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FDA-APPROVED INDICATIONS 

Drug Manufacturer Indications 

nateglinide 

(Starlix)
1
 

generic Adjunct to diet and exercise to improve glycemic control in adults with type 2 
diabetes mellitus.  

repaglinide 

(Prandin)
2
 

generic  Adjunct to diet and exercise in patients with type 2 diabetes who cannot be 
controlled by diet and exercise alone. 

repaglinide/ 
metformin 

(PrandiMet)
3
 

Novo Nordisk 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. 

OVERVIEW 

Diabetes was the seventh leading cause of death listed on United States (U.S.) death certificates in 
2010 and is most likely an under reported cause of death.4 It is estimated that 29.1 million people in 
the U.S. have diabetes. In adults, type 2 diabetes accounts for about 90% to 95% of all diagnosed cases 
of diabetes. Improved glycemic control benefits patients with either type 1 or type 2 diabetes. In 
general, for every 1% reduction in hemoglobin A1c (HbA1c), the risk of developing microvascular 
diabetic complications (e.g., eye, kidney, and nerve disease) is reduced by 40%.5 

In addition to exogenous insulin, there are several pathways by which blood glucose is regulated in 
diabetic patients. The meglitinides, nateglinide (e.g., Starlix) and repaglinide (e.g., Prandin), increase 
insulin secretion to help control post-prandial blood glucose elevations.6 

The 2016 American Diabetes Association (ADA) Standards of Medical Care in Diabetes 
recommendations regarding glycemic treatment approaches remain unchanged from the 2015 
update.7 All of the currently available FDA-approved therapies for type 2 diabetes management are 
now included in the ADA recommendations. The Standards recommend, except where 
contraindicated, the initiation of metformin at the time of a type 2 diabetes diagnosis, along with 
lifestyle interventions. Furthermore, insulin therapy should be considered in newly diagnosed type 2 
diabetic patients with highly symptomatic and/or elevated blood glucose levels or HbA1c, with or 
without additional agents, from the onset. Further guidance is given if a patient is not well controlled 
on a maximal dose of a non-insulin agent over 3 months; a second oral agent, GLP-1 receptor agonist, 
or basal insulin should be initiated. Meglitinides may only be considered, instead of sulfonylureas, in 
patients with irregular meal schedules or who develop late postprandial hypoglycemia on a 
sulfonylurea. 

Various testing may be used to diagnose diabetes (e.g. fasting plasma glucose [FPG], 2-hour plasma 
glucose, HbA1c, random glucose in some cases), but HbA1c remains the measure used for glycemic 
targets for most patients.8 The 2016 ADA Guidelines recommend maintaining an HbA1c goal of less 
than 7% for most adults and as low as 6.5% for select well managed patients with few adverse effects. 
However, for patients with a history of severe hypoglycemia, shortened life expectancy, and other 
comorbid disease states, less stringent goals (HbA1c less than 8%) may be appropriate. They also 
continue to recommend a target HbA1c of less than 7.5% for all pediatric patients. The 2016 ADA 
Standards of Care guidelines continue to recommend that patients with diabetes and hypertension 
maintain a systolic blood pressure of less then 140 mmHg; however, a systolic pressure target of less 
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than 130 mmHg may still be desirable in some patients, including the young and healthy, as long as 
such a target will not lead to overbearing treatment loads. The diastolic pressure target was changed 
from less than 80 mmHg to 90 mmHg for most patients with diabetes and hypertension. Lower 
diastolic targets may still be appropriate for certain individuals. 

