. 

o Most patients should use of insulin analogs to reduce 
hypoglycemia risk. 

 
Pharmacologic and overall approaches to treatment-type 2 diabetes 
 At the time of diagnosis, initiate metformin therapy along with lifestyle 
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interventions, unless metformin is contraindicated.  

 In newly diagnosed patients with markedly symptomatic and/or 
elevated blood glucose levels or HbA1c, consider insulin therapy, with 
or without additional agents, from the onset.  

 If noninsulin monotherapy at maximal tolerated dose does not achieve 
or maintain the HbA1c target over three to six months, add a second 
oral agent, a glucagon-like peptide-1 (GLP-1) receptor agonist, or 
insulin. 

 Because of the progressive nature of type 2 diabetes, insulin therapy is 
eventually indicated for many patients with type 2 diabetes. 

American Diabetes Association/ 
European Association for the 
Study of Diabetes: 
Management of 
Hyperglycemia in Type 2 
Diabetes: A Patient-Centered 
Approach  

(2012)13 

 
 

Key points 
 Glycemic targets and glucose-lowering therapies must be 

individualized.  
 Diet, exercise, and education remain the foundation of any type 2 

diabetes treatment program. 
 Unless there are prevalent contraindications, metformin is the optimal 

first line drug.  
 After metformin, there are limited data to guide treatment decisions. 

Combination therapy with an additional one to two oral or injectable 
agents is reasonable, aiming to minimize side effects where possible.  

 Ultimately, many patients will require insulin therapy alone or in 
combination with other agents to maintain glucose control.  

 All treatment decisions, where possible, should be made in conjunction 
with the patient, focusing on his/her preferences, needs, and values.  

 Comprehensive cardiovascular risk reduction must be a major focus of 
therapy.  

 
Initial drug therapy 
 It is generally agreed that metformin, if not contraindicated and if 

tolerated, is the preferred and most cost-effective first agent.  
 Metformin should be initiated at, or soon after, diagnosis, especially in 

patients in whom lifestyle intervention alone has not achieved, or is 
unlikely to achieve, HbA1c goals. 

 Patients with high baseline HbA1c (e.g., ≥9.0%) have a low probability 
of achieving a near-normal target with monotherapy; therefore, it may 
be justified to start directly with a combination of two non-insulin 
agents or with insulin itself in this circumstance.  

 If a patient presents with significant hyperglycemic symptoms and/or 
has dramatically elevated plasma glucose concentrations or HbA1c 
(e.g., ≥10.0 to 12.0%), insulin therapy should be strongly considered 
from the outset. Such therapy is mandatory when catabolic features are 
exhibited or, of course, if ketonuria is demonstrated, the latter 
reflecting profound insulin deficiency.  

 If metformin cannot be used, another oral agent could be chosen, such 
as a sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 
(DPP-4) inhibitor; in occasional cases where weight loss is seen as an 
essential aspect of therapy, initial treatment with a glucagon-like 
peptide (GLP)-1 receptor agonist might be useful.  

 Where available, less commonly used drugs (alpha-glucosidase 
inhibitors, colesevelam, bromocriptine) might also be considered in 
selected patients, but their modest glycemic effects and side effect 
profiles make them less attractive candidates.  

 Specific patient preferences, characteristics, susceptibilities to side 
effects, potential for weight gain, and hypoglycemia should play a 
major role in drug selection.  
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Advancing to dual combination therapy 
 If monotherapy alone does not achieve/maintain HbA1c target over 

approximately three months, the next step would be to add a second 
oral agent, a GLP-1 receptor agonist or basal insulin. Notably the 
higher the HbA1c, the more likely insulin will be required.  

 On average, any second agent is typically associated with an 
approximate further reduction in HbA1c of approximately 1.0%.  

 If no clinically meaningful glycemic reduction is demonstrated, then 
adherence having been investigated, that agent should be discontinued, 
and another with a different mechanism of action substituted. 

 Uniform recommendations on the best agent to be combined with 
metformin cannot be made, thus advantages and disadvantages of 
specific drugs for each patient should be considered.  

 It remains important to avoid unnecessary weight gain by optimal 
medication selection and dose titration.  

 For all medications, consideration should also be given to overall 
tolerability.  

 
Advancing to triple combination therapy 
 Some trials have shown advantages of adding a third non-insulin agent 

to a two drug combination that is not yet or no longer achieving the 
glycemic target. However, the most robust response will usually be 
with insulin.  

 Many patients, especially those with long standing disease, will 
eventually need to be transitioned to insulin, which should be favored 
in circumstances where the degree of hyperglycemia (e.g., HbA1c 
≥8.5%) makes it unlikely that another drug will be of sufficient benefit.  

 In using triple combinations the essential consideration is to use agents 
with complementary mechanisms of action.  

 Increasing the number of drugs heightens the potential for side effects 
and drug-drug interactions which can negatively impact patient 
adherence. 

 
Anti-hyperglycemia Therapy in Type 2 Diabetes: General 
Recommendations 

Initial Drug 
Monotherapy 

Metformin 

Efficacy (↓HbA1c) High 
Hypoglycemia Low risk 

Weight Neutral/loss 
Side Effects Gastrointestinal/lactic acidosis 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to two drug combination therapy (order not meant to denote any specific preference) 

Two Drug 
Combin-
ations  

Metformin  
+  

sulfonyl-
urea 

Metformin  
+  

thia-
zolidinedione 

(TZD) 

Metformin  
+  

DPP-4 
inhibitor 

Metformin  
+  

GLP-1 
receptor 
agonist 

Metformin  
+  

insulin 
(usually 
basal) 

Efficacy 
(↓HbA1c) 

High High Inter-
mediate 

High Highest 

Hypo-
glycemia 

Moderate 
risk 

Low risk Low risk Low risk High risk 

Weight Gain Gain Neutral Loss Gain 
Major Side 

Effects 
Hypo-

glycemia 
Edema, heart 
failure, bone 

fracture 

Rare Gastro- 
intestinal 

Hypo-
glycemia 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to three drug combination therapy (order not meant to denote any specific preference) 

Three Metformin  Metformin  Metformin  Metformin  Metformin  
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Drug 
Combin-
ations 

+  
sulfonyl-

urea 
 + 

+  
TZD  

+ 

+  
DPP-4 

inhibitor  
+ 

+  
GLP-1 

receptor 
agonist  

+ 

+  
insulin 
therapy 

+ 

TZD, DPP-
4 inhibitor, 

GLP-1 
receptor 

agonist, or 
insulin 

Sulfonylurea, 
or DPP-4 
inhibitor, 
GLP-1 

receptor 
agonist, or 

insulin 

Sulfonyl-
urea, TZD, 
or insulin 

Sulfonyl-
urea, TZD, 
or insulin 

TZD, 
DPP-4 

inhibitor, 
or GLP-1 
receptor 
agonist 

If combination therapy that includes basal insulin has failed to achieve HbA1c target after 
three to six months, proceed to a more complex insulin strategy, usually in combination 

with one or two non-insulin agents 
More Complex 
Insulin Strategies 

Insulin (multiple daily doses) 

 

American College of Physicians:  
Oral Pharmacologic 
Treatment of Type 2 Diabetes 
Mellitus  

(2012)14 

 
 

 Oral pharmacologic therapy in patients with type 2 diabetes should be 
added when lifestyle modifications, including diet, exercise, and 
weight loss, have failed to adequately improve hyperglycemia. 

 Monotherapy with metformin for initial pharmacologic therapy is 
recommended to treat most patients with type 2 diabetes.  

 It is recommended that a second agent be added to metformin to 
patients with persistent hyperglycemia when lifestyle modifications 
and monotherapy with metformin fail to control hyperglycemia. 

American Association of 
Clinical Endocrinologists: 
Medical Guidelines for 
Clinical Practice for 
Developing a Diabetes Mellitus 
Comprehensive Care Plan 
(2011)15 

 
 

Antihyperglycemic pharmacotherapy  
 The choice of therapeutic agents should be based on their differing 

metabolic actions and adverse effect profiles as described in the 2009 
American Association of Clinical Endocrinologists/American College 
of Endocrinology Diabetes Algorithm for Glycemic Control.* 

 Insulin should be considered for patients with type 2 diabetes mellitus 
when noninsulin antihyperglycemic therapy fails to achieve target 
glycemic control or when a patient, whether drug naïve or not, has 
symptomatic hyperglycemia. 

 Antihyperglycemic agents may be broadly categorized by whether they 
predominantly target fasting plasma glucose (FPG) or postprandial 
glucose (PPG) levels. These effects are not exclusive; drugs acting on 
FPG passively reduce PPG, and drugs acting on PPG passively reduce 
FPG, but these broad categories can aid in therapeutic decision-
making.  

 Thiazolidinediones (TZDs) and sulfonylureas are examples of oral 
agents primarily affecting FPG. Metformin and incretin enhancers 
(DPP-4 inhibitors) also favorably affect FPG.  

 When insulin therapy is indicated in patients with type 2 diabetes to 
target FPG, therapy with long-acting basal insulin should be the initial 
choice in most cases; insulin analogues glargine and detemir are 
preferred over intermediate-acting neutral protamine Hagedorn (NPH) 
because they are associated with less hypoglycemia.  

 The initial choice of an agent targeting FPG or PPG involves 
comprehensive patient assessment with emphasis given to the glycemic 
profile obtained by self-monitoring of blood glucose. 

 When postprandial hyperglycemia is present, glinides and/or α-
glucosidase inhibitors, short- or rapid-acting insulin, and metformin 
should be considered. Incretin-based therapy (DPP-4 inhibitors and 
GLP-1 receptor agonists) also target postprandial hyperglycemia in a 
glucose-dependent fashion, which reduces the risks of hypoglycemia.  

 When control of postprandial hyperglycemia is needed and insulin is 
indicated, rapid-acting insulin analogues are preferred over regular 
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human insulin because they have a more rapid onset and offset of 
action and are associated with less hypoglycemia.  

 Pramlintide can be used as an adjunct to prandial insulin therapy to 
reduce postprandial hyperglycemia, HbA1c, and weight. 

 Premixed insulin analogue therapy may be considered for patients in 
whom adherence to a drug regimen is an issue; however, these 
preparations lack component dosage flexibility and may increase the 
risk for hypoglycemia compared to basal insulin or basal-bolus insulin. 
Basal-bolus insulin therapy is flexible and is recommended for 
intensive insulin therapy. 

 Intensification of pharmacotherapy requires glucose monitoring and 
medication adjustment at appropriate intervals when treatment goals 
are not achieved or maintained.  

 Most patients with an initial HbA1c level >7.5% will require 
combination therapy using agents with complementary mechanisms of 
action. 

American Association of 
Clinical Endocrinologists: 
American Association of 
Clinical Endocrinologists: 
Comprehensive Diabetes 
Management Algorithm 2013 
Consensus Statement  
(2013)16 

 
 

Principles underlying the algorithm 
 Lifestyle optimization is essential for all patients with diabetes; 

however, it should not delay needed pharmacotherapy, which can be 
initiated simultaneously and adjusted based on patient response to 
lifestyle efforts. The need for medical therapy should not be interpreted 
as a failure of lifestyle management, but as an adjunct to it. 

 Achieving an HbA1c ≤6.5% is recommended as the primary goal if it 
can be achieved in a safe and affordable manner; however, higher 
targets may be appropriate for certain individuals and may change for a 
given individual over time.  

 Minimizing risk of hypoglycemia and weight gain is a priority. It is a 
matter of safety, adherence, and cost. 

 For optimal glycemic control, therapies with complementary 
mechanisms of action must typically be used in combination.  

 Therapeutic effectiveness must be evaluated frequently until stable 
(e.g., every three months). 

 Safety and efficacy should be given higher priority than the initial 
acquisition cost of medications, as medication cost is only a small part 
of the total cost of diabetes care. In assessing the cost of a medication, 
consideration should be given to monitoring requirements and risks of 
hypoglycemia and weight gain. 

 Rapid-acting insulin analogs are superior to regular insulin because 
they are more predictable. 

 Long-acting insulin analogs are superior to neutral protamine 
Hagedorn insulin because they provide a fairly flat response for 
approximately 24 hours and provide better reproducibility and 
consistency, both between and within patients, with a corresponding 
reduction in hypoglycemia risk. 
 

Monotherapy  
 Patients with recent-onset diabetes and those with mild hyperglycemia 

(HbA1c <7.5%), initial monotherapy with metformin (at doses of 1,500 
to 2,000 mg/day) and life-style modifications will achieve their 
glycemic goals in a majority of patients.  

 In patients with intolerance or contraindications to metformin, 
acceptable therapeutic alternatives that reduce glucose without weight 
gain or hypoglycemia (in order based on suggested hierarchy of usage) 
include: 

o GLP-1 receptor agonists. 
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o DPP-4 inhibitors.  
o Alpha-glucosidase inhibitors. 
o Sodium glucose cotransporter 2 (SGLT-2) inhibitors. 

 TZD, sulfonylurea, and glinides (in order based on suggested hierarchy 
of usage) may be used but with caution due to possible weight gain and 
hypoglycemia. 

 
Combination therapy  
 Patients who present with an initial HbA1c >7.5% or who do not reach 

their target HbA1c with metformin in three months should be started on 
a second agent to be used in combination with metformin.  

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 In metformin-intolerant patients, two drugs from other classes with 
complimentary mechanisms of action should be used. 

 Combination (in order based on suggested hierarchy of usage) include 
metformin (or other first-line agent) plus: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides. 

 
Three-drug combination therapy  
 Generally, the efficacy of a third antidiabetic agent added to dual 

therapy is reduced compared to the efficacy of the same drug used as 
monotherapy or combination therapy with one other agent. 

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 Patients who present with an HbA1c <8.0% or who do not reach their 
target HbA1c with two antidiabetic drugs after 3 months has a high 
likelihood of reaching target with a third agent.  

 Patients who present with an HbA1c >9.0% or who do not reach their 
target HbA1c with two antidiabetic drugs has are less likely of reaching 
target with a third agent or fourth agent and insulin should be 
considered. 

 Continuation with noninsulin therapies while starting basal insulin is 
common and does not increase cardiovascular risk, but may increase 
risk of hypoglycemia when sulfourea are used in conjunction with 
insulin.  

 Three-drug combination (in order based on suggested hierarchy of 
usage) include metformin (or other first-line agent), a second-line 
agent plus: 

o GLP-1 receptor agonists. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o DPP-4 inhibitors.  
o Colesevelam. 
o Bromocriptine quick release. 
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o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides 

 
Insulin therapy algorithm 
 Patients who present with an initial HbA1c >9.0% and are symptomatic, 

should initiate therapy with insulin with or without other antidiabetic 
agents.  

 Start insulin if a patient has marked hyperglycemia despite treatment 
with several oral antidiabetic agents and is symptomatic with polyuria 
and weight loss. 

 Patients who are not at target HbA1c despite the use of oral antidiabetic 
agents or GLP-1 therapy should be considered for insulin therapy.  

 Patients with an HbA1c level >8.0% while receiving ≥2 antidiabetic 
agents, particularly individuals with long duration of diabetes, have 
significant impairment of beta cell insulin secretory capacity and are 
unlikely to reach the recommended target by the addition of further 
oral antidiabetic drugs. 
 

Basal insulin 
 Patients with an HbA1c level >8.0% while receiving ≥2 oral 

antidiabetic agents or GLP-1 therapy can be started on single daily 
dose of basal insulin as an add-on to the patient’s existing regimen. 

 Titrate insulin dose every two to three days to reach glycemic goals. 
 Basal insulin analogues (glargine and detemir) are preferred over 

protamine Hagedorn insulin because they have been shown to provide 
a relatively flat serum insulin concentration for up to 24 hours from a 
single daily injection. 

 Patients who fail to achieve glucose control with basal insulin or 
premixed insulin formulations can also be considered for basal 
intensification with a DPP-4 inhibitor or GLP-1 receptor agonist if the 
glucose level is not markedly elevated, because this approach tends to 
not cause weight gain or additional hypoglycemia. 

 
Basal-bolus insulin regimens 
 Patients who fail to achieve glucose control with basal insulin or 

premixed insulin formulations and those with symptomatic 
hyperglycemia and HbA1c >10% often respond better to combined 
basal and mealtime bolus insulin. 

 A full basal-bolus program with an insulin basal analogue once or 
twice daily and a rapid-acting analogue at each meal is most effective 
and provides flexibility for patients with variable mealtimes and meal 
carbohydrate content.  

 Doses of insulin may be titrated every two to three days to reach 
glycemic goals.  

 
Basal insulin and incretin therapy regimens 
 Use of the amylin analog pramlintide in conjunction with bolus insulin 

improves both glycemia and weight in patients with type 2 diabetes.  
 The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) 

have similar properties, and also increase endogenous insulin secretion. 
Therefore, the combination of basal insulin and incretin therapy 
decreases basal and postprandial glucose and may minimize the weight 
gain and hypoglycemia risk observed with basal-bolus insulin 
replacement. 

American Association of Glycemic management-all patients with diabetes 
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Clinical Endocrinologists:  
Medical Guidelines for 
Clinical Practice for the 
Management of Diabetes 
Mellitus  
(2007)17 

 
 
 
 

 Encourage patients to achieve glycemic levels as near normal as 
possible without inducing clinically significant hypoglycemia. 
Glycemic targets include the following: 

o HbA1c ≤6.5%. 
o FPG <100 mg/dL. 
o Two-hour PPG <140 mg/dL. 

 Refer patients for comprehensive, ongoing education in diabetes self-
management skills and nutrition therapy.  

 Initiate self-monitoring blood glucose levels.  
 

Glycemic management-patients with type 1 diabetes 
 Initiate intensive insulin therapy with one of the following regimens: 

o Basal-bolus therapy, using a long-acting insulin analog in 
combination with a rapid-acting insulin analog or inhaled 
insulin at meals.  

o Continuous SC insulin infusion with an insulin pump; insulin 
pump therapy indicated for: 

 Patients unable to achieve control using a regimen of 
multiple daily injections. 

 Patients with histories of frequent hypoglycemia 
and/or hypoglycemia unawareness.  

 Patients who are pregnant.  
 Patients with extreme insulin sensitivity (pump 

therapy facilitates better precision than SC 
injections).  

 Patients with a history of dawn phenomenon (these 
patients can program a higher basal rate for the early 
morning hours to counteract the rise in blood glucose 
concentration).  

 Patients who require more intensive diabetes 
management because of complications including 
neuropathy, nephropathy, and retinopathy.  

 Patients taking multiple daily injections who have 
demonstrated willingness and ability to comply with 
prescribed diabetes self-care behavior including 
frequent glucose monitoring, carbohydrate counting, 
and insulin adjustment.  

 Consider adding pramlintide to intensive insulin therapy to enhance 
glycemic control and to assist with weight management.  

 Consider adding an insulin sensitizer to address insulin resistance as 
needed. Exercise caution because of the potential for increased fluid 
retention when TZDs are used with insulin.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
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concentration is >250 mg/dL.  

 
Glycemic management-patients with type 2 diabetes 
 Aggressively implement all appropriate components of care at the time 

of diagnosis.  
 Persistently monitor and titrate pharmacologic therapy until all 

glycemic goals are achieved.  
o First assess current HbA1c level, fasting/pre-prandial glycemic 

profile, and two-hour PPG profile to evaluate the level of 
control and identify patterns.  

o After initiating pharmacologic therapy based on the patterns 
identified in the profile, persistently monitor and titrate 
therapy over the next two to three months until all glycemic 
goals are achieved.  

o If glycemic goals are not achieved at the end of two to three 
months, initiate a more intensive regimen and persistently 
monitor and titrate therapy over the next two to three months 
until all glycemic goals are achieved.  

o Recognize that patients currently treated with monotherapy or 
combination therapy who have not achieved glycemic goals 
will require either increased dosages of current medications or 
the addition of a second or third medication.  

o Consider insulin therapy in patients with HbA1c >8.0% and 
symptomatic hyperglycemic, and in patients with elevated 
fasting blood glucose levels or exaggerated PPG excursions 
regardless of HbA1c levels.  

o Initiate insulin therapy to control hyperglycemia and to 
reverse glucose toxicity when HbA1c >10.0%. Insulin therapy 
can then be modified or discontinued once glucose toxicity is 
reversed.  

o Consider a continuous SC insulin infusion in insulin-treated 
patients.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily. Although monitoring glucose 
levels at least three times daily is recommended, there is no supporting 
evidence regarding optimal frequency of glucose monitoring with or 
without insulin pump therapy.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients whose glycemic levels are above target while being 
treated with oral agents alone, oral agents plus once-daily insulin, or 
once-daily insulin alone to monitor glucose levels at least two times 
daily. There is no supporting evidence regarding optimal frequency of 
glucose monitoring in these patients. 

 Instruct patients who are meeting target glycemic levels, including 
those treated non-pharmacologically, to monitor glucose levels at least 
once daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct patients to obtain comprehensive pre-prandial and two-hour 
PPG measurements to create a weekly profile periodically and before 
clinician visits to guide nutrition and physical activity, to detect post-



Sulfonylureas 
AHFS Class 682020 

823 
Prepared by University of Massachusetts Medical School Clinical Pharmacy Services 

Clinical Guideline Recommendation(s) 
prandial hyperglycemia, and to prevent hypoglycemia.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL. 

 
Clinical support-clinical considerations in patients with type 1 diabetes 
 Instruct patients to administer pre-prandial rapid-acting analog insulin 

20 to 30 minutes before the meal when the pre-meal blood glucose 
levels is high and after the meal has begun when the pre-meal blood 
glucose level is below the reference range.  

 Measure 2:00 to 3:00 AM blood glucose periodically in all patients 
with diabetes to asses for nocturnal hypoglycemia, especially when the 
morning blood glucose level is elevated.  

 Consider using regular insulin instead of rapid-acting insulin analogs 
to obtain better control of post-prandial and pre-meal glucose levels in 
patients with gastroparesis. Insulin pump therapy may also be 
advantageous in these patients. 

 Some type 1 diabetics treated with basal insulin may require two daily 
injections of basal insulin for greater stability.  

 Carefully assess PPG levels when the HbA1c level is elevated and pre-
meal glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Arrange for continuous glucose monitoring for patients with unstable 
glucose control and for patients unable to achieve an acceptable HbA1c 
level. Continuous glucose monitoring is particularly valuable in 
detecting both unrecognized nocturnal hypoglycemia and post-prandial 
hyperglycemia. 

 Some patients using pramlintide may achieve better post-prandial and 
pre-meal glucose control by combining it with regular insulin rather 
than rapid-acting analogs.  

 Individualize insulin regimens to accommodate patient exercise 
patterns.  

 Treat hypoglycemic reactions with simple carbohydrates. 
 
Clinical support-clinical considerations in patients with type 2 diabetes 
 Combining therapeutic agents with different modes of action may be 

advantageous.  
 Use insulin sensitizers, such as metformin or TZDs, as part of the 

therapeutic regimen in most patients unless contraindicated or 
intolerance has been demonstrated.  

 Insulin is the therapy of choice in patients with advanced chronic 
kidney disease.  

 Metformin, TZDs, and incretin mimetics do not cause hypoglycemia. 
However, when used in combination with secretagogues or insulin, 
these medications may need to be adjusted as blood glucose levels 
decline.  

 The weight gain associated with TZDs in some patients may be partly 
offset by combination therapy with metformin.  

 Carefully assess PPG levels if the HbA1c level is elevated and pre-
prandial glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
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unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Individualize treatment regimens to accommodate patient exercise 
patterns.  

 Administer basal insulin in the evening if fasting glucose is elevated. 
 Long-acting insulin analogs are associated with less hypoglycemia 

than NPH insulin.  
National Institute for Health and 
Care Excellence:  
The Management of Type 2 
Diabetes  
(Issued 2009, last modified 
July 2014)18 

 
 

Metformin 
 Start metformin in overweight or obese patients and whose blood 

glucose is inadequately controlled by lifestyle interventions alone. 
 Consider metformin as an option for first-line glucose-lowering 

therapy for patients who are not overweight.  
 Continue metformin if blood glucose control remains or becomes 

inadequate and another oral glucose-lowering medication (usually a 
sulfonylurea) is added.  

 Step up metformin therapy gradually over weeks to minimize risk of 
gastrointestinal (GI) side effects. Consider a trial of extended release 
metformin if GI tolerability prevents continuation of therapy.  

 
Insulin secretagogues 
 Consider a sulfonylurea as an option for first-line glucose-lowering 

therapy if the patient is not overweight, the patient does not tolerate 
metformin (or it is contraindicated), or a rapid response to therapy is 
required because of hyperglycemic symptoms. 

 Add a sulfonylurea as second-line therapy when blood glucose control 
remains or becomes inadequate with metformin.  

 Continue sulfonylurea therapy if blood glucose control remains or 
becomes inadequate and another oral glucose-lowering medication is 
added. 

 When adherence is a problem, offer a once-daily, long-acting 
sulfonylurea.  

 
Rapid-acting insulin secretagogues 
 Consider offering a rapid-acting insulin secretagogue to a patient with 

an erratic lifestyle.  
 
Acarbose 
 Consider acarbose for a patient unable to use other oral glucose-

lowering medications.  
 
DPP-4 inhibitors  
 Consider adding a DPP-4 inhibitor to metformin (as second-line 

therapy) instead of a sulfonylurea when blood glucose control is 
inadequate (HbA1c ≥6.5%) if the person is at risk of hypoglycemia, 
does not tolerate a sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a DPP-4 inhibitor to sulfonylurea (as second-line 
therapy) when control of blood glucose is inadequate (HbA1c ≥6.5%) if 
the person does not tolerate metformin or if metformin is 
contraindicated.  

 Consider adding a DPP-4 inhibitor as third-line therapy to first-line 
metformin and a second-line sulfonylurea when control of blood 
glucose remains or becomes inadequate (HbA1c ≥7.5%) and insulin is 
unacceptable or inappropriate. 

