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Background: Given the increase in medications for type 2 diabetes
mellitus, clinicians and patients need information about their effec-
tiveness and safety to make informed choices.

Purpose: To summarize the benefits and harms of metformin,
second-generation sulfonylureas, thiazolidinediones, meglitinides,
dipeptidyl peptidase-4 (DPP-4) inhibitors, and glucagon-like
peptide-1 receptor agonists, as monotherapy and in combination,
to treat adults with type 2 diabetes.

Data Sources: MEDLINE, EMBASE, and the Cochrane Central Reg-
ister of Controlled Trials were searched from inception through
April 2010 for English-language observational studies and trials. The
MEDLINE search was updated to December 2010 for long-term
clinical outcomes.

Study Selection: Two reviewers independently screened reports
and identified 140 trials and 26 observational studies of head-to-
head comparisons of monotherapy or combination therapy that
reported intermediate or long-term clinical outcomes or harms.

Data Extraction: Two reviewers following standardized protocols
serially extracted data, assessed applicability, and independently
evaluated study quality.

Data Synthesis: Evidence on long-term clinical outcomes (all-cause
mortality, cardiovascular disease, nephropathy, and neuropathy)
was of low strength or insufficient. Most medications decreased the
hemoglobin A1c level by about 1 percentage point and most 2-drug
combinations produced similar reductions. Metformin was more

efficacious than the DPP-4 inhibitors, and compared with thiazoli-
dinediones or sulfonylureas, the mean differences in body weight
were about �2.5 kg. Metformin decreased low-density lipoprotein
cholesterol levels compared with pioglitazone, sulfonylureas, and
DPP-4 inhibitors. Sulfonylureas had a 4-fold higher risk for mild or
moderate hypoglycemia than metformin alone and, in combination
with metformin, had more than a 5-fold increased risk compared
with metformin plus thiazolidinediones. Thiazolidinediones increased
risk for congestive heart failure compared with sulfonylureas and in-
creased risk for bone fractures compared with metformin. Diarrhea
occurred more often with metformin than with thiazolidinediones.

Limitations: Only English-language publications were reviewed.
Some studies may have selectively reported outcomes. Many stud-
ies were small, were of short duration, and had limited ability to
assess clinically important harms and benefits.

Conclusion: Evidence supports metformin as a first-line agent to
treat type 2 diabetes. Most 2-drug combinations similarly reduce
hemoglobin A1c levels, but some increased risk for hypoglycemia
and other adverse events.

Primary Funding Source: Agency for Healthcare Research and
Quality.
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In the United States, 11 unique classes of medication are
approved to treat hyperglycemia in type 2 diabetes mel-

litus; remarkably, 9 of these classes became available since
1995 (1). Most adults with type 2 diabetes will receive
more than 1 class of diabetes medication concurrently to
achieve adequate glycemic control (2).

The goals of pharmacologic therapy are to reduce
symptoms of hyperglycemia and the long-term compli-
cations of diabetes. Glycemic control is known to re-
duce the risk for microvascular complications, including

retinopathy and neuropathy (3–5). The risk for death
from cardiovascular disease is increased in adults with
type 2 diabetes (6); however, it is unclear whether in-
tensive glycemic control reduces that risk (7, 8). To
make well-informed choices among the options for
achieving glucose control, clinicians and patients need
comprehensive information about the effectiveness and
safety of therapies, with attention to patient-relevant
outcomes (4, 9, 10).

The Agency for Healthcare Research and Quality
(AHRQ) published its first systematic review on the
comparative effectiveness and safety of oral hypoglyce-
mic medications for type 2 diabetes in 2007 (11, 12).
The agency requested an update of this review to in-
clude medication classes newly approved by the U.S.
Food and Drug Administration (FDA) and evidence on
combinations of medications, including oral medica-
tions combined with insulin. This review focuses on
head-to-head comparisons relevant to clinicians and pa-
tients and provides both an update and an expansion of
the previous comprehensive review (11).
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METHODS

When we formulated the key questions for this sys-
tematic review, we incorporated input from experts in di-
abetes care, policy, and research about the drug compari-
sons of greatest clinical interest. The key questions,
protocol, and draft report were posted for public comment
and then refined accordingly. The full evidence report (13)
contains a detailed description of the methods and results,
including search strategies and evidence tables.

Data Sources and Search Strategy
We searched for original articles in MEDLINE,

EMBASE, and the Cochrane Central Register of Con-
trolled Trials from inception to April 2010. After manu-
script submission, we updated the MEDLINE search to
December 2010 for long-term clinical outcomes (all-cause
mortality, cardiovascular morbidity and mortality, ne-
phropathy, and neuropathy). We reviewed reference lists of
relevant review articles and each included article, hand-
searched the 15 medical journals most likely to publish
articles on this topic, and invited peer reviewers and public
reviewers to provide additional citations. We obtained
medical reviews from the FDA, the European Public As-
sessment Reports, and Health Canada Product Mono-
graphs and unpublished data from several pharmaceutical
companies. We also reviewed public registries of clinical
trials. Our search strategy for the bibliographic databases
combined terms for type 2 diabetes and the specific diabe-
tes agents and was limited to English-language reports of
studies in adults.

Study Selection
Two authors independently reviewed titles and ab-

stracts to identify eligible articles. We selected original
studies in nonpregnant persons aged 18 years or older with
type 2 diabetes that assessed the benefits and harms of
medications in a head-to-head comparison of interest (13).
We included FDA-approved oral diabetes medications
used as monotherapy or in 2-drug combinations with ei-
ther metformin or a thiazolidinedione, and insulin thera-
pies in combination with selected oral medications. We
excluded studies of �-glucosidase inhibitors (for example,
acarbose) because they are infrequently prescribed in the
United States; have lower efficacy for glycemic control; and
have high rates of gastrointestinal adverse effects, limiting
their tolerability (11). We also excluded colesevelam,
which was only recently approved by the FDA.

