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Preface 
 
The Agency for Healthcare Research and Quality (AHRQ) conducts the Effective Health Care 
Program as part of its mission to organize knowledge and make it available to inform decisions 
about health care. As part of the Medicare Prescription Drug, Improvement, and Modernization 
Act of 2003, Congress directed AHRQ to conduct and support research on the comparative 
outcomes, clinical effectiveness, and appropriateness of pharmaceuticals, devices, and health 
care services to meet the needs of Medicare, Medicaid, and the State Children’s Health Insurance 
Program (SCHIP). 
 
AHRQ has an established network of Evidence-based Practice Centers (EPCs) that produce 
Evidence Reports/Technology Assessments to assist public- and private-sector organizations in 
their efforts to improve the quality of health care. The EPCs now lend their expertise to the 
Effective Health Care Program by conducting Comparative Effectiveness Reviews of 
medications, devices, and other relevant interventions, including strategies for how these items 
and services can best be organized, managed, and delivered. 
  
Systematic reviews are the building blocks underlying evidence-based practice; they focus 
attention on the strengths and limits of evidence from research studies about the effectiveness 
and safety of a clinical intervention.  In the context of developing recommendations for practice, 
systematic reviews are useful because they define the strengths and limits of the evidence, 
clarifying whether assertions about the value of the intervention are based on strong evidence 
from clinical studies.  For more information about systematic reviews, see  
http://effectivehealthcare.ahrq.gov/reference/purpose.cfm.  
 
AHRQ expects that Comparative Effectiveness Reviews will be helpful to health plans, 
providers, purchasers, government programs, and the health care system as a whole. In addition, 
AHRQ is committed to presenting information in different formats so that consumers who make 
decisions about their own and their family’s health can benefit from the evidence. 
 
Transparency and stakeholder input are essential to the Effective Health Care Program.  Please 
visit the Web site (www.effectivehealthcare.ahrq.gov) to see draft research questions and reports 
or to join an e-mail list to learn about new program products and opportunities for input.  
Comparative Effectiveness Reviews will be updated regularly. 
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Executive Summary 
 
 
 
Background 
  
 
 Type 2 diabetes is characterized by insulin resistance accompanied by progressive deficiency 
in insulin secretion. Type 2 diabetes is an increasingly common disease that is closely associated 
with obesity.  In 2005, the prevalence of Americans with diagnosed type 2 diabetes was 2.4 
percent for adults aged 20-39 years, 10 percent for adults aged 40-59 years, and 21 percent for 
adults aged 60 years or over. From 1980 through 2004, the number of Americans diagnosed with 
diabetes more than doubled, from 5.8 million to 14.7 million.  Observational studies and clinical 
trials show that improved glycemic control reduces microvascular complications (e.g., 
complications involving the eyes, kidneys, or nerves) and may reduce macrovascular 
complications (e.g., heart attack); however, the effects of specific oral diabetes medications on 
these outcomes are less certain.  
 As new classes of medications have become available for the treatment of diabetes, clinicians 
and patients have faced a bewildering array of oral medications with different mechanisms of 
action. The first oral diabetes medications were sulfonylureas, which were introduced into the 
market in 1955. The second-generation sulfonylureas, which are used today, were introduced in 
1984. Metformin (a biguanide) was introduced in 1995, meglitinides in 1997, alpha-glucosidase 
inhibitors in 1998, and thiazolidinediones in 1999. Although most experts consider the alpha-
glucosidase inhibitors to be inferior to the other drug classes in terms of efficacy, clinicians may 
find it difficult to choose between the other four drug classes that are now in common use. 
Generally, clinicians must choose between older, less expensive medications such as a second-
generation sulfonylurea or metformin and the newer, more expensive medications such as a 
thiazolidinedione or meglitinide. In addition, clinicians must consider concerns about specific 
medications conferring excess cardiovascular risks when compared with other oral diabetes 
medications or placebo.  
 The well-known United Kingdom Prospective Diabetes Study (UKPDS) demonstrated that 
oral diabetes medications may have similar effects on cardiovascular morbidity and mortality 
when they have similar effects on glycemic control. However, the UKPDS was conducted prior 
to the emergence of thiazolidinediones and statins. 
 Several systematic reviews of oral diabetes medications shed light on differences in short-
term and long-term outcomes.  However, only two reviews have compared all of the oral 
diabetes medications used commonly in the United States. 
 In 2002, Inzucchi and colleagues from Yale University found that: (1) most diabetes 
medications lower hemoglobin A1c (HbA1c) by an absolute reduction of 1-2 percent,a with 
equivalent efficacy across medications, except for alpha-glucosidase inhibitors, which decrease 
HbA1c by 0.5-1 percent; (2) medications in combination confer additional glycemic benefits; (3) 

                                                 
a One characteristic of type 2 diabetes is an elevation of the proportion of HbA1c in the blood from a normal level of 6.5-7 
percent to an elevated level of >6.5 to 7 percent (e.g. 10 percent).  In this report, an "absolute" reduction of 1 percent means a 
reduction of one percentage point in that proportion (e.g. from 10 percent to 9 percent). 
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long-term micro- or macrovascular risk reduction was demonstrated only with sulfonylureas and 
metformin. 
 In 2004, Buse and colleagues from the University of North Carolina compared effects on 
serum lipid levels among all the oral diabetes medications. They found that only metformin, 
acarbose, voglibose, rosiglitazone, and pioglitazone had significant effects on the lipid profile. 
Metformin at high doses and pioglitazone both reduced triglycerides, while acarbose, 
rosiglitazone, and pioglitazone increased high-density lipoproteins. Lastly, acarbose decreased 
low-density lipoproteins, while rosiglitazone increased low-density lipoproteins.  
 Many outcomes besides HbA1c and lipid levels are important when evaluating and 
comparing oral diabetes medications, such as blood pressure control, weight changes, 
microvascular and macrovascular disease, adverse events, and mortality. It is critical to evaluate 
adverse events, since these affect adherence as well as morbidity and mortality.  Additionally, 
certain diabetes medications may be less safe for patients with comorbid conditions. For 
instance, biguanides such as metformin are contraindicated in patients with renal or liver failure 
because of a potentially higher risk of lactic acidosis. To date, no study has evaluated proximal 
clinical measures, long-term effects, and adverse events among oral diabetes medications used in 
the United States. If they could compare the short- and long-term effects as well as the adverse 
effects of these medications, clinicians might have a better sense of when to use which oral 
diabetes medication.  This review will be helpful as new classes of oral diabetes medications, 
such as the dipeptidyl peptidase IV (DPP-IV) inhibitors, emerge on the market.  Furthermore, it 
may help policymakers and insurers to have better insight when deciding on policies relating to 
medication coverage.  
 This report summarizes the available evidence comparing the efficacy and safety of oral 
diabetes medications in the treatment of type 2 diabetes.  The report addresses the following key 
questions: 
 

1. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in 
their ability to affect the following proximal clinical outcomes: glycated hemoglobin, 
weight, blood pressure, serum lipid levels, and 2-hour postprandial glucose (PPG) levels? 

 
2. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in 

their ability to affect distal diabetes-related complications including mortality and the 
following macrovascular and microvascular complications: coronary artery disease, 
myocardial infarction, stroke, transient ischemic attack, arrhythmia, coronary artery 
stenosis and in-stent restenosis, retinopathy, nephropathy, neuropathy, and peripheral 
arterial disease? 

 
3. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in 

their ability to influence other health outcomes, including quality of life and functional 
status? 

 
4. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in 

terms of risk of the following life-threatening adverse events: life-threatening 
hypoglycemia leading to emergency care or death; liver failure; congestive heart failure 
(CHF); severe lactic acidosis; cancer; anemia, thrombocytopenia, or leucopenia requiring 
transfusion; and allergic reactions leading to hospitalization or death? 
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5. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in 
their safety for the following adverse events that are not life threatening: hypoglycemia 
requiring any assistance; elevated aminotransferase levels; pedal edema; hypervolemia; 
anemia, thrombocytopenia, and leucopenia not requiring transfusion; mild lactic acidosis; 
and gastrointestinal (GI) problems? 

 
6. Do safety and effectiveness of oral diabetes medications for the treatment of adults with 

type 2 diabetes differ across particular adult populations, such as those based on 
demographic factors (e.g., race/ethnicity, age greater than 65 years, or gender) or 
comorbid conditions (e.g., renal insufficiency, CHF, liver disease, obesity, depression, or 
schizophrenia)? 

 
 

Conclusions 
 
 

 Summary Table A presents the main conclusions from published evidence regarding the 
comparative effectiveness of oral diabetes medications, organized by key question and type of 
outcome. The summary table also includes our rating of the level of evidence that supports each 
conclusion. Meta-regression was conducted using study-level characteristics such as dose of 
medication, study duration, and study quality. When important differences arose based on these 
characteristics, we reported them in the table. 
 In Summary Table B we present a short synopsis of the comparative effectiveness of the oral 
diabetes medications used most often and for which there were sufficient data to make 
comparisons. In each column of the summary table, we indicate the medication that had a better 
effect on the listed outcome or note when there were at least a moderate number of studies in 
which no apparent difference was detected. 
 The text below summarizes the conclusions regarding the main comparisons of interest by 
outcome, and qualifies points noted in the summary tables. 
   
Comparisons of effects of oral diabetes medications 
 
 Glycemic control (hemoglobin A1c). Based on direct data from randomized controlled 
trials, most oral diabetes medications (thiazolidinediones, second-generation sulfonylureas, 
metformin, and repaglinide) had similar reductions in hemoglobin A1c (~1-percent absolute 
reduction) compared with one another as monotherapy. Indirect data, in addition to a few head-
to-head trials, showed that nateglinide and alpha-glucosidase inhibitors were less efficacious in 
reducing hemoglobin A1c as monotherapy (~0.5-percent absolute reduction). Combination 
therapies had an additive effect and were better at reducing HbA1c compared with monotherapy 
regimens (~1-percent absolute reduction).  
 
 Weight. Weight increased by 1-5 kg with most of the oral diabetes medications 
(thiazolidinediones, second-generation sulfonylureas, and repaglinide), but not for metformin 
and acarbose, which had no effect on weight in placebo-controlled trials. In direct comparisons 
with thiazolidinediones and second-generation sulfonylureas, metformin caused relative weight 
loss.  However, this might be an artifact reflecting the withdrawal from a prior sulfonylurea (and 
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withdrawal of its weight-increasing effect) that often occurred in head-to-head trials. There were 
too few comparative studies of nateglinide to draw conclusions.   
 Different types of weight gain (central vs. peripheral) may have different effects on 
morbidity, with central adiposity considered to have greater prediction of cardiovascular 
outcomes. Only a few studies evaluated whether weight gain was related to increases in visceral 
adipose tissue, subcutaneous fat, or plasma volume. Therefore, it is unclear whether the weight 
gains caused by the different medications are physiologically equivalent.   
 
 Systolic and diastolic blood pressure. Most oral diabetes medications (thiazolidinediones, 
second-generation sulfonylureas, and metformin) had similarly minimal effects on systolic and 
diastolic blood pressure (<5 mm Hg). Too few studies compared meglitinides and acarbose with 
other oral diabetes medications to draw firm conclusions. There was a suggestion of decreased 
blood pressure in the thiazolidinedione group when compared with second-generation 
sulfonylureas and acarbose.  However, the clinical relevance of these small nonsignificant 
between-group differences of 3-5 mmHg is questionable.   
 
 Low-density lipoprotein. Only thiazolidinediones consistently increased  low-density 
lipoprotein (by about 10 mg/dL), while only metformin consistently decreased  low-density 
lipoprotein (by about 10 mg/dL). Of the two thiazolidinediones, rosiglitazone increased  low-
density lipoprotein cholesterol more than pioglitazone (difference of about 10-15 mg/dL). In 
addition, second-generation sulfonylureas showed similar minimal effects on  low-density 
lipoprotein cholesterol when compared with repaglinide and alpha-glucosidase inhibitors. Too 
few studies on nateglinide were available to draw conclusions. 
 
 High-density lipoprotein. Only thiazolidinediones increased  high-density lipoprotein. 
Thiazolidinediones increased  high-density lipoprotein by about 3-5 mg/dL, compared with 
metformin or second-generation sulfonylureas, which had little effect on  high-density 
lipoprotein. Meglitinides had little effect on  high-density lipoprotein, but there were too few 
trials to draw comparative conclusions. Combination therapy with thiazolidinediones increased  
high-density lipoprotein similarly to monotherapy with thiazolidinediones, while combination 
therapies without thiazolidinediones had little effect on  high-density lipoprotein levels.   
 
 Triglyceride levels. Most oral diabetes medications (pioglitazone, metformin, second-
generation sulfonylureas, acarbose, and repaglinide) decreased triglycerides, except for 
rosiglitazone, which generally increased triglycerides. Pioglitazone decreased triglycerides more 
than metformin (difference of about 26 mg/dL), and metformin decreased triglycerides to a 
greater degree than second-generation sulfonylureas (difference of about 10 mg/dL). These small 
differences in triglyceride reduction may reflect differences between groups in initial triglyceride 
levels that were present despite randomization. Repaglinide and acarbose had similar reductions 
in triglycerides when compared with second-generation sulfonylureas. There were too few 
comparisons for nateglinide to draw conclusions. 
 
 All-cause mortality. There were too few studies to support any conclusions about how 
mortality differed between the medications. It was unclear whether effects on mortality differed 
between the combination of metformin with a sulfonylurea and monotherapy with a sulfonylurea 
or metformin, due to lack of adjustment for key confounders in cohort studies and lack of studies 
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evaluating this combination. Other comparisons between drugs had too few studies to draw 
conclusions. 
 
 Cardiovascular mortality and morbidity. There were too few studies to support any 
conclusions about how cardiovascular morbidity or mortality differed between the medications. 
It was unclear whether cardiovascular mortality differed between the combination of metformin 
with a sulfonylurea and monotherapy with a sulfonylurea or metformin, due to lack of 
adjustment for key confounders in cohort studies and lack of studies evaluating this combination. 
Only pioglitazone and metformin improved cardiovascular morbidity when compared with 
placebo or diet (one study each, PROactive and UKPDS).  
 
 Peripheral vascular disease. Only two randomized controlled trials reported information on 
peripheral vascular disease making it difficult to draw conclusions. In the largest of the two trials 
(PROactive), pioglitazone had no effect on peripheral vascular disease when compared with 
placebo in subjects with a history of cardiovascular disease.  
 
 Microvascular outcomes. Few studies examined how microvascular outcomes differed 
between the medications, but some differences were reported. In the UKPDS, glibenclamide 
decreased the need for photocoagulation and had a protective effect on combined microvascular 
outcomes (retinopathy plus nephropathy) compared with the conventional arm (diet), while 
metformin showed no effect on retinopathy compared with the conventional arm. Pioglitazone 
may be better at reducing short-term nephropathy compared with metformin, based on two short-
duration randomized controlled trials.  
 
 Quality of life and functional status. No conclusions could be drawn regarding the 
comparative effects of the medications on quality of life and functional status because of a 
limited number of studies and differences in the questionnaires used to assess quality of life.  
 
 Hypoglycemia. Minor and major hypoglycemic episodes were more frequent in subjects 
taking second-generation sulfonylureas (especially glyburide) than in subjects taking other oral 
diabetes medications except repaglinide. Reported percentages of subjects experiencing minor or 
major hypoglycemic episodes ranged from 0 to 58 percent for second-generation sulfonylureas, 
vs. 0 to 21 percent for metformin and 0 to 24 percent for thiazolidinediones.  The absolute risk 
difference was 5-10 percent when comparing second-generation sulfonylureas with metformin or 
thiazolidinediones. Glyburide/glibenclamide had a higher risk of hypoglycemia compared with 
other second-generation sulfonylureas (absolute risk difference of ~2 percent). Repaglinide and 
second-generation sulfonylureas had a similar incidence of subjects with hypoglycemia. 
However, repaglinide may be associated with less serious hypoglycemia in the elderly and in 
people who skip meals. Data were sparse on the comparisons between acarbose or nateglinide 
with other oral diabetes medications. The incidence of minor and major hypoglycemia was 
higher with combinations that included sulfonylureas, compared with metformin or sulfonylurea 
monotherapy (absolute risk differences of 8-14 percent). The combination of metformin plus 
rosiglitazone had a similar risk of minor hypoglycemia compared with metformin monotherapy, 
and no serious events occurred in either of these treatment groups. 
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 Gastrointestinal adverse events/problems. Metformin and acarbose were generally 
associated with a higher percent of subjects with GI adverse events (range 2-63 percent and 15-
30 percent, respectively) compared with other oral diabetes medications (thiazolidinediones: 
range 0-36 percent, second-generation sulfonylureas: range 0-32 percent, and meglitinides: range 
8-11 percent).  The absolute risk differences ranged from 5 to 15 percent when comparing 
metformin or acarbose with these other oral diabetes medications (thiazolidinediones, second-
generation sulfonylureas, or meglitinides). Metformin monotherapy was associated with more 
frequent adverse events compared with the combination of metformin plus a second-generation 
sulfonylurea or metformin plus a thiazolidinedione if the metformin component was at a lower 
dose than the metformin monotherapy arm.  
 
 Elevated aminotransferase levels/liver failure. Several oral diabetes medications 
(thiazolidinediones, second-generation sulfonylureas, and metformin) had similarly low rates 
(less than 1 percent) of clinically relevant elevated aminotransferase levels (greater than 1.5 to 2 
times the upper limit of normal). Insufficient studies evaluated or reported on the effects of 
meglitinides on serum aminotransferase levels, but their effects appeared to be similar to the 
effects of other oral diabetes medications. The evidence was insufficient to compare oral diabetes 
medications on the outcome of liver failure since there were too few events. 
 
 Congestive heart failure.  Thiazolidinediones were associated with greater risk of  CHF 
compared with metformin or sulfonylureas (two head-to-head randomized controlled trials with 
absolute risk differences of 1-2 percent; cohort studies had a range in odds ratios of 1.06-2.27, 
which was significant in four of five head-to-head studies). Metformin and second-generation 
sulfonylureas had similarly little impact on the incidence of CHF.  CHF was reported mostly in 
cohort studies that did not adjust for key confounders, such as duration of diabetes, HbA1c level, 
blood pressure level, and medication adherence. However, the cohort studies were consistent 
with one another and were consistent with the data found in the randomized controlled trials, 
making these conclusions likely to be accurate. 
 
 Edema. Edema was more frequent in subjects taking thiazolidinediones (range 0-26 percent) 
than in subjects taking second-generation sulfonylureas (range 0-8 percent) or metformin (range 
0-4 percent).  The absolute risk differences ranged from 2 to 21 percent when comparing 
thiazolidinediones with second-generation sulfonylureas or metformin. No cases of macular 
edema were identified in the studies reviewed; however, case reports were excluded from the 
review, and this is where most macular edema cases have been identified. Cohort studies are 
needed to explore the issue of macular edema further. Data were too sparse to draw conclusions 
about how the incidence of edema may differ between other oral diabetes medications. 
 
 Lactic acidosis. Despite traditional concerns, the rate of lactic acidosis was similar between 
metformin and other oral diabetes medications or placebo (8.4 vs. 9 cases per 100,000 patient-
years). We did not have enough information on subjects taking metformin with chronic 
conditions such as chronic renal insufficiency, chronic liver disease, congestive heart failure, or 
severe pulmonary disease; therefore, we were unable to determine the safety of taking metformin 
in the presence of comorbid conditions that predispose subjects to lactic acidosis. 
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 Anemia, thrombocytopenia, and leucopenia. Thiazolidinediones may be associated with an 
increased risk of anemia (range 0-7 percent) compared with other oral diabetes medications 
(range 0-3 percent).  The absolute risk differences ranged from ~1-5 percent when comparing 
thiazolidinediones with other oral diabetes medications. The decrease in hematocrit was small (1 
g/dL) and would not be clinically relevant except for subjects with severe or borderline severe 
anemia. Only one study reported an adverse event of thrombocytopenia and leucopenia, making 
comparisons between medications impossible. 
 
Differences in effectiveness between subgroups of patients with type 2 diabetes 
 
 Data were insufficient to support any conclusions regarding differences in effectiveness of 
the medications between subgroups of patients with type 2 diabetes. 
 
 
Remaining Issues 

 
 

 The review of existing evidence identified a number of issues requiring further research. 
These specific research issues are grouped by key question below. 
 
For Key Question 1 (proximal clinical outcomes) 
 

● Future studies should examine effects of medications on glycemic variability using 
standardized methods to better compare effects across medications. Studies should 
consistently report 2-hour postprandial glucose as well as measure effects over time pre- 
and post-treatment. 

 
● There were few extended studies to characterize the persistence of effects on glycemic 

control, weight, and lipids over time. Evaluating the durability of effects on proximal 
outcomes will be helpful in determining the clinical relevance of different effects on 
lipids, weight, and glycemic control. Linking these effects to cardiovascular outcomes 
will also help clarify the clinical relevance.   

 
● More head-to-head monotherapy trials of rosiglitazone with metformin and sulfonylurea 

monotherapy are needed to better assess potential differences in lipid effects. 
 
● Future studies on weight should attend to effects on body composition and partition 

effects on weight or body mass index as an increase in fluid, subcutaneous tissue, or 
visceral adipose tissue, as these may have different effects on health. If possible, 
investigators should then link these with hard outcomes, such as morbidity and mortality.  
Furthermore, since sulfonylureas and thiazolidinediones increase weight as monotherapy, 
future studies need to identify whether there would be an additive or synergistic effect on 
weight for combinations of sulfonylureas with thiazolidinediones. 
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For Key Question 2 (distal diabetes-related complications) 
 

● More randomized controlled trials and prospective cohort studies should compare the 
effects of oral diabetes medications on the long-term outcomes of all cause and 
cardiovascular mortality, cardiovascular disease morbidity, microvascular disease, and 
peripheral vascular disease. 

 
● Such studies should examine surrogate markers of cardiovascular disease such as carotid 

intimal media thickness using ultrasound imaging, as well as restenosis rates and 
arrhythmias.  

 
● To determine whether oral diabetes medications differ in their effects on mortality and 

cardiovascular morbidity, a long-term head-to-head randomized controlled trial should 
compare thiazolidinediones, metformin, sulfonylurea, and metformin plus a sulfonylurea 
in subjects with a history of mild macrovascular disease. 

 
● To improve understanding of the effects of oral diabetes medications on peripheral 

vascular disease, studies should use earlier clinically relevant outcomes for peripheral 
vascular disease, such as ankle brachial index, distance to onset of pain, stopping time 
during standardized walking, and symptoms, as well as distal outcomes of amputation 
and death from peripheral vascular disease. 

 
● To improve understanding of the effects of oral diabetes medications on nephropathy, 

studies should evaluate long-term clinically relevant nephropathy outcomes (such as time 
to dialysis) as well as short-term proteinuria outcomes. 

 
For Key Question 3 (quality of life) 
 

● More studies should examine the effects of oral diabetes medications on health-related 
quality of life using standardized, validated questionnaires, especially since quality of life 
may affect whether patients adhere to medications.  

 
For Key Questions 4 and 5 (adverse effects) 
 

● Studies on oral diabetes medications need to report consistently withdrawals and reasons 
for withdrawals to improve understanding of potential differences in adverse effects. 

 
● Studies on oral diabetes medications need to report their definitions of adverse events 

more thoroughly, and consistently report all adverse events (not using aggregated events). 
 
● Additional observational studies of metformin compared with other oral diabetes 

medications in subjects prone to lactic acidosis would help determine the safety of using 
this medication in populations with co-morbid diseases.  
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● Further observational studies should evaluate the incidence of (1) macular edema with 
thiazolidinediones, (2) anemia requiring transfusion or hospital admission for 
thiazolidinediones compared with other oral agents, and (3) allergic reactions in all oral 
diabetes medications. 

 
● Further observational studies should evaluate cancer and allergic reactions for all oral 

diabetes medications. 
 
For Key Question 6 (differences across specific populations) 
 

● To determine differences in medication effectiveness based on comorbidity or 
demographics, analyses should be stratified or adjusted based on comorbidity or 
demographics. Specific areas to focus on would be effects of medications in the elderly 
and in subjects with and without renal disease, congestive heart failure, liver disease, or 
psychiatric disease.  

 
Other general issues 
 

● Future observational studies could improve understanding of the effects of oral diabetes 
medications on adverse events and distal outcomes if they carefully assess key 
confounders, such as duration of diabetes, adherence to medications, dosing of 
medications, hemoglobin A1c levels, and blood pressure levels. 

 
● Studies need to report consistently between-group changes from baseline, as well as 

measures of dispersion such as standard errors.   
 
● Further head-to-head trials are needed to compare (1) nateglinide with all other oral 

diabetes medications and (2) repaglinide with other oral diabetes medications besides 
second-generation sulfonylureas.  

 
● More studies should compare one combination of oral diabetes medications directly with 

another combination (specifically metformin, sulfonylureas, and thiazolidinediones in 
dual combinations as starting therapy) for all outcomes, as many clinicians have started 
using combinations as initial treatment in persons with diabetes.   

 
● Further research is needed on the effects of oral diabetes medications on beta cell 

function over a 3-5 year period or longer, using standardized outcomes, such as c-peptide 
and insulin levels, and time to requiring insulin. 

 
● A systematic review of drug-drug interactions in subjects with diabetes would help 

clinicians with treatment decisions. 
 
● Future studies comparing oral diabetes medications must consider any new oral diabetes 

medications that may be placed on the market, such as the dipeptidyl peptidase IV (DPP-
IV) inhibitor sitagliptin, which has just been approved by the Food and Drug 
Administration. 
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● Lastly, studies comparing combinations of older diabetes medications, such as 
sulfonylureas and metformin, with combinations of newer oral diabetes medications such 
as thiazolidinediones in combination with DPP-IV inhibitors or meglitinides would be 
interesting, especially given the cost associated with newer oral diabetes medications. 

 
 
Synopsis 

 
 

 Several clinical trials have investigated short-term outcomes of various preparations of oral 
medications for type 2 diabetes. Compared to newer medications, such as thiazolidinediones and 
meglitinides, metformin had similar or superior effects on a range of clinically relevant short-
term outcomes. For these same outcomes, second-generation sulfonylureas generally were 
comparable to thiazolidinediones and meglitinides. In terms of safety, each medication was 
associated with specific adverse events, although thiazolidinediones and second-generation 
sulfonylureas were associated with more serious adverse events, such as congestive heart failure 
and serious hypoglycemia, respectively. Repaglinide may be associated with less serious 
hypoglycemia in the elderly and in people who skip meals. Lactic acidosis rates were similar for 
metformin in comparison with other oral diabetes medications. Thus, metformin may be 
associated with less risk of serious adverse events than second-generation sulfonylureas or 
thiazolidinediones. When oral diabetes medications were combined, the effects with respect to 
HbA1c levels and adverse events were generally additive. If each individual drug was used at a 
lower dose in the combination, fewer adverse events were seen.  
 Not much evidence exists that might enable one to know a priori which medications are most 
likely to be effective in identifiable subgroups of patients with diabetes, nor does much evidence 
exist to predict which particular patients may be most susceptible to the adverse events 
associated with particular drugs.  
 Additional information on serious but infrequent adverse treatment effects will have to come 
from observational studies, particularly case-control studies. Remarkably, we found only one 
case-control study that qualified for inclusion in this review. Well-done observational studies 
may also be helpful in elucidating long-term outcomes, although confounding by indication may 
be difficult to adjust for in such studies. 
 In the absence of compelling evidence from long-term trials that include assessment of 
cardiovascular disease outcomes, clinicians should use data on short-term outcomes and safety to 
guide treatment decisions for oral diabetes medications. Physicians and patients can feel 
comfortable using older medications such as metformin and second-generation sulfonylureas, as 
monotherapy or in combination, before newer diabetes medications such as thiazolidinediones or 
meglitinides, especially when cost is a factor.  Future research should focus on comparing 
combinations of newer medications (DPP-IV inhibitors, meglitinides, and thiazolidinediones) 
with combinations of older medications (metformin and second-generation sulfonylureas) with 
respect to long-term effectiveness and safety.   
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Addendum 
 
 

 Two high-profile original studies and one meta-analysis on this topic have been published 
since this review was completed.b,c,d One 4-year double-blind randomized trialb compared 
rosiglitazone monotherapy with metformin or glyburide monotherapy and showed a significant 
difference in HbA1c favoring rosiglitazone (between-group absolute difference of -0.42 percent 
for rosiglitazone vs. glyburide and -0.13 percent for rosiglitazone vs. metformin). However, the 
incidence of cardiovascular events was lower with glyburide than with rosiglitazone or 
metformin (1.8 percent, 3.4 percent, and 3.2 percent, respectively; p < 0.05). This effect was 
mainly driven by significantly fewer congestive heart failure events and a nonsignificantly lower 
rate of nonfatal myocardial infarction events in the glyburide group.  The high loss to followup 
(40 percent) may account for some differences between groups, since the loss to followup was 
disproportionate between the groups. This study illustrates the importance of having more long-
term followup data on cardiovascular outcomes. At a minimum, clinicians should not assume 
that a small benefit measured in terms of HbA1c reduction will be associated with an 
improvement in cardiovascular outcomes. Indeed, this study suggests that cardiovascular 
outcomes could be worse with rosiglitazone despite its having a more beneficial effect on 
HbA1c.  
 Of note, the fracture rate among women was higher in the rosiglitazone group than in the 
metformin and sulfonylurea groups (9.3 percent, 5.1 percent, and 3.5 percent, respectively;  
p < 0.01).b  We did not find any reported fractures in shorter duration trials, and this will be an 
important area for future research. For other outcomes reported in this article, the results were 
similar to those included in our report. 
 In the meta-analysis,c the authors reported that, in comparison with other oral diabetes 
medications or placebo, rosiglitazone was associated with a borderline-significant increased risk 
of myocardial infarction (odds ratio, 1.43; 95-percent confidence interval (CI), 1.03 to 1.98) and 
a nonsignificant association with cardiovascular death (odds ratio, 1.64; 95-percent CI, 0.98 to 
2.74). When they analyzed specific drug-drug or drug-placebo comparisons, their results were 
not statistically significant. Similarly, our report did not find any statistically significant 
differences between specific oral diabetes medications in cardiovascular outcomes other than 
congestive heart failure.   
 The authors acknowledged several limitations of their study: (1) there were small numbers of 
absolute events; (2) the primary outcomes of the short-term trials were not cardiovascular events; 
and (3) the authors had no access to original source data. Among additional limitations that 
influenced their conclusions was their decision to include studies with diverse patient 
populations. They pooled studies that examined use of rosiglitazone for conditions other than 
type 2 diabetes, including studies of patients with chronic psoriasis, Alzheimer’s disease, type 2 

                                                 
b Kahn SE, Haffner SM, Heise MA, et al., ADOPT Study Group. Glycemic durability of rosiglitazone, metformin, or glyburide 
monotherapy. N Engl J Med 2006 Dec 7;355(23):2427-43. 
c Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myocardial infarction and death from cardiovascular causes.  N Engl 
J Med 2007;356.  Accessed on May 21, 2007, at www.nejm.org. 
d Home PD, Pocock SJ, Beck-Nielsen H, et al., RECORD Study Group.  Rosiglitazone evaluated for cardiovascular outcomes–an 
interim analysis. N Engl J Med 2007.  Accessed on June 5, 2007, at www.nejm.org. 
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diabetes, and impaired glucose tolerance. Had the authors excluded data from the DREAM trial,e 
which was conducted in adults with prediabetes, the pooled estimate of risk associated with 
rosiglitazone would have fallen short of statistical significance. They also included a study in 
which the patients had a history of congestive heart failure, even though rosiglitazone is 
currently contraindicated in these subjects. Inclusion of these data may have produced a higher 
apparent risk than would be expected in practice today. They also excluded six studies that 
reported no cardiovascular events in either group, thereby biasing their results against finding no 
difference. Given the limitations of the analysis, the effects of rosiglitazone on cardiovascular 
mortality and myocardial infarction are still uncertain.   
 After the release of the meta-analysis on rosiglitazone and cardiovascular risk,c an interim 
analysis of the RECORD studyd was published. This randomized trial of subjects with 
uncontrolled type 2 diabetes compared addition of rosiglitazone to existing metformin or 
sulfonylurea monotherapy vs. the combination of metformin plus sulfonylurea (control group). 
This analysis yielded a hazard ratio of 1.08 (95-percent CI, 0.89 to 1.31) for the primary end 
point of hospitalization or death from cardiovascular disease after a mean followup of 3.7 years. 
The hazard ratio was driven by more congestive heart failure in the rosiglitazone group than in 
the control group (absolute risk, 1.7 percent vs. 0.8 percent). In Kaplan-Meier curves, the risk of 
hospitalization or death from myocardial infarction was slightly lower in the control group than 
in the rosiglitazone group, but the difference was not statistically significant.  One limitation of 
this interim analysis was the lack of power to detect differences because of lower numbers of 
cardiovascular events than initially predicted. The RECORD study may now have trouble 
reaching the desired power for detecting a difference in cardiovascular risk if patients withdraw 
from the rosiglitazone arm of the study.  
 Overall, these recent reports are consistent with our review, which found no conclusive 
evidence of worse cardiovascular morbidity or mortality, outside of the higher risk of congestive 
heart failure with thiazolidinediones than with other oral medications. These new studies 
substantiate our call for more vigorous post-marketing surveillance and long-term comparative 
assessments of major clinical outcomes. For example, such studies should pay attention to the 
risk of myocardial infarction with rosiglitazone compared with other oral diabetes medications. 
 
 
 
 
 

                                                 
e DREAM (Diabetes REduction Assessment with ramipril and rosiglitazone Medication) Trial Investigators.  Effect of 
rosiglitazone on the frequency of diabetes in patients with impaired glucose tolerance or impaired fasting glucose: a randomised 
controlled trial. Lancet 2006 Sep 23;368(9541):1096-105. 
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Summary Table A. Evidence of Comparative Effectiveness of Oral Diabetes Medications 
Key question Level of evidence1 Conclusions 
1. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in their ability to affect 
the following proximal clinical measures? 
1a. Glycated 
hemoglobin (HbA1c) 

Moderate to high  
 
 

Most oral diabetes medications (thiazolidinediones, second-generation 
sulfonylureas, metformin, and repaglinide) had similar absolute 
reductions in HbA1c (~1%) as monotherapy.  

 Low Indirect data in addition to a few head-to-head trials showed that 
nateglinide and alpha-glucosidase inhibitors were less efficacious in 
reducing HbA1c (~0.5-1% absolute difference) compared with other oral 
diabetes medications. 

 Moderate to high Combination therapies were better at reducing HbA1c than monotherapy 
by about 1% (absolute difference). 

1b. Weight  High to moderate Metformin consistently caused weight loss (~1-5 kg) when compared 
with thiazolidinediones, second-generation sulfonylureas, and 
combinations of metformin plus second-generation sulfonylureas, which 
generally increased weight.  

 Low Thiazolidinediones and second-generation sulfonylureas caused similar 
weight gain (~3 kg) when used in monotherapy or combination therapy 
with other oral diabetes medications.  

 Low  Thiazolidinediones caused weight gain (~3 kg) when compared with 
acarbose and repaglinide based on indirect comparisons of placebo-
controlled trials as well as a few direct comparisons. 

 Low Acarbose compared with sulfonylureas showed no significant differences 
in weight, but there was a suggestion of differences between groups in 
the direct comparisons. The indirect comparisons showed that 
sulfonylureas were associated with weight gain when compared with 
acarbose, which was weight neutral. 

 Low Using a few head-to-head comparisons and indirect comparisons, 
acarbose had similar weight effects when compared with metformin. 

 Moderate 
 
 
 

Repaglinide had similar effects on weight when compared with second-
generation sulfonylureas. There were too few comparisons of repaglinide 
with other oral diabetes medications.  

 Insufficient There were too few comparisons of nateglinide with any other oral 
diabetes medication for the effect on weight to draw conclusions.  

1c. Systolic and  
diastolic blood  
pressure  

Moderate to low for 
most comparisons

2
 

 

All oral diabetes medications had similarly minimal effects on systolic 
and diastolic blood pressure (<5 mm Hg)  

 Insufficient Too few studies compared meglitinides with other oral diabetes 
medications besides sulfonylureas to draw firm conclusions.   

1d. Low-density 
lipoprotein (LDL) 

Moderate for 
monotherapy 
comparisons and 
moderate to low for 
combinations 
compared with 
monotherapy  

Thiazolidinedione monotherapy and rosiglitazone in combination with 
metformin or sulfonylurea increased LDL (~10-12 mg/dL) compared with 
metformin or second-generation sulfonylurea monotherapy, which 
generally decreased LDL.  

 Moderate Rosiglitazone increased LDL more than pioglitazone (~10-15 mg/dL), 
using indirect comparisons and a few head-to-head comparisons   

 Low to very low Using 1 head-to-head trial and mainly indirect comparisons, rosiglitazone
increased LDL more than acarbose (~10-15 mg/dL). 

 Moderate Metformin decreased LDL compared with second-generation 
sulfonylureas (~10 mg/dL). 

 Low Metformin monotherapy compared with metformin plus a sulfonylurea 
showed similar effects on LDL. 

 Low to very low Indirect comparisons showed similar effects on LDL when comparing 
acarbose with metformin. The one direct comparison favored maximally 
dosed acarbose over submaximally dosed metformin.   
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Summary Table A. Evidence of Comparative Effectiveness of Oral Diabetes Medications 
Key question Level of evidence1 Conclusions 
 Low Second-generation sulfonylureas showed similar effects on LDL 

compared with repaglinide.  
 Moderate The combination of metformin plus sulfonylurea decreased LDL 

compared with second-generation sulfonylurea monotherapy (~8 
mg/dL). 

 Low Alpha-glucosidase inhibitors had similar effects on LDL compared with 
second-generation sulfonylureas. 

 Insufficient Too few studies compared meglitinides with other oral diabetes 
medications besides sulfonylureas to draw firm conclusions.   

1e.  High-density 
lipoprotein (HDL) 

Moderate Pioglitazone increased HDL more than rosiglitazone, using indirect and a 
few direct comparisons (~1-3 mg/dL). 

 Moderate Pioglitazone increased HDL compared with metformin or second-
generation sulfonylureas (~3-5 mg/dL). 

 Moderate to low The combination of rosiglitazone with metformin or a second-generation 
sulfonylurea increased HDL slightly more than metformin or second-
generation sulfonylureas alone (~3 mg/dL). 

 Moderate to low Metformin, second-generation sulfonylureas, acarbose, and meglitinides 
had similarly minimal to no effects on HDL 

 Moderate to low Combination therapy with metformin plus a second-generation 
sulfonylurea did not differ from monotherapy in effect on HDL with either 
of the two classes. 

 1f. Triglycerides (TG) Moderate 
 

Using indirect comparisons and a few head-to-head comparisons, 
pioglitazone decreased TG (range 15-52 mg/dL) when compared with 
rosiglitazone, which increased TG (range 6-13 mg/dL).   

 Moderate to low Pioglitazone decreased TG more than metformin (~26 mg/dL) and 
showed similar decreases in TG when compared with sulfonylureas.  
However, the pooled estimate suggested a potential difference when 
comparing pioglitazone with sulfonylureas of -28.8 mg/dL.  

 Low Indirect comparisons and one direct comparison showed pioglitazone 
decreased TG more than acarbose (~30 mg/dL). 

 Low Rosiglitazone increased TG when compared indirectly with metformin 
and acarbose, yet showed similar effects on TG when compared directly 
with metformin. 

 Moderate to low Metformin decreased TG more than second-generation sulfonylureas 
and than metformin plus rosiglitazone (~10 mg/dL). 

 Moderate to low Metformin plus a second-generation sulfonylurea decreased TG more 
than sulfonylurea monotherapy (~30 mg/dL) and showed nonsignificantly 
decreased TG compared with metformin monotherapy. 

 Low to very low Using indirect and a few direct comparisons, metformin showed similar 
effects on TG when compared with acarbose. 

 Moderate to low  Second-generation sulfonylureas had similar effects on TG compared 
with repaglinide and acarbose.  There were too few comparisons for 
nateglinide to draw conclusions. 

2. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in their ability to affect 
distal diabetes-related complications of mortality and microvascular and macrovascular outcomes? 
2a. All-cause mortality  Low to very low It was unclear whether mortality differed when comparing the 

combination of metformin and a sulfonylurea with sulfonylurea or 
metformin monotherapy, or when comparing metformin and 
sulfonylureas.  

 Very low  Not enough data existed to compare other oral diabetes medications. 
2b. Cardiovascular 
disease mortality 

Low to very low It was unclear whether cardiovascular mortality differed when comparing 
the combination of metformin and a sulfonylurea with sulfonylurea or 
metformin monotherapy.  

 Low to very low It was unclear whether the effects on cardiovascular mortality differed 
between metformin and sulfonylureas.   

 Very low  Not enough data existed to compare other oral diabetes medications. 
2c. Cardiovascular 
morbidity 

Low to very low There were too few studies to support any conclusions about how 
cardiovascular morbidity differed between the medications. 
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Summary Table A. Evidence of Comparative Effectiveness of Oral Diabetes Medications 
Key question Level of evidence1 Conclusions 
2d. Peripheral vascular 
disease 

Low to very low No evidence existed that showed a difference between oral diabetes 
medications in effects on peripheral vascular disease.  

2e. Microvascular 
outcomes (retinopathy, 
nephropathy, 
neuropathy) 

Low to very low Too few comparisons were made to draw any firm comparative 
conclusions on microvascular outcomes. 

 Low to very low Pioglitazone showed similar effects on nephropathy compared with 
sulfonylureas in 3 RCTs lasting less than a year and showed greater 
improvements in proteinuria when compared with metformin in 2 RCTs 
lasting less than a year. 

3. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in their ability to 
influence other health outcomes, including quality of life and functional status? 
3a. Quality of life and 
functional status 

Very low Too few studies existed to draw any comparative conclusions.  

4&5. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in terms of risk of the 
following life-threatening and non-life-threatening adverse events? 
4&5a. Hypoglycemia NA Second-generation sulfonylureas had a higher percent of subjects with 

hypoglycemic episodes (range 0-58%) compared with metformin (range 
0-21%) or thiazolidinediones (range 0-24%).  The absolute risk 
differences between groups were ~5-10%. 

 NA Using indirect comparisons, metformin (range 0-21%) and 
thiazolidinediones (range 0-24%) had similar incidence of subjects with 
hypoglycemia, consistent with the few head-to-head trials. 

 NA Glyburide/glibenclamide had higher incidence of subjects with 
hypoglycemia (range 0-32%) compared with other second-generation 
sulfonylureas (range 0-14%).  The absolute risk difference between 
groups was ~2%. 

 NA Repaglinide had similar incidence of subjects with hypoglycemia (range 
0-15%) compared with second-generation sulfonylureas (range 7-19%). 

 NA Data were sparse on the comparisons of hypoglycemia between 
acarbose and other oral diabetes medications and between nateglinide 
and other oral diabetes medications. 

 NA Combinations of metformin plus sulfonylurea (range 5-58%) and 
sulfonylurea plus thiazolidinedione (range 6-32%) had higher incidence 
of subjects with hypoglycemia than metformin (range 0-21%) or 
sulfonylurea monotherapy (range 2-39%).  The absolute risk differences 
were ~8-14%. 

 NA Combination of metformin plus rosiglitazone had a similar percent of 
subjects with hypoglycemia (range 1-5%) compared with metformin 
monotherapy (range 0-2%).  No serious events occurred in either group 
in these RCTs. 

4&5b. Gastrointestinal 
(GI) problems/adverse 
events 

NA Metformin was associated with a greater percent of subjects with GI 
adverse events (range 2-63%) compared with thiazolidinediones (range 
0-36%) and second-generation sulfonylureas (range 0-32%).  The 
between-group absolute risk differences were ~ 5-15%. 

 NA Metformin monotherapy was associated with more frequent adverse 
events (range 2-63%) compared with the combination of metformin plus 
a second-generation sulfonylurea (range 1-35%) or metformin plus 
thiazolidinediones (17%) if the metformin component was at a lower 
dose than the metformin monotherapy arm.   

 NA There was a suggestion from a few placebo-controlled and head-to-head 
trials that metformin and acarbose have a similar incidence of subjects 
with GI adverse events (range 8-29% vs. 15-30%).  

 NA There was a suggestion from a few placebo-controlled and head-to-head 
trials that meglitinides have a lower incidence of subjects with GI 
adverse events (range 8-11%) than metformin (range 8-29%) (between-
group absolute differences of ~5-15%). 
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Summary Table A. Evidence of Comparative Effectiveness of Oral Diabetes Medications 
Key question Level of evidence1 Conclusions 
4&5c. Elevated 
aminotransferase 
levels/liver failure 

NA Several oral diabetes medications (thiazolidinediones, second-
generation sulfonylureas, and metformin) appeared to have similarly low 
rates (<1%) of clinically relevant elevated aminotransferase levels (>1.5 
to 2 times the upper limit of normal or liver failure). 

 NA Insufficient studies evaluated or reported on the effects of meglitinides 
and acarbose on serum aminotransferase levels, but they appeared to 
be similar to effects of other oral diabetes medications.  

4&5d. Congestive heart 
failure (CHF) 

NA Thiazolidinediones had greater risk of CHF compared with metformin or 
sulfonylureas (2 RCTs with absolute between-group risk differences of 1-
2%; cohort studies had a range in odds ratios of 1.06-2.27, which was 
significant in 4 of 5 studies). 

 NA Metformin and second-generation sulfonylureas had similarly little impact 
on incident CHF. 

4&5e. 
Edema/hypervolemia 

NA Thiazolidinediones had a greater percent of subjects with edema (range 
0-26%) than second-generation sulfonylureas (range 0-8%) or metformin 
(range 0-4%).  The range in between-group absolute risk differences 
was 2-21%. Of note, no cases of macular edema were reported. 

 NA Data were too sparse to draw conclusions about comparisons of the 
incidence of edema with other oral diabetes medications. 

4&5f. Lactic acidosis NA The rate of lactic acidosis was similar between metformin and other oral 
diabetes medications or placebo (8.4 vs. 9 cases per 100,000 patient-
years). 

4&5g. Anemia, 
thrombocytopenia,    
and leucopenia 

NA Thiazolidinediones may be associated with a greater percent of subjects 
with anemia (range 3-7%) than other oral diabetes medications (range 2-
3%). The absolute between-group differences were ~1-5%.  

4&5h. Cancer NA There were too few studies and too few cancer cases to draw 
comparative conclusions. 

4&5i. Allergic reactions 
requiring hospitalization 

NA No serious allergic reactions requiring hospitalization were reported. 

4&5j. Withdrawals due 
to unspecified adverse 
events 

NA There were no significant differences among oral diabetes medications 
in withdrawals due to unspecified adverse events. 

4&5k. Food and Drug 
Administration (FDA) 
data 

NA Pioglitazone was associated with an increased rate of hospitalization for 
acute cholecystitis compared with placebo in a pooled analysis. 
 

 NA FDA data were consistent with the adverse event findings reported 
above. 

 6. Do safety and effectiveness of oral diabetes medications for the treatment of adults with type 2 diabetes 
differ across particular adult populations, such as those based on demographic factors (e.g., race/ethnicity, 
age >65 years, or gender) or comorbidities (e.g., renal insufficiency, congestive heart failure, liver disease, 
obesity, depression, schizophrenia)? 
 NA Studies had too few analyses to draw comparative conclusions for this 

question. 
 
1Definitions of levels of evidence: High = further research is very unlikely to change our confidence in the estimates; 
Moderate = further research is likely to have an important impact on our confidence in the estimate of effect and may 
change the estimate; Low = further research is likely to have an important impact on our confidence in the estimate of 
effect and is likely to change the estimate; Very low = any estimate of effect is very uncertain; Insufficient = not 
graded if too few comparisons (<3 studies) and not a key comparison of interest; NA = not applicable since there was 
no validated grading system to determine level of evidence for adverse events. 
 
2
The evidence was graded very low for the following comparisons related to blood pressure effects: metformin vs. 

metformin plus sulfonylurea, sulfonylurea vs. sulfonylurea plus thiazolidinedione, meglitinides vs. sulfonylureas, and 
alpha-glucosidase inhibitors vs. all other oral diabetes medications. 
 
Abbreviations:  CHF = congestive heart failure; FDA = Food and Drug Administration; GI = gastrointestinal; HbA1c = 
hemoglobin A1c; HDL = high-density lipoprotein; LDL = low-density lipoprotein; RCT = randomized controlled trial; TG 
= triglycerides. 
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Summary Table B. Synopsis of Comparative Effectiveness of Oral Diabetes Medications 
 

Outcomes SU vs. Met SU vs. TZD SU vs. Meg Met vs. TZD 
     
HbA1c ND ND ND1 ND 
Weight Met ND ND1 Met 
SBP/DBP ND ND Insufficient ND 
LDL Met  SU  ND1 Met 
HDL ND TZD ND1  TZD 
TG Met ND

2 ND1 Pio
3 

All-cause mortality Insufficient Insufficient Insufficient Insufficient 
CVD mortality/ morbidity Insufficient Insufficient Insufficient Insufficient 
Peripheral vascular disease Insufficient Insufficient Insufficient Insufficient 
Microvascular outcomes Insufficient Insufficient Insufficient Insufficient 
Quality of life Insufficient Insufficient Insufficient Insufficient 
Hypoglycemia Met TZD ND1 ND 
GI SU Insufficient Insufficient TZD 
Elevated aminotransferase levels/liver failure ND ND Insufficient ND 
CHF ND SU Insufficient Met 
Edema Insufficient SU Insufficient Met 
Lactic acidosis ND Insufficient Insufficient ND 
Anemia Insufficient SU Insufficient Met 

 
1These conclusions refer to sulfonylurea vs. repaglinide only. See the text for more information about the comparison 
of sulfonylureas with nateglinide. 
 
2Pioglitazone decreased triglycerides, while rosiglitazone increased triglycerides; therefore, pioglitazone showed 
similar effects on TG when compared with sulfonylurea, while rosiglitazone likely was worse than sulfonylureas but no 
direct comparisons were available to draw firm conclusions. 
 
3Pioglitazone decreased triglycerides, while rosiglitazone increased triglycerides; therefore, pioglitazone was better 
than metformin, while rosiglitazone was worse than metformin. 
 
Abbreviations: CHF = congestive heart failure; CVD = cardiovascular disease; DBP = diastolic blood pressure; GI = 
gastrointestinal; HbA1c = hemoglobin A1c; HDL = high-density lipoprotein; LDL= low-density lipoprotein; Meg = 
meglitinides; Met = metformin; ND = no apparent difference; Pio = pioglitazone; SBP = systolic blood pressure; SU = 
second-generation sulfonylurea; TG = triglyceride; TZD = thiazolidinediones. 
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Introduction 
 
 
 
Background 
 
 

Type 2 diabetes is characterized by insulin resistance, which is accompanied by a progressive 
deficiency in insulin secretion. Type 2 diabetes is an increasingly common disease that is closely 
associated with obesity.1, 2 In 2005, the prevalence of Americans with diagnosed type 2 diabetes 
was 2.4% in the United States for adults aged 20 to 39 years, 10% for adults aged 40 to 59 years, 
and 21% in adults aged 60 years or over.3 From 1980 through 2004, the number of Americans 
with diagnosed diabetes more than doubled, from 5.8 million to 14.7 million.4 There were similar 
incidence rates of diabetes for men and women in the Third National Health and Nutrition 
Survey (NHANES III), but the rates for non-Hispanic blacks and Mexican-Americans were 1.6 
and 1.9 times the rate for non-Hispanic whites.1  

Randomized controlled trials (RCTs) and observational studies have shown that improved 
glycemic control reduces microvascular complications and may reduce macrovascular 
complications;5-9 however, the effects of specific oral diabetes medications on these outcomes 
are less certain. As oral diabetes medications such as the thiazolidinediones and meglitinides 
have become available for the treatment of diabetes, clinicians and patients have been forced to 
choose from a bewildering array of medications. Confusion has increased because of emerging 
concerns that particular medications confer excess cardiovascular risks when compared to other 
oral diabetes medications or placebo.10-14   

The well-known results of the United Kingdom Prospective Diabetes Study (UKPDS) 
indicated that when oral diabetes medications have similar effects on glycemic control, these 
medications have similar effects on cardiovascular morbidity and mortality.15, 16 However, the 
UKPDS was conducted prior to the emergence of thiazolidinediones.7 In addition, several 
systematic reviews of oral diabetes medications have shed light on differences in short-term and 
long-term outcomes of different oral diabetes medications.17-25 However, only two reviews have 
compared all of the oral diabetes medications commonly used in the United States.24, 25 A 
systematic review by Inzucchi et al., in 2002, found that: 1) with the exception of the alpha-
glucosidase inhibitors, which decrease hemoglobin A1c (HbA1c) by 0.5-1%, most diabetes 
medications lower HbA1c to a similar extent, producing an absolute reduction of about 1-2%; 2) 
when medications are used in combination, additional glucose-lowering benefits are seen; and 3) 
long-term vascular risk reduction can be demonstrated only with sulfonylureas and metformin.24 
In 2004, Buse et al. compared the effects on serum lipid levels of all the oral diabetes 
medications. They found that only metformin, acarbose, voglibose, rosiglitazone, and 
pioglitazone had significant effects on serum lipid levels. Metformin at high doses and 
pioglitazone both reduced triglycerides (TGs), while acarbose, rosiglitazone, and pioglitazone 
increased high density lipoproteins (HDLs). Finally, acarbose decreased low density lipoprotein 
(LDL), while rosiglitazone increased LDL.25 

Many other outcomes in addition to HbA1c and lipid levels are important to consider when 
oral diabetes medications are being compared. These outcomes include blood pressure, weight, 
microvascular and macrovascular disease, and mortality. Evaluation of adverse events is critical 
because adverse events affect adherence as well as morbidity and mortality. Certain diabetes 
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medications may be less safe for persons with comorbid conditions. For instance, biguanides 
such as metformin are contraindicated in patients with renal or liver failure because of a 
potentially higher risk of lactic acidosis.26 To date, no study has comprehensively evaluated all of 
the major short-term and long-term clinical effects of all the oral diabetes medications used in 
the United States.  

We have therefore performed a systematic review of published studies on the comparative 
effectiveness and safety of all oral diabetes medications. By comparing the short-term and long-
term clinical effects of these medications, clinicians may have a better sense of how to choose 
among the oral diabetes medications. This review should be helpful as new classes of oral 
diabetes medications come on the market, such as the dipeptidyl peptidase-IV (DPP-IV) 
inhibitors. In addition, the results presented here may provide policymakers and insurers with 
better insight as they consider policies relating to medication coverage.  
 
 
Conceptual Model 

 
 

Our conceptual model (see Figure 1) summarizes the oral diabetes medications, their main 
physiologic actions, and their effects on proximal clinical measures and distal clinical outcomes, 
including potential adverse effects. Thiazolidinediones’ main physiologic action is increased 
uptake of glucose by cells. Sulfonylureas and insulin secretagogues both work on the pancreatic 
beta cell to release insulin. Metformin works by inhibiting glucose production by the liver, and 
alpha-glucosidase inhibitors decrease the absorption of glucose in the gut. 