 Only continue DPP-4 inhibitor therapy if the person has had a 
beneficial metabolic response (≥0.5% reduction in HbA1c in 6 months). 
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 A DPP-4 inhibitor may be preferable to a thiazolidinedione (TZD) if: 

o Further weight gain would cause or exacerbate significant 
problems associated with a high body weight. 

o A thiazolidinedione is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a thiazolidinedione. 
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 
 
TZDs 
 Consider adding a TZD to metformin (as second-line therapy) instead 

of a sulfonylurea when blood glucose control is inadequate (HbA1c 
≥6.5%) if the person is at risk of hypoglycemia, does not tolerate a 
sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a TZD to sulfonylurea (as second-line therapy) when 
control of blood glucose is inadequate (HbA1c ≥6.5%) if the person 
does not tolerate metformin or if metformin is contraindicated.  

 Consider adding a TZD as third-line therapy to first-line metformin 
and a second-line sulfonylurea when control of blood glucose remains 
or becomes inadequate (HbA1c ≥7.5%) and insulin is unacceptable or 
inappropriate. 

 Do not use a TZD is people who have heart failure, or who are at 
higher risk of fracture.  

 Only continue TZD therapy if the person has had a beneficial 
metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 Consider combining TZD with insulin therapy for a person who 
previously had a marked glucose-lowering response to TZD therapy or 
who is on high-dose insulin therapy and whose blood glucose is 
inadequately controlled.  

 A TZD may be preferable to a DPP-4 inhibitor if: 
o The person has marked insulin insensitivity. 
o A DPP-4 inhibitor is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a DPP-4 inhibitor.  
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 

 
Gliptins: GLP-1 enhancers 
 No recommendations are made on the use of gliptins as these drugs are 

not covered in this guideline. 
 
GLP-1 mimetics 
 Consider adding a GLP-1 mimetic as third-line therapy to first-line 

metformin and a second-line sulfonylurea when control of blood 
glucose is inadequate (HbA1c ≥7.5%) and the person has: 

o A body mass index ≥35 kg/m2 in those of European descent 
(with appropriate adjustment for other ethnic groups).  

o A BMI <35 kg/m2, and therapy with insulin would have 
significant occupational implications or weight loss would 
benefit other significant obesity-related comorbidities.  

 Only continue GLP-1 mimetic therapy if the person has had a 
beneficial metabolic response (≥1% reduction in HbA1c and weight 
loss ≥3% of initial body weight at six months). 
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Insulin therapy 
 May be offered to patients with inadequate blood glucose control on 

optimized oral glucose-lowering agents. 
 When starting basal insulin therapy:  

o Continue with metformin and the sulfonylurea (and acarbose, 
if used).  

o Review the use of the sulfonylurea if hypoglycemia occurs.  
 When starting pre-mixed insulin therapy (or mealtime plus basal 

insulin regimens): 
o Continue with metformin.  
o Continue the sulfonylurea initially and discontinue if 

hypoglycemia occurs. 
 Begin with human NPH insulin injected at bedtime or twice daily 

according to need.  
 Consider using a long-acting insulin analogue if:  

o The person needs assistance from a caregiver or healthcare 
professional to inject insulin, and use of a long-acting insulin 
analogue would reduce the frequency of injections from twice 
to once daily.  

o The person’s lifestyle is restricted by recurrent symptomatic 
hypoglycemic episodes.  

o The person would otherwise need twice-daily NPH insulin 
injections in combination with oral glucose-lowering drugs.  

o The person cannot use the device to inject NPH insulin. 
 Consider twice-daily pre-mixed (biphasic) human insulin (particularly 

if HbA1c ≥9.0%). A once-daily regimen may be an option.  
 Consider pre-mixed preparations that include short-acting insulin 

analogs, rather than pre-mixed preparations that include short-acting 
human insulin preparations, if:  

o A person prefers injecting insulin immediately before a meal.  
o Hypoglycemia is a problem.  
o Blood glucose levels rise markedly after meals. 

 Consider switching to a long-acting insulin analogue from NPH insulin 
in people:  

o Who do not reach their target HbA1c because of significant 
hypoglycemia.  

o Who experience significant hypoglycemia on NPH insulin 
irrespective of the level of HbA1c reached.  

o Who cannot use the device needed to inject NPH insulin but 
who could administer their own insulin safely and accurately 
if a switch to a long-acting insulin analogue were made.  

o Who need help from a caregiver or healthcare professional to 
administer insulin injections and for whom switching to a 
long-acting insulin analogue would reduce the number of 
daily injections.  

 Monitor a person on a basal insulin regimen (NPH insulin or a long-
acting insulin analogue) for the need for short-acting insulin before 
meals (or a pre-mixed insulin preparation). 

Institute for Clinical Systems 
Improvement:  
Diagnosis and Management of 
Type 2 Diabetes Mellitus in 
Adults  

(2014)19 

 
 

 Personalize goals to achieve glycemic control with a hemoglobin 
HbA1c in the range of <7 or 8% based on the risks and benefits of each 
patient. A goal of <8% may be more appropriate when: 

o Known cardiovascular disease or high cardiovascular risk, 
may be determined by the Framingham or ACC/AHA 
Cardiovascular Risk Calculator, or alternatively as having two 
or more cardiovascular risks (BMI >30, hypertension, 
dyslipidemia, smoking, and microalbuminuria). 
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 o Inability to recognize and treat hypoglycemia, including a 

history of severe hypoglycemia requiring assistance. 
o Inability to comply with standard goals, such as 

polypharmacy issues. 
o Limited life expectancy or estimated survival of less than 10 

years. 
o Cognitive impairment. 
o Extensive comorbid conditions such as renal failure, liver 

failure, and end-stage disease complications. 
 A multifactorial approach to diabetes care that includes emphasis on 

blood pressure, lipids, glucose, aspirin use, and non-use of tobacco will 
maximize health outcomes far more than a strategy that is limited to 
just one or two of these clinical domains. 

 Recommend education and self-management, as appropriate.  
 Initiate metformin as first-line pharmacotherapy for patients with type 

2 diabetes, unless medically inappropriate.  
o Metformin may reduce HbA1c by 1 to 1.5%, rarely causes 

hypoglycemia when used as monotherapy and does not cause 
weight gain. 

o Metformin can also be used in combination with all other 
glucose-lowering agents.  

 Improved microvascular and macrovascular outcomes have been 
demonstrated in large clinical trials. 

International Diabetes 
Federation Clinical Guidelines 
Task Force:  
Global Guideline for Type 2 
Diabetes 
(2012)20 

 
 

Lifestyle management 
 Changing patterns of eating and physical activity can be effective in 

controlling many of the adverse risk factors found in type 2 diabetes. 
 Match the timing of medication (including insulin) and meals.   
 Reduce energy intake and control of foods with high amounts of added 

sugars, fats, or alcohol.  
 Introduce physical activity gradually, based on the individual’s 

willingness and ability, and setting individualized and specific goals.  
 Encourage increased duration and frequency of physical activity 

(where needed), up to 30 to 45 minutes on three to five days per week, 
or an accumulation of 150 minutes per week of moderate-intensity 
aerobic activity (50 to 70% of maximum heart rate). In the absence of 
contraindications, encourage resistance training three times per week. 

 Provide guidance for adjusting medications (insulin) and/or adding 
carbohydrate for physical activity. 

 
Glucose control levels 
 Maintaining HbA1c below 7% minimizes the risk of developing 

complications.  
 A lower HbA1c target may be considered if it is easily and safely 

achieved. 
 A higher HbA1c target may be considered for people with 

comorbidities or when previous attempts to optimize control have been 
associated with unacceptable hypoglycemia.  

 
Oral therapy 
 Begin oral glucose lowering medications when lifestyle interventions 

alone are unable to maintain blood glucose control at target levels. 
Maintain support for lifestyle measures throughout the use of these 
medications.  

 Consider each initiation or dose increase of an oral glucose lowering 
medication as a trial, monitoring response in three months.  
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 First-line therapy  

o Begin with metformin unless there is evidence of renal 
impairment or other contraindication.  

o Titrate the dose over early weeks to minimize discontinuation 
due to gastrointestinal intolerance. Monitor renal function and 
use metformin with caution if estimated glomerular filtration 
rate <45 mL/min/1.73m2. 

o Other options include a sulfonylurea (or glinide) for rapid 
response where glucose levels are high, or α-glucosidase 
inhibitors in some populations; these agents can also be used 
initially where metformin cannot.  

o In some circumstances dual therapy may be indicated initially 
if it is considered unlikely that single agent therapy will 
achieve glucose targets.  

 Second-line therapy  
o When glucose control targets are not achieved, add a 

sulfonylurea.  
o Other options include adding metformin if not used first-line, 

an α-glucosidase inhibitor, a dipeptidyl peptidase 4 (DPP-4) 
inhibitor, or a thiazolidinedione (TZD). A rapid-acting insulin 
secretagogue is an alternative option to sulfonylureas. 

 Third-line therapy 
o When glucose control targets are no longer being achieved, 

start insulin or add a third oral agent. 
o If starting insulin, add basal insulin or use premix insulin.  
o If adding a third oral agent options include an α-glucosidase 

inhibitor, a DPP-4 inhibitor, or a TZD. 
o Another option is to add a glucagon-like peptide-1 (GLP-1) 

agonist.  
 Fourth-line therapy 

o Begin insulin therapy when optimized oral blood glucose 
lowering mediations (and/or GLP-1 agonist) and lifestyle 
interventions are unable to maintain target glucose control.  

 
Insulin therapy 
 Do not unduly delay the commencement of insulin. Maintain lifestyle 

measures. Consider every initiation or dose increase of insulin as a 
trial, monitoring the response.  

 Provide education and appropriate self-monitoring.  
 Explain that starting doses of insulin are low, for safety reasons, but 

that eventual dose requirement is expected to be 30 to 100 units/day. 
 Continue metformin. Other oral agents may also be continued.  
 Begin with a basal insulin once daily such as neutral protamine 

Hagedorn (NPH) insulin, insulin glargine, or insulin detemir, or once 
or twice daily premix insulin (biphasic insulin).  

 Initiate insulin using a self-titration regimen (dose increases of two 
units every three days) or with biweekly or more frequent contact with 
a health-care professional.  

 Aim for pre-meal glucose levels of <6.5 mmol/L (<115 mg/dL). 
 Monitor glucose control for deterioration and increase dose to maintain 

target levels or consider transfer to a basal plus mealtime insulin 
regimen.  

American Diabetes Association:  
Care of Children and 
Adolescents with Type 1 

 Insulin type, mixture of insulins, site of injection, and individual 
patient response differences can all affect the onset, peak, and duration 
of insulin activity. 
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Diabetes  
(2005)21 

 
 

 Children with diabetes often require multiple daily injections of 
insulin, using combinations of rapid-, short-, intermediate-, or long-
acting insulin before meals and at bedtime to maintain optimal blood 
glucose control. 

 The basal/bolus insulin regimen uses a long-acting insulin analog 
combined with a rapid-acting insulin analog given before meals and 
snacks. This regimen has been shown to result in stable glycemic 
control and less hypoglycemia compared with regimens using 
intermediate and short insulin regimens. 

 Many young children and teenagers consume multiple snacks 
throughout the day. An ideal basal/bolus regimen may consist of as 
many as six to seven insulin injections per day. A combination of 
rapid-acting insulin with small amounts of intermediate-acting insulin 
to allow coverage for snacks may be an appropriate alternative to the 
basal/bolus plan. However, two or three doses of mixed rapid-acting or 
short-acting insulin with intermediate-acting insulin generally cannot 
maintain HbA1c levels within the target range. Recommendations now 
support moving toward a basal/bolus insulin regimen for most patients. 

 The combination of rapid-acting insulin analogs and a long-acting 
insulin offers an excellent option for basal and bolus insulin 
administration. 

 Basal/bolus regimens have been shown to result in lower fasting blood 
glucose levels with less nocturnal hypoglycemia than regimens that use 
NPH insulin in children/adolescents, as well as in adults. 

American Academy of 
Pediatrics: 
Management of Newly 
Diagnosed Type 2 Diabetes 
Mellitus (T2DM) in Children 
and Adolescents 
(2013)22 

 
 

 Clinicians must ensure that insulin therapy is initiated for children and 
adolescents with T2DM who are ketotic or in diabetic ketoacidosis and 
in whom the distinction between types 1 and 2 diabetes mellitus is 
unclear and, in usual cases, should initiate insulin therapy for patients  

o Who have random venous or plasma blood glucose (BG) 
concentrations ≥250 mg/dL. 

o Whose HbA1c is >9%. 
 In all other instances, clinicians should initiate a lifestyle modification 

program, including nutrition and physical activity, and start metformin 
as first-line therapy for children and adolescents at the time of 
diagnosis of T2DM.  

 Monitoring of HbA1c concentrations is recommended every three 
months and intensifying treatment is recommended if treatment goals 
for finger-stick BG and HbA1c concentrations are not being met. 

 Advise patients to monitor finger-stick BG concentrations in patients 
who:  

o Are taking insulin or other medications with a risk of 
hypoglycemia; or 

o Are initiating or changing their diabetes treatment regimen; or 
o Have not met treatment goals; or 
o Have intercurrent illnesses. 

 Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight 
Management Evidence-Based Nutrition Practice Guidelines in dietary 
or nutrition counseling of patients with T2DM at the time of diagnosis 
and as part of ongoing management.  

 Encourage children and adolescents with T2DM to engage in 
moderate-to-vigorous exercise for at least 60 minutes daily and to limit 
nonacademic “screen time” to less than two hours a day.  

National Institute for Health and 
Care Excellence:  
Diagnosis and Management of 

Children (aged younger than 11 years) and young people (aged 11 to <18 
years) 
 Children and young people with type 1 diabetes should be offered an 
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Children, Young People, and 
Adults  
(Issued 2004, last modified 
July 2014)23 

 
 

ongoing integrated package of care by a multidisciplinary pediatric 
diabetes care team. 

 Insulin regimens  
o One, two, or three insulin injections per day: these are usually 

injections of short-acting insulin or rapid-acting insulin 
analogue mixed with intermediate-acting insulin. The insulin 
preparations may be mixed by the patient at the time of 
injection. 

o Multiple daily injection regimen: the person has injections of 
short-acting insulin or rapid-acting insulin analogue before 
meals, together with one or more separate daily injections of 
intermediate-acting insulin or long-acting insulin analogue. 

o Continuous subcutaneous insulin infusion (insulin pump 
therapy): a programmable pump and insulin storage reservoir 
that gives a regular or continuous amount of insulin (usually 
in the form of a rapid-acting insulin analogue or short-acting 
insulin) by a subcutaneous needle or cannula. 

 Pre-school and primary school children should be offered the most 
appropriate individualized regimens to optimize glycemic control.  

 Young people should be offered multiple daily injection regimens to 
help optimize glycemia control. 

 As it improves glycemic control, multiple daily injection regimens 
should be offered only as part of a package of care that involves 
continuing education; dietary management; instruction on the use of 
insulin delivery systems and blood glucose monitoring; emotional and 
behavioral support; and medical, nursing, and dietetic expertise in 
pediatric diabetes. 

 Children and young people using multiple daily injection regimens 
should be informed that they may experience an initial increase in the 
risk of hypoglycemia and short-term weight gain.  

 Children and young people and their families should be informed about 
strategies for the avoidance and management of hypoglycemia.  

 Young people who do not achieve satisfactory glycemic control with 
multiple daily injection regimens should be offered additional support 
and, if appropriate, alternative insulin therapy (once, twice, or three 
times daily mixed insulin regimens or continuous SC insulin infusion 
using an insulin pump).  

 Young people who have difficulty adhering to the multiple daily 
injection regimens should be offered twice-daily injection regimens.  

 Continuous SC insulin infusion is recommended as an option for 
patients provided that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and; 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Continuous SC insulin infusion therapy should be initiated only by a 
trained specialist team. 

 All individuals beginning continuous SC insulin infusion therapy 
should be provided with specific training in its use.  

 Established users of continuous SC insulin infusion therapy should 
have their insulin management reviewed by their specialist team so that 
a decision can be made about whether a trial or a switch to multiple-
dose insulin incorporating insulin glargine would be appropriate.  

 Insulin preparations:  
o Children and young people should be offered the most 
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appropriate insulin preparations according to their individual 
needs with the aim of obtaining an HbA1c <7.5% without 
frequent disabling hypoglycemia and maximizing quality of 
life.  

o Children and young people using multiple daily insulin 
regimens should be informed that injection of rapid-acting 
insulin analogs before eating (rather than after eating) reduces 
PPG levels thus helps to optimize blood glucose control. 

o For pre-school children it may be appropriate to use rapid-
acting insulin analogs shortly after eating (rather than before 
eating) because food intake can be unpredictable.  

o Children and young people who use insulin preparations 
containing intermediate-acting insulin should be informed that 
these preparations should be mixed before use according to 
instructions provided in patient information leaflets.  

 Insulin delivery:  
o Children and young people should be offered a choice of 

insulin delivery systems that takes account of their insulin 
requirements and personal preferences.  

o Children and young people using insulin injection regimens 
should be offered needles that are of an appropriate length for 
their body fat.  

 Non-insulin agents (oral antidiabetic agents):  
o Children and young people should not be offered acarbose or 

sulfonylureas in combination with insulin because they may 
increase the risk of hypoglycemia without improving 
glycemic control. 

o Metformin in combination with insulin is suitable for use only 
within research trials because the effectiveness of this 
combination therapy in providing glycemic control is 
uncertain. 

 
Adults (aged 18 years or older): Insulin regimens 
 Patients should have access to the types (preparation and species) of 

insulin they find allow them optimal well-being. 
 Cultural preferences need to be discussed and respected in agreeing on 

the insulin regimen for a patient. 
 Multiple insulin injection regimens, in patients who prefer them, 

should be used as part of an integrated package of which education, 
food, and skills training should be integral parts.  

 Appropriate self-monitoring and education should be used as part of an 
integrated package to help achieve optimal diabetes outcomes.  

 Mealtime insulin injections should be provided by injection 
unmodified (‘soluble’) insulin or rapid-acting insulin analogs before 
main meals.  

 Rapid-acting insulin analogs should be used as an alternative to 
mealtime unmodified insulin where nocturnal or late inter-prandial 
hypoglycemia is a problem, and in those in whom they allow 
equivalent blood glucose control without use of snacks between meals 
and this is needed or desired.  

 Basal insulin therapy (including nocturnal insulin supply) should be 
provided by the use of isophane (NPH) insulin or long-acting insulin 
analogs (insulin glargine). Isophane (NPH) insulin should be given at 
bedtime. If rapid-acting insulin analogs are given at mealtimes or the 
midday insulin dose is small or lacking, the need to give isophane 
(NPH) insulin twice-daily (or more often) should be considered.  
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 Long-acting insulin analogs (insulin glargine) should be used when:  

o Nocturnal hypoglycemia is a problem on isophane (NPH) 
insulin. 

o Morning hypoglycemia on isophane (NPH) insulin results in 
difficult daytime blood glucose control.  

o Rapid-acting insulin analogues are used for mealtime blood 
glucose control.  

 Twice-daily insulin regimens should be used by those adults who 
consider number of daily injections an important issue in quality of 
life: 

o Biphasic insulin preparations (pre-mixes) are often the 
preparations of choice in this circumstance.  

o Biphasic rapid-acting insulin analog pre-mixes may give an 
advantage to those prone to hypoglycemia at night.  

o Such twice-daily regimens may also help those who find 
adherence to their agreed lunchtime insulin injection difficult 
and those with learning difficulties who may require 
assistance from others.  

 Adults whose nutritional and physical activity patterns vary 
considerably from day-to-day, for vocational or recreational reasons, 
may need careful and detailed review of their self-monitoring and 
insulin injection regimen(s). This should include all the appropriate 
preparations and consideration of unusual patterns and combinations.  

 For adults undergoing periods of fasting or sleep following eating (e.g., 
during religious feasts and fasts, after night-shift work), a rapid-acting 
insulin analog before the meal (provided the meal is not prolonged) 
should be considered.  

 For adults with erratic and unpredictable blood glucose control, rather 
than a change in a previously optimized insulin regimen, the following 
should be considered: 

o Re-suspension of insulin and injection technique.  
o Injection sites. 
o Self-monitoring skills. 
o Knowledge and self-management skills.  
o Nature of lifestyle.  
o Psychological and psychosocial difficulties.  
o Possible organic causes (e.g., gastroparesis).  

 Continuous SC insulin infusion is recommended as an option provided 
that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Partial insulin replacement to achieve blood glucose control targets 
(basal insulin only, or just some mealtime insulin) should be 
considered for patients initiating insulin therapy, until such time as 
islet β-cell deficiency progresses further.  

 Clear guidelines and protocols should be given to all patients to assist 
them in adjusting insulin doses appropriate during intercurrent illness.  

 Oral glucose-lowering drugs should generally not be used in the 
management of type 1 diabetics.  

 
Adults (aged 18 years or older): Insulin delivery 
 Adults who inject insulin should have access to the insulin injection 

delivery device they find allows them optimal well-being, often using 
one or more types of insulin injection pen.  
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 Adults who have special visual or psychological needs should be 

provided with injection devices or needle-free systems that they can 
use independently for accurate dosing. 

 Insulin injection should be made into the deep SC fat. To achieve this, 
needles of a length appropriate to the individual should be made 
available. 

 Adults should be informed that the abdominal wall is the therapeutic 
choice for mealtime insulin injections. 

 Adults should be informed that extended-acting suspension insulin 
(e.g., isophane [NPH] insulin) may give a longer profile of action when 
injected into the SC tissue of the thigh rather than the arm or 
abdominal wall.  

 Adults should be recommended to use one anatomical area for the 
injections given at the same time of day, but to move the precise 
injection site around in the whole of the available skin within that area.  

 Patients should be provided with suitable containers for the collection 
of used needles. Arrangements should be available for the suitable 
disposal of these containers.  

 Injection site condition should be checked annually, and if new 
problems with blood glucose control occur.  

American Diabetes Association:  
Type 1 Diabetes Through the 
Life Span: A Position 
Statement of the American 
Diabetes Association  
(2014)24 

 
 

Nutritional therapy  
 Individualized medical nutrition therapy is recommended for all people 

with type 1 diabetes as an effective component of the overall treatment 
plan. 

 Monitoring carbohydrate intake, whether by carbohydrate counting or 
experience-based estimation, remains a key strategy in achieving 
glycemic control. 

 If adults with type 1 diabetes choose to drink alcohol, they should be 
advised to do so in moderation (one drink per day or less for adult 
women and two drinks per day or less for adult men). Discussion with 
a health care provider is advised to explore potential interactions with 
medications. Adults should be advised that alcohol can lower blood 
glucose levels and that driving after drinking alcohol is 
contraindicated. 

 
Physical activity and exercise  
 Exercise should be a standard recommendation as it is for individuals 

without diabetes; however, recommendations may need modifications 
due to the presence of macro- and microvascular diabetes 
complications.  

 Patients of all ages (or caregivers of children) should be educated about 
the prevention and management of hypoglycemia that may occur 
during or after exercise.  

 Patients should be advised about safe preexercise blood glucose levels 
(typically 100 mg/dL or higher depending on the individual and type of 
physical activity). 

 Reducing the prandial insulin dose for the meal/snack preceding 
exercise and/or increasing food intake can be used to help raise the 
preexercise blood glucose level and reduce hypoglycemia. 

 A reduction in overnight basal insulin the night following exercise may 
reduce the risk for delayed exercise-induced hypoglycemia.  

 Self-monitoring of blood glucose should be performed as frequently as 
needed, and sources of simple carbohydrate should be readily available 
to prevent and treat hypoglycemia.  
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Glycemic control goals  
 The American Diabetes Association strongly believes that blood 

glucose and HbA1c targets should be individualized with the goal of 
achieving the best possible control while minimizing the risk of severe 
hyperglycemia and hypoglycemia and maintaining normal growth and 
development. 

 An HbA1c goal of <7.5% is recommended across all pediatric age-
groups.  

 A reasonable HbA1c goal for many nonpregnant adults with type 1 
diabetes is <7%. 

 Providers might reasonably suggest more stringent HbA1c goals (such 
as <6.5%) for select individual patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. 

 Less stringent HbA1c goals (such as <8.5%) may be appropriate for 
patients with a history of severe hypoglycemia, hypoglycemia 
unawareness, limited life expectancy, advanced microvascular/ 
macrovascular complications, or extensive comorbid conditions. 

 
Insulin therapy 
 Most individuals with type 1 diabetes should be treated with multiple 

daily insulin injections (three or more injections per day of prandial 
insulin and one to two injections of basal insulin) or continuous 
subcutaneous insulin infusion. 

 Most individuals should be educated in how to match prandial insulin 
dose to carbohydrate intake, premeal blood glucose, and anticipated 
activity.  

 Most individuals should use insulin analogs to reduce hypoglycemia 
risk. 

 All individuals with type 1 diabetes should be taught how to manage 
blood glucose levels under varying circumstances, such as when ill or 
receiving glucocorticoids or for those on pumps, when pump problems 
arise. 

 Child caregivers and school personnel should be taught how to 
administer insulin based on provider orders when a child cannot self-
manage and is out of the care and control of his or her parent/guardian. 

 
Adjunctive therapies  
 Pramlintide may be considered for use as adjunctive therapy to 

prandial insulin in adults with type 1 diabetes failing to achieve 
glycemic goals. 

 Evidence suggests that adding metformin to insulin therapy may reduce 
insulin requirements and improve metabolic control in overweight/ 
obese patients and poorly controlled adolescents with type 1 diabetes, 
but evidence from larger longitudinal studies is required. 

 Current type 2 diabetes medications (GLP-1 agonists, DPP-4 
inhibitors, and SGLT2 inhibitors) may be potential therapies for type 1 
diabetic patients, but require large clinical trials before use in type 1 
diabetic patients. 

*This algorithm was updated in 201316 
 
 

III. Indications 
 

The Food and Drug Administration (FDA)-approved indications for the sulfonylureas are noted in Table 3. While 
agents within this therapeutic class may have demonstrated positive activity via in vitro trials, the clinical 
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significance of this activity remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo 
clinical trials. As such, this review and the recommendations provided are based exclusively upon the results of 
such clinical trials.  