We selected studies that reported on major long-term
clinical outcomes or any of the following intermediate end
points or adverse events: hemoglobin A1c (HbA1c) level,
body weight, lipid levels (high-density lipoprotein choles-
terol [HDL-C], low-density lipoprotein cholesterol [LDL-
C], and triglycerides), hypoglycemia (mild, moderate, or
severe), liver injury, congestive heart failure, severe lactic
acidosis, cancer, severe allergic reactions, hip and nonhip
fractures, pancreatitis, cholecystitis, macular edema or de-
creased vision, and gastrointestinal adverse effects and

other serious adverse events. We included only random-
ized, controlled trials (RCTs) for intermediate end points
and both trials and observational studies for major clinical
outcomes and adverse events.

We excluded studies that followed patients for less
than 3 months, had fewer than 40 patients, did not have a
drug comparison of interest, or used background medica-
tions for diabetes without stratification of the outcomes
by the combination of medications. The eligibility criteria
for this review differed from those for the initial review
(11). The most important differences were the inclusion of
newly FDA-approved drug classes (dipeptidyl peptidase-4
[DPP-4] inhibitors and glucagon-like peptide-1 [GLP-1]
receptor agonists), a focus on 2-drug combinations (some
of which contained an insulin product), the inclusion of
several additional safety outcomes (fractures, cholecystitis,
pancreatitis, and macular edema), and the exclusion of
placebo-controlled trials.

The search, selection process, and description of arti-
cles newly included since the 2007 review are shown in
Appendix Figures 1 and 2 (available at www.annals.org).

Data Abstraction, Quality, and Applicability Assessments
One investigator used standardized forms to abstract

data on general study characteristics (for example, study
design and duration); study participants (for example, age,
sex, race, and duration of diabetes); eligibility criteria; in-
terventions (for example, drugs and dosing); outcome mea-
sures; and results for each outcome, along with their mea-
sures of variability. A second investigator confirmed the

Context

There are numerous treatment regimens for type 2 diabe-
tes.

Contribution

This review found little evidence about the relative effects
of various antihyperglycemic therapies on long-term clini-
cal outcomes. Most monotherapies reduced hemoglobin
A1c levels by similar amounts. Metformin therapy reduced
body weight compared with thiazolidinediones and
sulfonylureas; decreased low-density lipoprotein choles-
terol levels compared with pioglitazone, sulfonylureas, and
dipeptidyl peptidase-4 inhibitors; caused less hypoglycemia
than sulfonylureas; and caused more diarrhea than
thiazolidinediones.

Caution

Evidence on the comparative effects of dipeptidyl
peptidase-4 inhibitors, glucagon-like peptide-1 agonists,
and different drug combinations was scant.

Implication

Consider metformin the initial drug of choice for treating
type 2 diabetes.

—The Editors
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abstracted data. Two investigators used items based on the
Jadad criteria to independently assess the quality of trials
and used items for selection bias, treatments, outcome
measurement, statistical methods, and losses to follow-up
to assess the quality of observational studies. For all studies,
we rated overall quality as good (low risk for bias), fair, or
low (high risk for bias) (14, 15). To assess study applica-
bility, we evaluated whether the study population, inter-
ventions, outcomes, and settings were similar to usual care
for people with type 2 diabetes in the United States.

Data Synthesis and Analysis
We conducted qualitative and quantitative (where

possible) syntheses for each outcome, by comparison of
interest. We conducted meta-analyses when at least 3 trials
were available that were sufficiently homogenous in terms
of population characteristics, study duration, and drug dos-
ages. We combined medications by class, except for thia-
zolidinediones, which were considered as individual drugs
(rosiglitazone and pioglitazone) because of their differences
in effects.

For continuous outcomes, we used a random-effects
model with the DerSimonian and Laird formula to derive
pooled posttreatment weighted mean differences (16). For
the dichotomous outcomes of congestive heart failure and
ischemic heart disease, we calculated pooled fixed-effects
odds ratios by using the treatment-group continuity cor-
rection (reciprocal of the sample size in the opposite treat-
ment group in cells with 0 events) (17). For the outcome
of hypoglycemia, we calculated pooled odds ratios by using

the Peto method because sample sizes were balanced (18).
We tested for heterogeneity among trials by using a chi-
square test with a significance threshold for � of 0.10 or
less and an I2 statistic greater than 50% (19). If we found
heterogeneity, we either did not pool the studies or at-
tempted to determine the potential reasons for the hetero-
geneity by doing metaregression using study-level charac-
teristics, such as baseline values, study duration, and dose
ratio (dose given in the study divided by the maximum
approved dose of drug). We conducted sensitivity analyses
by omitting 1 study at a time to assess the influence of any
single study on the pooled estimate. We tested for publi-
cation bias by using the Begg and Mazumdar test (20) and
the Egger test (21). All statistical analyses were performed
by using STATA, version 9.0 or higher (StataCorp, Col-
lege Station, Texas).

Grading of the Evidence
Three or more investigators graded the quantity, qual-

ity, and consistency of the results; the directness of the
measures used for each outcome; the precision of the re-
sults; and the magnitude of the effect on the basis of the
GRADE (Grading of Recommendations Assessment, De-
velopment and Evaluation) working group criteria (22).
“High” strength of evidence indicates that the evidence
probably reflects the true effect; “moderate” strength indi-
cates that further research may change the result; and “low”
strength indicates low confidence that the evidence reflects
the true effect and further research is very likely to change
the result. “Insufficient” evidence indicates that no studies

Table 1. Strength of Evidence for the Comparative Effectiveness and Safety of Diabetes Medications as Monotherapy and
Combination Therapy on Long-Term Clinical Outcomes

Outcome Strength of
Evidence

Conclusions

All-cause mortality Low All-cause mortality was slightly lower with metformin than with a sulfonylurea in observational studies, but
results differed between trials and observational studies. Risk for bias in the studies was moderate.