In 2016, the American Academy of Clinical Endocrinologists (AACE) and American College of 
Endocrinology (ACE) released updated clinical practice guidelines for developing a diabetes mellitus 
comprehensive care plan and management algorithm.9 These guidelines have similar 
recommendations for diagnosing diabetes mellitus as the 2016 ADA guidelines. AACE/ACE continue to 
recommend a goal HbA1c of 6.5% or less for most adults. Lifestyle modification, including medically 
assisted weight loss, underlies all of the treatments. The guidelines state the choice of therapy must be 
based on the individual patient, medications, cost, ease of use, other risk factors, and patient’s initial 
HbA1C level: less than 7.5%, 7.5% to 9%, and greater than 9%. It suggests patients with an HbA1C less 
than 7.5% start with monotherapy; whereas patients with an HbA1C of 7.5% to 9% begin with dual 
therapy. Patients with an HbA1C greater than 9% and no symptoms may start either dual or triple 
antihyperglycemic therapy; patients with an HbA1C greater than 9% with symptoms should begin 
insulin therapy with or without other agents. The HbA1C should be reassessed every 3 months and 
failure to improve may warrant additional complementary therapy for optimal glycemic control. The 
guidelines provide prescribers a hierarchical order of the usage of drugs where metformin is the 
preferred treatment of choice for monotherapy and first-line agent for dual and triple therapy. For 
patients with  less than 7.5% HbA1C at onset, monotherapy options considered as safer than other 
choices are metformin, a glucagon-like peptide-1 (GLP-1) receptor agonist, a dipeptidyl peptidase-4 
(DPP-4) inhibitor, sodium-dependent glucose cotransporter 2 (SGLT2) inhibitors, or an alpha-
glucosidase inhibitor. Medications to be used with caution include thiazolidinediones, sulfonylureas, 
and meglitinides. 

PHARMACOLOGY10,11,12 

The meglitinides are non-sulfonylurea hypoglycemic agents used in the management of type 2 diabetes 
mellitus. These agents lower blood glucose levels by stimulating the release of insulin from the 
pancreas. Therefore, they are dependent on functioning beta cells in the pancreatic islets. Insulin 
release is glucose-dependent and diminishes at low glucose concentrations. 

The meglitinides bind to a non-sulfonylurea binding site on the pancreatic beta cell membrane. This 
leads to the closing of ATP-dependent potassium channels in the beta cell membrane and the opening 
of calcium channels. The resulting increased calcium influx induces insulin secretion. The ion channel 
mechanism is highly tissue-selective with low affinity for heart and skeletal muscle. 

Metformin is a biguanide-type hypoglycemic agent. It increases peripheral uptake and utilization of 
glucose, resulting in a reduction in hepatic gluconeogenesis, a reduction in glucose absorption from the 
gastrointestinal tract, and an improvement in insulin sensitivity of peripheral tissue. 
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PHARMACOKINETICS 

Drug 
Bioavailability 

(%) 
Tmax 
(hr) 

Half-life 
(hr) 

Metabolism 
Excretion  

(%) 

metformin 
(Glucophage)

13
 

50-60 -- 6.2-17.6 
None urine: > 90 

nateglinide (Starlix)
14,15

 
73 ≤1 1.5 

Hepatic (2C9 and 3A4); less 
potent metabolites 

urine: 83 
feces: 10  

repaglinide (Prandin)
16

 

56 ≤1 1 

Hepatic (2C8 and 3A4); 3 
metabolites which do not 
contribute to glucose lowering 
effect 

urine: 8 
feces: 90  

Combination repaglinide/metformin (PrandiMet) tablets have been found to be bioequivalent to the 
individual drugs administered together. 

CONTRAINDICATIONS/WARNINGS17,18,19,20 

Nateglinide (Starlix) and repaglinide (Prandin) are both contraindicated in type 1 diabetics, patients 
with diabetic ketoacidosis, and patients with a known hypersensitivity to the drug or its inactive 
ingredient. Repaglinide (Prandin, PrandiMet) is contraindicated in patients also taking gemfibrozil. 

Any product containing metformin is contraindicated in patients with any of the following: renal 
disease or renal dysfunction (serum creatinine >1.5 mg/dL for males and >1.4 mg/dL for females), 
acute or chronic metabolic acidosis, including diabetic ketoacidosis, acute myocardial infarction, 
septicemia, pregnancy, or known hypersensitivity to metformin or other ingredients in the drug 
formulation. Due to the metformin component, the labeling for combination repaglinide/metformin 
(e.g., PrandiMet) contains a black box warning related to an increased risk of lactic acidosis, especially 
in patients with renal impairment, sepsis, dehydration, excessive alcohol intake, hepatic impairment, 
or acute congestive heart failure. If lactic acidosis is suspected, combination repaglinide/metformin 
should be discontinued and the patient should be hospitalized immediately. Because metformin can 
cause vitamin B12 deficiency, patients being treated with any product containing metformin should 
have hematological parameters assessed annually. 