 
Table 3. FDA-Approved Indications for the Sulfonylureas1-10 

Generic Name 

Adjunct to Diet and 
Exercise to Improve 
Glycemic Control in 
Adults with Type 2 
Diabetes Mellitus 

Adjunct to Diet to Lower the Blood 
Glucose in Patients with Non-insulin-
dependent Diabetes Mellitus (Type II) 

Whose Hyperglycemia Cannot be 
Controlled by Diet Alone 

Single Entity Agents 
Chlorpropamide   
Glimepiride   
Glipizide   
Glyburide   
Glyburide, micronized   
Tolazamide   
Tolbutamide   
Combination Products 
Glipizide and metformin   
Glyburide, micronized and 
metformin   

 
 

IV. Pharmacokinetics 
 
The pharmacokinetic parameters of the sulfonylureas are listed in Table 4.  

 
Table 4. Pharmacokinetic Parameters of the Sulfonylureas23 

Generic Name(s) Bioavailability 
(%) 

Protein Binding 
(%) 

Metabolism 
(%) 

Excretion 
(%) 

Half-Life 
(hours) 

Single Entity Agents     
Chlorpropamide Not reported 60 to 90 Liver (% not 

reported) 
Renal (80 to 90) 25 to 48 

Glimepiride 100 >99 Liver (% not 
reported) 

Renal (60), Feces 
(40) 

9 

Glipizide 100 97 to 99 Liver (% not 
reported) 

Renal (63 to 89), 
Feces (11) 

2 to 5 

Glyburide Not reported 99 Liver (% not 
reported) 

Renal (50), 
Bile (50) 

5 to 10 

Glyburide, 
micronized 

Not reported 99 Liver (% not 
reported) 

Renal (80 to 90) 5 to 10 

Tolazamide Not reported Not reported Liver (% not 
reported) 

Renal (85), 
Feces (7) 

7 

Tolbutamide Not reported 80 to 99 Liver (% not 
reported) 

Renal (75 to 80) 4.5 to 6.5 

Combination Products     
Glipizide and 
metformin 

100/50 to 60 98/Negligible Liver Renal (10) Bile 
(11)/Renal (90) 

2 to 4/6 

Glyburide, 
micronized and  
metformin 

Not reported/50 
to 60 

99/Negligible Liver Renal (80 to 
90)/Renal (90) 

5 to 10/6 
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V. Drug Interactions  
 
Significant drug interactions with the sulfonylureas are listed in Table 5. 

 
Table 5. Significant Drug Interactions with the Sulfonylureas24 

Generic Name(s) Significance Level Interaction Mechanism 
Metformin 1 Iodinated contrast 

materials, 
parenteral 

Iodinated contrast materials-induced 
renal failure can interfere with the renal 
elimination of metformin; therefore, there 
is an increased risk of metformin-induced 
lactic acidosis. Glipizide/metformin or 
glyburide/metformin should not be 
restarted until renal function returns to 
normal. 

Sulfonylureas 
(glimepiride, 
glyburide, 
glyburide/metformin)  

1 Quinolones The hypoglycemic effect of glimepiride 
and glyburide may be increased by 
quinolones, especially in elderly patients 
with renal compromise. The mechanism 
of this interaction is unknown.  

Sulfonylureas  
(chlorpropamide, 
glimepiride, 
glipizide, glyburide, 
tolazamide, 
tolbutamide) 

2 ACE Inhibitors  ACE inhibitors may increase insulin 
sensitivity, increasing the risk of 
hypoglycemia.  

Sulfonylureas  
(chlorpropamide, 
glimepiride, 
glipizide, glyburide, 
tolazamide, 
tolbutamide) 

2 Salicylates Increased hypoglycemia may occur. 
Salicylates reduce basal plasma glucose 
levels and enhance insulin secretion. 
Inhibition of prostaglandin synthesis may 
inhibit acute insulin responses to glucose. 
Displaced sulfonylurea protein binding 
has been suggested. 

Sulfonylureas  
(chlorpropamide, 
glimepiride, 
glipizide, glyburide, 
tolazamide, 
tolbutamide) 

2 Thiazide diuretics  Thiazide diuretics may decrease insulin 
tissue sensitivity, decrease insulin 
secretion, or increase potassium loss, 
causing hyperglycemia. 

Sulfonylureas 
(chlorpropamide, 
tolbutamide) 

2 Anticoagulants 
(dicumarol) 

Dicumarol can inhibit the metabolism of 
certain sulfonylureas and cause an 
increased hypoglycemic response.  

Sulfonylureas 
(glimepiride, 
tolbutamide) 

2 Azole antifungals Azole antifungals may inhibit the 
cytochrome P450 2C9 isoenzyme-
mediated metabolism of certain 
sulfonylureas, increasing the 
hypoglycemic effects.  

Sulfonylureas  
(glyburide) 

2 Bosentan Bosentan may increase the metabolism 
(cytochrome P450 2C9 and 3A4 
isoenzyme-mediated) of glyburide. Other 
mechanisms may also be involved. 
Plasma levels of bosentan and glyburide 
may be decreased. Increased risk of 
elevated liver enzymes, resulting in 
serious liver injury may occur.  

Sulfonylureas  
 

2 Diazoxide Diazoxide may decrease endogenous 
insulin release and cause increases in 
glucose and free fatty acids, producing a 
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Generic Name(s) Significance Level Interaction Mechanism 
decrease in glycemic control in patients 
stabilized on a sulfonylurea.  

Sulfonylureas 
 

2 Monoamine 
oxidase inhibitors 
(MAOIs) 

MAOIs may enhance the hypoglycemic 
action of sulfonylureas through an 
unknown mechanism.  

Sulfonylureas  
(chlorpropamide, 
glimepiride, 
glyburide, 
tolbutamide) 

2 Rifamycins Rifamycins may decrease the half-life 
and increase the clearance of certain 
sulfonylureas through increased 
metabolism.  

Sulfonylureas  
(chlorpropamide, 
glipizide, glyburide, 
tolbutamide) 

2 Sulfonamides Sulfonamides may impair the cytochrome 
P450 2C9 isoenzyme-mediated 
metabolism of certain sulfonylureas and 
enhance the hypoglycemic effects of 
sulfonylureas.  

Significance level 1 = major severity, significance level 2 = moderate severity 
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Table 7. Boxed Warning for Glipizide and metformin and Glyburide, micronized and metformin24 

WARNING 
Lactic acidosis: Lactic acidosis is a rare, but serious, metabolic complication that can occur because of 
metformin accumulation during treatment with glipizide/metformin; when it occurs, it is fatal in approximately 
50% of cases. Lactic acidosis may also occur in association with a number of pathophysiologic conditions, 
including diabetes mellitus, and whenever there is significant tissue hypoperfusion and hypoxemia. Lactic 
acidosis is characterized by elevated blood lactate levels (more than 5 mmol/L), decreased blood pH, 
electrolyte disturbances with an increased anion gap, and an increased lactate/pyruvate ratio. When metformin 
is implicated as the cause of lactic acidosis, metformin plasma levels of more than 5 μg/mL are generally 
found. 
 
The reported incidence of lactic acidosis in patients receiving metformin is very low (approximately 0.03 cases 
per 1,000 patient-years, with approximately 0.015 fatal cases per 1,000 patient-years). In more than 20,000 
patient-years of exposure to metformin in clinical trials, there were no reports of lactic acidosis. Reported cases 
have occurred primarily in diabetic patients with significant renal function impairment, including both intrinsic 
renal disease and renal hypoperfusion, often in the setting of multiple concomitant medical/surgical problems 
and multiple concomitant medications. Patients with congestive heart failure (CHF) requiring pharmacologic 
management, in particular those with unstable or acute CHF who are at risk of hypoperfusion and hypoxemia, 
are at increased risk of lactic acidosis. The risk of lactic acidosis increases with the degree of renal function 
impairment and the patient's age. The risk of lactic acidosis may, therefore, be significantly decreased by 
regular monitoring of renal function in patients taking metformin and the use of the minimum effective dose of 
metformin. In particular, accompany the treatment of elderly patients with careful monitoring of renal function. 
Do not initiate glipizide/metformin treatment in patients 80 years of age and older unless measurement of 
creatinine clearance demonstrates that renal function is not reduced, because these patients are more susceptible 
to developing lactic acidosis. In addition, promptly withhold glipizide/metformin in the presence of any 
condition associated with dehydration, hypoxemia, or sepsis. Because hepatic function impairment may 
significantly limit the ability to clear lactate, generally avoid glipizide/metformin in patients with clinical or 
laboratory evidence of hepatic disease. Caution patients against excessive alcohol intake, acute or chronic, 
when taking glipizide/metformin, because alcohol potentiates the effects of metformin on lactate metabolism. 
In addition, temporarily discontinue glipizide/metformin prior to any intravascular radiocontrast study and for 
any surgical procedure. 
 
The onset of lactic acidosis is often subtle and accompanied only by nonspecific symptoms, such as increasing 
somnolence, malaise, myalgia, nonspecific abdominal distress, and respiratory distress. There may be 
associated hypotension, hypothermia, and resistant bradyarrhythmias with more marked acidosis. The patient 
and the patient's health care provider must be aware of the possible importance of such symptoms. Instruct the 
patient to notify their health care provider immediately if symptoms occur. Withdraw glipizide/metformin until 
the situation is clarified. Serum electrolytes, ketones, blood glucose, and, if indicated, blood pH, lactate levels, 
and even blood metformin levels may be useful. Once a patient is stabilized on any dose level of 
glipizide/metformin, gastrointestinal symptoms, which are common during initiation of therapy with 
metformin, are unlikely to be drug-related. Later occurrence of gastrointestinal symptoms could be caused by 
lactic acidosis or other serious disease. 
 
Levels of fasting venous plasma lactate above the upper limit of normal but less than 5 mmol/L in patients 
taking glipizide/metformin do not necessarily indicate impending lactic acidosis and may be explainable by 
other mechanisms, such as poorly controlled diabetes or obesity, vigorous physical activity, or technical 
problems in sample handling. 
 
Suspect lactic acidosis in any diabetic patient with metabolic acidosis lacking evidence of ketoacidosis (e.g., 
ketonemia, ketonuria). 
 
Lactic acidosis is a medical emergency that must be treated in a hospital setting. In a patient with lactic acidosis 
who is taking glipizide/metformin, discontinue the drug immediately and institute general supportive measures 
promptly. Because metformin is dialyzable (with a clearance of up to 170 mL/min under good hemodynamic 
conditions), prompt hemodialysis is recommended to correct the acidosis and remove the accumulated 
metformin. Such management often results in prompt reversal of symptoms and recovery. 
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VII. Dosing and Administration 
 

The usual dosing regimens for the sulfonylureas are listed in Table 8. 
 

Table 8. Usual Dosing Regimens for the Sulfonylureas1-10 

Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
Single Entity Agents    
Chlorpropamide  Adjunct to diet and exercise to 

improve glycemic control in 
adults with type 2 diabetes 
mellitus: 
Tablet: initial, 100 to 125 mg 
QD; maintenance, 100 to 500 
mg/day 

Safety and efficacy in 
children have not been 
established. 

Tablet:  
100 mg 
250 mg 

Glimepiride Adjunct to diet and exercise to 
improve glycemic control in 
adults with type 2 diabetes 
mellitus: 
Tablet: initial, 1 or 2 mg QD; 
maximum, 8 mg/day 

Not recommended in 
pediatric patients. 

Tablet: 
1 mg 
2 mg 
4 mg 

Glipizide Adjunct to diet and exercise to 
improve glycemic control in 
adults with type 2 diabetes 
mellitus: 
Extended-release tablet: 
initial, 5 mg QD; maintenance, 
5 to 10 mg QD; maximum, 20 
mg/day 
 
Tablet: initial, 2.5 or 5 mg 
QD; maximum, 40 mg/day 

Safety and efficacy in 
children have not been 
established. 

Extended-release 
tablet: 
2.5 mg 
5 mg 
10 mg 
 
Tablet: 
5 mg 
10 mg 

Glyburide Adjunct to diet and exercise to 
improve glycemic control in 
adults with type 2 diabetes 
mellitus: 
Tablet: initial, 1.25 to 5 mg 
QD; maintenance, 1.25 to 20 
mg/day; maximum, 20 mg/day 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
1.25 mg 
2.5 mg 
5 mg 

Glyburide, micronized Adjunct to diet and exercise to 
improve glycemic control in 
adults with type 2 diabetes 
mellitus: 
Tablet: initial, 0.75 to 3 mg 
QD; maintenance, 0.75 to 12 
mg QD; maximum, 12 mg/day 

Safety and efficacy in 
children have not been 
established.  

Tablet: 
1.5 mg 
3 mg 
6 mg 

Tolazamide Adjunct to diet and exercise to 
improve glycemic control in 
adults with type 2 diabetes 
mellitus: 
Tablet: initial, 100 to 250 mg 
QD; maintenance, 100 to 
1,000 mg QD; maximum, 
1,000 mg/day 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
250 mg 
500 mg 

Tolbutamide Adjunct to diet to lower the 
blood glucose in patients with 
non-insulin-dependent 
diabetes mellitus (Type II) 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
500 mg 
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Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
whose hyperglycemia cannot 
be controlled by diet alone: 
Tablet: initial, 1 to 2 g/day; 
maintenance, 0.25 to 3 g/day; 
maximum, 3 g/day 

Combination Products    
Glipizide and 
metformin 

Adjunct to diet and exercise to 
improve glycemic control in 
adults with type 2 diabetes 
mellitus: 
Tablet: dosage must be 
individualized on the basis of 
both effectiveness and 
tolerance while not exceeding 
the maximum recommended 
daily dose of 20-2,000 mg 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
2.5-250 mg 
2.5-500 mg 
5-500 mg 

Glyburide, micronized 
and metformin 

Adjunct to diet and exercise to 
improve glycemic control in 
adults with type 2 diabetes 
mellitus: 
Tablet: dosage must be 
individualized on the basis of 
both effectiveness and 
tolerance while not exceeding 
the maximum recommended 
daily dose of 20-2,000 mg 

Safety and efficacy in 
children have not been 
established. 

Tablet: 
1.25-250 mg 
2.5-500 mg 
5-500 mg 

QD=once daily 
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Additional Evidence 
 
Dose Simplification 
Dezii et al. evaluated the differences in adherence and persistence with a once-daily extended-release formulation 
of glipizide gastrointestinal therapeutic system (GITS) and a twice-daily immediate-release formulation of 
glipizide. After one year of treatment, adherence rates were 60.5% in the once-daily group compared to 52.0% in 
the twice-daily group (P=0.027). Persistence rates were 44.4% in the once-daily group and 35.8% in the twice-
daily group (P=0.016).129 Donnan et al. evaluated the patterns and predictors of adherence in patients with type 2 
diabetes receiving treatment with a single antidiabetic agent. Adherence was ≥90% in 31.3% of the patients 
prescribed sulfonylureas and 33.9% of patients prescribed metformin. Patients with better adherence tended to be 
younger and had a shorter duration of diabetes. There were linear trends of poorer adherence with each increase in 
the daily number of tablets taken for both sulfonylurea (P=0.001) and metformin (P=0.074) indices. There were 
significant trends of decreasing adherence with the number of concomitant medications for the sulfonylurea group 
(P=0.0001) and metformin group (P=0.007).130  

 
Several retrospective database analyses have been conducted to assess adherence rates with various antidiabetic 
agents. Blonde et al. evaluated adherence rates in patients beginning treatment with a sulfonylurea and metformin. 
The first group consisted of patients who were receiving glyburide/metformin as a fixed-dose combination. The 
second group consisted of patients who were receiving the combination of glyburide and metformin as separate 
formulations. The investigators found that patients were more adherent with the fixed-dose combination product 
than with the agents administered in separate formulations (84% days with drug supply vs 76% days with drug 
supply, respectively, P<0.0001).123 Duckworth et al. evaluated patients who were taking glipizide or glyburide in 
combination with metformin (administered as separate formulations) for at least 6 months. Patients were then 
switched to a fixed-dose combination of glyburide/metformin. The investigators found no significant difference in 
adherence (92.4% before vs 90.9% after the switch).122 Melikian et al. evaluated adherence rates in newly treated 
or previously treated patients with type 2 diabetes. The investigators found no difference in adherence rates during 
the initial 6 months of therapy among patients who were receiving metformin monotherapy, glyburide 
monotherapy, or metformin and glyburide combination therapy (administered as separate formulations) as 
compared to patients who received a fixed-dose combination of glyburide/metformin. Significantly lower 
adherence rates were seen in patients receiving metformin monotherapy and glyburide monotherapy who had a 
second agent added at their regimen (54%; 95% CI, 0.52 to 0.55) compared to patients who were switched to a 
fixed-dose combination of glyburide/metformin (77%; 95% CI, 0.72 to 0.85).131  

  
Stable Therapy 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
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Relative Cost Index Scale 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

           Rx=prescription 
 
Table 10. Relative Cost of the Sulfonylureas 

Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 
Single Entity Agents 
Chlorpropamide tablet N/A N/A $ 
Glimepiride tablet Amaryl®* $$$$ $ 
Glipizide extended-release tablet, 

tablet 
Glucotrol®*, Glucotrol 
XL®*  

$-$$ $ 

Glyburide tablet DiaBeta®* $-$$$$ $$ 
Glyburide, micronized tablet Glynase®* $-$$$$ $ 
Tolazamide tablet N/A N/A $$-$$$$ 
Tolbutamide tablet N/A N/A $$$$ 
Combination Products 
Glipizide and 
metformin* 

tablet N/A N/A $$ 

Glyburide, micronized 
and metformin 

tablet Glucovance®* $$$$ $ 

*Generic is available in at least one dosage form or strength.  
N/A=Not available 
 

 
X. Conclusions 

 
The sulfonylureas are approved for use as an adjunct to diet and exercise to improve glycemic control in adults 
with type 2 diabetes mellitus.1-10 All of the sulfonylureas are available in a generic formulation, including the 
fixed-dose combination products. 
 
According to current clinical guidelines for the management of type 2 diabetes, metformin remains the 
cornerstone to most antidiabetic treatment regimens. Additionally, patients with a high glycosylated hemoglobin 
will most likely require combination or triple therapy in order to achieve glycemic goals. At this time, uniform 
recommendations on the best agent to be combined with metformin cannot be made; therefore, advantages and 
disadvantages of specific antidiabetic agents for each patient should be considered. The sulfonylureas are 
recommended as a potential second line treatment option to be added to or used in combination with metformin in 
patients not achieving glycemic goals. Clinical guidelines note that sulfonylureas are associated with weight gain 
and a greater risk of inducing hypoglycemia compared to other available antidiabetic medications. Patients who 
are not appropriate for initial therapy with metformin, may be initiated on another oral antidiabetic agent, such as 
a sulfonylurea/meglitinide, pioglitazone, or a dipeptidyl peptidase-4 inhibitor, and in occasional cases where 
weight loss is seen as an essential aspect of therapy, initial therapy with an incretin mimetic may be useful. 
Among all current clinical guidelines, preference of one sulfonylurea over another is not stated.12-24 

 
The sulfonylureas have been evaluated in numerous clinical trials.27-131 In monotherapy studies, glipizide and 
glyburide were found to be equally efficacious, regardless of the dosage form used.34-37,39,43 Several studies 
evaluated the efficacy of sulfonylureas in dual therapy regimens compared to monotherapy regimens. In these 
studies, the more aggressive treatment regimens improved glycemic parameters to a greater extent than the less-
intensive treatment regimens.79-81,84-89,92 However, in studies that directly compared various dual therapy regimens, 
there were no differences in efficacy noted.100,111-115,118,121 
 
There is insufficient evidence to support that one brand sulfonylurea is safer or more efficacious than another 
within its given indication. Formulations without a generic alternative should be managed through the medical 
justification portion of the prior authorization process.  
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Therefore, all brand products within the class reviewed are comparable to each other and to the generic products 
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.  

 
 

XI. Recommendations 
 
No brand sulfonylurea is recommended for preferred status. Alabama Medicaid should accept cost proposals from 
manufacturers to determine the most cost effective products and possibly designate one or more preferred brands. 
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I. Overview 

 
Diabetes mellitus is a chronic condition which results in hyperglycemia. It is differentiated into four main classes: 
1) type 1 diabetes; 2) type 2 diabetes; 3) gestational diabetes; and 4) other types (drug- or chemical-induced, 
genetic defects in β-cell function or insulin action, and diseases of the exocrine pancreas). Type 2 diabetes is the 
most prevalent form of the disease in the United States. Inadequate glycemic control may lead to both acute and 
long-term complications, including microvascular and macrovascular events. There are a variety of oral and 
injectable antidiabetic agents currently available to treat diabetes. The antidiabetic agents are categorized into 12 
different American Hospital Formulary Service (AHFS) classes, which differ with regards to their mechanism of 
action, efficacy, safety profiles, tolerability, and ease of use. 
  
The thiazolidinediones are approved for use as an adjunct to diet and exercise to improve glycemic control in 
adults with type 2 diabetes mellitus.1-6 They are selective agonists of the peroxisome proliferator-activated 
receptor-gamma (PPARγ). PPAR receptors are found in tissues important for insulin action. When activated, 
PPARγ regulates the transcription of insulin-responsive genes responsible for glucose production, transportation, 
and utilization. PPARγ also plays a role in the regulation of fatty acid metabolism. The thiazolidinediones increase 
the insulin sensitivity of adipose tissue, skeletal muscle, and the liver. This results in increased glucose uptake and 
metabolism, suppression of hepatic glucose production, and decreased plasma free fatty acid concentrations.1-8  
 
Both pioglitazone and rosiglitazone are available in combination with either metformin or glimepiride. Metformin 
decreases hepatic glucose production, decreases intestinal absorption of glucose, and improves insulin sensitivity 
by increasing peripheral glucose uptake and utilization.4,6 Glimepiride improves glycemic control by stimulating 
the release of insulin from pancreatic beta cells.3,5 

 
The thiazolidinediones that are included in this review are listed in Table 1. This review encompasses all dosage 
forms and strengths. Pioglitazone, pioglitazone-glimepiride, and pioglitazone-metformin are available in generic 
formulations. Metformin and glimepiride are also available generically in a separate formulation. Pioglitazone is 
also available in combination with the dipeptidyl peptidase-4 (DPP-4) inhibitor alogliptin and is included in 
AHFS class 682005. This class was last reviewed in November 2012. 

 
Table 1. Thiazolidinediones Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Single Entity Agents    
Pioglitazone tablet Actos®* Actos®, pioglitazone 
Rosiglitazone tablet Avandia® none 
Combination Products    
Pioglitazone and glimepiride tablet Duetact®* pioglitazone and 

glimepiride 
Pioglitazone and metformin tablet Actoplus Met®*, Actoplus 

Met XR® 
pioglitazone and 
metformin 

Rosiglitazone and glimepiride tablet Avandaryl® none 
Rosiglitazone and metformin tablet Avandamet® none 

*Generic available in at least one dosage form and/or strength. 
PDL=Preferred Drug List 
 
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current clinical guidelines are summarized in Table 2. Please note that guidelines addressing the treatment of type 
2 diabetes are presented globally, addressing the role of various medication classes. 
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Table 2. Treatment Guidelines Using the Thiazolidinediones 

Clinical Guideline Recommendation(s) 
American Diabetes Association:  
Standards of Medical Care in 
Diabetes  

(2014)9 

 
 
 

Current criteria for the diagnosis of diabetes 
 The following are the criteria for a diagnosis of diabetes: glycosylated 

hemoglobin (HbA1c) ≥6.5%, or a fasting plasma glucose (FPG) ≥126 
mg/dL, or a two-hour plasma glucose ≥200 mg/dL during an oral 
glucose tolerance test or patients with classic symptoms of 
hyperglycemia, or classic symptoms of hyperglycemia or 
hyperglycemic crisis (random plasma glucose ≥200 mg/dL).  

 
Prevention/delay of type 2 diabetes 
 An ongoing support program for weight loss of 7% of body weight and 

an increase in physical activity to ≥150 minutes/week of moderate 
activity should be encouraged in patients with impaired glucose 
tolerance, impaired fasting glucose, or an HbA1c 5.7 to 6.4%. 

 Metformin therapy for prevention of type 2 diabetes may be considered 
in patients with impaired glucose tolerance, impaired fasting glucose, 
or an HbA1c 5.7 to 6.7%, especially for those with a body mass index 
>35 kg/m2, age <60 years, and women with prior gestational diabetes 
mellitus.  

 
Glycemic goals in adults 
 Lowering HbA1c to below or around 7.0% has been shown to reduce 

microvascular complications of diabetes, and if implemented soon 
after the diagnosis of diabetes is associated with long term reduction in 
macrovascular disease. A reasonable HbA1c goal for many nonpregnant 
adults is <7.0%. 

 It may be reasonable for providers to suggest more stringent HbA1c 
goals (<6.5%) for selected patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. Such 
patients may include those with short duration of diabetes, long life 
expectancy, and no significant cardiovascular disease.  

 Conversely, less stringent HbA1c goals (<8.0%) may be appropriate for 
patients with a history of severe hypoglycemia, limited life expectancy, 
advanced microvascular or macrovascular complications, extensive 
comorbid conditions, and those with longstanding diabetes in whom 
the general goal is difficult to attain despite diabetes self-management 
education, appropriate glucose monitoring, and effective doses of 
multiple glucose-lowering agents including insulin.  

 
Pharmacologic and overall approaches to treatment-type 1 diabetes 
 Recommended therapy consists of the following components: 

o Use of multiple dose insulin injections (three to four 
injections per day of basal and pre-prandial insulin) or 
continuous subcutaneous (SC) insulin infusion therapy. 

o Matching prandial insulin to carbohydrate intake, pre-meal 
blood glucose, and anticipated activity. 

o Most patients should use of insulin analogs to reduce 
hypoglycemia risk. 