Low Many RCTs were short (�1 y) and few deaths occurred, limiting precision.
Insufficient Several comparisons did not address all-cause mortality; these included most DPP-4 inhibitor and GLP-1

agonist comparisons, pioglitazone vs. rosiglitazone, comparisons with an insulin preparation, and most
combination therapy comparisons.

Cardiovascular disease
mortality

Low Cardiovascular mortality was slightly lower with metformin than with a sulfonylurea, but results were
imprecise and had moderate risk for bias.

Low Risk for cardiovascular mortality was similar between metformin and the thiazolidinediones as
monotherapy, with high imprecision of results, inconsistencies, and moderate risk for bias.

Insufficient Several comparisons, including most DPP-4 inhibitor and GLP-1 agonist comparisons, pioglitazone vs.
rosiglitazone, and most combination therapy comparisons, did not address this outcome.

Cardiovascular disease
morbidity

Low Results were inconclusive for comparison of metformin with a thiazolidinedione, with high imprecision and
inconsistency of direction of findings.

Low Metformin decreased risk for fatal and nonfatal ischemic heart disease events (odds ratio, 0.43 [95% CI,
0.17 to 1.10]) compared with the combination of metformin and rosiglitazone, with a consistent
direction of results but high imprecision and lack of statistical significance.

Insufficient Several comparisons, including most DPP-4 inhibitor and GLP-1 agonist comparisons, pioglitazone vs.
rosiglitazone, and most combination therapy comparisons, did not address this outcome.

Nephropathy, neuropathy,
or retinopathy

Moderate Pioglitazone reduced the urinary albumin–creatinine ratio in 2 trials (by 15% and 19%) over metformin,
suggesting less nephropathy.

Low Three comparisons were included for the outcome of neuropathy; studies had high risk for bias, small
sample sizes, and poorly defined outcomes.

Insufficient No studies addressed the outcome of retinopathy.

DPP-4 � dipeptidyl peptidase-4; GLP-1 � glucagon-like peptide-1; RCT � randomized, controlled trial.
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met our inclusion criteria for the comparison for a given
outcome.

Role of the Funding Source
AHRQ reviewed the work plan before the project was

started and provided copyright release for this manuscript;
however, AHRQ had no role in the literature search, data
analysis, or interpretation of the results.

RESULTS

Study Characteristics
From our primary searches, we identified 140 RCTs

and 26 observational studies in 166 articles that met inclu-
sion criteria. Seventy-seven articles reported on either met-
formin or a thiazolidinedione in combination with another
medication, 8 articles had comparisons that included insu-
lin in combination with oral medications, and 19 articles
included the new GLP-1 receptor agonists or DPP-4 in-
hibitors as monotherapy or combination therapy. Sixty-
four articles evaluated long-term clinical outcomes, 116
evaluated intermediate outcomes, and 107 evaluated safety.
Thirty-three studies were done exclusively in the United
States, 59 in Europe, 19 in Asia, and 25 on multiple con-
tinents. Study duration ranged from 12 weeks to 11 years,
but only 25 studies (5 of which were RCTs) lasted longer
than 2 years. No article focused on safety as the primary
outcome. Pharmaceutical company support was reported
in 95 articles. Most studies excluded participants with type

1 diabetes mellitus, those with significant comorbid condi-
tions (including liver, kidney, and cardiovascular disease),
and older persons.

Comparative Effectiveness for Long-Term Clinical
Outcomes

Although we included 2 additional large RCTs (23,
24) and 39 other studies since the 2007 review, studies
were generally short (less than 1 year) and few events
occurred, making estimates of risk very imprecise. Thus,
the strength of evidence was low or insufficient to sup-
port conclusions about the comparative effectiveness of
diabetes medications on all-cause mortality, cardiovas-
cular morbidity and mortality, and microvascular out-
comes (Table 1). In the search updated to December
2010, we screened 805 records and identified 4 articles
that addressed long-term clinical outcomes. Two of
these articles reported on RCTs, and 1 of the RCTs was
an extension of a study in a previously included article
(25). Results of these studies were consistent with the
findings from our review and did not change the
strength of evidence grades (13).

ADOPT (A Diabetes Outcome Progression Trial) was
a large, double-blind RCT involving 4360 patients fol-
lowed for a median of 4 years, in which patients were
randomly assigned to receive metformin, rosiglitazone, or
glyburide (23). The primary outcome of the trial was time
to monotherapy failure. The authors reported similar rates

Figure 1. Pooled between-group differences in HbA1c level with monotherapy and combination therapies.

Comparison
(Drug 1 vs. Drug 2)

Studies
(Participants), n (n)

Rosi vs. Pio

Met vs. SU

SU vs. Meg

Met vs. TZD

TZD vs. SU

Met vs. DPP-4

Met vs. Met + SU

Met vs. Met + DPP-4

Met vs. Met + TZD

Met + basal
vs. Met + premixed

Met + TZD
vs. Met + SU

Met + SU
vs. TZD + SU

3 (886)

17 (6936)

7 (1543)

14 (5592)

13 (5578)

3 (1908)

14 (3619)

6 (4236)

11 (3495)

3 (530)

6 (2729)

6 (1844)

Median Change
From Baseline HbA1c
Level With Drug 2, %

–0.7

–1.2

–0.2

–1

–0.9

–0.7

–1.6

–0.9

–0.8

–1.1

–0.9

–1.1

Mean Difference in HbA1c
Level (95% CI), %

0.08 (–0.17 to 0.33)

0.07 (–0.12 to 0.26)

0.07 (–0.15 to 0.29)

–0.07 (–0.18 to 0.04)

–0.10 (–0.22 to 0.01)

–0.37 (–0.54 to –0.20)

1.00 (0.75 to 1.25)

0.69 (0.56 to 0.82)

0.66 (0.45 to 0.86)

0.30 (–0.26 to 0.86)

–0.06 (–0.17 to 0.06)

–0.09 (–0.19 to 0.01)

Strength
of

Evidence

Moderate

High

High

Moderate

Moderate

Moderate

High

Moderate

High

Low

Moderate

Moderate

Pooled Between-Group Difference in HbA1c Level, %

Favors Drug 1 Favors Drug 2

–0.5 0 0.5 1.0

Error bars represent 95% CIs. basal � basal insulin; DPP-4 � dipeptidyl peptidase-4 inhibitor; HbA1c � hemoglobin A1c; Meg � meglitinide; Met �
metformin; Pio � pioglitazone; premixed � premixed insulin; Rosi � rosiglitazone; SU � sulfonylurea; TZD � thiazolidinedione.