Combination repaglinide/metformin should be temporarily discontinued in patients receiving iodinated 
contrast for radiological studies. Patients should also be warned against excessive alcohol intake while 
taking combination repaglinide/metformin due to the effect of alcohol on lactate metabolism. 

Repaglinide (Prandin, PrandiMet) should not be used with NPH insulin. During times of stress, 
nateglinide and repaglinide therapy may need to be discontinued and insulin started. 
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DRUG INTERACTIONS21,22,23 

Close monitoring of blood glucose is recommended when adding or discontinuing drugs that can 
induce hyperglycemia. When highly protein-bound drugs such as NSAIDs, salicylates, sulfonamides, 
coumarins, and beta-blockers are initiated or discontinued during therapy, monitor for hypoglycemia 
or loss of glycemic control. Other drugs such as thiazides, corticosteroids, thyroid products, estrogens, 
calcium channel blockers, and sympathomimetic agents may reduce the hypoglycemic effects of the 
meglitinides. When starting or stopping therapy with one of these agents, monitor for changes in 
glycemic control. 

Gemfibrozil, itraconazole, and their combination have been shown to elevate repaglinide (Prandin, 
PrandiMet) levels in healthy volunteers. Postmarketing events of serious hypoglycemia have been 
reported in patients taking both repaglinide and gemfibrozil. Repaglinide exposure is increased more 
than 20-fold in patients taking both gemfibrozil and itraconazole; therefore, concurrent use of these 
agents is contraindicated. Ketoconazole, simvastatin, clarithromycin, levonorgestrel, trimethoprim, and 
ethinyl estradiol have also been demonstrated to elevate repaglinide levels in healthy volunteers. 
Because repaglinide is partially metabolized by CYP2C8 and CYP3A4, any product containing 
repaglinide should be used with caution in patients taking inhibitors and/or inducers of these enzyme 
systems. Repaglinide appears to be a substrate for active hepatic uptake transporter (organic anion 
transporting protein OATP1B1). Drugs that inhibit OATP1B1 like cyclosporine may also have the 
potential to increase plasma concentrations of repaglinide. 

Although nateglinide (Starlix) is metabolized by the CYP450 system, nateglinide has no clinically 
significant drug interactions due to this mechanism noted at this time. 

Cationic drugs (e.g., digoxin, ranitidine, triamterene, etc.) eliminated by renal tubular secretion may 
interfere with metformin elimination. As such, combination repaglinide/metformin (PrandiMet) should 
be used cautiously with these agents. 

ADVERSE EFFECTS24,25,26 

Drug URI Diarrhea Back Pain Hypoglycemia Dizziness Headache 

nateglinide (Starlix)
 
 

n=1,441 
10.5 
(8.1) 

3.2 
(3.1) 

4 (3.7) 
2.4 

(0.4) 
3.6 

(2.2) 
nr 

repaglinide 
(Prandin)

 
 

n=352 

16 
(8) 

5 
(2) 

5 
(4) 

31 
(7) 

nr 
11 

(10) 

repaglinide/ 
metformin 
(PrandiMet) 

11 
(11 both) 

19 
(7 metformin;  
30 repaglinide) 

nr 
33 

(0 metformin;  
11 repaglinide) 

nr 
22 

(11 metformin;  
15 repaglinide) 

Adverse effects are reported as a percentage. Adverse effects data are obtained from package inserts and are not meant to 
be comparative or all inclusive. Incidences for the placebo group are indicated in parentheses. nr = not reported; URI = 
upper respiratory tract infection. 

Adverse effects reported in the labeling for combination repaglinide/metformin (PrandiMet) reflect 
coadministration of repaglinide and metformin and were measured against monotherapy of metformin 
and repaglinide (Prandin). In clinical trials comparing repaglinide to sulfonylureas, the incidence of total 
serious cardiovascular adverse events, including ischemia, was higher for repaglinide (4%) than for 
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sulfonylurea drugs (3%) in 1 year controlled trials. However, repaglinide was not associated with excess 
mortality rates when compared to observed mortality rates with other oral anti-diabetic drugs.27 

SPECIAL POPULATIONS28,29,30 

Pediatrics 

Safety and efficacy of these products have not been established in pediatric patients. Their use is not 
recommended in children. 