 
Pharmacologic and overall approaches to treatment-type 2 diabetes 
 At the time of diagnosis, initiate metformin therapy along with lifestyle 

interventions, unless metformin is contraindicated.  
 In newly diagnosed patients with markedly symptomatic and/or 

elevated blood glucose levels or HbA1c, consider insulin therapy, with 
or without additional agents, from the onset.  
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Clinical Guideline Recommendation(s) 
 If noninsulin monotherapy at maximal tolerated dose does not achieve 

or maintain the HbA1c target over three to six months, add a second 
oral agent, a glucagon-like peptide-1 (GLP-1) receptor agonist, or 
insulin. 

 Because of the progressive nature of type 2 diabetes, insulin therapy is 
eventually indicated for many patients with type 2 diabetes. 

American Diabetes Association/ 
European Association for the 
Study of Diabetes: 
Management of 
Hyperglycemia in Type 2 
Diabetes: A Patient-Centered 
Approach  

(2012)10 

 
 

Key points 
 Glycemic targets and glucose-lowering therapies must be 

individualized.  
 Diet, exercise, and education remain the foundation of any type 2 

diabetes treatment program. 
 Unless there are prevalent contraindications, metformin is the optimal 

first line drug.  
 After metformin, there are limited data to guide treatment decisions. 

Combination therapy with an additional one to two oral or injectable 
agents is reasonable, aiming to minimize side effects where possible.  

 Ultimately, many patients will require insulin therapy alone or in 
combination with other agents to maintain glucose control.  

 All treatment decisions, where possible, should be made in conjunction 
with the patient, focusing on his/her preferences, needs, and values.  

 Comprehensive cardiovascular risk reduction must be a major focus of 
therapy.  

 
Initial drug therapy 
 It is generally agreed that metformin, if not contraindicated and if 

tolerated, is the preferred and most cost-effective first agent.  
 Metformin should be initiated at, or soon after, diagnosis, especially in 

patients in whom lifestyle intervention alone has not achieved, or is 
unlikely to achieve, HbA1c goals. 

 Patients with high baseline HbA1c (e.g., ≥9.0%) have a low probability 
of achieving a near-normal target with monotherapy; therefore, it may 
be justified to start directly with a combination of two non-insulin 
agents or with insulin itself in this circumstance.  

 If a patient presents with significant hyperglycemic symptoms and/or 
has dramatically elevated plasma glucose concentrations or HbA1c 
(e.g., ≥10.0 to 12.0%), insulin therapy should be strongly considered 
from the outset. Such therapy is mandatory when catabolic features are 
exhibited or, of course, if ketonuria is demonstrated, the latter 
reflecting profound insulin deficiency.  

 If metformin cannot be used, another oral agent could be chosen, such 
as a sulfonylurea/glinide, pioglitazone, or a dipeptidyl peptidase 4 
(DPP-4) inhibitor; in occasional cases where weight loss is seen as an 
essential aspect of therapy, initial treatment with a glucagon-like 
peptide (GLP)-1 receptor agonist might be useful.  

 Where available, less commonly used drugs (alpha-glucosidase 
inhibitors, colesevelam, bromocriptine) might also be considered in 
selected patients, but their modest glycemic effects and side effect 
profiles make them less attractive candidates.  

 Specific patient preferences, characteristics, susceptibilities to side 
effects, potential for weight gain, and hypoglycemia should play a 
major role in drug selection.  

 
Advancing to dual combination therapy 
 If monotherapy alone does not achieve/maintain HbA1c target over 

approximately three months, the next step would be to add a second 
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Clinical Guideline Recommendation(s) 
oral agent, a GLP-1 receptor agonist or basal insulin. Notably the 
higher the HbA1c, the more likely insulin will be required.  

 On average, any second agent is typically associated with an 
approximate further reduction in HbA1c of approximately 1.0%.  

 If no clinically meaningful glycemic reduction is demonstrated, then 
adherence having been investigated, that agent should be discontinued, 
and another with a different mechanism of action substituted. 

 Uniform recommendations on the best agent to be combined with 
metformin cannot be made, thus advantages and disadvantages of 
specific drugs for each patient should be considered.  

 It remains important to avoid unnecessary weight gain by optimal 
medication selection and dose titration.  

 For all medications, consideration should also be given to overall 
tolerability.  

 
Advancing to triple combination therapy 
 Some trials have shown advantages of adding a third non-insulin agent 

to a two drug combination that is not yet or no longer achieving the 
glycemic target. However, the most robust response will usually be 
with insulin.  

 Many patients, especially those with long standing disease, will 
eventually need to be transitioned to insulin, which should be favored 
in circumstances where the degree of hyperglycemia (e.g., HbA1c 
≥8.5%) makes it unlikely that another drug will be of sufficient benefit.  

 In using triple combinations the essential consideration is to use agents 
with complementary mechanisms of action.  

 Increasing the number of drugs heightens the potential for side effects 
and drug-drug interactions which can negatively impact patient 
adherence. 

 
Anti-hyperglycemia Therapy in Type 2 Diabetes: General 
Recommendations 

Initial Drug 
Monotherapy 

Metformin 

Efficacy (↓HbA1c) High 
Hypoglycemia Low risk 

Weight Neutral/loss 
Side Effects Gastrointestinal/lactic acidosis 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to two drug combination therapy (order not meant to denote any specific preference) 

Two Drug 
Combin-
ations  

Metformin  
+  

sulfonyl-
urea 

Metformin  
+  

thia-
zolidinedione 

(TZD) 

Metformin  
+  

DPP-4 
inhibitor 

Metformin  
+  

GLP-1 
receptor 
agonist 

Metformin  
+  

insulin 
(usually 
basal) 

Efficacy 
(↓HbA1c) 

High High Inter-
mediate 

High Highest 

Hypo-
glycemia 

Moderate 
risk 

Low risk Low risk Low risk High risk 

Weight Gain Gain Neutral Loss Gain 
Major Side 

Effects 
Hypo-

glycemia 
Edema, heart 
failure, bone 

fracture 

Rare Gastro- 
intestinal 

Hypo-
glycemia 

If needed to reach individualized HbA1c target after approximately three months, proceed 
to three drug combination therapy (order not meant to denote any specific preference) 

Three 
Drug 
Combin-
ations 

Metformin  
+  

sulfonyl-
urea 
 + 

Metformin  
+  

TZD  
+ 

Metformin  
+  

DPP-4 
inhibitor  

+ 

Metformin  
+  

GLP-1 
receptor 
agonist  

+ 

Metformin  
+  

insulin 
therapy 

+ 
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Clinical Guideline Recommendation(s) 
TZD, DPP-
4 inhibitor, 

GLP-1 
receptor 

agonist, or 
insulin 

Sulfonylurea, 
or DPP-4 
inhibitor, 
GLP-1 

receptor 
agonist, or 

insulin 

Sulfonyl-
urea, TZD, 
or insulin 

Sulfonyl-
urea, TZD, 
or insulin 

TZD, 
DPP-4 

inhibitor, 
or GLP-1 
receptor 
agonist 

If combination therapy that includes basal insulin has failed to achieve HbA1c target after 
three to six months, proceed to a more complex insulin strategy, usually in combination 

with one or two non-insulin agents 
More Complex 
Insulin Strategies 

Insulin (multiple daily doses) 

 

American College of Physicians:  
Oral Pharmacologic 
Treatment of Type 2 Diabetes 
Mellitus  

(2012)11 

 
 

 Oral pharmacologic therapy in patients with type 2 diabetes should be 
added when lifestyle modifications, including diet, exercise, and 
weight loss, have failed to adequately improve hyperglycemia. 

 Monotherapy with metformin for initial pharmacologic therapy is 
recommended to treat most patients with type 2 diabetes.  

 It is recommended that a second agent be added to metformin to 
patients with persistent hyperglycemia when lifestyle modifications 
and monotherapy with metformin fail to control hyperglycemia. 

American Association of 
Clinical Endocrinologists: 
Medical Guidelines for 
Clinical Practice for 
Developing a Diabetes Mellitus 
Comprehensive Care Plan 
(2011)12 

 
 

Antihyperglycemic pharmacotherapy  
 The choice of therapeutic agents should be based on their differing 

metabolic actions and adverse effect profiles as described in the 2009 
American Association of Clinical Endocrinologists/American College 
of Endocrinology Diabetes Algorithm for Glycemic Control.* 

 Insulin should be considered for patients with type 2 diabetes mellitus 
when noninsulin antihyperglycemic therapy fails to achieve target 
glycemic control or when a patient, whether drug naïve or not, has 
symptomatic hyperglycemia. 

 Antihyperglycemic agents may be broadly categorized by whether they 
predominantly target fasting plasma glucose (FPG) or postprandial 
glucose (PPG) levels. These effects are not exclusive; drugs acting on 
FPG passively reduce PPG, and drugs acting on PPG passively reduce 
FPG, but these broad categories can aid in therapeutic decision-
making.  

 Thiazolidinediones (TZDs) and sulfonylureas are examples of oral 
agents primarily affecting FPG. Metformin and incretin enhancers 
(DPP-4 inhibitors) also favorably affect FPG.  

 When insulin therapy is indicated in patients with type 2 diabetes to 
target FPG, therapy with long-acting basal insulin should be the initial 
choice in most cases; insulin analogues glargine and detemir are 
preferred over intermediate-acting neutral protamine Hagedorn (NPH) 
because they are associated with less hypoglycemia.  

 The initial choice of an agent targeting FPG or PPG involves 
comprehensive patient assessment with emphasis given to the glycemic 
profile obtained by self-monitoring of blood glucose. 

 When postprandial hyperglycemia is present, glinides and/or α-
glucosidase inhibitors, short- or rapid-acting insulin, and metformin 
should be considered. Incretin-based therapy (DPP-4 inhibitors and 
GLP-1 receptor agonists) also target postprandial hyperglycemia in a 
glucose-dependent fashion, which reduces the risks of hypoglycemia.  

 When control of postprandial hyperglycemia is needed and insulin is 
indicated, rapid-acting insulin analogues are preferred over regular 
human insulin because they have a more rapid onset and offset of 
action and are associated with less hypoglycemia.  

 Pramlintide can be used as an adjunct to prandial insulin therapy to 
reduce postprandial hyperglycemia, HbA1c, and weight. 
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 Premixed insulin analogue therapy may be considered for patients in 

whom adherence to a drug regimen is an issue; however, these 
preparations lack component dosage flexibility and may increase the 
risk for hypoglycemia compared to basal insulin or basal-bolus insulin. 
Basal-bolus insulin therapy is flexible and is recommended for 
intensive insulin therapy. 

 Intensification of pharmacotherapy requires glucose monitoring and 
medication adjustment at appropriate intervals when treatment goals 
are not achieved or maintained.  

 Most patients with an initial HbA1c level >7.5% will require 
combination therapy using agents with complementary mechanisms of 
action. 

American Association of 
Clinical Endocrinologists: 
American Association of 
Clinical Endocrinologists: 
Comprehensive Diabetes 
Management Algorithm 2013 
Consensus Statement  
(2013)13 

 
 

Principles underlying the algorithm 
 Lifestyle optimization is essential for all patients with diabetes; 

however, it should not delay needed pharmacotherapy, which can be 
initiated simultaneously and adjusted based on patient response to 
lifestyle efforts. The need for medical therapy should not be interpreted 
as a failure of lifestyle management, but as an adjunct to it. 

 Achieving an HbA1c ≤6.5% is recommended as the primary goal if it 
can be achieved in a safe and affordable manner; however, higher 
targets may be appropriate for certain individuals and may change for a 
given individual over time.  

 Minimizing risk of hypoglycemia and weight gain is a priority. It is a 
matter of safety, adherence, and cost. 

 For optimal glycemic control, therapies with complementary 
mechanisms of action must typically be used in combination.  

 Therapeutic effectiveness must be evaluated frequently until stable 
(e.g., every three months). 

 Safety and efficacy should be given higher priority than the initial 
acquisition cost of medications, as medication cost is only a small part 
of the total cost of diabetes care. In assessing the cost of a medication, 
consideration should be given to monitoring requirements and risks of 
hypoglycemia and weight gain. 

 Rapid-acting insulin analogs are superior to regular insulin because 
they are more predictable. 

 Long-acting insulin analogs are superior to neutral protamine 
Hagedorn insulin because they provide a fairly flat response for 
approximately 24 hours and provide better reproducibility and 
consistency, both between and within patients, with a corresponding 
reduction in hypoglycemia risk. 
 

Monotherapy  
 Patients with recent-onset diabetes and those with mild hyperglycemia 

(HbA1c <7.5%), initial monotherapy with metformin (at doses of 1,500 
to 2,000 mg/day) and life-style modifications will achieve their 
glycemic goals in a majority of patients.  

 In patients with intolerance or contraindications to metformin, 
acceptable therapeutic alternatives that reduce glucose without weight 
gain or hypoglycemia (in order based on suggested hierarchy of usage) 
include: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors.  
o Alpha-glucosidase inhibitors. 
o Sodium glucose cotransporter 2 (SGLT-2) inhibitors. 

 TZD, sulfonylurea, and glinides (in order based on suggested hierarchy 
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of usage) may be used but with caution due to possible weight gain and 
hypoglycemia. 

 
Combination therapy  
 Patients who present with an initial HbA1c >7.5% or who do not reach 

their target HbA1c with metformin in three months should be started on 
a second agent to be used in combination with metformin.  

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 In metformin-intolerant patients, two drugs from other classes with 
complimentary mechanisms of action should be used. 

 Combination (in order based on suggested hierarchy of usage) include 
metformin (or other first-line agent) plus: 

o GLP-1 receptor agonists. 
o DPP-4 inhibitors. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides. 

 
Three-drug combination therapy  
 Generally, the efficacy of a third antidiabetic agent added to dual 

therapy is reduced compared to the efficacy of the same drug used as 
monotherapy or combination therapy with one other agent. 

 Patients who present with an initial HbA1c >9.0% with no symptoms 
should be started on combination therapy or three-drug combination 
therapy.  

 Patients who present with an HbA1c <8.0% or who do not reach their 
target HbA1c with two antidiabetic drugs after 3 months has a high 
likelihood of reaching target with a third agent.  

 Patients who present with an HbA1c >9.0% or who do not reach their 
target HbA1c with two antidiabetic drugs has are less likely of reaching 
target with a third agent or fourth agent and insulin should be 
considered. 

 Continuation with noninsulin therapies while starting basal insulin is 
common and does not increase cardiovascular risk, but may increase 
risk of hypoglycemia when sulfourea are used in conjunction with 
insulin.  

 Three-drug combination (in order based on suggested hierarchy of 
usage) include metformin (or other first-line agent), a second-line 
agent plus: 

o GLP-1 receptor agonists. 
o TZD. 
o SGLT-2 inhibitors. 
o Basal insulin. 
o DPP-4 inhibitors.  
o Colesevelam. 
o Bromocriptine quick release. 
o Alpha-glucosidase inhibitors. 
o Sulfonylureas and glinides 

 
Insulin therapy algorithm 
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 Patients who present with an initial HbA1c >9.0% and are symptomatic, 

should initiate therapy with insulin with or without other antidiabetic 
agents.  

 Start insulin if a patient has marked hyperglycemia despite treatment 
with several oral antidiabetic agents and is symptomatic with polyuria 
and weight loss. 

 Patients who are not at target HbA1c despite the use of oral antidiabetic 
agents or GLP-1 therapy should be considered for insulin therapy.  

 Patients with an HbA1c level >8.0% while receiving ≥2 antidiabetic 
agents, particularly individuals with long duration of diabetes, have 
significant impairment of beta cell insulin secretory capacity and are 
unlikely to reach the recommended target by the addition of further 
oral antidiabetic drugs. 
 

Basal insulin 
 Patients with an HbA1c level >8.0% while receiving ≥2 oral 

antidiabetic agents or GLP-1 therapy can be started on single daily 
dose of basal insulin as an add-on to the patient’s existing regimen. 

 Titrate insulin dose every two to three days to reach glycemic goals. 
 Basal insulin analogues (glargine and detemir) are preferred over 

protamine Hagedorn insulin because they have been shown to provide 
a relatively flat serum insulin concentration for up to 24 hours from a 
single daily injection. 

 Patients who fail to achieve glucose control with basal insulin or 
premixed insulin formulations can also be considered for basal 
intensification with a DPP-4 inhibitor or GLP-1 receptor agonist if the 
glucose level is not markedly elevated, because this approach tends to 
not cause weight gain or additional hypoglycemia. 

 
Basal-bolus insulin regimens 
 Patients who fail to achieve glucose control with basal insulin or 

premixed insulin formulations and those with symptomatic 
hyperglycemia and HbA1c >10% often respond better to combined 
basal and mealtime bolus insulin. 

 A full basal-bolus program with an insulin basal analogue once or 
twice daily and a rapid-acting analogue at each meal is most effective 
and provides flexibility for patients with variable mealtimes and meal 
carbohydrate content.  

 Doses of insulin may be titrated every two to three days to reach 
glycemic goals.  

 
Basal insulin and incretin therapy regimens 
 Use of the amylin analog pramlintide in conjunction with bolus insulin 

improves both glycemia and weight in patients with type 2 diabetes.  
 The incretin therapies (GLP-1 receptor agonists and DPP-4 inhibitors) 

have similar properties, and also increase endogenous insulin secretion. 
Therefore, the combination of basal insulin and incretin therapy 
decreases basal and postprandial glucose and may minimize the weight 
gain and hypoglycemia risk observed with basal-bolus insulin 
replacement. 

American Association of 
Clinical Endocrinologists:  
Medical Guidelines for 
Clinical Practice for the 
Management of Diabetes 

Glycemic management-all patients with diabetes 
 Encourage patients to achieve glycemic levels as near normal as 

possible without inducing clinically significant hypoglycemia. 
Glycemic targets include the following: 

o HbA1c ≤6.5%. 
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Mellitus  
(2007)14 

 
 
 
 
 
 

o FPG <100 mg/dL. 
o Two-hour PPG <140 mg/dL. 

 Refer patients for comprehensive, ongoing education in diabetes self-
management skills and nutrition therapy.  

 Initiate self-monitoring blood glucose levels.  
 

Glycemic management-patients with type 1 diabetes 
 Initiate intensive insulin therapy with one of the following regimens: 

o Basal-bolus therapy, using a long-acting insulin analog in 
combination with a rapid-acting insulin analog or inhaled 
insulin at meals.  

o Continuous SC insulin infusion with an insulin pump; insulin 
pump therapy indicated for: 

 Patients unable to achieve control using a regimen of 
multiple daily injections. 

 Patients with histories of frequent hypoglycemia 
and/or hypoglycemia unawareness.  

 Patients who are pregnant.  
 Patients with extreme insulin sensitivity (pump 

therapy facilitates better precision than SC 
injections).  

 Patients with a history of dawn phenomenon (these 
patients can program a higher basal rate for the early 
morning hours to counteract the rise in blood glucose 
concentration).  

 Patients who require more intensive diabetes 
management because of complications including 
neuropathy, nephropathy, and retinopathy.  

 Patients taking multiple daily injections who have 
demonstrated willingness and ability to comply with 
prescribed diabetes self-care behavior including 
frequent glucose monitoring, carbohydrate counting, 
and insulin adjustment.  

 Consider adding pramlintide to intensive insulin therapy to enhance 
glycemic control and to assist with weight management.  

 Consider adding an insulin sensitizer to address insulin resistance as 
needed. Exercise caution because of the potential for increased fluid 
retention when TZDs are used with insulin.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL.  

 
Glycemic management-patients with type 2 diabetes 
 Aggressively implement all appropriate components of care at the time 
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of diagnosis.  

 Persistently monitor and titrate pharmacologic therapy until all 
glycemic goals are achieved.  

o First assess current HbA1c level, fasting/pre-prandial glycemic 
profile, and two-hour PPG profile to evaluate the level of 
control and identify patterns.  

o After initiating pharmacologic therapy based on the patterns 
identified in the profile, persistently monitor and titrate 
therapy over the next two to three months until all glycemic 
goals are achieved.  

o If glycemic goals are not achieved at the end of two to three 
months, initiate a more intensive regimen and persistently 
monitor and titrate therapy over the next two to three months 
until all glycemic goals are achieved.  

o Recognize that patients currently treated with monotherapy or 
combination therapy who have not achieved glycemic goals 
will require either increased dosages of current medications or 
the addition of a second or third medication.  

o Consider insulin therapy in patients with HbA1c >8.0% and 
symptomatic hyperglycemic, and in patients with elevated 
fasting blood glucose levels or exaggerated PPG excursions 
regardless of HbA1c levels.  

o Initiate insulin therapy to control hyperglycemia and to 
reverse glucose toxicity when HbA1c >10.0%. Insulin therapy 
can then be modified or discontinued once glucose toxicity is 
reversed.  

o Consider a continuous SC insulin infusion in insulin-treated 
patients.  

 Instruct patients whose glycemic levels are at or above target while 
receiving multiple daily injections or using an insulin pump to monitor 
glucose levels at least three times daily. Although monitoring glucose 
levels at least three times daily is recommended, there is no supporting 
evidence regarding optimal frequency of glucose monitoring with or 
without insulin pump therapy.  

 Instruct insulin-treated patients to always check glucose levels before 
administering a dose of insulin by injection or changing the rate of 
insulin infusion delivered by an insulin pump.  

 Instruct patients whose glycemic levels are above target while being 
treated with oral agents alone, oral agents plus once-daily insulin, or 
once-daily insulin alone to monitor glucose levels at least two times 
daily. There is no supporting evidence regarding optimal frequency of 
glucose monitoring in these patients. 

 Instruct patients who are meeting target glycemic levels, including 
those treated non-pharmacologically, to monitor glucose levels at least 
once daily.  

 Instruct patients whose glycemic levels are above target or who 
experience frequent hypoglycemia to monitor glucose levels more 
frequently. Monitoring should include both pre-prandial and two-hour 
PPG levels and occasional 2:00 to 3:00 AM glucose levels.  

 Instruct patients to obtain comprehensive pre-prandial and two-hour 
PPG measurements to create a weekly profile periodically and before 
clinician visits to guide nutrition and physical activity, to detect post-
prandial hyperglycemia, and to prevent hypoglycemia.  

 Instruct patients to monitor glucose levels anytime there is a suspected 
(or risk of) low glucose level and/or before driving.  

 Instruct patients to monitor glucose levels more frequently during 
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illness and to perform a ketone test each time a measured glucose 
concentration is >250 mg/dL. 

 
Clinical support-clinical considerations in patients with type 1 diabetes 
 Instruct patients to administer pre-prandial rapid-acting analog insulin 

20 to 30 minutes before the meal when the pre-meal blood glucose 
levels is high and after the meal has begun when the pre-meal blood 
glucose level is below the reference range.  

 Measure 2:00 to 3:00 AM blood glucose periodically in all patients 
with diabetes to asses for nocturnal hypoglycemia, especially when the 
morning blood glucose level is elevated.  

 Consider using regular insulin instead of rapid-acting insulin analogs 
to obtain better control of post-prandial and pre-meal glucose levels in 
patients with gastroparesis. Insulin pump therapy may also be 
advantageous in these patients. 

 Some type 1 diabetics treated with basal insulin may require two daily 
injections of basal insulin for greater stability.  

 Carefully assess PPG levels when the HbA1c level is elevated and pre-
meal glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Arrange for continuous glucose monitoring for patients with unstable 
glucose control and for patients unable to achieve an acceptable HbA1c 
level. Continuous glucose monitoring is particularly valuable in 
detecting both unrecognized nocturnal hypoglycemia and post-prandial 
hyperglycemia. 

 Some patients using pramlintide may achieve better post-prandial and 
pre-meal glucose control by combining it with regular insulin rather 
than rapid-acting analogs.  

 Individualize insulin regimens to accommodate patient exercise 
patterns.  

 Treat hypoglycemic reactions with simple carbohydrates. 
 
Clinical support-clinical considerations in patients with type 2 diabetes 
 Combining therapeutic agents with different modes of action may be 

advantageous.  
 Use insulin sensitizers, such as metformin or TZDs, as part of the 

therapeutic regimen in most patients unless contraindicated or 
intolerance has been demonstrated.  

 Insulin is the therapy of choice in patients with advanced chronic 
kidney disease.  

 Metformin, TZDs, and incretin mimetics do not cause hypoglycemia. 
However, when used in combination with secretagogues or insulin, 
these medications may need to be adjusted as blood glucose levels 
decline.  

 The weight gain associated with TZDs in some patients may be partly 
offset by combination therapy with metformin.  

 Carefully assess PPG levels if the HbA1c level is elevated and pre-
prandial glucose measurements are at target levels.  

 Instruct patients to assess PPG levels periodically to detect 
unrecognized exaggerated PPG excursions even when the HbA1c level 
is at or near target.  

 Individualize treatment regimens to accommodate patient exercise 
patterns.  
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 Administer basal insulin in the evening if fasting glucose is elevated. 
 Long-acting insulin analogs are associated with less hypoglycemia 

than NPH insulin.  
National Institute for Health and 
Care Excellence:  
The Management of Type 2 
Diabetes  
(Issued 2009, last modified 
July 2014)15 
 
 

Metformin 
 Start metformin in overweight or obese patients and whose blood 

glucose is inadequately controlled by lifestyle interventions alone. 
 Consider metformin as an option for first-line glucose-lowering 

therapy for patients who are not overweight.  
 Continue metformin if blood glucose control remains or becomes 

inadequate and another oral glucose-lowering medication (usually a 
sulfonylurea) is added.  

 Step up metformin therapy gradually over weeks to minimize risk of 
gastrointestinal (GI) side effects. Consider a trial of extended release 
metformin if GI tolerability prevents continuation of therapy.  

 
Insulin secretagogues 
 Consider a sulfonylurea as an option for first-line glucose-lowering 

therapy if the patient is not overweight, the patient does not tolerate 
metformin (or it is contraindicated), or a rapid response to therapy is 
required because of hyperglycemic symptoms. 

 Add a sulfonylurea as second-line therapy when blood glucose control 
remains or becomes inadequate with metformin.  

 Continue sulfonylurea therapy if blood glucose control remains or 
becomes inadequate and another oral glucose-lowering medication is 
added. 

 When adherence is a problem, offer a once-daily, long-acting 
sulfonylurea.  