ReviewComparative Effectiveness and Safety of Medications for Type 2 Diabetes

www.annals.org 3 May 2011 Annals of Internal Medicine Volume 154 • Number 9 605



of all-cause mortality, cardiovascular disease mortality and
morbidity, and stroke in the 3 study groups. Trials of short
duration also reported no differences; however, the small
trials had few, if any, events. Observational studies had
conflicting results compared with the trial data: Metformin
was typically associated with a lower risk for all-cause mor-
tality and cardiovascular disease mortality and morbidity
than were sulfonylureas (13).

Seven short-duration RCTs reported a lower risk for
fatal and nonfatal ischemic heart disease with metformin
than with the combination of metformin and rosiglitazone
(pooled odds ratio, 0.43 [95% CI, 0.17 to 1.10]), but
event rates were low and the confidence bounds were wide
and overlapped 1.0 (26–32) (Appendix Figure 3, available
at www.annals.org). RECORD (Rosiglitazone Evaluated
for Cardiac Outcomes and Regulation of Glycemia in Di-
abetes), the only study with cardiovascular mortality as its
primary outcome, reported that the combined groups of
rosiglitazone plus metformin and rosiglitazone plus sulfo-
nylurea were noninferior to metformin plus a sulfonylurea
for the primary end point of hospitalization or death from
cardiovascular disease (hazard ratio, 1.08 [CI, 0.89 to
1.31]) over a mean follow-up of 5.5 years (24). No RCTs
directly compared rosiglitazone with pioglitazone for car-
diovascular outcomes, but 3 cohort studies presented con-
flicting results (13).

Comparative Effectiveness for Intermediate Outcomes
HbA1c Level

Figure 1 shows the comparative effectiveness of diabe-
tes medications for HbA1c. Most diabetes medications
were similarly efficacious when used as monotherapy and
decreased HbA1c levels by 1 absolute percentage point on
average over the course of a study. An exception was met-
formin, which reduced HbA1c levels more than the DPP-4
inhibitors did as monotherapy. Combination therapy (in-
cluding the combination of metformin and a DPP-4 in-
hibitor) decreased HbA1c levels more than monotherapy
did, by about 1 absolute percentage point.

Low strength of evidence suggested that metformin
plus a GLP-1 agonist decreased HbA1c levels more than
metformin plus a DPP-4 inhibitor. No other combination
reduced HbA1c levels more than another combination, in-
cluding metformin plus a thiazolidinedione compared with
metformin plus a sulfonylurea.

Body Weight

Figure 2 shows the comparative effectiveness of diabe-
tes medications in terms of body weight. Metformin de-
creased weight compared with thiazolidinediones and sul-
fonylureas. Sulfonylureas and meglitinides increased
weight similarly, sulfonylureas increased weight less than
thiazolidinediones, and GLP-1 agonists decreased weight

Figure 2. Pooled between-group differences in body weight with monotherapy and combination therapies.

Comparison
(Drug 1 vs. Drug 2)

Studies
(Participants), n (n)

SU vs. GLP-1

TZD vs. SU

SU vs. Meg

Rosi vs. Pio

Met vs. DPP-4

Met vs. TZD

Met vs. SU

Met vs. Met + DPP-4

Met vs. Met + TZD

Met vs. Met + SU

Met + TZD
vs. Met + SU

Met + basal
vs. Met + premixed

Met + SU
vs. TZD + SU

3 (1310)

5 (6226)

6 (1326)

3 (886)

3 (1908)

8 (5239)

12 (5067)

3 (4263)

5 (2647)

10 (2510)

5 (2407)

3 (530)

4 (2341)

Median Change
From Baseline Weight

With Drug 2, kg

–0.7

1.9

–0.1

2

–0.6

–0.5

1.6

–0.4

1.5

0.7

1.5

2.2

2.2

Mean Difference
in Weight

(95% CI), kg

2.5 (1.2 to 3.8)

1.2 (0.6 to 1.9)

0.0 (–1.0 to 1.0)

–0.4 (–0.8 to 0.0)

–1.4 (–1.8 to –1.0)

–2.6 (–4.1 to –1.2)

–2.7 (–3.5 to –1.9)

–0.2 (–0.7 to 0.2)

–2.2 (–2.6 to –1.9)

–2.3 (–3.3 to –1.2)

0.9 (0.4 to 1.3)

–1.8 (–7.8 to 4.2)

–3.2 (–5.2 to –1.1)

Strength
of

Evidence

Moderate

Low

High

Low

Moderate

High

High

Moderate

High

High

Moderate

Low

Moderate

Pooled Between-Group Difference in Weight, kg

Favors Drug 1 Favors Drug 2

–4 –3 –2 –1 0 1 2 3 4

Error bars represent 95% CIs. basal � basal insulin; DPP-4 � dipeptidyl peptidase-4 inhibitor; GLP-1 � glucagon-like peptide-1; Meg � meglitinide;
Met � metformin; Pio � pioglitazone; premixed � premixed insulin; Rosi � rosiglitazone; SU � sulfonylurea; TZD � thiazolidinedione.
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compared with sulfonylureas. Combinations of metformin
plus a thiazolidinedione or metformin plus a sulfonylurea
increased weight more than metformin monotherapy. The
combination of metformin plus a DPP-4 inhibitor com-
pared with metformin alone affected weight similarly.
Weight gain was slightly less with metformin plus sulfo-
nylurea than with either metformin plus a thiazolidinedi-
one or a thiazolidinedione plus a sulfonylurea. Reduction
in weight was greater with metformin plus a GLP-1 agonist
than with most standard combinations, although fewer
studies used the same comparators and therefore the
strength of evidence was low.