These medications were developed to affect proximal clinical measures, such as glycated 
hemoglobin or glycemic variability, that are associated with important distal clinical outcomes. 
They may also affect other proximal clinical measures, such as blood pressure and lipid levels, 
which have been associated with distal outcomes, including mortality and complications of 
diabetes.27, 28 Glycated hemoglobin is a way to measure glucose control over the past 3 months in 
persons with diabetes. Glycated hemoglobin is a general term for any hemoglobin that has 
glucose bound to it, and it can refer either to HbA1c or hemoglobin A1 (HbA1), an older way to 
measure hemoglobin with bound glucose. These laboratory measures have been used to measure 
glycemic control. Most studies report HbA1c in both the research and clinical setting. Clinical 
guidelines in the U.S. suggest that in order to minimize morbidity and mortality in patients with 
diabetes, the HbA1c should be less than 6.5% or less than 7%, depending on the organization 
issuing the guideline.29-31 Another measure, 2-hour postprandial glucose (PPG), a measure of 
glycemic variability, is an independent predictor of cardiovascular disease and is of special 
importance in patients with normal or near-normal HbA1c.32   

Hyperglycemia has been linked to microvascular and macrovascular complications through a 
variety of mechanisms: 1) increased glycosylation of proteins, which adversely affects organs 
such as the kidney, vascular beds, and connective tissue; 2) increased production of sorbitol, 
which generates reactive oxygen species and causes cellular and enzyme dysfunction that can 
affect vessels and organs; 3) increased formation of diacylglycerol, which not only increases 
protein kinase C, thereby altering the transcription of genes for proteins involved in endothelial 
cells and neurons, but may also increase growth factors that play a role in microvascular disease; 
and 4) increased production of fructose-6-phosphate, which increases growth factor levels and 
glycosylation of proteins, both of which in turn adversely affect vessels and organs.33 These 
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effects on cells, tissues, and organs lead to the macrovascular and microvascular complications 
seen in diabetes. 

We did not evaluate the proximal clinical measures of insulin and C-peptide levels in this 
report. The clinical question addressed here is whether different pharmaceutical agents affect the 
rate of decline in beta cells that occurs with type 2 diabetes. To answer this question, there is a 
need for a long-term (5-10 year) controlled study evaluating C-peptide and insulin levels at 
multiple points in time using glucose clamp tests, not just fasting C-peptide and insulin levels 
measured once after 3 months. Currently, no studies exist to answer this clinically relevant 
question; therefore, we excluded this clinical measure from our review. Also, proximal measures 
of inflammatory markers such as C-reactive protein were excluded from our review. Although 
this is an interesting area that is currently being explored, it would be premature to suggest that 
decreasing inflammation improves diabetes-related morbidity and mortality. 

We have included an evaluation of potential adverse effects of oral diabetes medications, 
such as hypoglycemia, congestive heart failure (CHF), and lactic acidosis. All diabetes 
medications may cause hypoglycemia, since each one has a mechanism of action that is designed 
to reduce hyperglycemia. Some adverse events, such as CHF or lactic acidosis, may be a 
complication of diabetes or a side-effect of a medication. 

We also sought to evaluate the effects of oral diabetes medications on health-related quality 
of life and functional status, since the macrovascular and microvascular complications of 
diabetes and the adverse effects of treatment can affect quality of life or functional status. While 
all of these complications have an economic impact, we did not evaluate the effect of treatment 
on costs. Instead, we provide limited information on the cost of medications, so that readers can 
make indirect determinations related to economic impact (see Table 1). We have not assessed the 
data on adherence to oral diabetes medications, since this subject is beyond the scope of the 
present report. In general, adherence is improved with lowered pill burdens and fewer doses per 
day of medication, and we can assume that this relationship holds true for diabetes medications.34 

Finally, we sought to determine the extent to which comorbid conditions such as renal and 
liver disease may alter the effects of oral diabetes medications. For instance, if a medication is 
cleared by the kidney, its effects may be potentiated in a person with kidney disease.  

 
 

Scope and Key Questions 
 
 

This systematic review was commissioned by the Agency for Healthcare Research and 
Quality (AHRQ) to address the following key questions: 
 

1. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in 
their ability to affect the following proximal clinical outcomes: glycated hemoglobin, 
weight, blood pressure, serum lipid levels, and 2-hour PPG levels? 
 

2. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in 
their ability to affect distal diabetes-related complications, including mortality and the 
following macrovascular and microvascular complications: coronary artery disease, 
myocardial infarction, stroke, transient ischemic attack, arrhythmia, coronary artery  
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stenosis and in-stent re-stenosis, retinopathy, nephropathy, neuropathy, and peripheral 
arterial disease? 
 

3. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in 
their ability to influence other health outcomes, including quality of life and functional 
status?  

 
4. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in 

terms of risk of the following life-threatening adverse events: life-threatening 
hypoglycemia leading to emergency care or death; liver failure; CHF; severe lactic 
acidosis; cancer; anemia, thrombocytopenia, or leucopenia requiring transfusion; and 
allergic reactions leading to hospitalization or death? 
 

5. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in 
their safety with regard to the following adverse events that are not life-threatening: 
hypoglycemia requiring any assistance; elevated aminotransferase levels; pedal edema; 
hypervolemia; anemia, thrombocytopenia, and leucopenia not requiring transfusion; mild 
lactic acidosis; and gastrointestinal (GI) problems? 
 

6. Do the safety and effectiveness of oral diabetes medications for the treatment of adults 
with type 2 diabetes differ across particular adult populations, such as those based on 
demographic factors (e.g., race/ethnicity, age greater than 65 years, or gender) or 
comorbid conditions (e.g., renal insufficiency, CHF, liver disease, obesity, depression, or 
schizophrenia)? 
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Figure 1. Conceptual framework of medication activity for adults with type 2 diabetes (bold lettering indicates outcomes evaluated in this systematic review) 
 
 
 
 
  
 
 
 
  
 
 
 
 
  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

CAD=coronary artery disease, MI=myocardial infarction, TIA= transient  
ischemic attack,  PVD=peripheral vascular disease, GI = gastrointestinal, GU= genitourinary, ED=erectile dysfunction, ESRD=end-stage renal disease, KQ= key question, Hb 
= hemoglobin 
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Table 1. Characteristics of selected oral diabetes medications evaluated 
 

Drug 
Trade 
name Dosing 

Half-
life  

Labeled 
indications 

Dose adjustments, 
monitoring, precautions 

Cost in US 
dollars* 

Thiazolidinediones 
Pioglita-
zone 

Actos 15-30 mg od; 
max: 45 mg 
od 

3-7 
hours 

Management 
type 2 
diabetes   

1) Do not initiate if active 
liver disease or increased 
transaminases (>2.5 
times the upper limit of 
normal)                                
2) Not recommended in 
Class III or IV heart failure   
3) Monitor liver enzymes 
prior to initiation and 
periodically during 
treatment  
 

15 mg (30): 
$102.55 
30 mg (30): 
$162.99 
45 mg (30): 
$179.99 

Rosiglita-
zone 

Avandia 4-8 mg od or 
2-4 mg bid;    
max: 8 mg od 
usually or 4 
mg od with 
insulin or 
sulfonyl-urea 

3-4 
hours 

Management 
type 2 
diabetes   

1) Do not initiate if active 
liver disease or increased 
transaminases (>2.5 
times the upper limit of 
normal)                                
2) Not recommended in 
Class III or IV heart failure   
3) Monitor liver enzymes 
prior to initiation and 
periodically during 
treatment  

2 mg (60): 
$133.31 
4 mg (30): 
$105.53 
8 mg (30): 
$175.08 

Biguanides           
Metformin Gluco-

phage, 
Gluco-
phage XR 

500-2550 mg 
divided doses 
(od-tid); max: 
2550 mg; 
2000 mg for 
XR 

6.2 
hours 

Management 
type 2 
diabetes   

1) Contraindicated in the 
presence of renal 
dysfunction (Cr >1.5 
mg/dL in males, or >1.4 
mg/dL in females)                
2) Avoid in liver disease       
3) In elderly, dose with 
caution and titrate slowly     
4) Discontinue prior to 
contrast studies                   
5) Initial and periodic 
monitoring of hematologic 
parameters and renal 
function at least annually 
Check vitamin B12 and 
folate if anemic 

Tablets 
(Metformin HCl) 
  500 mg (60): 
$33.99 
  850 mg (60): 
$51.99 
  1000 mg (60): 
$55.99 
Tablet, 24-hour 
(Metformin HCl) 
  500 mg (60): 
$39.99 
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Table 1. Characteristics of selected oral diabetes medications evaluated (continued)  
 

Drug 
Trade 
name Dosing 

Half-
life  

Labeled 
indications 

Dose adjustments, 
monitoring, precautions 

Cost in US 
dollars* 

Second generation sulfonylureas 
Glime-
piride 

Amaryl 1-8 mg od. 
max: 8 mg od 

5-9 
hours 

Management 
type 2 
diabetes   

1) In elderly and renal 
dysfunction 
(CrCl<22mL/min), start 
dose at 1 mg and titrate 
slowly due to concern of 
hypoglycemia                       
2) Watch for symptoms of 
hypoglycemia 
 

1 mg (30): $9.99 
2 mg (30): 
$13.99 
4 mg (30): 
$14.99 

Glipizide Glucotrol, 
Glucotrol 
XL or 
GITS 

5 - 15 mg od 
or 5 - 20 mg 
bid; max 
dose: 20 mg 
bid. 20 mg od 
XL 

2-4 
hours 

Management 
type 2 
diabetes   

1) In elderly, hepatic, and 
renal dysfunction, start 
dose at 2.5 mg od and 
titrate slowly                         
2) Watch for symptoms of 
hypoglycemia 

Tablet, 24-hour  
  2.5 mg (30): 
$10.99 
  5 mg (30): 
$10.99 
  10 mg (30): 
$19.99 
 
Tablets  
  5 mg (60): 
$9.99 
  10 mg (60): 
$10.99 

Glyburide Micronas
e, 
Diabeta, 
Glynase 
Prestab 

2.5-20 mg od 
or bid; max 
dose: 20 mg 
od 

5-16 
hours 

Management 
type 2 
diabetes   

1) Not recommended for 
patients with renal 
dysfunction (CrCl<50 
mL/min)                                
2) Avoid use in severe 
hepatic impairment              
3) In elderly, start at 1.25 
mg and titrate slowly. 
Watch for hypoglycemia 

Tablets  
  1.25 mg (30): 
$7.99 
  2.5 mg (30): 
$7.99 
  5 mg (30): 
$7.99 

Meglitinides 
Repaglin-
ide 

Prandin 0.5-4 mg 
before meals; 
max:16 mg 

1 hour Management 
type 2 
diabetes *Not 
indicated for 
use in 
combination 
with NPH 
insulin due to 
potential 
cardio-
vascular 
events 

1) Use with caution in 
patients with severe renal 
and hepatic impairment.  
Start at lowest dose and 
titrate slowly               

0.5 mg (90): 
$104.77 
1 mg (90): 
$111.10 
2 mg (90): 
$111.10 

Nateglin-
ide 

Starlix 60-120 mg 
before meals  

1.5 
hours 

Management 
type 2 
diabetes   

1) Use with caution in 
patients with severe renal 
and hepatic impairment 
as well as the elderly.  
Start at lowest dose and 
titrate slowly               

60 mg (30): 
$39.51 
120 mg (30): 
$43.20 
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Table 1. Characteristics of selected oral diabetes medications evaluated (continued)  
 

Drug 
Trade 
name Dosing 

Half-
life  

Labeled 
indications 

Dose adjustments, 
monitoring, precautions 

Cost in US 
dollars* 

Alpha-glucosidase inhibitors 
Acarbose Precose 25-100 mg 

tid; max: 100 
mg tid 

2 
hours 

Management 
type 2 
diabetes   

1) Serum transaminase 
levels should be checked 
every 3 months during the 
first year of treatment and 
periodically thereafter          
2) Not recommended for 
severe renal impairment 
(CrCl<25 mL/min) 
 

25 mg (90): 
$67.87 
50 mg (90): 
$70.25 
100 mg (90): 
$80.97 

Miglitol Glyset 25-100 mg 
tid.  max: 100 
mg tid 

2 
hours 

Management 
type 2 
diabetes   

1) Not recommended for 
severe renal impairment 
(CrCl<25 mL/min) 

25 mg (90): 
$63.02 
50 mg (90): 
$69.07 
100 mg (90): 
$81.20 
 

od=once daily, bid=twice a day, tid=three times a day, CrCl = creatinine clearance, max=maximum daily dosage, mg = milligrams, dL = 
deciliter, XR = extended release, HCl = hydrogen chloride, mL = milliliter; min = minute, XL = extended release, GITS = gastrointestinal 
therapeutic system, NPH = neutral protamine Hagedorn   
Used www.uptodate.com for pharmaceutical information.35 
*  Information provided includes dose, pill count, and cost in US dollars.36 
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Methods 
 
 
 
 In response to Section 1013 of the Medicare Modernization Act, AHRQ requested an 
evidence report to synthesize the evidence on the comparative effectiveness of oral diabetes 
medications. Our EPC established a team and a work plan to develop the evidence report. The 
project consisted of recruiting technical experts, formulating and refining the specific questions, 
performing a comprehensive literature search, summarizing the state of the literature, 
constructing evidence tables, synthesizing the evidence, and submitting the report for peer 
review. 
 
 
Topic Development 
 
 
 The topic for this report was nominated in a public process. At the beginning of the project, 
we recruited a panel of internal and external technical experts to give input on key steps 
including the selection and refinement of the questions to be examined. The panel included two 
internal technical experts from the Johns Hopkins University who have strong expertise in 
various aspects of the efficacy and/or safety of oral diabetes medications, and external experts 
who have expertise in diabetes research (see Appendix A). 
 We worked with the technical experts and representatives of AHRQ to develop the Key 
Questions that are presented in the Scope and Key Questions section of the Introduction. The 
final Key Questions focus on the differences among oral diabetes medications in their ability to 
affect proximal clinical measures, distal diabetes-related complications, quality of life, and 
adverse events. Draft Key Questions were posted to a public website for additional feedback. 

 
 

Search Strategy 
 
 

 We searched the following databases for primary studies for the periods in parentheses: 
MEDLINE® (1966 to January 2006), EMBASE® (1974 to January 2006), and the Cochrane 
Central Register of Controlled Trials (1966 to January 2006). We also searched for systematic 
reviews until November 2005.  Our search strategy combined terms for type 2 diabetes and oral 
diabetes medications.  The search for systematic reviews also included terms for study design, 
but the search strategy for primary studies did not include these types of terms. 

In addition, we received the following material from the Scientific Resource Center that 
gives support to AHRQ’s EPCs: 

 
•  Statistical and medical reviews of rosiglitazone, pioglitazone, nateglinide, metformin, the 

combination of rosiglitazone plus second generation sulfonylureas, the combination of 
metformin plus glyburide, the combination of metformin plus glipizide, and extended 
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release metformin obtained from the website of the United States Food and Drug 
Administration (FDA). 

 
•  Public registries of clinical trials, such as Clinical Study Results website 

(www.clinicalstudyresults.org) and ClinicalTrials.gov (www.clinicaltrials.gov). 
 
•  Unpublished trials on glipizide gastrointestinal therapeutic system (GITS) from Pfizer 

Inc. (New York, NY), on rosiglitazone and the combination of rosiglitazone plus 
metformin from GlaxoSmithKline (Triangle Park, NC), and on the combination of 
metformin plus glyburide from Bristol-Myers Squibb (New York, NY).  

 
We hand searched 15 journals that were most likely to publish articles on this topic (see 

Appendix B), scanning the table of contents of each issue for relevant citations from December 
2005 through February 2006. We also reviewed the reference lists of included articles.    
 We developed a search strategy for MEDLINE, accessed via PubMed, based on an analysis 
of the medical subject headings (MeSH) terms and text words of key articles identified a priori. 
The PubMed strategy formed the basis for the strategies developed for the other electronic 
databases (see Appendix C). 
 The results of the searches were downloaded and imported into ProCite® version 5 (ISI 
ResearchSoft, Carlsbad, CA). From ProCite, the articles were uploaded to SRS 3.0 (TrialStat! 
Corporation, Ottawa, Ontario, Canada), a web-based software package developed for systematic 
review data management. We scanned for exact article duplicates, author/title duplicates, and 
title duplicates using the duplication check feature in both ProCite® and SRS 3.0. Additionally, 
this database was used to track the search results at title review, abstract review, article 
inclusion/exclusion, and data abstraction levels. A list of excluded articles is presented in 
Appendix D. 
 
 
Study Selection 

 
 
 Study selection proceeded in two phases: title review and abstract review. Two independent 
reviewers conducted title scans in a parallel fashion. For a title to be eliminated at this level, both 
reviewers had to indicate that it was ineligible. If the two reviewers did not agree on the 
eligibility of an article, it was promoted to the next level (see Appendix E, Title Review Form). 
The title review phase was designed to capture as many studies as possible reporting on the 
efficacy or safety of oral diabetes medications. All titles that were thought to address efficacy, 
effectiveness, or safety were promoted to the abstract review phase. 
 The abstract review phase was designed to identify studies reporting on the effects of oral 
diabetes medications on proximal clinical outcomes, distal diabetes-related complications, 
quality of life, or adverse events.  Abstracts were reviewed independently by two investigators, 
and were excluded if both investigators agreed that the article met one or more of the exclusion 
criteria (see inclusion and exclusion criteria listed in Table 2).  Differences in opinions regarding 
abstract inclusion or exclusion were resolved through consensus adjudication. 
 Full-text articles initially selected on the basis of abstract review underwent another 
independent parallel review by investigators to determine if they should be included for full data 
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abstraction. At this phase of the review, investigators determined which of the Key Questions 
each article addressed (see Appendix E, Article Inclusion/Exclusion Form). Differences in 
opinions regarding article inclusion were resolved through consensus adjudication. 

 
 
Data Abstraction 

 
 
 We used a systematic approach for extracting data to minimize the risk of bias in this 
process. By creating standardized forms for data extraction, we sought to maximize consistency 
in identifying all pertinent data available for synthesis. If reviewers determined that an article 
addressed both efficacy and safety, multiple data abstraction forms were used. 
 Each article underwent double review by study investigators of data abstraction and 
assessment of study quality. The second reviewer confirmed the first reviewer’s data abstraction 
forms for completeness and accuracy. Reviewer pairs were formed to include personnel with 
both clinical and methodological expertise. A third reviewer re-reviewed a random sample of 
articles by the first two reviewers to ensure consistency in the data abstraction of the articles. 
Reviewers were not masked to the articles’ authors, institution, or journal.37 In most instances, 
data were directly abstracted from the article. If possible, relevant data were also abstracted from 
figures. Differences in opinion were resolved through consensus adjudication. For assessments 
of study quality, each reviewer independently judged study quality and rated items on quality 
assessment forms (see Appendix E, Data Abstraction Review Forms). 
 For all articles containing original data, reviewers extracted information on general study 
characteristics (e.g., study design, study period and followup), study participants (e.g., age, 
gender, race, weight/body mass index (BMI), HbA1c levels, and duration of diabetes), eligibility 
criteria, interventions (e.g., initial, maximum, and mean doses, frequency of use, and duration of 
use), outcome measures and the method of ascertainment, and the results of each outcome, 
including measures of variability (see Appendix E, Data Abstraction Review Forms). 
 We also abstracted data from systematic reviews that specifically applied to our Key 
Questions (see Appendix E, Data Abstraction Review Forms). Several recent systematic reviews 
have been published to address the efficacy and safety of oral diabetes medications.1,7,19, 38, 39 
Data from systematic review articles were abstracted including: 1) the types of medications and 
comparisons included in the review, 2) exclusion criteria, 3) search strategies (databases, search 
terms), 4) range of publication dates of reviewed articles, 5) number of articles in the review, 6) 
assessment of publication bias, 7) outcomes evaluated, and 8) main conclusions. 
 All information from the article review process was entered into the SRS 3.0 database by the 
individual completing the review. Reviewers entered comments into the system whenever 
applicable. The SRS 3.0 database was used to maintain and clean the data, as well as to create 
detailed evidence tables and summary tables (see Appendix F and Summary Tables).  

 
 
Quality Assessment 

 
 
Article quality was assessed differently for RCTs and systematic reviews. For RCTs the dual, 

independent review of article quality was based on the Jadad criteria:40 1) appropriateness of the 
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randomization scheme, 2) appropriateness of the blinding, and 3) description of withdrawals and 
drop-outs. For each RCT, we created a score between 5 (high quality) to 0 (low quality). We had 
85 percent consistency between the primary and secondary reviewer; therefore, we report only 
the second reviewers’ quality scores (the second reviewers generally had more research 
experience than the primary reviewers).  We used study quality to help assess differences 
between study results. 

The quality of each systematic review was assessed using the following criteria: 1) whether 
the question being addressed by the review was clearly stated; 2) comprehensiveness of search 
methods used and described in the report; 3) whether inclusion/exclusion criteria were clearly 
defined and appropriate; 4) whether analyses were conducted to measure variability in efficacy; 
5) whether study quality was assessed and done appropriately (using validated instruments); 6) 
whether differences in how outcomes were reported and analyzed across studies were taken into 
consideration; 7) whether the study methodology was reproducible; and 8) whether conclusions 
were supported by the data presented.41 

We did not assess the quality of observational studies or non-randomized trials.  There is 
little agreement on the methods for assessing study quality of observational studies.42  Because 
observational studies and non-randomized trials are inherently weaker study designs than RCTs, 
we synthesized these results separately from the RCT results.  The results of these studies were 
assessed for congruence with the RCTs. If results were inconsistent with RCTs or there were few 
RCTs, we then described these studies in more depth including any adjustments for confounding.  
 
 
Applicability 

 
 

Throughout the report, we discuss the applicability of studies in terms of how well the study 
population seems consistent with the type 2 diabetes general population. Additionally, we report 
on dosing and study duration in the text, and use metaregression to identify potential differences 
in results based on these characteristics.  We then discuss these applicability issues in our 
limitations sections. 

 
 

Data Analysis and Synthesis 
 

 
 For each Key Question, we created a set of detailed evidence tables containing all 
information extracted from eligible studies. For the proximal clinical measures (Key Question 1), 
we conducted meta-analyses for the following higher priority outcomes when there were 
sufficient data (> 2 or 3 trials) and studies were homogenous with respect to key variables 
(population characteristics, study duration, and drug dose): HbA1c, weight, systolic blood 
pressure (SBP), LDL, and TG.  The outcomes of 2 hour PPG, diastolic blood pressure (DBP), 
and HDL were similar to other outcome measures (HbA1c, SBP, and LDL respectively), and we 
did not conduct meta-analyses since they were generally redundant.  
 We recorded the mean difference between groups along with its measure of dispersion.  If 
this was not reported, we calculated the point estimate using the mean difference from baseline 
for each group.  If the mean difference from baseline was not reported, we calculated this from 
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the baseline and final values for each group.  If no measure of dispersion was reported for the 
between-group difference, we then calculated it using the sum of the variances for the mean 
difference from baseline for each group. If there were no measures of dispersion for the mean 
difference from baseline for each group, we then calculated the variance using the standard 
deviation of the baseline and final values, assuming a correlation between baseline and final 
values of 0.5. If data were only presented in graphical form, we abstracted data from the graphs.  
For trials that had more than one dosing arm, we chose the arm that was most consistent with 
dosing in the other trials.  When more than one follow-up interval was reported in the UKPDS 
we used the data from the followup most similar to the other trials.  We then reported the rest of 
the UKPDS results in a narrative fashion. 
 Pooled estimates (weighted mean differences) of the RCTs were determined using a random 
effects model with the DerSimonian and Laird formula for calculating between-study variance.43  
The random effects model was used due to unmeasured heterogeneity that likely exists among 
trials, and the 95 percent confidence interval (CI) reports the range of potential point estimates.  
When data were not sufficient to combine studies in a meta-analysis, we summarized the 
outcomes by reporting the ranges of values for mean differences from baseline or mean 
differences between groups (when possible).   
 For diabetes-related complications and quality of life (Key Questions 2 and 3) there were too 
few similar trials for each drug comparison to combine these results in a meta-analysis.   
 For Key Questions 4 and 5, we were unable to conduct meta-analyses on most of the adverse 
events due to methodologic diversity among the trials such as differences in definitions of 
selected adverse events or lack of sufficient numbers of trials to combine. When there were 
sufficient data on one of the primary adverse events (e.g., hypoglycemia) and the studies were 
considered to be similar with respect to important variables (population characteristics, drug 
comparisons, drug dosage, definition of adverse event, and followup time), we performed meta-
analyses. Almost all the trials were less than one year. UKPDS was described separately since 
this RCT was very different from the other trials, and had a much longer study duration (mean 
followup 10.7 years).15 16 For trials that had more than one dosing arm, we chose the arm that 
was most consistent with dosing in the other trials.   
 We represented the pooled data using absolute risk differences since this may be more easily 
interpreted than a relative risk in the clinical setting. We calculated pooled effect estimates of the 
absolute risk difference between trial arms from the RCTs, with each study weighted by the 
inverse of the study variance, using a random effects model with the DerSimonian and Laird 
formula for calculating between-study variance.43    
 Heterogeneity among the trials in all the meta-analyses was tested using a standard chi-
squared test using a significance level of alpha less than or equal to 0.10.  We also examined 
heterogeneity among studies with an I2 statistic, which describes the variability in effect 
estimates that is due to heterogeneity rather than random chance.44  A value greater than 50 
percent may be considered to have substantial variability. If heterogeneity was found, we 
attempted to determine potential reasons by conducting metaregression using study level 
characteristics such as double-blinding, study duration, and dose ratio (dose ratio of drug 1 
divided by dose ratio of drug 2). The dose ratio for each drug was calculated as the dose given in 
the study divided by the maximum approved dose of drug.  We conducted sensitivity analyses by 
omitting one study at a time to assess the influence of any single study on the pooled estimate.  
 Additionally, we conducted indirect comparisons when there were too few direct comparison 
results (<3 trials), and there were sufficient placebo-controlled trials (>2 trials) for each drug 
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being compared.  The indirect comparison point estimates were calculated as the difference 
between the placebo-controlled trial pooled estimates, and the measures of variability were 
calculated using the sum of the variances from the placebo-controlled trial meta-analyses.45 
 Because statistically significant findings are more likely to be published than studies without 
statistically significant results (publication bias), we examined whether there was evidence that 
smaller, negative studies appeared to be missing from the literature.  We therefore conducted 
formal tests for publication bias using Begg’s46 and Eggers tests47  including evaluation of the 
asymmetry of funnel plots for each comparison of interest for the following outcomes where 
meta-analyses were conducted: A1c, weight, SBP, LDL, TGs, and hypoglycemia.       
 All statistical analyses were conducted using STATA (Intercooled, version 8.0, StataCorp, 
College Station, TX).   
 
 
Data Entry and Quality Control 

 
 
 After a second reviewer reviewed data that had been entered into SRS® 3.0, adjudicated data 
were re-entered into web-based data collection forms by the second reviewer. Second reviewers 
were generally more experienced members of the research team. In addition, a lead investigator 
examined a random sample of the reviews to identify problems with data abstraction. If problems 
were recognized in a reviewer’s data abstraction, the problems were discussed at a meeting with 
the reviewers. In addition, research assistants used a system of random data checks to assure data 
abstraction accuracy. 
 
 
Rating the Body of Evidence 
 
 
 At the completion of our review, we graded the quantity, quality and consistency of the best 
available evidence addressing Key Questions 1, 2 and 3 by adapting an evidence grading scheme 
recommended by the GRADE Working Group.48 We applied evidence grades to bodies of 
evidence on each type of intervention comparison for each major type of outcome. We assessed 
the strength of the study designs with RCTs considered best, followed by non-RCTs, and 
observational studies. To assess the quantity of evidence, we focused on the number of studies 
with the strongest design. We also assessed the quality and consistency of the best available 
evidence, including assessment of limitations to individual study quality (using individual quality 
scores), certainty regarding the directness of the observed effects in studies, precision and 
strength of findings, and availability (or lack thereof) of data to answer the Key Question.  
 We classified evidence bodies pertaining to Key Questions 1-3 into four basic categories: 1) 
“high” grade (indicating confidence that further research is very unlikely to change our 
confidence in the estimated effect in the abstracted literature); 2) “moderate” grade (indicating 
that further research is likely to have an important impact on our confidence in the estimates of 
effects and may change the estimates in the abstracted literature); 3) “low” grade (indicating 
further research is very likely to have an important impact on confidence in the estimates of 
effects and is likely to change the estimates in the abstracted literature); and 4) “very low” grade 
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(indicating any estimate of effect is very uncertain). We graded the body of evidence as 
“insufficient” if a drug comparison had less than 3 studies.   
 We did not grade the body of evidence for Key Questions 4, 5 and 6 since the system for 
grading of the body of evidence was developed for questions of efficacy not safety.   
 
 
Peer Review and Public Commentary 
 
 

A draft of the completed report was sent to the technical experts and peer reviewers, as well 
as to the representatives of AHRQ and the Scientific Resource Center. Based on comments from 
AHRQ, revisions were made to the draft report and posted to a website for public comment.  In 
response to the comments of the technical experts, peer reviewers, and the public, revisions were 
made to the evidence report, and a summary of the comments and their disposition was 
submitted to AHRQ. 
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Table 2.  Inclusion and exclusion criteria 
 
Population 
and 
condition of 
interest 

□ All studies included patients with type 2 diabetes, non-insulin dependent diabetes 
mellitus, or adult-onset diabetes.  We excluded studies that evaluated only 
patients with type I diabetes, impaired glucose tolerance, metabolic syndrome, 
maturity onset diabetes of youth, and gestational diabetes. 

□ All studies included human subjects. 
□ We excluded studies if they included only pregnant women or only subjects less 

than or equal to 18 years of age. 
 

Interventions □ All studies must have evaluated an oral diabetes medication or drug combination 
of interest.   
o Oral diabetes medications included thiazolidinediones (rosiglitazone and 

pioglitazone), biguanides (metformin and metformin XR), second generation 
sulfonylureas (glibenclamide, gliclazide, glipizide, glipizide GITS, glyburide, 
and glimepiride), meglitinides (nateglinide and repaglinide), and alpha-
glucosidase inhibitors (acarbose, miglitol, and voglibose). 

o We only included medications not used in the United States (gliclazide and 
voglibose) in head-to-head trials with oral diabetes medications that were 
used in the United States.   

o Glibenclamide, while not used in the United States, is the chemical equivalent 
of glyburide, and was included in the same way as the other oral diabetes 
medications used in the United States. 

o Drug combinations included are Avandamet®, Glucovance®, Metaglip™, and 
combinations of 2 oral medications that include a thiazolidinedione, 
metformin, or a second generation sulfonylurea. 

□ We excluded studies that evaluated troglitazone, first generation sulfonylureas, 
insulin, combinations of oral diabetes medications added to insulin or specific 
combinations of oral diabetes medications that included acarbose, miglitol, 
nateglinide, or repaglinide and did not include at least two other study arms that 
would otherwise have been included in the review. 
 

Comparisons 
of interest 

 

□ We included studies that compared oral diabetes medications or drug 
combinations to another oral diabetes medication or drug combination of interest, 
placebo, or other non-drug intervention (e.g., diet and exercise). 

□ We excluded studies with comparisons to insulin or comparisons to medications 
or drug combinations that are not included in the review. 

□ We excluded dosing studies that did not have a placebo or control arm. 

 
Outcomes 

 

□ We excluded studies that did not apply to the key questions. 
□ For Key Question 1, we included the following outcomes: glycated hemoglobin, 

HbA1c, HbA1, weight, BMI, SBP, DBP, serum lipid levels (HDL, LDL, TG), and 2 
hour PPG. 
o We did not include data on total cholesterol or other measures of glycemic 

variability. 
□ For Key Question 2, we included the following outcomes: mortality, coronary 

artery disease, myocardial infarction, stroke, transient ischemic attack, 
retinopathy, nephropathy (including microalbuminuria, urine albumin/creatinine 
ratio, serum creatinine, glomerular filtration rate, creatinine clearance, 
proteinuria/albuminuria, end stage renal disease, and renal replacement therapy 
or transplant), neuropathy, peripheral arterial disease or amputations. 
o We excluded biologic markers of outcomes, such as vascular endothelial 

function or carotid intima medial thickness.   
o We included serious cardiovascular outcomes such as ventricular fibrillation, 

restenosis rates, or serious EKG abnormalities (i.e., life-threatening 
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arrhythmias or prolongued QTc interval) as part of cardiovascular disease 
morbidity. We excluded left ventricular hypertrophy since this was considered 
a less serious outcome. 

□ For Key Question 3, we included quality of life and functional status. 
□ For Key Questions 4 and 5, we included the following outcomes: hypoglycemia, 

liver failure, CHF, lactic acidosis, cancer, anemia, thrombocytopenia, leucopenia, 
allergic reactions requiring hospitalization or death, elevated aminotransferase 
levels, edema, hypervolemia, GI problems, and withdrawals due to unspecified 
adverse events. 

 
Type of 
study 

 

□ We excluded articles not written in English, studies less than 3 months in 
duration, studies with less than 40 total subjects, editorials, comments, letters, 
and abstracts.  

□ For Key Question 1, we included only RCTs. 
□ For Key Questions 2 and 3, we included only RCTs, non-RCTs, and retrospective 

or prospective cohort studies with a comparison group.  
□ For Key Questions 4 and 5, we included randomized and non-randomized trials, 

retrospective or prospective cohort studies with or without a comparison group, 
and case-control studies.  

□ For all the key questions, we excluded case reports and case series. 

 
Hb = hemoglobin; BMI = body mass index; HDL = high density lipoprotein; LDL = low density lipoprotein; TG = triglycerides; 
CHF = congestive heart failure; EKG = electrocardiogram; XR = extended release; GITS = gastrointestinal therapeutic system; 
GI = gastrointestinal; RCT = randomized controlled trial 
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Results 
 
 
 
Results of Search and Quality of Systematic Reviews 

 
 

We identified 28 systematic reviews of oral diabetes medications evaluating one or more 
outcomes of interest (see Figure 2).  Most systematic reviews clearly stated their question and 
described their search techniques (see Appendix F, Evidence Table 1). About two-thirds had 
appropriate eligibility criteria, yet few reported on their assessment of study quality. The 
Cochrane systematic reviews scored the highest in quality. We included two Cochrane 
systematic reviews to supplement our report where appropriate as these reviews matched our 
eligibility criteria.38, 49 
 
 
Results of Primary Literature Review 

 
 

A total of 216 primary literature articles are included in this review (see Figure 3). An 
overview of the number of head-to-head comparisons is presented in Table 3.  A list of the 
studies included in the meta-analyses is included in Appendix H. 
 
Key Question 1:  Do oral diabetes medications for the treatment 
of adults with type 2 diabetes differ in their ability to affect the 
following proximal clinical outcomes: glycated hemoglobin, 
weight, blood pressure, serum lipid levels, and 2 hour PPG 
levels? 
 
Study Design and Population Characteristics 
 

About one-third of the trials answering Key Question 1 occurred in the United States either 
exclusively or in combination with other countries. The study durations ranged from 12 weeks to 
10 years, although most studies were relatively short in duration, lasting 12 to 24 weeks. 
Exclusion criteria were similar among studies: significant renal, cardiovascular, and hepatic 
disease. Study participants were mainly middle-aged, overweight or obese adults who had 
diabetes for more than two years. There was a diverse gender mix among the studies. The mean 
baseline HbA1c among study subjects varied from 6 to12 percent, with most subjects having a 
mean baseline HbA1c between 7 and 9 percent. Many trials did not report race and when race 
was reported, most subjects were Caucasian. Lastly, about two-thirds of studies were supported 
by a pharmaceutical company (see Appendix F, Evidence Tables 2 and 3). These study 
population characteristics were similar to the general population of patients with diabetes.50   
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Hemoglobin A1c Results 
 
Key points 

 
• Most oral diabetes medications had similar efficacy in reducing HbA1c as monotherapy. 
 
• A few head-to-head comparisons in addition to indirect comparisons suggested that 

nateglinide and alpha-glucosidase inhibitors were less efficacious in reducing HbA1c 
compared with other oral diabetes medications. More direct data were needed on 
meglitinides and alpha-glucosidase inhibitors compared to other oral diabetes 
medications to make firmer conclusions about these two classes of agents. 

 
• All combination therapies were better at reducing HbA1c than monotherapy regimens by 

about 1%. More direct data were needed on comparisons between combination therapies. 
 
Evidence grades (see Appendix F, Evidence Table 4) 
 

• The evidence for the above key points was graded high for the following comparisons: 
thiazolidinediones versus metformin, metformin versus second generation sulfonylureas, 
metformin versus metformin plus second generation sulfonylureas, and second generation 
sulfonylureas versus metformin plus second generation sulfonylureas. 

 
• The evidence was graded moderate for the following comparisons: thiazolidinediones 

versus second generation sulfonylureas, second generation sulfonylureas versus 
repaglinide, pioglitazone versus rosiglitazone, metformin versus metformin plus 
thiazolidinediones, and second generation sulfonylurea versus second generation 
sulfonylurea plus thiazolidinediones. 

 
• The evidence was graded low for the following comparisons: thiazolidinediones versus 

alpha-glucosidase inhibitors, metformin versus alpha-glucosidase inhibitors, and second 
generation sulfonylureas versus alpha-glucosidase inhibitors. 

 
• The evidence was graded insufficient for the following comparisons due to the limited 

number of direct comparisons: nateglinide compared with other oral diabetes 
medications. 

 
Results from direct comparisons between drugs (see Appendix F, Evidence Table 5) 
 

Thiazolidinedione versus thiazolidinedione. Two RCTs compared pioglitazone with 
rosiglitazone at comparable doses and showed no clinically relevant between-group differences 
in HbA1c (range of -0.1% to 0.1%).51, 52  One study continued prior diabetes treatment in both 
groups.52 A third double-blind one year RCT comparing pioglitazone plus glimepiride versus 
rosiglitazone plus glimepiride showed no difference between groups (0.1%) confirming the 
monotherapy trials’ results.53 
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Thiazolidinedione versus metformin. There were no between-group differences in the seven 
RCTs directly comparing a thiazolidinedione with metformin, with a pooled mean difference in 
HbA1c between groups of -0.04% (95% CI -0.23% to 0.15%) (see Figure 4).54-60  No single 
study markedly influenced the results.  Metaregression suggested that dose differences may 
explain some of the heterogeneity (p<0.06).  Three studies had higher doses in the 
thiazolidinedione arms compared with the metformin arms.54, 55, 57  Removal of these three 
studies gave similar results, with a pooled mean difference of 0.06% (95% CI -0.14% to 0.25%).  

 
Thiazolidinedione versus second generation sulfonylureas. Both thiazolidinediones 

(pioglitazone and rosiglitazone) and second generation sulfonylureas (gliclazide, glibenclamide, 
glimepiride, and glyburide) had similar effects on HbA1c, with a pooled mean difference of  
-0.05% (95% CI -0.13% to 0.02%) (see Figure 5).54, 55, 57, 61-70  Two trials allowed these 
medications to be added to existing oral diabetes medications.68, 70 We excluded one study that 
favored pioglitazone over glimepiride with an adjusted 95% CI of 0.23% to 0.66%, since it was a 
one-year extension trial including 98 out of the 208 original centers in the study by Charbonnel 
et al., which showed no differences between groups at one year.63  Removing the study by 
Charbonnel et al., markedly influenced the results in favor of thiazolidinediones (95% CI -0.21 
to -0.01%);63 however, this was one of the largest and highest quality trials in this comparison. 
Limiting our analysis to the three double-blind RCTs gave results similar to the main meta-
analysis.57, 63, 69  Metaregression did not reveal significant sources of heterogeneity. When we 
combined the four studies with comparable dosing54, 63, 69, 70 the results were similar with a 
weighted mean difference of -0.06% (95% CI -0.16 to 0.05%). Glipizide was the only second 
generation sulfonylurea that was not evaluated in head-to-head trials with the thiazolidinediones. 

 
Thiazolidinedione plus metformin versus second generation sulfonylureas plus metformin. 

Two RCTs compared rosiglitazone plus metformin with a second generation sulfonylurea (one 
with glimepiride and the other with glibenclamide) plus metformin, showing no consistent 
effects favoring one of the combination arms.71, 72  Both double-blinded studies may have 
slightly underdosed the metformin plus second generation sulfonylurea arms, yet the 24-week 
study with glibenclamide plus metformin still favored the second generation sulfonylurea 
combination arm over the rosiglitazone plus metformin arm by 0.4%.71   

 
Thiazolidinedione versus meglitinides. Two 24-week similar quality head-to-head trials 

compared thiazolidinediones with repaglinide specifically, and showed no consistent effects 
favoring one of the medications.73, 74  These inconsistent results may be due to different 
thiazolidinediones, or different dosing.  One study with slightly lower doses of pioglitazone (30 
mg fixed dose) versus uptitration of repaglinide to a max of 12 mg/day favored repaglinide 
monotherapy (between-group difference of 0.5%)73 while the other study with more comparable 
dosing between rosiglitazone and repaglinide favored rosiglitazone with a between-group 
difference of 0.39%.74   

 
Thiazolidinedione versus alpha-glucosidase inhibitors. In the systematic review by Van de 

Laar et al., no trials compared a thiazolidinedione to an alpha-glucosidase inhibitor.38 Two 
studies have been published since their review that compare pioglitazone with acarbose or 
voglibose.64, 75 The study comparing pioglitazone to acarbose at comparable dosing showed a 
significantly and clinically greater reduction in mean HbA1c from baseline in the pioglitazone 
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group compared with the acarbose group (1.2% versus 0.5% reduction, respectively).75 No 
significant or clinically important difference was noted between pioglitazone and voglibose, 
however.64 

 
Other thiazolidinedione comparisons. One RCT compared rosiglitazone monotherapy with 

rosiglitazone plus glimepiride showing a significantly and clinically greater reduction in Hba1c 
by 0.9% in the combination arm compared with the monotherapy arm.76  
      Two RCTs compared addition of rosiglitazone or pioglitazone to existing oral diabetes 
medications versus upward titration of existing medications (usual care), and showed no 
significant differences in the change in HbA1c between groups.77, 78 
 

Metformin versus second generation sulfonylureas. We combined 18 studies (in 21 
publications) comparing metformin with a second generation sulfonylurea and showing similar 
changes in HbA1c in both groups, with a pooled mean difference of 0.09% (95% CI -0.1% to 
0.3%) (see Figure 6).54, 55, 57, 79-94, 15, 95 Removing the one year study by DeFronzo et al., changed 
the results of the meta-analysis, favoring second generation sulfonylureas with a pooled mean 
difference of 0.17% (95% CI 0.05% to 0.28%)88; however, this comparably dosed study was one 
of the larger and higher quality studies in this comparison. Metaregression suggested that study 
duration may explain some of the heterogeneity (p=0.09).  The shorter duration studies (<6 
months) slightly favored second generation sulfonylureas, and the longer duration studies (6 
months to 1 year) showed no differences between groups when pooled separately.  

 The UKPDS91-93 had the longest followup (up to 10 years) while most of the other studies 
had a followup of only 3 to 12 months. The UKPDS was a multi-center trial conducted in the 
United Kingdom comparing different types of treatment for type-2 diabetes. Patients were 
recruited starting in 1977, and initially put on a diet with 50% carbohydrates, high fiber, reduced 
calories if obese, and low saturated fat. After 3 months, subjects were randomized to treatment 
arms or diet based on the fasting plasma glucose. If subjects had very high serum glucose values 
and symptoms of hyperglycemia prior to the 3-month main randomization, they were 
randomized to treatment early without a diet arm (the primary diet failure group). Both groups 
(the main randomization and the primary diet failure groups) were randomized to medications 
stratified by weight. If subjects were overweight based on ideal body weight, they could be 
randomized to insulin, chlorpropamide, glibenclamide, metformin, or diet.  If they were not 
overweight, they could be randomized to insulin, diet, chlorpropamide, or glibenclamide. No 
metformin arm was available if the patient was not overweight. Metformin, glibenclamide, and 
insulin could be added to any of the groups if a participant was still hyperglycemic based on 
study protocols. Losses to followup were less than or equal to 5% in both the primary diet failure 
and main randomization groups.  

The 1-year, 3-year, 6-year, and 10-year data all showed similar changes in HbA1c between 
groups.15, 91-93 After 10 years, the change in median Hba1c from baseline was similar in both the 
metformin and glibenclamide arms for the main randomization group as reported in a figure 
(1.3% versus 1.0%).15 The median HbA1c results were not broken down by medication type in 
the primary diet failure group at 10 years. After 6 years, the reported 95% CI for the mean final 
HbA1c was 7.1% to 9.4% for metformin and 6.8% to 9.7% for glibenclamide/chlorpropamide in 
overweight patients in the primary diet failure group.93 Of note, the main randomization group of 
UKPDS demonstrated that HbA1c was reduced within the first few years of the study for 
patients on either glibenclamide or metformin then began to rise again for all medications.15 
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Metformin versus meglitinides. Two RCTs lasting 6 months to 1 year compared metformin 
with meglitinides, showing similar effects on HbA1c.96, 97 However, the higher quality study 
favored the slightly underdosed metformin arm compared with the nateglinide arm (0.3% 
between-group difference).96  The other study evaluating metformin and repaglinide at 
comparable doses showed a non-meaningful between-group difference of 0.1%.97 

 
Metformin versus alpha-glucosidase inhibitors. Metformin reduced HbA1c more than 

miglitol, yet showed no consistent difference from acarbose. In one study from the systematic 
review by Van de Laar et al.,38 and in one study since their review98 metformin showed greater 
reductions in HbA1c compared with miglitol at comparable doses (range in between-group 
differences, 0.6% to 0.9%).  However, one study from the Van de Laar systematic review and 
one study published since that review compared submaximal doses of metformin with maximal 
doses of acarbose, and showed no meaningful or consistent effects on HbA1c (between-group 
differences ranging from -0.2% to 0.25%).21, 99 

 
Metformin versus metformin plus thiazolidinediones. Four studies compared metformin with 

metformin plus a thiazolidinedione (all rosiglitazone),100-103 showing a greater improvement in 
HbA1c with the combination, with a pooled mean difference of 0.62% (95% CI 0.23% to 1%) 
(see Figure 7).  No single study markedly affected the results. We did not stratify or conduct 
meta-regression using baseline HbA1c due to the small number of studies, and concerns about 
ecologic fallacy. However, both studies with smaller between-group differences had a mean 
baseline HbA1c of less than 8%100, 101 while the two studies with larger between-group 
differences had a mean baseline HbA1c of greater than 8% which may explain much of the 
heterogeneity. Metaregression did not detect significant sources of heterogeneity. One of the two 
studies102 with greater than one combination arm showed dose-response gradients favoring 
higher dose combination over lower dose combination by 0.5%.103   

 
Metformin versus metformin plus second generation sulfonylureas. Eleven RCTs (10 double-

blinded) compared metformin with metformin plus a second generation sulfonylurea with all of 
the studies favoring the combination arm over monotherapy, with a pooled mean difference of 
1.0% (95% CI 0.76% to 1.34%) (see Figure 8).79-82, 84, 87-89, 94, 95, 104  No single study markedly 
influenced the results. Metaregression showed that dose contributed to the heterogeneity 
(p=0.003). Lower dose combinations had smaller between-group differences. The study by 
Blonde et al., showed the greatest between-group differences since this study used a high dose 
combination and started with the highest baseline HbA1c compared with other studies.81  Three 
of the five dose-response studies showed a dose-response gradient favoring greater reductions in 
HbA1c with a higher dose combination than with a lower dose combination.81, 84, 87 One 
crossover study initially showed a difference between groups at the first crossover and then a 
negative rebound effect when changing the combination to monotherapy.95 

 
Other metformin comparisons. One study compared metformin immediate release to two 

different doses of metformin extended release (XR)105 and the different regimens had similar 
effects on HbA1c up to 24 weeks.   

 
Second generation sulfonylureas versus second generation sulfonylureas. Nine RCTs (1 with 

3 arms) compared one second generation sulfonylurea with another second generation 
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sulfonylurea, showing no differences between them.106-114 All of the trials had one arm 
comprised of glyburide or its chemical equivalent, glibenclamide, except one.106  Only two 
studies showed clinically meaningful differences between medications.113, 114 One study showed 
that the modified release form of gliclazide was better in reducing mean HbA1c over 16 weeks 
compared with glibenclamide.114, 115 The difference in glycemic control may have been due to 
the reported greater adherence to the once daily gliclazide than the twice a day glibenclamide.114 
The other study compared 3 different second generation sulfonylureas (glipizide, glibenclamide, 
and gliclazide) evaluating HbA1 (an old measurement of glycated hemoglobin) in a small sample 
of participants (about 20 in each group) in an unblinded study over one year. It had a significant 
post-treatment difference in Hba1c, favoring gliclazide by 4.3% and glibenclamide by 3.4% over 
glipizide.113 Due to a hypothesis that glyburide may have stronger effects on HbA1c than other 
second generation sulfonylureas, we combined the studies comparing glyburide or glibenclamide 
(chemical equivalent to glyburide) to other second generation sulfonylureas, showing no 
differences between groups with a pooled mean difference of -0.03% (95% CI -0.13% to 0.07%) 
(see Figure 9). We excluded one of the studies by Harrower et al., from this meta-analysis due to 
its clinical diversity and low quality as described above; however, adding this trial did not 
change the conclusions of no difference between groups.113 No single study strongly influenced 
the results.  Metaregression did not find any significant source of heterogeneity. 

 
Second generation sulfonylurea versus meglitinides. Six RCTs compared a second generation 

sulfonylurea with repaglinide, showing a pooled mean difference of 0.06% (95% CI -0.18% to 
0.30%) (see Figure 10).116-121   No single study markedly influenced these results. Metaregression 
did not reveal any significant source of heterogeneity. One 12-week double-blind RCT compared 
submaximally dosed glibenclamide with maximally dosed nateglinide, favoring glibenclamide 
nonsignificantly over nateglinide by 0.5%.122 We did not include this study in the meta-analysis 
due to potential differences in glycemic control between nateglinide and repaglinide.  There were 
no differences in results when only evaluating the studies using comparable doses.116, 118, 120 

 
Second generation sulfonylurea versus second generation sulfonylureas plus 

thiazolidinediones. All four studies comparing second generation sulfonylurea with a second 
generation sulfonylurea plus a thiazolidinedione (all rosiglitazone)123-126 reported greater 
improvement in mean HbA1c in the combination arm compared with the monotherapy arm, with 
a pooled mean difference of 1.0% (95% CI  0.69 to 1.3%) (see Figure 11).  No single study 
markedly influenced the results.  Metaregression did not identify any significant source of 
heterogeneity. 

 
Second generation sulfonylurea versus second generation sulfonylureas plus metformin. We 

combined the 11 shorter duration RCTs that compared a second generation sulfonylurea with a 
second generation sulfonylurea plus metformin, showing a pooled mean difference favoring the 
combination arm of 1.0% (95% CI 0.67% to 1.34%) (see Figure 12).79-82, 84, 87-89, 94, 95, 127  No 
single study markedly influenced the results. Metaregression did not detect a significant source 
of heterogeneity. If we only pool the 4 highest quality RCTs (quality score>=4), the pooled 
estimate remains similar at 0.75% (95% CI 0.24% to 1.3%).79, 80, 87, 95 We excluded UKPDS from 
the meta-analysis due to its 3-year duration.128 UKPDS randomized subjects receiving second 
generation sulfonylureas in either the main randomization group or primary diet failure group to 
receive metformin early (when fasting plasma glucose was >6 mmol/l and <15 mmol/l) versus 
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continuation of second generation sulfonylurea (with later addition of metformin and then insulin 
if patients became markedly hyperglycemic).  After 3 years, they found that the median increase 
in HbA1c was lower in the early addition of metformin arm compared with the second 
generation sulfonylurea arm (0.13% versus 0.5% respectively, p=0.03).128 While the shorter 
duration studies (< 1 year) were consistent with these results in favoring the combination arm, 
they showed reductions as opposed to increases in HbA1c. We excluded a study by Gregorio et 
al., from the meta-analysis since they compared uptitration of existing second generation 
sulfonylurea with uptitration of metformin added to an existing second generation sulfonylurea 
as opposed to the other studies where both combinations and monotherapy were started at the 
same time or an existing second generation sulfonylurea was continued without uptitration of 
dosing in the second generation sulfonylurea arms. The study by Gregorio et al., showed a non-
meaningful between-group difference of 0.05% more similar to the metformin versus second 
generation sulfonylurea monotherapy trials.129  Lastly, a dose-response gradient was seen in 3 of 
the 5 dosing studies with higher reductions in HbA1c in the higher dose combination arms.81, 84, 

87 
 
Second generation sulfonylurea versus alpha-glucosidase inhibitors. In the systematic review 

on alpha-glucosidase inhibitors38 the comparison of acarbose with first and second generation 
sulfonylureas yielded a non-significant weighted mean difference between groups of 0.4% (95% 
CI -0.0% to 0.8%). They then removed the 4 studies comparing acarbose to glibenclamide at 
higher doses (3 or 5 mg three times a day) due to heterogeneity between these studies and the 
others. This left an effect size of 0.6% (95% CI 0.3% to 1.0%) favoring second generation 
sulfonylureas.38 However, removing the studies with higher doses of second generation 
sulfonylureas left the meta-analysis biased to the results of the tolbutamide studies (first 
generation second generation sulfonylureas) which showed significant improvements compared 
to acarbose in HbA1c outcomes. When one compares only the second generation sulfonylureas 
to acarbose, the differences in mean HbA1c may favor acarbose slightly; however, the dosing for 
the second generation sulfonylureas were almost always submaximal. In the review by Van de 
Laar et al.,38 only one study compared miglitol at maximum dose to glibenclamide at 
submaximal dose, and non-significantly favored glibenclamide. Additionally, one study 
compared voglibose to a lower dose of glyburide and reported that voglibose had a better effect 
on HbA1c, but it was not statistically significant. We found 2 additional studies in our review 
comparing acarbose or voglibose with second generation sulfonylureas.64, 130 The 26-week study 
comparing equivalent dosing of glimepiride to acarbose showed a significant improvement in 
mean HbA1c favoring glimepiride by 0.7%.130 The 3-month study compared voglibose at 
equivalent doses to glibenclamide, and showed a calculated non-meaningful difference in mean 
final HbA1c of 0.1%.64 

 
Nateglinide versus repaglinide. Only one unblinded 16-week RCT compared nateglinide 

with repaglinide and showed greater improvement in HbA1c for repaglinide by 0.3%.131 
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Results from placebo-controlled trials and indirect comparisons (see Appendix F, Evidence 
Table 5 and Appendix G, Figure 1)  

 
The placebo-controlled trials supported conclusions drawn in the direct comparisons that 

monotherapy with most of the diabetes medications similarly reduce HbA1c, except for 
nateglinide and alpha-glucosidase inhibitors (see Table 4).   

We made indirect comparisons where there were few direct comparisons: nateglinide, 
repaglinide, acarbose, and miglitol versus other oral diabetes medications. These results 
supported that nateglinide had less reduction in HbA1c than all other oral diabetes medications 
except alpha-glucosidase inhibitors (see Table 5). Additionally, it supported that repaglinide had 
similar reductions in HbA1c compared with all other oral diabetes medications except alpha-
glucosidase inhibitors, where repaglinide had slightly better reductions in HbA1c (see Table 6). 
Acarbose had less reduction in HbA1c compared with rosiglitazone, metformin, and second 
generation sulfonylureas, and a non-significant suggestion of less reduction in HbA1c compared 
with repaglinide and pioglitazone (see Table 7).  Lastly, miglitol had less reduction in HbA1c 
than all other oral diabetes medications except pioglitazone and acarbose; however, there was a 
non-significant suggestion of less reduction in HbA1c with miglitol than pioglitazone (see Table 
8). 