 
Rapid-acting insulin secretagogues 
 Consider offering a rapid-acting insulin secretagogue to a patient with 

an erratic lifestyle.  
 
Acarbose 
 Consider acarbose for a patient unable to use other oral glucose-

lowering medications.  
 
DPP-4 inhibitors  
 Consider adding a DPP-4 inhibitor to metformin (as second-line 

therapy) instead of a sulfonylurea when blood glucose control is 
inadequate (HbA1c ≥6.5%) if the person is at risk of hypoglycemia, 
does not tolerate a sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a DPP-4 inhibitor to sulfonylurea (as second-line 
therapy) when control of blood glucose is inadequate (HbA1c ≥6.5%) if 
the person does not tolerate metformin or if metformin is 
contraindicated.  

 Consider adding a DPP-4 inhibitor as third-line therapy to first-line 
metformin and a second-line sulfonylurea when control of blood 
glucose remains or becomes inadequate (HbA1c ≥7.5%) and insulin is 
unacceptable or inappropriate. 

 Only continue DPP-4 inhibitor therapy if the person has had a 
beneficial metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 A DPP-4 inhibitor may be preferable to a thiazolidinedione (TZD) if: 
o Further weight gain would cause or exacerbate significant 

problems associated with a high body weight. 
o A thiazolidinedione is contraindicated. 
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o The person has previously had a poor response to, or did not 

tolerate, a thiazolidinedione. 
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 
 
TZDs 
 Consider adding a TZD to metformin (as second-line therapy) instead 

of a sulfonylurea when blood glucose control is inadequate (HbA1c 
≥6.5%) if the person is at risk of hypoglycemia, does not tolerate a 
sulfonylurea, or a sulfonylurea is contraindicated. 

 Consider adding a TZD to sulfonylurea (as second-line therapy) when 
control of blood glucose is inadequate (HbA1c ≥6.5%) if the person 
does not tolerate metformin or if metformin is contraindicated.  

 Consider adding a TZD as third-line therapy to first-line metformin 
and a second-line sulfonylurea when control of blood glucose remains 
or becomes inadequate (HbA1c ≥7.5%) and insulin is unacceptable or 
inappropriate. 

 Do not use a TZD is people who have heart failure, or who are at 
higher risk of fracture.  

 Only continue TZD therapy if the person has had a beneficial 
metabolic response (≥0.5% reduction in HbA1c in 6 months). 

 Consider combining TZD with insulin therapy for a person who 
previously had a marked glucose-lowering response to TZD therapy or 
who is on high-dose insulin therapy and whose blood glucose is 
inadequately controlled.  

 A TZD may be preferable to a DPP-4 inhibitor if: 
o The person has marked insulin insensitivity. 
o A DPP-4 inhibitor is contraindicated. 
o The person has previously had a poor response to, or did not 

tolerate, a DPP-4 inhibitor.  
There may be some individuals for whom either a DPP-4 inhibitor or a 
TZD may be suitable. The choice of treatment should be based on patient 
preference. 

 
Gliptins: GLP-1 enhancers 
 No recommendations are made on the use of gliptins as these drugs are 

not covered in this guideline. 
 
GLP-1 mimetics 
 Consider adding a GLP-1 mimetic as third-line therapy to first-line 

metformin and a second-line sulfonylurea when control of blood 
glucose is inadequate (HbA1c ≥7.5%) and the person has: 

o A body mass index ≥35 kg/m2 in those of European descent 
(with appropriate adjustment for other ethnic groups).  

o A BMI <35 kg/m2, and therapy with insulin would have 
significant occupational implications or weight loss would 
benefit other significant obesity-related comorbidities.  

 Only continue GLP-1 mimetic therapy if the person has had a 
beneficial metabolic response (≥1% reduction in HbA1c and weight 
loss ≥3% of initial body weight at six months). 

 
Insulin therapy 
 May be offered to patients with inadequate blood glucose control on 

optimized oral glucose-lowering agents. 
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 When starting basal insulin therapy:  

o Continue with metformin and the sulfonylurea (and acarbose, 
if used).  

o Review the use of the sulfonylurea if hypoglycemia occurs.  
 When starting pre-mixed insulin therapy (or mealtime plus basal 

insulin regimens): 
o Continue with metformin.  
o Continue the sulfonylurea initially and discontinue if 

hypoglycemia occurs. 
 Begin with human NPH insulin injected at bedtime or twice daily 

according to need.  
 Consider using a long-acting insulin analogue if:  

o The person needs assistance from a caregiver or healthcare 
professional to inject insulin, and use of a long-acting insulin 
analogue would reduce the frequency of injections from twice 
to once daily.  

o The person’s lifestyle is restricted by recurrent symptomatic 
hypoglycemic episodes.  

o The person would otherwise need twice-daily NPH insulin 
injections in combination with oral glucose-lowering drugs.  

o The person cannot use the device to inject NPH insulin. 
 Consider twice-daily pre-mixed (biphasic) human insulin (particularly 

if HbA1c ≥9.0%). A once-daily regimen may be an option.  
 Consider pre-mixed preparations that include short-acting insulin 

analogs, rather than pre-mixed preparations that include short-acting 
human insulin preparations, if:  

o A person prefers injecting insulin immediately before a meal.  
o Hypoglycemia is a problem.  
o Blood glucose levels rise markedly after meals. 

 Consider switching to a long-acting insulin analogue from NPH insulin 
in people:  

o Who do not reach their target HbA1c because of significant 
hypoglycemia.  

o Who experience significant hypoglycemia on NPH insulin 
irrespective of the level of HbA1c reached.  

o Who cannot use the device needed to inject NPH insulin but 
who could administer their own insulin safely and accurately 
if a switch to a long-acting insulin analogue were made.  

o Who need help from a caregiver or healthcare professional to 
administer insulin injections and for whom switching to a 
long-acting insulin analogue would reduce the number of 
daily injections.  

 Monitor a person on a basal insulin regimen (NPH insulin or a long-
acting insulin analogue) for the need for short-acting insulin before 
meals (or a pre-mixed insulin preparation). 

Institute for Clinical Systems 
Improvement:  
Diagnosis and Management of 
Type 2 Diabetes Mellitus in 
Adults  

(2014)16 

 
 
 

 Personalize goals to achieve glycemic control with a hemoglobin 
HbA1c in the range of <7 or 8% based on the risks and benefits of each 
patient. A goal of <8% may be more appropriate when: 

o Known cardiovascular disease or high cardiovascular risk, 
may be determined by the Framingham or ACC/AHA 
Cardiovascular Risk Calculator, or alternatively as having two 
or more cardiovascular risks (BMI >30, hypertension, 
dyslipidemia, smoking, and microalbuminuria). 

o Inability to recognize and treat hypoglycemia, including a 
history of severe hypoglycemia requiring assistance. 

o Inability to comply with standard goals, such as 
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polypharmacy issues. 

o Limited life expectancy or estimated survival of less than 10 
years. 

o Cognitive impairment. 
o Extensive comorbid conditions such as renal failure, liver 

failure, and end-stage disease complications. 
 A multifactorial approach to diabetes care that includes emphasis on 

blood pressure, lipids, glucose, aspirin use, and non-use of tobacco will 
maximize health outcomes far more than a strategy that is limited to 
just one or two of these clinical domains. 

 Recommend education and self-management, as appropriate.  
 Initiate metformin as first-line pharmacotherapy for patients with type 

2 diabetes, unless medically inappropriate.  
o Metformin may reduce HbA1c by 1 to 1.5%, rarely causes 

hypoglycemia when used as monotherapy and does not cause 
weight gain. 

o Metformin can also be used in combination with all other 
glucose-lowering agents.  

 Improved microvascular and macrovascular outcomes have been 
demonstrated in large clinical trials. 

International Diabetes 
Federation Clinical Guidelines 
Task Force:  
Global Guideline for Type 2 
Diabetes 
(2012)17 

 
 

Lifestyle management 
 Changing patterns of eating and physical activity can be effective in 

controlling many of the adverse risk factors found in type 2 diabetes. 
 Match the timing of medication (including insulin) and meals.   
 Reduce energy intake and control of foods with high amounts of added 

sugars, fats, or alcohol.  
 Introduce physical activity gradually, based on the individual’s 

willingness and ability, and setting individualized and specific goals.  
 Encourage increased duration and frequency of physical activity 

(where needed), up to 30 to 45 minutes on three to five days per week, 
or an accumulation of 150 minutes per week of moderate-intensity 
aerobic activity (50 to 70% of maximum heart rate). In the absence of 
contraindications, encourage resistance training three times per week. 

 Provide guidance for adjusting medications (insulin) and/or adding 
carbohydrate for physical activity. 

 
Glucose control levels 
 Maintaining HbA1c below 7% minimizes the risk of developing 

complications.  
 A lower HbA1c target may be considered if it is easily and safely 

achieved. 
 A higher HbA1c target may be considered for people with 

comorbidities or when previous attempts to optimize control have been 
associated with unacceptable hypoglycemia.  

 
Oral therapy 
 Begin oral glucose lowering medications when lifestyle interventions 

alone are unable to maintain blood glucose control at target levels. 
Maintain support for lifestyle measures throughout the use of these 
medications.  

 Consider each initiation or dose increase of an oral glucose lowering 
medication as a trial, monitoring response in three months.  

 First-line therapy  
o Begin with metformin unless there is evidence of renal 

impairment or other contraindication.  
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o Titrate the dose over early weeks to minimize discontinuation 

due to gastrointestinal intolerance. Monitor renal function and 
use metformin with caution if estimated glomerular filtration 
rate <45 mL/min/1.73m2. 

o Other options include a sulfonylurea (or glinide) for rapid 
response where glucose levels are high, or α-glucosidase 
inhibitors in some populations; these agents can also be used 
initially where metformin cannot.  

o In some circumstances dual therapy may be indicated initially 
if it is considered unlikely that single agent therapy will 
achieve glucose targets.  

 Second-line therapy  
o When glucose control targets are not achieved, add a 

sulfonylurea.  
o Other options include adding metformin if not used first-line, 

an α-glucosidase inhibitor, a dipeptidyl peptidase 4 (DPP-4) 
inhibitor, or a thiazolidinedione (TZD). A rapid-acting insulin 
secretagogue is an alternative option to sulfonylureas. 

 Third-line therapy 
o When glucose control targets are no longer being achieved, 

start insulin or add a third oral agent. 
o If starting insulin, add basal insulin or use premix insulin.  
o If adding a third oral agent options include an α-glucosidase 

inhibitor, a DPP-4 inhibitor, or a TZD. 
o Another option is to add a glucagon-like peptide-1 (GLP-1) 

agonist.  
 Fourth-line therapy 

o Begin insulin therapy when optimized oral blood glucose 
lowering mediations (and/or GLP-1 agonist) and lifestyle 
interventions are unable to maintain target glucose control.  

 
Insulin therapy 
 Do not unduly delay the commencement of insulin. Maintain lifestyle 

measures. Consider every initiation or dose increase of insulin as a 
trial, monitoring the response.  

 Provide education and appropriate self-monitoring.  
 Explain that starting doses of insulin are low, for safety reasons, but 

that eventual dose requirement is expected to be 30 to 100 units/day. 
 Continue metformin. Other oral agents may also be continued.  
 Begin with a basal insulin once daily such as neutral protamine 

Hagedorn (NPH) insulin, insulin glargine, or insulin detemir, or once 
or twice daily premix insulin (biphasic insulin).  

 Initiate insulin using a self-titration regimen (dose increases of two 
units every three days) or with biweekly or more frequent contact with 
a health-care professional.  

 Aim for pre-meal glucose levels of <6.5 mmol/L (<115 mg/dL). 
 Monitor glucose control for deterioration and increase dose to maintain 

target levels or consider transfer to a basal plus mealtime insulin 
regimen.  

American Diabetes Association:  
Care of Children and 
Adolescents with Type 1 
Diabetes  
(2005)18 

 

 Insulin type, mixture of insulins, site of injection, and individual 
patient response differences can all affect the onset, peak, and duration 
of insulin activity. 

 Children with diabetes often require multiple daily injections of 
insulin, using combinations of rapid-, short-, intermediate-, or long-
acting insulin before meals and at bedtime to maintain optimal blood 
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 glucose control. 

 The basal/bolus insulin regimen uses a long-acting insulin analog 
combined with a rapid-acting insulin analog given before meals and 
snacks. This regimen has been shown to result in stable glycemic 
control and less hypoglycemia compared with regimens using 
intermediate and short insulin regimens. 

 Many young children and teenagers consume multiple snacks 
throughout the day. An ideal basal/bolus regimen may consist of as 
many as six to seven insulin injections per day. A combination of 
rapid-acting insulin with small amounts of intermediate-acting insulin 
to allow coverage for snacks may be an appropriate alternative to the 
basal/bolus plan. However, two or three doses of mixed rapid-acting or 
short-acting insulin with intermediate-acting insulin generally cannot 
maintain HbA1c levels within the target range. Recommendations now 
support moving toward a basal/bolus insulin regimen for most patients. 

 The combination of rapid-acting insulin analogs and a long-acting 
insulin offers an excellent option for basal and bolus insulin 
administration. 

 Basal/bolus regimens have been shown to result in lower fasting blood 
glucose levels with less nocturnal hypoglycemia than regimens that use 
NPH insulin in children/adolescents, as well as in adults. 

American Academy of 
Pediatrics: 
Management of Newly 
Diagnosed Type 2 Diabetes 
Mellitus (T2DM) in Children 
and Adolescents 
(2013)19 

 
 

 Clinicians must ensure that insulin therapy is initiated for children and 
adolescents with T2DM who are ketotic or in diabetic ketoacidosis and 
in whom the distinction between types 1 and 2 diabetes mellitus is 
unclear and, in usual cases, should initiate insulin therapy for patients  

o Who have random venous or plasma blood glucose (BG) 
concentrations ≥250 mg/dL. 

o Whose HbA1c is >9%. 
 In all other instances, clinicians should initiate a lifestyle modification 

program, including nutrition and physical activity, and start metformin 
as first-line therapy for children and adolescents at the time of 
diagnosis of T2DM.  

 Monitoring of HbA1c concentrations is recommended every three 
months and intensifying treatment is recommended if treatment goals 
for finger-stick BG and HbA1c concentrations are not being met. 

 Advise patients to monitor finger-stick BG concentrations in patients 
who:  

o Are taking insulin or other medications with a risk of 
hypoglycemia; or 

o Are initiating or changing their diabetes treatment regimen; or 
o Have not met treatment goals; or 
o Have intercurrent illnesses. 

 Incorporate the Academy of Nutrition and Dietetics’ Pediatric Weight 
Management Evidence-Based Nutrition Practice Guidelines in dietary 
or nutrition counseling of patients with T2DM at the time of diagnosis 
and as part of ongoing management.  

 Encourage children and adolescents with T2DM to engage in 
moderate-to-vigorous exercise for at least 60 minutes daily and to limit 
nonacademic “screen time” to less than two hours a day.  

National Institute for Health and 
Care Excellence:  
Diagnosis and Management of 
Type 1 Diabetes in 
Children, Young People, and 
Adults  
(Issued 2004, last modified 

Children (aged younger than 11 years) and young people (aged 11 to <18 
years) 
 Children and young people with type 1 diabetes should be offered an 

ongoing integrated package of care by a multidisciplinary pediatric 
diabetes care team. 

 Insulin regimens  
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July 2014)20 

 
 

o One, two, or three insulin injections per day: these are usually 
injections of short-acting insulin or rapid-acting insulin 
analogue mixed with intermediate-acting insulin. The insulin 
preparations may be mixed by the patient at the time of 
injection. 

o Multiple daily injection regimen: the person has injections of 
short-acting insulin or rapid-acting insulin analogue before 
meals, together with one or more separate daily injections of 
intermediate-acting insulin or long-acting insulin analogue. 

o Continuous subcutaneous insulin infusion (insulin pump 
therapy): a programmable pump and insulin storage reservoir 
that gives a regular or continuous amount of insulin (usually 
in the form of a rapid-acting insulin analogue or short-acting 
insulin) by a subcutaneous needle or cannula. 

 Pre-school and primary school children should be offered the most 
appropriate individualized regimens to optimize glycemic control.  

 Young people should be offered multiple daily injection regimens to 
help optimize glycemia control. 

 As it improves glycemic control, multiple daily injection regimens 
should be offered only as part of a package of care that involves 
continuing education; dietary management; instruction on the use of 
insulin delivery systems and blood glucose monitoring; emotional and 
behavioral support; and medical, nursing, and dietetic expertise in 
pediatric diabetes. 

 Children and young people using multiple daily injection regimens 
should be informed that they may experience an initial increase in the 
risk of hypoglycemia and short-term weight gain.  

 Children and young people and their families should be informed about 
strategies for the avoidance and management of hypoglycemia.  

 Young people who do not achieve satisfactory glycemic control with 
multiple daily injection regimens should be offered additional support 
and, if appropriate, alternative insulin therapy (once, twice, or three 
times daily mixed insulin regimens or continuous SC insulin infusion 
using an insulin pump).  

 Young people who have difficulty adhering to the multiple daily 
injection regimens should be offered twice-daily injection regimens.  

 Continuous SC insulin infusion is recommended as an option for 
patients provided that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and; 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Continuous SC insulin infusion therapy should be initiated only by a 
trained specialist team. 

 All individuals beginning continuous SC insulin infusion therapy 
should be provided with specific training in its use.  

 Established users of continuous SC insulin infusion therapy should 
have their insulin management reviewed by their specialist team so that 
a decision can be made about whether a trial or a switch to multiple-
dose insulin incorporating insulin glargine would be appropriate.  

 Insulin preparations:  
o Children and young people should be offered the most 

appropriate insulin preparations according to their individual 
needs with the aim of obtaining an HbA1c <7.5% without 
frequent disabling hypoglycemia and maximizing quality of 
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life.  

o Children and young people using multiple daily insulin 
regimens should be informed that injection of rapid-acting 
insulin analogs before eating (rather than after eating) reduces 
PPG levels thus helps to optimize blood glucose control. 

o For pre-school children it may be appropriate to use rapid-
acting insulin analogs shortly after eating (rather than before 
eating) because food intake can be unpredictable.  

o Children and young people who use insulin preparations 
containing intermediate-acting insulin should be informed that 
these preparations should be mixed before use according to 
instructions provided in patient information leaflets.  

 Insulin delivery:  
o Children and young people should be offered a choice of 

insulin delivery systems that takes account of their insulin 
requirements and personal preferences.  

o Children and young people using insulin injection regimens 
should be offered needles that are of an appropriate length for 
their body fat.  

 Non-insulin agents (oral antidiabetic agents):  
o Children and young people should not be offered acarbose or 

sulfonylureas in combination with insulin because they may 
increase the risk of hypoglycemia without improving 
glycemic control. 

o Metformin in combination with insulin is suitable for use only 
within research trials because the effectiveness of this 
combination therapy in providing glycemic control is 
uncertain. 

 
Adults (aged 18 years or older): Insulin regimens 
 Patients should have access to the types (preparation and species) of 

insulin they find allow them optimal well-being. 
 Cultural preferences need to be discussed and respected in agreeing on 

the insulin regimen for a patient. 
 Multiple insulin injection regimens, in patients who prefer them, 

should be used as part of an integrated package of which education, 
food, and skills training should be integral parts.  

 Appropriate self-monitoring and education should be used as part of an 
integrated package to help achieve optimal diabetes outcomes.  

 Mealtime insulin injections should be provided by injection 
unmodified (‘soluble’) insulin or rapid-acting insulin analogs before 
main meals.  

 Rapid-acting insulin analogs should be used as an alternative to 
mealtime unmodified insulin where nocturnal or late inter-prandial 
hypoglycemia is a problem, and in those in whom they allow 
equivalent blood glucose control without use of snacks between meals 
and this is needed or desired.  

 Basal insulin therapy (including nocturnal insulin supply) should be 
provided by the use of isophane (NPH) insulin or long-acting insulin 
analogs (insulin glargine). Isophane (NPH) insulin should be given at 
bedtime. If rapid-acting insulin analogs are given at mealtimes or the 
midday insulin dose is small or lacking, the need to give isophane 
(NPH) insulin twice-daily (or more often) should be considered.  

 Long-acting insulin analogs (insulin glargine) should be used when:  
o Nocturnal hypoglycemia is a problem on isophane (NPH) 

insulin. 
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o Morning hypoglycemia on isophane (NPH) insulin results in 

difficult daytime blood glucose control.  
o Rapid-acting insulin analogues are used for mealtime blood 

glucose control.  
 Twice-daily insulin regimens should be used by those adults who 

consider number of daily injections an important issue in quality of 
life: 

o Biphasic insulin preparations (pre-mixes) are often the 
preparations of choice in this circumstance.  

o Biphasic rapid-acting insulin analog pre-mixes may give an 
advantage to those prone to hypoglycemia at night.  

o Such twice-daily regimens may also help those who find 
adherence to their agreed lunchtime insulin injection difficult 
and those with learning difficulties who may require 
assistance from others.  

 Adults whose nutritional and physical activity patterns vary 
considerably from day-to-day, for vocational or recreational reasons, 
may need careful and detailed review of their self-monitoring and 
insulin injection regimen(s). This should include all the appropriate 
preparations and consideration of unusual patterns and combinations.  

 For adults undergoing periods of fasting or sleep following eating (e.g., 
during religious feasts and fasts, after night-shift work), a rapid-acting 
insulin analog before the meal (provided the meal is not prolonged) 
should be considered.  

 For adults with erratic and unpredictable blood glucose control, rather 
than a change in a previously optimized insulin regimen, the following 
should be considered: 

o Re-suspension of insulin and injection technique.  
o Injection sites. 
o Self-monitoring skills. 
o Knowledge and self-management skills.  
o Nature of lifestyle.  
o Psychological and psychosocial difficulties.  
o Possible organic causes (e.g., gastroparesis).  

 Continuous SC insulin infusion is recommended as an option provided 
that: 

o Multiple-dose insulin therapy (including, where appropriate, 
the use of insulin glargine) has failed, and 

o Patients receiving the treatment have the commitment and 
competence to use the therapy effectively. 

 Partial insulin replacement to achieve blood glucose control targets 
(basal insulin only, or just some mealtime insulin) should be 
considered for patients initiating insulin therapy, until such time as 
islet β-cell deficiency progresses further.  

 Clear guidelines and protocols should be given to all patients to assist 
them in adjusting insulin doses appropriate during intercurrent illness.  

 Oral glucose-lowering drugs should generally not be used in the 
management of type 1 diabetics.  

 
Adults (aged 18 years or older): Insulin delivery 
 Adults who inject insulin should have access to the insulin injection 

delivery device they find allows them optimal well-being, often using 
one or more types of insulin injection pen.  

 Adults who have special visual or psychological needs should be 
provided with injection devices or needle-free systems that they can 
use independently for accurate dosing. 
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 Insulin injection should be made into the deep SC fat. To achieve this, 

needles of a length appropriate to the individual should be made 
available. 

 Adults should be informed that the abdominal wall is the therapeutic 
choice for mealtime insulin injections. 

 Adults should be informed that extended-acting suspension insulin 
(e.g., isophane [NPH] insulin) may give a longer profile of action when 
injected into the SC tissue of the thigh rather than the arm or 
abdominal wall.  

 Adults should be recommended to use one anatomical area for the 
injections given at the same time of day, but to move the precise 
injection site around in the whole of the available skin within that area.  

 Patients should be provided with suitable containers for the collection 
of used needles. Arrangements should be available for the suitable 
disposal of these containers.  

 Injection site condition should be checked annually, and if new 
problems with blood glucose control occur.  

American Diabetes Association:  
Type 1 Diabetes Through the 
Life Span: A Position 
Statement of the American 
Diabetes Association  
(2014)21 

 
 

Nutritional therapy  
 Individualized medical nutrition therapy is recommended for all people 

with type 1 diabetes as an effective component of the overall treatment 
plan. 

 Monitoring carbohydrate intake, whether by carbohydrate counting or 
experience-based estimation, remains a key strategy in achieving 
glycemic control. 

 If adults with type 1 diabetes choose to drink alcohol, they should be 
advised to do so in moderation (one drink per day or less for adult 
women and two drinks per day or less for adult men). Discussion with 
a health care provider is advised to explore potential interactions with 
medications. Adults should be advised that alcohol can lower blood 
glucose levels and that driving after drinking alcohol is 
contraindicated. 

 
Physical activity and exercise  
 Exercise should be a standard recommendation as it is for individuals 

without diabetes; however, recommendations may need modifications 
due to the presence of macro- and microvascular diabetes 
complications.  

 Patients of all ages (or caregivers of children) should be educated about 
the prevention and management of hypoglycemia that may occur 
during or after exercise.  

 Patients should be advised about safe preexercise blood glucose levels 
(typically 100 mg/dL or higher depending on the individual and type of 
physical activity). 

 Reducing the prandial insulin dose for the meal/snack preceding 
exercise and/or increasing food intake can be used to help raise the 
preexercise blood glucose level and reduce hypoglycemia. 

 A reduction in overnight basal insulin the night following exercise may 
reduce the risk for delayed exercise-induced hypoglycemia.  

 Self-monitoring of blood glucose should be performed as frequently as 
needed, and sources of simple carbohydrate should be readily available 
to prevent and treat hypoglycemia.  

 
Glycemic control goals  
 The American Diabetes Association strongly believes that blood 

glucose and HbA1c targets should be individualized with the goal of 
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achieving the best possible control while minimizing the risk of severe 
hyperglycemia and hypoglycemia and maintaining normal growth and 
development. 

 An HbA1c goal of <7.5% is recommended across all pediatric age-
groups.  

 A reasonable HbA1c goal for many nonpregnant adults with type 1 
diabetes is <7%. 

 Providers might reasonably suggest more stringent HbA1c goals (such 
as <6.5%) for select individual patients, if this can be achieved without 
significant hypoglycemia or other adverse effects of treatment. 