Plasma Lipid Levels

Effects on lipid levels varied across medication type,
but most effects were small to moderate. In general, met-
formin had favorable effects on all the lipid classes; it de-
creased LDL-C and triglyceride levels and modestly in-
creased HDL-C levels.

Figure 3 shows the comparative effectiveness of diabe-
tes medications in terms of LDL-C levels. Rosiglitazone
and pioglitazone increased LDL-C levels, whereas the sul-
fonylureas and DPP-4 inhibitors had little effect on them.
Metformin decreased LDL-C levels significantly compared
with pioglitazone, sulfonylureas, and DPP-4 inhibitors.
Similarly, the combination of metformin and rosiglitazone
increased LDL-C levels compared with metformin mono-
therapy, and the combination of metformin and rosiglita-
zone increased LDL-C levels compared with combination
therapy with metformin and sulfonylureas.

Pioglitazone increased HDL-C levels more than
rosiglitazone, metformin, or sulfonylureas. The effects of
monotherapy with rosiglitazone or sulfonylureas on

HDL-C levels were similar to those of metformin. Com-
pared with metformin monotherapy, metformin plus rosigli-
tazone increased HDL-C levels, whereas metformin plus
DPP-4 inhibitors affected these levels similarly. Metformin
plus either pioglitazone or rosiglitazone increased HDL-C lev-
els more than the combination of metformin and a sulfonyl-
urea. Combination therapy containing pioglitazone plus ei-
ther metformin or a sulfonylurea tended to increase HDL-C
levels more than therapies that did not contain pioglitazone
(metformin monotherapy and metformin plus sulfonylurea)
(Appendix Figure 4, available at www.annals.org).

Pioglitazone decreased triglyceride levels compared
with metformin, whereas metformin decreased triglyceride
levels compared with rosiglitazone. Metformin mono-
therapy decreased triglyceride levels compared with the
combination of metformin and rosiglitazone. Metformin
decreased triglyceride levels compared with sulfonylureas,
and sulfonylureas and meglitinides had similar effects on
triglyceride levels. The combination of metformin and pi-
oglitazone decreased triglyceride levels compared with the
combination of metformin and a sulfonylurea, whereas the
combination of metformin and rosiglitazone and that of met-
formin and a sulfonylurea did not differ (Appendix Figure 5,
available at www.annals.org).

Applicability of Evidence and Publication Bias

Participants included in studies of intermediate out-
comes were generally younger, healthier, and less racially
and ethnically diverse than the general population of adults
with type 2 diabetes in the United States. Participants typ-
ically received diabetes medications for less than 2 years, a
much shorter duration than for the average patient.

Figure 3. Pooled between-group differences in LDL-C levels with monotherapy and combination therapies.

Comparison
(Drug 1 vs. Drug 2)

Studies
(Participants), n (n)

Rosi vs. Pio

Pio vs. SU

Met vs. DPP-4

Met vs. SU

Met vs. Rosi

Met vs. Pio

Met vs. Met + DPP-4

Met vs. Met + SU

Met vs. Met + Rosi

Met + Rosi vs. Met + SU

3 (846)

3 (465)

3 (663)

8 (1774)

6 (511)

6 (15 626)

4 (1943)

6 (1845)

7 (2445)

4 (1708)

Median Change From
Baseline LDL-C Level
With Drug 2, mg/dL

–13.7

–1.4

–0.5

1.4

5.1

7.2

–0.9

–4.5

16.4

–8.2

Mean Difference
in LDL-C Level

(95% CI), mg/dL

14.3 (5.8 to 22.7)

7.1 (5.3 to 9.0)

–5.9 (–9.7 to –2.0)

–10.1 (–13.3 to –7.0)

–12.8 (–24.0 to –1.6)

–14.2 (–15.3 to –13.1)

0.4 (–5.4 to 6.2)

–0.2 (–5.6 to 5.2)

–14.5 (–15.7 to –13.3)

13.5 (9.1 to 17.9)

Strength
of

Evidence

Low

Low
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High
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Low
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Moderate

Pooled Between-Group Difference in LDL-C Level, mg/dL

Favors Drug 1 Favors Drug 2

–20 –10 0 10 20

Error bars represent 95% CIs. To convert LDL-C values to mmol/L, multiply by 0.0259. DPP-4 � dipeptidyl peptidase-4 inhibitor; LDL-C �
low-density lipoprotein cholesterol; Met � metformin; Pio � pioglitazone; Rosi � rosiglitazone; SU � sulfonylurea.

ReviewComparative Effectiveness and Safety of Medications for Type 2 Diabetes

www.annals.org 3 May 2011 Annals of Internal Medicine Volume 154 • Number 9 607



The Egger test (P � 0.05) suggested that publication bias
may have caused overestimation of the effect on HbA1c of
metformin plus a thiazolidinedione compared with met-
formin, because large studies with small effects and small stud-
ies with large effects were included. The Egger test also sug-
gested overestimation of the effect of metformin compared
with rosiglitazone on triglyceride levels.