One RCT compared placebo with different doses of metformin plus glyburide, and showed a 
significantly greater improvement in the combination arms than in the placebo arm (range  
-1.48% to -1.54%).79  This supports the direct comparison results which showed that 
combination therapy improves glycemic control better than monotherapy, since the monotherapy 
pooled differences versus placebo are generally closer to 1%. 
 
Two-Hour Postprandial Glucose 
 
Key points 
 

• Using head-to-head and placebo-controlled trials, oral diabetes medications as 
monotherapy all decreased 2 hour PPG similarly.  

 
• Combination therapy with metformin and a second generation sulfonylurea lowered PPG 

more than monotherapy with either medication. 
 

• Acarbose and second generation sulfonylureas showed no evidence of a difference in 
their effects on PPG; an insufficient number of studies compared alpha-glucosidase 
inhibitors to other oral diabetes medications. 

 
Evidence grades (see Appendix F, Evidence Table 4) 
 

• The evidence for the key points on PPG was graded the same as for HbA1c since both 
measure glycemic control and had similar results.   

 
• However, the following comparisons were graded as having insufficient evidence due to 

lack of direct comparisons (<3 trials): thiazolidinediones versus metformin, 
thiazolidinediones versus second generation sulfonylureas, alpha-glucosidase inhibitors 
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versus all other diabetes medications except second generation sulfonylureas, and 
meglitinides versus all other oral diabetes medications. 

 
Direct comparison results (see Appendix F, Evidence Table 6) 
 

Thiazolidinedione versus other diabetes medications. We found only one study for each of 
the following comparisons of effects on PPG: thiazolidinedione versus second generation 
sulfonylurea (between-group difference of 19.8 mg/dL);55 thiazolidinedione versus metformin 
(between-group difference of -18 mg/dL);55 rosiglitazone plus a second generation sulfonylurea 
versus pioglitazone plus a second generation sulfonylurea (between-group difference of 5.9 
mg/dL);53 and a thiazolidinedione plus metformin versus a second generation sulfonylurea plus 
metformin(between-group difference of -6 mg/dL).72 None of these studies reported on the 
significance of between-group differences.  

 
Metformin versus second generation sulfonylureas. In the seven trials comparing second 

generation sulfonylureas with metformin, no differences were seen between groups (range in 
between-group differences of -7.4 to 37.8 mg/dL).55, 79-81, 86, 89, 90 While five of the 7 trials that 
compared metformin with a second generation sulfonylurea found similar between-group 
differences in PPG (<10 mg/dL), two trials showed a clinically relevant difference favoring  
second generation sulfonylureas (>20 mg/dL).55, 132   

 
Metformin versus metformin plus second generation sulfonylureas. All 6 sub-arm 

comparisons (in 4 articles) of metformin versus metformin plus a second generation sulfonylurea 
reported a greater reduction in PPG in the combination arm compared with metformin 
monotherapy (range in between-group differences of 12.5 to 75.6 mg/dL), 79-81, 89  The between-
group differences were reported as significant and had clinically relevant differences (>20 
mg/dL) in two of the trials.79, 80  

 
Second generation sulfonylurea versus metformin plus second generation sulfonylureas. 

Similarly, in all 7 sub-arm comparisons (in 5 articles) of a second generation sulfonylurea with a 
second generation sulfonylurea plus metformin reported a greater reduction in PPG with the 
combination (range in between-group differences of 15 to 63 mg/dL),79-81, 89, 127 and the between-
group differences were statistically significant in 4 trials.80, 81, 89, 127 

 
Second generation sulfonylurea versus second generation sulfonylureas. The following 

comparisons of second generation sulfonylureas with one another showed little between-drug 
differences in PPG: glyburide versus glyburide using different formulations (between-group 
difference of 11.4 mg/dL, p-value not reported)108; glyburide versus glimepiride (between-group 
difference of -2 mg/dL, p-value not reported)107; and glibenclamide versus gliclazide (between-
group difference of 12.5 mg/dL, p-value>0.05).133   

 
Repaglinide versus other diabetes medications. In all comparisons of repaglinide with 

metformin (1 trial, between-group difference of -7 mg/dL, p < 0.05)97 or with a second 
generation sulfonylurea (3 trials, range in between-group differences of -27 to -18 mg/dL;  
p < .05118; p>0.05121; p-value not reported120), repaglinide caused a greater reduction in PPG than 
the other medications.  
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Alpha-glucosidase inhibitors versus other diabetes medications. A Cochrane review 
identified one study comparing acarbose to metformin with a between-group difference of 8 
mg/dL in PPG (p < .05) favoring acarbose.38 The meta-analyses in this review found no 
significant between-group differences in PPG for the following comparisons: acarbose versus 
second generation sulfonylureas (8 trials, weighted mean difference between groups -1.8 mg/dL 
and 95% CI -7.7 to 4.0 mg/dL); miglitol versus second generation sulfonylurea (1 trial); miglitol 
versus metformin (1 trial); and miglitol versus voglibose (1 trial).38 We did not identify any other 
direct comparisons of the effects of alpha-glucosidase inhibitors on PPG.  
 
Placebo-controlled trials (see Appendix F, Evidence Table 6)  
 

The results of placebo-controlled trials were consistent with those of the head-to-head 
comparisons. A modest number of studies compared drugs to placebo and all showed that 
treatment reduced PPG more than placebo. The range of mean differences from placebo were as 
follows: metformin (-47 mg/dL),79 second generation sulfonylureas (-110 to -29 mg/dL),79, 134-137 
metformin plus second generation sulfonylureas (-67 to -65 mg/dL),79 acarbose (-15 mg/dL),138 
and repaglinide (-104 mg/dL).139 Additionally, the Cochrane review38 found 22 studies that 
favored acarbose over placebo (pooled estimate of -41.8 mg/dL and 95% CI -49.1 to -34.6 
mg/dL), and 2 studies showing no evidence of a significant difference between miglitol and 
placebo (pooled estimate -48.6 mg/dL and 95% CI -99.7 to 2.5 mg/dL). Two studies reported 
that pioglitazone reduced PPG significantly compared to placebo140, 141 one of which showed a 
between-group percentage change difference of -12.8%.140  
 
Weight/BMI 
 
Key points 
 

• Metformin consistently caused weight loss when compared directly with 
thiazolidinediones, second generation sulfonylureas, and metformin/second generation 
sulfonylurea combinations, which generally increased body weight.  

 
• Thiazolidinediones and second generation sulfonylureas caused similar weight gain when 

used in monotherapy or in combination with other oral diabetes medications. 
 

• Thiazolidinediones caused weight gain when compared with acarbose and repaglinide 
based on indirect comparisons of placebo-controlled trials as well as a few direct 
comparisons. 

 
• Acarbose compared with second generation sulfonylureas showed no significant 

differences in weight in the direct comparisons, but there was a suggestion of differences 
between groups in the direct comparsions.  The indirect comparisons of placebo-
controlled trials showed that second generation sulfonylureas were associated with 
weight gain when compared with acarbose which was weight neutral. 

 
• Using a few head-to-head comparisons and indirect comparisons, acarbose had similar 

weight effects when compared with metformin. 



 

47 

• Repaglinide had similar effects on weight when compared with second generation 
sulfonylureas. There were few comparisons with other oral diabetes medications. 

 
• No between-group differences exceeded 5 kg. 
 

Evidence grades (see Appendix F, Evidence Table 4) 
 

• The evidence for the above key points was graded high for the following comparisons: 
metformin versus second generation sulfonylureas, and metformin versus metformin plus 
second generation sulfonylureas. 

 
• The evidence was graded moderate for the following comparisons: thiazolidinediones 

versus metformin, and second generation sulfonylureas versus repaglinide, and second 
generation sulfonylureas versus metformin plus second generation sulfonylureas. 

 
• The evidence was graded low for the following comparisons: thiazolidinediones versus 

second generation sulfonylureas, second generation sulfonylureas versus alpha-
glucosidase inhibitors, metformin versus alpha-glucosidase inhibitors, thiazolidinediones 
versus alpha-glucosidase inhibitors, and metformin versus metformin plus 
thiazolidinediones. 

 
• The evidence was graded very low for the following comparisons: piogitazone versus 

rosiglitazone, and second generation sulfonylureas versus second generation 
sulfonylureas plus thiazolidinediones. 

 
• The evidence was graded insufficient for the following comparisons due to the limited 

number of direct comparisons: nateglinide and repaglinide compared with other oral 
diabetes medications, except for repaglinide compared with second generation 
sulfonylureas. Also, insufficient evidence exists comparing different combinations. 

 
Direct comparison results (see Appendix F, Evidence Tables 7 and 8)  
 

Thiazolidinedione versus thiazolidinedione (weight). Two studies compared the 
thiazolidinedione pioglitazone with rosiglitazone;51, 52 and none reported a significant between-
group difference (range in between-group differences of -0.4 to 0 kg). Both studies showed an 
increase in weight from baseline, ranging from 1.6 to 2 kg for both thiazolidinediones.52, 142   

 
Thiazolidinedione versus thiazolidinedione (BMI). One study comparing 

glimepiride/pioglitazone versus glimepiride/rosiglitazone showed significant increases in mean 
BMI for both arms (1.2 to 1.5 kg/m2), but no significant differences between groups (0.3 
kg/m2).53   

 
Thiazolidinedione versus metformin (weight). Six studies in 7 papers compared weight 

between thiazolidinediones and metformin, favoring metformin with a pooled between-group 
difference of 1.9 kg (95% CI 0.5 to 3.3 kg) (see Figure 13).55, 56, 58-60, 143, 144  All the metformin 
arms had small decreases in weight while the thiazolidinedione arms had mild increases in 
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weight except for one study.55  A sensitivity analysis showed that removing either of two studies 
would markedly change the conclusions to no difference between groups with 95% CIs that cross 
zero and have an upper limit up to -0.1 kg.59, 60  However, these were both double-blind studies 
with comparable dosing between medications, so we would not want to remove them from the 
main analysis.59, 60 The tests for heterogeneity were significant, and we were unable to find a 
source of the heterogeneity using metaregression. 

 
Thiazolidinedione versus metformin (BMI). Four studies comparing thiazolidinediones to 

metformin generally favored metformin, with a range in between-group differences of -0.2 to 2.1 
kg/m2.54, 55, 57, 143 Of these, the study with the longest followup (1 year) found no significant mean 
change in BMI from baseline for each medication. This article did not report on the significance 
of the between-group difference; however, there is a calculated 1.6 kg/m2 difference in mean 
BMI favoring metformin compared to pioglitazone.57  Only 1 of the 3 studies with shorter 
followup found a statistically significant decrease in BMI from baseline to followup in the 
metformin group while there were no statistically significant differences between baseline and 
followup in the thiazolidinedione group.54 The one study that favored pioglitazone over 
metformin (mean difference from baseline, -0.4 kg/m2 vs -0.2 kg/m2), was conducted in India 
and did not allow for higher doses of metformin.55  

 
Thiazolidinedione versus second generation sulfonylureas (weight). Five studies reported 

direct comparisons of a thiazolidinedione with a second generation sulfonylurea, with no 
apparent differences between groups.55, 61, 63, 65, 67 We were able to combine 3 studies in a meta-
analysis, showing a pooled between-group difference of 1.1 kg (95% CI -0.9 to 3.1 kg) (see 
Figure 14).55, 65, 67  We did not include the study by Tan et al., since this was a one-year extension 
of the Charbonnel et al., study, yet only had 98 out of 208 of the original centers.61  The 
between-group difference for this study was minimal and consistent with the above results (-0.3 
kg). The parent study by Charbonnel et al., was also excluded since it did not report any 
measures of dispersion nor could one be calculated.63 The between-group difference for this 
study was 0.9 kg.63 Removing the study by Ramachandran et al.,55 markedly changed the results 
in favor of second generation sulfonylureas with a pooled between-group difference of 1.6 kg 
(95% CI 0.3 to 3.0 kg); however, this would then limit the analysis to 2 studies. Heterogeneity 
tests were not significant, and no sources of heterogeneity were revealed in metaregression.   

 
Thiazolidinedione versus second generation sulfonylureas (BMI). Five studies (represented 

by 7 articles) compared a thiazolidinedione to a second generation sulfonylurea showing no 
relevant between-group differences (range of -1.1 to 1.4 kg/m2).54, 55, 57, 62, 68, 145, 146 One of these 
allowed the continuation of pre-existing oral diabetes medications.145 One study reported no 
significant differences between-groups62 one study reported a significant difference between-
groups favoring second generation sulfonylurea68 and the rest of the studies did not report on 
between-group differences.55, 57, 146  One of these 3 studies reported a significant mean increase in 
BMI from baseline in both groups of 1.5 kg/m2 and 1.9 kg/m2 respectively,54 while the other two 
reported either no significant differences from baseline in either group57 or did not report on the 
significance of the mean difference from baseline55 making it difficult to draw firm conclusions. 

 
Thiazolidinedione plus metformin versus second generation sulfonylureas plus metformin 

(weight). Two double-blind short duration RCTs compared a thiazolidinedione plus metformin 



 

49 

versus a second generation sulfonylurea plus metformin, and favored the combination of 
thiazolidinedione plus metformin (range in between-group differences of -1.5 to -1.4 kg).71, 72  

 
Thiazolidinedione plus metformin versus second generation sulfonylureas plus metformin 

(BMI). One of these RCTs showed no significant difference in BMI between 
metformin/glimepiride and metformin/rosiglitazone (-0.5 kg/m2).72 However, this study with 
metformin in both treatment arms showed a significant mean decrease in BMI from baseline in 
both arms.72 

 
Thiazolidinedione versus meglitinides (weight). Two non-blinded 24-week RCTs compared a 

thiazolidinedione with repaglinide,73, 74 and both reported greater weight gain in the 
thiazolidinedione groups (range in between-group differences of 0.7 to 1.7 kg, p-values not 
reported). No studies evaluated BMI. 

 
Other thiazolidinedione comparisons (weight). One study was identified for each of the 

following comparisons: thiazolidinedione versus acarbose (between-group difference of 3.3 kg, 
p<0.05)75; and thiazolidinedione versus thiazolidinedione plus a second generation sulfonylurea 
(between-group difference of -2.7 kg, p>0.05).76 No studies evaluated BMI. 

 
Metformin versus second generation sulfonylureas (weight). We identified 17 direct 

comparisons (in 16 reports) of metformin with a second generation sulfonylurea, favoring 
metformin with regard to body weight.55, 79-89, 92-94 We stratified the meta-analyses on study 
duration, since this was a significant source of heterogeneity when we pooled all the studies. In 
the four RCTs with study duration greater than or equal to 24 weeks, the studies favored 
metformin with a pooled between-group difference of -3.5 kg (95% CI -4.0 to -3.0 kg) (see 
Figure 15).83, 87, 88, 94  Heterogeneity tests were not significant, and metaregression did not 
identify any additional source of heterogeneity. No single study markedly influenced the results. 
Eight RCTs with study duration less than 24 weeks were combined and favored metformin less 
strongly, with a pooled between-group difference of -1.9 kg (95% CI  -2.4 to -1.4 kg) (see Figure 
16).55, 79, 80, 82, 84-86, 89  Heterogeneity tests were not significant, and no additional source of 
heterogeneity was found in metaregression. No single study markedly influenced these results. 
An additional study by Blonde et al., showed that subjects taking metformin decreased weight by 
2 kg, and the subjects on second generation sulfonylurea had a weight gain of less than 1 kg.81 
We were unable to calculate a point estimate so did not include this study in the meta-analysis.   

Furthermore, the UKPDS reported weight changes in 3 articles that were consistent with 
these results favoring metformin.15, 92, 93  We report this separately since the study duration was 
greater than 3 years compared with the other studies which had study durations of less than or 
equal to one year. In the 3-year followup of UKPDS in the obese subjects from the primary diet 
failure and main randomization groups combined, the between-group difference was -2 kg.92  In 
the 6-year followup in the primary diet failure group only, the between-group difference was -5 
kg comparing obese subjects taking metformin with obese and non-obese subjects taking 
glibenclamide.93  In the 10-year followup comparing obese subjects on metformin with obese 
and non-obese subjects on glibenclamide, the between-group difference still favored metformin 
at -2 kg.15  None of these papers reported the statistical significance of these differences except 
as it relates to diet or insulin. Of note, most of the weight gain in the glibenclamide group 
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occurred in the first two years, while metformin maintained weight in the first two years and then 
had some weight gain after that.15 

 
Metformin versus second generation sulfonylureas (BMI). Similarly, seven studies reported 

BMI changes in direct comparisons of metformin with second generation sulfonylureas, most 
favoring metformin with a range in between-group differences of -2.5 to 0.1 kg/m2.54, 55, 57, 89, 90, 

94, 95 The mean changes from baseline BMI ranged from -0.7 to -0.1 kg/m2 in the metformin 
groups and -0.7 to 1.9 kg/m2 in the second generation sulfonylurea groups. Three of the seven 
studies found a significant between-group difference favoring the metformin group.89, 94, 95 One 
small study found a mean difference between groups of -0.5 kg/m2 favoring metformin (p > 
.05),57 while the other three studies did not report on between-group differences.54, 55, 90 One of 
these three showed no clinically relevant differences between groups (0.1 kg/m2),90 one study 
favored metformin but has questionable clinical relevance (between-group difference of -0.9 
kg/m2),55 while one reported a significant decrease from baseline in the metformin group and a 
significant rise in BMI from baseline in the second generation sulfonylurea group.54  

 
Metformin versus meglitinides (weight/BMI). One study compared metformin with 

repaglinide and found a non-significant -1.6 kg between-group difference in favor of 
metformin.97 This same study reported no significant differences in BMI as well.97 

 
Metformin versus alpha-glucosidase inhibitors (weight). The meta-analyses by Van de Laar 

et al.,38 included 1 study comparing acarbose with metformin with respect to body weight and 
found no statistically significant between-group difference (pooled estimate of -0.3 kg and 95% 
CI -5.5 to 4.9 kg). Van de Laar et al.,38 also found no significant between-group weight 
differences for miglitol versus metformin (weighted mean difference of 0.4 kg and 95% CI -0.5 
to 1.2 kg). We identified one additional study comparing acarbose with metformin reporting no 
significant between-group differences (1.3 kg) in mean body weight.99 No studies evaluated 
BMI. 

 
Metformin versus metformin plus thiazolidinediones (weight). Two studies compared a 

thiazolidinedione plus metformin with metformin alone.101, 103 In both, combination therapy 
caused a mean weight gain (ranging from 0.7 to 1.9 kg) while metformin alone caused weight 
loss (ranging from -1.4 to -0.9 kg); in one study, the between-group difference was reported as 
significant.103 No studies evaluated BMI. 

 
Metformin versus metformin plus second generation sulfonylureas (weight). Ten RCTs 

comparing metformin with metformin plus a second generation sulfonylurea favored metformin 
monotherapy, with a pooled estimate of -2.4 kg (95% CI -3.6 to -1.1 kg) (see Figure 17). 79-82, 84, 

87-89, 94, 104  No single study markedly influenced the results. Metaregression did not identify any 
significant sources of heterogeneity. Studies with lower baseline weight had smaller between-
group differences than studies with higher baseline weight; however, we were limited in 
assessing heterogeneity based on this individual characteristic since studies did not stratify their 
results based on baseline weight. 

 
Metformin versus metformin plus second generation sulfonylureas (BMI). Similar to weight, 

four studies compared metformin alone to metformin plus a second generation sulfonylurea, 
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favoring metformin monotherapy (range in between-group differences of -0.9 to -0.3 kg/m2).89, 94, 

95, 104 One of these allowed the continuation of previous study medications.104 In three studies, 
the between-group differences were reported as significant.89, 95, 104  

 
Second generation sulfonylureas versus second generation sulfonylureas (weight). Six direct 

comparisons (in four articles) of individual second generation sulfonylureas to one another found 
no significant mean differences in weight between groups (range in between-group differences of 
-1.17 to 1.85 kg).106, 111, 113, 147 No studies evaluated BMI. 

 
Second generation sulfonylureas versus meglitinides (weight). Five RCTs comparing second 

generation sulfonylureas with repaglinide showed no differences between groups, with a pooled 
between-group difference of 0.03 kg (95% CI -0.96 to 1.01 kg) (see Figure 18).116-118, 120, 121  No 
single study markedly influenced the results. Heterogeneity tests were not significant, and 
metaregression did not identify any additional source of heterogeneity. The three studies with 
comparable dosing showed similar results.116, 118, 120 

 
Second generation sulfonylurea versus meglitinides (BMI). One of these studies also reported 

a non-significant between-group difference between glimepiride and repaglinide of -0.6 kg/m2.118 
 
Second generation sulfonylurea versus second generation sulfonylureas plus 

thiazolidinediones (weight). Two RCTs compared second generation sulfonylurea monotherapy 
with second generation sulfonylurea plus rosiglitazone, showing a range in between-group 
differences of -5.5 to -3.4 kg favoring second generation sulfonylurea monotherapy.124, 126 One 
study reported this difference as significant126 and the other study did not report on statistical 
significance.124 However, both appear to be clinically relevant differences.  

 
Second generation sulfonylurea versus second generation sulfonylureas plus 

thiazolidinediones (BMI). One additional study with 2 combination arms compared BMI changes 
between glimepiride with glimepiride/rosiglitazone showing no clinically relevant (<1 kg/m2) 
differences between groups (-0.4 to -0.2 kg/m2).123  

 
Second generation sulfonylurea versus metformin plus second generation sulfonylureas 

(weight). Ten RCTs comparing second generation sulfonylurea with metformin plus second 
generation sulfonylurea showed no significant differences between groups, with a pooled 
between-group difference of 0.05 kg (95% CI -0.5 to 0.6 kg) (see Figure 19).79, 80, 82, 84, 87-89, 94, 127, 

129  No single study markedly influenced the results.  Heterogeneity tests were not significant, 
and metaregression did not reveal any source of heterogeneity. Two studies were excluded from 
the meta-analysis.81, 128 The study by Blonde et al., reported that the second generation 
sulfonylurea and metformin plus second generation sulfonylurea groups both had increased 
weight over the course of the study of less than 1 kg, yet we were unable to calculate a point 
estimate.81 These results are consistent with the results of the meta-analysis. UKPDS had an 
article reporting 3-year followup data comparing subjects on glibenclamide or chlorpropamide 
versus early addition of metformin to a second generation sulfonylurea, showing a between-
group difference of 0.3 kg which was not statistically significant.128 We reported this separately 
due to differences in study duration compared with the shorter duration studies; however, the 
results are consistent with the pooled analysis. 
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Second generation sulfonylurea versus metformin plus second generation sulfonylureas 
(BMI). Similarly, three studies compared a second generation sulfonylurea to a 
metformin/second generation sulfonylurea combination with regard to BMI change, showing no 
between-group differences (range in between-group differences of 0.04 to 0.9 kg/m2).89, 94, 95 
None of these studies reported a statistically significant or clinically relevant (>1 kg/m2) 
between-group difference, although one study found that both arms had statistically significant 
increases in BMI.94 

 
Second generation sulfonylurea versus alpha-glucosidase inhibitor (weight).  In the Van de 

Laar review38 five studies compared acarbose with a second generation sulfonylurea and showed 
no differences between groups, with a pooled estimate of -1.90 kg (95% CI, -4.01 to 0.21). Van 
de Laar et al.,38 also found no significant between-group weight differences for miglitol versus 
second generation sulfonylurea (weighted mean difference of 0.5 kg and 95% CI -0.5 to 1.4 kg), 
or voglibose versus a second generation sulfonylurea (pooled estimate of 0.6 kg and 95% CI of  
-9.7 to 10.9 kg). We identified one additional study comparing acarbose with glimepiride and 
found decreased body weight in both arms that was significant in the acarbose arm only.130 

 
Second generation sulfonylurea versus alpha-glucosidase inhibitor (BMI). The review by 

Van de Laar et al.,38 reported acarbose was favored non-significantly in comparisons with second 
generation sulfonylureas (4 studies, pooled between-group difference of -0.4 kg/m2 and 95% CI 
of -0.8 to 0.05 kg/m2). In one comparison of voglibose and second generation sulfonylureas, no 
between-group differences were noted (1 study, weighted mean difference of 0.0 kg/m2 and 95% 
CI of -2.4 to 2.4 kg/m2).38   

 
Repaglinide versus nateglinide (weight). The one study comparing meglitinides to one 

another with respect to body weight found a significantly greater increase in weight with 
repaglinide (1.8 kg) than with nateglinide (0.7 kg).131  No studies evaluated BMI. 

 
Meglitinides versus alpha-glucosidase inhibitors (weight). The one study in the review by 

Van de Laar et al.,38 comparing acarbose with a meglitinide reported a significant -0.7 kg mean 
body weight difference favoring acarbose. No studies evaluated BMI. 
 
Placebo-controlled trial results (see Appendix F, Evidence Table 8 and 10 and Appendix G, 
Figure 2) 
 

Weight. The placebo-controlled trials were generally consistent with the head-to-head trials 
(see Table 9). Thiazolidinediones and second generation sulfonylureas were associated with 
weight gain compared with placebo/diet while metformin, acarbose, and meglitinides were 
weight neutral compared with placebo/diet. Metformin was weight neutral in the placebo-
controlled trials suggesting that the weight loss associated with metformin was only significant 
in comparison with oral diabetes medications that had contrasting effects on weight. Many of the 
placebo groups were on a diet so there may have been less significant effects on weight by 
metformin when compared to diet.  

We conducted indirect comparisons for acarbose versus the other oral diabetes medications 
since there were few direct comparisons for this medication, and sufficient placebo-controlled 
trials to conduct comparisons. Acarbose was associated with lower weight when compared with 
rosiglitazone, pioglitazone, and second generation sulfonylureas, yet had similar effects on 
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weight when compared with metformin (see Table 10). We were unable to do this with 
meglitinides due to the small number of placebo-controlled trials. 

Additionally, two comparisons (1 study) of metformin plus a second generation sulfonylurea 
versus placebo showed a significantly greater weight gain in the combination therapy arm (range 
in between-group differences of 2.1 to 2.6 kg).79 This is consistent with direct comparisons which 
showed combination therapy with metformin plus second generation sulfonylurea had increased 
weight gain when compared with metformin monotherapy. 

 
BMI. Similarly, the results of the placebo-controlled trials suggested that differences in BMI 

between medications were likely seen when there were slight but opposing effects on BMI such 
as with metformin and thiazolidinediones. BMI results were reported for the following 
comparisons: metformin versus placebo/diet (4 studies, range in between-group differences -0.8 
to 0 kg/m2),143, 148-150 and thiazolidinediones versus placebo/diet/control (3 studies, range in 
between-group differences 0.2 to 0.5 kg/m2).143 151 152 One study comparing pioglitazone versus 
uptitration of existing medications showed a non-significant between-group difference in BMI of 
0.1 kg/m2.78  In a meta-analysis by Van de Laar et al., of 14 studies, they found a significant 
difference between acarbose and placebo (pooled estimate of -0.2 kg/m2 and 95% CI of -0.3 to  
-0.1 kg/m2).38 We identified one additional RCT of acarbose that found no difference in BMI 
(between-group difference of -0.3 kg/m2).153  The review by Van de Laar et al.,. also found one 
study that found no significant difference in BMI between voglibose and diet (weighted mean 
difference of 0.0 kg/m2 and 95% CI -2.3 to 2.3kg/m2).38  

 
Systolic Blood Pressure 
 
Key points 
 
• All oral diabetes medications had similarly minimal effects on SBP (<5 mmHg).  
 
Evidence grades (see Appendix F, Evidence Table 4) 
 

• The evidence for the above key point was graded moderate for the comparison of 
thiazolidinediones with second generation sulfonylureas. 

 
• The evidence was graded low for the following comparisons: thiazolidinediones versus 

metformin, metformin versus second generation sulfonylureas, and second generation 
sulfonylureas versus metformin plus a second generation sulfonylurea. 

 
• The evidence was graded very low for the following comparisons: second generation 

sulfonylureas versus meglitinides, pioglitazone versus rosiglitazone, thiazolidinediones 
versus alpha-glucosidase inhibitors, second generation sulfonylureas versus alpha-
glucosidase inhibitors, second generation sulfonylureas versus meglitinides, metformin 
versus metformin plus a second generation sulfonylurea, and second generation 
sulfonylurea versus second generation sulfonylurea plus thiazolidinedione. 

 
• The evidence was graded insufficient for the following comparisons due to the limited 

number of direct comparisons: metformin versus metformin plus thiazolidinediones, 
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metformin versus alpha-glucosidase inhibitors, and meglitinides compared with other oral 
diabetes medications except second generation sulfonylureas. 

 
Direct comparison results (see Appendix F, Evidence Table 9) 
 

Thiazolidinedione versus metformin. Four RCTs comparing SBP between a thiazolidinedione 
and metformin showed no significant differences between groups with a pooled estimate of 0.1 
mmHg (95% CI -2.5 to 2.7 mmHg) (see Figure 20).57-59, 144 No single study markedly influenced 
the results. An additional RCT found no significant differences in blood pressure from baseline 
in either group but no data were shown.56 

 
Thiazolidinedione versus second generation sulfonylureas. Five RCTs (in six articles) 

reported changes in SBP comparing thiazolidinediones with a second generation sulfonylurea, 
showing no significant differences between groups with a pooled estimate of -3.1 mmHg (95% 
CI -6.6 to 0.4 mmHg) (see Figure 21).57, 64, 65, 67, 145, 146 All of the thiazolidinedione doses were 
higher than the second generation sulfonylurea doses. In a sensitivity analysis, removing the 
study by Tan et al.,65 changed the results to favor the thiazolidinediones with a pooled estimate 
of -5.5 mmHg (95% CI -9.8 to -1.2 mmHg). However, there were no major differences between 
this trial and the other studies. Heterogeneity tests were not significant, although study duration 
was a significant source of heterogeneity in the metaregression with longer duration studies 
having smaller differences between groups. One study was excluded from the above meta-
analysis since no point estimate could be calculated.62 The authors reported no significant 
difference in SBP between groups.62   

 
Thiazolidinedione versus alpha-glucosidase inhibitors. Both of the SBP comparisons of a 

thiazolidinedione with an alpha-glucosidase inhibitor found greater SBP reductions in the 
thiazolidinedione group (mean change from baseline, -6 and -5.6 mmHg versus 4 and 0.4 
mmHg);64, 75 the between-group difference was reported as significant for one comparison.75 

 
Metformin versus second generation sulfonylureas. Five RCTs compared SBP between 

metformin and a second generation sulfonylurea showing no significant differences between 
groups, with a pooled between-group difference of -1.7 mmHg (95% CI -5.0 to 1.5 mmHg) (see 
Figure 22).57, 85, 87, 89, 90  A sensitivity analysis showed that removing the double-blind study by 
Hermann et al.,87 changed the pooled estimate to -2.8 mmHg (95% CI -5.7 to -0.01 mmHg), 
favoring metformin over second generation sulfonylureas.  However, there were no major 
differences between this study and the other studies. Heterogeneity tests were not significant, and 
metaregresion found no significant source of heterogeneity. An additional study reported that 
blood pressure did not change at all during the study, but we were unable to include this in the 
meta-analysis due to insufficient data to calculate a point estimate.88   

 
Second generation sulfonylurea versus metformin plus second generation sulfonylureas. 

Three studies compared SBP between a second generation sulfonylurea and metformin plus a 
second generation sulfonylurea, showing no differences between groups with a pooled between-
group difference of 1.1 mmHg (95% CI -1.4 to 3.5 mmHg) (see Figure 23).87, 89, 129  No single 
study markedly influenced the results. Heterogeneity tests were not significant, and 
metaregresion found no significant sources of heterogeneity. We excluded the UKPDS results 



 

55 

since the study duration was three years compared with the shorter duration of the other studies 
(less than or equal to 1 year); however, UKPDS is consistent with these results and showed a 
non-significant between-group difference of -1.8 mmHg.128 Additionally, one further study 
reported no differences between groups but no data were shown.88  

 
Other comparisons. Of the three studies comparing metformin versus metformin plus a 

second generation sulfonylurea (between-group difference ranging from -0.5 to 6 mmHg),87-89 
none reported a significant between-group difference in SBP.  One did not report any 
quantitative data so we were not able to combine these studies in a meta-analysis.88 In two 
comparisons of repaglinide and a second generation sulfonylurea,117, 118 there were no significant 
between-group differences in SBP. The Van de Laar et al., systematic review of alpha-
glucosidase inhibitors did not evaluate blood pressure.38  

We identified one report for each of the following comparisons, none of which found a 
significant between-group difference: pioglitazone versus rosiglitazone (authors stated no 
difference between groups, no data shown)52; thiazolidinedione plus metformin versus 
metformin plus a second generation sulfonylurea (between-group difference of -2.2 mmHg)72; a 
second generation sulfonylurea versus thiazolidinedione plus a second generation sulfonylurea (2 
comparisons, difference between groups ranging from 0 to -2 mmHg)123; repaglinide and 
metformin (between-group difference of  4 mmHg)97; and a second generation sulfonylurea with 
an alpha-glucosidase inhibitor (between-group difference of -2 mmHg).64 
 
Placebo-controlled trial results (see Appendix F, Evidence Table 9 and Appendix G,  
Figure 3) 
 

Consistent with the head-to-head comparisons, the placebo-controlled trials gave little 
evidence for significant SBP changes with any oral diabetes medication. None of these studies 
reported a significant between-group difference in SBP. We did not conduct indirect 
comparisons since there were too few placebo-controlled trials for the oral diabetes medications 
where there were too few direct comparisons such as acarbose and meglitinides. In studies 
reporting comparisons of an oral diabetes medication with placebo or diet, we identified four 
comparisons for thiazolidinedione with a pooled between-group difference of -2.6 mmHg (95% 
CI -6.4 to 1.2 mmHg);58, 144, 151, 152 eight comparisons in six RCTs for metformin58, 88, 144, 150, 154, 

155  (three studies had sufficient data to combine in a meta-analysis)5,8 144, 155 with a pooled 
between-group difference of 0.96 mmHg (95% CI -6.4 to 8.3 mmHg); and one comparison for 
acarbose (between-group difference of 1.6 mmHg).153  We found no studies comparing SBP 
effects between second generation sulfonylureas and placebo. Neither of the meta-analyses had 
significant heterogeneity. 
 
Diastolic Blood Pressure 
 
Key points 
 

• All oral diabetes medications had similarly minimal effects on DBP (<5 mmHg).  
 
• Data were sparse on the effects of meglitinides and alpha-glucosidase inhibitors on DBP. 
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Evidence grades (see Appendix F, Evidence Table 4) 
 

• The evidence for the above key point was graded moderate for the comparison of 
thiazolidinediones with second generation sulfonylureas. 

 
• The evidence was graded low for the following comparisons: thiazolidinediones versus 

metformin, metformin versus second generation sulfonylureas, and second generation 
sulfonylureas versus metformin plus a second generation sulfonylurea. 

 
• The evidence was graded very low for the following comparisons: second generation 

sulfonylureas versus meglitinides, pioglitazone versus rosiglitazone, thiazolidinediones 
versus alpha-glucosidase inhibitors, second generation sulfonylureas versus alpha-
glucosidase inhibitors, second generation sulfonylureas versus meglitinides, metformin 
versus metformin plus a second generation sulfonylurea, and second generation 
sulfonylurea versus second generation sulfonylurea plus thiazolidinedione. 

 
• The evidence was graded insufficient for the following comparisons due to the limited 

number of direct comparisons: metformin versus metformin plus thiazolidinediones, 
metformin versus alpha-glucosidase inhibitors, and meglitinides compared with other oral 
diabetes medications except second generation sulfonylureas. 

 
Direct comparison results (see Appendix F, Evidence Table 10) 
 

Thiazolidinedione versus metformin. Only one144 of the five DBP comparisons of a 
thiazolidinedione with metformin found a significant or clinically relevant between-group 
difference (range in between-group differences of -4 to 0 mmHg).56-59, 144  

 
Thiazolidinedione versus second generation sulfonylureas. Four of the six DBP comparisons 

(in 7 articles) of a thiazolidinedione with a second generation sulfonylurea found greater DBP 
reductions in the thiazolidinedione group (range in between-group differences of -5 to 0 
mmHg);57, 62, 64, 65, 67, 145 146 two of these reported between-group differences were statistically 
significant.67, 146  

 
Thiazolidinedione versus alpha-glucosidase inhibitors. Both of the studies comparing a 

thiazolidinedione with an alpha-glucosidase inhibitor reported a slightly greater DBP reduction 
in the thiazolidinedione group (range in between-group differences of -6 to -1.8 mmHg,  
p > 0.05).64, 75 

 
Metformin versus second generation sulfonylureas. Six studies compared DBP between 

metformin and the second generation sulfonylureas. Three of the six comparisons reported a 
slightly greater reduction in DBP in the metformin group (range in between-group differences of 
-15 to 1.2 mmHg).57, 85, 87-90  In one of these the between-group difference was clinically (>5 
mmHg) and statistically significant85 while the rest showed no differences between groups.  

 
Metformin versus metformin plus second generation sulfonylureas. Of the three studies 

comparing metformin versus metformin plus a second generation sulfonylurea,87-89 none reported 
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a significant or clinically relevant between-group difference in DBP (range of -1.4 to 2.6 
mmHg). 

 
Second generation sulfonylurea versus metformin plus second generation sulfonylureas. Of 

the four short duration studies comparing a second generation sulfonylurea versus metformin 
plus a second generation sulfonylurea,87-89, 129 none reported a significant or clinically relevant 
between-group difference in DBP (range in between-group differences of -2.5 to 2.5 mmHg).  In 
the three year followup of UKPDS, early addition of metformin to second generation 
sulfonylurea was compared with second generation sulfonylurea showing a non-significant 
between-group difference of -0.12 mmHg.128 

 
Other comparisons. Two comparisons of second generation sulfonylureas with repaglinide117 

118 showed no significant between-group differences (range of -1 to 2 mmHg). We identified one 
report for each of the following comparisons, none of which found a clinically or statistically 
significant between-group difference: pioglitazone versus rosiglitazone (authors stated no 
differences between groups, no data shown);52 thiazolidinedione plus a second generation 
sulfonylurea versus metformin plus a second generation sulfonylurea (authors stated no clinically 
relevant differences between groups, no data shown);60 a thiazolidinedione plus a second 
generation sulfonylurea versus a second generation sulfonylurea (between-group difference of 0 
mmHg);123 metformin versus repaglinide (between-group difference of -2 mmHg);97 and a 
second generation sulfonylurea versus an alpha-glucosidase inhibitor (between-group difference 
of -1 mmHg).64 As noted above, the systematic review by Van de Laar et al., on alpha-
glucosidase inhibitors did not evaluate blood pressure outcomes.38  
 
Placebo-controlled trial results (see Appendix F, Evidence Table 10)  
 

Consistent with the head-to-head comparisons, the placebo-controlled trials gave little 
evidence for clinically significant DBP changes: four comparisons of thiazolidinediones versus 
placebo/diet (range in between-group differences of -6.6 to -1.3 mmHg);58, 144, 151, 152 six 
comparisons (in five articles) for metformin versus placebo/diet (range in between-group 
differences of -6.2 to 5 mmHg);58, 88, 144, 150, 155 and one comparison for acarbose (between-group 
difference of 1.8 mmHg).153 We did not conduct formal indirect comparisons since there were 
too few placebo-controlled trials for the oral diabetes medications where there were too few 
direct comparisons such as acarbose and meglitinides. 
 
Low Density Lipoprotein Cholesterol 
 
Key points 
 

• Rosiglitazone increased LDL cholesterol more than pioglitazone using indirect and a few 
head-to-head comparisons.  

 
• Pioglitazone increased LDL compared with metformin or second generation 

sulfonylureas which generally decreased LDL.   
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• Rosiglitazone increased LDL compared with metformin using a few head-to-head and 
indirect comparisons, and increased LDL compared with second generation sulfonylureas 
in a few head-to-head trials. 

 
• The addition of rosiglitazone to metformin or second generation sulfonylurea therapy was 

associated with increased LDL cholesterol compared with metformin or second 
generation sulfonylurea monotherapy. 

 
• Using one head-to-head trial and mainly indirect comparisons, rosiglitazone increased 

LDL more than acarbose. 
 

• Metformin decreased LDL cholesterol compared with second generation sulfonylureas. 
 

• Metformin monotherapy compared with metformin plus a second generation sulfonylurea 
showed similar effects on LDL cholesterol. 

 
• Indirect comparisons showed similar effects on LDL when comparing acarbose with 

metformin. The one direct comparison favored maximally dosed acarbose over 
submaximally dosed metformin.   

 
• Second generation sulfonylureas showed similar effects on LDL cholesterol compared 

with repaglinide. 
 

• Second generation sulfonylurea monotherapy increased LDL cholesterol compared with 
the combination of metformin plus second generation sulfonylurea. 

 
• Alpha-glucosidase inhibitors had similar small effects on LDL cholesterol compared with 

second generation sulfonylureas.   
 

• Too few studies compared meglitinides with other oral diabetes medications to draw firm 
conclusions.  

 
Evidence grades (see Appendix F, Evidence Table 4) 
 

• The evidence for the above key points was graded moderate for the following 
comparisons: thiazolidinediones versus second generation sulfonylureas, 
thiazolidinediones versus metformin, pioglitazone versus rosiglitazone, metformin versus 
second generation sulfonylureas, and second generation sulfonylureas versus metformin 
plus second generation sulfonylureas. 

 
• The evidence was graded low for the following comparisons: second generation 

sulfonylureas versus meglitinides, thiazolidinediones versus alpha-glucosidase inhibitors, 
metformin versus alpha-glucosidase inhibitors, second generation sulfonylureas versus 
alpha-glucosidase inhibitors, metformin versus metformin plus thiazolidinediones, 
second generation sulfonylureas versus second generation sulfonylureas plus 
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thiazolidinediones, and metformin versus metformin plus second generation 
sulfonylureas. 

 
• The evidence was graded insufficient for the following comparison due to the limited 

number of direct comparisons: meglitinides compared with other oral diabetes 
medications besides second generation sulfonylureas.  

 
Direct comparison results (see Appendix F, Evidence Table 11) 
 

Thiazolidinedione versus thiazolidinedione. Two short duration non-blinded RCTs with 
comparably-dosed drugs compared pioglitazone with rosiglitazone, favoring pioglitazone, with a 
calculated mean difference between groups ranging from -16 to -9 mg/dL.51, 52 The LDL 
increased from baseline in both groups in one study52 and decreased from baseline in both groups 
in the other study.51  Consistent with this, one comparison of rosiglitazone plus glimepiride 
versus pioglitazone plus glimepiride also found a significant difference between groups, favoring 
pioglitazone by -35 mg/dL (mean difference from baseline of -15 mg/dL in the pioglitazone arm 
versus +20 mg/dL in the rosiglitazone arm).156  Due to these potential differences between 
rosiglitazone and pioglitazone, we report pioglitazone and rosiglitazone comparisons separately 
for the rest of the LDL section. 

 
Thiazolidinedione versus metformin. Four RCTs (3 comparably-dosed) in five articles 

directly compared LDL effects of pioglitazone with metformin, favoring metformin with a 
pooled between-group difference of 12.5 mg/dL (95% CI 8.8 mg/dL to 16.2 mg/dL) (see Figure 
24).54, 56, 59, 60, 157 No single study significantly influenced the results. Metaregression did not find 
any significant source of heterogeneity. Two RCTs compared rosiglitazone with metformin and 
found similar results, favoring metformin with a range in between-group differences of 10 mg/dL 
to 31.2 mg/dL.143, 144  Four of the six studies comparing thiazolidinediones with metformin 
reported a mean decrease in LDL from baseline in the metformin group56, 59, 60, 143 compared with 
all studies showing a mean increase in LDL from baseline for the pioglitazone group.   

 
Thiazolidinedione versus second generation sulfonylureas. Five RCTs (reported in eight 

articles) compared pioglitazone with second generation sulfonylureas and found more favorable 
effects on LDL levels in the second generation sulfonylurea arms, with a pooled between-group 
difference of 10.4 mg/dL (95% CI 7.3 mg/dL to 13.6 mg/dL) (see Figure 25).54, 63, 65, 68, 70, 145, 146, 

157  No single study significantly influenced the results. Study blinding was a significant source 
of heterogeneity, with higher between-group differences in the 2 double-blinded studies (pooled 
estimate of 13.0 mg/dL with 95% CI of 9.6 to 16.5 mg/dL) compared with the 3 non-blinded 
studies (pooled estimate of 6.6 mg/dL with 95% CI of 4.7 to 8.4 mg/dL). Four of the five RCTs 
showed a mean increase in LDL from baseline for the pioglitazone groups whereas all 5 studies 
showed a mean decrease in LDL from baseline for the second generation sulfonylurea groups. 
One additional double-blind RCT by Betteridge et al., compared pioglitazone with glimepiride 
after 2 years, but could not be included in the meta-analysis since no point estimate was reported 
or could be derived.157  Additionally, the one year data by Matthews et al., was included in our 
meta-analysis.70 The study by Betteridge et al., reported a significant difference in LDL between 
groups favoring glimepiride which is consistent with the results from the meta-analysis.157 
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Additionally, one non-blinded year-long RCT compared rosiglitazone with glyburide showing a 
higher between-group difference of 15.2 mg/dL favoring glyburide.67   

 
Thiazolidinedione plus metformin versus second generation sulfonylureas plus metformin. In 

two double-blinded short duration RCTs comparing rosiglitazone plus metformin with a second 
generation sulfonylurea plus metformin, the combination of second generation sulfonylurea plus 
metformin was favored over rosiglitazone plus metformin with a range in between-group 
differences of 14 mg/dL to 20 mg/dL.71, 158  One study reported this difference as non-significant 
while the second study did not discuss statistical significance. This is similar to the range seen in 
the rosiglitazone versus second generation sulfonylurea comparisons, and slightly higher than the 
pooled estimate for pioglitazone versus second generation sulfonylureas.   

 
Thiazolidinedione versus meglitinide. Two non-blinded RCTs with comparably-dosed drugs 

compared a thiazolidinedione with repaglinide and found non-significant differences in LDL 
changes: repaglinide (mean change from baseline, -6 to -1 mg/dL) versus thiazolidinedione 
(mean change from baseline, 10 mg/dL for pioglitazone and 14 mg/dL for rosiglitazone).73, 74 

 
Other thiazolidinedione comparisons. We identified only one report for each of the following 

comparisons, none of which reported a significant between-group difference: thiazolidinedione 
versus acarbose (-4 mg/dL)75; and thiazolidinedione versus thiazolidinedione plus a second 
generation sulfonylurea (-0.3 mg/dL).76 

 
Metformin versus second generation sulfonylureas. Nine RCTs compared LDL effects of 

metformin with second generation sulfonylureas, with a pooled between-group difference of -10 
mg/dL (95% CI -13.1 to -6.9 mg/dL) favoring metformin (see Figure 26).54, 80, 82-84, 87, 88, 90, 159  
No single study significantly influenced the results. Study duration was a significant source of 
heterogeneity, with longer duration studies having slightly greater effects on LDL. One 
additional study reported qualitatively that there were no differences in overall lipid levels 
between groups, but did not show their data.81 Only 3 studies had comparable dosing between 
groups82, 84, 88 but their results were similar to the studies where metformin was dosed higher than 
the second generation sulfonylureas.   

 
Metformin versus metformin plus thiazolidinedione. Four double-blind RCTs compared 

rosiglitazone plus metformin with metformin, showing a pooled between-group difference in 
LDL of -14.6 mg/dL (95% CI -15.8 to -13.3 mg/dL) (see Figure 27).100-103 No single study 
significantly influenced the results. No significant source of heterogeneity was identified. Two of 
these studies reported evidence of a dose-response gradient for the LDL effects of rosiglitazone 
plus metformin: LDL increased with higher doses of combination therapy.102, 103 

 
Metformin versus metformin plus second generation sulfonylureas. Six RCTs compared 

metformin with metformin plus a second generation sulfonylurea, 80, 82, 84, 87, 88, 159 finding no 
significant differences between groups (pooled estimate -1.6 mg/dL (95% CI -6.6 to 3.3 mg/dL) 
(see Figure 28). If the 1991 study by Hermann et al., was removed from the meta-analysis159 the 
pooled estimate changed to -3.3 mg/dL (95% CI -4.9 to -1.8 mg/dL) favoring metformin. 
However, this was a double-blinded short duration study with no obvious differences from the 
other studies.159  Additionally, this was a small between-group difference with questionable 
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clinical relevance.  No significant source of heterogeneity was identified. One additional RCT 
stated qualitatively that there was no difference between groups in overall lipid levels but did not 
show their data.81 

 
Other metformin comparisons. We found only one study for the following comparisons 

showing minimal between-group differences in LDL: metformin versus extended release 
metformin (2 mg/dL),105 and metformin versus repaglinide (-3.12 mg/dL).97 In the systematic 
review by Van De Laar et al., one study compared acarbose and metformin, showing a weighted 
mean difference between groups in LDL of -37 mg/dL (95% CI of -59.28 mg/dL to -14.04 
mg/dL) favoring acarbose.38 

 
Second generation sulfonylurea versus meglitinides. Two double-blind year-long RCTs with 

comparably-dosed drugs compared a second generation sulfonylurea with repaglinide, showing 
no significant between-group differences in LDL (range -1.48 to 1 mg/dL).116, 118 One additional 
RCT reported no difference between nateglinide and glibenclamide in LDL, yet no data was 
shown.122 

 
Second generation sulfonylurea versus thiazolidinedione plus second generation 

sulfonylureas. All three double-blind RCTs comparing a second generation sulfonylurea with the 
combination of a second generation sulfonylurea plus rosiglitazone favored the second 
generation sulfonylurea monotherapy arms.124-126  Two of the shorter duration studies reported a 
range in between-group differences of -19.5 to -11.7 mg/dL125, 126 and the one-year RCT reported 
a between-group difference in LDL of -4.6% favoring the second generation sulfonylurea 
monotherapy arm.124 

 
Second generation sulfonylurea versus metformin plus second generation sulfonylureas. 

Seven RCTs compared second generation sulfonylurea monotherapy to a combination of 
metformin plus a second generation sulfonylurea, showing a pooled between-group difference 
favoring the combination arms of 8.1 mg/dL (95% CI 3.1 to 13.1 mg/dL) (see Figure 29).80, 82, 84, 

87, 88, 129, 159  No single study markedly influenced the results. Dosing of the medications was a 
significant source of heterogeneity with higher dose ratios (second generation sulfonylurea dose 
versus combination dose) having smaller differences between groups, and lower dose ratios 
having larger differences between groups. Of note, studies with larger between-group differences 
had generally higher baseline LDL than studies with smaller between-group differences. We did 
not assess this using metaregression due to concerns of ecologic fallacy. 

 
Second generation sulfonylurea versus alpha-glucosidase inhibitors. The meta-analyses by 

Van de Laar et al.,38 found no between-group differences in LDL levels comparing second 
generation sulfonylureas with acarbose in four RCTs, with a pooled estimate of 3.9 mg/dL (95% 
CI -2.73 to 10.5 mg/dL).38   

 
Other second generation sulfonylurea comparisons. One RCT compared glimepiride and 

gliclazide showing a between-group difference of 3.9 mg/dL.  They did not comment on the 
statistical significance between-groups, yet did report no significant difference from baseline in 
either group. 
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Results from placebo-controlled trials and indirect comparisons (see Appendix F, Evidence 
Table 11 and Appendix G, Figure 4)  
 

The placebo-controlled trials generally confirmed results from the direct comparisons (see 
Table 11).  Rosiglitazone compared with placebo/diet increased LDL while comparisons 
between metformin and placebo suggested a decrease in LDL. Surprisingly, we did not find 
differences between pioglitazone and placebo/diet. This may have been due to a limited number 
of studies.  Additionally, effects on LDL may be more pronounced for pioglitazone when being 
compared with a comparator that is associated with decreases in LDL.  

We conducted indirect comparisons for the oral diabetes medication comparisons with few 
head-to-head trials, and where there were sufficient placebo-controlled trials to warrant it.  
Acarbose had similar effects on LDL compared with pioglitazone and metformin in contrast to 
the one head-to-head trial for each comparison; however, rosiglitazone increased LDL when 
compared with acarbose, pioglitazone, and metformin, which is consistent with the direct 
comparisons (see Tables 12 and 13). The heterogeneity and small number of trials for some of 
these placebo-controlled trials may explain the inconsistencies between direct and indirect 
comparisons for acarbose compared with pioglitazone and metformin. 

Furthermore, we identified only one comparison with placebo for the following medications: 
second generation sulfonylurea (reported an increase in LDL in the placebo group with no 
change in the second generation sulfonylurea group, but no data shown),88 and metformin plus 
second generation sulfonylurea (-6 mg/dL favoring placebo).88  These trials are consistent with 
direct comparison data. 
 
High Density Lipoprotein Cholesterol 
 
Key points 
 

• Pioglitazone increased HDL levels more than rosiglitazone. 
 
• Pioglitazone increased HDL levels compared with metformin or second generation 

sulfonylureas. 
 

• The combination of rosiglitazone with metformin or a second generation sulfonylurea 
increased HDL levels slightly more than metformin or a second generation sulfonylurea 
alone. 

 
• Metformin, second generation sulfonylureas, acarbose, and meglitinides have similar 

minimal to no effects on HDL levels.  
 

• Combination therapy with metformin plus a second generation sulfonylurea does not 
differ in effect on HDL from monotherapy with either of the two classes. 

 
• Other comparisons between drugs had too few comparisons to draw conclusions. 
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Evidence grades (see Appendix F, Evidence Table 4) 
 

• The evidence for the above key points was graded moderate for the following 
comparisons: thiazolidinediones versus second generation sulfonylureas, 
thiazolidinediones versus metformin, pioglitazone versus rosiglitazone, metformin versus 
second generation sulfonylureas, and second generation sulfonylureas versus metformin 
plus second generation sulfonylureas. 

 
• The evidence was graded low for the following comparisons: second generation 

sulfonylureas versus meglitinides, thiazolidinediones versus alpha-glucosidase inhibitors, 
metformin versus alpha-glucosidase inhibitors, second generation sulfonylureas versus 
alpha-glucosidase inhibitors, metformin versus metformin plus thiazolidinediones, 
second generation sulfonylurea versus second generation sulfonylurea plus 
thiazolidinedione, and metformin versus metformin plus second generation sulfonylureas. 

 
• The evidence was graded insufficient for the following comparison due to the limited 

number of direct comparisons: meglitinides compared with other oral diabetes 
medications besides second generation sulfonylureas.  