Pregnancy 

All agents in this category are Pregnancy Category C. 

Renal Impairment 

No dosage adjustment of nateglinide is necessary in patients with mild to severe renal insufficiency. 

All patients with severe renal impairment (creatinine clearance 20 to 40 mL/min) should start 
repaglinide at 0.5 mg dose. Caution should be used in patients with creatinine clearance less than 20 
mL/min and in those patients on hemodialysis. 

The use of combination repaglinide/metformin (PrandiMet) is contraindicated in patients with renal 
impairment due to the metformin component. 

Hepatic Impairment 

Caution should be used with both agents in patients with moderate to severe hepatic impairment as 
there are very limited data in this patient population. Use longer intervals between doses with 
repaglinide in patients with hepatic impairment. 

Due to metformin’s association with lactic acidosis, combination repaglinide/metformin should not be 
used in patients with hepatic impairment. 

Ethnic Groups 

A randomized, controlled, double-blind, double-dummy trial enrolled 230 Chinese patients with type 2 
diabetes.31 Patients were given repaglinide (Prandin) 1 mg 3 times daily or nateglinide (i.e., Starlix) 90 
mg 3 times daily. After 12 weeks, there was no significant difference between the repaglinide and 
nateglinide groups in the effects of reducing fasting blood glucose (p>0.05). Also, no significant 
difference was shown between the 2 groups in HbA1c (p>0.05). 
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DOSAGES32,33,34 

Drug Parameters Dosage Availability 

nateglinide (Starlix) Initial therapy for patients near 
HbA1c goals (alone or in 
combination with metformin, 
pioglitazone, or rosiglitazone)  

60 mg taken 1–30 minutes before each 
meal (3 times daily) 

60, 120 mg tablets 

Most patients (alone or in 
combination with metformin, 
pioglitazone, or rosiglitazone) 

120 mg taken 1–30 minutes before each 
meal (3 times daily) 

repaglinide (Prandin) Initial therapy or HbA1c less than 
8% 

0.5 mg taken 0–30 minutes prior to each 
meal (2, 3, or 4 times daily) 

0.5, 1, 2 mg tablets 

Previously treated with glucose-
lowering drugs and HbA1c 
greater than or equal to 8% 

1 or 2 mg (and up to 4 mg) taken 0–30 
minutes prior to each meal (2, 3, or 4 
times daily); maximum daily dose is 16 
mg 

repaglinide/metformin 
(PrandiMet) 

Inadequately controlled with 
metformin monotherapy 

Initiate dose at 1 mg/500 mg twice daily 
with meals taken 0–30 minutes prior to 
each meal (2, 3, or 4 times daily); with 
gradual dose escalation based on 
glycemic response 

1 mg/500 mg, 
2 mg/500 mg 
tablets 

Inadequately controlled with 
meglitinide monotherapy 

Initiate metformin component at 500 mg 
twice daily with meals taken 0–30 
minutes prior to each meal (2, 3, or 4 
times daily) 

Current concomitant use of 
metformin and repaglinide 

Initiate dose of repaglinide and 
metformin similar to, but not exceeding, 
current doses; taken 0–30 minutes prior 
to each meal (2, 3, or 4 times daily) 

All agents within this category should be given within 15 minutes of a meal. If a patient skips a meal, 
the dose of that agent should also be skipped. 

PrandiMet can be administered 2 to 3 times a day up to a maximum daily dose of 10 mg 
repaglinide/2,500 mg metformin. No more than 4 mg repaglinide/1,000 mg metformin should be taken 
per meal. 

  



Page 8  | 
Hypoglycemics, Meglitinides Review – January 2016 
Proprietary Information. Restricted Access – Do not disseminate or copy without approval. 
© 2004-2016 Magellan Rx Management. All Rights Reserved.  