Comparative Safety
Hypoglycemia

Severe hypoglycemia did not seem to occur more often
with any particular monotherapy or combination therapy.
Figure 4 shows the comparative safety of diabetes medica-
tions in terms of mild or moderate hypoglycemia. Sulfo-
nylureas consistently increased the risk for hypoglycemia
more than monotherapy with metformin, thiazolidinedio-
nes, DPP-4 inhibitors, or liraglutide. Sulfonylureas com-
pared with metformin alone had a greater than 4-fold
higher risk for hypoglycemia, and metformin plus a sulfo-
nylurea compared with metformin plus a thiazolidinedione
had almost a 6-fold higher risk. The DPP-4 inhibitors had
a lower risk for hypoglycemia than sulfonylureas that was
similar to that of metformin. Moderate strength of evi-
dence showed that metformin plus basal insulin had lower
risk for hypoglycemia than the combination of metformin
plus a premixed insulin.

Other Adverse Effects

Table 2 summarizes the comparative safety of diabetes
medications in terms of congestive heart failure, fractures,
and gastrointestinal adverse effects. Few RCTs provided

risk estimates for congestive heart failure. Thiazolidinedio-
nes increased the risk for congestive heart failure compared
with sulfonylureas, with moderate strength of evidence,
but the pooled odds ratio overlapped 1.0 (pooled odds
ratio, 1.68 [CI, 0.99 to 2.85]) (Appendix Figure 6, avail-
able at www.annals.org).

Thiazolidinediones, either in combination with another
medication or as monotherapy, were associated with a higher
risk for bone fractures than was metformin alone or combined
with a sulfonylurea. Fractures were mainly in the limbs and
not the hips. Both ADOPT and RECORD, which were
larger studies, reported elevated fracture risk among women
receiving rosiglitazone compared with regimens containing
sulfonylureas or metformin (24, 33).

The incidence of gastrointestinal adverse effects was
higher for metformin than the thiazolidinediones and was
similar for the thiazolidinediones and the sulfonylureas.
Rates of liver injury were similarly low with thiazolidin-
ediones and sulfonylureas. Moderate strength of evidence
indicated no increased risk for lactic acidosis in metformin
recipients than in persons receiving a sulfonylurea or a
combination of metformin and a sulfonylurea. Few studies
reported on the outcome of cancer, and definitive conclu-
sions about the comparative risk could not be made.

Applicability of Evidence and Publication Bias

Studies tended to include younger patients; thus, the
applicability of safety results to older patients is uncertain.
Short study duration (�2 years) and exclusion of partici-
pants with comorbid conditions limited the applicability of

Figure 4. Pooled odds of mild or moderate hypoglycemia with monotherapy and combination therapies.
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study results regarding congestive heart failure and frac-
tures, outcomes that are probably related to duration of
exposure. We found no evidence of publication bias.

DISCUSSION

To our knowledge, this systematic review is the first to
address the comparative effectiveness of newer diabetes
medication classes as monotherapy and in combination

therapies for a wide range of clinical outcomes in patients
with type 2 diabetes. The inclusion of additional trials and
drug comparisons since the 2007 review did not provide
sufficient evidence to definitively support one drug or com-
bination of drugs over another for long-term clinical out-
comes of mortality and macrovascular and microvascular
complications of diabetes. When intermediate outcomes
were evaluated, most diabetes medications reduced HbA1c

Table 2. Congestive Heart Failure, Fractures, and Gastrointestinal Adverse Effects Related to Monotherapy and Combinations of
Medications for Type 2 Diabetes

Comparison Type and Number
of Studies*

Participants, n Range in Risk Estimates† Strength of Evidence;
Conclusion

Congestive heart failure
Met vs. TZD RCT: 3 5026 Met, 0%–1.3%; Rosi, 0.7%–1.5%; Pio, 0% Moderate; neither drug

favored
Observational: 4 173 665 HR, 0.65–1.63

Met vs. SU Observational: 5 189 610 HR, 0.7–0.85 Moderate; favors Met
Rosi vs. Pio Observational: 4 45 114 HR, 1.30 in 1 study; event rates for Rosi and Pio

similar in 3 other studies
Low; unclear

TZD vs. SU RCT: 4 6727 Pooled OR, 1.68 (95% CI, 0.99–2.85) Moderate; favors SU
Observational: 4 123 042 HR, 0.88–1.37

TZD � SU vs. Met � TZD Observational: 1 12 193 Met � TZD: 0.13/100 person-years; TZD � SU:
0.47/100 person-years

Low; favors Met � TZD

TZD � SU or Met vs.
Met � SU

RCT: 1 4450 RR, 2.1 Low; favors Met � SU

Met � basal insulin vs.
Met � another insulin

RCT: 1 67 0 or 1 event in each study group Insufficient

Fractures
Met vs. TZD RCT: 2 4750 HR, 0.64; HR for women, 0.55 (CI, 0.36–0.85)

(Met vs. Rosi)
High; favors Met

Observational: 1 1 097 404 No statistical difference
Met vs. SU RCT: 2 2929 Met, 0%–4.1%; glyburide, 3.4%–5% Low; unclear

Observational: 1 91 521 No statistical difference between groups
Met vs. Met � TZD RCT: 1 411 0.5% in each group Low; favors Met

Observational: 2 77 864 HR, 0.65; OR, 0.15
Met vs. Met � SU RCT: 1 59 0 or 1 fracture in each study group Low; unclear
Met vs. Met � DPP-4 RCT: 1 190 0 or 1 fracture in each study group Low; unclear
TZD vs. SU RCT: 2 4862 HR, 2.13 in 1 subanalysis; other RCT: Pio, 0%, and

glyburide, 0.2%
High; favors SU

TZD � SU or Met vs.
Met � SU

RCT: 1 4450 RR, 1.57; higher among women than men (RR, 1.82
vs. 1.23)