 
Direct comparison results (see Table 14 and Appendix F, Evidence Table 12) 
 

Thiazolidinedione versus thiazolidinedione. Two studies compared pioglitazone and 
rosiglitazone with regard to HDL cholesterol levels; both found a greater mean increase from 
baseline in the pioglitazone arm (range in between-group difference of -2.8 to -0.5 mg/dL), and 
the largest of these two studies (n=719) found a significant between-group difference.51, 52 One 
study comparing pioglitazone plus glimepiride versus rosiglitazone plus glimepiride found 
similar results, reporting a significantly greater HDL increase in the pioglitazone group 
(between-group difference of -5 mg/dL).156 

 
Thiazolidinedione vs metformin. Two studies compared rosiglitazone with metformin 

showing no clinically relevant (>3 mg/dL) or statistically significant differences between groups 
(range of 0 to 0.4 mg/dL);143, 144 however, six studies comparing pioglitazone with metformin 
showed increased HDL in the pioglitazone arms (range in between-group differences of 0.78 to 5 
mg/dL).54-57, 59, 60 Four of these studies showed clinically relevant differences between groups (>3 
mg/dL).54, 56, 57, 59 The between-group differences were significant in 4 of these comparisons54, 56, 

59, 60 not significant in one57 and not reported in one.55 One study added pioglitazone versus 
placebo to existing second generation sulfonylureas, but had results consistent with the 
monotherapy trials (between-group difference of 2.7 mg/dL).60 

 
Thiazolidinedione versus second generation sulfonylureas. Six of the seven studies (reported 

in 9 articles) 54, 55, 57, 63, 65, 68, 145, 146, 157 of pioglitazone with a second generation sulfonylurea 
showed clinically important (> 3 mg/dL) and statistically significant differences favoring the 
thiazolidinedione arm with regard to effects on HDL levels (overall range in between-group 
differences of -1.17 to 7.02 mg/dL). Only one study favored pioglitazone over second generation 
sulfonylurea; however, this study used lower doses of second generation sulfonylurea than they 
used for pioglitazone.55 With this study removed, the range in between-group differences 
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changed to 4.3 to 7.0 mg/dL.54, 57, 63, 65, 68, 145, 146  One additional study reported no significant 
differences between-groups, but no data was shown.62 

 
Thiazolidinedione plus metformin versus second generation sulfonylureas plus metformin. 

Consistent with this, both comparisons of rosiglitazone plus metformin versus a second 
generation sulfonylurea plus metformin favored combination therapy with rosiglitazone with 
regard to HDL effects (range in between-group differences of 2 to 4 mg/dL).72, 158 One of these 
studies reported clinically important and statistically significant between-group differences.158  

 
Thiazolidinedione versus meglitinides. We identified two studies comparing a 

thiazolidinedione (one on rosiglitazone and one on pioglitazone) with a repaglinide (between-
group differences of 1.3 to 7.0mg/dL respectively). 73, 74 Both reported a greater HDL increase in 
the thiazolidinedione group without accompanying statistical comparisons, and only the 
pioglitazone with repaglinide comparison had clinically important differences (> 3 mg/dL).73 

 
Thiazolidinedione versus alpha-glucosidase inhibitors. We found only one study that 

compared pioglitazone with acarbose (between-group difference of 8.6 mg/dL), and the analysis 
of its 265 participants found a significantly and clinically important HDL increase with 
pioglitazone.75  

 
Other thiazolidinedione comparisons. One study compared rosiglitazone with uptitration of 

usual medications showing no between-group differences (1.17 mg/dL).77 
 
Metformin versus second generation sulfonylureas. Of 13 direct comparisons of the effects 

on HDL levels of metformin versus a second generation sulfonylurea, none had clinically 
relevant (>3 mg/dL) between-group differences (range of -1.95 to 1.56 mg/dL).54, 55, 57, 80-85, 87-90 
Most studies did not report on the statistical significance of these slight differences. 

 
Metformin versus alpha-glucosidase inhibitors. The meta-analyses by Van de Laar et al.,38 

found no overall between-group differences for acarbose versus metformin (1 study, weighted 
mean difference of 9.4 mg/dL and 95% CI.-0.78 to 19.5 mg/dL).38 We identified no other studies 
for this comparison beyond those included in the Van de Laar review.   

 
Metformin versus metformin plus thiazolidinedione. Consistent with this, all 6 comparisons 

(in 4 studies) of metformin alone versus metformin plus rosiglitazone found an HDL increase in 
the combination therapy arm compared with minimal changes in the metformin monotherapy 
arms (range in between-group differences of 2.5 to 6.9 mg/dL).100-103 Only two studies reported a 
between-group analysis and found this difference to be clinically (>3 mg/dL) and statistically 
significant.160, 161 Additionally, two of the studies reported evidence of a dose-response 
gradient.102, 103  

 
Metformin versus metformin plus second generation sulfonylureas. Similarly, we found no 

overall difference in HDL effects between metformin monotherapy and metformin plus a second 
generation sulfonylurea (range in between-group differences of -1.2 to 3.12 mg/dL). None of 
eleven comparisons (in 8 articles) reported significant between-group differences,80-82, 84, 87-89, 104 
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and only 2 RCTs had clinically relevant differences (>3 mg/dL) each favoring opposite 
medication groups.87, 89 

 
Other metformin comparisons.  The one comparison of metformin with repaglinide found no 

significant between-group difference (-4.29 mg/dL) with regard to HDL effects.97 Additionally, 
the two sub-arm comparisons (in 1 article) of metformin and extended release metformin found 
no significant between-group differences (range of 2 to 4 mg/dL).105 

 
Second generation sulfonylureas versus second generation sulfonylureas. We found only two 

studies directly comparing two second generation sulfonylureas, neither of which found 
significant between-group differences (0.9 mg/dL in one study, and authors stated no between-
group difference in second study but no data was shown).111, 133  

 
Second generation sulfonylurea versus meglitinides. Similarly, none of the 8 second 

generation sulfonylurea versus meglitinide comparisons (in 6 articles) reported a significant or 
clinically relevant between-group difference for HDL effects (range of -1.17 to 1.17 mg/dL).116-

119, 121, 122  
 
Second generation sulfonylurea versus thiazolidinedione plus second generation 

sulfonylureas. Three studies comparing second generation sulfonylurea monotherapy and 
combination therapy with rosiglitazone plus a second generation sulfonylurea reported similarly 
minimal HDL between-group differences.124-126 Two studies reported percent difference in HDL 
of 1.1% to 6.8%, yet neither study reported on the statistical significance of this small 
difference.125, 126 The third study reported a non-significant between-group difference of 0 
mg/dL.124      

 
Second generation sulfonylurea versus metformin plus second generation sulfonylurea. None 

of the 10 second generation sulfonylurea versus second generation sulfonylurea plus metformin 
comparisons (in 8 articles) showed significant between-group differences with regard to HDL 
effects (range of -0.5 to 3.9 mg/dL).80-82, 84, 87-89, 129 Additionally, only one of the 5 RCTs with 
data on mean differences between-groups showed clinically relevant between-group differences 
(>3 mg/dL).129 

 
Second generation sulfonylurea versus alpha-glucosidase inhibitors. The meta-analyses by 

Van de Laar et al.,38 found no overall between-group differences for acarbose versus second 
generation sulfonylurea (7 studies, weighted mean difference of 0.78 mg/dL and 95% CI -0.78 to 
2.34 mg/dL); and miglitol versus second generation sulfonylurea (1 study, weighted mean 
difference of -0.39 mg/dL and 95% CI -10.1 to 9.36 mg/dL). We identified no other studies for 
these comparisons beyond those included in the review by Van de Laar and colleagues.   
 
Placebo-controlled trial results (see Appendix F, Evidence Table 12)  
 

The placebo-controlled trials were consistent with the head-to-head comparisons.  
Pioglitazone increased HDL levels more than placebo in 12 of 14 subarm comparisons (9 
articles, range in between-group differences of -1.95 to 8.7 mg/dL).140, 151, 160-166  Additionally, a 
clinically relevant difference (>3 mg/dL) was reported in five of the seven articles that reported 
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data on mean differences between groups.160-162, 165, 166  Only one study favored pioglitazone with 
a between-group difference of -1.95 mg/dL; however, this study compared pioglitazone with a 
control arm (without placebo) which may account for this difference.151   

Rosiglitazone was favored in only 9 of 15 comparisons (and 5 of 9 articles) with placebo/diet 
(range in between-group differences of -1.17 to 3.9 mg/dL).143, 144, 152, 167-172  This was clinically 
relevant (>3 mg/dL) in 4 of 8 articles where data were reported.144, 167, 170, 171  However, none of 
these studies had clinically relevant differences favoring placebo/diet.  

Metformin increased HDL levels slightly more than placebo in 4 of 6 studies (range in 
between-group differences of 0 to 2.7 mg/dL). 88, 143, 144, 149, 150, 173 However, this difference was 
not clinically relevant in any of these studies. Additionally, only one study favored placebo 
slightly with a between-group difference of -3 mg/dL.173 

A meta-analysis of 14 studies by Van de Laar et al., found no significant difference between 
acarbose and placebo in HDL effects (pooled between-group difference of 0.00 mg/dL and 95% 
CI – 1.56 to 1.56 mg/dL).38 We identified 2 additional comparisons of acarbose with placebo 
with generally consistent results, (range in between-group differences of 2.9 to 3.9 mg/dL).138, 153 
Van de Laar and colleagues found only one comparison of voglibose with diet and found no 
significant between-group difference for HDL effects, with a weighted mean difference of -15.6 
mg/dL (95% CI -31.59 to 0.39 mg/dL).38 

We identified only one of the following comparisons, none of which showed a significant 
between-group difference: a second generation sulfonylurea with placebo (between-group 
difference of 1 mg/dL);136 and repaglinide with placebo (between-group difference of -0.3 
mg/dL).139 
 
Triglycerides 
 
Key points 
 

• Using head-to-head results and indirect comparisons, pioglitazone decreased TG levels 
while rosiglitazone increased TGs.  

 
• Pioglitazone decreased TGs more than metformin, and showed similar decreases in TG 

when compared with second generation sulfonylureas.  Additionally, indirect 
comparisons and one direct comparison showed pioglitazone decreased TGs more than 
acarbose. 

 
• Rosiglitazone increased TGs when compared indirectly with metformin, yet showed 

similar effects on TGs when compared directly. 
 

• Rosiglitazone increased TGs when compared with acarbose in indirect comparisons. 
 

• Metformin decreased TGs more than second generation sulfonylureas and more than 
metformin plus rosiglitazone. 

 
• Metformin plus a second generation sulfonylurea decreased TGs more than second 

generation sulfonylurea monotherapy, and showed a non-significant suggestion of 
decreased TGs when compared with metformin monotherapy. 
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• Using a few direct comparisons and indirect comparisons, metformin showed similar 
effects on TGs when compared with acarbose. 

 
• Second generation sulfonylureas had similar effects on TGs compared with meglitinides 

and acarbose. 
 

• Other comparisons had too few comparisons to draw conclusions. 
 
Evidence grades (see Appendix F, Evidence Table 4) 
 

• The evidence for the above key points was graded moderate for the following 
comparisons: thiazolidinediones versus metformin, pioglitazone versus rosiglitazone, 
metformin versus second generation sulfonylureas, and second generation sulfonylureas 
versus metformin plus second generation sulfonylureas. 

 
• The evidence was graded low for the following comparisons: thiazolidinediones versus 

second generation sulfonylureas, second generation sulfonylureas versus meglitinides, 
thiazolidinediones versus alpha-glucosidase inhibitors, metformin versus alpha-
glucosidase inhibitors, second generation sulfonylureas versus alpha-glucosidase 
inhibitors, metformin versus metformin plus thiazolidinediones, second generation 
sulfonylurea versus second generation sulfonylurea plus thiazolidinedione, and 
metformin versus metformin plus second generation sulfonylureas. 

 
• The evidence was graded insufficient for the following comparison due to the limited 

number of direct comparisons: meglitinides compared with other oral diabetes 
medications besides second generation sulfonylureas.  

 
Direct comparison results (see Appendix F, Evidence Table 13) 
 

Thiazolidinedione versus thiazolidinedione. Two comparisons of rosiglitazone versus 
pioglitazone reported a greater beneficial effect on TGs in the pioglitazone arm (mean change 
from baseline -52 and -15 mg/dL versus 6 and 13 mg/dL), and the largest of these studies 
reported a significant between-group difference.51, 52 Similarly, the one study comparing 
glimepiride added to either rosiglitazone or pioglitazone found a significantly greater TG 
reduction in the pioglitazone group.53 

 
Thiazolidinedione versus metformin. Six RCTs compared pioglitazone with metformin, 

favoring pioglitazone with a pooled between-group difference of -25.5 mg/dL (95% CI -29.8 to  
-21.1 mg/dL) (see Figure 30).54-57, 59, 60  No single study markedly influenced the results. No 
source of heterogeneity was found in metaregression. Neither of the two studies comparing 
rosiglitazone with metformin found a significant between-group difference (range of -27 to 47 
mg/dL).143, 144  

 
Thiazolidinedione versus second generation sulfonylureas. Six RCTs compared pioglitazone 

with a second generation sulfonylurea, favoring pioglitazone with a pooled between-group 
difference of -24.2 mg/dL (95% CI -45.7 to -2.6 mg/dL) (see Figure 31).54, 55, 57, 63, 65, 68, 157  
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However, when the study by Yamanouchi et al., was removed, the between-group difference 
changed to -22.9 mg/dL (95% CI -48.2 to 2.2 mg/dL).57  This study had a higher dose of 
thiazolidinedione compared with a lower dose of second generation sulfonylurea.  When the 
three studies with comparable dosing were combined only, they showed no significant 
differences between-groups although it did still show a suggestion of a difference favoring 
pioglitazone (pooled estimate of -28.8 mg/dL, 95% CI -66 to 8.5 mg/dL) (see Figure 32).54, 63, 157  
One additional small RCT compared pioglitazone with gliclazide and showed no differences 
between-groups.62  We excluded this from the meta-analysis since we were unable to calculate a 
point estimate based on data reported in the article.62 

 Additionally, we identified only one comparison of rosiglitazone with a second generation 
sulfonylurea, which reported a non-significantly greater TG reduction in the second generation 
sulfonylurea arm.67  

 
Thiazolidinedione plus metformin versus second generation sulfonylurea plus metformin. 

Similarly, neither of the two comparisons of metformin plus rosiglitazone compared with 
metformin plus a second generation sulfonylurea reported significant between-group differences 
(-16 and 9 mg/dL).71, 72  

 
Thiazolidinediones versus meglitinides. We identified only one comparison of repaglinide 

with each of the two thiazolidinediones, showing differing effects between groups. 73, 74 
Rosiglitazone caused a greater absolute increase in TG when compared with repaglinide while 
pioglitazone caused a greater absolute TG reduction when compared to repaglinide (between-
group differences of 23 mg/dL and -96 mg/dL respectively), yet the studies did not report on the 
statistical significance of these differences.73, 74  

 
Thiazolidinediones versus alpha-glucosidase inhibitors. The one comparison of a 

thiazolidinedione with acarbose reported a significantly greater TG reduction in the pioglitazone 
arm (between-group difference of -33 mg/dL).75   

 
Other thiazolidinedione comparisons. Two RCTs compared thiazolidinediones (one with 

rosiglitazone and one with pioglitazone) with uptitration of existing diabetes medications, 
favoring the thiazolidinediones (between-group difference of -23 and -30 mg/dL).77, 78 This 
difference was reported as non-significant in one study.78  One other RCT compared 
rosiglitazone with rosiglitazone plus glimepiride, favoring the combination arm non-significantly 
by 29.1 mg/dL.76 

 
Metformin versus second generation sulfonylureas. Thirteen RCTs compared metformin with 

second generation sulfonylureas, favoring metformin with a pooled between-group difference of 
-9.1 mg/dL (95% CI -16.0 to -2.1 mg/dL) (see Figure 33).54, 55, 57, 80, 82-90 
No single study markedly influenced the results. No significant source of heterogeneity was 
identified in metaregression. One additional RCT reported no quantitative data but mentioned 
that no significant changes in lipids were seen in either group.81 
 

Metformin versus meglitinides. We identified only one study comparing a meglitinide with 
metformin, which found no significant difference between groups (difference of -8 mg/dL).97 
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Metformin versus alpha-glucosidase inhibitors. The meta-analysis by Van de Laar et al.,38 
found no significant difference in TGs for acarbose versus metformin (one study, pooled 
between-group difference of -24.9 mg/dL and 95% CI -71.2 to 21.4 mg/dL). We identified an 
additional comparison of metformin and acarbose that found a non-significantly greater TG 
reduction in the acarbose arm (between-group difference of 12.5 mg/dL).99  

 
Metformin versus metformin plus thiazolidinedione. Four RCTs compared metformin with 

metformin plus rosiglitazone favoring metformin with a pooled between-group difference of  
-11.3 mg/dL (95% CI -15.8 to -6.8 mg/dL) (see Figure 34).100-103 No single study markedly 
influenced the results. No source of heterogeneity was found in metaregression. 

 
Metformin versus metformin plus second generation sulfonylureas. Six RCTs compared 

metformin with metformin plus second generation sulfonylurea, and non-significantly favored 
the combination arm (pooled between-group difference of 6.9 mg/dL (95% CI -1.2 to 14.9 
mg/dL) (see Figure 35).80, 82, 84, 87-89 Removing the study by Marre et al.,84 markedly changed the 
results to significantly favor the combination arm, with a pooled between-group difference of 8.9 
mg/dL (95% CI 0.2 to 17.7 mg/dL). However, this study was a large double-blind study with no 
obvious differences from the other studies, so should remain in the meta-analysis. No source of 
heterogeneity was identified in metaregression, although dose showed a suggestion of being 
significant (p=0.07). The two studies with a combination arm dose that was 1.5 to 2 times the 
dose of the monotherapy arm showed larger between-group differences favoring the combination 
arm.80, 89 Additionally, two studies not included in the meta-analysis reported no differences in 
lipids between groups, yet no data was shown.81, 104    

 
Second generation sulfonylureas versus second generation sulfonylureas. Two RCTs 

compared glibenclamide with another second generation sulfonylurea, favoring the other second 
generation sulfonylurea slightly (between-group differences of 2 and 16 mg/dL).111, 133  
However, neither study assessed the significance of these calculated differences. One other study 
showed similarly no effects on TGs in either the glimepiride or gliclazide arms (between-group 
difference of 0 mg/dL).106 

 
Second generation sulfonylurea versus meglitinides. Three RCTs compared second 

generation sulfonylureas with repaglinide, showing no differences between groups (pooled 
estimate of 0.2 mg/dL; 95% CI -3.9 to 4.3 mg/dL) (see Figure 36).116, 118, 119 No single study 
markedly influenced the results. Two other RCTs (one with repaglinide and one with 
nateglinide) reported no significant differences in lipids between groups, yet no measure of 
dispersion was reported for one study and the other study had no quantitative data, so we were 
unable to include these in the meta-analysis.117, 122 

 
Second generation sulfonylureas versus second generation sulfonylureas plus 

thiazolidinediones. Three RCTs compared second generation sulfonylurea with second 
generation sulfonylurea plus thiazolidinediones (all rosiglitazone), showing no differences 
between groups.124-126  Two studies reported percent change from baseline favoring second 
generation sulfonylurea monotherapy slightly (between-group differences of -4.2 to -14.9%)124, 

126 while the third study reported similar effects on TGs (between-group difference of 1.8 
mg/dL).125 
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Second generation sulfonylureas versus metformin plus second generation sulfonylureas. Six 
RCTs compared second generation sulfonylurea versus metformin plus second generation 
sulfonylurea, favoring the combination arm with a pooled between-group difference of 30.1 
mg/dL (95% CI 15.3 to 44.9 mg/dL) (see Figure 37).80, 82, 84, 87-89 No single study markedly 
influenced the results. No source of heterogeneity was identified with metaregression. We 
excluded three RCTs from the meta-analysis.81, 128, 129 One study by Gregorio et al.,129 with a 
between-group difference of -0.9 mg/dL, compared uptitration of existing second generation 
sulfonylurea with uptitration of metformin added to an existing second generation sulfonylurea, 
in contrast to the other studies where both combinations and monotherapy were started at the 
same time or an existing second generation sulfonylurea was continued without uptitration of 
dosing in the second generation sulfonylurea. However, inclusion of this study did not markedly 
change the results (pooled estimate of 25 mg/dL, 95% CI 10.8 to 39 mg/dL).129  A second study 
reported no differences in lipids between-groups, yet no data was shown.81. UKPDS was 
excluded due to differences in study duration and study design.128 

The UKPDS compared early addition of metformin to second generation sulfonylurea versus 
continuation of second generation sulfonylurea, showing no differences between groups at the 3-
year followup.128 This difference between UKPDS and the other studies may be due to the longer 
study duration than the other trials, or to differences in study arms since other oral agents 
(usually metformin) could be added to the second generation sulfonylurea monotherapy arm if 
the subject became sufficiently hyperglycemic. 

 
Second generation sulfonylureas versus alpha-glucosidase inhibitors. The meta-analyses by 

Van de Laar et al., found no significant mean differences between groups in TGs for the 
following comparisons: acarbose versus a second generation sulfonylurea (eight studies, pooled 
estimate of 0.89 mg/dL and 95% CI -16.0 to 17.8 mg/dL); and miglitol versus a second 
generation sulfonylurea (one study, pooled estimate of -3.6 mg/dL and 95% CI -35.6 to 28.5 
mg/dL).38 We found no additional studies on this comparison. 

 
Other comparisons. We identified one study for each of the following direct comparisons, 

none of which found a significant between-group difference: metformin versus metformin XR; 
and rosiglitazone with and without glimepiride.76, 105 
 
Results of placebo-controlled trials and indirect comparisons (see Appendix F, Evidence 
Table 13 and Appendix G, Figure 5)  
 

The placebo-controlled trials were consistent with the head-to-head trials. Pioglitazone, 
metformin, repaglinide, and acarbose decreased TGs compared with placebo, while rosiglitazone 
increased TGs compared with placebo (see Table 15).  

We conducted indirect comparisons for the oral diabetes medications where there were few 
direct comparisons and where sufficient placebo-controlled trial data existed. Rosiglitazone 
increased TGs compared with pioglitazone, metformin, and acarbose (see Table 16).  This was 
consistent with the small amount of head-to-head data for pioglitazone versus rosiglitazone, yet 
differed from the two direct comparisons of metformin vs rosiglitazone. There were no direct 
comparisons of rosiglitazone versus acarbose. The inconsistency may be due to the fact that 
rosiglitazone versus placebo was added to existing second generation sulfonylureas, or due to 
differences in placebo groups of the trials. Acarbose increased TGs when compared with 
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pioglitazone, and showed similar effects on TGs when compared with metformin (see Table 17). 
These results were consistent with the few direct comparison results. 

We identified only one comparison of a second generation sulfonylurea with placebo, which 
favored placebo (between-group difference of 14 mg/dL).136  
 

Study Quality (see Appendix F, Evidence Table 14) 
  

While all of the trials were randomized, only 16% of them described their randomization 
techniques. Of the 61% of studies that reported double-blinding, 72% did not describe the 
double-blinding technique or mention active placebo or double dummies in their methods. 
Twenty-four percent of the trials did not describe the losses to followup or reasons for 
withdrawal. Slightly less than half (40%) scored less than 3 on a 5-point quality scale, yet only 
12% scored less than or equal to 1. 

 
Key Limitations 
 

Data were sparse on direct comparisons of certain medication classes such as meglitinides 
and alpha-glucosidase inhibitors, and specific outcomes such as 2 hour PPG. Additionally, many 
of the studies were performed with pharmaceutical support, which could have biased the results 
toward a particular drug.174 However, we evaluated dose ratios when deciding to combine studies 
as well as evaluated dosing in metaregression. Generally, we did not find much difference in 
results between studies with comparable and non-comparable dosing.  When we noticed a 
difference, we stated this in our results. Since many studies did not report on between-group 
differences or measures of dispersion, we had to calculate these to conduct the meta-analyses, 
using assumptions about correlation between baseline and final values. This may have lead to 
wider confidence intervals since we chose a conservative correlation of 0.5.  However, we used 
conservative assumptions, conducted sensitivity analyses, and used a random effects model to 
indicate the range of pooled point estimates for each outcome. Several studies reported that there 
were no effects on a specific outcome such as weight or lipids, yet did not report quantitative 
data. Also, a few studies reported data in a way that we were unable to use in the combined 
analysis (e.g., as percent change without a baseline value, or only reported data for one group). 
Without quantitative data, we could not combine smaller studies to get one larger effect estimate. 
Furthermore, we were limited in our assessment of baseline values as contributors to between-
study heterogeneity since metaregression using individual level characteristics may lead to 
ecologic fallacy. However, while this may have led to some unexplained heterogeneity in the 
results, it did not affect the direction of the pooled estimate.  Differences in baseline values 
would have only contributed to smaller or larger between-group differences. Additionally, using 
the random effects model helped take this heterogeneity into account.  The indirect comparisons 
must be viewed with caution because indirect comparisons tend to overestimate effects.175 Also, 
were were unable to fully assess the heterogeneity in the placebo groups. While the study 
populations were similar to the general diabetes population, many studies excluded subjects with 
significant comorbidity making the results less generalizable to people with significant 
cardiovascular, hepatic, or renal disease.  Lack of reporting of withdrawals in a quarter of the 
trials may have impacted the results, especially if greater withdrawals occurred in one arm or if 
intention to treat analyses were not used. However, we did conduct meta-regression using 
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specific quality aspects such as double-blinding, and reported when these may have affected the 
results. 
 
 
Key Question 2: Do oral diabetes medications for the treatment of 
adults with type-2 diabetes differ in their ability to affect distal 
diabetes-related complications including mortality and the 
following macrovascular and microvascular complications: 
coronary artery disease, myocardial infarction, stroke, transient 
ischemic attack, arrhythmia, coronary artery stenosis and in-stent 
re-stenosis, retinopathy, nephropathy, neuropathy, and peripheral 
arterial disease? 
 
 
Study Design and Population Characteristics 
 

Slightly more than half of the studies were RCTs while the rest were cohort studies or pre-
post studies. The majority of studies occurred in the U.S., Canada, or Europe. About half of the 
studies had support from a pharmaceutical company. Most of the cohort studies had followup for 
more than one year; a few of the RCTs were longer than 1 year. Most subjects were overweight 
or obese middle-aged to older adults; mean age ranged from 53 to 77 years. The mean duration 
of diabetes varied from 2 to 15 years. Exclusion criteria varied, and half the studies excluded 
subjects with a history of cardiovascular, liver, or kidney disease (see Appendix F, Evidence 
Tables 15 and 16). These study population characteristics were similar to the general population 
of patients with diabetes.50    
 
All Cause Mortality  
 
Key points 
 

• Combination effects of metformin with a second generation sulfonylurea on mortality 
compared with second generation sulfonylurea or metformin monotherapy, as well as 
comparisons between metformin and second generation sulfonylurea were not clear.  

 
Evidence grades (see Appendix F, Evidence Tables 17) 
 

• The evidence was graded very low or very low to low for the following comparisons: 
metformin versus second generation sulfonylureas, pioglitazone versus second generation 
sulfonylureas, metformin plus second generation sulfonylurea versus second generation 
sulfonylurea or metformin monotherapy, thiazolidinediones versus metformin, and 
meglitinides versus second generation sulfonylureas. 

 
• The evidence was graded insufficient for all other comparisons. 
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Direct comparison results (see Appendix F, Evidence Tables 18 and 19) 
 

RCTs 
 
Second generation sulfonylureas versus metformin plus second generation 

sulfonylureas. UKPDS had the longest duration of all of the RCTs and less than 5% of subjects 
were lost to followup. In the median 6.6 year followup of UKPDS, they directly compared early 
addition of metformin to subjects previously randomized but not under good glycemic control 
with a second generation sulfonylurea versus continuation of second generation sulfonylurea, 
and subjects in the early addition of metformin to second generation sulfonylurea arm were 1.6 
times more likely to die than subjects in the second generation sulfonylurea arm (95% CI 1.02 to 
2.52).15  Due to this result, they also conducted an adjusted epidemiologic analysis of all patients 
on combination therapy with second generation sulfonylurea plus metformin (5181 person-years 
out of a total of 45, 527 person-years) versus all other diabetes treatment including insulin.  In 
this analysis, no differences were seen between-groups in diabetes-related deaths; however, the 
number of events were generally small.15 

 
Other direct comparisons between drugs. Only 1 to 2 short duration RCTs exist for each 

of the direct medication comparisons, making it difficult to draw conclusions given the 
extremely small numbers of deaths in each of these trials.56, 80, 82, 100, 60, 77, 105, 112, 116, 176  
Additionally, a prior systematic review reported only 0 to 2 RCTs comparing acarbose with each 
oral diabetes medication, making it difficult to determine if there was any survival advantage for 
acarbose compared to other oral diabetes medications.38  

 
Non-RCTs and Cohorts 
 
Metformin or second generation sulfonylurea monotherapy versus metformin plus 

second generation sulfonylureas. Four retrospective cohort studies directly compared 
metformin or second generation sulfonylurea monotherapy to a combination of metformin plus 
second generation sulfonylurea showing conflicting results.12, 177-179 One 5-year retrospective 
cohort compared 8,886 new users (no diabetes prescription in the past year and had prescription 
benefits) of metformin or metformin plus a second generation sulfonylurea with an unspecified 
second generation sulfonylurea using vital statistics files and claims data for a Canadian 
population, and showed a 30-40% relative decrease in the odds of death in both the metformin 
and metformin plus second generation sulfonylurea groups compared to second generation 
sulfonylurea alone, after adjusting for multiple confounders including age, sex, nitrate use, and a 
modified chronic disease score.12 Another retrospective cohort study used the same 
Saskatchewan claims database to identify 1,833 Canadian diabetic subjects with CHF and 
prescription benefits.179 They followed the patients for an average of 2.5 years, and reported a 
39% decreased risk of death in the combination therapy arm compared with second generation 
sulfonylurea monotherapy (hazard ratio (HR) 0.61, 95% CI 0.52 to 0.72) after adjustment for 
age, sex, chronic disease score, and drug therapies.179  A 6-year retrospective cohort of 11,587 
new users of oral diabetes medications showed no differences in mortality rates for combination 
therapy versus monotherapy with either metformin or a second generation sulfonylurea using a 
database from 263 practices in the United Kingdom, Wales, Ireland, and Scotland, and after 
adjusting for potential confounders using propensity scores.177  Another 6-year retrospective 
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cohort study of 2,348 new users of oral diabetes medications derived from medical record 
abstraction in 2 primary health care centers and 2 private practices in Sweden showed an 
increased risk of death in patients who were using combination therapy versus an unspecified 
second generation sulfonylurea alone using the Swedish mortality register, after adjustment for 
multiple confounders: age, sex, study srea, year of inclusion, BMI, glycemic control, and 
duration of diabetes.178  We found an additional important 5-year retrospective cohort study 
published after our search was completed which used medical records, prescription databases, 
and the General Registrar to obtain data on diabetic patients in Scotland.180 They reported an 
increased mortality for the 985 subjects taking metformin with later addition of second 
generation sulfonylurea compared with the 2,286 subjects taking metformin (relative risk (RR) 
2.47, 95% CI 1.88 to 3.25) after adjusting for extensive confounders. Additionally, they reported 
an increased mortality for the 1252 subjects taking second generation sulfonylurea with later 
addition of metformin compared with the 2,286 subjects taking metformin (RR 2.16, 95% CI 
1.68 to 2.78). The conflicting results from these studies may be due to differences in study 
populations, or differing adjustments for potential confounders. However, the two studies that 
adjusted for the most confounders were consistent with results from UKPDS.178, 180    

 
Metformin plus second generation sulfonylureas versus other oral diabetes medications. 

One prospective cohort single center study followed Italian outpatients with diabetes for an 
average followup of 55.1 months with only two patients lost to followup. They reported a 1.7 to 
2 times increased risk of death in the combination arm (metformin plus second generation 
sulfonylurea) compared with other diabetes treatment (second generation sulfonylurea, 
metformin, or insulin), after adjustment for multiple confounders including age, duration of 
diabetes, coronary artery disease, hypertension, respiratory insufficiency, renal failure,BMI, total 
and HDL cholesterol, TGs, mean HbA1c during followup, and duration of insulin therapy.181 

 
Metformin versus second generation sulfonylureas. One retrospective cohort study used 

the Saskatchewan claims database to identify 1,833 Canadian diabetic subjects with CHF and 
prescription benefits that they followed for an average of 2.5 years.179  They reported a 30% 
decreased risk of death in the metformin arm compared with the second generation sulfonylurea 
arm (HR 0.7, 95% CI 0.54 to 0.91), after adjustment for age, sex, chronic disease score, nitrate 
use, and drug therapies.179 We found an additional important 5-year retrospective cohort study 
published after our search was completed which used medical records, prescription databases, 
and the General Registrar to obtain data on diabetic patients in Scotland.180  They reported an 
increased mortality for the 3,331 subjects taking second generation sulfonylurea compared with 
2,286 subjects taking metformin (RR 1.43, 95% CI 1.15 to 1.77) after adjusting for an extensive 
number of confounders.   

 
Second generation sulfonylureas versus other. Four studies compared second generation 

sulfonylurea with other oral diabetes medications with no consistent results.10, 11, 182, 183 One 
retrospective cohort compared mortality rates after acute myocardial infarction with angioplasty 
in 185 patients taking glibenclamide compared with diabetic patients taking other oral diabetes 
medications.10 The study found a significant difference in in-hospital mortality between the 
patients on glibenclamide and patients on other oral diabetes medications (odds ratio (OR) 2.53, 
95% CI 1.13 to 5.67) after adjustment for multiple confounders.10  However, no between-group 
differences were seen when they evaluated late mortality (after mean followup of 3.7 years). 



 

75 

Another study evaluated 232 diabetic patients after admission to the coronary care unit, and 
found a significantly greater incidence of in-hospital mortality in the non-glibenclamide group 
compared with the glibenclamide group (25% vs 11% respectively) without adjustment for 
potential confounders.11 One prospective cohort study followed 152 subjects with a prior history 
of diabetes admitted to an intensive care unit in Germany for acute myocardial infarction, and 
used patients, family members, general practitioners, and neighbors as sources of vital 
statistics.182 They compared subjects taking second generation sulfonylurea therapy to subjects 
taking other diabetes medications, and found no differences in survival after 3 years, without 
adjustment for confounders.182 An additional retrospective cohort study of 175 subjects admitted 
to the hospital with acute myocardial infarction showed no difference between diabetic subjects 
taking glibenclamide and diabetic subjects not taking glibenclamide for in-hospital mortality 
(32.9% vs 32.6% respectively, p=0.97).183 

 
Thiazolidinedione or metformin versus other. One retrospective cohort study of 24,953 

Medicare beneficiaries evaluated a thiazolidinedione and/or metformin compared to other oral 
diabetes medications (not metformin and not thiazolidinediones) in diabetic patients one year 
after acute myocardial infarction using claims and medical record data.184 This study found 
similar mortality rates comparing metformin or thiazolidinediones to other oral diabetes 
medications. When the investigators combined metformin and thiazolidinedione users into one 
group, they found a 48% decreased likelihood of mortality (HR 0.52, 95% CI 0.34-0.82) 
compared to subjects using other oral diabetes medications after adjusting for age, race, sex, 
comorbidities from medical record abstraction, and clinical data from hospitalization such as 
blood pressure and lab data.184 
  
Comparisons between drug and placebo/diet (see Appendix F, Evidence Tables 18 and 19)  

 
Given the lack of consistent head-to-head data on mortality, we included studies that 

compared the oral diabetes medications to placebo/diet to help evaluate potential differences 
between medications.  

 
RCTs 
 
Metformin or second generation sulfonylureas versus placebo/diet. The UKPDS was the 

longest RCT comparing different types of oral diabetes medications. After 10 years of followup, 
subjects randomized to metformin had a 36% decreased likelihood of death compared with 
subjects randomized to diet therapy, (HR 0.64, 95% CI 0.45 to 0.91).15 Furthermore, subjects in 
the glibenclamide-only arm were equally likely to die after 10 years compared with subjects in 
the diet arm (HR 0.91, 95% CI 0.73 to 1.15).16 However, subjects with hyperglycemia or who 
were symptomatic on diet alone did receive additional therapy with an oral diabetes medication 
which was frequently a second generation sulfonylurea.  One additional short duration RCT 
compared continuing existing metformin versus stopping metformin and showed no significant 
differences in mortality between-groups (32% versus 34%, respectively).150 

 
Pioglitazone versus placebo/diet. The prospective pioglitazone trial in macrovascular events 

(PROactive) study was the largest and longest RCT evaluating mortality for pioglitazone.185 The 
study randomized 5238 patients to pioglitazone or matching placebo in addition to their 
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preexisting oral diabetes regimen and followed them an average of 34.5 months, with only 2 
subjects lost to followup in each group. The primary combined endpoint included all-cause 
mortality, non-fatal myocardial infarction (including silent myocardial infarction), stroke, acute 
coronary syndrome, endovascular or surgical intervention in the coronary or leg arteries, and 
amputation above the ankle.  There were no differences between groups for the primary endpoint 
(HR 0.90, 95%CI 0.80-1.02). The secondary combined endpoint included all-cause mortality, 
non-fatal myocardial infarction, and stroke. Subjects given pioglitazone had a 16% decreased 
likelihood of having the secondary endpoint compared with placebo (HR 0.84, 95% CI 0.72 to 
0.98). Therefore, the investigators stopped the study early. When evaluating all-cause mortality 
alone, there was no statistically significant difference between pioglitazone and placebo. This 
may have been due to lack of completion of the study as planned or truly no differences exist.185 
One other smaller study randomized patients already on existing oral diabetes medications to 
pioglitazone or placebo, and followed them for 6 months to elucidate mechanisms behind in-
stent restenosis rates in the two arms. This study reported that there were no deaths in either 
arm.151 

 
Alpha-glucosidase inhibitors versus placebo/diet. In the Van de Laar et al. review, 

acarbose and miglitol only had 2 studies each evaluating mortality with no statistically 
significant difference compared with placebo, yet few deaths occurred.38  

 
Non-RCTs and Cohorts  
 
Metformin or second generation sulfonylureas versus placebo/diet. Three cohort studies 

compared mortality indirectly between metformin and a second generation sulfonylurea, 
showing second generation sulfonylureas to generally have increased mortality compared with 
placebo/diet in 2 out of 3 studies, yet no increase in mortality for metformin compared with 
placebo/diet in all 3 studies.14, 186, 187 One retrospective cohort study (mean followup 4.8 years) 
using the Saskatchewan claims database of 5,795 Canadian diabetic subjects with prescription 
benefits showed increased mortality when comparing high dose glyburide to low dose glyburide 
while reporting no differences in mortality for high dose metformin compared with low dose 
metformin, after adjusting for age, sex, chronic disease score, nitrate use, hospital visits, and 
physician visits.14 A prospective cohort study of 2,275 Israeli subjects with diabetes and proven 
coronary artery disease (mean followup of 7.7 years) showed a 22% increased risk of mortality 
in 953 patients on glyburide compared with diet (HR 1.22, 95% CI 1.02 to 1.45), while there was 
a 26% increased risk of mortality in 79 patients on metformin compared with diet (HR 1.26, 95% 
CI 0.81 to 1.96), after adjustment for confounders.186 A third prospective cohort of 447 diabetic 
subjects in a New Zealand clinic were followed 10 years with a 6.3% loss to followup.187  It 
showed no significant increases in mortality for metformin or for an unspecified second 
generation sulfonylurea compared with diet.187   

 
Metformin plus second generation sulfonylureas versus placebo/diet. A prospective 

cohort study of 2,275 Israeli subjects with diabetes and proven coronary artery disease (mean 
followup of 7.7 years) showed a 53% increased risk of mortality in 253 patients on combination 
second generation sulfonylurea plus metformin compared with diet (HR 1.53, 95% CI 1.20 to 
1.96), after adjustment for confounders.186 An additional prospective cohort of 447 diabetic 
subjects in a New Zealand clinic was followed 10 years with a 6.3% loss to followup.187  It 
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showed no significant increases in mortality for metformin plus an unspecified second generation 
sulfonylurea compared with diet.187   
 
Cardiovascular Disease Mortality 
 
Key points 
 

● Combination effects of metformin with a second generation sulfonylurea on 
cardiovascular mortality compared with second generation sulfonylurea or metformin 
monotherapy were not clear.  

 
• Metformin effects on cardiovascular mortality compared with second generation 

sulfonylurea were unclear. 
 
• Relatively little evidence exists on the comparative effectiveness of other oral diabetes 

medications in terms of cardiovascular mortality.  
  

Evidence grades (see Appendix F, Evidence Table 17) 
 

• The evidence was graded very low or very low to low for the following comparisons: 
metformin versus second generation sulfonylureas, pioglitazone versus second generation 
sulfonylureas, metformin plus second generation sulfonylurea versus second generation 
sulfonylurea or metformin monotherapy, thiazolidinediones versus metformin, and 
meglitinides versus second generation sulfonylureas. 

 
• The evidence was graded insufficient for all other comparisons. 

 
Direct comparison results (see Appendix F, Evidence Tables 20 and 21) 
 

RCTs. We had insufficient data to support meaningful quantitative pooling of the data for 
each comparison.15, 54, 77, 88, 96, 101, 103, 112, 124, 126  UKPDS had the longest duration of all of the 
RCTs with less than 5% of subjects lost to followup. In the median 6.6 year followup of UKPDS, 
they directly compared early addition of metformin to second generation sulfonylurea versus 
continuation of second generation sulfonylurea; subjects in the early addition of metformin to 
second generation sulfonylurea arm were 1.79 times more likely to have a fatal myocardial 
infarction than those subjects on second generation sulfonylurea monotherapy (95% CI, 0.64 to 
4.99). Similar results were found when evaluating sudden death and fatal stroke.15  

 
Non-RCTs and Cohorts 
 
Metformin versus second generation sulfonylureas. A prospective cohort study of 2,275 

Israeli subjects with diabetes and proven coronary artery disease (mean followup of 7.7 years) 
showed a slightly higher age-adjusted cardiovascular mortality rate of 30 per 1000 person-years 
for metformin compared with 24.5 per 1000 person-years for glyburide.186 One 5-year 
retrospective Canadian cohort (reported in 2 articles) compared cardiovascular mortality in 8,886 
new users of metformin with an unspecified second generation sulfonylurea (no diabetes 
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prescription in the past year and had prescription benefits).12, 13 They showed a significant 16% 
decreased risk of cardiovascular death for metformin users compared with second generation 
sulfonylurea users, after adjusting for age, sex, nitrate use, and a modified chronic disease 
score.12 In the second article using the same database, they showed a 24% decreased risk of 
cardiovascular death in the metformin arm compared with the second generation sulfonylurea 
arm (HR 0.76, 95% CI 0.58 to 1.00), using a propensity score, age, sex, nitrate use, and a 
modified chronic disease score to adjust.13  

We found an additional important 5-year retrospective cohort study published after our 
search was completed which used medical records, prescription databases, and the General 
Registrar to obtain data on diabetic patients in Scotland.180 They reported increased 
cardiovascular mortality for the 3,331 subjects taking second generation sulfonylurea compared 
with 2,286 subjects taking metformin (RR 1.70, 95% CI 1.18 to 2.45) after adjusting for an 
extensive number of confounders.   

 
Second generation sulfonylurea versus other. Two cohort studies favored second 

generation sulfonylurea over other oral diabetes medications for in-hospital cardiovascular 
mortality after recent cardiac events.10, 11  One retrospective cohort compared in-hospital 
mortality rates after acute myocardial infarction post-angioplasty in 185 patients taking 
glibenclamide compared with diabetic patients taking other oral diabetes medications.10 The 
study found a higher risk of death in patients taking other oral diabetes medications compared 
with taking glibenclamide (OR 2.53, 95% CI 1.13 to 5.67).10 All of these deaths were due to 
cardiovascular causes (either pump dysfunction or arrhythmia).10 Another study evaluated 232 
diabetic patients after admission to the coronary care unit without adjusting for potential 
confounders. They found greater in-hospital deaths from arrhythmia in the non-glibenclamide 
group (11% vs 0%), yet a higher rate of death from reinfarction (0% vs 8%) or cardiac rupture 
(0% vs 8%) in the glibenclamide groups.11   

 
Second generation sulfonylurea or metformin versus metformin plus second generation 

sulfonylureas. Four cohort studies (reported in 5 publications) compared metformin or second 
generation sulfonylurea with combinations of metformin plus second generation sulfonylurea 
generally showing worse cardiovascular outcomes with combination therapy compared with 
monotherapy; however, confounding by indication may be an issue in several of these 
studies.13,12, 178, 180, 186  One 5-year retrospective Canadian cohort (reported in 2 publications) 
compared cardiovascular mortality in 8,886 new users of metformin plus second generation 
sulfonylurea with an unspecified second generation sulfonylurea (no diabetes prescription in the 
past year and had prescription benefits).12, 13  They showed a significant 30-40% decreased risk 
of cardiovascular death in the combination arm compared with the second generation 
sulfonylurea arm, after adjusting for age, sex, nitrate use, and a modified chronic disease 
score.13,12  

A prospective cohort study of 2,275 Israeli subjects with diabetes and proven coronary artery 
disease (mean followup of 7.7 years) showed a similar age-adjusted cardiovascular mortality rate 
of 31.2 per 1000 person-years for the combination of metformin plus a second generation 
sulfonylurea compared with 30 per 1000 person-years for metformin, and slightly higher than the 
glyburide monotherapy arm of 24.5 per 1000 person-years.186  

Another 6-year retrospective cohort study of 2,348 new users of oral diabetes medications 
derived from medical record abstraction in 2 primary health care centers and 2 private practices 
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in Sweden showed an increased risk of fatal stroke and fatal ischemic heart disease in patients 
who were using combination therapy versus an unspecified second generation sulfonylurea alone 
using the Swedish mortality register, after adjustment for multiple confounders: age, sex, study 
srea, year of inclusion, BMI, glycemic control, and duration of diabetes.178  

We found an additional important 5-year retrospective cohort study published after our 
search was completed which used medical records, prescription databases, and the General 
Registrar to obtain data on diabetic patients in Scotland.180 They reported an increased mortality 
for the 985 subjects taking metformin with later addition of second generation sulfonylurea 
compared with the 2,286 subjects taking metformin (RR 2.29, 95% CI 1.45 to 3.61) after 
adjusting for extensive confounders. Additionally, they reported an increased mortality for the 
1252 subjects taking second generation sulfonylurea with later addition of metformin compared 
with the 2,286 subjects taking metformin (RR 2.43, 95% CI 1.61 to 3.66).  
 
Comparisons between drug and placebo/diet (see Appendix F, Evidence Tables 20 and 21) 
 

RCTs 
 
Thiazolidinedione versus placebo/diet. One short duration RCT compared rosiglitazone 

versus placebo added to existing oral diabetes medications, and found 1 fatal myocardial 
infarction in the high dose rosiglitazone arm compared with no deaths in any other study arm.188 

 
Metformin or second generation sulfonylureas versus placebo/diet. After a median 

duration of 10.7 years in UKPDS, overweight subjects randomized to metformin showed no 
difference in fatal myocardial infarction compared with subjects on diet therapy alone (RR 0.50, 
95% CI 0.23 to 1.09).15 This also held true for sudden death and fatal stroke. Subjects on 
glibenclamide showed no difference in fatal myocardial infarction compared with subjects on 
diet therapy alone (RR 0.82, 95% CI 0.51 to 1.33).16  This also held true for sudden death and 
fatal stroke. Therefore, metformin appeared to be similar in effects on cardiovascular mortality 
compared with glibenclamide. Similar to UKPDS, four other shorter duration RCTs compared 
either metformin or second generation sulfonylureas with placebo finding similar numbers of 
subjects with cardiovascular mortality in each group.88, 96, 150, 189 

 
Meglitinides versus placebo. Three RCTs compared meglitinides with placebo, showing 

similar events between-groups.96, 139, 190 Two of the three RCTs reported one cardiovascular 
death in the arm with meglitinides versus no events in the placebo arms139, 190 while one study 
had no deaths in either arm.96 

 
Non-RCTs and Cohorts 
 
Metformin or second generation sulfonylureas compared with placebo/diet or high-dose 

versus low-dose. Two cohort studies showed conflicting results.14, 187   One retrospective cohort 
study (mean followup 4.8 years) using the Saskatchewan claims’ database of 5,795 Canadian 
diabetic subjects with prescription benefits showed increased cardiovascular mortality when 
comparing high dose glyburide to low dose glyburide while reporting no differences in 
cardiovascular mortality for high dose metformin compared with low dose metformin, after 
adjusting for age, sex, chronic disease score, nitrate use, hospital visits, and physician visits.14 A 
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prospective cohort of 447 diabetic subjects in a New Zealand clinic were followed 10 years with 
a 6.3% loss to followup.187  They showed no significant increases in cardiovascular mortality for 
metformin or for an unspecified second generation sulfonylurea compared with diet.187   

 
Metformin plus second generation sulfonylureas versus placebo/diet. A prospective 

cohort of 447 diabetic subjects in a New Zealand clinic was followed 10 years with a 6.3% loss 
to followup.187  They showed no significant increases in cardiovascular mortality for metformin 
plus an unspecified second generation sulfonylurea compared with diet.187   
 
Cardiovascular Morbidity 
 
Key points 
 

• There were too few studies to support any conclusions about how cardiovascular 
morbidity differed between the medications. 

 
• Only pioglitazone and metformin improved cardiovascular morbidity when compared 

with placebo/diet (1 study each, PROactive and UKPDS). 
 
Evidence grades (see Appendix F, Evidence Tables 17) 
 

• The evidence was graded very low or very low to low for the following comparisons: 
metformin versus second generation sulfonylureas, pioglitazone versus second generation 
sulfonylureas, metformin plus second generation sulfonylurea versus second generation 
sulfonylurea or metformin monotherapy, thiazolidinediones versus metformin, and 
meglitinides versus second generation sulfonylureas. 

 
• The evidence was graded insufficient for all other comparisons. 

 
Direct comparison results (see Appendix F, Evidence Tables 22 and 23) 
 

This group of studies used inconsistent definitions of cardiovascular morbidity and mortality, 
but most relied on standardized methods for outcome assessment such as standardized diagnosis 
codes and/or death certificate data. We will discuss cerebrovascular disease together with 
coronary heart disease due to the limited number of studies and similar etiologies of disease. 
 

RCTs 
 
Thiazolidinediones versus second generation sulfonylureas. Two RCTs comparing a 

thiazolidinedione with a second generation sulfonylurea reported similarly small numbers of 
subjects (<10) with nonfatal myocardial infarction or heart disease in the two groups, ranging 
from 0% to 8.7% in the thiazolidinedione group versus 4.5% to 5% in the second generation 
sulfonylurea groups.54, 67  

 
Thiazolidinediones versus metformin. Three RCTs (reported in 4 publications) of a 

thiazolidinedione and metformin reported similar numbers of subjects with nonfatal myocardial 
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infarction or heart disease in both groups. Two studies reported no cases in the thiazolidinedione 
groups versus 0 to 1 cases in the metformin groups, 54, 58, 143 and one large study (N=639) 
reported 3.1% in the pioglitazone group versus 4.1% in the metformin group.60 

 
Metformin versus second generation sulfonylureas. Two RCTs of a metformin compared 

with a second generation sulfonylurea showed similar cardiac events in both groups (N<4), 
ranging from 0% to 5% in the metformin groups compared with 4.5% to 9% in the second 
generation sulfonylurea groups.54, 87  

 
Second generation sulfonylureas versus metformin plus second generation 

sulfonylureas. UKPDS compared the combination of early metformin added to an unspecified 
second generation sulfonylurea with a second generation sulfonylurea arm. After 6.6 years of 
followup, the study found no difference in nonfatal myocardial infarction, coronary heart 
disease, and non-fatal stroke between these two groups.15 One 6-month RCT (N=106) was 
consistent with these results, showing similar numbers of cardiac events between second 
generation sulfonylurea monotherapy and combination therapy (9% vs 14%).87 

 
Metformin versus other. Two studies lasting 1 to 4 years compared metformin with either 

usual care or to a group where metformin was stopped, and found similar cardiac event rates in 
both groups.150, 176   

 
Other comparisons. All other head-to-head medication comparisons only had 1 to 3 studies, 

mostly showing similar event rates but with small numbers of outcomes.87, 96, 100-102, 105, 108, 116, 117, 

191 
Non-RCTs and Cohorts 
 
Thiazolidinedione versus thiazolidiendione.  One study switched subjects on troglitazone 

to either rosiglitazone or pioglitazone, and followed them for a mean of 3.2 months mainly 
evaluating more proximal clinical measures such as HbA1c.  They reported similar 
cardiovascular disease in both groups, with one cerebrovascular event in the pioglitazone group 
compared with none in the rosiglitazone group.192 

 
Metformin versus second generation sulfonylureas. One cohort study was consistent with 

the results found in the two RCTs.13 This cohort study compared combined cardiovascular 
hospitalizations between metformin and an unspecified second generation sulfonylurea after a 
mean followup of 4.7 years. Metformin had a significant 22% decreased risk of cardiovascular 
hospitalizations, and a significant 16% decreased risk of a composite endpoint of all 
cardiovascular disease compared with second generation sulfonylureas.13 The study adjusted for 
age, race, nitrate use, chronic disease scores, and propensity scores based on the above 
covariates; however, they were unable to adjust for duration of diabetes or HbA1c. This may 
have affected their results since metformin was a newer oral diabetes medication compared with 
first and second generation sulfonylureas. 