 Less stringent HbA1c goals (such as <8.5%) may be appropriate for 
patients with a history of severe hypoglycemia, hypoglycemia 
unawareness, limited life expectancy, advanced microvascular/ 
macrovascular complications, or extensive comorbid conditions. 

 
Insulin therapy 
 Most individuals with type 1 diabetes should be treated with multiple 

daily insulin injections (three or more injections per day of prandial 
insulin and one to two injections of basal insulin) or continuous 
subcutaneous insulin infusion. 

 Most individuals should be educated in how to match prandial insulin 
dose to carbohydrate intake, premeal blood glucose, and anticipated 
activity.  

 Most individuals should use insulin analogs to reduce hypoglycemia 
risk. 

 All individuals with type 1 diabetes should be taught how to manage 
blood glucose levels under varying circumstances, such as when ill or 
receiving glucocorticoids or for those on pumps, when pump problems 
arise. 

 Child caregivers and school personnel should be taught how to 
administer insulin based on provider orders when a child cannot self-
manage and is out of the care and control of his or her parent/guardian. 

 
Adjunctive therapies  
 Pramlintide may be considered for use as adjunctive therapy to 

prandial insulin in adults with type 1 diabetes failing to achieve 
glycemic goals. 

 Evidence suggests that adding metformin to insulin therapy may reduce 
insulin requirements and improve metabolic control in overweight/ 
obese patients and poorly controlled adolescents with type 1 diabetes, 
but evidence from larger longitudinal studies is required. 

 Current type 2 diabetes medications (GLP-1 agonists, DPP-4 
inhibitors, and SGLT2 inhibitors) may be potential therapies for type 1 
diabetic patients, but require large clinical trials before use in type 1 
diabetic patients. 

*This algorithm was updated in 201313 
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IV. Pharmacokinetics 
 
The pharmacokinetic parameters of the thiazolidinediones are listed in Table 4.  

 
Table 4. Pharmacokinetic Parameters of the Thiazolidinediones7 

Generic 
Name(s) 

Bioavailability 
(%) 

Protein Binding 
(%) 

Metabolism 
(%) 

Excretion 
(%) 

Half-Life 
(hours) 

Single Entity Agents     
Pioglitazone 50* >99 Liver, extensive 

(% not reported) 
Renal (15 to 30) 

 
3 to 7  

Rosiglitazone 99 99.8 Liver, extensive 
(% not reported) 

Renal (64), 
Feces (23) 

3 to 4 

Combination Products     
Pioglitazone 
and glimepiride 

50*/100 >99 Liver, extensive 
(% not reported) 

Renal (15 to 30)/ 
Renal (60), 
Feces (40) 

3 to 7/9 

Pioglitazone 
and metformin 

50*/50 to 60† >99/Negligible 
(% not reported) 

Liver, extensive 
(% not reported) 

Renal (15 to 30)/ 
Renal (90) 

3 to 7/ 
1.5 to 6.2 

Rosiglitazone 
and glimepiride 

99/100 99.8/99.5 Liver, extensive 
(% not reported) 

Renal (64), 
Feces (23)/Renal 
(60), Feces (40) 

3 to 4/9 

Rosiglitazone 
and metformin 

99/50 to 60† 99.8/Negligible 
(% not reported) 

Liver, extensive 
(% not reported) 

Renal (64), 
Feces (23)/Renal 

(90) 

3 to 4/ 
1.5 to 6.2 

    *Animal studies. 
†Immediate-release. 
 
 

V. Drug Interactions 
 
Significant drug interactions with the thiazolidinediones are listed in Table 5. 

 
Table 5. Significant Drug Interactions with the Thiazolidinediones8 

Generic Name(s) Significance Level Interaction Mechanism 
Metformin 1 Iodine-containing 

radiopaque agents 
Iodinated contrast materials-induced 
renal failure can interfere with the renal 
elimination of metformin; therefore, there 
is an increased risk of metformin-induced 
lactic acidosis. 

Sulfonylureas 1 Quinolones The hypoglycemic effect of sulfonylureas 
may be increased by quinolones 
especially in elderly patients with renal 
compromise. Hypoglycemia symptoms 
including lightheadedness, diaphoresis, 
tachycardia and various neurologic and 
psychiatric disturbances may occur. The 
mechanism of this interaction is 
unknown. 

Pioglitazone, 
rosiglitazone 

2 Gemfibrozil Gemfibrozil may inhibit the metabolism 
of thiazolidinediones and increase plasma 
concentrations. There is an increased risk 
of hypoglycemia and other adverse 
effects.  

Pioglitazone, 
rosiglitazone 

2 Rifamycins Rifamycins may increase the metabolism 
of the thiazolidinediones, reducing their 
plasma concentrations and half-lives, 
resulting in decreased glycemic control.  
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Generic Name(s) Significance Level Interaction Mechanism 
Sulfonylureas 2 Azole antifungals Azole antifungals may inhibit 

cytochrome P450 2C9-mediated 
metabolism of sulfonylureas. The 
hypoglycemic effects of sulfonylureas 
may be increased by azole antifungals.  

Sulfonylureas 2 Chloramphenicol Chloramphenicol may reduce hepatic 
clearance of certain sulfonylureas and 
cause an increased hypoglycemic 
response. Symptoms of hypoglycemia: 
lightheadedness, diaphoresis, tachycardia, 
and various neurologic and psychiatric 
disturbances may occur. 

Sulfonylureas 2 Clofibrate Clofibrate may cause an increased 
hypoglycemic response to certain 
sulfonylureas through an unknown 
mechanism.  

Sulfonylureas 2 Diazoxide Diazoxide may decrease endogenous 
insulin release and cause increases in 
glucose and free fatty acids resulting in a 
decrease in glycemic control in patients 
stabilized on a sulfonylurea. 

Sulfonylureas 2 Fenfluramine and 
derivatives 

The hypoglycemic effects of 
sulfonylureas may be increased by 
fenfluramine and derivatives. 
Pharmacologic effects may be additive. 

Sulfonylureas 2 Monoamine 
oxidase inhibitors 
(MAOIs) 

MAOIs may enhance the hypoglycemic 
action of sulfonylureas through an 
unknown mechanism. Monitor blood 
glucose concentrations and adjust the 
doses of the sulfonylurea accordingly. 

Sulfonylureas 2 Phenylbutazone The hypoglycemic effects of 
sulfonylureas may be increased. 
Symptoms of hypoglycemia: 
lightheadedness, diaphoresis, tachycardia, 
and various neurologic and psychiatric 
disturbances may occur. 

Sulfonylureas 2 Rifamycins Rifamycins may decrease the half-life 
and increase the clearance of 
sulfonylureas through increased 
metabolism.  

Sulfonylureas 2 Sulfonamides Sulfonamides may impair the metabolism 
of sulfonylureas and enhance the 
hypoglycemic effects of sulfonylureas.  

Significance level 1 = major severity, significance level 2 = moderate severity 
 
 

VI. Adverse Drug Events 
 
The most common adverse drug events reported with the thiazolidinediones (TZDs) are listed in Table 6. The 
boxed warnings for the thiazolidinediones are listed in Tables 7 through 12. The TZDs are associated with a 
boxed warning regarding the risk of development or exacerbation of congestive heart failure.1,2 In November 
2013, the FDA announced the removal of the prescribing and dispensing restrictions for rosiglitazone medicines 
that were put in place in 2010. This decision was based on a re-evaluation of the Rosiglitazone Evaluated for 
Cardiovascular Outcomes and Regulation of Glycemia in Diabetes (RECORD) trial28 conducted by the Duke 
Clinical Research Institute30, which determined that recent data for rosiglitazone-containing drugs do not show an 
increased risk of heart attack compared to the standard type 2 diabetes medicines metformin and sulfonylurea. 
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Under these modifications, distribution of rosiglitazone-containing products is no longer restricted. Health care 
professionals, pharmacies, and patients will no longer be required to enroll in the rosiglitazone Risk Evaluation 
and Mitigation Strategy program to be able to prescribe, dispense, or receive rosiglitazone medicines.22 

 
   Table 6. Adverse Drug Events (%) Reported with the Thiazolidinediones1-6 

Adverse Event 
Single Entity Agents Combination Products 

Pio-
glitazone 

Rosi-
glitazone 

Pioglitazone  
and Glimepiride* 

Pioglitazone  
and Metformin* 

Rosiglitazone  
and Glimepiride* 

Rosiglitazone 
and Metformin* 

Cardiovascular       
Anemia - - - - - 7.1 
Angina -  - - - - 
Congestive heart 
failure   - - - - 

Myocardial 
infarction -  - - - - 

Myocardial ischemia -  - - - - 
Central Nervous System      
Dizziness - - - 4.8 to 5.4 - - 
Headache 7 to 9 6 4.0 to 7.1 4.6 to 6.0 - 6.5 
Endocrine and Metabolic      
Aggravated diabetes 5 - - - - - 
Edema 5 to 15 5 to 15 5.7 to 12.3 2.9 to 11.3 - 4.4 
Hyperglycemia - 4 - - - - 
Hypoglycemia   13.4 to 15.7 - - 3 
Weight gain   9.1 to 13.4 2.9 to 6.7 - - 
Gastrointestinal       
Diarrhea - 2 4.3 to 6.0 4.8 to 5.8 - 12.7 
Nausea - - 4.0 to 5.1 3.6 to 5.8 - - 
Tooth disorder 5 - - - - - 
Genitourinary - - - - - - 
Ovulation   - - - - 
Hematologic       
Anemia ≤2 2 to 7 - - - 7.1 
Hematocrit 
decreased   - - - - 

Hemoglobin 
decreased   - - - - 

Musculoskeletal       
Arthralgia - - - - - 5 
Back pain - 4 - - - 5 
Fatigue - 4 - - - 5.9 
Fracture 5  - - - - 
Myalgia 3 to 5 - - - - - 
Respiratory       
Dyspnea  - - - - - 
Pharyngitis 5 - - - - - 
Pleural effusion -  - - - - 
Pulmonary edema -  - - - - 
Sinusitis 6 3 - 4.4 to 5.0 - 6.2 
Upper respiratory 
tract infection 13 10 12.3 to 16.6 12.4 to 15.5 - - 

Other       
Cholestatic hepatitis -  - - - - 
Hepatotoxicity Rare Rare - - - - 
Injury - 8 3.5 - - 8 
Macular edema   - - - - 
Pain in limb - - 4.0 to 5.4 - - - 
Urinary tract 
infection - - 5.7 to 6.8 5.3 to 5.8 - 16 

Viral infection - - - - - 5 
*Adverse reactions for combination therapy only are reported. 
-Event not reported. 

Percent not specified. 
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  Table 7. Boxed Warning for Actos® (pioglitazone)1 

WARNING 
Thiazolidinediones, including pioglitazone, cause or exacerbate congestive heart failure in some patients. After 
initiation of pioglitazone, and after dose increases, monitor patients carefully for signs and symptoms of heart 
failure (e.g., excessive, rapid weight gain, dyspnea, and/or edema). If heart failure develops, it should be 
managed according to current standards of care and discontinuation or dose reduction of pioglitazone must be 
considered. Pioglitazone is not recommended in patients with symptomatic heart failure. Initiation of 
pioglitazone in patients with established New York Heart Association class III or IV heart failure is 
contraindicated. 

 
Table 8. Boxed Warning for Duetact® (pioglitazone and glimepiride)3 

WARNING 
Thiazolidinediones, including pioglitazone, which is a component of Duetact®, cause or exacerbate congestive 
heart failure in some patients. After initiation of Duetact®, observe patients carefully for signs and symptoms of 
heart failure (including excessive, rapid weight gain, dyspnea, and/or edema). If these signs and symptoms 
develop, the heart failure should be managed according to the current standards of care. Furthermore, 
discontinuation of Duetact® must be considered. Duetact® is not recommended in patients with symptomatic 
heart failure. Initiation of Duetact® in patients with established New York Heart Association Class III or IV 
heart failure is contraindicated. 

 
Table 9. Boxed Warning for Actoplus Met® (pioglitazone and metformin), Actoplus Met XR® (pioglitazone 
and metformin extended-release)4 

WARNING 
Congestive Heart Failure: Thiazolidinediones, including pioglitazone, which is a component of Actoplus Met® 
and Actoplus Met XR®, cause or exacerbate congestive heart failure in some patients. After initiation of 
Actoplus Met® or Actoplus Met XR®, and after dose increases, observe patients carefully for signs and 
symptoms of heart failure (including excessive, rapid weight gain, dyspnea, and/or edema). If these signs and 
symptoms develop, the heart failure should be managed according to the current standards of care. 
Furthermore, discontinuation or dose reduction of Actoplus Met® or Actoplus Met XR® must be considered. 
Actoplus Met® and Actoplus Met XR® are not recommended in patients with symptomatic heart failure. 
Initiation of Actoplus Met® or Actoplus Met XR® in patients with established New York Heart Association 
Class III or IV heart failure is contraindicated. 
 
Lactic Acidosis: Lactic acidosis is a rare, but serious complication that can occur due to metformin 
accumulation. The risk increases with conditions such as sepsis, dehydration, excess alcohol intake, hepatic 
insufficiency, renal impairment, and acute congestive heart failure. The onset is often subtle, accompanied only 
by nonspecific symptoms such as malaise, myalgias, respiratory distress, increasing somnolence, and 
nonspecific abdominal distress. Laboratory abnormalities include low pH, increased anion gap and elevated 
blood lactate. If acidosis is suspected, Actoplus Met® or Actoplus Met XR® should be discontinued and the 
patient hospitalized immediately. 

   
Table 10. Boxed Warning for Avandia® (rosiglitazone)2 

WARNING 
Thiazolidinediones, including rosiglitazone, cause or exacerbate congestive heart failure in some patients. After 
initiation of rosiglitazone, and after dose increases, monitor patients carefully for signs and symptoms of heart 
failure (e.g., excessive, rapid weight gain, dyspnea, and/or edema). If heart failure develops, it should be 
managed according to current standards of care and discontinuation or dose reduction of rosiglitazone must be 
considered. Rosiglitazone is not recommended in patients with symptomatic heart failure. Initiation of 
rosiglitazone in patients with established New York Heart Association class III or IV heart failure is 
contraindicated. 

 
Table 11. Boxed Warning for Avandaryl® (rosiglitazone and glimepiride)5 

WARNING 
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Thiazolidinediones, including rosiglitazone, cause or exacerbate congestive heart failure in some patients. After 
initiation of rosiglitazone, and after dose increases, monitor patients carefully for signs and symptoms of heart 
failure (e.g., excessive, rapid weight gain, dyspnea, and/or edema). If heart failure develops, it should be 
managed according to current standards of care and discontinuation or dose reduction of rosiglitazone must be 
considered. Rosiglitazone is not recommended in patients with symptomatic heart failure. Initiation of 
rosiglitazone in patients with established New York Heart Association class III or IV heart failure is 
contraindicated. 

 
Table 12. Boxed Warning for Avandamet® (rosiglitazone and metformin)6 

WARNING 
Thiazolidinediones, including rosiglitazone, cause or exacerbate congestive heart failure in some patients. After 
initiation of rosiglitazone, and after dose increases, monitor patients carefully for signs and symptoms of heart 
failure (e.g., excessive, rapid weight gain, dyspnea, and/or edema). If heart failure develops, it should be 
managed according to current standards of care and discontinuation or dose reduction of rosiglitazone must be 
considered. Rosiglitazone is not recommended in patients with symptomatic heart failure. Initiation of 
rosiglitazone in patients with established New York Heart Association class III or IV heart failure is 
contraindicated. 
 
Lactic acidosis: lactic acidosis is a rare, but serious complication that can occur due to metformin accumulation. 
The risk increases with conditions such as sepsis, dehydration, excess alcohol intake, hepatic insufficiency, 
renal impairment, and acute congestive heart failure. Symptoms include malaise, myalgias, respiratory distress, 
increasing somnolence, and nonspecific abdominal distress. Laboratory abnormalities include low pH, 
increased anion gap and elevated blood lactate. If acidosis is suspected, discontinue Avandamet® and 
hospitalize the patient immediately. 
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VII. Dosing and Administration 
 

The usual dosing regimens for the thiazolidinediones are listed in Table 13. 
 

Table 13. Usual Dosing Regimens for the Thiazolidinediones1-6 

Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
Single Entity Agents   
Pioglitazone Adjunct to diet and exercise to improve 

glycemic control in adults with type 2 
diabetes: 
Tablet: initial, 15 or 30 mg QD; maximum, 
45 mg QD 

Safety and efficacy in 
pediatric patients have 
not been established. 

Tablet: 
15 mg 
30 mg 
45 mg 

Rosiglitazone Adjunct to diet and exercise to improve 
glycemic control in adults with type 2 
diabetes: 
Tablet: initial, 4 mg/day administered as a 
single dose or in two divided doses; 
maintenance, 8 mg/day; maximum, 8 
mg/day 

Safety and efficacy in 
pediatric patients have 
not been established. 

Tablet: 
2 mg 
4 mg 
8 mg 

Combination Products   
Pioglitazone and 
glimepiride 

Adjunct to diet and exercise to improve 
glycemic control in adults with type 2 
diabetes who are already treated with a 
thiazolidinedione and a sulfonylurea or who 
have inadequate glycemic control on a 
thiazolidinedione alone or a sulfonylurea 
alone: 
Tablet: initial, based on patient’s current 
regimen of pioglitazone and/or 
sulfonylurea, administer QD 

Safety and efficacy in 
pediatric patients have 
not been established. 

Tablet:  
30-2 mg 
30-4 mg 
 
 

Pioglitazone and  
metformin 

Adjunct to diet and exercise to improve 
glycemic control in patients with type 2 
diabetes mellitus when treatment with both 
pioglitazone and metformin is appropriate: 
Extended-release tablet: initial, based on 
patient’s current regimen of pioglitazone 
and/or metformin, administer QD; 
maximum, 45-2,000 mg/day 
 
Tablet: initial, based on patient’s current 
regimen of pioglitazone and/or metformin; 
maximum, 45-2,550 mg/day 

Safety and efficacy in 
pediatric patients have 
not been established. 

Extended-
release tablet: 
15-1,000 mg 
30-1,000 mg 
 
Tablet: 
15-500 mg 
15-850 mg  

Rosiglitazone and 
glimepiride 

Adjunct to diet and exercise to improve 
glycemic control when treatment with both 
rosiglitazone and glimepiride is appropriate 
in adults with type 2 diabetes: mellitus 
Tablet: initial, 4-1 or 4-2 mg QD; 
maximum, 8-4 mg/day 

Safety and efficacy in 
pediatric patients have 
not been established. 

Tablet: 
4-1 mg 
4-2 mg  
4-4 mg 
8-2 mg 
8-4 mg 

Rosiglitazone and 
metformin 

Adjunct to diet and exercise to improve 
glycemic control when treatment with both 
rosiglitazone and metformin is appropriate 
in adults with type 2 diabetes mellitus: 
Tablet: initial, based on patient’s current 
regimen of rosiglitazone and/or metformin, 
administer in divided doses; maximum, 8-
2,000 mg/day 

Safety and efficacy in 
pediatric patients have 
not been established. 

Tablet: 
2-500 mg 
2-1,000 mg 
4-500 mg  
4-1,000 mg 

QD=once daily
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Additional Evidence 
 
Dose Simplification 
Vanderpoel at al. investigated the adherence rates with the fixed-dose combination of rosiglitazone and metformin 
compared to monotherapy or concomitant administration of the individual components. Prescription claims for 
16,929 type 2 diabetics were analyzed for a 12-month time period. Adherence pre- and post-index was measured 
by a medication possession ratio, a proxy measurement to determine adherence. Compared to the pre-index period 
for concomitant administration of the individual components, the fixed-dose combination product had a 
significant increase in the medication possession ratio (+4.8; P<0.005). There was no significant difference in pill 
burden, insulin use rate, or non-study oral hyperglycemic agents between the two groups.112  
 
Stable Therapy 
Berhanu et el. evaluated changes in lipid profiles in 305 patients with type 2 diabetes and dyslipidemia after 
treatment conversion from rosiglitazone to pioglitazone with continuation of statin and other lipid-lowering 
therapies. At 17 weeks after treatment conversion from rosiglitazone to pioglitazone, patients had significant 
reductions in triglycerides (–15.2%; P<0.0001), total cholesterol (–9.0%; P<0.0001), and low-density lipoprotein 
(LDL) particle concentration (–189 nmol/L; P<0.0001) without significant changes in HbA1c (0.02%). LDL 
cholesterol (+2.2%), high-density lipoprotein cholesterol (+1.8%; P<0.05), and LDL particle diameter (+0.23 nm; 
P<0.0001) increased as well.113  
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

           Rx=prescription 
 

Table 15. Relative Cost of the Thiazolidinediones 
Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 

Single Entity Agents     
Pioglitazone tablet Actos®* $$$$$ $ 
Rosiglitazone tablet Avandia® $$$$$ N/A 
Combination Products     
Pioglitazone and 
glimepiride 

tablet Duetact®* $$$$$ N/A 

Pioglitazone and 
metformin 

tablet Actoplus Met®*, Actoplus Met 
XR® 

$$$$$ $$$$ 

Rosiglitazone and tablet Avandaryl® $$$$ N/A 
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Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 
glimepiride 
Rosiglitazone and 
metformin 

tablet Avandamet® $$$ N/A 

*Generic is available in at least one dosage form or strength.  
N/A=Not available 
 
 

X. Conclusions 
 

The thiazolidinediones are approved for use as an adjunct to diet and exercise to improve glycemic control in 
adults with type 2 diabetes mellitus.1-6 Pioglitazone, pioglitazone-glimepiride, and pioglitazone-metformin are 
available in generic formulations. Metformin and glimepiride are also available generically in a separate 
formulation. 
 
According to current clinical guidelines for the management of type 2 diabetes, metformin remains the 
cornerstone of most antidiabetic treatment regimens. Additionally, patients with a high HbA1c will likely require 
combination or triple therapy in order to achieve glycemic goals. At this time, uniform recommendations on the 
best agent to be combined with metformin cannot be made; therefore, advantages and disadvantages of specific 
antidiabetic agents for each patient should be considered. The thiazolidinediones are noted to be associated with 
weight gain, fluid retention, congestive heart failure, and fractures. The thiazolidinediones are recommended as a 
potential second-line treatment option to be added to or used in combination with metformin in patients not 
achieving glycemic goals. However, due to the mechanisms of action of the thiazolidinediones and metformin, the 
addition of an incretin mimetic, dipeptidyl peptidase-4 (DPP-4) inhibitor, or secretagogue is preferred over a 
thiazolidinedione to be added to metformin. In addition, the combination of metformin and a thiazolidinedione, 
while efficacious, carries risks of adverse events associated with both agents. Patients who are not appropriate for 
initial therapy with metformin, may be initiated on another oral antidiabetic agent, such as a sulfonylurea/glinide, 
pioglitazone, or a DPP-4 inhibitor, and in occasional cases where weight loss is seen as an essential aspect of 
therapy, initial therapy with an incretin mimetic may be useful. In general, recommendations regarding the 
thiazolidinediones are made for the medication class as a whole; however, more recent guidelines from the 
American Diabetes Association/European Association for the Study of Diabetes do not recommend 
rosiglitazone.9-21  
 
A variety of clinical trials have been conducted with the thiazolidinediones.23-113 In comparative studies, the use of 
pioglitazone and rosiglitazone led to similar improvements in glycemic control.43,44,46,48,49,62 Several studies 
evaluated the efficacy of thiazolidinediones in dual therapy regimens compared to monotherapy regimens. In these 
studies, the more aggressive treatment regimens improved glycemic parameters to a greater extent than the less-
intensive treatment regimens.68-71,82-89,96-99,105 However, in studies that directly compared various dual therapy 
regimens, there were no differences in efficacy noted.72-80,93,101,103 The thiazolidinedione fixed-dose combination 
products have been shown to be improve glycemic control in patients with type 2 diabetes.70,91-93,95,100 However, 
there were no randomized studies found in the medical literature that directly compared the efficacy of the fixed-
dose combination products to the coadministration of each component as separate formulations. 
 
Thiazolidinediones may cause weight gain and fluid retention, as well as increase the risk for congestive heart 
failure and fractures.1-6 The cardiovascular safety of rosiglitazone has been a controversial issue since 2007. The 
results of two cardiovascular outcomes studies with the thiazolidinediones have been reported (PROactive and 
RECORD); however, neither study directly compared pioglitazone and rosiglitazone.23,29 A variety of meta-
analyses have been conducted by independent investigators to assess the link between the use of 
thiazolidinediones and cardiovascular events.31-38 Previously, prescribing information for pioglitazone and 
rosiglitazone differed with regards to myocardial ischemic events. In November 2013, the FDA announced the 
removal of the prescribing and dispensing restrictions for rosiglitazone medicines that were put in place in 2010. 
This decision was based partly on a re-evaluation of the Rosiglitazone Evaluated for Cardiovascular Outcomes 
and Regulation of Glycemia in Diabetes (RECORD) trial28 conducted by the Duke Clinical Research Institute30, 
which determined that recent data for rosiglitazone-containing drugs do not show an increased risk of heart attack 
compared to the standard type 2 diabetes medicines metformin and sulfonylurea. Under these modifications, 
distribution of rosiglitazone-containing products is no longer restricted. Health care professionals, pharmacies, 
and patients will no longer be required to enroll in the rosiglitazone Risk Evaluation and Mitigation Strategy 
program to be able to prescribe, dispense, or receive rosiglitazone medicines.22 
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There have been no clinical studies establishing conclusive evidence of macrovascular risk reduction with the 
thiazolidinediones or any other antidiabetic drug.1-6 Since these agents are not recommended as first-line therapy 
for the treatment of type 2 diabetes mellitus, the thiazolidinediones should be managed through the medical 
justification portion of the prior authorization process. 
 
Therefore, all brand pioglitazone-containing products within the class reviewed are comparable to each other and 
to the generic products in the class (if applicable) and offer no significant clinical advantage over other 
alternatives in general use.  
 