 

CLINICAL TRIALS 

Search Strategies 

Studies were identified through searches performed on PubMed and review of information sent by 
manufacturers. Search strategy included the use of all brand names in this class. Randomized, 
comparative, controlled trials performed in the United States comparing agents within this class in an 
outpatient setting for the approved indications are considered the most relevant in this category. 
Studies included for analysis in the review were published in English, performed with human 
participants, and randomly allocated participants to comparison groups. In addition, studies must 
contain clearly stated, predetermined outcome measure(s) of known or probable clinical importance, 
use data analysis techniques consistent with the study question, and include follow-up (endpoint 
assessment) of at least 80% of participants entering the investigation. Using these criteria, numerous 
studies were found. Data were further excluded based on the following characteristics: formulation or 
drug not available in U.S. single-blind or open-label design, or single-dose study. Despite some inherent 
bias found in all studies, including those sponsored and/or funded by pharmaceutical manufacturers, 
the studies in this therapeutic class review were determined to have results or conclusions that do not 
suggest systematic error in their experimental study design. While the potential influence of 
manufacturer sponsorship/funding must be considered, the studies in this review have also been 
evaluated for validity and importance. 

Due to a paucity of double-blind, direct comparator trials, studies with an open-label design were 
included. 

In countries outside of the U.S., blood glucose values are typically reported in mmol/L. For those 
studies reporting blood glucose values in mmol/L, the value in mg/dL can be estimated by multiplying 
the mmol/L value by 18. 

nateglinide (Starlix) and metformin (Glucophage) 

In a randomized, double-blind trial, type 2 diabetic patients with HbA1c levels between 6.8% and 11% 
were given nateglinide 120 mg before meals (n=179), metformin 500 mg 3 times daily (n=178), 
combination therapy (n=172), or placebo (n=172) for 24 weeks.35 HbA1c (nateglinide -0.5%, metformin 
-0.8%) and FPG (nateglinide -0.7 mmol/L, metformin -1.6 mmol/L; p≤0.0001) were significantly lower in 
the treatment groups but increased in the placebo group (+0.5% for HbA1c and +0.4 mmol/L for FPG; 
both p<0.0001). Combination therapy provided an additive response compared to monotherapy 
(HbA1c -1.4%, FPG -2.4 mmol/L; p<0.01). The reduction in mealtime glucose was greater with 
nateglinide monotherapy and combination therapy compared with metformin monotherapy or 
placebo (adjusted AUC 0 to 130 min -2.1, -2.5, -1.1, and -0.6 mmol/l·h; p≤0.0001 nateglinide and 
combination versus metformin and placebo). Postprandial hyperglycemia was more improved in the 
nateglinide group. There were no significant changes in body weight in any of the active treatment 
groups. All regimens were well tolerated. 

A multicenter, double-blind, parallel-group trial evaluated the addition of nateglinide in 467 patients 
with type 2 diabetes stabilized on high-dose metformin.36 Metformin-treated patients with HbA1c 
between 6.8% and 11% were randomized to add nateglinide 60 mg, 120 mg, or placebo before 3 meals 
daily to metformin 1,000 mg twice daily for 24 weeks. HbA1c was significantly reduced with nateglinide 
60 mg and 120 mg plus metformin compared with metformin control (-0.36%, p=0.003; -0.59%, 
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p<0.001 respectively). Greater benefits occurred if patients had elevated HbA1c at baseline (-1.38% 
with nateglinide 120 mg in patients with HbA1c > 9.5%). A modest reduction in FPG was observed. 
Events suggestive of hypoglycemia were confirmed in 1.1% of cases. Most symptoms suggestive of 
hypoglycemia occurred in patients with lower HbA1c levels (< 8%) at baseline, although no confirmed 
cases of hypoglycemia occurred with nateglinide 60 mg in this patient group. Weight gain over 24 
weeks was 0.9 kg with nateglinide 120 mg versus metformin alone, and plasma lipids remained 
unchanged. The combination of these agents was well tolerated. 

repaglinide (Prandin) and nateglinide (Starlix) 

The efficacy and safety of repaglinide monotherapy and nateglinide monotherapy in type 2 diabetic 
patients previously treated with diet and exercise were compared in a randomized, parallel-group, 
open-label, multicenter trial.37 Patients (n=150) were randomized to receive either repaglinide 0.5 
mg/meal (up to a maximum dose of 4 mg/meal) or nateglinide 60 mg/meal (up to a maximum dose of 
120 mg/meal) for 16 weeks. Outcomes examined were the change in HbA1c and FPG from baseline as 
well as the incidence of adverse drug effects and episodes of hypoglycemia. Patients in the repaglinide 
treatment group had a significantly greater reduction in HbA1c (-1.57% versus -1.04%; p≤0.002) and 
FPG levels (-57 versus -18 mg/dL; p<0.001) from baseline compared to those patients treated with 
nateglinide. Seven percent of subjects treated with repaglinide had minor hypoglycemic episodes 
(blood glucose <50 mg/dL) versus 0 patients for nateglinide. Mean weight gain at the end of the study 
was 1.8 kg in the repaglinide group as compared with 0.7 kg for the nateglinide group. The safety 
profile of both treatment groups was found to be comparable. 