High; favors Met � SU

Gastrointestinal adverse effects
Met vs. TZD RCT: 5 5021 Diarrhea: Met, 15%–24%; TZD, 3%–8% High; favors TZD
Met vs. SU RCT: 11 5745 Diarrhea: Met, 2.4%–50%; SU, 0%–13% Moderate; favors SU
Met vs. DPP-4 RCT: 2 1028 Overall rate: Met, 21%–31%; DPP-4, 12%–20% Moderate; favors DPP-4
Met vs. Meg RCT: 4 776 Overall rate (1 study): Met, 70%; Meg, 47% Low; favors Meg
Met vs. Met � TZD RCT: 8 2977 Overall rate: Met, 9%–15%; Met � TZD: 7%–17% Moderate; favors Met � TZD
Met vs. Met � SU RCT: 10 2786 Overall rate (1 study): Met, 32%; Met‡ � SU, 8% Moderate; favors Met � SU
Met vs. Met � DPP-4 RCT: 6 3355 Overall rate: Met, 9%–31%; Met � DPP-4, 1%–29% Low; unclear
Met vs. Met � Meg RCT: 1 193 Abdominal pain: Met, 7%; Met � Meg, 12% Low; unclear
TZD vs. SU RCT: 4 6083 Diarrhea: TZD, 6%–9%; SU, 6%–10% High; neither favored
TZD vs. Meg RCT: 1 123 Overall rate: TZD, 3%; Meg: 5% Low; unclear
SU vs. GLP-1 RCT: 2 895 Diarrhea: SU, 3.8%–9%; GLP-1, 6%–19%

Overall rate (1 study): SU, 26%; GLP-1, 51%
Low; favors SU

Met � TZD vs. Met � SU RCT: 4 1212 Overall rate: Met � TZD, 10%–13%; Met � SU,
11%–18%

Low; unclear

Met � TZD vs. Met � DPP-4 RCT: 1 181 Overall rate: Met � TZD, 7%; Met � DPP-4, 9% Low; neither favored
Met � TZD vs. Met � GLP-1 RCT: 1 137 Vomiting: Met � TZD, 0%; Met � GLP-1, 22% Low; unclear
Met � SU vs. Met � DPP-4 RCT: 1 1172 Nausea/vomiting: Met � SU, 4.2; Met � DPP-4, 3.5% Low; neither favored

DPP-4 � dipeptidyl peptidase-4 inhibitor; GLP-1 � glucagon-like peptide-1 agonist; HR � hazard ratio; Meg � meglitinide; Met � metformin; OR � odds ratio; Pio �
pioglitazone; RCT � randomized, controlled trial; Rosi � rosiglitazone; RR � relative risk; SU � sulfonylurea; TZD � thiazolidinedione.
* Studies for which data on risk estimates were available.
† Absolute event rates are listed if RRs, HRs, or risk differences were not provided.
‡ A lower dose of metformin was used in the combination therapy group.
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levels similarly, by about 1 absolute percentage point (con-
sistent with the 2007 review). Metformin was consistently
associated with weight reduction or neutrality compared
with most other diabetes medications, which generally in-
creased weight. Overall, medication effects on lipid levels
were small to moderate and of uncertain clinical impor-
tance. Conclusions on comparative risk for adverse events
were clearest for sulfonylureas and meglitinides, which in-
creased the risk for hypoglycemia; for metformin, which
was associated with increased gastrointestinal adverse ef-
fects; and for thiazolidinediones, which increased risk for
heart failure.

Overall, combinations of 2 drugs compared with
monotherapy had additive effects, in terms of not only
improved glycemic control but also risk for adverse events
and weight gain. The comparative benefit of one 2-drug
combination over another was not clear. For example, met-
formin plus a sulfonylurea had efficacy similar to that of
metformin plus a thiazolidinedione in reducing HbA1c

level and had a lower risk for heart failure, but the risk for
hypoglycemia was increased 6-fold.

Although we did not perform a comprehensive review
of the addition of insulin to oral medications, we include
several clinically relevant comparisons. The addition of
premixed insulin to metformin seemed to produce greater
reduction in HbA1c level, slightly greater weight gain, and
higher risk for hypoglycemia than metformin plus basal
insulin.

Two other recent systematic reviews compared add-on
treatments with metformin in terms of HbA1c level (34,
35). One review identified 16 placebo-controlled trials and
11 active-comparator trials of metformin combination
therapy and concluded that sulfonylureas plus metformin
were superior to thiazolidinediones plus metformin in re-
ducing HbA1c levels (34). In our analyses using direct com-
parisons, we did not detect a significant difference between
these combinations, which was confirmed in a recent net-
work meta-analysis (35). Our review adds to these recently
published reviews by assessing combinations with thiazoli-
dinediones and including more articles and additional
meta-analyses.

The American Diabetes Association/European Associ-
ation for the Study of Diabetes consensus statement has
suggested consideration of a GLP-1 receptor agonist as an
add-on treatment to metformin if weight gain is a concern
(36), but no explicit recommendations were made regard-
ing DPP-4 inhibitors. The American Association of Clini-
cal Endocrinologists/American College of Endocrinology
consensus algorithm recommends use of a DPP-4 inhibitor
as one of several options for either initial monotherapy or
second-line therapy and a GLP-1 agonist as one of several
options for initial combination therapy with metformin
when the HbA1c level is 7.6% or greater (37). Overall,
we found that the DPP-4 inhibitors improved HbA1c to a
lesser extent than metformin as monotherapy, but when
added to metformin they reduced HbA1c levels without

additional risk for hypoglycemia. The GLP-1 agonists were
associated with weight loss compared with sulfonylureas.
We could not draw firm conclusions about most other
comparisons for intermediate outcomes, safety, or long-
term effects of GLP-1 agonists or DPP-4 inhibitors be-
cause few studies were available per drug comparison, but
our findings were consistent with those of other recent
systematic reviews (38–40).