XI. Recommendations 
 

No brand thiazolidinedione is recommended for preferred status. Alabama Medicaid should accept cost proposals 
from manufacturers to determine the most cost effective products and possibly designate one or more preferred 
brands.  
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I. Overview 

 
Mifepristone (Korlym®) is classified as an antidiabetic agent, miscellaneous by the American Hospital Formulary 
Service. Mifepristone is a cortisol receptor blocker Food and Drug Administration (FDA)-approved to control 
hyperglycemia secondary to hypercortisolism in adult patients with endogenous Cushing’s syndrome who have 
type 2 diabetes or glucose intolerance and have failed surgery or are not candidates for surgery.1,2 Mifepristone is 
the first and only approved medication for Cushing’s syndrome patients and has been designated as an Orphan 
Drug by the FDA for this indication.3 When administered in high doses, mifepristone is a selective antagonist of 
the GR-II glucocorticoid receptor and blocks the effects of cortisol. Mifepristone and the three active metabolites 
have a greater affinity for the glucocorticoid receptor compared to dexamethasone and cortisol, and have little to 
no affinity for estrogen, muscarinic, histaminic, or monoamine receptors. Of note, mifepristone does not reduce 
cortisol levels.1,4  
 
Excess cortisol production, the biochemical hallmark of endogenous Cushing’s syndrome, may be caused by 
either excess adrenocorticotropic hormone secretion (from a pituitary or other ectopic tumor) or independent 
adrenal overproduction of cortisol. Clinical features of Cushing’s syndrome typically reflect prolonged and 
inappropriately high exposure to glucocorticoids, including weight gain, severe fatigue and muscle weakness, high 
blood pressure, depression, cognitive impairment, purplish skin striae, easy bruising, loss of libido, diabetes, 
hirsutism, acne, and mental disorders.5-6 Medical therapies may have a primary or adjunctive role in some 
patients. In patients in whom surgery has failed to control the disease, medical management is essential to reduce 
or normalize hypercortisolemia, and should be utilized prior to considering bilateral adrenalectomy. Medical 
therapies consist of adrenolytic agents (ketoconazole, metyrapone, aminoglutethimide [not available in the United 
States], mitotane, and etomidate) and neuromodulatory agents (somatostatin analogs, dopamine agonists, 
peroxisome proliferator-activated receptor-γ agonists, retinoic acid, and glucocorticoid receptor antagonists).5-7 
Adrenolytic agents typically work to decrease cortisol levels and are the most widely used agents. In particular, 
among patients with hypercortisolism in whom medical therapy is indicated, ketoconazole is considered first-line 
therapy.7 The safety and efficacy of neuromodulatory therapies in endogenous Cushing’s syndrome are still being 
evaluated.6 
 
At lower doses mifepristone is a selective antagonist of the progesterone receptor.1 The agent is also available as 
the branded agent Mifeprex®, which is FDA-approved for the medical termination of intrauterine pregnancy 
through 49 days of pregnancy.8  
 
The antidiabetic agents, miscellaneous that are included in this review are listed in Table 1. This review 
encompasses all dosage forms and strengths. Currently Mifepristone (Korlym®) is the only agent in the class and 
although the class has been reviewed previously this is the first review of Mifepristone (Korlym®). November 
2012 

 
Table 1. Antidiabetic Agents, Miscellaneous Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Mifepristone tablet Korlym® none  

PDL=Preferred Drug List 
 
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
 

No clinical guidelines regarding the treatment of Cushing’s syndrome were identified.  
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III. Indications 
 

The Food and Drug Administration (FDA)-approved indication for mifepristone is noted in Table 2. While agents 
within this therapeutic class may have demonstrated positive activity via in vitro trials, the clinical significance of 
this activity remains unknown until fully demonstrated in well-controlled, peer-reviewed in vivo clinical trials. As 
such, this review and the recommendations provided are based exclusively upon the results of such clinical trials.  

 
Table 2. FDA-Approved Indications for Antidiabetic Agents, Miscellaneous1-2 

Indication Mifepristone 
Control hyperglycemia secondary to hypercortisolism in adult patients with endogenous 
Cushing’s syndrome who have type 2 diabetes mellitus or glucose intolerance and have failed 
or who are not candidates for surgery 

 

 
 

IV. Pharmacokinetics 
 
The pharmacokinetic parameters of the antidiabetic agents, miscellaneous are listed in Table 3.  

 
Table 3. Pharmacokinetic Parameters of Antidiabetic Agents, Miscellaneous1,3 

Generic Name(s) Bioavailability 
(%) 

Protein Binding 
(%) 

Metabolism 
(%) 

Half-Life 
(hours) 

Mifepristone 69 99 Liver (extensive, % not reported) 20 to 85 
 
 

V. Drug Interactions 
 
Significant drug interactions with the biguanides are listed in Table 4. Due to the long serum half-life of 
mifepristone, at least two weeks should elapse after cessation of mifepristone before initiating or increasing the 
dose of any interacting concomitant medication.1  
 
Discontinuation or dose reduction of drugs whose metabolism is largely or solely mediated by cytochrome P450 
(CYP) 3A may be necessary with mifepristone coadministration. Other drugs with similar high first pass 
metabolism in which CYP3A is the primary route of metabolism should be used with extreme caution if co-
administered with mifepristone.1 Medications that inhibit CYP3A could increase plasma mifepristone 
concentrations and dose reduction of mifepristone may be required. Avoid coadministration of mifepristone and 
CYP3A inducers.1 
 
Mifepristone is a progesterone-receptor antagonist and will interfere with the effectiveness of hormonal 
contraceptives; therefore, non-hormonal contraceptive methods should be used.1 

 
Table 4. Significant Drug Interactions with the Biguanides2 

Generic Name(s) Significance Level Interaction Mechanism 
Mifepristone 1 Ergot 

Derivatives 
Mifepristone inhibits the metabolism 
(CYP3A4) of ergot derivatives, therefore 
elevating the plasma concentrations of ergots 
and increasing the risk of adverse reactions 
(e.g., peripheral vasospasm, ischemia of the 
extremities). 

Mifepristone  1 HMG-CoA 
Reductase 
Inhibitors 

Mifepristone inhibits the metabolism 
(CYP3A4) of certain HMG-CoA reductase 
inhibitors, therefore elevating the plasma 
concentrations of HMG-CoA reductase 
inhibitors and increasing the risk of adverse 
reactions (e.g., myopathy, rhabdomyolysis). 

Mifepristone 1 Sirolimus, 
Tacrolimus 

Mifepristone inhibits the metabolism 
(CYP3A4) of sirolimus/tacrolimus, therefore 
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Generic Name(s) Significance Level Interaction Mechanism 
elevating the plasma concentrations of these 
agents and increasing the risk of adverse 
reactions (e.g., thrombocytopenia). 

Mifepristone 1 Cyclosporine Mifepristone inhibits the metabolism 
(CYP3A4) of cyclosporine, increasing the 
pharmacologic effect and risk of adverse 
reactions associated with cyclosporine.  

Mifepristone 1 Fentanyl  Mifepristone inhibits the metabolism 
(CYP3A4) of fentanyl, therefore elevating the 
plasma concentrations of fentanyl and 
increasing the risk of adverse reactions (e.g., 
respiratory depression). 

Mifepristone 1 Pimozide Mifepristone inhibits the metabolism 
(CYP3A4) of pimozide, therefore elevating 
the plasma concentrations of pimozide and 
increasing the risk of adverse reactions (e.g., 
cardiac arrhythmias). 

Mifepristone 1 Quinidine Mifepristone inhibits the metabolism 
(CYP3A4) of quinidine, therefore elevating 
the plasma concentrations of quinidine and 
increasing the risk of adverse reactions (e.g., 
cardiovascular events). 

Mifepristone 2 Corticosteroids  Mifepristone antagonizes the effects of 
corticosteroids, reducing the pharmacologic 
efficacy of corticosteroids.  

Significance level 1 = major severity, significance level 2 = moderate severity 
 

 
VI. Adverse Drug Events 

 
The most common adverse drug events reported with the antidiabetic agents, miscellaneous are listed in Table 5. 
The boxed warning for mifepristone is listed in Table 6.  

 
Table 5. Adverse Drug Events (%) Reported with Antidiabetic Agents, Miscellaneous1-2 

Adverse Event Mifepristone 
Gastrointestinal  
Constipation 10 
Diarrhea 12 
Dry mouth 18 
Nausea 48 
Vomiting 26 
General Disorders and Administration/Site Conditions 
Edema peripheral 26 
Fatigue 48 
Pain 14 
Infections and Infestations 
Nasopharyngitis 12 
Sinusitis 14 
Investigations 
Blood potassium decreased 34 
Thyroid function test abnormal 18 
Metabolism and Nutrition Disorders 
Anorexia 10 
Decreased appetite 20 
Musculoskeletal and Connective Tissue Disorders 
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Adverse Event Mifepristone 
Arthralgia 30 
Back pain 16 
Myalgia 14 
Pain in extremity 12 
Nervous System 
Dizziness 22 
Headache 44 
Somnolence  10 
Psychiatric Disorders 
Anxiety 10 
Reproductive System and Breast Disorders 
Endometrial hypertrophy 38* 
Respiratory, Thoracic, and Mediastinal Disorders 
Dyspnea 16 
Vascular Disorders 
Hypertension 24 

*The denominator was 26 females who had baseline and end-of-trial transvaginal ultrasound. 
Percent not specified. 

  
 

 Table 6. Boxed Warning for Korlym® (mifepristone)1 

WARNING 
Mifepristone is a potent antagonist of progesterone and cortisol via the progesterone and glucocorticoid (GR-II) 
receptors, respectively. The antiprogestational effects will result in the termination of pregnancy. Pregnancy 
must therefore be excluded before the initiation of treatment with mifepristone and prevented during treatment 
and for one month after stopping treatment by the use of a non-hormonal medically acceptable method of 
contraception unless the patient has had a surgical sterilization, in which case no additional contraception is 
needed. Pregnancy must also be excluded if treatment is interrupted for more than 14 days in females of 
reproductive potential. 

 
 

VII. Dosing and Administration 
 

The usual dosing regimen for the antidiabetic agents, miscellaneous are listed in Table 7. 
 
 

Table 7. Usual Dosing Regimens for Antidiabetic Agents, Miscellaneous1-2 
Generic 
Name Usual Adult Dose Usual Pediatric 

Dose Availability 

Mifepristone Control hyperglycemia secondary to hypercortisolism in 
adult patients with endogenous Cushing’s syndrome who 
have type 2 diabetes mellitus or glucose intolerance and 
have failed surgery or are not candidates for surgery: 
Tablet: initial, 300 mg QD; maximum, 1,200 mg QD or 
20 mg/kg/day  

Safety and 
efficacy in 
pediatric patients 
have not been 
established. 

Tablet:  
300 mg 
 

QD=once daily 
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Additional Evidence 
 
Dose Simplification 
A search of Medline and PubMed did not reveal data pertinent to this topic.  
 
Stable Therapy 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

          Rx=prescription 
 

Table 8. Relative Cost of Antidiabetic Agents, Miscellaneous 
Generic Name(s) Formulation(s) Example Brand Name(s) Brand Cost Generic Cost 

Mifepristone tablet Korlym® $$$$$ N/A 
N/A=Not available 

 
X. Conclusions 

 
Mifepristone is the first agent Food and Drug Administration (FDA)-approved for the management of Cushing’s 
syndrome.1-3 Specifically, mifepristone is a cortisol receptor blocker indicated to control hyperglycemia secondary 
to hypercortisolism in adult patients with endogenous Cushing’s syndrome who have type 2 diabetes or glucose 
intolerance and have failed surgery or are not candidates for surgery. Mifepristone should not be used for the 
treatment of type 2 diabetes unrelated to endogenous Cushing’s syndrome.1 Mifepristone has been designated as 
an Orphan Drug for the treatment of the clinical manifestations of endogenous Cushing’s syndrome by the FDA.3  

 
There is an overall lack of guidance within published literature and clinical guidelines as to the role of 
mifepristone in the management of endogenous Cushing’s syndrome. Following 24 weeks of treatment with 
mifepristone in patients with Cushing’s syndrome, there were reductions in glucose area under the curve and 
reductions in diastolic blood pressure in adult patients with type 2 diabetes, glucose tolerance or hypertension.8 

Patients receiving mifepristone have also demonstrated varying degrees of improvement in Cushing’s syndrome 
manifestations; however, it is not clear as to whether these changes are a result of mifepristone treatment.8  
 
Based on the mechanism of action of mifepristone and its approved indication, the agent can only be used in 
certain patients with endogenous Cushing’s syndrome and there is potential for it to be used in combination with 
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other established treatments. Cushing’s syndrome treatment goals include the reversal of clinical features, the 
normalization of biochemical changes with minimal morbidity, and long-term control without recurrence. Optimal 
treatment is surgical resection by selective adenomectomy, with second-line options that include repeated pituitary 
surgery, radiotherapy, or bilateral adrenalectomy.6 Medical therapy plays an essential role in patients in whom 
surgery has failed to control the disease to reduce or normalize hypercortisolemia. Currently, adrenolytic therapies 
(ketoconazole, metyrapone, aminoglutethimide [not available in the United States], mitotane, etomidate) are the 
most widely utilized agents, with fluconazole considered first-line to treat hypercortisolism. The safety and 
efficacy of neuromodulatory therapies (somatostatin analogs, dopamine agonists, peroxisome proliferator-
activated receptor-γ agonists, retinoic acid, glucocorticoid receptor antagonists) in Cushing’s syndrome have not 
been established .5-6 
 
There is insufficient evidence to support that one brand antidiabetic agent, miscellaneous is safer or more 
efficacious than another within its given indication. Formulations without a generic alternative should be managed 
through the medical justification portion of the prior authorization process.  

 
Therefore, all brand products within the class reviewed are comparable to each other and to the generic products 
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.  
 
 

XI. Recommendations 
 

No brand antidiabetic agent, miscellaneous is recommended for preferred status. Alabama Medicaid should accept 
cost proposals from manufacturers to determine the most cost effective products and possibly designate one or 
more preferred brands.
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I. Overview 

 
Women of reproductive age should maintain good nutritional status prior to, during, and after pregnancy to 
minimize health risks to both the mother and child. This includes maintaining a healthy weight, participating in 
physical activity, consuming a variety of foods to meet the Dietary Reference Intake recommendations, as well as 
appropriate and timely supplementation with multivitamins.1-3 There are several organizations that have published 
dietary guidelines for the perinatal period (preconception, pregnancy, and during lactation).4-6 However, most 
women of childbearing age do not maintain a healthy diet and do not consume enough vitamins (A, C, B-6, and 
E), calcium, folic acid, iron, magnesium, or zinc.1,2  

 
Women have an increased requirement for certain nutrients during pregnancy, including folate and iron. Folate is 
necessary for deoxyribonucleic acid (DNA) synthesis and cell division, and is an important nutrient prior to and 
during pregnancy. Many studies have shown that folic acid supplementation is associated with a lower risk of 
neural tube defects, which are serious birth defects of the spine and brain.1-11 The American Academy of 
Pediatrics (AAP), American Academy of Family Physicians (AAFP), American College of Obstetricians and 
Gynecologists (ACOG), American Dietetic Association (ADA), Centers for Disease Control and Prevention 
(CDC), and the United States Preventive Services Task Force (USPSTF) all recommend that women of 
reproductive age consume folic acid on a daily basis.1,7-11 The amount of folic acid that is recommended varies 
slightly among the organizations; however, the most recent publication by the USPSTF recommends that all 
women planning pregnancy take a supplement containing 400 to 800 μg of folic acid on a daily basis.8 A higher 
dose of folic acid (4 mg/day) is recommended for women who have had a previous pregnancy affected by a neural 
tube defect, which should begin one to three months prior to conception and continue throughout the first 
trimester of pregnancy.2,8-9,11 

 
Iron deficiency is common in women of childbearing age due to menstruation, insufficient dietary intake, and 
multiple pregnancies.2 There is an increase in iron requirements during pregnancy due to the expansion of blood 
volume and red blood cell mass.12 Iron deficiency anemia during pregnancy can lead to fetal complications such 
as premature delivery, intrauterine growth restrictions, and neonatal mortality.2,12 It is recommended that women 
consume 27 mg of elemental iron per day during pregnancy.5 Pregnant women should be screened for iron 
deficiency anemia, and if present, be treated with supplemental iron (60 to 120 mg/day).1-3,12  
 
There is evidence that maternal consumption of folic acid-containing multivitamins may reduce the risk of neural 
tube defects, cardiac defects, urinary tract defects, limb defects, as well as other birth defects.2,13 The ADA 
recommends supplementation with a multivitamin for pregnant women with iron deficiency anemia, poor-quality 
diets, those who consume no or small amounts of animal source foods, women carrying two or more fetuses, those 
who smoke or abuse alcohol or drugs, and for women who are infected with human immunodeficiency virus.1 In 
addition to a well-balanced diet, supplementation with a folic acid-containing multivitamin should be encouraged 
in all women of reproductive age to help support healthy pregnancy outcomes.2 

  
There is a wide variety of prenatal vitamins currently available. Most of the preparations contain folic acid and 
iron; however, the amount varies among the products (refer to the dosing and administration section for 
comparison). The products also contain various combinations and quantities of vitamins and minerals. Additional 
nutrients which may be added to a prenatal vitamin include aspartame, docusate, L-methylfolate, omega-3 fatty 
acids, and omega-6 fatty acids. Folic acid must be broken down to L-methylfolate to be used at the cellular level; 
however, some individuals are unable to convert folic acid to its active form. Some of the prenatal formulations 
contain L-methylfolate for women who are unable to fully metabolize folic acid. Omega-3 fatty acids include α-
linolenic acid (ALA), docosahexaenoic acid (DHA), and eicosapentaenoic acid (EPA). Omega-3 and omega-6 
fatty acids must be obtained from food because the human body cannot synthesize these nutrients. DHA and EPA 
can be synthesized de novo from ALA; however, intake of ALA has not been shown to increase maternal, fetal, or 
breast milk DHA levels.2-3 Both DHA and EPA are considered essential fatty acids which are necessary for 
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nervous tissue growth and function.14 Some studies suggest that they may play a role in fetal/neonatal visual and 
neural growth when taken during pregnancy, as well as help prevent low birth weight. There are recommended 
DRIs that have been established for ALA; however, it is unclear how much DHA or EPA a pregnant woman 
should consume through her diet and via supplementation.2-3,15  
 
The prenatal vitamins that are included in this review are listed in Table 1. This review encompasses all dosage 
forms and strengths. It should be noted that the products included in this review contain an extensive ingredient 
list, which can be found separately in the prescribing information. The term “prenatal vitamins” in Table 1 
collectively refers to all of the active vitamin and mineral ingredients. Additional ingredients, including folic acid 
and iron, have been listed out separately. Many of the prenatal vitamins are available in a generic formulation, 
including products which contain omega-3 fatty acids. This class was last reviewed in November 2012.  

 
Table 1. Prenatal Vitamins Included in this Review 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Iron, folic acid, 
multivitamins with minerals 

Tablet OB Complete® none 

Prenatal vitamins, folic acid Chewable tablet Prenate® none 
Prenatal vitamins, folic acid, 
ginger oil 

Tablet Prenate AM® none 

Prenatal vitamins, iron, folic 
acid 

Capsule, chewable 
tablet, tablet 

Concept OB®*, Natafort®, 
Natalvit®†, Nestabs®*, 
OB-Complete Premier®, 
PNV® Folic Acid + Iron, 
Prefera OB®*, Prenata®, 
Prenate Elite®, Prenate 
Star®, Provida OB®, 
Select-OB®, Tricare®, 
Vinate II®, Vinate Care®, 
Vitafol Nano®, Vitafol-
OB® 

prenatal vitamins, iron, 
folic acid 

Prenatal vitamins, iron, folic 
acid, DHA 

Capsule, chewable 
tablet, combination 
package 

Active OB®, Nestabs 
DHA®*, OB Complete 
Petite®, Paire OB Plus 
DHA®, Prefera-OB 
One®*, Prenate DHA®, 
Prenate Enhance®, 
Prenate Essential®, 
Prenate Mini®, Prenate 
Restore®, Select-
OB+DHA®*, Vitafol-
OB+DHA®*, Vitafol-
One®*, Vitafol Ultra® 

prenatal vitamins, iron, 
folic acid, DHA 

Prenatal vitamins, iron, folic 
acid, docusate 

Tablet Citranatal RX® prenatal vitamins, iron, 
folic acid, docusate 

Prenatal vitamins, iron, folic 
acid, omega-3 fatty acids 

Capsule, combination 
package 

Bal-Care DHA 
Essential®†, Concept 
DHA®*, OB Complete 
With DHA®,PR Natal 
400®*, PR Natal 430®, PR 
Natal 400 EC®, PR Natal 
430 EC®, Relnate®* 

prenatal vitamins, iron, 
folic acid, omega-3 fatty 
acids 

Prenatal vitamins, iron, folic 
acid, selenium 

Tablet Vinate-M®* prenatal vitamins, iron, 
folic acid, selenium 

Prenatal vitamins, iron, folic 
acid, vitamin B6 

Tablet Citranatal B-Calm®* prenatal vitamins, iron, 
folic acid, vitamin B6 

Prenatal vitamins, iron, folic 
acid, DHA, docusate 

Capsule, combination 
package 

Citranatal 90 DHA®*, 
Citranatal Assure®*, 

prenatal vitamins, iron, 
folic acid, DHA, 



Prenatal Vitamins 
AHFS Class 882800 

1060 
Prepared by University of Massachusetts Medical School Clinical Pharmacy Services 

Generic Name(s) Formulation(s) Example Brand Name(s) Current PDL Agent(s) 
Citranatal DHA®*, 
Citranatal Harmony®*, 
Nexa Plus®, TL Select 
DHA®*, VP CH Ultra® 

docusate 

Prenatal vitamins, iron, folic 
acid, DHA, EPA 

Combination package Nestabs ABC® none 

Prenatal vitamins, iron, folic 
acid, DHA, fish oil 

Capsule OB Complete 400®, OB 
Complete One® 

none 

Prenatal vitamins, iron, folic 
acid, DHA, omega-3 fatty 
acids 

Combination package Prefera-OB Plus DHA®* prenatal vitamins, iron, 
folic acid, DHA, omega-
3 fatty acids 

Prenatal vitamins, iron, folic 
acid, docusate, omega-3 
fatty acids 

Capsule  N/A prenatal vitamins, iron, 
folic acid, docusate, 
omega-3 fatty acids 

Prenatal vitamins, iron, folic 
acid, DHA, docusate, 
ubidecarenone 

Tablet Preque 10® none 

Prenatal vitamins, iron, folic 
acid, DHA, docusate, EPA, 
fish oil 

Capsule Tricare Prenatal DHA 
One®* 

prenatal vitamins, iron, 
folic acid, DHA, 
docusate, EPA, fish oil 

Prenatal vitamins, iron, folic 
acid, DHA, EPA, omega-3 
fatty acids 

Combination package Tricare Prenatal 
Compleat® 

none 

Prenatal vitamins, iron, L-
methylfolate, algal oil 
blend, soy† 

Capsule Vinate DHA RF®† none 

*Generic is available in at least one dosage form or strength.  
†Clinical information for this product is not available in the various drug databases.  
DHA=Docosahexaenoic acid 
EPA=Eicosapentaenoic acid 
N/A=Not available 

 
 

II. Evidence-Based Medicine and Current Treatment Guidelines 
 

Current treatment guidelines that incorporate the use of the prenatal vitamins are summarized in Table 2. The 
recommended Dietary Reference Intakes for women are listed in Table 3. 
 
Table 2. Treatment Guidelines Using the Prenatal Vitamins 

Clinical Guideline Recommendation(s) 
United States Preventive 
Services Task Force:  
Folic Acid for the Prevention 
of Neural Tube Defects: 
United States Preventive 
Services Task Force 
Recommendation Statement  
(2009)8 

 All women planning or capable of pregnancy should take a daily 
supplement containing 0.4 to 0.8 mg (400 to 800 μg) of folic acid. 

 This recommendation applies to women who are planning or capable 
of pregnancy, but it does not apply to women who have had a previous 
pregnancy affected by neural tube defects or women taking certain 
antiseizure medicines. Most organizations recommend that these 
women take higher doses of folic acid. 

 Most studies indicate the need to start folic acid supplementation at 
least one month before conception and to continue daily supplements 
through the first two to three months of pregnancy. Studies also 
indicate that 50% of pregnancies in the United States are unplanned, 
and clinicians should therefore advise all women who are capable of 
pregnancy to take folic acid supplements.  

 Good evidence from randomized trials in settings without fortification 
of food suggests that a multivitamin with 0.8 mg (800 μg) of folic acid 
reduces the risk for neural tube defects. Observational studies done 
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Clinical Guideline Recommendation(s) 
before fortification report a reduction of neural tube defects in women 
taking a supplement with 0.4 mg (400 μg) of folic acid (the generally 
available dose). Evidence indicates that most women in the United 
States are not ingesting fortified foods at a level thought to provide 
optimal benefit. In a setting in which food is fortified with folic acid, 
the effective amount of additional folic acid supplementation is 
unclear. 

Position of the American 
Dietetic Association:  
Nutrition and Lifestyle for a 
Healthy Pregnancy Outcome 

(2014)1 

 

 Women of childbearing age should adopt a lifestyle optimizing health 
and reducing risk of birth defects, suboptimal fetal development, and 
chronic health problems in both mother and child. Components leading 
to healthy pregnancy outcome include healthy prepregnancy weight, 
appropriate weight gain and physical activity during pregnancy, 
consumption of a wide variety of foods, appropriate vitamin and 
mineral supplementation, avoidance of alcohol and other harmful 
substances, and safe food handling.  

 During the first two trimesters of pregnancy, iron-deficiency anemia 
increases the risk for preterm labor, low birth weight, and infant 
mortality. Maternal and fetal demand for iron increases during 
pregnancy; this increase cannot be met without iron supplementation. 