An open-label, parallel-group, randomized, multicenter trial of 192 patients sought to compare the 
efficacy and safety of repaglinide versus nateglinide when used in a combination regimen with 
metformin for the treatment of type 2 diabetes.38 Patients had a HbA1c between 7% and 12% and had 
been previously treated with metformin or a sulfonylurea. After 4 weeks of run-in therapy with 
metformin, patients were randomized to receive either repaglinide 1 mg/meal (up to 4 mg/meal) or 
nateglinide 120 mg/meal (with an optional reduction to 60 mg/meal if needed) for a 16-week period. 
The primary efficacy endpoints were final HbA1c and the change in HbA1c from baseline. Secondary 
endpoints included FPG levels. Final HbA1c was lower for patients treated with repaglinide/metformin 
(7.1% versus 7.5%, respectively). Patients who were treated with repaglinide/metformin also had a 
significantly greater reduction in HbA1c from baseline (-1.28% versus - 0.67%; p<0.001), as well as a 
significantly greater reduction in FPG (-39 versus -21 mg/dL). Safety assessments between the 2 
treatment groups were comparable. 
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repaglinide (Prandin) and metformin (Glucophage®) 

In a multicenter double-blind trial, 83 type 2 diabetic patients with inadequate glycemic control (HbA1c 
>7.1%) on metformin were randomized to receive add-on repaglinide (n=27), repaglinide monotherapy 
(n=29), or to continue on metformin monotherapy (n=27).39 The repaglinide dose was titrated for 4 to 
8 weeks, followed by a 3-month dose maintenance period. In subjects receiving combination therapy, 
there was a significant reduction in both HbA1c (8.3% to 6.9%; p=0.0016) and FPG (by 2.2 mmol/L; 
p=0.0003). There were no significant changes observed in HbA1c or FPG levels in either repaglinide or 
metformin monotherapy treatment groups. Patients treated with repaglinide (monotherapy and 
combination group) experienced a significant increase in body weight (2.4 and 3 kg, respectively). 

META-ANALYSES 

Several databases were searched, including The Cochrane Library, MEDLINE, EMBASE, ongoing trials 
databases, and the American Diabetes Association and European Association for the Study of Diabetes 
websites.40 Randomized, controlled, parallel, or cross-over trials comparing at least 10 weeks of 
meglitinide use to placebo, other meglitinides, metformin, or in combination with insulin were 
included. Fifteen trials involving 3,781 participants were included. In the 11 studies comparing 
meglitinides to placebo, both repaglinide (Prandin) and nateglinide (Starlix) resulted in reductions in 
HbA1c (0.1% to 2.1% reduction in HbA1c for repaglinide; 0.2 to 0.6% for nateglinide). Only 2 trials 
compared repaglinide to nateglinide (342 total participants), with greater reduction in HbA1c in those 
receiving repaglinide. In comparisons with metformin, weight gain was generally greater, diarrhea less 
frequent, and hypoglycemia more frequent in those treated with meglitinides. 

SUMMARY 

The meglitinides provide an additional treatment option for select patients who have failed to achieve 
glycemic goals with other oral antidiabetic agents. Current guidelines do not recommend meglitinides 
as a key component  of an oral diabetes treatment regimen but state that a meglitinide may be used in 
select patients in place of a sulfonylurea. While this class should be used with caution, the meglitinides 
have been shown to control postprandial hyperglycemia in patients with type 2 diabetes and to lower 
HbA1c. Both repaglinide (Prandin) and nateglinide (Starlix) have similar indications and adverse effects, 
and direct comparative data of good quality are not available. 

Repaglinide/metformin (PrandiMet) is available for patients who require multiple agents for treatment 
of type 2 diabetes. 
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