 
Metformin plus second generation sulfonylureas versus second generation 

sulfonylureas. In the same cohort study, metformin plus second generation sulfonylurea was 
compared with second generation sulfonylurea monotherapy after a mean followup of 4.7 years 
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for combined cardiovascular hospitalizations, and showed no differences between groups after 
adjustment for multiple covariates.13 

 
Second generation sulfonylureas versus other. Two cohort studies showed results similar 

to the UKPDS.10, 11  One retrospective cohort compared rates of ventricular fibrillation, recurrent 
myocardial infarction, angioplasty plus secondary coronary artery disease, and coronary artery 
bypass graft surgery after acute myocardial infarction post-angioplasty in 185 patients taking 
glibenclamide compared with diabetic patients taking other oral diabetes medications.10 They 
reported no differences between groups except for recurrent angioplasty which was higher in the 
subjects taking other oral diabetes medications compared with glibenclamide (46.7% vs 17.8% 
respectively, p=0.05). Another study evaluated 232 diabetic patients after admission to the 
coronary care unit without adjusting for potential confounders. They found slightly greater in-
hospital arrhythmias (ventricular fibrillation and/or supraventricular tachycardia) in the non-
glibenclamide group compared with the glibenclamide group (15% vs 6%, p<0.05).11 

 
Thiazolidinedione or metformin versus other. One retrospective cohort study of 24,953 

Medicare beneficiaries evaluated a thiazolidinedione and/or metformin compared to other oral 
diabetes medications (not metformin and not thiazolidinediones) in diabetic patients one year 
after acute myocardial infarction using claims and medical record data.184 This study found 
similar cardiovascular outcomes (readmission for nonfatal myocardial infarction and coronary 
artery disease) comparing metformin and/or thiazolidinediones to other oral diabetes 
medications, after adjusting for age, race, sex, comorbidities from medical record abstraction, 
and clinical data from hospitalization such as blood pressure and lab data.184 
 
Comparisons between drug and placebo/diet (see Appendix F, Evidence Tables 22 and 23) 

 
RCTs 
 
Thiazolidinedione versus placebo/diet. Nine RCTs compared nonfatal cardiovascular 

outcomes for thiazolidinediones versus placebo/control with differing results.77, 78, 143, 151, 165, 166, 

170, 172, 185 The majority of these trials added the thiazolidinedione to an existing oral diabetes 
regimen. The PROactive study was the longest trial comparing the secondary prevention of 
cardiovascular events between pioglitazone and placebo added to existing oral diabetes 
regimens. This study showed no difference between pioglitazone and placebo in the nonfatal 
cardiovascular disease single endpoints, yet the study was stopped early due to a favorable effect 
of pioglitazone on the secondary combined outcome of all cause mortality, non-fatal myocardial 
infarction, or stroke, as compared with placebo.185  

Three of the studies evaluating re-stenosis rates found that thiazolidinediones, when added on 
to existing oral diabetes regimens, were more efficacious than placebo/control in decreasing 
cardiovascular events for patients at high risk of secondary cardiovascular events. These studies 
showed re-stenosis rates of 7.7% to 19% in the thiazolidinedione arms compared with 38.2% to 
57.1% in the placebo arms.77, 78, 151 The mechanism of the apparent beneficial effects of 
thiazolidinediones on re-stenosis rates is unclear but may relate to improved glycemic control,151 
a decrease in inflammatory markers,77 or improved lipid levels.78   
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Lastly, five short duration RCTs comparing thiazolidinediones with placebo showed a similar 
percent of subjects with cardiovascular events, ranging from 0% to 6% in the thiazolidinedione 
groups compared with 0% to 6.3% in the placebo groups.143, 165, 166, 170, 172 

 
Metformin versus placebo/diet. Four RCTs evaluated metformin versus placebo or diet for 

nonfatal cardiovascular outcomes.15, 96, 143, 155  After 10 years, the UKPDS found that metformin 
had a 39% decreased risk of the combined endpoint of fatal and nonfatal myocardial infarction 
compared with diet, (RR 0.61; 95% CI 0.41 to 0.89). For the endpoint of nonfatal myocardial 
infarction, metformin had a 31% decreased risk (RR 0.69; 95% CI 0.35 to 1.34). UKPDS also 
showed a 41% decreased risk of stroke compared with diet (RR 0.59; 95% CI 0.29 to 1.18).15  
Three shorter duration RCTs (26 weeks and 2 years) comparing metformin with placebo or diet 
reported 1 subject in each of the metformin groups with a cardiac event while no cases were 
reported in the placebo or diet groups.96, 143, 155 

 
Second generation sulfonylureas versus placebo/diet. UKPDS showed no difference in 

cardiovascular outcomes after 10 years between glibenclamide and diet; however, there was a 
non-significant 26% decreased risk of nonfatal myocardial infarction compared with diet.16 One 
other shorter duration RCT showed similar results to the UKPDS for stroke outcomes.193  

 
Meglitinides versus placebo/diet. Similar cardiovascular event rates were found in the 2 

RCTs comparing meglitinides with placebo or diet.96, 194   
 
Alpha-glucosidase inhibitors versus placebo/diet. In the Van de Laar et al., systematic 

review, no studies were found that evaluated cardiovascular morbidity.38  In our review, we only 
found one RCT comparing acarbose with placebo and showed similar cardiovascular event rates 
between groups.138 

 
Non-RCTs and Cohorts 
 

Second generation sulfonylureas versus placebo/diet. One cohort study found that the 
incidence of prolonged QTc intervals was greater with glibenclamide than diet after 2 years of 
followup.195  However, patients placed on glibenclamide may have had more severe diabetes 
than those placed on diet alone, so results must be interpreted with caution.   
 
Peripheral Vascular Disease 
 
Key points 
 

• No evidence existed that showed a difference between oral diabetes medications in their 
effects on peripheral vascular disease.  

 
 
Evidence grades (see Appendix F, Evidence Table 17) 
 

• The evidence was graded very low for the following comparisons: metformin versus 
second generation sulfonylureas, thiazolidinediones versus second generation 
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sulfonylureas, metformin plus second generation sulfonylurea versus metformin 
monotherapy, and thiazolidinediones versus metformin. 

 
• The evidence was graded insufficient for all other comparisons. 

 
Direct comparison results (see Appendix F, Evidence Table 24 
 

RCTs 
 
Second generation sulfonylureas versus metformin plus second generation 

sulfonylureas.  UKPDS compared early addition of metformin to a second generation 
sulfonylurea compared with second generation sulfonylurea alone after 6.6 years of followup, 
and showed no difference between groups in peripheral vascular disease outcomes (RR 2.12, 
95% CI 0.19 to 23.3).15 
 
Comparisons between drug and placebo/diet (see Appendix F, Evidence Table 24) 
 

RCTs 
 
Metformin or second generation sulfonylureas versus placebo/diet. After a median 

followup of 10 years in UKPDS, glibenclamide showed no difference in amputation or death 
from peripheral vascular disease compared with placebo (RR 0.48, 95% CI 0.17 to 1.31)16 and 
metformin showed no difference compared with diet on peripheral vascular disease (RR 0.74, 
95% CI 0.26 to 2.09).15  However, there were very few amputations or deaths due to peripheral 
vascular disease in UKPDS which hindered the ability to identify a difference in the above 
comparisons. The biggest problem in comparing arms of UKPDS indirectly was the 
heterogeneity between the study groups. The metformin group was all overweight while the 
glibenclamide arm included overweight and normal weight individuals.   

 
Thiazolidinediones versus placebo/diet. The PROactive study was a one-year RCT that 

found no difference in limb amputation or peripheral revascularization procedures for the 
pioglitazone group compared with placebo.185 One additional short duration RCT noted one 
adverse event of peripheral ischemia with rosiglitazone compared with none with placebo.188   

 
Alpha-glucosidase inhibitor comparisons. In a systematic review by Van de Laar et al., no 

studies were found reporting on peripheral vascular disease outcomes for acarbose.38  
 
Retinopathy 
 
Key points 
 

• Only metformin and second generation sulfonylureas were evaluated for retinopathy 
outcomes. No evidence existed that showed a difference between oral diabetes 
medications in their effects on retinopathy. 
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• Glibenclamide decreased the need for photocoagulation, and had a protective effect on 
the combined microvascular outcomes (retinopathy plus nephropathy) compared with 
diet alone in UKPDS.  

 
• Metformin showed no significant effect on retinopathy outcomes compared with diet 

alone in UKPDS.    
 
Evidence grades (see Appendix F, Evidence Table 17) 
 

• The evidence was graded very low or very low to low for the following comparisons: 
metformin versus second generation sulfonylureas, thiazolidinediones versus second 
generation sulfonylureas, metformin plus second generation sulfonylurea versus 
metformin monotherapy, and thiazolidinediones versus metformin. 

 
• The evidence was graded insufficient for all other comparisons. 

 
Direct comparison results (see Appendix F, Evidence Table 25) 
 

RCTs 
 
Second generation sulfonylureas versus second generation sulfonylureas. Two RCTs 

compared one second generation sulfonylurea with another. In a well designed 24-week trial, 
glibenclamide was compared with gliclazide.133  On fundoscopic exam, there was no significant 
difference in improvement rates in existing retinopathy between the two groups. The gliclazide 
group, however, had a significantly smaller number of aggravated cases of retinopathy, with 11% 
versus 3%.  

In a small, unblinded study of 60 subjects196 patients with mild retinopathy as defined by the 
authors (scored a 1 on a scale from 0 to 5 points; corresponds to Scott classification Ia or II) at 
baseline and with diabetes for greater than five years were randomized to gliclazide, their current 
unspecified second generation sulfonylurea, or diet. The incidence rate increased by 7.1% in the 
gliclazide group as compared with a statistically significant increase of 13.6% in the unspecified 
second generation sulfonylurea group. Severity of retinopathy was also worse in the “current” 
second generation sulfonylurea group as compared with the gliclazide group. There was a 
statistically significant increase in preproliferative retinopathy incidence in the “current” second 
generation sulfonylurea group as compared with the gliclazide group.  

 
Second generation sulfonylureas versus metformin plus second generation 

sulfonylureas. UKPDS showed no significant differences in retinopathy outcomes between the 
second generation sulfonylurea and second generation sulfonylurea plus metformin group after 
6.6 years of followup.15 The UKPDS also compared early addition of metformin to second 
generation sulfonylurea versus second generation sulfonylurea monotherapy for the combined 
microvascular outcome (nephropathy and retinopathy) and found no significant differences 
between groups.15 
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Metformin versus other. One study compared retinopathy rates in a group on metformin to 
a group where metformin was stopped while other oral diabetes medications were continued. 
After four years, no significant differences were found between groups.150 
 
Comparisons between drug and placebo/diet (see Appendix F, Evidence Table 25) 
 

RCTs 
 
Metformin or second generation sulfonylureas versus placebo/diet. The UKPDS is the 

longest RCT evaluating metformin and second generat ion second generation sulfonylureas. It 
reports on direct and indirect comparisons of retinopathy outcomes for conventional diet therapy, 
metformin, chlorpropamide, glibenclamide, insulin, or a second generation sulfonylurea given 
with metformin.15, 16 The metformin group had a lower rate of progression to retinopathy than the 
conventional group (diet arm) at 9 years, but there were no significant differences at twelve 
years.15 The risk for retinopathy requiring photocoagulation (RR 0.69, 95% CI 0.34 to1.39), and 
vitreous hemorrhage, (RR 0.75, 95% CI 0.07 to 7.62), decreased with metformin compared with 
conventional treatment. The glibenclamide group showed a non-significant decrease in vitreous 
hemorrhages, and a statistically significant reduction in the need for photocoagulation compared 
with conventional treatment.16 
 The UKPDS also combined retinopathy and nephropathy into a combined microvascular 
disease outcome and reported a significantly decreased risk of microvascular disease with 
glibenclamide compared with diet (RR 0.66, 95% CI 0.47 to 0.93). The UKPDS also compared 
metformin with diet and found no significant differences between groups for the combined 
microvascular outcome.15 
 In a small, unblinded study of 60 subjects,196 patients with mild retinopathy as defined by the 
authors (scored a 1 on a scale from 0 to 5 points; corresponds to Scott classification Ia or II) at 
baseline and with diabetes for greater than five years were randomized to gliclazide, their current 
unspecified second generation sulfonylurea, or diet. The incidence of mild retinopathy increased 
by 7.1% in the gliclazide group as compared with a statistically significant increase of 13.6% in 
the unspecified second generation sulfonylurea group, and a 21.7% increase in the diet group. 
Additionally, there was a statistically significant greater increase in preproliferative retinopathy 
incidence in the diet group when compared with the “current” second generation sulfonylurea 
group.  
 
Nephropathy 
 
Key points 
 

• Insufficient data existed to draw firm conclusions about the comparative effectiveness of 
oral diabetes medications in slowing the development of nephropathy.  

 
• Pioglitazone showed similar effects on nephropathy compared with second generation 

sulfonylureas in 3 short duration RCTs, and showed greater improvements in proteinuria 
when compared with metformin in 2 short duration RCTs. 
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Evidence grades (see Appendix F, Evidence Table 17) 
 

• The evidence was graded very low or very low to low for the following comparisons: 
metformin versus second generation sulfonylureas, thiazolidinediones versus second 
generation sulfonylureas, metformin plus second generation sulfonylurea versus 
metformin monotherapy, and thiazolidinediones versus metformin. 

 
• The evidence was graded insufficient for all other comparisons. 

 
Direct comparison results (see Appendix F, Evidence Table 26) 
 

RCTs 
 
Thiazolidinedione versus second generation sulfonylureas. Three RCTs lasting 3 months 

to one year compared thiazolidinediones with second generation sulfonylureas showing no 
differences between groups in albuminuria or proteinuria.62, 64, 66 Two of these studies showed no 
significant differences between treatment groups.62, 66 The other study showed a significant 
decrease in albuminuria in the pioglitazone arm with a non-significant decrease in the 
comparator arm.64 Two of these studies had higher doses in the thiazolidinedione arms compared 
with the second generation sulfonylurea arms.64, 66 

 
Thiazolidinedione versus metformin. Two RCTS with comparably-dosed drugs56, 60 

reported a significant difference in the decline in urinary albumin-to-creatinine ratio favoring 
pioglitazone compared with metformin, after 11-12 months of treatment.  

 
Thiazolidinedione versus alpha-glucosidase inhibitors. One 3-month RCT with 

comparably-dosed drugs64 reported a significant decline in proteinuria in the pioglitazone arm 
with no significant change in the voglibose arm.  

 
Metformin versus second generation sulfonylureas. In a 3-month RCT with comparably-

dosed drugs, microalbuminuria decreased with metformin compared with a significant increase 
with glibenclamide.85 Additionally, metformin maintained glomerular filtration rates (GFR) 
while the glibenclamide arm showed a significant increase in GFR.85  

 
Metformin versus other. A lower percent change from baseline for urinary albumin-to-

creatinine ratio and serum creatinine was noted when metformin was continued compared with 
stopping metformin, but there was no significant difference between groups at 4 years of 
followup.150  In a comparison of metformin to extended release metformin, two people on 
metformin developed proteinuria and one person withdrew due to this, compared with none with 
extended release metformin.105  

 
Second generation sulfonylureas versus metformin plus second generation 

sulfonylureas. In UKPDS, no significant differences were seen in renal failure or death from 
renal disease between groups comparing second generation sulfonylurea with metformin added 
early to a second generation sulfonylurea after 6.6 years of followup.15 
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Second generation sulfonylureas versus alpha-glucosidase inhibitor. One RCT with 
comparably-dosed drugs compared glibenclamide with voglibose. The author reported that both 
groups showed little change in proteinuria from baseline.64  
 
Comparisons between drug and placebo/diet (see Appendix F, Evidence Table 26) 
 

RCTs 
 
Metformin or second generation sulfonylureas versus placebo/diet. UKPDS combined 

nephropathy into a microvascular complications group that also included retinopathy as noted 
above. Among obese patients, there was no significant difference in the proportion of subjects 
with a urinary albumin above 50 mg/L in the metformin arm versus the diet arm. Renal failure 
and death from renal disease occurred infrequently in both groups and there were no statistically 
significant differences between the two arms. Additionally, no significant differences were seen 
in renal failure or death from renal disease between groups in the UKPDS comparing 
glibenclamide with conventional diet treatment.16  

 
Thiazolidinedione versus placebo/diet. Both the 2 mg per day and 4 mg per day arms of the 

rosiglitazone study showed a statistically significant reduction from baseline in the urinary 
albumin-to-creatinine ratio compared with placebo which showed a slight increase.169 There was 
no overlap in 95% CIs for the highest dose of rosiglitazone compared with placebo.169 A second 
short duration RCT showed no significant differences between pioglitazone and placebo. 163 
 
Neuropathy 
 
Key points 
 

• Too few comparisons existed to compare the effects of different oral diabetes 
medications on neuropathy outcomes. 

• Most of the studies that had data on this outcome did not define neuropathy adequately.  
 
Evidence grades (see Appendix F, Evidence Table 17) 
 

• The evidence was graded very low or very low to low for the following comparisons: 
metformin versus second generation sulfonylureas, thiazolidinediones versus second 
generation sulfonylureas, metformin plus second generation sulfonylurea versus 
metformin monotherapy, and thiazolidinediones versus metformin. 

 
• The evidence was graded insufficient for all other comparisons. 

 
Direct comparison results (see Appendix F, Evidence Table 27) 
 

RCTs. Two studies evaluated withdrawals due to neuropathy.102, 105  One study reported one 
withdrawal due to neuropathy from the metformin arm compared with no drop-outs due to 
neuropathy in the metformin and rosiglitazone combination arms.102 Another study reported one 
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withdrawal from one of the extended release metformin arms due to neuropathy compared with 
no neuropathy drop-outs in the immediate release metformin arm.105   
 
Comparisons between drug and placebo/diet (see Appendix F, Evidence Table 27) 
 

RCTs 
 
Metformin or second generation sulfonylureas versus placebo. We were unable to report 

comparative UKPDS results for the outcome of neuropathy as, these results were reported by 
conventional (diet arm) versus intensive treatment (chlorpropamide, glibenclamide or insulin 
use) and did not break down outcomes further by medication type.  

One RCT148 excluded patients with neuropathy, and then randomized half of the 120 patients 
to diet plus placebo and the other half to diet plus metformin. After four months, sympathovagal 
balance was assessed by heart rate variability. The metformin group showed a significant 
improvement compared with placebo. 
 
Study Quality (see Appendix F, Evidence Table 28)  
 

Of the 55 RCTs that addressed Key Question 2, only 12 described the randomization process. 
The majority of the studies (62%), were double-blinded, yet only half of the double-blinded 
studies described the steps taken to ensure blinding or mentioned the words active placebo or 
double dummies in their methods. Reasons for withdrawals or losses to followup were accounted 
for in 43 of the 55 randomized studies. Overall, 31% of the studies had a quality score of 4 or 
higher while only 9% had a score of 1.  
 
Key Limitations  
 

Data on Key Question 2 were relatively sparse. Meta-analysis was limited by the short 
duration of studies, small numbers of events, and lack of reporting on cardiovascular outcomes in 
many trials, even to state that there were none. Outcomes for cardiovascular morbidity and 
microvascular outcomes were reported in a heterogeneous manner, and patient populations 
differed in their history of heart disease. Microvascular disease outcomes such as retinopathy, 
nephropathy, and neuropathy were mainly reported as secondary or tertiary outcomes, not the 
primary endpoint. Even when microvascular disease was a primary endpoint of studies, the 
outcome measures were usually just surrogate measures. 

While half the studies were RCTs, many of the comparisons came from cohort studies that 
used different statistical adjustments, enrolled different patient populations, and evaluated 
outcomes differently. Additionally, cohort studies many times did not adjust for key confounders 
such as duration of diabetes and glycemic control due to the problems inherent in capturing this 
data. Furthermore, there may be confounding by indication in many of the cohorts. For instance, 
subjects on metformin plus a second generation sulfonylurea are more likely to have worse 
diabetes than subjects on monotherapy. Therefore, combination medications of metformin plus 
second generation sulfonylurea may appear worse than monotherapy, when it is truly reflective 
of worse diabetes. Subjects on second generation sulfonylurea monotherapy may have had 
diabetes longer than subjects on metformin monotherapy in cohort studies making second 
generation sulfonylureas appear worse. 
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We relied heavily on the UKPDS which is the largest and longest RCT, yet this study had 
several limitations. This RCT had few long-term events; therefore, making it difficult to draw 
conclusions due to wide confidence intervals except for combined outcomes. Additionally, they 
compared metformin and glibenclamide with placebo, yet metformin was only used in obese 
subjects while glibenclamide was used in obese and non-obese subjects. Since obesity is a 
known risk factor for cardiovascular disease and may be associated with other comorbidities, 
conclusions on comparative effectiveness between glibenclamide and metformin must be viewed 
with caution. 
  The PROactive study was another large, double-blind RCT that described withdrawals, yet it 
was stopped early leaving the reader with questions regarding their primary endpoint results. 
Additionally, lack of reporting by some RCTs on withdrawals may have led to underreporting of 
some events. 
 
 
Key Question 3:  Do oral diabetes medications for the treatment 
of adults with type 2 diabetes differ in their ability to influence 
other health outcomes including quality of life and functional 
status? 
 
 
Study Design and Population Characteristics  
 
 Five RCTs evaluated the effects of oral diabetes medications on health-related quality of 
life.101, 124, 161, 197, 198 Three were conducted in the U.S. while two were international multi-
country studies. Four of the studies received support from a pharmaceutical company. Almost all 
the studies excluded subjects with a prior history of coronary artery disease. One study excluded 
subjects who had previously taken oral diabetes medications.197 Most participants were middle-
aged obese men, although women constituted up to 45% of the population in some studies. The 
mean duration of diabetes ranged from 3 to 7 years. Most of the subjects were Caucasian; in one 
study, about 70% of subjects were of Asian ancestry (see Appendix F, Evidence Tables 29 and 
30). These study population characteristics were similar to the general population of patients 
with diabetes.50   
 
Quality of Life 
 
Key points 
 

• The small number of studies and the use of different questionnaires across studies made it 
difficult to draw firm conclusions regarding the effects of oral diabetes medications on 
health-related quality of life. 

 
Evidence grades (see Appendix F, Evidence Table 4) 
 

• The evidence was graded insufficient for all comparisons on quality of life. 
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Direct and placebo-controlled trial results (see Appendix F, Evidence Table 31)  
 

Two head-to-head trials and three placebo-controlled RCTs evaluated the effects of oral 
diabetes medications on health-related quality of life.101, 124, 161, 197, 198  They used different tools 
to measure quality of life such as the Diabetes Treatment Satisfaction Questionnaire, Well-being 
Questionnaire, Medical Outcomes Study Short Form-36, Visual Analog Scales (VAS), and 
others. In one study, five visual analogue scales measured perceived health, mental and 
emotional health, symptom distress, cognitive functioning and general health perceptions.198  On 
the overall visual analog scales, subjects taking extended release glipizide scored significantly 
better than subjects taking placebo.198 Another study evaluated the satiety and hunger visual 
analogue scale.161  Subjects taking pioglitazone scored no different than placebo on this scale.161  
On the Diabetes Treatment Satisfaction Questionnaire, subjects taking repaglinide scored 
significantly better than subjects taking placebo; subjects taking metformin plus rosiglitazone 
scored significantly better than subjects taking metformin; and subjects taking glipizide plus 
rosiglitazone scored significantly better than subjects taking glipizide.101, 124, 197   

 
Study Quality (see Appendix F, Evidence Table 32)  
 

All five studies were randomized, and four of the five described their randomization 
technique.197  All studies reported that they were double-blind but only two studies described the 
double-blinding technique or mentioned active placebos or double dummies in their methods 
section.197 Most studies described the number and reasons for withdrawals. 
 
Key Limitations 

 
While validated quality of life questionnaires were used in most of these studies, the studies 

used different questionnaires making it difficult to compare medications. Overall, the data on the 
quality of life effects of oral diabetes medications were sparse. 
 
 
Key Questions 4 and 5:  Do oral diabetes medications for the 
treatment of adults with type 2 diabetes differ in terms of risk of 
the following life-threatening adverse events: life-threatening 
hypoglycemia leading to emergency care or death; liver failure; 
CHF; severe lactic acidosis; cancer; anemia, thrombocytopenia, 
or leucopenia requiring transfusion; and allergic reactions leading 
to hospitalization or death? 
 
Do oral diabetes medications for the treatment of adults with type 
2 diabetes differ in their safety for the following adverse events 
that are not life-threatening: hypoglycemia requiring any 
assistance; elevated aminotransferase levels; pedal edema; 



 

92 

hypervolemia; anemia, thrombocytopenia, and leucopenia not 
requiring transfusion; mild lactic acidosis; and GI problems? 
 
Study Design and Population Characteristics 
 

About two-thirds of the studies on Key Questions 4 and 5 were RCTs, with cohort studies 
comprising most of the research. Very few studies were non-randomized trials, cross-sectional 
studies, or case-control studies. The studies occurred in many different countries with the 
majority involving the U.S. or Europe. Greater than half had support from a pharmaceutical 
company. Study duration varied widely from 3 months to greater than ten years. Most 
participants were middle-aged to older overweight or obese adults. Most studies had slightly 
more men than women, and had mostly Caucasian representation. Duration of diabetes varied 
widely from 1 year to 15 years, and mean baseline HbA1c levels were usually between 7% and 
9% with a few outliers. Most RCTs excluded people with significant cardiovascular, hepatic, or 
renal disease (see Appendix F, Evidence Tables 33 and 34). These study population 
characteristics were similar to the general population of patients with diabetes.50   
 
Hypoglycemia 
 
Key points 
 

• Thiazolidinediones caused less hypoglycemia than second generation sulfonylureas. 
 
• Metformin was associated with less hypoglycemia compared with second generation 

sulfonylureas (glyburide or glimepiride). 
 

• Using indirect comparisons, metformin and thiazolidinediones had a similar incidence of 
hypoglycemia. This was consistent with the few head-to-head trials. 

 
• Glyburide/glibenclamide caused hypoglycemia more often than other second generation 

sulfonylureas. 
 
• Repaglinide had similar numbers of subjects with hypoglycemia compared with second 

generation sulfonylureas. 
 

• Using indirect comparisons, repaglinide was associated with higher hypoglycemia rates 
when compared with thiazolidinediones and metformin. This was consistent with the two 
direct comparisons of repaglinide with thiazoldinediones, while the one direct 
comparison of metformin with repaglinide showed no hypoglycemia in either group. 

 
• Data were sparse on the comparisons of hypoglycemia between acarbose and other oral 

diabetes medications, and between nateglinide and other oral diabetes medications.  
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• Combinations of metformin plus second generation sulfonylurea and second generation 
sulfonylurea plus thiazolidinedione had a higher incidence of hypoglycemia than 
metformin or second generation sulfonylurea monotherapy.  

 
• The combination of metformin plus rosiglitazone had similar numbers of subjects with 

hypoglycemia compared with metformin monotherapy. 
 

• Few serious hypoglycemic events occurred in the RCTs of shorter duration, but were 
higher in the longer duration RCTs and the longer duration cohort studies.   

 
• Second generation sulfonylurea monotherapy had a higher incidence of serious 

hypoglycemia than metformin or thiazolidinedione monotherapy.  
 

• The combination of metformin plus second generation sulfonylurea had a higher 
incidence of serious hypoglycemia compared with metformin monotherapy, and the 
combination of second generation sulfonylurea plus thiazolidinedione had a higher 
incidence of serious hypoglycemia compared with second generation sulfonylurea 
monotherapy. 

 
• Too few comparisons existed to draw conclusions regarding serious hypoglycemia 

among the other diabetes medications. 
 

• As explained in the Methods section, we did not apply the evidence grade criteria to the 
evidence on the comparative risk of hypoglycemia associated with the medications 
because the criteria were designed for studies of efficacy not data on safety.     

 
Direct comparison results (see Appendix F, Evidence Table 35) 
 

RCTs 
 
Thiazolidinediones versus metformin. Only 2 RCTs compared the number of subjects with 

hypoglycemia between thiazolidinediones and metformin. One study showed no hypoglycemic 
events.57 The other study comparing pioglitazone with metformin added these medications to 
second generation sulfonylureas and showed an incidence of hypoglycemia of 10.7% versus 
14.1%, respectively.60  No serious events occurred in either study. 

 
Thiazolidinediones versus second generation sulfonylureas. Five RCTs compared the 

number of subjects with hypoglycemia between thiazolidinediones and second generation 
sulfonylureas, showing a pooled risk difference favoring the thiazolidinediones of -0.09 (95% CI 
-0.15 to -0.03) (see Figure 38).57, 63, 65, 67, 145 No single study markedly influenced the results. 
Heterogeneity tests were significant, yet no source of heterogeneity was identified through 
metaregression. Four studies reported no serious hypoglycemic events occurring in the 
thiazolidinedione groups, while 0 to 3 serious events occurred in the second generation 
sulfonylurea groups.57, 63, 67, 145 
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 Thiazolidinedione plus metformin versus second generation sulfonylurea plus 
metformin.  Similarly, one study compared metformin plus a thiazolidinedione with metformin 
plus a second generation sulfonylurea and reported a higher incidence of subjects with 
hypoglycemia in the arm with the second generation sulfonylurea.71 
 

Thiazolidinediones versus meglitinides. Two RCTs compared thiazolidinediones with 
repaglinide, favoring the thiazolidinediones in both studies (range in percent difference between 
groups of -6 to -4%).73, 74 

 
Other thiazolidinedione comparisons. One RCT reported no subjects with hypoglycemia in 

the thiazolidinedione monotherapy arm compared with 1 subject in the combination arm 
(thiazolidinedione plus second generation sulfonylurea).76 

 
Metformin versus second generation sulfonylureas. Ten RCTs (in 12 publications) 

evaluated hypoglycemia comparing metformin with a second generation sulfonylurea (mostly 
glyburide and a few glimepiride studies).15, 57, 79-81, 84, 87-90, 92, 93  Three of these publications were 
arms of the UKPDS at 3-year, 6-year and 10-year followup with one arm at 6 years for the 
primary diet failure group and one arm for the main randomization group as described in more 
depth earlier in the report. All individual trials favored metformin over second generation 
sulfonylureas, except for a study with no reported subjects with hypoglycemia.90   
 The ten-year followup from UKPDS reported the proportion of subjects per year with 
hypoglycemia as 17.5% for the glibenclamide group overall (obese and non-obese subjects) 
compared with 4.2% in the metformin group (obese subjects).15  The proportion per year of 
subjects with major hypoglycemic events was 2.5% in the glibenclamide group (obese and non-
obese subjects) and 0% in the metformin group (obese subjects).15  In three-year followup of 
UKPDS, the mean annual percent of obese subjects with hypoglycemia in the glibenclamide 
group was 26.8% versus 6.3% in the metformin group, and the mean annual percent of obese 
subjects with major hypoglycemic events was 1.3% for the glibenclamide group versus 0.5% for 
the metformin group.92   
 We pooled the shorter duration RCTs which favored metformin over second generation 
sulfonylureas, with a pooled risk difference of -0.04 (95% CI -0.09 to -0.003) (see Figure 39). 
No single study markedly influenced these results. Heterogeneity tests were significant, yet no 
source of heterogeneity was detected through metaregression. Removing Garber et al., reduced 
the heterogeneity, and slightly changed the pooled risk difference to -0.02 (95% CI -0.04 to 
0.00). The study by Garber et al., was a high quality double-blind trial with no apparent 
differences from the other studies.80  These results support the results seen in the UKPDS 
favoring metformin; however, the absolute risk difference was lower than in UKPDS likely due 
to the differences in study duration and definitions of hypoglycemia. Additionally, one short 
duration RCT evaluated only the percent of subjects with serious hypoglycemic events and 
favored metformin (between-group difference of -14%).87 
 
 Metformin versus meglitinides.  Two RCTs compared metformin with meglitinides (one 
repaglinide and one nateglinide), with no consistent effects. The study comparing repaglinide 
with metformin showed no subjects with hypoglycemia in either group after 12 weeks.97 The 
study comparing nateglinide with metformin showed a slightly lower incidence of hypoglycemia 
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in the metformin group (between-group difference -2.7%), yet they used submaximal doses of 
metformin.96 
 

Metformin versus metformin plus second generation sulfonylureas.  Nine RCTs (2 with 
2 sub-arms, and one crossover study) evaluated the number of subjects with hypoglycemia 
comparing metformin with the combination of metformin and a second generation sulfonylurea, 
favoring metformin monotherapy with a pooled risk difference of -0.14 (95% CI -0.21 to -0.07) 
(see Figure 40).79-81, 84, 87-89, 95, 104  No single study markedly influenced the results. Heterogeneity 
tests were significant, yet no source of heterogeneity was identified with metaregression. 
Removing the study by Garber et al., reduced the heterogeneity, and slightly changed the pooled 
risk difference to -0.11 (95% CI -0.14 to -0.07).  However, this was a high quality double-blind 
trial with no apparent clinical difference from the other studies.80 A few studies reported the 
number of subjects with serious or major events requiring help of a third party which was similar 
between groups, yet slightly favored the monotherapy arm (range in between-group differences 0 
to 1.4%).84, 89, 104 

 
Metformin versus metformin plus thiazolidinedione. Three short duration RCTs (1 with 2 

sub-arms) compared metformin with the combination of metformin and a thiazolidinedione, 
showing no differences between groups with a pooled risk difference of 0.00 (-0.01 to 0.01) (see 
Figure 41).100, 101, 103 No single study markedly influenced the results.  Heterogeneity tests were 
not significant. One study showed a dose-response gradient with higher numbers of subjects with 
hypoglycemia in the higher dose combination arm compared with monotherapy.103  No serious 
hypoglycemic events were reported. 

 
Other metformin comparisons. One short duration RCT compared metformin immediate 

release with extended release showing similar numbers of subjects with hypoglycemia.105 
 
Second generation sulfonylureas versus second generation sulfonylureas. Glyburide or 

glibenclamide had higher number of subjects with hypoglycemia than glimepiride, gliclazide, 
and glipizide in 6 studies (pooled risk difference 0.03 (95% CI 0.005 to 0.05)) (see Figure 42).107, 

109, 112, 114, 133, 147  One trial reported no withdrawals in either group from hypoglycemia.110  Two 
additional RCTs compared two different types of second generation sulfonylureas with one 
another showing no clear differences between groups.106, 108  

 
Second generation sulfonylureas versus meglitinides. We combined the five trials116, 117, 

119-122 comparing the second generation sulfonylureas (mostly glyburide) to repaglinide in a 
meta-analysis which showed no differences in number of subjects with hypoglycemia between 
groups, with a pooled risk difference of 0.02 (95% CI -0.02 to 0.05) (see Figure 43). One 
additional RCT comparing nateglinide with second generation sulfonylurea reported only the 
number that withdrew due to hypoglycemia (0 vs 3, respectively), so we were unable to combine 
that in the meta-analysis.122 The number of participants that withdrew from these trials due to 
hypoglycemia showed no difference between groups, when reported.116, 119, 122  Only one RCT 
reported on serious or major events showing no events in either group.119 An additional 24 week 
open-label cross-over RCT was published since our search was completed, favoring 
repaglinide.199 This study evaluated episodes of symptomatic hypoglycemia and not numbers of 
subjects so we were unable to add this to our meta-analysis.  They reported a higher incidence of 
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symptomatic hypoglycemic episodes (along with fingerstick glucose less than 60 mg/dL) in 88 
elderly subjects (greater than 65 years of age) with glibenclamide compared with repaglinide (53 
vs 24 episodes, p<0.0004). No serious hypoglycemic episodes occurred in either group.  

 
Second generation sulfonylureas versus metformin plus second generation 

sulfonylureas. Nine RCTs (2 with 2 sub-arms) compared hypoglycemia between a second 
generation sulfonylurea and the combination of a second generation sulfonylurea plus 
metformin, favoring second generation sulfonylurea monotherapy.79-81, 84, 87-89, 95, 129  Two articles 
describing UKPDS compared a second generation sulfonylurea (first and second generations 
combined) with a combination of a second generation sulfonylurea and metformin.15, 128  One 
article compared the rates after three years showing a mean annual rate of 2.5% for the second 
generation sulfonylurea group (chlorpropamide or glibenclamide) compared with a mean annual 
rate of 4.5% for the combination of second generation sulfonylurea and metformin.128  They also 
reported similar major hypoglycemic events for each arm (0 vs 1 case, respectively). The other 
article reported death from hypoglycemia as an outcome for the combination versus second 
generation sulfonylurea group, and reported no events in either group after 6.6 years.15 
 We pooled the eight similar RCTs (without UKPDS, since differences in study duration 
would affect the pooled risk estimate), and found that they were consistent with the UKPDS in 
showing a lower number of subjects with hypoglycemia in the second generation sulfonylurea 
arm compared with the combination of a second generation sulfonylurea and metformin (pooled 
risk difference was -0.11 (95% CI -0.14 to -0.07) (see Figure 44)).79-81, 84, 87-89, 95 No single study 
markedly influenced the results. Three studies favored the combination arms over the 
monotherapy arms,79, 87, 129 one of which we did not include in the meta-analysis129 because it 
compared the addition of metformin to an existing second generation sulfonylurea versus upward 
titration of the existing second generation sulfonylurea which may explain the higher incidence 
of hypoglycemia reported with the upward titration of second generation sulfonylurea arm.129 
Only two of the shorter duration RCTs reported on the number of subjects with serious 
hypoglycemia showing a similar incidence between groups (range in between-group differences 
-1 to 0.6%).84, 89   
 

Second generation sulfonylureas versus second generation sulfonylureas plus 
thiazolidinedione. Three RCTs compared second generation sulfonylurea with a combination of 
second generation sulfonylurea and thiazolidinedione, favoring second generation sulfonylurea 
monotherapy with a pooled risk difference of -0.08 (95% CI -0.15 to -0.0009) (see Figure 45).124-

126 Heterogeneity tests were significant, and dosing was a significant source of heterogeneity in 
metaregression. Removing the study by Rosenstock et al.,124 changed the confidence interval 
slightly to show no differences between groups; however, this was a high quality double-blind 
study similar to the other trials. Additionally, combination therapy had slightly higher rates of 
serious hypoglycemia compared with monotherapy in all three studies (range in between-group 
differences of -0.8 to -0.6%). 

 
Alpha-glucosidase inhibitors comparisons. A systematic review by Van de Laar et al., 

reported total adverse events between acarbose and second generation sulfonylurea but did not 
break it down beyond GI effects.38 The few articles identified in addition to their review showed 
a similar effect on the number of subjects with hypoglycemia between metformin and acarbose99 
and favored acarbose when compared with second generation sulfonylureas.130  
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Repaglinide versus nateglinide. One 16-week RCT with comparably-dosed drugs compared 
nateglinide with repaglinide showing a higher incidence of hypoglycemia in the repaglinide 
group (0 vs 7%).131 

 
Non-RCTs or cohorts 
 
Thiazolidinedione versus other oral diabetes medications. One retrospective cohort study 

in the elderly (>75 years old) compared pioglitazone (n=11), rosiglitazone (n=13), metformin 
(n=48), and second generation sulfonylureas (n=121) showing similar numbers of subjects with 
hypoglycemia for all groups except metformin which was lower (9.1%, 15.4%, 4.2%, and 14.9% 
respectively). However, about two-thirds of subjects taking pioglitazone were on additional 
medications, most of which were second generation sulfonylureas.200 Furthermore, the number of 
subjects taking thiazolidinediones were small (n=11 and 13) compared with metformin (n=48).  

 
Metformin versus second generation sulfonylureas. Consistent with the RCT results, two 

cohort studies also compared metformin with a second generation sulfonylurea and reported an 
incidence of subjects with hypoglycemia that favored metformin over the second generation 
sulfonylureas.200, 201  One retrospective cohort study in the elderly (>75 years old) in long-term 
care facilities compared metformin (n=48) with an unspecified second generation sulfonylurea 
(n=121), showing a higher incidence of hypoglycemia for the second generation sulfonylurea 
arm (4.2% vs 14.9%).200 The other cohort study compared cases of serious hypoglycemia 
between second generation sulfonylurea and metformin or diet, showing a higher incidence of 
serious hypoglycemia in subjects taking second generation sulfonylureas (0.9 per 100 person-
years versus 0.05 per 100 person-years). However, since subjects on diet alone and metformin 
were mixed, these results must be viewed with caution. 201 

 
 Second generation sulfonylureas versus second generation sulfonylureas. Consistent with 
results in the RCTs, three cohort studies noted the incidence of hypoglycemia was greater with 
glyburide or glibenclamide compared with other second generation sulfonylureas.202-204 A fourth 
retrospective cohort study of 255 subjects during 20,715 person-years of followup compared the 
number of subjects with serious hypoglycemia in older adults (>65 years old) between glyburide 
and glipizide, and found moderately greater risk of serious hypoglycemia in subjects taking 
glyburide (RR 1.9, 95% CI 1.2 to 2.9).205  
 
Comparisons between drug and placebo or cohorts without comparisons (see Appendix F, 
Evidence Table 35) 
 

RCTs. In general, the placebo-controlled trials were consistent with the direct comparisons 
showing slightly higher numbers of subjects with hypoglycemia compared with placebo for 
second generation sulfonylureas and repaglinide, versus less hypoglycemia in placebo-controlled 
trials with metformin, pioglitazone, nateglinide, and acarbose (see Table 18). Rosiglitazone 
compared with placebo had slightly higher numbers of subjects with hypoglycemia than 
expected, yet these trials all compared rosiglitazone versus placebo in addition to existing second 
generation sulfonylureas.  One additional RCT compared the combination of metformin plus 
second generation sulfonylurea with placebo in 2 doses, favoring the placebo arm (range in 
between-group percent differences 4.5 to 15.4%).79 



 

98 

 We conducted indirect comparisons for the oral diabetes medications with few direct 
comparisons, and for which there were sufficient placebo-controlled trials. Repaglinide was 
associated with greater numbers of subjects with hypoglycemia than pioglitazone, rosiglitazone 
and metformin, which is consistent with the few head-to-head comparisons (see Table 19).  
Metformin was associated with similar numbers of subjects with hypoglycemia compared with 
pioglitazone and rosiglitazone, which was consistent with the few direct comparisons (see Table 
20). 
 Additionally, we did not combine the UKPDS in the meta-analysis due to its longer study 
duration. However, the results from the UKPDS are consistent with these results. In the UKPDS, 
the mean annual rate of hypoglycemia over 3 years was 6.3% for the metformin group versus 
1.2% in the diet group.92 At 10-year followup there was 1 major hypoglycemic event in the 
metformin group compared with none in the diet group.15  The UKPDS also compared 
glibenclamide with diet and noted no deaths from hypoglycemia over 10 years in either group;15 
however, the mean proportion of patients per year with any hypoglycemic episode was 17.7% for 
glibenclamide-treated subjects compared with 1.2% for diet treated subjects.16 The proportion 
per year of subjects with major hypoglycemic events was 2.5% in the glibenclamide group 
compared with 0% in the diet group.16 
 

Non-RCTs and cohorts without a comparison group 
 
Second generation sulfonylureas. Two pre-post studies, one cohort study, and one cross-

sectional study evaluated hypoglycemia outcomes for a second generation or unspecified second 
generation sulfonylurea.206-209  One cohort and one pre-post study lasting 22-24 weeks showed 
absolute total symptomatic hypoglycemia rates ranging from 9% to 16%.206, 207 The cross-
sectional survey reported a 3% incidence of serious or major hypoglycemia requiring the help of 
another person.208 One of the 2-year pre-post studies only reported the number that withdrew due 
to hypoglycemia which was less than 0.01%.209  These results were consistent with the range of 
hypoglycemia seen in the RCTs on second generation sulfonylureas. 

 
Metformin plus second generation sulfonylurea. One cohort study and one pre-post study 

evaluated hypoglycemia outcomes for metformin in combination with an unspecified second 
generation sulfonylurea.210, 211 One was 12 weeks in duration and the other was one year in 
duration. Both reported that less than 1% of patients had either serious or total hypoglycemic 
events. This incidence was lower than the 5-18% incidence of hypoglycemia seen in the RCTs. 
This may have been due to evaluating severe hypoglycemia in the retrospective cohort study as 
well as the method of ascertainment of medical record review, or due to the short duration in the 
pre-post study. 

 
Nateglinide. One pre-post open-label 12 week study of 105 subjects taking nateglinide 120 

mg thrice daily reported 12.4% hypoglycemic cases. This is consistent with results seen in the 
RCTs.212 

 
Alpha-glucosidase inhibitors. In a 5 year post-marketing surveillance study of acarbose, 

less than 1% of patients developed hypoglycemia.213  
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Metformin XR. One pre-post study switched subjects from immediate release metformin to 
extended release metformin and reported no episodes of major hypoglycemia after 4 months.214 

 

Gastrointestinal Adverse Events 
 
Key points 
 

• Metformin was associated with more frequent GI adverse events compared with 
thiazolidinediones, second generation sulfonylureas, and combination therapies that do 
not include metformin or acarbose. 

 
• Metformin monotherapy was associated with more frequent adverse GI events compared 

with the combination of metformin plus a second generation sulfonylurea or metformin 
plus thiazolidinediones if the metformin component is a lower dose than the metformin 
monotherapy arm. 

 
• There was a suggestion from a few placebo-controlled and head-to-head trials that 

metformin and acarbose may have a similar incidence of GI adverse events. 
 

• There was a suggestion from a few placebo-controlled and head-to-head trials that 
meglitinides may have a lower incidence of GI adverse events than metformin.   

 
Direct comparison results (see Appendix F, Evidence Table 35) 
 

RCTs 
 
Thiazolidinedione versus thiazolidinedione. One RCT compared rosiglitazone and 

pioglitazone and reported no significant difference in the incidence of subjects with transient 
flatulence (which occurred in about 4.8% of all participants).53 

 
Thiazolidinedione versus metformin. Three RCTs compared pioglitazone with metformin, 

favoring pioglitazone over metformin.  The incidence of subjects with diarrhea in the 
pioglitazone group ranged from 2.5% to 3% compared to 4.2% to 16% in the metformin group.56, 

59, 60 Nausea was approximately double in the metformin group in the one study which examined 
this outcome.56 

 
Thiazolidinedione versus second generation sulfonylurea. One RCT compared 

pioglitazone with gliclazide and reported a similar incidence of subjects with at least one GI 
adverse event. The study reported a 2.9% incidence of diarrhea in the pioglitazone group 
compared to 3.4% in the gliclazide group, and a 4.3% incidence of nausea in the pioglitazone 
group compared to 5.1% in the gliclazide group.63  

 
Thiazolidinedione plus metformin versus second generation sulfonylurea plus 

metformin. Similarly, two additional RCTs compared thiazolidinediones plus metformin versus 
second generation sulfonylureas plus metformin showing a similar incidence of subjects with GI 
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adverse events in the 2 groups: 3%-10% in the thiazolidinedione plus metformin group versus 
4%-11% in the second generation sulfonylurea plus metformin group.71, 72 

 
Thaizolidinedione versus meglitinides. One RCT compared rosiglitazone and repaglinide 

showing the incidence of subjects with diarrhea in the 2 groups was similar, 3% versus 5%.73  
 
Thiazolidinediones versus alpha-glucosidase inhibitors. One RCT compared the incidence 

of abdominal distension/flatulence between pioglitazone and acarbose, and reported that no 
participants had GI adverse events in the pioglitazone group while 46 participants (34%) had GI 
adverse events in the acarbose group.75 One patient in the acarbose group withdrew from the 
study because of these symptoms.75 

 
Metformin versus second generation sulfonylurea. Thirteen comparisons in 10 RCTs 

compared the incidence of subjects with  at least one GI adverse event between metformin and a 
second generation sulfonylurea (mostly glyburide) favoring second generation sulfonylureas 
(range in between-group differences of 1.6% to 14.3%).79-82, 84-89  One RCT compared the number 
that withdrew due to nausea and/or diarrhea between groups favoring the second generation 
sulfonylurea arm, 2 cases in the metformin arm versus 0 cases in the second generation 
sulfonylurea arm.90 

 
Metformin versus meglitinides. Two RCTs compared nausea and diarrhea between 

metformin and either nateglinide or repaglinide, favoring meglitinides slightly.96, 97 The 
incidence of withdrawals due to GI adverse events was similar in the metformin groups (3.3-
3.6%) and only 0-1% in the meglitinide groups. Additionally, one of the trials reported the 
incidence of subjects with at least one GI adverse event of any kind as 19.7% in the metformin 
group versus none in the meglitinide groups.96 

 
Metformin versus alpha-glucosidase inhibitors.  In the review by Van de Laar et al., one 

study comparing miglitol with metformin reported no significant differences between groups in 
GI adverse events. We found one additional RCT reporting the incidence of withdrawal due to 
GI adverse events for metformin and acarbose, favoring metformin. The incidence of withdrawal 
secondary to GI adverse events was 14.8% in the metformin group versus 58% in the acarbose 
group.99 

 
Metformin versus metformin plus thiazolidinediones. Three RCTs compared the 

incidence of subjects with at least one GI adverse event between metformin and a combination of 
metformin plus a thaizolidinedione showing conflicting results.100-102  Two RCTs showed a 
similar incidence between groups (between-group difference of -1.4% to 3%). One of these 
RCTs used a lower dose of metformin in the combination arm compared with the metformin 
monotherapy arm (2000 mg versus 3000 mg respectively).101  A third RCT did an intention to 
treat analysis of GI adverse events and showed a higher incidence in the metformin monotherapy 
group (OR 1.64, 95% CI 1.19 to 2.24).100  This study used a lower dose of metformin in the 
combination arm compared with the metformin monotherapy arm which may explain the 
differences (1000 mg vs 2000 mg).   
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Metformin versus metformin plus second generation sulfonylureas. Nine RCTs 
compared subjects with GI adverse events between metformin and a combination of metformin 
plus a second generation sulfonylurea, favoring the combination arm.79-82, 84, 87-89, 104 These 
studies reported several different GI outcomes, and many of the combination medications had a 
lower dose of metformin than the metformin monotherapy arms. Several of these studies 
reported a greater percentage of subjects with diarrhea in the metformin monotherapy group80, 88, 

89 while other studies reported more nausea and vomiting in the metformin monotherapy 
group.79-81 One study showed a much greater incidence of subjects with total GI adverse events 
in the metformin monotherapy group (63% versus 35%)87 and another study reported more 
flatulence in the combination group (2.5%-6% versus 2%).81 

 
Other metformin comparisons. One RCT compared subjects with GI adverse events 

between metformin and extended release metformin. More flatulence and diarrhea were reported 
in the extended release metformin group, whereas more dyspepsia and heartburn were reported 
in the regular metformin group.105 

 
Second generation sulfonylurea versus second generation sulfonylurea.  One RCT 

showed similar numbers of subjects with GI adverse events in both second generation 
sulfonylurea groups, 7% vs 6%.109 

 
Second generation sulfonylurea versus metformin plus second generation sulfonylurea. 

Ten RCTs compared the incidence of subjects with GI adverse events between a second 
generation sulfonylurea and the combination of a second generation sulfonylureas plus 
metformin favoring the second generation sulfonylurea monotherapy arm. There were 
significantly more subjects with GI adverse events in the combination group than in the second 
generation sulfonylurea monotherapy group (incidence ranging from 3% to 26% versus 0% to 
6%).79-82, 84, 87-89, 128, 129 Only one RCT compared the incidence of flatulence between a second 
generation sulfonylurea and a combination of a second generation sulfonylurea plus a 
thiazolidinedione, and noted no significant difference between groups.172 

 
Second generation sulfonylurea versus alpha-glucosidase inhibitors. In the review by 

Van de Laar et al., no RCTs compared acarbose or miglitol with a second generation 
sulfonylurea with regard to GI adverse events. We found one RCT comparing the incidence of 
GI adverse events between glimepiride and acarbose, favoring glimepiride: 20% in the 
glimepiride group versus 51% in the acarbose group.130 

 
Nateglinide versus repaglinide. One RCT reported that the incidence of withdrawal due to 

diarrhea was similar for nateglinide and repaglinide, with 0% in the nateglinide group versus less 
than 1% in the repaglinide group.131 

 
Non-RCTs or cohorts. These studies were generally consistent with results from the RCTs.  

One study reported the results of a cross-sectional survey on diarrhea in subjects with diabetes at 
an outpatient diabetes clinic with results similar to the RCTs. It compared the incidence of 
diarrhea for metformin, second generation sulfonylureas, metformin plus a second generation 
sulfonylurea, and diet. It found a statistically significantly higher incidence of subjects with 
diarrhea in the metformin groups compared with second generation sulfonylurea or diet groups 
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(incidence of 20%, 20%, 6%, and 6% for metformin, metformin plus second generation 
sulfonylurea, second generation sulfonylurea, and diet, respectively).215 Additionally, a 
retrospective cohort study in the elderly (>75 years old) compared pioglitazone (n=11), 
rosiglitazone (n=13), metformin (n=48), and second generation sulfonylureas (n=121) showing 
similar numbers of subjects with nausea and vomiting for all groups (4, 0, 5, and 2 cases 
respectively).  The pioglitazone group had the highest percent (36.4%), and metformin the 
second highest percent (10.4%). However, about two-thirds of subjects taking pioglitazone were 
on additional medications, most of which were second generation sulfonylureas.200 Furthermore, 
the number of subjects taking thiazolidinediones were small (n=11 and 13) compared with 
metformin (n=48). Another cross-sectional study compared GI adverse events using the validated 
Diabetes Bowel Symptom Questionnaire.216 They showed that metformin was associated with 
chronic diarrhea (OR 3.08; 95% CI 1.29 to 7.36) and fecal incontinence (OR 1.95; 95% CI 1.10 
to 3.47) when compared with subjects not taking metformin, after adjusting for age, gender, 
smoking, diabetes complications, duration of diabetes, and other potential confounders.  
Additionally, they reported that second generation sulfonylureas were associated with less 
abdominal pain than subjects not taking second generation sulfonylureas (OR 0.40; 95% CI 0.19 
to 0.82), after adjusting for multiple confounders.216  
 
Comparisons between drug and placebo (see Appendix F, Evidence Table 35)  
 

The placebo-controlled trials were consistent with the head-tohead comparisons. 
 
RCTs 
 
Thiazolidinedione versus placebo. One RCT reported similar numbers of subjects with 

flatulence in both groups, 7 vs 6%.172 
 
Metformin versus placebo. The incidence of subjects with at least one GI event in the 

metformin groups was higher than in the placebo groups in ten RCTs, ranging from 14% to 29% 
in the metformin groups versus 1.4% to 13% in the placebo groups.79, 88, 88, 96, 99, 148-150, 154, 217  The 
incidence of withdrawal secondary to GI adverse events in the 2 groups ranged from 3% to 48% 
in the metformin group versus 1% to 9% in the placebo group.  

 
Second generation sulfonylureas versus placebo. A higher incidence of subjects with both 

nausea and diarrhea was observed in the second generation sulfonylurea groups (0-6%) 
compared with placebo (0%) in three of the four RCTs, but only when using high doses of the 
second generation sulfonylurea.79, 134, 136, 189  The fourth RCT showed no differences between 
groups.79 

 
Meglitinides versus placebo. Two RCTs compared the incidence of subjects with GI 

adverse events between meglitinides (range of 7.5-11%) and placebo (range of 3-4%), favoring 
placebo.139, 194 Two additional RCTs reported similar numbers of withdrawals due to GI adverse 
events between groups (0.6% to 1.5% in the meglitinide arms versus 0% to 1.7% in the placebo 
arms).96, 218 
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Alpha-glucosidase inhibitors versus placebo. In the systematic review by Van de Laar et 
al.,38 acarbose had an increased odds of GI adverse events compared with placebo in four studies 
(OR 3.3, 95% CI 2.31 to 4.71), and miglitol in 2 studies showed similar results compared with 
placebo.38 We found 3 additional RCTs that were consistent with these results, reporting more GI 
adverse events in the acarbose groups compared with the placebo groups.99, 138, 153 

 
Metformin plus second generation sulfonylurea versus placebo. In one study, the 

incidence of subjects with GI adverse events was dose dependent and ranged from 32% to 38% 
in the combination group versus 24% in the placebo group.79  

 
Cohorts without comparisons. Four cohort studies, four pre-post studies, and one cross-

sectional study evaluated GI adverse events. One study evaluated pioglitazone, one acarbose, one 
metformin, one metformin extended release, one glimepiride, one nateglinide, and three 
metformin with an unspecified second generation sulfonylurea.206, 210-214, 219-221  The reported GI 
adverse event rates in these studies were consistent with what was reported in the RCTs, except 
for the study on nateglinide which reported slightly higher rates than reported in the RCTs, 21% 
with diarrhea, 11.4% with nausea, and 10.5% with abdominal pain.212 The highest rates were for 
metformin monotherapy, combinations using metformin, acarbose, and nateglinide. The lowest 
rates were reported for pioglitazone and glimepiride. 

 
Elevated Serum Aminotransferase Levels 
 
Key points 
 

• Several oral diabetes medications (thiazolidinediones, second generation sulfonylureas, 
and metformin) appeared to have similar low rates (<1%) of clinically relevant elevations 
of serum aminotransferase levels (> 1.5 to 2 times the upper limit of normal or liver 
failure). 

 
• Insufficient studies evaluated or reported on the effects of meglitinides and acarbose on 

serum aminotransferase levels, but they appeared to be similar to effects of other oral 
diabetes medications. 