 All women, including adolescents, who are capable of becoming 
pregnant should consume 400 μg/day folic acid from fortified foods 
and/or dietary supplements, in addition to eating food sources of folate. 
Pregnant women are advised to consume 600 μg dietary folate 
equivalents daily from all food sources. Folic acid is recognized as 
important before and during pregnancy because of its preventive 
properties against neural tube defects. Women who have had an infant 
with a neural tube defect should consult with their health care provider 
regarding the recommendation to take 4,000 μg folic acid daily before 
and throughout the first trimester of pregnancy. 

 Vitamin D supplementation during pregnancy has been suggested as an 
intervention to protect against adverse outcomes, including low birth 
weight; however, the need, safety, and effectiveness of vitamin D 
supplementation remains controversial. The Institute of Medicine 
recommends 600 IU per day of vitamin D, and ongoing research 
suggests higher levels are safe and effective for improving maternal 
and infant vitamin D status. 

 Although choline is found in many foods, the majority of pregnant 
women are not achieving the adequate intake for pregnancy of 450 
mg/day. Recommended calcium intake is equal for pregnant and 
nonpregnant women of the same age. Women with suboptimal intakes 
(<500 mg/day) may need additional amounts to meet maternal and 
fetal bone requirements. The recommended amount of iodine from 
dietary and supplement sources is 150 μg/day before conception and 
220 μg/day for pregnant women. 

The American College of 
Obstetricians and Gynecologists 
Practice Bulletin:  
Anemia in Pregnancy  

(2008)12 
 
(Reaffirmed 2013) 

 All pregnant women should be screened for anemia during pregnancy. 
Those with iron deficiency anemia should be treated with supplemental 
iron, in addition to prenatal vitamins. Patients with anemia other than 
iron deficiency anemia should be further evaluated.  

 Iron deficiency anemia during pregnancy has been associated with an 
increased risk of low birth weight, preterm delivery, and perinatal 
mortality. 

 Severe anemia with maternal hemoglobin levels <6 grams/dL has been 
associated with abnormal fetal oxygenation resulting in nonreassuring 
fetal heart rate patterns, reduced amniotic fluid volume, fetal cerebral 
vasodilatation, and fetal death. Thus, maternal transfusion should be 
considered for fetal indications. 
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Clinical Guideline Recommendation(s) 
 Iron supplementation decreases the prevalence of maternal anemia at 

delivery. However, it is unclear whether iron supplementation in well-
nourished pregnant women who are not anemic affects perinatal 
outcomes.  

 There is little evidence that iron supplementation results in morbidity 
beyond gastrointestinal symptoms, except in patients with 
hemochromatosis or certain other genetic disorders. 

American Academy of Family 
Physicians:  
Clinical Preventative Service 
Recommendation: Neural 
Tube Defects  

(2009)11 

 It is recommended that all women planning or capable of pregnancy 
take a daily supplement containing 0.43 to 0.8 mg (400 to 800 μg) of 
folic acid. 

Centers for Disease Control and 
Prevention:  
Recommendations to Improve 
Preconception Health and 
Health Care-United States 

(2006)7 

Preconception risk factors for adverse pregnancy outcomes 
 Alcohol misuse  

o It is not safe to drink alcohol at any time during pregnancy, 
and harm can occur early, before a woman realizes that she is 
or might be pregnant. Fetal alcohol syndrome and other 
alcohol-related birth defects can be prevented if women stop 
drinking alcohol before conception.  

 Anti-epileptic drugs  
o Certain anti-epileptic drugs (e.g., valproic acid) are known 

teratogens. Recommendations suggest that women who are on 
a regimen of these drugs and who are contemplating 
pregnancy should be prescribed a lower dosage of these 
drugs.  

 Diabetes (preconception)  
o The threefold increase in the prevalence of birth defects 

among infants of women with type 1 and type 2 diabetes is 
substantially reduced through proper management of diabetes.  

 Folic acid  
o Daily use of vitamin supplements containing folic acid has 

been shown to reduce the occurrence of neural tube defects by 
as much as two thirds.  

 Hepatitis B  
o Vaccination is recommended for men and women who are at 

risk for acquiring hepatitis B virus (HBV) infection. 
Preventing HBV infection in women of childbearing age 
prevents transmission of infection to infants and eliminates 
risks to the women of HBV infection and sequelae, including 
hepatic failure, liver carcinoma, cirrhosis, and death.  

 HIV/acquired immune deficiency syndrome  
o If HIV infection is identified before conception, timely 

antiretroviral treatment can be administered, and women (or 
couples) can be given additional information to help prevent 
mother-to-child transmission.  

 Hypothyroidism  
o The dosages of thyroxine (e.g., levothyroxine) need to be 

adjusted for proper neurologic development of the fetus.  
 Isotretinoins  

o Use of isotretinoins (e.g., Accutane®) to treat acne during 
pregnancy can result in miscarriage and birth defects. 
Effective pregnancy prevention should be implemented to 
avoid unintended pregnancies among women with 
childbearing potential who use this medication.  
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Clinical Guideline Recommendation(s) 
 Maternal phenylketonuria 

o Women diagnosed with maternal phenylketonuria as infants 
have an increased risk for delivering infants with mental 
retardation or birth defects. However, this adverse outcome 
can be prevented when mothers adhere to a low-phenylalanine 
diet before conception and continue it throughout their 
pregnancy.  

 Rubella seronegativity  
o Rubella vaccination provides protective seropositivity and 

prevents congenital rubella syndrome.  
 Obesity 

o Adverse perinatal outcomes associated with maternal obesity 
include neural tube defects, preterm delivery, diabetes, 
cesarean delivery, and hypertensive and thromboembolic 
disease. Appropriate weight loss and nutritional intake before 
pregnancy reduces these risks. 

The American College of 
Obstetricians and Gynecologists 
Practice Bulletin:  
Neural Tube Defects  

(2003)9 

 

(Reaffirmed 2013) 

 Periconceptional folic acid supplementation is recommended because 
it has been shown to reduce the occurrence and recurrence of neural 
tube defects.  

 For low-risk women, folic acid supplementation of 400 μg per day 
currently is recommended because nutritional sources alone are 
insufficient. Higher levels of supplementation should not be achieved 
by taking excess multivitamins because of the risk of vitamin A 
toxicity.  

 The ideal dose for folic acid supplementation has not been 
appropriately evaluated in prospective clinical studies. A 400 μg 
supplement currently is recommended for women capable of becoming 
pregnant.  

 For women at high risk of neural tube defects or who have had a 
previous pregnancy with a neural tube defect, folic acid 
supplementation of 4 mg per day is recommended.  

American Academy of 
Pediatrics:  
Folic Acid for the Prevention 
of Neural Tube Defects 

(1999)10 

 

(Reaffirmed May 2012) 

 The American Academy of Pediatrics (AAP) endorses the United 
States Preventive Services Task Force recommendation that all women 
of childbearing age who are capable of becoming pregnant should 
consume 400 (0.4 mg) μg of folic acid daily. 

 Women with a history of a previous pregnancy resulting in a fetus with 
neural tube defects should be advised of the results of the Medical 
Research Council Vitamin (MRC) study. During times in which a 
pregnancy is not planned, these high-risk women should consume 4000 
(4 mg) μg of folic acid per day. However, they should be offered 
treatment with 4000 μg of folic acid per day starting one month before 
the time they plan to become pregnant and throughout the first three 
months of pregnancy, unless contraindicated. Women should be 
advised not to attempt to achieve the 4000 μg daily dosage of folic acid 
by taking over-the-counter or prescription multivitamins containing 
folic acid because of the possibility of ingesting harmful levels of other 
vitamins, for example, Vitamin A. It should be noted that 4000 μg of 
folic acid did not prevent all neural tube defects in the MRC study. 
Therefore, high-risk patients should be cautioned that folic acid 
supplementation does not preclude the need for counseling or 
consideration of prenatal testing for neural tube defects. 
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Table 3. Dietary Reference Intake for Women1,5,6 

Nutrient Adult Women Pregnancy Lactation 
Biotin 25 to 30 μg 30 μg 35 μg 
Folate 400 μg DFE 600 μg DFE 500 μg DFE 
Niacin 14 mg 18 mg 17 mg 
Pantothenic acid 5 mg 6 mg 7 mg 
Riboflavin 1.0 to 1.1 mg 1.4 mg 1.6 mg 
Thiamin 1.0 to 1.1 mg 1.4 mg 1.4 mg 
Vitamin A 700 μg RAE 750 to 770 μg RAE 1,200 to 1,300 μg 

RAE 
Vitamin B6 1.2 to 1.3 mg 1.9 mg 2.0 mg 
Vitamin B12 2.4 μg 2.6 μg 2.8 μg 
Vitamin C 65 to 75 mg 80 to 85 mg 115 to 120 mg 
Vitamin D 10 to 15 μg 10 to 15 μg 10 to 15 μg 
Vitamin E 15 mg 15 mg 19 mg 
Vitamin K 75 to 90 μg 75 to 90 μg 75 to 90 μg 
Calcium 800 to 1,100 mg 800 to 1,000 mg 800 to 1,000 mg 
Choline 400 to 425 mg 450 mg 550 mg 
Chromium 24 to 25 μg 29 to 30 μg 44 to 45 μg 
Copper 890 to 900 μg 1,000 μg 1,300 μg 
Fluoride 3 mg 3 mg 3 mg 
Iodine 150 μg 220 μg 290 μg 
Magnesium 310 to 360 mg 350 to 400 mg 310 to 360 mg 
Iron 15 to 18 mg 27 mg 9 to 10 mg 
Manganese 1.6 to 1.8 mg 2.0 mg 2.6 mg 
Molybdenum 43 to 45 μg 50 μg 50 μg 
Phosphorus 700 to 1,250 mg 700 to 1,250 mg 700 to 1,250 mg 
Selenium 55 μg 60 μg 70 μg 
Zinc 8 to 9 mg 11 to 12 mg 12 to 13 mg 
Alpha-linolenic acid 1.1 g 1.4 g 1.3 g 
Linoleic acid 11 to 12 g 13 g 13 g 

 DFE=dietary folate equivalents, RAE=retinol activity equivalents 
 
 

III. Indications 
 

Indications for the prenatal vitamins are noted in Table 4. Dietary supplements do not need approval from the 
Food and Drug Administration (FDA) before they are marketed. These drugs have not been found by the FDA to 
be safe and effective, and the labeling has not been approved by the FDA. 

 
Table 4. Indications for the Prenatal Vitamins16-46  

Generic Name(s) 

Nutritional supplement for 
use prior to conception, 

throughout pregnancy and 
during the postnatal period 

Nutritional 
supplement to help 

ease nausea and 
vomiting of pregnancy 

Iron, folic acid, multivitamins with minerals   
Prenatal vitamins, folic acid   
Prenatal vitamins, folic acid, ginger oil   
Prenatal vitamins, iron, folic acid   
Prenatal vitamins, iron, folic acid, DHA   
Prenatal vitamins, iron, folic acid, docusate   
Prenatal vitamins, iron, folic acid, omega-3 fatty 
acids  

 

Prenatal vitamins, iron, folic acid, selenium   
Prenatal vitamins, iron, folic acid, vitamin B6   
Prenatal vitamins, iron, folic acid, DHA, docusate   
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Generic Name(s) 

Nutritional supplement for 
use prior to conception, 

throughout pregnancy and 
during the postnatal period 

Nutritional 
supplement to help 

ease nausea and 
vomiting of pregnancy 

Prenatal vitamins, iron, folic acid, DHA, EPA   
Prenatal vitamins, iron, folic acid, DHA, fish oil   
Prenatal vitamins, iron, folic acid, DHA, omega-3 
fatty acids  

 

Prenatal vitamins, iron, folic acid, docusate, omega-
3 fatty acids  

 

Prenatal vitamins, iron, folic acid, DHA, docusate, 
EPA, fish oil  

 

Prenatal vitamins, iron, folic acid, DHA, EPA, 
omega-3 fatty acids  

 

DHA=Docosahexaenoic acid 
EPA=Eicosapentaenoic acid 

 
 

IV. Pharmacokinetics 
 
There is limited or no data available on the pharmacokinetic properties of the prenatal vitamins.16-46 

 
 

V. Drug Interactions 
 
There are no significant drug interactions reported with the prenatal vitamins.16-46 

 
 

VI. Adverse Drug Events 
 
Adverse reactions with iron therapy may include anorexia, constipation, diarrhea, nausea, vomiting, dark stools 
and abdominal pain, which are usually transient. Allergic sensitization has been reported following both oral and 
parenteral administration of folic acid.16-46 Accidental overdose of iron containing products is a leading cause of 
fatal poisoning in children under the age of six. The boxed warning for the prenatal vitamins is listed in Table 5.  

 
 Table 5. Boxed Warning for the Prenatal Vitamins16-46 

WARNING 
Accidental overdose of iron-containing products is a leading cause of fatal poisoning in children under 6. Keep 
this product out of the reach of children. In case of accidental overdose, call a doctor or poison control center 
immediately. 

 
 

VII. Dosing and Administration 
 

The usual dosing regimens for the prenatal vitamins are listed in Table 6. 
 

Table 6. Usual Dosing Regimens for the Prenatal Vitamins16-46 

Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
Iron, folic acid, multivitamins 
with minerals 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Tablet:  
50-1.25 mg 

Prenatal vitamins, folic acid Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Chewable tablet: 
1 mg 

Prenatal vitamins, folic acid, 
ginger oil 

Administer once 
daily. 

Safety and effectiveness 
have not been established 

Tablet: 
1-500 mg 
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Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
in pediatric patients. 

Prenatal vitamins, iron, folic 
acid 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Capsule: 
40-1.25 mg 
85-1 mg 
 
Chewable tablet: 
29-1 mg 
40-1 mg 
 
Tablet: 
18-1 mg 
20-0.8 mg 
20-1 mg 
22-6-1 mg 
25-1 mg 
26-1 mg 
27-1 mg 
28-6-1 mg 
29-1 mg 
30-20-1 mg 
32-1 mg 
60-1 mg 
65-1 mg 
75-1 mg 

Prenatal vitamins, iron, folic 
acid, DHA 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Capsule:  
18-1-300 mg 
20-1-320 mg 
22-6-1-200 mg 
27-1-200 mg 
27-1-400 mg 
28-1-250 mg  
28-1-400 mg 
29-1-200 mg   
29-1-300 mg 
29-1-350 mg 
35-5-1-200 mg 
 
Chewable tablet: 
20-1-100 mg 
 
Combination package: 
27-1-250 mg 
22-6-1-200 mg 
29-1-200 mg 
29-1-250 mg  
32-1-230 mg  
65-1-250 mg  

Prenatal vitamins, iron, folic 
acid, docusate 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Tablet: 
27-1-50 mg 
30-50-1 mg 
90-1-50 mg 

Prenatal vitamins, iron, folic 
acid, omega-3 fatty acids 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Capsule: 
27-1-330 mg  
28-1-200 mg  
30-10-1-200 mg 
35-1-200 mg 



Prenatal Vitamins 
AHFS Class 882800 

1067 
Prepared by University of Massachusetts Medical School Clinical Pharmacy Services 

Generic Name(s) Usual Adult Dose Usual Pediatric Dose Availability 
 
Combination package: 
26-1-374 mg 
27-1-300 mg 
27-1-430 mg  
29-1-400 mg 
29-1-430 mg 

Prenatal vitamins, iron, folic 
acid, selenium 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Tablet: 
27 mg-1 mg-20 μg 

Prenatal vitamins, iron, folic 
acid, vitamin B6 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Tablet: 
20-1-25 mg 

Prenatal vitamins, iron, folic 
acid, DHA, docusate 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Capsule: 
26-1.2-55-300 mg 
27-1-50-260 mg 
27-1.25-55-300 mg 
28-1-50-250 mg 
29-1.25-55-325 mg 
29-1.25-55-350 mg 
30-1-50-260 mg 
 
Combination package: 
27-1-50-250 mg 
35-1-50-300 mg 
90-1-50-300 mg 

Prenatal vitamins, iron, folic 
acid, DHA, EPA 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Combination package: 
32-1-120-180 mg 

Prenatal vitamins, iron, folic 
acid, DHA, fish oil 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Capsule: 
40-10-1-300-476 mg 
40-10-1-320-400 mg 

Prenatal vitamins, iron, folic 
acid, DHA, omega-3 fatty 
acids 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Combination package: 
28-6-1-203 mg (200-0.5-
2.5 mg) 

Prenatal vitamins, iron, folic 
acid, docusate, omega-3 fatty 
acids 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Capsule: 
27-1-50-500 mg 

Prenatal vitamins, iron, folic 
acid, DHA, docusate, 
ubidecarenone 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Tablet:  
15-0.5-25-50-50 mg 

Prenatal vitamins, iron, folic 
acid, DHA, docusate, EPA, 
fish oil 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Capsule: 
27-1-25-500 mg (215-45 
mg) 

Prenatal vitamins, iron, folic 
acid, DHA, EPA, omega-3 
fatty acids 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Combination package: 
25-1-400 mg (340-60 mg) 
25-1-430 mg (355-75 mg) 
27-1-135-71.2 mg 

Prenatal vitamins, iron, L-
methylfolate, algal oil blend, 
soy 

Administer once 
daily. 

Safety and effectiveness 
have not been established 
in pediatric patients. 

Capsule: 
27-1.13-581.28 mg 

DHA=Docosahexaenoic acid 
EPA=Eicosapentaenoic acid 
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Additional Evidence 
 
Dose Simplification 
A search of Medline and PubMed did not reveal data pertinent to this topic.  
 
Stable Therapy 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
Impact on Physician Visits 
A search of Medline and PubMed did not reveal data pertinent to this topic. 
 
 

IX. Cost 
 

A "relative cost index" is provided below as a comparison of the average cost per prescription for medications 
within this American Hospital Formulary Service (AHFS) drug class. To differentiate the average cost per 
prescription from one product to another, a specific number of ‘$’ signs from one to five is assigned to each 
medication. Assignment of relative cost values is based upon current Alabama Medicaid prescription claims 
history and the average cost per prescription as paid at the retail pharmacy level. For brand or generic products 
with little or no recent utilization data, the average cost per prescription is calculated by using the Alabama 
Medicaid average acquisition cost (AAC) and the standard daily dosing per product labeling. Please note that the 
relative cost index does not factor in additional cost offsets available to the Alabama Medicaid program via 
pharmaceutical manufacturer rebating.  
 
The relative cost index scale for this class is as follows: 
 

Relative Cost Index Scale 
$ $0-$30 per Rx 
$$ $31-$50 per Rx 
$$$ $51-$100 per Rx 
$$$$ $101-$200 per Rx 
$$$$$ Over $200 per Rx 

          Rx=prescription 
 

Table 8. Relative Cost of the Prenatal Vitamins 

Generic Name(s) Formulation(s) Example Brand Name(s) Brand 
Cost 

Generic 
Cost 

Iron, folic acid, multivitamins 
with minerals 

Tablet OB Complete® $$$ $ 

Prenatal vitamins, folic acid Chewable tablet Prenate® $$$$ N/A 
Prenatal vitamins, folic acid, 
ginger oil 

Tablet Prenate AM® $$$$ N/A 

Prenatal vitamins, iron, folic acid Capsule, chewable 
tablet, tablet 

Concept OB®*, Natafort®, 
Natalvit®†, Nestabs®*, OB-
Complete Premier®, PNV® 
Folic Acid + Iron, Prefera 
OB®*, Prenata®, Prenate 
Elite®, Prenate Star®, Provida 
OB®, Select-OB®, Tricare®, 
Vinate II®, Vinate Care®, 
Vitafol Nano®, Vitafol-OB® 

$$$ $ 

Prenatal vitamins, iron, folic 
acid, DHA 

Capsule, chewable 
tablet, combination 
package 

Active OB®, Nestabs DHA®*, 
OB Complete Petite®, Paire 
OB Plus DHA®*, Prefera-OB 
One®, Prenate DHA®, Prenate 
Enhance®, Prenate Essential®, 
Prenate Mini®, Prenate 

$$$ $ 
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Generic Name(s) Formulation(s) Example Brand Name(s) Brand 
Cost 

Generic 
Cost 

Restore®, Select-OB+DHA®*, 
Vitafol-OB+DHA®*, Vitafol-
One®*, Vitafol Ultra® 

Prenatal vitamins, iron, folic 
acid, docusate 

Tablet Citranatal RX® $$$ N/A 

Prenatal vitamins, iron, folic 
acid, L-methylfolate† 

Tablet PNV-Iron®*† N/A $ 

Prenatal vitamins, iron, folic 
acid, omega-3 fatty acids 

Capsule, 
combination 
package 

Bal-Care DHA Essential®†, 
Concept DHA®*, OB 
Complete With DHA®, PR 
Natal 400®*, PR Natal 430®, 
PR Natal 400 EC®, PR Natal 
430 EC®, Relnate®* 

$ $ 

Prenatal vitamins, iron, folic 
acid, selenium 

Tablet Vinate-M®* $ $ 

Prenatal vitamins, iron, folic 
acid, vitamin B6 

Tablet Citranatal B-Calm®* $ $ 

Prenatal vitamins, iron, folic 
acid, DHA, docusate 

Capsule, 
combination 
package 

Citranatal 90 DHA®*, 
Citranatal Assure®*, 
Citranatal DHA®*, Citranatal 
Harmony®*, Nexa Plus®, TL 
Select DHA®*, VP CH Ultra® 

$$$ $ 

Prenatal vitamins, iron, folic 
acid, DHA, EPA 

Combination 
package 

Nestabs ABC® $$ N/A 

Prenatal vitamins, iron, folic 
acid, DHA, fish oil 

Capsule OB Complete 400®, OB 
Complete One® 

$$$ N/A 

Prenatal vitamins, iron, folic 
acid, DHA, omega-3 fatty acids 

Combination 
package 

Prefera-OB Plus DHA® $$ N/A 

Prenatal vitamins, iron, folic 
acid, docusate, omega-3 fatty 
acids 

Capsule  N/A N/A N/A 

Prenatal vitamins, iron, folic 
acid, DHA, docusate, 
ubidecarenone 

Tablet Preque 10® $$ N/A 

Prenatal vitamins, iron, folic 
acid, DHA, docusate, EPA, fish 
oil 

Capsule Tricare Prenatal DHA One® $$$ $$$ 

Prenatal vitamins, iron, folic 
acid, DHA, EPA, omega-3 fatty 
acids 

Combination 
package 

Tricare Prenatal Compleat® $ N/A 

Prenatal vitamins, iron, L-
methylfolate, algal oil blend, 
soy† 

Capsule Vinate DHA RF®† $$$ N/A 

*Generic is available in at least one dosage form or strength.  
†Fatty acid combination=ALA, DHA, EPA  
ALA=Alpha-linolenic acid 
DHA=Docosahexaenoic acid 
EPA=Eicosapentaenoic acid 
N/A=Not available 

 
 

X. Conclusions 
 

Women of reproductive age should maintain good nutritional status prior to, during, and after pregnancy to 
minimize health risks to both the mother and child.1-3 This includes maintaining a healthy weight, participating in 
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physical activity, consuming a variety of foods to meet the Dietary Reference Intake recommendations, as well as 
appropriate and timely supplementation with multivitamins.1-3  
 
It is recommended that that all women planning pregnancy take a supplement containing 400 to 800 μg of folic 
acid on a daily basis to reduce the risk of neural tube defects.1,7-11 Women should receive at least 27 mg of 
elemental iron per day during pregnancy; however, higher amounts are necessary for pregnant women with iron 
deficiency anemia.1-3,5,12 There is evidence that maternal consumption of folic acid-containing multivitamins may 
reduce the risk of neural tube defects, cardiac defects, urinary tract defects, limb defects, as well as other birth 
defects.2,13,52 The American Dietetic Association recommends supplementation with a multivitamin for pregnant 
women with iron deficiency anemia, poor-quality diets, those who consume no or small amounts of animal source 
foods, women carrying two or more fetuses, those who smoke or abuse alcohol or drugs, and for women who are 
infected with human immunodeficiency virus.1 In addition to a well-balanced diet, supplementation with a folic 
acid-containing multivitamin should be encouraged in all women of reproductive age to help support healthy 
pregnancy outcomes.2 
  
There are many different prenatal vitamins currently available. The majority of the products contain folic acid and 
iron, as well as various combinations of vitamins and minerals. Additional nutrients which have been added to 
some of the prenatal vitamins include aspartame, docusate, L-methylfolate, omega-3 fatty acids, and omega-6 
fatty acids. Many of the prenatal vitamins are available in a generic formulation, including products which contain 
omega-3 fatty acids. 
 
There were no clinical trials found in the medical literature that directly compared the various prenatal vitamin 
preparations. Supplementation with folic acid is clearly beneficial during pregnancy, and adequate intake of iron 
is necessary to reduce the risk of iron deficiency anemia. There has been recent interest in the health benefits 
associated with the use of supplemental omega-3 fatty acids during pregnancy. Omega-3 fatty acids are necessary 
for nervous tissue growth and function, and dietary intake has a variety of health benefits.14 Some studies have 
suggested that omega-3 fatty acids may improve fetal/neonatal visual and neural growth and help prevent low 
birth weight when taken as a supplement during pregnancy.2-3,15 Several meta-analyses have evaluated the use of 
supplemental omega-3 fatty acids during pregnancy. In general, the results of these analyses have not found a 
significant difference in pregnancy-related outcomes.54-56,60-62 This includes assessment of maternal outcomes 
(blood pressure, preeclampsia, and preterm delivery) and child outcomes (neurological development, growth 
patterns, visual function, and cognitive development).54-56,60,62 There is insufficient evidence regarding the 
supplemental use of omega-3 fatty acids and the effects on pregnancy-related maternal and child outcomes.  
 
There is insufficient evidence to support that one brand prenatal vitamin is safer or more efficacious than another 
within its given indication. Formulations without a generic alternative should be managed through the medical 
justification portion of the prior authorization process.  

 
Therefore, all brand products within the class reviewed are comparable to each other and to the generic products 
in the class (if applicable) and offer no significant clinical advantage over other alternatives in general use.  
 
 

XI. Recommendations 
 
No brand prenatal vitamin is recommended for preferred status. Alabama Medicaid should accept cost proposals 
from manufacturers to determine the most cost effective products and possibly designate one or more preferred 
brands. 
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