 
Direct comparison results (see Appendix F, Evidence Table 35) 
 

RCTs 
 
Thiazolidinedione versus thiazolidinedione. One RCT compared rosiglitazone with 

pioglitazone, and found elevations in aminotransferases in two patients (4.8%) in the 
rosiglitazone group and one patient (2.2%) in the pioglitazone group.53  

 
Thiazolidinediones versus metformin. Three RCTs reported similar aminotransferase 

elevations comparing pioglitazone with metformin.56, 57, 60 One study reported a 0.9% incidence 
of subjects with elevated aminotransferase levels in the pioglitazone group compared with 2.2% 
in the metformin group.56 This same study reported hepatotoxicity that resolved after 
withdrawing the oral diabetes medications in two subjects in the pioglitazone group compared 
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with one subject in the metformin group.56 Two additional studies reported no aminotransferase 
elevations in either group.57, 60  

 
Thiazolidinedione versus second generation sulfonylurea. Three RCTs reported a similar 

incidence of subjects with elevated aminotransferases when comparing a thiazolidinedione to a 
second generation sulfonylurea.57, 63, 67 Two studies reported no adverse effects on 
aminotransferase levels in either group.57, 67 One study reported a 0.5% incidence of 
aminotransferase abnormalities in the thiazolidinedione (pioglitazone) group compared to an 
incidence of 1.6% in the second generation sulfonylurea (gliclazide) group.63  

 
Thiazolidinedione plus metformin versus second generation sulfonylurea plus 

metformin. Conversely, one RCT compared rosiglitazone plus metformin with glimepiride plus 
metformin, and three aminotransferase elevations (6.3%) were reported in the rosiglitazone plus 
metformin group versus none in the glimepiride plus metformin group.72 

 
Thiazolidinediones versus meglitinides. Two RCTs compared a thiazolidinedione with 

repaglinide,73, 74 and one reported one serious elevation in aminotransferases in the repaglinide 
group.74 No other aminotranferase elevations were reported in either study. 

 
Thiazolidinediones versus alpha-glucosidase inhibitors. One RCT reported two 

withdrawals in the acarbose group due to aminotransferase elevations, and none in the 
pioglitazone group.75 No other aminotransferase elevations were reported in either group.75 

 
Other thiazolidinedione comparisons. Two RCTs compared pioglitazone with uptitration 

of other diabetes medications, showing no elevations more than 2 times the upper limit of normal 
in either group.78, 151 

 
Metformin versus second generation sulfonylureas. One RCT compared metformin to 

glimepiride, and reported no adverse effects on aminotransfereases in either group.57   
 
Metformin versus metformin plus thiazolidinediones. Three RCTs compared metformin 

with the combination of metformin plus rosiglitazone, reporting either no or similarly low 
incidence of aminotransferase abnormalities in both groups.100, 101, 103  

 
Metformin or second generation sulfonylurea monotherapy versus metformin plus 

second generation sulfonylurea. One crossover study reported one aminotransferase elevation 
in the glibenclamide arm compared with no events in the metformin or metformin plus 
glibenclamide arms.95 

 
Second generation sulfonylurea versus second generation sulfonylurea.  One RCT 

compared one second generation sulfonylurea with another and showed the same number (4 
cases) of aminotransferase elevations in both groups (3 vs 3%).133 

 
Second generation sulfonylurea versus second generation sulfonylurea plus 

thiazolidinedione. Three RCTs compared a second generation sulfonylurea with a second 
generation sulfonylurea plus a thiazolidinedione, reporting one case of aminotransferase 
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elevation in the second generation sulfonylurea monotherapy arm of one study, and no cases in 
any other groups.124-126 

 
Non-RCTs or cohorts. The non-randomized trials and cohorts were consistent with the 
randomized trials. 
 

Thiazolidinedione comparisons. One retrospective cohort study identified subjects newly 
prescribed rosiglitazone with and without abnormal liver function tests at baseline using linked 
lab and prescription data at three hospitals in Indiana, and followed them for 12 months.222 They 
reported that 10% of subjects in cohort 1 (subjects on rosiglitazone with elevated baseline 
aminotransferase levels) developed mild to moderate aminotransferase elevations (up to10 times 
the baseline value), while 6.6% of subjects in cohort 2 (subjects taking rosiglitazone with normal 
basleine values) developed mild to moderate aminotransferase elevations (up to 10 times the 
upper limit of normal). They also reported that 0.9% in cohort 1 versus 0.6% in cohort 2 had 
severe elevations in aminotransferase elevations (> 10 fold elevations from baseline or the upper 
limit of normal). Of note, the mean baseline aminotransferase levels in cohort 1 were only 
minimally elevated (<50 IU/L).  However, of the 15 subjects with elevated baseline 
aminotransferase levels more than 2.5 times the upper limit of normal, none developed mild to 
moderate elevations in liver function tests.  Additionally, 61% of cohort 1 normalized their liver 
enzymes over the course of a year. 

 An additional retrospective cohort study compared subjects taking pioglitazone with 
matched pairs of subjects taking rosiglitazone, metformin, or second generation sulfonylurea 
therapy based on a propensity score developed from confounders, and found no significant 
differences between groups in risk of liver failure or hepatitis. The two-year incidence rate of 
liver failure or hepatitis was 0.3% in the pioglitazone group, 0.4% in the rosiglitazone group, 
0.5% in the metformin group, and 0.7% in the second generation sulfonylurea group. This was 
slightly less than the range seen in the RCTs.223 

 
Metformin or second generation sulfonylurea comparisons. Another retrospective cohort 

used claims data from five Health Maintenance Organizations to identify acute liver failure or 
injury, and compared metformin to no metformin (HR 1.37; 95% CI 0.49 to 3.78) and second 
generation sulfonylurea to no second generation sulfonylurea (HR 1.44; 95% CI 0.59 to 3.50), 
showing no significant differences between groups. The age- and sex- standardized incidence per 
1000 person-years was 0.08 for second generation sulfonylurea-users versus 0.12 for metformin-
users.224  

 
Other comparisons. One non-randomized trial reported no aminotransferase adverse events 

for the following comparisons: pioglitazone versus pioglitazone plus second generation 
sulfonylurea, pioglitazone versus gliclazide, and gliclazide versus pioglitazone plus gliclazide.225 
Another non-randomized trial comparing rosiglitazone, pioglitazone and troglitazone reported 
one aminotransferase elevation (2.6%) in the rosiglitazone arm compared with no elevations in 
the other two arms.142  
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Comparisons between drugs and placebo or cohorts without comparisons (see Appendix F, 
Evidence Table 35) 
 

RCTs. The placebo-controlled trial results were consistent with the head-to-head trials. 
 
Thiazolidinedione versus placebo/diet. Twelve RCTs compared a thiazolidinedione 

(rosiglitazone or pioglitazone) with placebo, 140, 141, 160, 162, 165-170, 172, 188 and showed similarly low 
or no adverse events between the thiazolidinedione group and placebo except for one study.165 
This double-blind multi-center study compared four different doses of pioglitazone with placebo, 
and only found a slight difference from placebo for the 30 mg once daily pioglitazone group (6% 
versus 4% aminotransferase elevation rates more than 1.5 times the upper limit of normal). In the 
same study, the 45mg per day pioglitazone group had no elevated aminotransferase levels more 
than 1.5 times the upper limit of normal.165 

 
Second generation sulfonylurea versus placebo/diet. One RCT reported one withdrawal 

due to abnormal aminotransferase levels in the 16 mg per day glimepiride group compared with 
no withdrawals in the groups with other doses of glimepiride or the placebo group. No other 
aminotransferase abnormalities were reported in this study.189 One other RCT mentioned that no 
adverse liver abnormalities occurred during the trial in either group.125 

 
Meglitinides versus placebo/diet. Two RCTs compared meglitinides (nateglinide and 

repaglinide) with placebo. There were no significant aminotransferase abnormalities in either 
group.190, 218 

 
Alpha-glucosidase inhibitors versus placebo/diet. In the review by Van de Laar et al., 

evaluating alpha-glucosidase inhibitors, they reported GI adverse events and total adverse events 
only.38  The GI adverse events are discussed under that section of this report. We found no 
additional articles reporting on aminotransferase elevations comparing alpha-glucosidase 
inhibitors with placebo. 

 
Cohorts or non-randomized trials  
 
Thiazolidinediones. Two cohort studies, and one pre-post study evaluated aminotransferase 

elevations for pioglitazone, showing consistent results with the RCTs.219, 226 One study evaluated 
the incidence of elevated aminotransferase levels after patients were changed from troglitazone 
to pioglitazone. It found that one patient (0.3%) discontinued pioglitazone due to elevations in 
aminotransferase levels that were less then three times baseline values.219  In the second cohort, 
subjects on pioglitazone were mostly on pioglitazone in addition to other oral diabetes 
medications. After 16 weeks, 11% had some mild elevations in aminotransferase levels, but only 
1.8% of subjects had levels more than 2.5 times the upper limit of normal.226 In one pre-post trial 
of metformin plus rosiglitazone, no elevated aminotransferase levels occurred.227 

 
Alpha-glucosidase inhibitors. One cohort study reported one event of elevated 

aminotransferase levels more than 2.5 times the upper limit of normal (0.05%) after five years in 
subjects taking acarbose. This was similar to event rates seen in the small number of RCTs 
evaluating acarbose.213 
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Congestive Heart Failure 
 
Key points 
 

• Few long-term studies have addressed the comparative safety of oral diabetes 
medications in terms of the risk of CHF. 

 
• Thiazolidinediones had greater risk of CHF compared with metformin or second 

generation sulfonylureas.   
 

• Metformin and second generation sulfonylureas had similar effects on the incidence of 
CHF.  

 
Direct comparison results (see Appendix F, Evidence Table 35) 
 

RCTs 
 
Thiazolidinedione versus second generation sulfonylurea. Two RCTs compared a 

thiazolidinedione with a second generation sulfonylurea.67, 145 Both studies had 1-2 cases of CHF 
exacerbation or incident CHF in the thiazolidinedione groups compared with no cases in the 
second generation sulfonylurea groups over a time frame of 6 to 12 months. 

 
Second generation sulfonylurea versus second generation sulfonylurea plus 

thiazolidinedione. Three RCTs compared the combination of rosiglitazone plus second 
generation sulfonylureas with second generation sulfonlyurea monotherapy showing conflicting 
results.124-126 Two 26-week studies had 2 CHF cases in the rosiglitazone plus second generation 
sulfonylurea combination arms compared with no cases in the second generation sulfonylurea 
monotherapy arms.125, 126  The 2-year study had 4 total CHF cases and 2 serious CHF cases in the 
rosiglitazone plus glipizide combination arm compared with 3 total CHF cases and 1 serious 
CHF case in the glipizide monotherapy arm. A serious event meant hospitalization was 
required.124  

 
Thiazolidinedione versus alpha-glucosidase inhibitors. One RCT reported no withdrawals 

due to CHF in the pioglitazone group compared with 2 withdrawals due to CHF in the acarbose 
group.75   

 
Metformin versus meglitinides. One RCT compared metformin with nateglinide and 

reported no cases of CHF in either group.96 
 
Second generation sulfonylurea versus second generation sulfonylurea plus metformin. 

The UKPDS reported a non-significant increased RR (1.59) of incident CHF after 6.6 years 
comparing early addition of metformin to second generation sulfonylurea with second generation 
sulfonylurea monotherapy.15  
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Cohorts or non-randomized trials 
 
Thiazolidinediones versus other diabetes medications. One retrospective cohort study 

compared thiazolidinedione with non-thiazolidinedione therapy (mostly metformin and/or 
second generation sulfonylureas) in subjects with type 2 diabetes.228 The cohort study showed a 
statistically significant increased relative hazard of CHF in the thiazolidinedione group compared 
with the non-thiazolidinedione group.228 When broken down by medication type, this association 
was similar for both thiazolidinedione medications. Rosiglitazone had a 2.27 times increased 
relative hazard of CHF with a 95% CI of 1.65 to 3.13 compared with the non-thiazolidinedione 
group, and pioglitazone had a 1.92 times increased relative hazard of CHF, with a 95% CI of 
1.24 to 2.97 compared with  the non-Thiazolidinedione group.228 The study found no relationship 
between the daily doses of each of the thiazolidinediones and the risk of heart failure.228 The 
absolute rate of incident CHF was 2.3% in the thiazolidinedione group compared with 1.4% in 
the non-thiazolidinedione group. The authors acknowledged that they were unable to adjust for 
several key confounders such as HbA1c levels, serum creatinine, and blood pressure due to the 
limitations of the claims data. 

Another cohort study evaluated CHF admission rates after discharge for acute myocardial 
infarction in 24,953 Medicare beneficiaries taking thiazolidinediones or metformin separately or 
in combination compared with subjects taking non-insulin sensitizing (not metformin or 
thiazolidinedione) oral diabetes medications.184 The relative hazard of CHF admission one year 
after a myocardial infarction was 1.06 (95% CI 0.95 to 1.18) for metformin; 1.17 (95% CI 1.05 
to 1.30) for thiazolidinediones; and 1.24 (95% CI 0.94 to 1.63) for both in combination, 
compared with non-insulin sensitizing oral diabetes medications. Even though readmission rates 
were slightly higher in the thiazolidinedione group, mortality rates were the same for all subjects 
regardless of the oral diabetes medications. The authors noted that one limitation of this study 
was that they captured medications at the time of discharge after acute myocardial infarction, and 
had no further assessment of adherence or changes to oral diabetes medications after discharge.  

A third retrospective cohort study by Masoudi et al., evaluated 16,417 Medicare beneficiaries 
one year after a discharge from the hospital where the principal diagnosis was CHF. They 
compared subjects taking metformin or thiazolidinediones with subjects taking other diabetes 
medications (mostly insulin or second generation sulfonylureas). They reported a slightly higher 
risk of readmission for CHF in the thiazolidinedione group (HR 1.06, 95% CI 1.0 to 1.09), and a 
slightly lower risk of readmission for CHF in subjects taking metformin (HR 0.92, 95% CI 0.92 
to 0.99) after adjustment for patient, physician, and hospital characteristics.229   

 
Second generation sulfonylurea versus other diabetes medications. Lastly, a retrospective 

cohort study evaluated 232 diabetic patients after admission to the coronary care unit without 
adjusting for potential confounders. They found greater in-hospital deaths from CHF in the non-
glibenclamide group compared with the glibenclamide group (85% versus 50%, p<0.05).11 

 
Metformin versus second generation sulfonylurea. One retrospective cohort study of 

diabetics without CHF at baseline in the United States found no differences among metformin 
monotherapy, second generation sulfonylurea monotherapy, and their combination.230 However, 
the addition of metformin to diet and exercise significantly reduced the CHF incidence rate, 
while the addition of a second generation sulfonylurea to diet and exercise non-significantly 
reduced the CHF incidence rate.230  
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Other comparisons. One case control study compared thiazolidinediones, metformin, 
second generation sulfonylureas and acarbose with non-heart failure matched controls.231 Only 
thiazolidinediones had a marginal association with CHF (OR 1.37, 95% CI 0.98 to 1.92) 
compared with matched controls.231 The study reported that patients diagnosed with CHF were 
1.4 times more likely than controls to be exposed to a high-dose thiazolidinedione.231 
 
Comparisons between drug and placebo or cohorts without a comparison (see Appendix F, 
Evidence Table 35) 
 

RCTs 
 
Thiazolidinedione versus placebo/diet. The prospective pioglitazone clinical trial in 

macrovascular events (PROactive) study was one of the largest and longest RCTs comparing 
pioglitazone with placebo, added to existing oral diabetes medications.185 This study randomized 
5238 patients with evidence of prior macrovascular disease to pioglitazone or matching placebo, 
and followed them an average of 34.5 months with only 2 subjects lost to followup in each 
group. The primary combined endpoint is described earlier in the report. The pioglitazone group 
had higher numbers of subjects with reported CHF (11% versus 8%, p<0.001). Pioglitazone was 
associated with significantly higher numbers when CHF was stratified by needing hospital 
admission (6% versus 4%, p=0.007) or not (5% versus 3%, p=0.003). Lastly, they evaluated fatal 
heart failure which was similar between the two groups (1% versus 1%, p=0.634). 

Two additional shorter duration RCTs compared pioglitazone with placebo, without evidence 
of prior macrovascular disease.78, 151 These studies both reported no cases of CHF in either 
group.78, 151 In one study, 58% of the pioglitazone group and 61% of the control group were on 
alpha-glucosidase inhibitors (p=0.82), while 58% of the pioglitazone group and 43% of controls 
were on unspecified second generation sulfonylureas (p=0.28).151  

 
Metformin versus placebo/diet. Two RCTs compared metformin with placebo or diet.15, 96 

The UKPDS was the longest RCT reporting the rate of CHF, comparing metformin with 
conventional treatment (diet). After 10 years of followup, metformin had a non-significant 27% 
decreased relative risk of CHF compared with conventional treatment (diet).15  Consistent with 
this, one short-term RCT reported one serious episode of CHF in the placebo group with no 
cases in the metformin group.96 

 
Second generation sulfonylurea versus placebo/diet. UKPDS also reported on incident 

CHF for glibenclamide compared with conventional treatment (diet).16 Glibenclamide had a non-
significant 1.2 times increased relative risk of CHF compared with conventional treatment (diet). 
There were very few total events after a median of 10.7 years of followup for any of the UKPDS 
groups.15, 16 No other RCTs compared second generation sulfonylureas to placebo.  

 
Meglitinides versus placebo/diet. Two short-term RCTs compared meglitinides with 

placebo and showed similar low rates of CHF in both groups.96, 139  
 
Cohorts.  One retrospective cohort study of newly diagnosed diabetics in the United 

Kingdom showed similar rates of incident CHF for both metformin and second generation 
sulfonylurea monotherapy compared with diabetic subjects not on oral diabetes medications. 



 

110 

Metformin had a 4.58 times increased relative hazard of CHF in the first year (95% CI 3.09 to 
7.12), and a total 3-year relative hazard of 1.58 (95% CI 1.26 to 1.98). Second generation 
sulfonylureas had a similar 4.73 times increased relative hazard of CHF in the first year (95% CI 
3.53 to 6.34), and a total 3-year relative hazard of CHF of 1.53 (95%CI 1.30 to 1.79).232   

Lastly, one other retrospective 6 month cohort study without a comparison group reported 1 
case of CHF out of 143 subjects taking pioglitazone. This rate was consistent with rates in other 
short-term studies.233 
 
Edema 
 
Key points 
 

• Thiazolidinediones had greater risk of edema than second generation sulfonylureas or 
metformin.  

 
• Very few cases of edema were considered serious, yet a number of withdrawals 

from thiazolidinediones were due to edema. 
 

• Data were too sparse to draw conclusions about comparisons of the incidence of edema 
with other oral diabetes medications. 

 
• Of note, no cases of macular edema were found in this systematic review. 

 
Direct comparison results (see Appendix F, Evidence Table 35) 
 

RCTs 
 
Thiazolidinedione versus metformin. Four RCTS with comparably-dosed drugs reported 

subjects with edema comparing pioglitazone with metformin, favoring metformin (range in 
between-group differences of 2.4% to 10.5%) (see Table 21).56, 57, 59, 60   Three studies reported a 
range of 1 to 5 subjects that withdrew from the study due to edema in the pioglitazone group 
compared with 0 to 2 subjects that withdrew in the metformin group.54, 56, 57  

 
Thiazolidinediones versus second generation sulfonylurea. Five RCTs reported that 

subjects taking thiazolidinediones had a higher incidence of edema compared with subjects 
taking second generation sulfonylureas, with a range in between-group differences of 4.2% to 
21.2% (see Table 21).54, 63, 65, 67, 145  One of these studies allowed subjects to be on other oral 
diabetes medications.145  One additional study reported that 2 subjects withdrew in the 
pioglitazone group due to edema compared with no withdrawals in the second generation 
sulfonylurea group.57  In a third study, 2 cases of edema in the rosiglitazone group required 
diuretics.67  

 
Thiazolidinediones versus meglitinides. Two RCTs compared thiazolidinediones with 

meglitinides, favoring meglitinides: 2-3% of patients in the thiazolidinedione group developed 
peripheral edema compared with 0% of the repaglinide group (see Table 21).73, 74  
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Thiazolidinedione versus alpha-glucosidase inhibitors. One study comparing pioglitazone 
to acarbose reported 6 cases of edema in the pioglitazone arm, but did not report on whether 
there were any cases of edema in the acarbose arm.75 

 
Metformin versus second generation sulfonylurea. Two RCTs compared metformin with a 

second generation sulfonylurea, showing no differences between-groups. One reported no cases 
of edema in either group, and one reported no withdrawals due to edema in either group.54, 57  

 
Metformin versus metformin plus thiazolidinedione. Three RCTs compared metformin 

monotherapy with the combination of a thiazolidinedione plus metformin, favoring the 
metformin monotherapy arm (between-group differences of -2% to -5.2%) (see Table 21).100-102 
One additional study reported two withdrawals due to edema in the combination arm compared 
with no withdrawals due to edema in the metformin arm.100 

 
Second generation sulfonylurea versus second generation sulfonylurea plus 

thiazolidinedione. Three RCTs reported on edema comparing second generation sulfonylurea 
monotherapy with the combination of rosiglitazone plus second generation sulfonylurea, 
favoring second generation sulfonylurea monotherapy (range in between-group differences of -
14 to -6.6%) (see Table 21).124-126  In two studies, three subjects on combination therapy 
withdrew due to edema compared with no withdrawals due to edema in the second generation 
sulfonylurea groups.125, 126 

 
Non-RCTs or cohorts. The non-randomized trials and cohorts were consistent with the 

RCTs. 
 
Thiazolidinedione versus thiazolidinedione. In one non-RCT comparing rosiglitazone with 

pioglitazone, there were 3 versus 2 cases of edema for rosiglitazone versus pioglitazone 
respectively.142  One cohort study compared rosiglitazone with pioglitazone and found similar 
rates of withdrawal due to edema in both groups.192  These rates were similar to what was seen in 
the non-randomized trial. 

 
Thiazolidinediones versus other oral diabetes medications. One non-randomized trial 

compared gliclazide, pioglitazone, and the combination of gliclazide plus pioglitazone.225 The 
authors reported that 3 cases of edema occurred in subjects taking pioglitazone compared with no 
cases in subjects taking gliclazide, yet they did not specify whether the cases occurred in the 
monotherapy or combination therapy arm.225 Another short duration non-randomized trial 
compared withdrawals due to edema or weight gain in rosiglitazone plus existing medications 
group (n=49) versus an existing medications without rosiglitazone group (n=69), and favored the 
existing medication group without rosiglitazone (10% vs 0% withdrew respectively).  
Additionally, one retrospective cohort study evaluated the charts of long-term care facility 
residents in New Jersey and compared the incidence of edema among subjects taking second 
generation sulfonylureas, metformin, rosiglitazone, and pioglitazone. Subjects taking 
pioglitazone had a 9% rate of edema compared with 0% for rosiglitazone, 4.2% for metformin, 
and 2.5% for second generation sulfonylureas. Very few subjects were taking thiazolidinediones 
compared with the other two medications so the results of this study should be interpreted with 
caution.200    
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Comparisons between drug and placebo or cohorts without comparisons (see Appendix F, 
Evidence Table 35) 
 

RCTs 
 
Thiazolidinediones versus placebo/diet. Six141, 160-162, 164, 165 of eight studies141, 151, 160-165  

reported a greater incidence of subjects with edema in the  pioglitazone groups compared with 
the placebo groups (range in between-group differences of 0 to 3.4%). In three of these studies, 
participants were continued on existing oral diabetes regimens when randomized to pioglitazone 
or placebo.151, 160, 161 Two studies reported no differences between groups151, 163; one of these 
studies reported no cases of edema in either group.151 There was a dose-response gradient seen in 
one of the three dosing studies, with higher doses being associated with a larger percent of 
subjects with edema.141 

Four RCTs compared rosiglitazone with placebo for effects on edema, favoring placebo 
(range in between-group differences of 2.5% to 17%).168, 169, 172, 188  Three studies reported 
withdrawals due to edema of 1 to 4% in the rosiglitazone group compared with none in the 
placebo groups.168, 170, 188 Three of the RCTs had rosiglitazone versus placebo added to existing 
second generation sulfonylureas.170, 172, 188 A dose-response gradient was seen in two of the three 
dosing studies.169, 188 

 
Meglitinides versus placebo/diet. One RCT compared repaglinide to placebo, and reported 

1 case of facial edema in the repaglinide group and no cases in the placebo group.218 
 
Non-RCTs or Cohorts. Two cohort studies and one non-randomized trial lasting from 3 to 6 

months evaluated the rates of edema for pioglitazone without a comparator group.219, 233, 234 The 
rates ranged from 6% to 9% which is consistent with rates seen in the RCTs. Also, two of the 
studies showed a withdrawal rate due to edema of 2-5%.219, 233 Additionally, a 16-week cohort 
study without a comparator group reported a rate of edema of less than 1% in subjects taking 
pioglitazone plus metformin.226  This rate may have been lower than in other studies because of 
the shorter study duration and differences in the patient populations. 
 
Lactic Acidosis 
 
Key point 
 

• The rate of lactic acidosis was similar between metformin and other oral diabetes 
medications or placebo. 

 
Results (see Appendix F, Evidence Table 35)  
 

Salpeter et al., conducted a Cochrane systematic review and meta-analysis evaluating the 
incidence of fatal and nonfatal lactic acidosis with metformin compared with other oral diabetes 
medications and placebo.49 Pooled data from 176 comparative trials and cohort studies totaling 
35,619 patient-years revealed no cases of fatal or nonfatal lactic acidosis in any medication 
group. Mean lactate levels in the metformin groups were not significantly different from the 
groups taking placebo or other oral diabetes medications except phenformin. Mean lactate levels 
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were slightly lower for metformin than phenformin. Since they found no cases of lactic acidosis, 
they calculated the upper limit of the true incidence of lactic acidosis for metformin and non-
metformin treatment groups. The meta-analysis reported that this upper limit of the true 
incidence of clinical lactic acidosis was 8.4 cases per 100,000 patient-years for metformin and 9 
cases per 100,000 patient-years for the non-metformin group. Therefore, the reviewers concluded 
that there was no evidence to suggest that metformin is associated with increased risk of lactic 
acidosis compared with other oral diabetes medications, taking into account contraindications.49  
 We found an additional 3 RCTs and 5 cohort studies evaluating cases of clinical lactic 
acidosis in patients taking oral diabetes medications.81, 82, 176, 210, 229, 235-237 All of these studies 
evaluated metformin alone or in combination with another oral diabetes medication compared 
with placebo or another oral diabetes medication, usually a second generation sulfonylurea. 
Three RCTs and two cohort studies were consistent with the systematic review showing no cases 
of lactic acidosis.81, 82, 176, 210, 236  Three other cohort studies found a small number of clinical 
lactic acidosis cases giving estimates in 2 studies ranging from 2.2 cases per 10,000 person-years 
to 4.5 cases per 100,000 person-years.235, 237 One of these cohort studies evaluated patients on 
metformin who could be on other oral diabetes medications. The other cohort study did not 
confirm claims reports with medical chart review. The third cohort study by Masoudi et al., 
evaluated readmissions due to metabolic acidosis in Medicare subjects within one year of a 
hospital admission for CHF.229  Subjects discharged with a prescription for metformin had 
similar readmissions for metabolic acidosis (2.3%) compared with subjects discharged with 
thiazolidinediones (2.2%), and subjects discharged on other diabetes medications (2.6%, mostly 
insulin or second generation sulfonylureas).  These rates were consistent with the systematic 
review by Salpeter et al.49   

An additional article did not meet our strict criteria for inclusion but deserved mention in this 
section.238  The cumulative incidence of metformin-associated acidosis was 0.6 cases per 10,000 
patient-years238 which is consistent with the results in the systematic review by Salpeter et al.49  
This article reported cases of metabolic acidosis in Sweden from 1977 to 1991, which had 
compulsory reporting of serious or new suspected adverse drug reactions since 1975.  The 
medical records for these cases were then reviewed by a medical officer to help determine 
causality. Furthermore, they reported that acidosis only occurred in subjects with comorbidities, 
usually CHF.   

    
Anemia/leucopenia/thrombocytopenia 
 
Key points 
 

• Few studies reported on anemia, thrombocytopenia, or leucopenia. 
 
• Thiazolidinediones may be associated with a greater incidence of anemia than other oral 

diabetes medications. 
 

• Only one subject (taking a combination of thiazolidinedione plus second generation 
sulfonylurea) from all the studies of oral diabetes medications required hospitalization or 
transfusion due to anemia, thrombocytopenia, or leucopenia. 
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Direct comparison results (see Appendix F, Evidence Table 35) 
 

Anemia: RCTs 
 
Metformin versus metformin plus thaizolidinedione. Three studies compared metformin 

alone with metformin plus rosiglitazone, favoring metformin monotherapy.100, 102, 103  Two 
studies showed a mean decrease in hemoglobin level ranging from 0.5 to 0.8 g/dl in subjects in 
the rosiglitazone plus metformin group, which was reported as significant in only one of the 
studies.103 They also both demonstrated a dose-response gradient. One additional study reported 
a greater incidence of subjects with anemia in the combination arm (6 cases, 1.4%) compared 
with metformin monotherapy (0 cases).100  None of the studies reported on the significance of 
between-group differences. 

 
Second generation sulfonylurea versus second generation sulfonylurea plus 

thiazolidinediones. Two RCTs reported on anemia comparing the combination of 
thiazolidinediones plus second generation sulfonylureas with second generation sulfonylurea 
monotherapy, favoring second generation sulfonylurea monotherapy.124, 126 In one of the studies, 
anemia was observed in 2% of patients in the rosiglitazone plus gliclazide treatment group, and 
in only 0.8% of patients on gliclazide alone.126  The other study reported one hospitalization due 
to anemia in the combination arm versus none in the second generation sulfonylurea 
monotherapy arm.124 

 
Other comparisons. Only one RCT reported on each of the following direct comparisons: 

thiazolidinedione versus second generation sulfonylurea, thiazolidinedione versus meglitinide, 
and one second generation sulfonylurea versus another second generation sulfonylurea.67, 73, 133 
Only one study showed differences between groups: rosiglitazone had a 7% incidence of anemia 
vs 2% in the glyburide group.67 The rest showed similar numbers of subjects with anemia 
between groups. 

 
Thrombocytopenia: RCTs. Only one study reported on thrombocytopenia.188  It compared 

the combination of thiazolidinedione plus second generation sulfonylurea with second generation 
sulfonylurea alone. The study showed a general increase in the percent of people with 
thrombocytopenia in each treatment group but with a higher percent in those taking 
thiazolidinediones.188  

 
Leucopenia: RCTs. One crossover study reported a case of neutropenia in the metformin 

plus glibenclamide group compared with no cases in the metformin or glibenclamide 
monotherpy arms.95  This resolved with the removal of concomitant medications for other 
conditions.95 

 
Anemia: Non-RCTs or cohort studies 
 
Thiazolidinedione versus thiazolidinedione. One retrospective cohort study reported on 

anemia for diabetic subjects receiving hemodialysis and taking thiazolidinediones. The study 
showed a statistically significant decrease in hematocrit levels in patients on rosiglitazone with a  
 



 

115 

decrease from 35% at baseline to 34% 3 months after rosiglitazone therapy (P = 0.024). The 
authors reported that there was no difference in hematocrit for subjects taking pioglitazone.239 
 
Indirect comparison results (see Appendix F, Evidence Table 35) 
 

Anemia: RCTs 
 
Thiazolidinediones versus placebo/diet. Seven RCTs compared thiazolidinediones (six 

studies used rosiglitazone) with placebo for the outcome of anemia, all favoring placebo.165-169, 

171, 188 All seven demonstrated a significant decrease in hemoglobin or hematocrit level with the 
use of thiazolidinediones; however, no serious events occurred in any of these studies. A dose-
response gradient was reported in one study, with a decrease of 0.6 g/dl in the 2 mg twice a day 
rosiglitazone group and a decrease of 1 g/dl in the 4 mg twice a day rosiglitazone group.169 These 
results were consistent with the head-to-head trials. No other oral diabetes medications were 
compared with placebo. 
 
Cancer 
 
Key point 
 

• Insufficient evidence existed to draw conclusions about the comparative effects of oral 
diabetes medications on the risk of cancer.  

 
Results (see Appendix F, Evidence Table 35) 

 
Four RCTs reported incident cancers as serious adverse events, but they could not be 

combined because they evaluated different medications (second generation sulfonylureas, 
metformin, rosiglitazone, and repaglinide), and involved different types of cancer.105, 139, 176, 188 
Most of these studies had only 1 event in one group. One RCT compared metformin with non-
metformin diabetes medications and found a 1.3% incidence of cancer for both groups. The 
higher event rate seen in this study compared with the other three RCTs was likely due to 
combining benign and malignant disease as their outcome.176  

The UKPDS reported on cancer mortality in two articles.15, 16 The study found that 
glibenclamide had a non-significant 9% decreased risk of cancer mortality compared with the 
conventional treatment arm (diet).16 Also, the study found that metformin had a non-significant 
29% decreased risk of cancer mortality compared with the conventional treatment arm (diet).15 
Lastly, the UKPDS found that addition of early metformin to subjects hyperglycemic on a 
second generation sulfonylurea was associated with a non-significant 2.47 times increased risk of 
cancer mortality compared with those subjects continuing second generation sulfonylurea 
alone.15 The absolute rates of cancer mortality were 4.4 per 1000 person-years, 3.4 per 1000 
person-years, and 9.0 per 1000 person-years for glibenclamide, metformin, and metformin plus 
second generation sulfonylurea, respectively.   

One retrospective cohort study evaluated cancer mortality from vital statistics files, and used 
claims data to identify second generation sulfonylurea and metformin users. This study found 
that the second generation sulfonylurea cohort had greater cancer-related mortality compared 
with the metformin cohort, (OR 1.3, 95% CI 1.1 to 1.6). This was after adjusting for age, sex, 
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insulin use and chronic disease score. The specific cancer mortality rates were 6.3 per 1000 
person-years for metformin, and 9.7 per 1000 person-years for second generation sulfonylureas. 
The authors acknowledged that the use of an administrative database hindered their ability to 
capture key confounders such as glycemic control, race, and duration of diabetes.240 
 
Allergic Reactions 
 
Key point 
 

• No serious allergic reactions requiring hospitalization were reported. 
 

Results (see Appendix F, Evidence Table 35)  
 
There were no allergic reactions requiring hospitalization. Two studies reported a skin 

rash.105, 147  One person withdrew from one study due to a skin rash that developed while the 
subject was taking extended release metformin compared with no withdrawals due to skin rash in 
the metformin immediate release group.105  The second study compared glyburide with glipizide, 
and reported 3 episodes of a skin rash in the glyburide group compared with one episode in the 
glipizide group.147   
 
Withdrawals Due to Unspecified Adverse Events 
 
Key points 
 

• Withdrawals due to unspecified adverse events did not differ among the main classes of 
oral diabetes medications (thiazolidinediones, metformin, and second generation 
sulfonylureas) and did not differ in comparisons of metformin or second generation 
sulfonylurea monotherapy with the combination of metformin and a second generation 
sulfonylurea.  

 
• Too few comparisons of other diabetes medications existed to draw conclusions.  
 

Direct comparison results (see Appendix F, Evidence Table 35) 
 

Thiazolidinediones versus metformin. Three RCTs compared thiazolidinediones with 
metformin and showed no differences between groups, with the range in withdrawals of 0-2% in 
both groups.59, 60 

 
Thiazolidinediones versus second generation sulfonylureas.For comparisons between 

thiazolidinediones and second generation sulfonylureas, we also found no difference between 
groups in four RCTs, ranging from 1% to 12% in the thiazolidinedione groups compared with 
0% to 9% in the second generation sulfonylurea groups.61, 65, 67, 145 One additional RCT compared 
rosiglitazone plus metformin versus glibenclamide plus metformin showing similar results, 1.3% 
versus 5.6% withdrawals due to unspecified adverse events respectively.158 
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Thiazolidinediones versus meglitinides. Two RCTs compared thiazolidinediones with 
meglitinides showing no significant differences between groups (range of -3 to 3%).73, 74 

 
Metformin versus second generation sulfonylurea. Four RCTs compared metformin to a 

second generation sulfonylurea (mostly glyburide) and showed no differences in the number 
withdrawn due to an unspecified adverse event, ranging from 5% to 44% in the metformin 
groups versus 3% to 18% in the second generation sulfonylurea groups.79, 81, 89, 94   

 
Metformin versus metformin plus second generation sulfonylureas. Four RCTs (2 with 2 

sub-arms) compared metformin with the combination of metformin and a second generation 
sulfonylurea. The number withdrawn due to adverse events was no different between these two 
groups.79, 81, 89, 94 Events ranged from 5% to 9% in the metformin groups versus 3% to 11% in the 
metformin plus second generation sulfonylurea groups in all except one study. This study had a 
44% (7 out of 16 subjects) withdrawal rate in the metformin group compared with 8% (1 out of 
12 subjects) in one of the combination groups, and 0% in the other combination group.94  

 
Metformin versus metformin plus thiazolidinediones.  Three RCTs compared metformin 

with metformin plus thiazolidinediones showing no differences between-groups (range of -5.3 to 
3.7%).100-102 

 
Second generation sulfonylureas versus second generation sulfonylureas.  Three RCTs 

compared a second generation sulfonylurea with another second generation sulfonylurea 
showing no between-group differences (range of -0.5 to 1%).106, 108, 109 

 
Second generation sulfonylureas versus meglitinides. Two RCTs compared second 

generation sulfonylureas with meglitinides showing no significant differences between groups 
(range of -0.4 to 1.9%).116, 121  

 
Second generation sulfonylureas versus second generation sulfonylureas plus metformin. 

There was no difference between groups in four RCTs (2 with 2 sub-arms) comparing a second 
generation sulfonylurea with the combination of a second generation sulfonylurea and 
metformin, ranging from 3% to 17.6% in the second generation sulfonylurea groups compared 
with 0% to 11.1% in the second generation sulfonylurea plus metformin groups.79, 81, 89, 94   

 
Second generation sulfonylureas versus second generation sulfonylureas plus 

thiazolidinediones. Three RCTs compared a second generation sulfonylurea with a second 
generation sulfonylurea plus a thiazolidinedione showing similar rates of withdrawals due to an 
unspecified adverse event, ranging from 6% to 7% in the second generation sulfonylurea groups 
versus 8% to 10% in the combination arms.124-126 

 
Other comparisons. All of the following head-to-head medication comparisons only had 1 

RCT which showed generally similar rates of withdrawals due to adverse events except for 
metformin versus acarbose: metformin versus acarbose (between-group difference of -43%);99 
and nateglinide versus repaglinide (between-group difference of -2.6%).131  
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Comparisons between drug and placebo or cohorts without comparisons (see Appendix F, 
Evidence Table 35)  
 

Data from indirect comparisons were consistent with data from direct comparisons.  
RCTs. All drug comparisons with placebo except acarbose and metformin plus second 

generation sulfonylurea had similar withdrawals due to unspecified adverse events in both 
groups: thiazolidinediones versus placebo (9 studies, range in between-group differences -7 to 
3.6%);164, 166, 170-172, 188 second generation sulfonylureas versus placebo (4 studies, range in 
between-group differences -5% to 5%);135 metformin versus placebo (5 studies, range in 
between-group differences of -2.4% to 15%);79 meglitinides versus placebo (3 studies, range in 
between-group differences of -3% to 3.3%);96, 139, 218, 241  One RCT136 using different doses of 
second generation sulfonylureas compared with placebo reported a lower rate of withdrawals due 
to unspecified adverse events for the second generation sulfonylurea arms of 5% to 12% 
compared with the placebo arm of 30%. The placebo rate was attributed to excessive 
hyperglycemia by the authors. Alpha-glucosidase inhibitors had slightly greater withdrawals due 
to unspecified adverse events than placebo (2 studies, range in between-group differences of 8% 
to 13%). The one RCT comparing metformin plus second generation sulfonylurea versus placebo 
showed a higher rate of withdrawals in the combination arms (incidence rates of 3.8% and 11.1% 
for the combination arms compared with 1.9% for placebo).79  

 
Cohorts or non-randomized trials. Four pre-post or post-marketing surveillance studies 

followed subjects on one oral diabetes medication over time, and reported the number that 
withdrew due to unspecified adverse events.209, 211, 226, 227  Each study evaluated a different oral 
diabetes medication so we were unable to assess differences across different medications. The 
incidence of withdrawals due to adverse events ranged from 0% to 6.1%. This was consistent 
with withdrawal rates reported in the RCTs. 
 
Summary of Food and Drug Administration Data, Pharmaceutical Company 
Information, and Ongoing Trials  
 
Key points 
 

• Data accessed through the FDA and commercial sources did not identify any major safety 
concerns that were not apparent from our review of published studies on the following 
oral diabetes medications and combinations: metformin, extended release metformin, 
rosiglitazone, rosiglitazone plus second generation sulfonylurea, extended release 
glipizide, metformin plus glyburide, and metformin plus glipizide. 

 
• One exception was that pioglitazone was associated with increased rates of 

hospitalizations for acute cholecystitis compared with placebo in a pooled analysis. 
 

• Several ongoing clinical trials are comparing the vascular effects of second generation 
sulfonylureas and rosiglitazone. 
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Results. After searching the FDA’s publicly available data on oral diabetes medications, and 
data from commercial sources such as pharmaceutical company information, we found a total of 
81 studies with information about adverse events.  

 
Metformin. We found 21 studies with a total of 602 participants evaluating metformin. 

Nineteen were published studies and two were unpublished.  The two unpublished studies had a 
total of 52 participants and reported results on adverse events consistent with results from other 
studies of metformin. No new safety issues arose. 

 
Metformin XR. Six studies were found evaluating metformin extended release compared 

with metformin immediate release or placebo. These studies had a total of 1612 participants, and 
confirmed several findings that we found in our systematic review. First, metformin extended 
release had similar GI adverse events compared with metformin immediate release. Additionally, 
metformin extended release had worse GI adverse events compared with placebo. Second, a 
safety update in August 2000 reported that about 10,000 patients taking metformin extended 
release had participated in clinical trials, and lactic acidosis was reported only in one case 
diagnosed by a low bicarbonate level after a fatal arrest. This rate of lactic acidosis was 
consistent with the findings from our review of published studies. Other adverse events reported 
were minimal and consistent with results of our review of published literature. 

 
Rosiglitazone. Four studies evaluated rosiglitazone in a total of 4327 participants. Once 

again, the studies confirmed findings seen in our report. Edema was more common among 
subjects taking rosiglitazone compared with metformin and glyburide. Hypoglycemia was more 
frequent in the glyburide group compared with the rosiglitazone group. Anemia developed more 
frequently with rosiglitazone when compared with glyburide or placebo. In one study, the 
hematocrit fell 1.92%, 3.33%, and 0.69% for two different doses of rosiglitazone compared with 
placebo respectively. Clinically relevant aminotransferase elevations occurred in 0.27% of 
subjects taking rosiglitazone versus 0.19% of subjects on placebo in a pooled analysis of all the 
participants. A safety update was submitted to the FDA in February 2000 based on 4696 patients 
on rosiglitazone monotherapy or combination therapy. The update identified no new safety 
issues but listed 3 patients with possible drug-associated hepatitis. By March 2000, the FDA had 
received 2 reports of deaths due to liver failure and no reports of liver transplants in patients 
taking rosiglitazone.  It is unknown whether the case reports were related to rosiglitazone 
treatment or not. Other adverse events were either similar between groups or consistent with 
findings in our report. 

Additionally, one unpublished study from the pharmaceutical company evaluated 224 
patients with New York Heart Association Class I or II CHF in a 52 week double-blind 
echocardiographic study, showing more cardiovascular events with rosiglitazone compared with 
placebo in addition to existing oral diabetes medications. While cardiovascular death was similar 
between groups (5% vs 4%), the rosiglitazone group had higher numbers of subjects with CHF 
related-events (CHF exacerbation was 6% vs 4%, new or worsening edema was 25% vs 9%, new 
or worsening dyspnea was 26% vs 17%, increased medication for CHF was 33% vs 18%, and 
cardiovascular hospitalization was 19% vs 13%). These results are consistent with results 
reported in the CHF and edema sections of the report.  In contrast to published studies, there was 
also an increased number of investigator-reported, unadjudicated ischemic adverse events in the 
rosiglitazone group (myocardial infarction 5% vs 2%, and angina 5% vs 3%).   
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Rosiglitazone plus second generation sulfonylurea. Three studies in 726 participants 
evaluated the combination of rosiglitazone and a second generation sulfonylurea from the FDA 
data. The reported rates of edema and anemia were similar to the rates reported in the published 
studies that we reviewed, and were similar to the rates reported for rosiglitazone monotherapy. 
One study reported one death due to subarachnoid hemorrhage in the placebo arm, and three 
deaths from acute myocardial infarction in the rosiglitazone arms. Another study reported one 
cardiac death in the rosiglitazone plus second generation sulfonylurea arm and in the glyburide 
arm, while a third study reported no deaths. A February 2000 safety update for metformin 
included a phase 3 study of rosiglitazone in patients on insulin, which reported that the rate of 
CHF per 100 patient-years was 0.6 (95 % CI 0.01-3.30), 0.7 (95% CI 0.4-1.09), and 0.6 (95% CI 
0.2-1.5) in the placebo, rosiglitazone, and rosiglitazone plus second generation sulfonylurea 
groups, respectively.  

 
Pioglitazone. Six RCTs and one continuation trial in 1526 participants evaluated 

pioglitazone. Most adverse events were either similar between groups or similar to our 
previously reported findings. The pooled safety analysis included in the June 1999 FDA review 
reported hospitalization for acute cholecystitis in 12 pioglitazone subjects compared with one 
placebo subject, respectively. The rates of elevated alanine aminotransferase levels at least 3 
times the upper limit of normal were 0.26% (4 out of 1526 subjects) and 0.25% (2 out of 793 
subjects) in U.S. trials, and 0.7% (4 out of 570 subjects) and 0.7% (2 out of 280 subjects) in 
Japanese trials, for the pioglitazone and placebo groups, respectively. Mean hemoglobin levels 
fell 0.08 g/dL in the placebo groups and 0.38 in the pioglitazone groups; hematocrit decreases of 
at least 10% occurred in 5 of 599 patients on pioglitazone. Three patients taking pioglitazone in 
U.S. placebo-controlled trials had elevations in creatine phosphokinase of at least 10 times the 
upper limit of normal. Monotherapy studies reported edema in 29 of 606 subjects (4.8%) and 3 
of 259 subjects (1.2%) taking pioglitazone and placebo, respectively.   

 
Metformin plus glyburide. FDA data contained four RCTs with one open label extension 

that evaluated the combination of metformin plus glyburide in 2440 participants. One 
unpublished RCT was from a pharmaceutical company directly. The trials had findings 
consistent with the studies described in this report. More GI events occurred for subjects on 
higher doses of metformin as part of the combination therapy. Safety data were available on 826 
patients in the open label extension trial, 500 on metformin/glyburide 250/1.25mg and 326 on 
metformin/glyburide 500/2.5mg. Nineteen subjects (2.3%) were hospitalized for surgery or 
ischemic heart disease, and nineteen (2.3%) withdrew because of adverse events. One patient 
withdrew because of elevated lactate levels. A safety update was submitted in January 2000 
based on 1303 patients on long-term open-label studies taking a combination of glyburide and 
metformin (mean exposure 212 days). No deaths were reported. Thirty-three patients (2.5%) had 
serious adverse events. Fifteen total patients (1.2%) discontinued the medication due to an 
adverse event. Two of these were hospitalizations for CHF, four patients had hypoglycemia, 
three had diarrhea, two had rashes and four patients had other unspecified adverse events. 

 
Nateglinide. We identified 32 studies that evaluated nateglinide in the FDA data. These data 

suggested that hypoglycemia may be less frequent with nateglinide than with second generation 
sulfonylureas, and that hypoglycemia rates with nateglinide are similar to the rates with 
metformin. One post-marketing study in Japan reported one case of hypoglycemia in a subject 
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with renal insufficiency. However, another study in subjects with renal insufficiency was stopped 
early when subjects who were switched from their existing oral diabetes medications to 
nateglinide showed hyperglycemia. The FDA documents supported the finding from the studies 
discussed in our report that nateglinide may have less benefit on HbA1c than metformin or 
second generation sulfonylureas. Nateglinide was also associated with weight gain compared 
with placebo, which may be attenuated slightly when used in combination with metformin. 

 
Metformin plus glipizide. Two RCTs evaluated the combination of metformin plus glipizide. 

One of these was published and one was unpublished. The unpublished study was consistent 
with findings from the published studies that we reviewed earlier in this report. Cardiovascular 
events were similar between the combination and monotherapy arms of the unpublished trial. 
Hypoglycemia was more common in the combination arm compared with monotherapy arms, 
consistent with our review of all published studies.   

 
Glucotrol XL. Pfizer Inc. (New York, NY) reported on one unpublished study for Glucotrol 

XL® (glipizide GITS) in two doses compared with placebo, in 108 participants. The results of 
this study were consistent with results reported for second generation sulfonylureas in this 
review. No serious adverse events occurred in this study. Additionally, there is one ongoing 
study of glipizide compared with rosiglitazone on reducing or slowing the development of 
atherosclerosis in the blood vessels of the heart. No results are available yet. Additionally, no 
FDA documents were available for review on glipizide GITS. 

 
Glyburide. There is also one ongoing trial evaluating comparative vascular effects of 

glyburide compared with rosiglitazone. No FDA documents were available for review of 
glyburide.   
 
Study Quality 
 
 Most RCTs that had data relevant to Key Questions 4 or 5 (85%) did not give enough 
description of the randomization technique to determine whether the trial was appropriately 
randomized. About two-thirds (66%) of these RCTs were characterized as double-blind 
according to the authors. However, most of these trials (73%) did not describe the blinding 
procedure or make reference to using active placebos. Additionally, 18% of these RCTs did not 
report on withdrawals or losses to followup (see Appendix F, Evidence Table 46).   
 
Key Limitations 
 

Eighteen percent of RCTs with data on Key Questions 4 or 5 did not report on withdrawals 
or losses to followup. This may have led to underestimation or overestimation of the adverse 
effects for one medication compared with another. We included the summary of data on 
withdrawals due to unspecified adverse events to make sure that the evidence report did not 
overlook these data. These data by themselves have limited usefulness because they did not 
identify specific reasons for the withdrawals. We therefore abstracted data separately on 
withdrawals due to specific adverse events and reported them in their appropriate sections. 
Additionally, RCTs many times had different definitions of the adverse events under discussion 
or only reported certain adverse events which made it difficult to compare side effects across 
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trials.  For instance, GI adverse events could be reported as nausea, diarrhea, abdominal pain, 
vomiting, constipation, or flatulence. In some studies, these effects were lumped together while 
in other studies these were reported separately. Few RCTs evaluated certain outcomes such as 
elevated liver transaminases, CHF, anemia, cancer, and allergic reactions; therefore, we relied on 
a small number of cohort studies for many of these outcomes. The available cohort studies, 
however, have been limited by their ability to adjust for key confounders such as HbA1c levels, 
blood pressure, lab data, duration of diabetes, adherence to medications, and doses of 
medications. Most studies occurred in patients without standard contraindications such as renal 
or hepatic insufficiency; therefore, we cannot generalize these findings to those specific 
situations. The indirect comparison results for hypoglycemia must be viewed with caution 
because indirect comparisons tend to overestimate effects175 and we were unable to fully assess 
heterogeneity in the placebo groups.   

 
   

Key Question 6:  Do safety and effectiveness of oral diabetes 
medications for the treatment of adults with type 2 diabetes differ 
across particular adult populations such as those based on 
demographic factors (e.g., race/ethnicity, age greater than 65 
years, or gender) or comorbid conditions (e.g., renal insufficiency, 
CHF, liver disease, obesity, depression, or schizophrenia)? 
 
 
Subgroup Analyses Results (see Table 22) 

 
We were unable to draw conclusions based on subgroup analyses due to the small numbers 

studies for each of the subgroups, the variability in outcomes, and the variety of oral diabetes 
medications evaluated. Seventeen studies conducted subgroup analyses relevant to Key Question 
6. The outcomes most commonly evaluated included glycemic control (HbA1c) (8 studies), 
mortality (3 studies), CHF (2 studies) and changes in urinary albumin-to-creatinine ratio (2 
studies). None of the articles we reviewed conducted subgroup analyses on liver disease, 
depression, or schizophrenia.  
 
 
Articles reporting more than one study 
 
 

Seventeen studies reported on more than one trial.242-258 Many of these studies pooled data 
for studies already included in our review; therefore, we did not abstract information from these 
articles. We abstracted and reported results for articles that we did not have in our review.  The 
conclusions from these studies are consistent with the findings of our review (see Table 23). 
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Grading of the Body of Evidence 
 
 

The evidence grades varied for data on the comparative effectiveness of oral diabetes 
medications for all of the outcomes addressed in Key Questions 1, 2 and 3. We graded the body 
of evidence for the comparisons of greatest interest, and those results are reported in each section 
and in the body of the evidence tables (see Appendix F, Evidence Tables 4 and 17). 

 
 

Publication Bias Results 
 
 

 Overall, we did not find strong evidence for publication bias in this literature. Across all 
analyses, there were only 2 statistically significant comparisons (p-value <0.05) by the less 
conservative Eggers test. Both of these were for studies of hypoglycemia: metformin versus 
second generation sulfonylurea (p =0.04, number of studies (N) =8); and repaglinide versus 
placebo (p=0.035, number of studies (N) =3).  For all other comparisons, the funnel plots 
appeared roughly symmetrical and the Begg’s and Egger’s tests were not significant. It is 
important to note that in most cases the number of studies in each comparison was small and was 
unlikely to have had high power to detect moderate publication bias.  
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* Total may exceed number in corresponding box, as articles could be excluded for more than one reason at this level. 
 

Figure 2.  Summary of literature search for systematic reviews (number of articles) 

Electronic Databases 
 
MEDLINE® (2186) 
Cochrane: Reviews 
and CENTRAL (17) 
EMBASE® (2616) 

Hand 
Searching 

1 

Retrieved 
4820 

Title Review 
3591 

Duplicates 
1229 

Abstract Review 
1409 

Excluded 
2182 

Article Review 
176 

Excluded 
1233 

Included Reviews 
28 

Excluded 
148 

Reasons for Exclusion at the Abstract 
Review Level* 
Did not apply to a key question: 416 
Not in English: 148 
Did not apply to humans: 12 
Meeting abstract: 6 
Did not include a systematic review: 1018 
Reports primary data: 47 
Did not address type 2 diabetic patients: 22 
Did not evaluate adults (age 18+): 3 
Did not evaluate oral diabetes medications: 
172 
Other: 90 

Reasons for Exclusion at the Article Review 
Level* 
Did not apply to a key question: 8 
Not in English: 6 
Did not apply to humans: 0 
Meeting abstract: 1 
Did not include a systematic review: 135 
Reports primary data: 4 
Did not address patients with type 2 diabetes: 
0 
Did not evaluate adults (age 18+): 0 
Did not evaluate oral diabetes medications: 5 
Other: 37 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
* Total may exceed number in corresponding box as articles could be excluded for more than one reason at this level. 
 

Figure 3.  Summary of literature search for primary literature (number of articles) 

Electronic Databases 
 
MEDLINE® (6551) 
Cochrane: Reviews 
and CENTRAL (877) 
EMBASE® 

Hand 
Searching 

16 
Experts 

2 
(7773) 

Retrieved 
15219 

Title Review 
7563 

Duplicates 
7656

Abstract Review 
2406 

Excluded 
5157

Article Review 
434 

Excluded 
1972

Included Studies 
216 

Excluded 
218

Reasons for Exclusion at the Abstract 
Review Level* 
Not in English: 23 
Did not evaluate adults (age 18+): 0 
No original data: 582 
Did not address type 2 diabetic patients: 44 
Did not apply to humans: 49 
Evaluated markers of inflammation only: 34 
Evaluated first generation sulfonylurea only: 
60 
Did not evaluate oral diabetes medications: 
303 
Did not apply to a key question: 322 
Study was <3 months duration: 122 
Study was not an RCT (KQ1 only): 179 
N<40: 408 
Oral medication compared to insulin: 243 
Evaluated acarbose/miglitol combination: 56 
Evaluated nateglinide/repaglinide 
combination:11 
Evaluated combinations of 2+ medications: 20 
Excluded if case report or case series: 154 
Other: 217 

Reasons for Exclusion at the Article 
Review Level* 
Not in English: 5 
Did not evaluate adults (age 18+): 0 
No original data: 43 
Did not address type 2 diabetic patients: 0 
Evaluated pregnant women only: 0 
Did not apply to humans: 0 
Evaluated markers of inflammation only: 0 
Evaluated first generation sulfonylurea only: 1 
Did not evaluate oral diabetes medications: 12 
Did not apply to a key question: 29 
Study was <3 months duration: 6 
Study was not an RCT (KQ1 only): 21 
N<40: 29 
Oral medication compared to insulin: 17 
Evaluated acarbose/miglitol combination: 2 
Evaluated nateglinide/repaglinide 
combination: 4  
Evaluated combinations of 2+ medications: 6 
Excluded if case report or case series: 25 
Dosing study without comparison group: 2 
Other: 52 
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Table 3.  Number of studies for head-to-head comparisons 
 

 

Thiazolidinedione Metformin 

Second-
generation 
sulfonylurea Meglitinide 

Thiazolidinedione 
plus second- 
generation 
sulfonylurea 

Thiazolidinedione 8 -- -- -- -- 
Metformin 13 1 -- -- -- 
Second-
generation 
sulfonylurea 

16 31 20 -- -- 

Meglitinide 2 2 7 1 -- 
Alpha-
glucosidase 
inhibitor 

2 2 2 0 0 

Thiazolidinedione 
plus metformin 

0 8 0 0 2 

Thiazolidinedione 
plus second-
generation 
sulfonylurea 

2 0 4 0 -- 

Metformin plus 
second-
generation 
sulfonylurea 

0 13 17 0 -- 
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Summary Figures and Tables for HbA1c 
 
 
Figure 4.  Meta-analysis of post-treatment difference in hemoglobin A1c between 
thiazolidinediones and metformin in patients with type 2 diabetes 
 

mean diff in HbA1c btn groups
-2 -1 0 1 2

 Combined

 Yamanouchi 2005

 Ramachandran 2004

 Hanefeld 2004

 Schernthaner 2004

 Lawrence 2004

 Pavo 2003

 Hallsten 2002

 
 

Favors thiazolidinedione    Favors metformin 
 

Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 15.6 on 6 degrees of freedom (p = 0.02) 
I-squared statistic = 61 (95% confidence interval: 12 to 83) 
 

Mean absolute difference in hemoglobin A1c between groups (in%) 
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Figure 5. Meta-analysis of post-treatment difference in hemoglobin A1c between 
thiazolidinediones and second generation sulfonylureas in patients with type 2 diabetes 
 

meandiff in HbA1c btn groups
-2 -1 0 1 2

 Combined

 Matthews 2005

 Forst 2005

 Charbonnel 2005

 Yamanouchi 2005

 Tan 2004b

 Tan 2004a

 Ramachandran 2004

 Lawrence 2004

 Yanagawa 2004

 Bakris 2003

 Nakamura 2000

 
 

Favors thiazolidinedione Favors second generation 
sulfonylurea 

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q =  9.174 on 10 degrees of freedom (p = 0.516) 
I-squared statistic = 0 (95% confidence interval: 0 to 60) 
 

Mean absolute difference in hemoglobin A1c between groups (in %) 
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Figure 6. Meta-analysis of post-treatment difference in hemoglobin A1c between metformin and 
second generation sulfonylureas in patients with type 2 diabetes 
 

mean diff in Hba1c btn groups
-2 -1 0 1 2

 Combined

 Yamanouchi 2005
 Lawrence 2004

 Derosa 2004
Ramachandran 2004

 Goldstein 2003
 Tosi 2003

 Garber 2003
 Blonde 2002
 Marre 2002

 Garber 2002
 Charpentier 2001

 Amador-Licona 2000
 DeFronzo 1995
 Hermann 1994
 Campbell 1994
 Hermann 1991

 Noury 1991
 UKPDS 1985

 
 

Favors metformin  Favors second generation 
sulfonylurea 

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 42.634 on 17 degrees of freedom (p = 0.001) 
I-squared statistic = 60 (95% confidence interval:  33 to 76) 
 

Mean absolute difference in hemoglobin A1c between groups (in %) 
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Figure 7. Meta-analysis of post-treatment difference in hemoglobin A1c between metformin and 
metformin plus a thiazolidinedione in patients with type 2 diabetes 
 

mean diff in Hba1c btn groups
-2 -1 0 1 2

 Combined

 Weissman 2005

 Bailey 2005

 Gomez-Perez 2002

 Fonseca 2000

 
 

Favors metformin Favors metformin plus 
thiazolidinedione 

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 30.202 on 3 degrees of freedom (p = 0.000) 
I-squared statistic = 90 (95% confidence interval: 78 to 96) 
 

Mean absolute difference in hemoglobin A1c between groups (in %) 
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Figure 8. Meta-analysis of post-treatment difference in hemoglobin A1c between metformin and 
metformin plus a second generation sulfonylurea in patients with type 2 diabetes 

 

mean diff in Hba1c btn groups
-2 -1 0 1 2

 Combined

 Feinglos 2005

 Garber 2003

 Tosi 2003

 Goldstein 2003

 Blonde 2002

 Marre 2002

 Garber 2002

 Charpentier 2001

 DeFronzo 1995

 Hermann 1994

 Hermann 1991

 
 

Favors metformin Favors metformin plus second 
generation sulfonylurea 

 
 

Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 70.753 on 10 degrees of freedom (p = 0.000) 
I-squared statistic = 86 (95% confidence interval: 76 to 92) 
 

Mean absolute difference in hemoglobin A1c between groups (in %) 
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Figure 9. Meta-analysis of post-treatment difference in hemoglobin A1c between 
glyburide/glibenclamide and other second generation sulfonylureas in patients with type 2 
diabetes 
 

meandiff
-2 -1 0 1 2

 Combined

 Inukai 2005

 Dills 1996

 Draeger 1996

 Birkeland 1994

 Rosenstock 1993

 
 

Favors glyburide/glibenclamide Favors other second generation 
sulfonylureas 

 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q  =  2.126 on 4 degrees of freedom (p = 0.713) 
I-squared statistic = 0 (95% confidence interval: 0 to 79) 
 

Mean absolute difference in hemoglobin A1c between groups (in %) 
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Figure 10. Meta-analysis of post-treatment difference in hemoglobin A1c between second 
generation sulfonylureas and repaglinide in patients with type 2 diabetes  
 

meandiff
-2 -1 0 1 2

 Combined

 Derosa 2003

 Madsbad 2001

 Marbury 1999

 Landgraf 1999

 Wolffenbuttel 1999

 Wolffenbuttel 1993

 
 

Favors second generation   Favors repaglinide 
    sulfonylurea 
 

Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 10.342 on 5 degrees of freedom (p = 0.066) 
I-squared statistic = 52 (95% confidence interval: 0 to 81) 
 

Mean absolute difference in hemoglobin A1c between groups (in %) 
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Figure 11. Meta-analysis of post-treatment difference in hemoglobin A1c between second 
generation sulfonylureas and thiazolidinediones plus a second generation sulfonylurea in patients 
with type 2 diabetes  

 

mean diff in Hba1c btn groups
-2 -1 0 1 2

 Combined

 Pf utzner 2006

 Rosenstock 2006

 Kereny i 2004

 Baksi 2004

 
 

Favors second generation sulfonylurea Favors thiazolidinedione plus 
second generation sulfonylurea 

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 15.448 on 3 degrees of freedom (p = 0.001) 
I-squared statistic = 81 (95% confidence interval: 49 to 93) 
 

Mean absolute difference in hemoglobin A1c between groups (in %) 
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Figure 12. Meta-analysis of post-treatment difference in hemoglobin A1c between second 
generation sulfonylureas and metformin plus a second generation sulfonylurea in patients with 
type 2 diabetes  

  

mean diff in Hba1c btn groups
-2 -1 0 1 2

 Combined

 Garber 2003

 Tosi 2003

 Goldstein 2003

 Blonde 2002

 Marre 2002

 Garber 2002

 Charpentier 2001

 Erle 1999

 DeFronzo 1995

 Hermann 1994

 Hermann 1991

 
                     Favors second generation     Favors metformin plus a second 

sulfonylurea                   generation sulfonylurea 
 

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 97.220 on 10 degrees of freedom (p = 0.000) 
I-squared statistic = 90 (95% confidence interval: 84 to 94) 
 
 
 
 

Mean absolute difference in hemoglobin A1c between groups (in %) 
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Table 4.  Summary measures: weighted mean absolute difference in hemoglobin A1c between 
groups and 95% confidence interval for randomized controlled trials comparing oral diabetes 
medications with placebo/diet 
 

Comparison Drugs 

Number of  
studies with 
data on mean 
differences 

Weighted Mean 
Absolute 
Difference 
Between 
Groups (in %) 95% CI (in %) 

Pioglitazone vs placebo‡ 141, 151, 160-166 9    -0.97  -1.18 to -0.75 
Rosiglitazone vs placebo* 152, 167-172, 188 8    -1.16  -1.39 to -0.92 
Metformin vs placebo¶ 58, 79, 88, 91, 96, 99, 148, 149, 154, 155, 173, 

217, 259, 260 
15     -1.14  -1.4 to -0.87 

Sulfonylureas vs placebo 79, 91, 110, 134-137, 189, 193, 198, 261 11     -1.52  -1.75 to -1.28 
Repaglinide vs placebo 139, 194, 197, 218 4     -1.32  -1.9 to -0.8 
Nateglinide vs placebo 96, 190, 241, 262 4     -0.54   -0.8 to -0.27 
Acarbose vs placebo** 38 28     -0.77  -0.9 to -0.64 
Miglitol vs placebo** 38  
 

7     -0.68  -0.93 to -0.44 

CI = confidence interval; vs = versus; % = percent.  
‡ One study by Tseng et al., was excluded from the meta-analysis since it reported only the percent change from baseline for each 
group, and absolute numbers could not be calculated.140 This study was consistent with the other studies favoring pioglitazone 
over placebo. 
*Removed study by Hallsten since baseline HbA1c of 6.8% much lower than other studies; therefore, see less of a between-group 
difference at -0.1%.58 
¶  Excluded Rachmani et al., from the meta-analysis since compared continuing metformin versus stopping metformin, and had a 
smaller between-group difference of -0.3%.150 
** Data from Van De Laar systematic review.38 Our review found 4 additional trials comparing alpha-glucosidase inhibitors with 
placebo that showed similar results.98, 99, 138, 153   
 
 
Table 5. Indirect comparisons of hemoglobin A1c effects between nateglinide and other oral 
diabetes medications  
 

Indirect Comparisons (drug1 vs drug2) 

Absolute difference of the changes 
in HbA1c: drug 1 minus drug 2 (in 
%)† 95% CI (in %)† 

Nateglinide vs pioglitazone 0.43 0.77 to 0.09 
Nateglinide vs rosiglitazone 0.62 0.92 to 0.32 
Nateglinide vs metformin 0.60 0.97 to 0.23 
Nateglinide vs sulfonylurea 0.98 1.33 to 0.63 
Nateglinide vs repaglinide 0.78 1.39 to 0.17 
Nateglinide vs acarbose 0.23 0.53 to -0.07 
Nateglinide vs miglitol 0.14 0.50 to -0.22 
vs = versus; % = percent; CI = 95% confidence interval; HbA1c = hemoglobin A1c   
†The difference of the changes was calculated by subtracting the pooled point estimates from the placebo-controlled trial meta-
analyses of the medications being compared (drug1 minus drug2). A positive result indicates that drug1 had less effect than drug 
2 on HbA1c.  The 95% CI was calculated by summing the variances for the placebo-controlled trial meta-analyses. 
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Table 6.  Indirect comparisons of hemoglobin A1c between repaglinide and other oral diabetes 
medications 
 

Indirect Comparisons (drug1 vs 
drug2) 

Absolute difference of the changes 
in HbA1c: drug1 minus drug2 (in 
%)† 95% CI (in %)† 

Repaglinide vs pioglitazone -0.35 0.24 to -0.94 
Repaglinide vs rosiglitazone -0.16 0.41 to -0.73 
Repaglinide vs metformin -0.18 0.43 to -0.79 
Repaglinide vs sulfonylurea 0.20 0.79 to -0.39 
Repaglinide vs miglitol -0.64 -0.04 to -1.24 
vs = versus; % = percent; CI = 95% confidence interval; HbA1c = hemoglobin A1c   
†The difference of the changes was calculated by subtracting the pooled point estimates from the placebo-controlled trial meta-
analyses of the medications being compared (drug1 minus drug2). A positive result indicates that drug1 had less effect than drug 
2 on HbA1c.  The 95% CI was calculated by summing the variances for the placebo-controlled trial meta-analyses, and then 
converting the variance into a confidence interval. 
 
 
Table 7.  Indirect comparisons of hemoglobin A1c effects between acarbose and other oral 
diabetes medications 
 
Indirect Comparisons (drug1 vs 
drug2) 

Absolute difference of the changes 
in HbA1c: drug1 vs drug2 (in %)† 95% CI (in %)† 

Acarbose vs pioglitazone 0.20 0.45 to -0.05 
Acarbose vs rosiglitazone 0.39 0.58 to 0.20 
Acarbose vs metformin 0.37 0.67 to 0.07 
Acarbose vs sulfonylurea 0.75 1.02 to 0.48 
Acarbose vs repaglinide 0.55 1.12 to -0.02 
Acarbose vs miglitol -0.09 0.19 to -0.37 
vs = versus; % = percent; CI = 95% confidence interval; HbA1c = hemoglobin A1c   
†The difference of the changes was calculated by subtracting the pooled point estimates from the placebo-controlled trial meta-
analyses of the medications being compared (drug1 minus drug2). A positive result indicates that drug1 had less effect than drug 
2 on HbA1c.  The 95% CI was calculated by summing the variances for the placebo-controlled trial meta-analyses, and then 
converting the variance into a confidence interval. 
 
 
Table 8.  Indirect comparisons of hemoglobin A1c between miglitol and other oral diabetes 
medications 
 

Indirect Comparisons (drug1 vs 
drug2)  

Absolute difference of the changes 
in HbA1c: drug1 minus drug2 (in 
%)† 95% CI (in %)† 

Miglitol vs pioglitazone 0.29 0.62 to -0.04 
Miglitol vs rosiglitazone 0.48 0.76 to 0.20 
Miglitol vs metformin 0.46 0.82 to 0.10 
Miglitol vs sulfonylurea 0.84 1.18 to 0.50 
vs = versus; % = percent; CI = 95% confidence interval; HbA1c = hemoglobin A1c   
†The difference of the changes was calculated by subtracting the pooled point estimates from the placebo-controlled trial meta-
analyses of the medications being compared (drug1 minus drug2). A positive result indicates that drug1 had less effect than drug 
2 on HbA1c.  The 95% CI was calculated by summing the variances for the placebo-controlled trial meta-analyses, and then 
converting the variance into a confidence interval. 
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Summary Figures and Tables for Weight 
 
 
Figure 13. Meta-analysis of post-treatment difference in weight between thiazolidinediones and 
metformin in patients with type 2 diabetes  
 

mean diff
-2 -1 0 1 2 3 4 5

 Combined

 Ramachandran 2004

 Schernthaner 2004

 Natali 2004

 Hanefeld 2004

 Pavo 2003

 Hallsten 2002

 
 
Favors thiazolidinedione    Favors metformin 

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 17.899 on 5 degrees of freedom (p = 0.003) 
I-squared statistic = 72 (95% confidence interval: 35 to 88) 

Mean difference in weight between groups (in kg) 
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Figure 14. Meta-analysis of post-treatment difference in weight between thiazolidinediones and 
second generation sulfonylureas in patients with type 2 diabetes  
 

mean diff in weight btn groups
-4 -3 -2 -1 0 1 2 3

 Combined

 Tan 2004

 Ramachandran 2004

 StJohnSutto 2002

 
 
Favors thiazolidinedione Favors second generation 

sulfonylurea 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q =  2.473 on 2 degrees of freedom (p = 0.290) 
I-squared statistic = 19 (95% confidence interval: 0 to 92) 

Mean difference in weight between groups (in kg) 
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Figure 15. Meta-analysis of post-treatment difference in weight between metformin and second 
generation sulfonylureas for randomized controlled trials greater than or equal to 24 weeks in 
duration in patients with type 2 diabetes  

mean diff in weight btn groups
-6 -5 -4 -3 -2 -1 0

 Combined

 DeFronzo 1995

 Campbell 1994

 Hermann 1994

 Hermann 1991

 
Favors metformin Favors second generation 

sulfonylurea 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q =  0.072 on 3 degrees of freedom (p = 0.995) 
I-squared statistic =  0 (95% confidence interval: 0 to 85) 
 
 
 
 
 

Mean difference in weight between groups (in kg) 
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Figure 16. Meta-analysis of post-treatment difference in weight between metformin and second 
generation sulfonylureas for randomized controlled trials less than 24 weeks in duration in 
patients with type 2 diabetes  
 

mean diff in weight btn groups
-5 -4 -3 -2 -1 0

 Combined

 Ramachandran 2004

 Goldstein 2003

 Garber 2003

 Garber 2002

 Marre 2002

 Charpentier 2001

 Amador-Licona 2000

 Noury 1991

 
 

Favors metformin   Favors second generation 
sulfonylurea 

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q=  2.476 on 7 degrees of freedom (p = 0.929) 
I-squared statistic = 0 (95% confidence interval: 0 to 68) 

Mean difference in weight between groups (in kg) 
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Figure 17. Meta-analysis of post-treatment difference in weight between metformin and metformin 
plus a second generation sulfonylurea in patients with type 2 diabetes  

mean diff in weight btn groups
-5 -4 -3 -2 -1 0 1

 Combined

 Feinglos 2005

 Goldstein 2003

 Garber 2003

 Garber 2002

 Marre 2002

 Charpentier 2001

 DeFronzo 1995

 Hermann 1994

 Hermann 1991

 
 
Favors metformin  Favors metformin plus second 

generation sulfonylurea 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 44.670 on 8 degrees of freedom (p = 0.000) 
I-squared statistic = 82 (95% confidence interval: 67 to 90) 
 

Mean difference in weight between groups (in kg) 
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Figure 18. Meta-analysis of post-treatment difference in weight between second generation 
sulfonylureas and meglitinides in patients with type 2 diabetes  
 

mean diff in weight btn groups
-3 -2 -1 0 1 2 3

 Combined

 Derosa 2003

 Wolffenbuttel 1999

 Marbury 1999

 Landgraf 1999

 Wolffenbuttel 1993

 
 

Favors second generation       Favors meglitinide 
                 sulfonylurea 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 1.079 on 4 degrees of freedom (p = 0.898) 
I-squared statistic = 0 (95% confidence interval: 0 to 79) 

Mean difference in weight between groups (in kg) 
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Figure 19. Meta-analysis of post-treatment difference in weight between second generation 
sulfonylureas and metformin plus a second generation sulfonylurea in patients with type 2 
diabetes  
 

mean diff in weight btn groups
-3 -2 -1 0 1 2 3

 Combined

 Goldstein 2003

 Garber 2003

 Garber 2002

 Marre 2002

 Charpentier 2001

 Erle 1999

 Gregorio 1999

 DeFronzo 1995

 Hermann 1994

 Hermann 1991

 
 
Favors second generation                        Favors metformin plus second 
sulfonylurea               generation sulfonylurea 

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q =  12.916 on 9 degrees of freedom (p = 0.166) 
I-squared statistic = 30 (95% confidence interval: 0 to 67) 
 
 

Mean difference in weight between groups (in kg) 
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Table 9.  Summary measures: weighted mean difference in weight effect between groups and 95% 
confidence interval for randomized controlled trials comparing oral diabetes medications with 
placebo/diet 
 

Comparison 

N (studies with 
available data 
on mean 
differences) 

Weighted Mean 
Difference 
Between Groups 
(in kg) 95% CI (in kg) 

Pioglitazone vs placebo¶ 140, 160-163, 165, 

166 
6     3.0     2.0 to 3.9  

Rosiglitazone vs placebo 143, 144, 169, 172 4      3.1     1.1 to 5.1 

Metformin vs placebo* 58, 79, 88, 99, 149 144, 

155, 260 
8       0.3    -0.3 to 0.9 

Sulfonylureas vs placebo** 79, 136, 193, 261 4      3.8     3.6 to 4   

Meglitinides vs placebo 218, 241 2      NA      NA 

Acarbose vs placebo*** 38, 99, 138, 153   16     -0.1  -0.5 to 0.2 

vs = versus; CI = confidence interval; kg = kilograms; N = number; NA = not applicable. 
¶ One study by Einhorn et al., was excluded from the meta-analysis since we could not calculate a measure of dispersion; 
however, the results of this study were similar (between-group difference = 2.3 kg).160 
*3 articles were removed from this meta-analysis.  UKPDS had a much longer study duration (3 and 10 year followup) so was 
removed.15, 92 UKPDS had between-group differences ranging between 0 to 0.2 kg which is consistent with the results of the 
meta-analysis. Additionally, one study had a much higher baseline weight than the other studies and also had a much larger 
significant between-group difference of -7.8 kg.259 
** Vray et al., was removed due to dosing differences.137 It had the lowest dose of sulfonylurea and was not comparable with the 
other studies.137 With Vray et al., included, the pooled estimate is 2.4 kg (95% CI -0.2 to 5.0 kg). Additionally, 3 articles 
describing UKPDS were excluded from the meta-analysis due to differences in study duration compared with the other trials.15, 16 

92 In UKPDS the between-group differences ranged from 0 to 0.85 kg which was smaller than most of the shorter duration trials. 
***Data from Van De Laar systematic review.38 One comparison each for miglitol (weighted mean difference of 0.27 kg and 
95% CI of -0.5 to 1.0 kg) and voglibose (weighted mean difference of 0.2 kg and 95% CI of -5.0 to 5.4 kg) versus placebo/diet 
showed similar results.38  Our review found 3 additional RCTs comparing alpha-glucosidase inhibitors with placebo that showed 
similar findings, weighted mean difference of -0.5 kg (95% CI -2.5 to 1.5 kg).99, 138, 153   
 
 
Table 10. Indirect comparisons of weight effects between acarbose and other oral diabetes 
medications 
 

Indirect Comparisons (drug1 vs 
drug2) 

Difference of the changes in 
weight: drug1 minus drug2 (in 
kg)† 95% CI (in kg)† 

Acarbose vs pioglitazone -3.1 -1.53 to -4.67 
Acarbose vs rosiglitazone -3.2 -0.84 to -5.56 
Acarbose vs metformin -0.4 0.99 to -1.79 
Acarbose vs sulfonylurea -3.9 -2.63 to -5.17 
vs = versus; CI = 95% confidence interval; kg = kilograms. 
†The difference of the changes was calculated by subtracting the pooled point estimates from the placebo-controlled trial meta-
analyses of the medications being compared (drug1 minus drug2). A positive result indicates that drug1 had less effect than drug 
2 on weight reduction.  The 95% CI was calculated by summing the variances for the placebo-controlled trial meta-analyses, and 
then converting the variance into a confidence interval. 
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Summary Figures and Tables for SBP 
 
 
Figure 20. Meta-analysis of post-treatment difference in systolic blood pressure effect between 
thiazolidinediones and metformin in patients with type 2 diabetes  

 

meandiff in SBP btn groups
-20 -10 0 10 20

 Combined

 Yamanouchi 2005

 Natali 2004

 Pavo 2003

 Hallsten 2002

 
    

Favors thiazolidinedione    Favors metformin 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q =  0.208 on 3 degrees of freedom (p = 0.976) 
I-squared statistic = 0 (95%confidence interval: 0 to 85); p-value =0.98 
 
 
 

Mean difference in systolic blood pressure between groups (in mmHg) 
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Figure 21.  Meta-analysis of post-treatment difference in systolic blood pressure effect between 
thiazolidinediones and second generation sulfonylureas in patients with type 2 diabetes  

mean diff in SBP btn groups
-20 -10 0 10 20

 Combined

 Forst 2005

 Yamanouchi 2005

 Tan 2004

 St  John Sutto 2002

 Nakamura 2000

 
 
                 Favors thiazolidinedione                     Favors second generation sulfonylurea 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q =  4.366 on 4 degrees of freedom (p = 0.359) 
I-squared statistic = 8 (95% confidence interval: 0 to 81); p-value = 0.36 
 
 

Mean difference in systolic blood pressure between groups (in mmHg) 
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Figure 22. Meta-analysis of post-treatment difference in systolic blood pressure effect between 
metformin and second generation sulfonylureas in patients with type 2 diabetes  

 

mean diff in SBP btn groups
-20 -10 0 10 20

 Combined

 Yamanouchi 2005

 Derosa 2004

 Charpentier 2001

 Amador-Licona 2000

 Hermann 1994

 
 

Favors metformin Favors second 
generation sulfonylurea 

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q =  5.091 on 4 degrees of freedom (p = 0.278) 
I-squared statistic = 21 (95% confidence interval: 0 to 67); p-value = 0.27 

 
 
 

Mean difference in systolic blood pressure between groups (in mmHg) 
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Figure 23. Meta-analysis of post-treatment difference in systolic blood pressure effect between 
second generation sulfonylureas and metformin plus a second generation sulfonylurea in patients 
with type 2 diabetes  
 

mean diff in SBP btn groups
-20 -10 0 10 20

 Combined

 Charpentier 2001

 Gregorio 1999

 Hermann 1994

 
Favors second generation   Favors metformin plus second  
sulfonylurea                 generation sulfonylurea 
 

Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q =  1.167 on 2 degrees of freedom (p = 0.558) 
I-squared statistic = 0 (95% confidence interval: 0 to 90); p-value=0.55 
 
 
 

Mean difference in systolic blood pressure between groups (in mmHg) 
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Summary Figures and Tables for LDL 
 
 
Figure 24. Meta-analysis of post-treatment difference in low density lipoprotien effect between 
pioglitazone and metformin in patients with type 2 diabetes  

mean diff in LDL btn groups
-20 -10 0 10 20

 Combined

 Schernthaner 2004

 Hanefeld 2004

 Lawrence 2004

 Pavo 2003

 
              Favors pioglitazone                       Favors metformin 
 
 
 

Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 51.277 on 3 degrees of freedom (p = 0.000) 
I-squared statistic = 94 (95% confidence interval:  88 to 97) 
 
 
 

Mean difference in low density lipoprotein between groups (in mg/dL) 
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Figure 25.  Meta-analysis of post-treatment difference in low density lipoprotein effect between 
pioglitazone and second generation sulfonylureas in patients with type 2 diabetes  

mean diff in LDL btn groups
-20 -10 0 10 20

 Combined

 Pf utzner 2005

 Charbonnel 2005

 Matthews 2005

 Lawrence 2004

 Tan 2004

 
 
                 Favors pioglitazone       Favors second-generation sulfonylurea 
  

Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 74.702 on 4 degrees of freedom (p = 0.000) 
I-squared statistic 95 (95% confidence interval: 90 to 97) 

Mean difference in low density lipoprotein between groups (in mg/dL) 
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Figure 26. Meta-analysis of post-treatment difference in low density lipoprotein effect between 
metformin and second generation sulfonylureas in patients with type 2 diabetes  
 

mean diff in ldl btn groups
-20 -10 0 10 20

 Combined

 Lawrence 2004

 Derosa 2004

 Goldstein 2003

 Garber 2003

 Marre 2002

 DeFronzo 1995

 Hermann 1994

 Campbell 1994

 Hermann 1991

 
 
           Favors metformin  Favors second-generation sulfonylurea 
 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 46.849 on 8 degrees of freedom (p = 0.000) 
I-squared statistic = 83 (95% confidence interval: 69 to 81) 
 
 

 

Mean difference in low density lipoprotein between groups (in mg/dL) 



 

153 

Figure 27. Meta-analysis of post-treatment difference in low density lipoprotein effect between 
metformin and metformin plus rosglitazone in patients with type 2 diabetes 
 

mean diff in LDL btn groups (mg/
-20 -10 0 10 20

 Combined

 Weissman 2005

 Bailey 2005

 Gomez-Perez 2002

 Fonseca 2000

   
   Favors metformin  Favors metformin plus rosiglitazone 
 

Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q =  1.117 on 3 degrees of freedom (p = 0.773) 
I-squared statistic = 0 (95% confidence interval:  0 to 85) 
 
 
 
 

Mean difference in low density lipoprotein between groups (in mg/dL) 
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Figure 28. Meta-analysis of post-treatment difference in low density lipoprotein effect between 
metformin and metformin plus a second generation sulfonylurea in patients with type 2 diabetes 

mean diff in ldl btn groups
-20 -10 0 10 20

 Combined

 Garber 2003

 Goldstein 2003

 Marre 2002

 DeFronzo 1995

 Hermann 1994

 Hermann 1991

 
 
Favors metformin Favors metformin plus second 

generation sulfonylurea 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 160.126 on 5 degrees of freedom (p = 0.000) 
I-squared statistic 97 (95% confidence interval: 95 to 98) 
 
 
 
 
 
   
 

Mean difference in low density lipoprotein between groups (in mg/dL) 
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Figure 29. Meta-analysis of post-treatment difference in low density lipoprotein effect between 
second generation sulfonylureas and metformin plus a second generation sulfonylurea in patients 
with type 2 diabetes 
 

mean diff in LDL btn groups
-20 -10 0 10 20

 Combined

 Goldstein 2003

 Garber 2003

 Marre 2002

 Gregorio 1999

 DeFronzo 1995

 Hermann 1994

 Hermann 1991

 
   

Favors second                              Favors metformin plus second  
generation sulfonylurea                     generation sulfonylurea 

 
 

Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 135.310 on 6 degrees of freedom (p = 0.000) 
I-squared statistic = 96 (95% confidence interval:  93 to 97) 
 

Mean difference in low density lipoprotein between groups (in mg/dL) 
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Table 11.  Summary measures: weighted mean difference in low density lipoprotein effect between 
groups and 95% confidence interval for randomized controlled trials comparing oral diabetes 
medications with placebo/diet 
 

Comparison 

N (studies with 
available data 
on mean 
differences) 

Weighted Mean 
Difference 
Between Groups 
(in mg/dL) 

95% CI (in 
mg/dL) 

Pioglitazone vs placebo 151, 160-162, 165, 

166 
6    0.46   -3.75 to 4.67 

Rosiglitazone vs placebo 143, 144, 152, 

167-171  
 

8   12.15    7.74  to 16.55 

Metformin vs placebo* 88, 143, 144, 150 4    -6.95  -14.8 to 0.90 

Repaglinide vs placebo 139 1    1.32  -0.44 to 3.1  

Acarbose vs placebo** 4    -3.12   -16 to 9.75 

CI = confidence interval; vs = versus; mg = milligrams; dL = deciliters. Only one study compared sulfonylurea with placebo 
reporting no change in LDL from baseline but an increase in LDL in the placebo group.189 No quantitative data was reported so 
we were unable to display any results. 
‡ Two studies were excluded from this meta-analysis.78, 164  One study only reported percent change in LDL with no baseline 
values, so we were unable to calculate a point estimate.164  The other study reported no significant difference between 
pioglitazone and uptitration of usual care.78  Since there was uptitration of usual care, we excluded it from the meta-analysis.78  
¶ One study was excluded from the meta-analysis, since they only reported no significant difference in lipids from baseline in 
each group.172 
* One study compared continued metformin with stopping metformin.  With this study excluded from the analysis, the weighted 
mean difference is -8.1 (95% CI -17.9 to 1.6). 
** Data from Van De Laar systematic review.38 Our review found 2 additional RCTs comparing alpha-glucosidase inhibitors 
with placebo that showed similar results.138, 153  
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Table 12. Indirect comparisons of low density lipoproteins effect between acarbose and other oral 
diabetes medications 
 
Indirect Comparisons (drug1 
vs drug2) 

Difference of the changes in LDL: 
drug1 minus drug2 (in mg/dL)† 95% CI (in mg/dL)† 

Acarbose vs pioglitazone -3.58 9.97 to -17.13 
Acarbose vs rosiglitazone -15.27 -1.67 to -28.9 
Acarbose vs metformin 3.83 18.9 to -11.2 
vs = versus; % = percent; CI = 95% confidence interval; mg = milligrams; dL = deciliter; LDL = low density lipoprotein 
cholesterol. 
†The difference of the changes was calculated by subtracting the pooled point estimates from the placebo-controlled trial meta-
analyses of the medications being compared (drug1 minus drug2). A positive result indicates that drug1 had less effect than drug 
2 on LDL.  The 95% CI was calculated by summing the variances for the placebo-controlled trial meta-analyses, and then 
converting the variance into a confidence interval. 
 
Table 13. Indirect comparisons of low density lipoprotein effect between rosiglitazone and other 
oral diabetes medications 
 

Indirect Comparisons (drug1 
vs drug2) 

Difference of the changes in 
LDL: drug1 minus drug2 (in 
mg/dL)† 95% CI (in mg/dL)† 

Rosiglitazone vs pioglitazone 11.69 17.79 to 5.60 
Rosiglitazone vs metformin 19.1 28.10 to 10.10 
vs = versus; % = percent; CI = 95% confidence interval; mg = milligrams; dL = deciliter; LDL = low density lipoprotein 
cholesterol. 
†The difference of the changes was calculated by subtracting the pooled point estimates from the placebo-controlled trial meta-
analyses of the medications being compared (drug1 minus drug2). A positive result indicates that drug1 had less effect than drug 
2 on LDL.  The 95% CI was calculated by summing the variances for the placebo-controlled trial meta-analyses, and then 
converting the variance into a confidence interval. 
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Summary Table for HDL 
 
 
Table 14. Summary table of high density lipoprotein results – Head to head comparisons with 
greater than three trials 
 

Comparison 1 
vs  
comparison 2 

N of 
studies 
with 
data║ 

N of 
subject
s 

Range in mean 
difference in 
HDL between 
comparison 1 
& comparison 
2 (mg/dl) 

N of studies 
favoring 
comparison 1/ 
favoring 
comparison 2/ 
showing no 
clinically relevant 
difference between 
groups (<3 mg/dL) 

N of studies 
favoring 
comparison 1/ 
favoring 
comparison 2/ 
showing no 
clinically 
relevant 
difference 
between groups 
(<5 mg/dL)  

TZD vs Met 
Rosi vs Met 
Pio vs Met 

8 
2 
6 

2070 
135 
1935 

0 to 5 
0 to 0.4 
0.8 to 5 

4/0/2 
0/0/2 
4/0/2 

1/0/7 
0/0/2 
1/0/5 

TZD vs SU 7 2476 -1.2 to 7.0* 6/0/1 4/0/3 
Met vs SU 12 1313 -1.9 to 1.6 0/0/12 0/0/12 
Met vs Rosi+Met 4 1191 2.5 to 6.9 0/3/1 0/2/2 
Met vs Met+SU 6 1076 -1.2 to 3.1 1/0/5 0/0/6 
SU vs Meglit 4 1031 -1.2 to 1.2 0/0/4 0/0/4 
SU vs Met+SU 7 1798 -0.5 to 3.9 1/0/5 0/0/6 
║ Studies with available data on mean differences between groups; TZD = thiazolidinedione; Met = metformin; SU = 
sulfonylurea; Meglit = meglitinides; HDL = high density lipoprotein; vs = versus; Rosi = rosiglitazone; Pio = pioglitazone; mg = 
milligrams; dL= deciliter; N = number. 
* range once remove one study, 4.3 to 7.02 mg/dL 
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Summary Figures and Tables for TG 
 
 
Figure 30. Meta-analysis of post-treatment difference in triglycerides between pioglitazone and metformin in 
patients with type 2 diabetes 

 
mean diff in TG btn groups

-50 -40 -30 -20 -10 0 10

 Combined

 Yamanouchi 2005

 Hanefeld 2004

 Schernthaner 2004

 Ramachandran 2004

 Lawrence 2004

 Pavo 2003

 
        Favors pioglitazone     Favors metformin 

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 15.664 on 5 degrees of freedom (p = 0.008) 
I-squared statistic = 68 (95% confidence interval: 24 to 87) 

 
 
 

Mean difference in triglycerides between groups (in mg/dL) 
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Figure 31. Meta-analysis of post-treatment difference in triglycerides between pioglitazone and 
second generation sulfonylureas in patients with type 2 diabetes 

mean diff in TG btn groups
-80 -60 -40 -20 0 20 40

 Combined

 Yamanouchi 2005

 Pfutzner 2005

 Betteridge 2005

 Charbonnel 2005

 Tan 2004

Ramachandran 2004

 Lawrence 2004

 
 
Favors pioglitazone Favors second 

generation sulfonylurea 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 979.576 on 5 degrees of freedom (p = 0.000) 
I-squared statistic = 99 (95% confidence interval: 99 to 100) 
 
 
 
 

Mean difference in triglycerides between groups (in mg/dL) 
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Figure 32. Meta-analysis of post-treatment difference in triglycerides between pioglitazone and 
second generation sulfonylureas in patients with type 2 diabetes in the three comparably-dosed 
studies  

meandiff
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 Charbonnel 2005

 
 

Favors pioglitazone    Favors second generation                          
sulfonylurea 

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 970.245 on 2 degrees of freedom (p = 0.000) 
I-squared statistic = 100 (95% confidence interval: 100 to 100) 
 

Mean difference in triglycerides between groups (in mg/dL) 
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Figure 33. Meta-analysis of post-treatment difference in triglycerides between metformin and 
second generation sulfonylureas in patients with type 2 diabetes 
 

mean diff in TG btn groups
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 Yamanouchi 2005

 Lawrence 2004

 Derosa 2004

 Ramachandran 2004

 Goldstein 2003

 Garber 2003

 Marre 2002

 Charpentier 2001

 Amador-Licona 2000

 DeFronzo 1995

 Campbell 1994

 Hermann 1994

 Noury 1991

 
 

Favors metformin Favors second generation 
sulfonylurea 

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 124.76 on 12 degrees of freedom (p = 0.000) 
I-squared statistic = 90 (95% confidence interval: 85 to 94) 

Mean difference in triglycerides between groups (in mg/dL) 
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Figure 34. Meta-analysis of post-treatment difference in triglycerides between metformin and 
metformin plus rosiglitazone in patients with type 2 diabetes 

mean diff in TG btn groups
-30 -20 -10 0 10 20

 Combined

 Bailey 2005

 Weissman 2005

 Gomez-Perez 2002

 Fonseca 2000

 
 

Favors metformin   Favors metformin plus rosiglitazone 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 9.600 on 3 degrees of freedom (p = 0.022) 
I-squared statistic = 69 (95% confidence interval: 10 to 89) 
 
 
 

Mean difference in triglycerides between groups (in mg/dL) 
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Figure 35. Meta-analysis of post-treatment difference in triglycerides between metformin and 
metformin plus a second generation sulfonylurea in patients with type 2 diabetes 

mean diff in TG btn groups
-30 -20 -10 0 10 20 30
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 Hermann 1994

 DeFronzo 1995

 Charpentier 2001

 Marre 2002

 Goldstein 2003

 Garber 2003

 
Favors metformin  Favors metformin plus second 

generation sulfonylurea 
 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 57.400 on 5 degrees of freedom (p = 0.000) 
I squared statistic = 91 (95% confidence interval:  84 to 95) 
 
 

Mean difference in triglycerides between groups (in mg/dL) 
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Figure 36. Meta-analysis of post-treatment difference in triglycerides between second generation 
sulfonylureas and repaglinide in patients with type 2 diabetes 

 

mean diff in TG btn groups
-20 -15 -10 -5 0 5 10 15

 Combined

 Derosa 2003

 Madsbad 2001

 Marbury 1999

 
Favors second generation                 Favors repaglinide 

                    sulfonylurea 
 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 0.539 on 2 degrees of freedom (p = 0.764) 
I-squared statistic = 0 (95% confidence interval: 0 to 90) 
 
 

Mean difference in triglycerides between groups (in mg/dL) 
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Figure 37. Meta-analysis of post-treatment difference in triglycerides between second generation 
sulfonylureas and metformin plus a second generation sulfonylurea in patients with type 2 
diabetes 

mean diff in TG btn groups
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 Goldstein 2003

 Garber 2003

 Marre 2002

 Charpentier 2001

 DeFronzo 1995

 Hermann 1994

 
 

Favors second generation   Favors metformin plus second  
sulfonylurea                 generation sulfonylurea 

 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Test for heterogeneity: Q = 173.979 on 5 degrees of freedom (p = 0.000) 
I-squared statistic = 97 (95% confidence interval:, 96 to 98) 
 
 
 

Mean difference in triglycerides between groups (in mg/dL) 
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Table 15.  Summary measures: weighted mean difference in triglycerides between groups and 
95% confidence interval for randomized controlled trials comparing oral diabetes medications 
with placebo/diet 
 

Comparison 

N of studies 
with data on 
mean 
differences 

Weighted mean 
difference in TGs 
between 
comparison 1 & 
comparison 2 (in 
mg/dL) 

95% CI (in 
mg/dL) 

Pioglitazone vs placebo≠ 6   -49   -81.1 to -18.8 
Rosiglitazone vs placebo* 6   13.4    6.0 to 20.8 
Metformin vs placebo¶ 7    -15.5  -31.7 to 0.7 
Repaglinide vs placebo 1    NA NA 
Acarbose vs placebo** 4    -3.5   -7 to 0 
TG = triglycerides; vs = versus, mg = milligrams; dL = deciliters; % = percent; CI = confidence interval; NA = not applicable;   
N = number. 
≠ Two  studies were excluded from the meta-analysis since we were unable to calculate a measure of dispersion, but they both 
showed similar results.140, 163  Another study was removed since it compared pioglitazone with a control group (without placebo) 
and favored the placebo arm.151  
*Two excluded studies compared rosiglitazone with placebo/diet and reported no differences in lipids between groups, yet no 
data was shown.169, 172 
¶ When the study by Virtanen et al., was removed, the results changed to favor metformin with a pooled estimate of -31.1 mg/dL 
(95% CI -44.8 to -17.4 mg/dL).143  However, this study was similar to the other studies, and so we left this in the meta-analysis. 
Three additional studies were excluded since a measure of dispersion or between-group difference was unable to be calculated, 
yet these studies showed similar results (range in between-group difference of  -50 to -26.7 mg/dL).99, 154, 260 
** Data from Van De Laar systematic review.38 Our review found 4 additional RCTs comparing alpha-glucosidase inhibitors 
with placebo that showed similar results.99, 138, 153, 263 
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Table 16. Indirect comparisons of the triglyceride (TG) effects between rosiglitazone and other 
oral diabetes medications 
 

Indirect comparisons (drug1 
vs drug2)  

Difference of the changes in 
TGs: drug1 minus drug2 (in 
mg/dL)† 95% CI (in mg/dL)† 

Rosiglitazone vs pioglitazone 62.4 94.4 to 30.4 
Rosiglitazone vs metformin 28.9 46.7 to 11.1 
Rosiglitazone vs acarbose 16.9 25.1 to 8.7 
vs = versus; CI = 95% confidence interval; mg = milligrams; dL = deciliter; TGs = triglycerides. 
†The difference of the changes was calculated by subtracting the point estimates from the placebo-controlled trial meta-analyses 
of the medications being compared (drug1 minus drug2). A positive result indicates that drug1 had less effect than drug 2 on 
TGs.  The 95% CI was calculated by summing the variances for the placebo-controlled trial meta-analyses, and then converting 
the variance into a confidence interval. 
 
 
Table 17. Indirect comparisons of the triglyceride (TG) effects between acarbose and other oral 
diabetes medications 
 

Indirect comparisons (drug1 
vs drug2) 

Difference of the changes in 
TG: drug1 minus drug2 (in 
mg/dL) 95% CI (in mg/dL) 

Acarbose vs pioglitazone 45.5 76.8 to 14.2 
Acarbose vs metformin 12 28.6 to -4.6 
vs = versus; CI = 95% confidence interval; mg = milligrams; dL = deciliter; TGs = triglycerides. 
†The difference of the changes was calculated by subtracting the point estimates from the placebo-controlled trial meta-analyses 
of the medications being compared (drug1 minus drug2). A positive result indicates that drug1 had less effect than drug 2 on 
TGs.  The 95% CI was calculated by summing the variances for the placebo-controlled trial meta-analyses, and then converting 
the variance into a confidence interval. 
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Summary Figures and Tables for Hypoglycemia 
 
 
Figure 38. Incidence of subjects with hypoglycemia in randomized controlled trials comparing 
thiazolidinediones with second generation sulfonylureas  
 

Risk difference
-.3 -.2 -.1 0 .1 .2 .3

Study  % Weight
 Risk difference
 (95% CI)

 -0.05 (-0.11,0.01) St  John Sutto, 2002  23.1

 -0.25 (-0.34,-0.15) Tan, 2004  16.8

 -0.06 (-0.09,-0.04) Charbonnel, 2005  27.5

 -0.03 (-0.10,0.04) Yamanouchi, 2005  20.6

 -0.07 (-0.21,0.06) Forst, 2005  12.0

 -0.09 (-0.15,-0.03) Ov erall (95% CI)

 
 
Favors thiazolidinedione  Favors second generation 

sulfonylurea 
 
 
*CI = confidence interval; All trials were between 1-2 years except Forst et al., which lasted 24 weeks.   
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
Heterogeneity chi-squared = 16.79 (p = 0.002) 
I-squared Statistic = 76 (95% confidence interval: 42-90)   
 
 

Risk difference in hypoglycemia between groups
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Figure 39. Incidence of subjects with hypoglycemia in randomized controlled trials less than or 
equal to one year in duration comparing metformin with second generation sulfonylureas  
 

Risk difference
-.3 -.2 -.1 0 .1 .2 .3

Study  % Weight
 Risk difference
 (95% CI)

 -0.01 (-0.04,0.02) DeFronzo, 1995  14.8

 -0.03 (-0.12,0.06) Charpentier, 2001   9.2

 -0.01 (-0.04,0.01) Blonde, 2002  15.2

 -0.07 (-0.12,-0.01) Marre, 2002  12.5

 -0.06 (-0.10,-0.02) Garber, 2002  14.0

 -0.21 (-0.31,-0.12) Garber, 2003   8.5

 0.00 (-0.03,0.03) Derosa, 2004  15.0

 -0.03 (-0.10,0.04) Yamanouchi, 2005  10.9

 -0.04 (-0.09,-0.00) Ov erall (95% CI)

 
 

Favors metformin  Favors second generation sulfonylurea  
 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
CI= confidence interval. 
Heterogeneity chi-squared = 10.66 (p = 0.100) 
I-squared Statistic = 87 (95% confidence interval: 77 to 93) 
 
 

Risk difference in hypoglycemia between groups 
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Figure 40. Incidence of subjects with hypoglycemia in randomized controlled trials less than or 
equal to one year in duration comparing metformin with the combination of metformin plus a 
second generation sulfonylurea  
 

Risk difference
-.5 -.4 -.3 -.2 -.1 0 .1 .2 .3

Study  % Weight
 Risk difference
 (95% CI)

 -0.12 (-0.29,0.05) Hermann, 1994   7.8

 -0.16 (-0.21,-0.10) DeFronzo, 1995  12.9

 -0.11 (-0.21,-0.01) Charpentier, 2001  11.1

 -0.05 (-0.09,-0.01) Garber, 2002  13.5

 -0.10 (-0.16,-0.04) Marre, 2002  12.5

 -0.13 (-0.19,-0.08) Blonde, 2002  12.9

 -0.40 (-0.49,-0.30) Garber, 2003  11.2

 -0.04 (-0.22,0.13) Tosi, 2003   7.6

 -0.13 (-0.23,-0.02) Feinglos, 2005  10.6

 -0.14 (-0.21,-0.07) Ov erall (95% CI)

 
 
Favors metformin               Favors metformin plus second  
                                                               generation sulfonylurea 
 
 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
CI= confidence interval. 
Heterogeneity chi-squared = 67.11 (p = 0.000) 
I-squared statistic = 88 (95% confidence interval 80 to 93) 
 
 

Risk difference in hypoglycemia between groups 
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Figure 41. Incidence of subjects with hypoglycemia in randomized controlled trials comparing 
metformin with the combination of metformin plus a thiazolidinedione  
 

Risk difference
-.3 -.2 -.1 0 .1 .2 .3

Study  % Weight
 Risk difference
 (95% CI)

 -0.01 (-0.05,0.03) Fonseca, 2000   6.4

 -0.01 (-0.02,0.01) Bailey , 2005  49.3

 -0.00 (-0.01,0.01) Weissman, 2005  44.3

 -0.00 (-0.01,0.01) Ov erall (95% CI)

 
 
Favors metformin                Favors metformin plus thiazolidinedione 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
CI= confidence interval. 
Heterogeneity chi-squared = 0.50 (p = 0.77) 
I-squared statistic = 0 (95% confidence interval:  0 to 90) 
 
 
 
 
 

Risk difference in hypoglycemia between groups
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Figure 42. Incidence of subjects with hypoglycemia in randomized controlled trials less than or 
equal to one year in duration comparing glyburide/glibenclamide with other second generation 
sulfonylureas  
 

Risk difference
-.3 -.2 -.1 0 .1 .2 .3

Study  % Weight
 Risk difference
 (95% CI)

 0.08 (0.01,0.16) Baba, 1983  10.0

 0.05 (-0.06,0.16) Kilo, 1988   4.9

 0.03 (-0.03,0.08) Rosenstock, 1993  16.1

 0.03 (-0.01,0.07) Draeger, 1996  25.1

 0.05 (-0.01,0.11) Dills, 1996  15.4

 0.00 (-0.04,0.04) Kardas, 2005  28.5

 0.03 (0.00,0.05) Ov erall (95% CI)

 
 
Favors glyburide/glibenclamide  Favors other second generation sulfonylurea 
 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
CI= confidence interval. 
Heterogeneity chi-squared = 6.54 (p = 0.26) 
I-squared statistic = 24 (95% confidence interval: 0 to 67) 
 
 
 

Risk difference in hypoglycemia between groups 
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Figure 43. Incidence of subjects with hypoglycemia in randomized controlled trials less than or 
equal to one year in duration comparing second generation sulfonylureas with meglitinides  
 

Risk difference
-.3 -.2 -.1 0 .1 .2 .3

Study  % Weight
 Risk difference
 (95% CI)

 0.07 (-0.08,0.22) Wolf f enbuttel, 1993   5.5

 0.00 (-0.06,0.06) Wolf f enbuttel, 1999  35.7

 0.04 (-0.03,0.10) Marbury , 1999  28.0

 -0.01 (-0.09,0.08) Landgraf , 1999  18.4

 0.04 (-0.06,0.14) Madsbad, 2001  12.4

 0.02 (-0.02,0.05) Ov erall (95% CI)

 
 
Favors second generation   Favors meglitinide 
sulfonylurea 
 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
CI= confidence interval. 
Heterogeneity chi-squared = 1.46 (p = 0.83) 
I-squared Statistic = 0 (95% confidence interval: 0 to 79) 
 

Risk difference in hypoglycemia between groups 
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Figure 44. Incidence of subjects with hypoglycemia in randomized controlled trials less than or 
equal to one year in duration comparing a second generation sulfonylureas with the combination 
of metformin plus a second generation sulfonylurea  
 

Risk difference
-.3 -.2 -.1 0 .1 .2 .3

Study  % Weight
 Risk difference
 (95% CI)

 0.02 (-0.17,0.21) Hermann, 1994   3.0

 -0.15 (-0.21,-0.09) DeFronzo, 1995  20.9

 -0.08 (-0.17,0.00) Charpentier, 2001  12.0

 -0.10 (-0.17,-0.03) Garber, 2002  16.7

 -0.12 (-0.18,-0.06) Blonde, 2002  20.5

 -0.03 (-0.11,0.05) Marre, 2002  13.4

 -0.10 (-0.24,0.05) Tosi, 2003   5.1

 -0.18 (-0.29,-0.07) Garber, 2003   8.5

 -0.11 (-0.14,-0.07) Ov erall (95% CI)

 
Favors second generation  Favors metformin plus second  
sulfonylurea                 generation sulfonylurea 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
CI= confidence interval. 
Heterogeneity chi-squared = 9.71 (p = 0.21) 
I-squared statistic = 28 (95% confidence interval: 0 to 68) 
 
 

Risk difference in hypoglycemia between groups
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Figure 45. Incidence of subjects with hypoglycemia in randomized controlled trials comparing a 
second generation sulfonylurea with the combination of a second generation sulfonylurea plus a 
thiazolidinedione 
 

Risk difference
-.3 -.2 -.1 0 .1 .2 .3

Study  % Weight
 Risk difference
 (95% CI)

 -0.04 (-0.08,-0.01) Baksi, 2004  42.3

 -0.15 (-0.21,-0.08) Kereny i, 2004  34.9

 -0.05 (-0.17,0.07) Rosenstock, 2006  22.7

 -0.08 (-0.16,-0.00) Ov erall (95% CI)

 
 
Favors second generation   Favors second generation sulfonylurea  
sulfonylurea             plus thiazolidinedione 
 
 
 
Boxes indicate individual study point estimates. Box size denotes the weight of the study, with larger boxes contributing more to 
the pooled point estimate.  The width of the horizontal lines represents the 95% confidence interval for each individual study.  
The diamond at the bottom of the graph indicates the 95% confidence interval for the random effects pooled point estimate.  
CI= confidence interval. 
Heterogeneity chi-squared = 8.13 (p = 0.017) 
I-squared statistic = 75 (95% confidence interval: 19 to 83) 
 
 
 

Risk difference in hypoglycemia between groups 



 

177 

Table 18.  Summary measures: pooled risk difference in hypoglycemia between groups and 95% 
confidence interval for randomized controlled trials comparing oral diabetes medications with 
placebo/diet 
 

Comparison N of studies 

Pooled risk 
difference between 
drug and placebo 
for hypoglycemia  95% CI  

Pioglitazone vs placebo 
160, 162, 163, 165 

4      0.0   -0.01 to 0.01  

Rosiglitazone vs 
placebo* 170-172, 188 

4     0.07     0.04 to 0.11 

Metformin vs placebo† 79, 

96, 217 
3      0.02    -0.02 to 0.07 

Sulfonylureas vs 
placebo║ 79, 136, 137 

3     0.07    0.003 to 0.14  

Repaglinide vs placebo 
139, 194, 218   

3     0.21  0.11 to 0.32 

Nateglinide vs placebo 96, 

241 
2      NA      NA 

Acarbose vs placebo** 1      NA      NA 
vs = versus.  
* All 4 studies had rosiglitazone vs placebo added to existing sulfonylurea. 
† Several studies were excluded form the meta-analysis. The UKPDS was excluded since the study duration is much longer and it 
is discussed in the results section separately.15 Additionally, two studies reported insufficient data, but reported data consistent 
with our results.  One reported a <2% rate of hypoglycemia in both groups. The second study reported an 8.2% between-group 
difference favoring placebo.88, 99 
║Several studies were excluded from the meta-analysis since they were either UKPDS with a much longer study duration and 
reported separately, or the studies reported only serious events or number withdrawn due to hypoglycemia.16, 134, 135, 193, 198  No 
serious events occurred in the two trials that reported on this combined event. The number withdrawn due to hypoglycemia was 
slightly higher in the sulfonylurea groups than placebo, but minimal in absolute numbers (1 or 2). 
** A systematic review compared total adverse events between acarbose and placebo, but did not break it down beyond 
gastrointestinal effects.38 We found two additional studies in our review; one which showed similar rates of hypoglycemia 
between groups, and one which reported only that there were similar rates of serious events (1 in each group).99, 153  
 
 



 

178 

Table 19. Indirect comparisons of the incidence of hypoglycemia between repaglinide and other 
oral diabetes medications 
 

Indirect comparisons (drug1 
vs drug2) 

Difference of the changes in 
hypoglycemia: drug1 minus 
drug2† 95% CI† 

Repaglinide vs pioglitazone 0.21 0.32 to 0.10 
Repaglinide vs rosiglitazone 0.14 0.25 to 0.03 
Repaglinide vs metformin 0.19 0.30 to 0.08 
vs = versus; CI = 95% confidence interval. 
†The difference of the changes was calculated by subtracting the pooled point estimates from the placebo-controlled trial meta-
analyses of the medications being compared (drug1 minus drug2). A positive result indicates that drug1 had more effect than 
drug 2 on Hypoglycemia.  The 95% CI was calculated by summing the variances for the placebo-controlled trial meta-analyses, 
and then converting the variance into a confidence interval. 
 
 
Table 20. Indirect comparisons of incidence of hypoglycemia between metformin and 
thiazolidinediones 
 

Indirect comparisons (drug1 
vs drug2) 

Difference of the changes in 
hypoglycemia: drug1 minus 
drug2† 95% CI† 

Metformin vs pioglitazone 0.02 0.07 to -0.03 
Metformin vs rosiglitazone -0.05 0.01 to -0.11 
†The difference of the changes was calculated by subtracting the pooled point estimates from the placebo-controlled trial meta-
analyses of the medications being compared (drug1 minus drug2). A positive result indicates that drug1 had more effect than 
drug 2 on Hypoglycemia. The 95% CI was calculated by summing the variances for the placebo-controlled trial meta-analyses, 
and then converting the variance into a confidence interval. 
 
 
 
 
 
 



 

179 

Table 21. Summary of edema results – Head-to-head comparisons with greater than one 
comparison 
 

Comparison 
1 vs 
comparison 
2 

N of 
studies║ 

N of 
participants 

Range in risk 
differences 
between 
comparison 1 
and comparison 
2 

N of studies 
favoring 
comparison 1/ 
favoring 
comparison 2/ 
showing no 
clinically relevant 
absolute difference 
(<5%)† 

N of studies 
favoring 
comparison 1/ 
favoring 
comparison 2/ 
showing no 
clinically relevant 
absolute difference 
(<10%)† 

TZD vs Met 
RCTs 
Cohort 

 
4 
1 

 
2712 
72 

 
2.4% to 10.5% 
0.35% 

 
0/3/1 
0/0/1 

 
0/1/3 
0/0/1 

TZD vs SU 
RCTs 
Non-
RCT 
Cohort 

 
5 
1 
1 

 
1921 
36 
132 

 
4.2% to 21.2% 
16.7% 
6.6% 

 
0/4/1 
0/1/0 
0/1/0 

 
0/3/2 
0/1/0 
0/0/1 

TZD vs 
Meglit 
      RCTs 

 
2 

 
248 

 
2%-3% 

 
0/0/2 

 
0/0/2 

Met vs 
Met+TZD 
      RCTs 

 
3 

 
1439 

 
-2% to -5.2% 

 
1/0/2 

 
0/0/3 

SU vs 
SU+TZD 
      RCTs 

 
3 

 
1028 

 
-6.6% to -14% 

 
3/0/0 

 
1/0/2 

║ Studies with available data on risk differences (differences in percent of adverse events) between groups;                                
TZD = thiazolidinedione; Met = metformin; SU = sulfonylurea; Meglit = meglitinides; vs = versus; % = percent;                             
RCT = randomized controlled trial; N = number. 
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Table 22.  Subgroup analysis 
 

Author, year 

Type of subgroup 
analysis 
conducted? Study objective Results of subgroup analysis 

Karter, 2005264 Gender To determine if short-term 
use of pioglitazone is 
associated with increased 
risk of admission to hospital 
due to CHF  

The age- and sex-adjusted incidence 
density was 21.5 incident cases per 1000 
person years (95% CI: 18.7–24.6). The rate 
was not significantly different for men (22.6 
cases per 1000 person years; 95% CI: 
18.6–27.1) and women (20.4 cases per 
1000 person years; 95% CI: 16.6–24.7). 

Maru, 2005232  Gender   To estimate the incidence of 
heart failure in patients with 
newly diagnosed Type 2 
diabetes and to assess the 
effects of oral diabetes 
medications on the risk of 
heart failure.  

In all age-groups, women had a lower 
incidence rate than men.  Overlapping 95% 
confidence intervals for each age category, 
however, and incidence rates of CHF 
became almost the same at age >=75 
years old. 

Klamann, 
2000183  

Gender   Analysis of in-hospital 
mortality of non-diabetic, 
newly diagnosed Type 2 
diabetic and known Type 2 
diabetic patients (with and 
without previous 
glibenclamide treatment) 

In males, there was a significant difference 
in mortality in previously known Type 2 
diabetic patients vs. non-diabetic patients, 
but no significant difference between 
previously diagnosed Type 2 diabetic 
patients with and without sulfonylurea 
treatment (P=1.00). In females, there were 
no significant differences in mortality 
between those with and without 
glibenclamide. 

Inukai, 2005111  HbA1c stratified by 
BMI 

To investigate the efficacy of 
glimepiride in patients whose 
glycemic control had been 
inadequate with a 
conventional SU (gliclazide or 
glibenclamide).  

No significant difference in HbA1c from 
baseline in the group that had BMI<25 
kg/m2, and had a slight increase in HbA1c 
by 0.2%.  There was a significant decrease 
of about 0.5% in HbA1c in the group with 
BMI>=25 kg/m2.(p=0.039) 

 Turner, 
199893 
 
UKPDS 

 obese vs nonobese   To assess and compare 
response to SU, insulin, or 
metformin over 6 years in 
patient with newly diagnose 
type 2 diabetes that couldn’t 
be controlled with diet alone.  

(1) At 6 yrs, the median HbA1c in obese 
patients in the primary diet failure and main 
randomization groups were 0.082 (CI, 
0.071 to 0.094) and 0.074(CI 0.066 to 
0.089), respectively, in patients allocated to 
metformin (p=0.0013) and 0.081 (CI, 0.068 
to 0.097) and 0.073 (CI, 0.064 to 0.089), 
respectively, in patients allocated to 
sulfonylurea (p=0.041); (2)Obese patients 
in the primary diet failure group who were 
allocated to metformin had a nonsignificant 
decrease in body weight (change, -1.3kg 
(CI, -5.8 to 3.2kg)). (3) Annual rates of 
hypoglycemia were similar in obese and 
non-obese subjects on glyburide. 
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Author, year 

Type of subgroup 
analysis 
conducted? Study objective Results of subgroup analysis 

Leonhardt, 
1991263  

Obese vs nonobese To investigate the extent to 
which diet, insulin, SU, and 
biguanide therapies reduce 
HgA1c to normal and the 
degree to which, with these 
therapies, the fasting plasma 
glucose is a reliable indicator 
of diabetes control.  

There was no difference between the 
achieved fasting plasma glucose and 
HbA1c values of patients who were normal 
weight or obese (>120% ideal body 
weight). 

Kim, 2005152  Obese vs non-obese To assess the effectiveness 
of rosiglitazone added to 
preexisting metformin and/or 
sulfonylurea therapy in non-
obese and obese Korean 
patients. Assessed factors 
associated with rosiglitazone 
responders.  

BMI was not associated with response 
(improved Hba1c) to rosiglitazone.  
Females showed a better response to 
rosiglitazone treatment than males 
(p<0.001) even when stratified by BMI. The 
beneficial effect of rosiglitazone was 
greater in females, and in those with higher 
systolic blood pressures. 

Bakris, 200366  Patients with baseline 
microalbuminuria   

To examine the effects of 
rosiglitazone on urinary 
albumin-to-creatinine ratio 
(ACR) comparing 
rosiglitazone with glyburide 

No significant differences between 
treatment groups for reduction from 
baseline in ACR was observed at either 28 
or 52 weeks. Similar results were observed 
for the all randomized population, and for 
patients with microalbuminuria at baseline. 

Lebovitz, 
2001169  

Patients with 
microalbuminuria   

To assess the efficacy and 
safety of rosiglitazone 
monotherapy in patients 
whose hyperglycemia was 
inadequately controlled by 
diet or another oral diabetes 
medication.  

In the subgroup of patients with 
microalbuminuria at baseline, both doses of 
rosiglitazone were associated with 
reductions from baseline in ACR. Relative 
to the placebo group, the rosiglitazone 
treatment groups showed decreases in 
ACR of approximately 30%. 

Florkowski, 
2001187  

Patients with or 
without Coronary 
Artery Disease at 
baseline   

To establish mortality rates in 
a cohort of subjects over 10 
years in New Zealand and to 
determine baseline 
prognostic factors 

Where CAD was present at baseline, male 
sex was the only significant predictor of 
mortality. In patients free of CAD at 
baseline, male sex was NOT a significant 
predictor of mortality, although PVD, 
smoking, age and glycated hemoglobin 
were significant predictors of mortality. 

Abbasi, 
2000265  

By comorbid 
conditions   

To determine the 
predisposing factors that can 
lead to increased plasma 
lactic acid levels in 
metformin-treated patients 
who have normal renal 
function.  

The prevalence of comorbidities such as 
coronary heart disease and CHF were 
significantly higher in the high lactic acid 
group than in the normal lactic acid group. 
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Author, year 

Type of subgroup 
analysis 
conducted? Study objective Results of subgroup analysis 

Cryer, 2005176  Older vs younger 
adults stratified for 
serious adverse 
events, mortality and 
hospitalizations;   

To determine the incidence 
of serious adverse events, 
death, and hospitalizations 
for metformin vs. other usual 
care diabetes medications. 

There was no excess of Serious Adverse 
Events (SAEs) observed in the metformin 
group in elderly (>=65 years) or younger 
patients. The incidence of all-cause 
hospitalization, hospitalization for metabolic 
causes other than lactic acidosis, and all-
cause mortality did not differ between 
metformin and usual care in the overall 
population, or in the elderly or younger 
patients. 

Schernthaner, 
2004106  

Subgroup analysis 
based on age, CrCl, 
BMI 

To assess the efficacy and 
safety of gliclazide versus 
glimepiride.  

1) Gliclazide MR had less hypoglycemia 
than glimepiride at both <=65 and >65 
years old, but this difference between 
groups was only significant for the <=65 
year age group.  2) Also, gliclazide had less 
hypoglycemia than glimepiride at higher 
creatinine clearances.  This was only 
significantly difference in the CrCl between 
50-80 ml/min range.  3) No differences in 
HbA1c response was seen when stratified 
by age, BMI, or CrCl for either group.   4) In 
patients > 75 years (23 on gliclazide MR 
and 30 on glimepiride), 0 and 3 reported 
hypoglycemia with BGL < 3 mmol L 1, 
respectively. Most episodes occurred at the 
lowest treatment doses, 13 and 2 out of 22 
episodes on 30 mg and 60 mg gliclazide 
MR, respectively, and 21 and 27 out of 56 
episodes on glimepiride 1 and 2 mg. No 
hypoglycemia was observed on glimepiride 
6 mg. 

Goldstein, 
200382  

Age (<65 or >=65), 
sex, race, previous 
treatment   

To assess the efficacy and 
tolerability of 
glipizide/metformin as 
second-line treatment in 
patients uncontrolled by 
monotherapy with at least 
half maximum daily dose of a 
sulfonylurea.  

Authors state that the superiority of 
glipizide/metformin in reducing mean 
HbA1c levels was maintained irrespective 
of age, sex, race and previous therapy 
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Author, year 

Type of subgroup 
analysis 
conducted? Study objective Results of subgroup analysis 

Saloranta, 
2002241  

Obesity, gender, and 
age.  Also obesity 
subgroup for 
hypoglycemia   

To identify patient 
populations most appropriate 
for nateglinide monotherapy  

1) In those with BMI >=30 kg/m2, confirmed 
hypoglycemia occurred in 0%, 3.1%, 1.6%, 
and 6.0% of patients receiving placebo or 

ateglinide 30 mg, 60 mg, and 120 mg, 
respectively. The corresponding incidence 
of hypoglycemia in patients with BMI less 
than 30 kg/m2 was 1.9%, 2.0%, 5.4%, and 
4.8%. Similar rates but slightly higher in 
those with lower BMI.  2) Gender and age 
did not appear to influence the efficacy of 

ateglinide 3) Nateglinide (120 mg, a.c.) 
also appeared to be slightly more effective 
in obese patients (BMI 30 kg/m2 or more: 
placebo-adjusted  HbA1c = -0.59%) than in 
patients with BMIs less than 30 kg/m2 
(placebo-adjusted  HbA1c = -0.27%). 

Selby, 1999237  By prior treatment, 
baseline creatinine, 
age for analysis of 
remaining on 
metformin treatment 
for 12 months   

To assess adherence to 
prescribing guidelines, 
continuation rates, 
population effects on 
glycemic control, and 
occurrence of lactic acidosis 
during the first 20 months of 
availability of Metformin.  

1) Older age predicted greater glycemic 
improvement with metformin than younger 
ages. For age 50-69 compared with <50 
years old, the OR was 1.92 (95% CI 1.49-
2.46). For age ≥ 70 vs <50 years old, the 
OR was 3.08 (95% CI 2.13-4.43). Older 
age was more associated with continuing 
the medication as well. 2) Women also had 
greater glycemic improvement with 
metformin than men with OR 1.36 (95% CI 
1.10-1.95). 3) If the baseline creatinine was 
>1.5 mg/dL, then they were more likely to 
have their medication stopped. 

CHF = Congestive heart failure; SU = Sulfonylurea; CrCl = creatinine clearance; CI = Confidence interval 
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Table 23.  Summary of Studies Reporting on More Than One Study  
 

Author, Publication Date Results of pooled studies if not duplicated or already in our 
report 

Lester, 2005242 Individual studies were included in the report 

Charbonnel, 2005243 Individual studies were included in the report 
Belcher, 2004244 Mean blood pressure was slightly reduced by all treatments, with 

pioglitazone treatment resulting in the largest falls (approximately 
1.5 mmHg). Hospitalizations for cardiac or cerebrovascular 
events were similar with the different treatments. Overall mortality 
was seven of 1857 for pioglitazone and 10 of 1856 for non-
pioglitazone treatments, of which three and six were cardiac 
deaths, respectively. The incidence of congestive cardiac failure 
was similar with pioglitazone (12/1857) and non-pioglitazone 
(10/1856) treatments. 

Khan, 245 Pioglitazone, alone or combined with metformin or sulfonylurea, 
resulted in mean decreases in triglycerides (9 to 11%), and mean 
increases in HDL cholesterol (17 to 20%). 

Davidson, 2004246 Individual studies were included in the report 
Perez, 247 This study mostly discusses subfractionations of lipids.  They do 

state that pioglitazone in combination with metformin or 
sulfonylurea was significantly associated with an increase in HDL 
after 24 weeks.  For pioglitazone plus metformin only, LDL 
increased from baseline significantly 

Roden, 248 Individual studies were included in the report 
 

Belcher, 2005249 Individual studies were included in the report 
 

Belcher, 2005250 Individual studies were included in the report 
 

Charbonnel, 2005251 Individual studies were included in the report 
 

Ceriello, 2005252 Individual studies were included in the report 
 

Tan, 2004253 Individual studies were included in the report 
 

Rajagopalan, 2004254 Pioglitazone monotherapy, or added to a sulfonylurea, metformin, 
or insulin demonstrated no significant differences in effectiveness 
while exhibiting similar adverse events in patients aged ≥65 years 
compared with patients aged <65 years. 

Agrawal, 2003255 Rosiglitazone was effective and well tolerated when added to 
sulfonylurea therapy in this population of patients with mild to 
moderate renal impairment when compared to subjects with 
normal renal function. 

Rendell, 2003256 Individual studies were included in the report 
 

Kreider, 2002257 Rosiglitazone improved glycemic control with no difference 
between age groups, and was well tolerated in older subjects 
compared with younger subjects 

Lebovitz, 2002258 The respective rates of ALT values > 3 times the upper limit of 
normal per 100 person years of exposure were 0.29 for 
rosiglitazone, 0.59 for placebo, and 0.64 for metformin, insulin, or 
sulfonylurea treated subjects 
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Conclusions 
 
 
 
Summary 

 
 

The main conclusions for each of the Key Questions are reported in Table 24. The table 
includes our assessment of the strength of the body of evidence on each Key Question, broken 
down by the medication comparisons for which data were reported.   
 
 
Discussion 

 
 

This report addresses the comparative effectiveness and safety of the oral diabetes 
medications used most frequently in the United States. As expected, short-term or proximal 
outcomes such as HbA1c levels were studied more frequently in RCTs than were distal outcomes 
such as long-term complications of diabetes. HbA1c is unequivocally linked to the risk of 
microvascular disease, making it a good proximal outcome measure; in addition, it may also be 
linked to macrovascular disease. We found that most oral diabetes medications reduced HbA1c 
to a similar degree, except for nateglinide and acarbose, which appeared less effective in indirect 
comparisons. Inzucchi and coworkers have conducted a systematic review evaluating HbA1c 
among the oral diabetes medications and have drawn similar conclusions.266 Our study has added 
to this body of work by including more recent articles, especially on the meglitinides, and by 
conducting meta-analyses. Also, Inzucchi et al. only included articles in which HbA1c was listed 
as the major endpoint, while we evaluated articles that reported HbA1c even if it was not a major 
endpoint of the study.266  

Oral diabetes medications varied in their effects on body weight/BMI, with metformin and 
acarbose being the only medications associated with weight loss, as compared to other oral 
diabetes medications that increase weight. Our results are consistent with those of other 
reviews;17, 266, 267 however, no other systematic review to date has included meta-analyses of the 
effects on weight of as many different types of oral diabetes medications. One might argue that 
the weight loss seen with metformin and acarbose was only as a result of the removal of 
medications that increase weight in the run-in and that, in general, metformin and acarbose are 
associated with weight neutrality, rather than weight loss. This interpretation appears particularly 
reasonable because the published placebo-controlled trials have shown no weight change for 
acarbose and metformin. These findings suggest that any weight loss becomes significant in 
direct comparisons between medications only when the two medications have contrasting effects 
on weight.   

Generally, the reported weight gain was small to moderate, even in the longer-duration RCTs 
such as the UKPDS (<5 kg). However, even small amounts of weight gain (5-10% of body 
weight) may be associated with increased morbidity because they worsen insulin resistance and 
lipid levels, decrease patient adherence, and can cause CHF exacerbations,268, 269-271 while weight 
loss improves control of diabetes.272-274 Also, different types of weight gain (central versus 
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peripheral) may have different effects on morbidity, with central adiposity being considered to be 
more predictive of cardiovascular outcomes.275, 276 Few studies have evaluated whether weight 
gain is related to increases in visceral adipose tissue, subcutaneous fat, or plasma volume; 
however, a few recent studies have suggested that different medications affect weight through 
different mechanisms. Sulfonylureas are thought to increase weight by increasing insulin release, 
which increases glucose uptake by cells and leads to increased storage of glucose as fat.277 In two 
clinical studies,277, 278 pioglitazone has been associated with an increase in total body water and 
subcutaneous fat and a decrease in visceral fat, most likely reflecting its effect on peroxisome 
proliferators-activated receptor (PPAR) gamma. A larger number of studies of more oral diabetes 
medications are needed to allow us to establish conclusively the existence of such differences 
and their potential impact on long-term outcomes.   

Blood pressure control is extremely important in patients with diabetes.279-285 The UKPDS 
showed that for every decrease in blood pressure of 10 mmHg, there is a 15% decrease in 
diabetes-related deaths, with no threshold effect.283 Oral diabetes medications generally had 
minimal effects on blood pressure. Two systematic reviews have evaluated thiazolidinediones’ 
effects on blood pressure when compared with placebo and reported a slight but significant 
reduction in blood pressure of 2 to 4 mmHg;286 however, no one has compared the blood 
pressure effects of thiazolidinediones with other oral diabetes medications. Thiazolidinediones 
are thought to affect blood pressure through a variety of potential mechanisms, including 
intracellular increases in calcium, increased production of angiotensin II type I receptor in 
vascular smooth muscle cells, and inhibition of the production of various vascular cell types, to 
name only a few.287 A suggestion that blood pressure is decreased in the thiazolidinedione group 
when compared with second generation sulfonylureas and acarbose has been made and requires 
further exploration. Given the small non-significant between-group differences of 3-5 mmHg, 
the clinical relevance of these differences is questionable, especially since these RCTs were of 
short duration.  

Effects on lipid levels have been found to vary across medication type, but most effects were 
small to moderate. For instance, pooled analyses showed between-group differences of about 5 
to 10 mg/dL in LDL and 10 to 30 mg/dL in TGs, and summary data for HDL showed differences 
of about 3 mg/dL. Buse et al. published a systematic review on lipid levels in 2002 that reported 
similar results.25 Our review updates theirs; we were also able to add more detail on specific 
differences, since we presented meta-analyses for LDL and TGs, whereas Buse and colleagues 
derived their results by totaling the numbers of studies with statistically significant differences.   

In our evaluation of lipids, we noted that a single medication can have favorable effects on 
one lipid outcome and unfavorable effects on another lipid outcome. For instance, most oral 
diabetes medications decreased TGs, yet only thiazolidinediones increased HDL and LDL. 
Elevated LDL, elevated TGs, and low HDL are associated with cardiovascular morbidity in 
epidemiologic studies.288 In addition, treatment of lipids (especially LDL) has also been 
associated with improved cardiovascular outcome.288 While lipid-lowering treatments exist, 
patients do not reach adequate treatment goals for lipids for a multitude of reasons.289, 290 
Therefore, decisions regarding medications that may adversely affect lipids carry a higher 
relative importance. Few trials in our review evaluated the effects on lipid sub-fractions, an 
analysis that is thought by some to confer important additional information on cardiovascular 
risk. This topic may be an area for future research once more data have been acquired with 
regard to the effects of lipid sub-fractionations on cardiovascular outcomes.   
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Several caveats deserve mention regarding the proximal outcomes. First, a study’s results 
may have been influenced by the baseline levels obtained. For instance, lower baseline levels for 
particular outcomes would generally be associated with smaller between-group differences, and 
vice versa. We were limited in our assessment of heterogeneity based on baseline levels. Because 
of concerns regarding ecologic fallacy, we did not use individual level characteristics in our 
metaregression. However, although baseline levels might contribute to between-study variance, 
they would not influence the direction of the point estimates, and so would not be expected to 
markedly influence the results.   

Second, many studies failed to report the significance of between-group differences and their 
measures of dispersion, thereby hindering efforts to estimate effect size across trials. We used a 
conservative estimate of 0.5 for the correlation between baseline and final values when 
calculating variance. As a result, studies with calculated variances had less weight than studies 
that reported variance in the publication, a difference that may have influenced our results.   

Third, many trials were industry-sponsored, raising the possibility of publication bias.291 
While obvious publication bias was generally not observed, these analyses had only limited 
power to detect publication bias because of the small numbers of studies available for many of 
the drug comparisons.   

Fourth, the indirect comparison results must be viewed with caution, since indirect 
comparisons tend to overestimate effects.175 In addition, we were unable to fully assess the 
heterogeneity in the placebo groups. Furthermore, we indirectly compared pooled estimates of 
acarbose versus placebo from another systematic review with our own pooled estimates, creating 
further heterogeneity. However, these trial results were similar to the placebo-controlled trial 
results in our review. Finally, few of these RCTs, with the exception of the UKPDS, were long-
term studies, making it difficult to assess potential attenuation or exacerbation of effects over 
time. For instance, in UKPDS, HbA1c initially was reduced in the first few years, then began to 
rise in both the metformin and sulfonylurea groups.15, 16 

Very few published studies have compared oral diabetes medications in terms of clinically 
important distal outcomes, such as cardiovascular events, mortality, and microvascular 
outcomes. We found that metformin, sulfonylureas, and pioglitazone were the only medications 
associated with long-term reductions in vascular risk. Inzucchi and colleagues reported similar 
findings in 2003.266 However, we were able to add pioglitazone to their list, since the PROactive 
study had been published since their review. The UKPDS has provided the bulk of the relevant 
data on distal outcomes, along with several cohort studies.  

Several caveats deserve mention here:  First, long-term events such as renal failure or death 
and amputations from peripheral vascular disease were generally rare, limiting statistical power 
to detect differences between medications for these outcomes. Second, study end-points and 
populations varied greatly. For instance, some studies evaluated primary prevention of 
cardiovascular disease, while others evaluated secondary prevention. Cardiovascular outcomes 
ranged from electrocardiogram abnormalities to in-stent re-stenosis rates to nonfatal and fatal 
myocardial infarction or stroke. Nephropathy outcomes were reported as urinary albumin to 
creatinine ratios, microalbuminuria, proteinuria, change in glomerular filtration rate, and renal 
failure. Third, all-cause mortality was difficult to assess across studies, since many smaller 
shorter-duration trials failed to report mortality, even when no deaths occurred. Fourth, methods 
to assess and classify outcomes varied across studies: Some used vital statistics, others used 
claims data, and others used medical record review. Fifth, cohort studies often failed to adjust for 
potentially important confounders such as the duration of diabetes, HbA1c level, or blood 
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pressure level. Confounding by indication was a large concern, since many patients who have 
more serious disease or have a longer duration of diabetes are put on sulfonylureas or 
combinations of sulfonylurea and metformin. These limitations made it difficult to draw firm 
conclusions about differing effects of the oral diabetes medications on distal outcomes. 

Finally, we evaluated the comparative safety of the oral diabetes medications. Our 
conclusions were consistent with other systematic reviews that have analyzed specific adverse 
events associated with a single oral diabetes medication.22, 292, 293 However, no previous 
systematic review has systematically assessed all serious adverse events of all oral diabetes 
medications in one report.   

Minor and major hypoglycemia was more common among sulfonylureas (especially 
glyburide) and combinations including sulfonylureas than for other oral diabetes medications 
except repaglinide, which resembled the sulfonylureas. However, repaglinide may be associated 
with less serious hypoglycemia than the sulfonylureas, as indicated in one randomized crossover 
study in the elderly,199 or with less overall hypoglycemia than glyburide (0 vs 6 events) in 
patients who skip meals, as seen in one RCT. This last trial was not included in our review 
because it lasted less than 3 months.294 Few studies stratified minor or major hypoglycemia 
according to glycemic control, although these data would be important for subjects with serious 
hypoglycemia. Despite this omission, little heterogeneity was found in many of these meta-
analyses.  

Lactic acidosis is the adverse effect most commonly mentioned as a specific concern for 
patients taking metformin. Because of this concern, metformin is contraindicated in patients with 
impaired renal function and congestive heart failure. However, neither our review nor the 
systematic review by Salpeter et al.49 produced consistent evidence of an elevated risk of lactic 
acidosis in patients taking metformin, when compared with other oral diabetes medications. The 
concern with regard to lactic acidosis mainly represents a response to about 300 case reports that 
we did not evaluate in our review. The problem with using case report data is that it is difficult to 
determine cause and effect, and the effects reported may reflect underlying disease rather than 
medication effects. In fact, most of the reported cases have occurred in patients with severe acute 
conditions, such as myocardial infarction or acute renal failure, that could have caused the lactic 
acidosis.295, 296 We did not have enough information on subjects who were taking metformin and 
had chronic conditions such as chronic renal insufficiency, chronic liver disease, congestive heart 
failure, or severe pulmonary disease; therefore, we were unable to determine the safety of taking 
metformin in patients with co-morbidities that predispose subjects to lactic acidosis.  

In our review of published studies, thiazolidinediones were consistently associated with an 
increase in the number of episodes of self-reported edema; unpublished FDA data corroborate 
this finding. An advisory letter was issued by GlaxoSmithKline in December 2005, reporting that 
macular edema had been reported post-marketing by subjects taking rosiglitazone or 
thiazolidinediones;297 most of these patients also had peripheral edema. We did not, however, 
find any reports of macular edema in our review, since most of the reported events came from 
case reports. This potential adverse effect will need further investigation in observational studies. 
Thiazolidinediones were also associated with anemia, with an average drop in hematocrit of 1-
3% that is likely not clinically relevant unless the individual already has moderate to severe 
anemia. Thiazolidinediones are thought to cause edema and anemia by increasing the plasma 
volume.277 The FDA data indicated that hematocrit decreased by more than 10% in fewer than 1 
in 100 subjects. However, although the anemia develops infrequently, it seems reasonable to 
check for anemia after starting thiazolidinediones.  
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CHF is an adverse event that is mentioned on the product label for the thiazolidinediones; the 
label cites two different studies: One compared pioglitazone with glyburide, and the other was a 
study of rosiglitazone plus insulin, showing increased CHF in the thiazolidinedione arms.298, 299 
Rosiglitazone is also currently contraindicated in patients with New York Heart Association 
(NYHA) class III or IV CHF.299 In our review, thiazolidinediones also conferred a greater risk of 
congestive heart failure than did metformin or second generation sulfonylureas. We found 
several RCTs that reported on CHF as an adverse event, including PROactive, a one-year, large 
randomized, double-blind trial.185 However, many studies did not report on this adverse event, 
even to state that there were no events. Although a few observational studies have evaluated this 
outcome, they were limited by their ability to address key confounders such as HbA1c control, 
duration of diabetes, blood pressure level, adherence to medications, and medication dosing.  

Summaries of data with regard to withdrawals due to unspecified adverse events were 
included in many studies, but these data have limited usefulness because the authors did not 
identify specific reasons for the withdrawals. Eighteen percent of trials did not report on 
withdrawals or losses to follow-up, and it would be important to know whether the withdrawals 
that were reported were due to specific adverse events. If trials reported this information 
consistently, comparative data would be more meaningful for this outcome.  

Several caveats deserve mention with regard to adverse events. First, while almost all studies 
reported the incidence of hypoglycemia, they were inconsistent in terms of reporting on other 
adverse events. Second, the definitions of adverse events varied across studies and were often 
aggregated. For instance, GI events could be defined as nausea, vomiting, abdominal pain, 
flatulence, or a mixture of the above, making it difficult to compare across studies. Third, as 
expected, the incidence of adverse events was generally higher in cohort studies, which were of 
longer duration, than in the short-duration RCTs. The estimates from the RCTs (with the 
exception of the longer-duration UKPDS) are therefore likely to be lower than what one would 
expect in diabetic subjects over time. Also, because of potential publication bias, cohort studies 
may be more likely to get published if a difference between medications is shown. However, the 
cohort studies have generally shown between-group differences that were similar to those in the 
RCTs. Fourth, few RCTs evaluated certain outcomes, such as elevated liver transaminases, CHF, 
anemia, cancer, and allergic reactions; therefore, we relied on a small number of cohort studies 
for many of these outcomes. The available cohort studies, however, were limited by their ability 
to adjust for key confounders such as HbA1c levels, blood pressure, lab data, duration of 
diabetes, adherence to medications, and doses of medications. Finally, most studies occurred in 
patients without contraindications, such as renal or hepatic insufficiency; therefore, we cannot 
generalize these findings to those specific co-morbidities. 

Several general limitations to this systematic review should also be kept in mind. First, we 
did find that the study populations were fairly similar to the general population of adults with 
type 2 diabetes. However, many studies excluded individuals with complications of diabetes or 
other co-morbidities, as well as less adherent subjects, thereby limiting the generalizability of the 
findings.   

Second, we excluded articles comparing oral diabetes medications with insulin, since insulin 
was not part of this review. Therefore, we may have missed some relevant information regarding 
the oral diabetes medications of interest. However, these data would have been indirect 
comparison data and less strong than the head-to-head data we present. We also did not study the 
oral diabetes medications in combination with injectable diabetes medications such as insulin, 
amylin, or exenatide, another potential limitation to the generalizability. In the UKPDS, 22-40% 



 

190 

of subjects had insulin added to their regimen after 6 years of follow-up;93 such addition of 
insulin could lead to new adverse events or exacerbation of existing adverse events. Also, a 
systematic review already exists that evaluated insulin in combination with oral medications, as 
well as insulin monotherapy.300  

Third, we only included articles that had more than 20 participants in each arm or a total of 
40 participants or more in the study. We felt that very small studies were unlikely to influence 
our conclusions, given the large number of studies that were available for inclusion in this 
systematic review. Fourth, we only evaluated specific safety issues for which there was an a 
priori hypothesis of potential harm. However, we did abstract data on all serious adverse events 
as well as all the well-known side effects. We also evaluated FDA data, paying particular 
attention to safety concerns. Therefore, we do not feel we have missed any clinically relevant 
concerns.   

In conclusion, oral diabetes medications had similar effects on glycemic control and slightly 
different effects on other proximal outcomes. We were unable to draw firm conclusions about 
the differences among oral diabetes medications in terms of their effects on distal outcomes. 
Safety differences did exist among the oral diabetes medications and deserve further 
investigation.     

 
 

Future Research 
 
 

This review of existing evidence identified a number of issues requiring further research. 
These remaining issues are grouped by key question below. 

 
For Key Question 1 (Short-term Outcomes) 
 

1. Future studies should examine the effects of medications on glycemic variability in more 
depth, using standardized methods to allow better comparison of effects across 
medications. Consistently reporting 2-hour PPG, as well as measuring 2-hour PPG over 
time pre- and post-treatment, would help with these comparisons.   

 
2. There were few extended studies that characterized the persistence of effects on glycemic 

control, weight, and lipids over time. Evaluating the durability of effects on proximal 
outcomes will be helpful in determining the clinical relevance of the various effects on 
lipids, weight, and glycemic control. Linking these effects to cardiovascular outcomes 
will also help clarify their clinical relevance.   

 
3. More head-to-head monotherapy trials of rosiglitazone with metformin and sulfonylurea 

monotherapy are needed to make it possible to better assess potential differences in lipid 
outcomes. 

 
4. Future studies on body weight changes should attend to effects on body composition, in 

order to partition effects on weight or BMI in terms of increases in fluid, subcutaneous 
tissue, or visceral adipose tissue, as these differing effects may have different effects on 
health. If possible, investigators should then link these changes with long-term outcomes, 
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such as mortality. Furthermore, since sulfonylureas and thiazolidinediones caused weight 
gain when used as monotherapy, future studies need to identify whether there is an 
additive or synergistic effect on weight if sulfonylureas are combined with 
thiazolidinediones. 

 
For Key Question 2 (Long-term Outcomes) 
 

1. More RCTs and prospective cohort studies should examine the effects of oral diabetes 
medications on the long-term outcomes of all-cause and cardiovascular mortality, 
cardiovascular disease morbidity, microvascular disease, and peripheral vascular disease. 

 
2. We recommend continued investigation of surrogate markers of cardiovascular disease, 

such as carotid intimal media thickness using ultrasound imaging, as well as further 
evaluation of re-stenosis rates and arrhythmias among different oral diabetes medications. 

 
3. To determine whether oral diabetes medications differ in their effects on mortality and 

cardiovascular morbidity, a long-term head-to-head RCT should be conducted to compare 
thiazolidinediones, metformin, sulfonylurea, and metformin plus a sulfonylurea in 
subjects with a history of mild macrovascular disease. 

 
4. To improve our understanding of the effects of oral diabetes medications on peripheral 

vascular disease, studies should use earlier, clinically relevant outcomes such as ankle 
brachial index, distance to onset of pain, stopping time during standardized walking, and 
symptoms of PVD as well as outcomes of amputation and death from peripheral vascular 
disease. 

 
5. To improve our understanding of the effects of oral diabetes medications on nephropathy, 

studies should evaluate long-term clinically relevant outcomes, such as time to dialysis as 
well as shorter-term outcomes such as proteinuria.   

 
For Key Question 3 (Quality of Life) 
 

1. More studies using standardized, validated questionnaires should be conducted to 
examine the effects of oral diabetes medications on health-related quality of life. 

 
For Key Question 4&5 (Adverse Effects) 
 

1. Studies on oral diabetes medications need to consistently report withdrawals and reasons 
for withdrawals in order to improve our understanding of potential differences in adverse 
effects. 

 
2. Studies on oral diabetes medications need to report their definitions of adverse events 

more thoroughly and consistently report on all adverse events (rather than use aggregated 
events). 
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3. Additional observational studies of metformin compared with other oral diabetes 
medications in subjects prone to lactic acidosis would help determine the safety of using 
this medication in co-morbid populations.  

 
4. Further observational studies should evaluate the incidence of macular edema and of 

anemia requiring transfusion or hospital admission for thiazolidinediones as compared 
with analogous results for other oral agents, and they should evaluate cancer and allergic 
reactions in all oral diabetes medications. 

 
For Key Question 6 (Differences Across Specific Populations) 
 

1. To determine differences based on co-morbidities or demographics, stratified analyses of 
outcomes would be extremely helpful. Specific areas to focus on would be the effects of 
medications in subjects with and without renal disease, congestive heart failure, liver 
disease, psychiatric diseases, and studies focusing on the elderly.  

 
Other General Issues 
 

1. Future observational studies could improve our understanding of the effects of oral 
diabetes medications on adverse events and distal outcomes if they carefully assess key 
confounders, such as duration of diabetes, adherence to medications, dosing of 
medications, HbA1c levels, and blood pressure levels. 

 
2. Studies need to consistently report between-group changes from baseline, as well as 

measures of dispersion such as standard errors.   
 
3. For all outcomes, further head-to-head comparisons of nateglinide with other oral 

diabetes medications and of repaglinide with other oral diabetes medications besides 
sulfonylureas are needed.  

 
4. More studies are needed to compare one combination of medication directly with another 

combination (specifically metformin, sulfonylureas, and thiazolidinediones in dual 
combinations as starting therapy) for all outcomes, as many clinicians have started using 
combinations as initial treatment in patients with diabetes.   

 
5. Future studies comparing oral diabetes medications must consider any new oral diabetes 

medications that may be placed on the market, such as the dipeptidyl peptidase IV (DPP-
IV) inhibitor sitagliptin, which has just been approved by the Food and Drug 
Administration.  

 
6. More easily accessible and understandable FDA data for clinicians, investigators, and the 

public should be a priority, as their data were difficult to sift through, yet can be quite 
important. 
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7. Further research is also needed on the effects of oral diabetes medications on beta cell 
function over a 3-5 year period or longer, using standardized outcomes such as C-peptide 
and insulin levels and time to requiring insulin. 

 
8. A systematic review on drug-drug interactions in persons with diabetes would help 

clinicians with treatment decisions.  
 
9. Studies comparing combinations of older diabetes medications, such as sulfonylureas and 

metformin, with combinations of newer oral diabetes medications, such as 
thiazolidinediones in combination with DPP-IV inhibitors or meglitinides, would be 
interesting, especially given the cost associated with newer oral diabetes medications. 
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Table 24. Evidence of Comparative Effectiveness of Oral Diabetes Medications 
 
Key Question Level of 

Evidence* 
Conclusions 

1. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in their ability 
to affect the following proximal clinical measures? 
1a. glycated 
hemoglobin (HbA1c) 

Moderate to high  
 
 

Most oral diabetes medications (thiazolidinediones, second 
generation sulfonylureas, metformin, and repaglinide) had similar 
absolute reductions in HbA1c (~ 1%) when compared with one 
another as monotherapy.  

 Low Indirect data, in addition to a few head-to-head trials, showed that 
nateglinide and alpha-glucosidase inhibitors were less efficacious 
in reducing HbA1c (~ 0.5-1% absolute difference) than were other 
oral diabetes medications. 

 Moderate to High Combination therapies were better than monotherapy at reducing 
HbA1c, by about 1% (absolute difference). 

1b. weight  High to moderate Metformin consistently caused weight loss (~ 1-5 kg) when 
compared with thiazolidinediones, second generation 
sulfonylureas, and combinations of metformin plus second 
generation sulfonylureas, all of which generally increased weight.  

 Low Thiazolidinediones and second generation sulfonylureas caused 
similar weight gain (~ 3 kg) when used in monotherapy or in 
combination therapy with other oral diabetes medications.  

 Low  Thiazolidinediones caused weight gain (~3 kg) when compared 
with acarbose and repaglinide, based on indirect comparisons of 
placebo-controlled trials as well as a few direct comparisons. 

 Low When compared with sulfonylureas, acarbose showed no 
significant differences in weight, but there was a suggestion of 
differences between groups in the direct comparisons. The indirect 
comparisons showed that sulfonylureas were associated with 
weight gain when compared with acarbose, which was weight-
neutral. 

 Low Based on a few head-to-head comparisons and indirect 
comparisons, acarbose and metformin had similar weight effects. 

 Moderate 
 
 

Repaglinide and second generation sulfonylureas had similar 
effects on weight. There were too few comparisons of repaglinide 
with other oral diabetes medications.  

 Insufficient There were too few comparisons of nateglinide with any other oral 
diabetes medication in terms of their effects on weight.  

1c. systolic and  
diastolic blood  
pressure  

Moderate to low 
for most 
comparisons† 
 

All oral diabetes medications had similarly minimal effects on 
systolic and diastolic blood pressure (<5 mm Hg).  

 Insufficient Too few studies compared meglitinides with other oral diabetes 
medications (besides sulfonylureas) to allow us to draw firm 
conclusions.   
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Table 24. Evidence of Comparative Effectiveness of Oral Diabetes Medications (Continued) 
 
Key Question Level of 

Evidence* 
Conclusions 

1d. low density 
lipoprotein (LDL) 

Moderate for 
monotherapy 
comparisons and 
moderate to low 
for combinations 
compared with 
monotherapy  

Thiazolidinedione monotherapy and rosiglitazone in combination 
with metformin or sulfonylurea increased LDL (~ 10-12 mg/dL), 
when compared with metformin or second generation sulfonylurea 
monotherapy, which generally decreased LDL.  

 Moderate Rosiglitazone increased LDL more than did pioglitazone (~10-15 
mg/dL), based on indirect comparisons and a few head-to-head 
comparisons.   

 Low to very low Based on one head-to-head trial and mainly indirect comparisons, 
rosiglitazone increased LDL more than did acarbose (~ 10-15 
mg/dL). 

 Moderate Metformin decreased LDL when compared with second generation 
sulfonylureas (~ 10 mg/dL). 

 Low The effects of metformin monotherapy on LDL were similar to 
those of metformin plus a sulfonylurea. 

 Low to very low Indirect comparisons showed similar effects of acarbose and 
metformin on LDL. The one direct comparison favored maximally 
dosed acarbose over sub-maximally dosed metformin.   

 Low Second generation sulfonylureas and repaglinide had similar 
effects on LDL.  

 Moderate The combination of metformin plus sulfonylurea decreased LDL, 
when compared with second generation sulfonylurea monotherapy 
(~ 8 mg/dL). 

 Low Alpha-glucosidase inhibitors and second generation sulfonylureas 
had similar effects on LDL. 

 Insufficient There were too few studies comparing meglitinides with other oral 
diabetes medications besides sulfonylureas to allow firm 
conclusions to be drawn.   

1e.  high density 
lipoprotein (HDL) 

Moderate Pioglitazone increased HDL more than did rosiglitazone, based on 
indirect and a few direct comparisons (~ 1-3 mg/dL). 

 Moderate Pioglitazone increased HDL when compared with metformin or 
second generation sulfonylureas (~ 3-5 mg/dL). 

 Moderate to low The combination of rosiglitazone with metformin or a second 
generation sulfonylurea increased HDL slightly more than did 
metformin or second generation sulfonylureas alone (~ 3 mg/dL). 

 Moderate to low Metformin, second generation sulfonylureas, acarbose, and 
meglitinides had similarly minimal or no effects on HDL. 

 Moderate to low Combination therapy with metformin plus a second generation 
sulfonylurea was not different in its effect on HDL from 
monotherapy with either of the two classes. 
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Table 24. Evidence of Comparative Effectiveness of Oral Diabetes Medications (Continued) 
 
Key Question Level of 

Evidence* 
Conclusions 

1f. triglycerides (TG) Moderate 
 

Based on indirect comparisons and a few head-to-head 
comparisons, pioglitazone decreased TG (range 15-52 mg/dL) 
when compared with rosiglitazone, which increased TG (range 6-
13 mg/dL).   

 Moderate to low Pioglitazone decreased TG more than did metformin (~ 26 mg/dL), 
and pioglitazone and sulfonylureas showed similar decreases in 
TG.  However, the pooled estimate suggested a potential 
difference between pioglitazone and sulfonylureas of -28.8 mg/dL. 

 Low Indirect comparisons and one direct comparison showed that 
pioglitazone decreased TG more than did acarbose (~ 30 mg/dL). 

 Low Rosiglitazone increased TG when compared indirectly with 
metformin and acarbose, yet showed similar effects on TG when 
compared directly with metformin. 

 Moderate to low Metformin decreased TG more than did second generation 
sulfonylureas or metformin plus rosiglitazone (~ 10 mg/dL). 

 Moderate to low Metformin plus a second generation sulfonylurea decreased TG 
more than did sulfonylurea monotherapy (~ 30 mg/dL), and it 
showed non-significant decreases in TG when compared with 
metformin monotherapy. 

 Low to very low Based on indirect and a few direct comparisons, metformin and 
acarbose had similar effects on TG. 

 Moderate to low  Second generation sulfonylureas, repaglinide, and acarbose had 
similar effects on TG.  There were too few comparisons to 
nateglinide to allow us to draw any conclusions. 

2: Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in their ability 
to affect distal diabetes-related complications of mortality and microvascular and macrovascular 
outcomes? 
2a. all-cause 
mortality  

Low to very low It was unclear whether mortality differed when the combination of 
metformin and a sulfonylurea was compared with sulfonylurea or 
metformin monotherapy, or when metformin and sulfonylureas 
were compared.  

 Very low  Not enough data existed to compare other oral diabetes 
medications. 

2b. cardiovascular 
disease mortality 

Low to very low It was unclear whether cardiovascular mortality differed when 
comparing the combination of metformin and a sulfonylurea with 
sulfonylurea or metformin monotherapy.  

 Low to very low It was unclear whether the effects on cardiovascular mortality 
differed between metformin and sulfonylureas.   

 Very low  Not enough data existed to compare other oral diabetes 
medications. 

2c. cardiovascular 
morbidity 

Low to very low There were too few studies to support any conclusions about how 
cardiovascular morbidity differed among the medications. 

2d. peripheral 
vascular disease 

Low to very low No evidence existed that showed a difference among oral 
diabetes medications with regard to effects on peripheral vascular 
disease.  

2e. microvascular 
outcomes 
(retinopathy, 
nephropathy, 
neuropathy) 

Low to very low Too few comparisons were made to allow any firm comparative 
conclusions regarding microvascular outcomes. 
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Table 24. Evidence of Comparative Effectiveness of Oral Diabetes Medications (Continued) 
 
Key Question Level of 

Evidence* 
Conclusions 

 Low to very low Pioglitazone and sulfonylureas showed similar effects on 
nephropathy in 3 RCTs lasting less than a year and showed 
greater improvement in proteinuria when compared with metformin
in 2 RCTs lasting less than a year. 

3. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in their ability 
to influence other health outcomes, including quality of life and functional status? 
3a. Quality of life and 
functional status 

Very low Too few studies existed to allow any comparative conclusions to 
be drawn.  

4&5. Do oral diabetes medications for the treatment of adults with type 2 diabetes differ in terms of 
risk of the following life-threatening and non-life-threatening adverse events? 
4&5a. hypoglycemia NA Second generation sulfonylureas had a higher percentage of 

subjects with hypoglycemic episodes (range 0-58%) than did 
metformin (range 0-21%) or thiazolidinediones (range 0-24%).  
The absolute risk differences between groups were ~5-10%. 

 NA Based on indirect comparisons, metformin (range 0-21%) and 
thiazolidinediones (range 0-24%) had a similar incidence of 
subjects with hypoglycemia, consistent with the few head-to-head 
trials. 

 NA Glyburide/glibenclamide had a higher incidence of subjects with 
hypoglycemia (range 0-32%), when compared with other second 
generation sulfonylureas (range 0-14%).  The absolute risk 
difference between groups was ~2%. 

 NA Repaglinide had an incidence of subjects with hypoglycemia 
(range 0-15%) that was similar to that of second generation 
sulfonylureas (range 7-19%). 

 NA Data were sparse on the comparisons of hypoglycemia between 
acarbose and other oral diabetes medications, and between 
nateglinide and other oral diabetes medications. 

 NA Combinations of metformin plus sulfonylurea (range 5-58%) and 
sulfonylurea plus thiazolidinedione (range 6-32%) had a higher 
incidence of subjects with hypoglycemia than did metformin (range 
0-21%) or sulfonylurea monotherapy (range 2-39%).  The absolute 
risk differences were ~8-14%. 

 NA A combination of metformin plus rosiglitazone had a similar 
percentage of subjects with hypoglycemia (range 1-5%) to that for 
metformin monotherapy (range 0-2%).  No serious events occurred 
in either group in these RCTs. 

4&5b. gastrointestinal 
(GI) 
problems/adverse 
events 

NA Metformin was associated with a greater percent of subjects with 
GI adverse events (range 2-63%) when compared with 
thiazolidinediones (range 0-36%) and second generation 
sulfonylureas (range 0-32%).  The between-group absolute risk 
differences were ~ 5-15%. 

 NA Metformin monotherapy was associated with more frequent 
adverse events (range 2-63%) than was the combination of 
metformin plus a second generation sulfonylurea (range 1-35%) or 
metformin plus thiazolidinediones (17%) if the metformin 
component was at a lower dose than the metformin monotherapy 
arm.   
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Table 24. Evidence of Comparative Effectiveness of Oral Diabetes Medications (Continued) 
 
Key Question Level of 

Evidence* 
Conclusions 

 NA There was a suggestion from a few placebo-controlled and head-
to-head trials that metformin and acarbose have a similar 
incidence of subjects with GI adverse events (range 8-29% vs 15-
30%, respectively).  

 NA There was a suggestion from a few placebo-controlled and head-
to-head trials that meglitinides have a lower incidence of subjects 
with GI adverse events (range 8-11%) than does metformin (range 
8-29%) (between-group absolute differences of ~ 5-15%). 

4&5c. elevated 
aminotransferase 
levels/liver failure 

NA Several oral diabetes medications (thiazolidinediones, second generation 
sulfonylureas, and metformin) appeared to have similarly low rates (<1%) 
of clinically relevant elevated aminotransferase levels (> 1.5 to 2 times the 
upper limit of normal or liver failure). 

 NA Insufficient studies evaluated or reported on the effects of meglitinides and 
acarbose on serum aminotransferase levels, but they appeared to be 
similar to the effects of other oral diabetes medications.  

4&5d. congestive heart 
failure (CHF) 

NA Thiazolidinediones had a greater risk of CHF than did metformin or 
sulfonylureas (2 RCTs with absolute between-group risk differences of 1-
2%; cohort studies had a range in odds ratios of 1.06-2.27, which was 
significant in 4 of 5 studies). 

 NA Metformin and second generation sulfonylureas had similarly little impact 
on incident CHF. 

4&5e. 
edema/hypervolemia 

NA Thiazolidinediones had a greater percentage of subjects with edema 
(range 0-26%) than did second generation sulfonylureas (range 0-8%) or 
metformin (range 0-4%).  The range of between-group absolute risk 
differences was 2-21%. Of note, no cases of macular edema were 
reported. 

 NA Data were too sparse to allow us to draw conclusions about comparisons 
of the incidence of edema with other oral diabetes medications. 

4&5f. lactic acidosis NA The rate of lactic acidosis was similar between metformin and other oral 
diabetes medications or placebo (8.4 vs 9 cases per 100,000 patient-
years). 

4&5g. anemia, 
thrombocytopenia,    
and leucopenia 

NA Thiazolidinediones may be associated with a greater percent of subjects 
with anemia (range 3-7%) than are other oral diabetes medications (range 
2-3%). The absolute between-group differences were ~ 1-5%.  

4&5h. cancer NA There were too few studies and too few cancer cases to draw 
comparative conclusions. 

4&5i. allergic reactions 
requiring hospitalization 

NA No serious allergic reactions requiring hospitalization were reported. 

4&5j. withdrawals due 
to unspecified adverse 
events 

NA There were no significant differences among oral diabetes medications in 
withdrawals due to unspecified adverse events. 

4&5k. Food and Drug 
Administration (FDA) 
data 

NA Pioglitazone was associated with an increased rate of hospitalization for 
acute cholecystitis in a pooled analysis compared with placebo. 

 NA FDA data were consistent with the adverse event findings reported above.
6. Do the safety and effectiveness of oral diabetes medications for the treatment of adults with type 2 diabetes 
differ across particular adult populations, such as those based on demographic factors (e.g., race/ethnicity, 
age>65 years, or gender) or co-morbidities (e.g., renal insufficiency, congestive heart failure, liver disease, 
obesity, depression, schizophrenia)? 
 NA Studies had too few analyses to allow us to draw comparative conclusions 

for this question. 
* Definitions of levels of evidence: High = further research is very unlikely to change our confidence in the estimates; Moderate 
= further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; 
Low = further research is likely to have an important impact on our confidence in the estimate of effect and is likely to change the 
estimate; Very low = any estimate of effect is very uncertain; Insufficient = not graded if too few comparisons (<3 studies) and 
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not a key comparison of interest; NA=not applicable since there was no validated grading system to determine level of evidence 
for adverse events. 
† The evidence was graded very low for the following comparisons related to blood pressure effects: metformin versus 
metformin plus sulfonylurea, sulfonylurea versus sulfonylurea plus thiazolidinedione, meglitinides versus sulfonylureas, and 
alpha-glucosidase inhibitors versus all other oral diabetes medications. 
TG = triglycerides; FDA = Food and Drug Administration; CHF = congestive heart failure; GI = gastrointestinal; LDL = low 
density lipoprotein; HDL = high density lipoprotein; HbA1c = hemoglobin A1c; RCT = randomized controlled trial. 
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List of Acronyms/Abbreviations 
 
 
 
AHRQ Agency for Healthcare Research and Quality 
BMI body mass index 
CABG coronary artery bypass graft 
CHF congestive heart failure 
CI confidence interval 
DBP diastolic blood pressure 
dL deciliter 
DPP-IV dipeptidyl peptidase-IV 
EPC Evidence-based Practice Center 
FDA Food and Drug Administration 
g grams 
GFR glomerular filtration rate 
GI gastrointestinal 
GITS gastrointestinal therapeutic system 
GRADE Grading of Recommendations Assessment, Development and Evaluation 
HbA1 hemoglobin A1 
HbA1c hemoglobin A1c 
HDL high density lipoprotein 
HR hazard ratio 
HR hazard ration 
IU International unit 
kg kilogram 
LDL low density lipoprotein 
m meter 
mg milligrams  
mmHg millimeter mercury 
mmol millimole 
NHANES III Third National Health and Nutrition Survey 
NYHA New York Heart Association 
PPAR peroxisome proliferators-activated receptor 
PPG postprandial glucose 
PROactive PROspecitive pioglitAzone clinical Trial in macroVascular Events 
PVD peripheral vascular disease 
RCT randomized controlled trial 
RR relative risk 
RR relative risk 
sd standard deviation 
se standard error 
SPB systolic blood pressure 
SU sulfonylurea 
TG triglycerides 
TZD thiazolidinedione 
UKPDS United Kingdom Prospective Diabetes Study 
VAS visual analog scales 
XL extended release 
XR extended release 
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