In September 2010, the FDA placed restrictions on
the use of rosiglitazone through a Risk Evaluation and Mit-
igation Strategy; in part, this will require clinicians to attest
to and document that the benefits of the drug outweigh its
cardiovascular risks. This decision was made after a federal
medical advisory panel concluded that rosiglitazone was
associated with myocardial ischemia but voted to keep it
on the market (41). Their conclusion was based on recent
observational data (42, 43) and 2 meta-analyses by Nissen
and Wolski (44, 45), as well as on increased understanding
of the pharmacology of rosiglitazone (46). Other analyses,
including the original 2007 review (11, 12, 47, 48), did
not show an elevated risk for myocardial ischemia but had
very imprecise point estimates. A notable addition to this
update was RECORD, which reported that the combined
study groups of rosiglitazone plus metformin and rosiglita-
zone plus sulfonylurea were noninferior to metformin plus
sulfonylurea for the primary end point of hospitalization or
death from cardiovascular disease. However, these findings
were inconclusive for myocardial infarction, for which a
non–statistically significant, slight increase in risk was seen
in the 2 combined rosiglitazone (metformin or sulfonyl-
urea plus rosiglitazone) groups (24). As the FDA acknowl-
edged, RECORD was open-label with a noninferiority de-
sign, which may have limited its ability to ascertain the
cardiovascular effects of rosiglitazone (49).

Our updated review informs the debate about rosigli-
tazone by providing a comprehensive comparative risk and
benefit assessment relative to all other hypoglycemic agents
on a wide range of outcomes, not only cardiovascular isch-
emic risk. We followed a prespecified protocol and engaged
a research team that was not invested in either side of the
rosiglitazone debate. Overall, other than the risk for heart
failure associated with the thiazolidinediones, we found no
conclusive evidence of excess ischemic cardiovascular risk
associated with rosiglitazone, consistent with the original
review. However, the methods for this review differed from
those by Nissen and Wolski (44, 45). We included studies
that were done only in people with type 2 diabetes and had
active comparators, whereas Nissen and Wolski included
studies in people with other chronic diseases as well as
placebo-controlled trials (44, 45). In light of the potential
ischemic risk of rosiglitazone and the multiple other avail-
able medications to treat diabetes, clinicians will need to
determine when the benefits of rosiglitazone outweigh the
potential risk for individual patients, in keeping with the
FDA’s recommendations.
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Our systematic review has limitations. First, because
this was an update of a comprehensive review performed 2
years ago, we focused a priori on studies with active-control
comparators, which are most relevant for clinical practice.
The exclusion of placebo-controlled trials may have impli-
cations for the review, including missed rare adverse events.
To conclude from an active-control study that one medi-
cation is more effective than another requires prior knowl-
edge that the active-control drug has been studied and is
known to be more effective than placebo. Because the cur-
rent review is an update of a review that had included
placebo-controlled trials, this was probably true for most
drug comparisons (50). However, this assumption may be
less valid for the newer medications saxagliptin, sitagliptin,
nateglinide, exenatide, and liraglutide; evidence from other
systematic reviews, such as Cochrane reviews, will be help-
ful in making conclusions about these agents (38, 39, 51).

Second, our inclusion criteria required that all studies
meet 1 or more of the prespecified comparisons of interest;
thus, studies with any number of “background medica-
tions” were excluded. Our goal was to avoid contamination
with the intervention medications and to clearly identify
combinations of medications. This criterion resulted in ex-
clusion of several larger trials (4, 5, 7, 8, 52–57), some of
which compared HbA1c-lowering strategies rather than in-
dividual medications, and exclusion of some smaller trials
and observational studies.

Third, we may have missed some studies and out-
comes because our search was limited to English-language
articles or because studies selectively reported results.
Fourth, limitations of reporting in the included studies
limited our ability to combine them in meta-analyses. For
example, several studies did not report the significance of
reported between-group differences and the measures of
dispersion, thereby hindering our efforts to estimate effect
size across trials. In addition, some trials underdosed com-
parison medications, limiting our ability to draw conclu-
sions about efficacy.

Fifth, many included trials were industry-sponsored,
raising the possibility of publication bias and other forms
of bias, such as selective reporting of outcomes. Although
we generally did not find publication bias, the tests had
limited power to detect this owing to the small number of
studies for many comparisons. Finally, most included stud-
ies were small and short with limited ability to detect clin-
ically important harms and benefits most important to
patients.

This updated comprehensive systematic review con-
firms the finding from the 2007 review that metformin,
both as monotherapy and in combination with other med-
ications, has the highest benefit–risk profile in most com-
parisons. Overall, we could not draw firm conclusions
about the safety and long-term clinical outcomes of the
newest agents, the DPP-4 inhibitors and the GLP-1 ago-
nists, because studies were short-term and had few com-
mon comparators. Most 2-drug combinations had similar

effects on glycemic control, but some combinations had
lower comparative risk for hypoglycemia, weight gain, con-
gestive heart failure, and fractures, which may affect the
choice of a second agent. The comprehensiveness of this
review allowed us to identify deficiencies in the published
literature: most important, the need for future research to
evaluate long-term clinical outcomes in higher risk sub-
populations, such as different ethnic groups; older adults;
and patients with underlying comorbid conditions, who
may also have higher event rates.
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26. Gómez-Perez FJ, Fanghänel-Salmón G, Antonio Barbosa J, Montes-
Villarreal J, Berry RA, Warsi G, et al. Efficacy and safety of rosiglitazone plus
metformin in Mexicans with type 2 diabetes. Diabetes Metab Res Rev. 2002;18:
127-34. [PMID: 11994904]
27. Bailey CJ, Bagdonas A, Rubes J, McMorn SO, Donaldson J, Biswas N,
et al. Rosiglitazone/metformin fixed-dose combination compared with uptitrated
metformin alone in type 2 diabetes mellitus: a 24-week, multicenter, randomized,
double-blind, parallel-group study. Clin Ther. 2005;27:1548-61. [PMID:
16330291]
28. Weissman P, Goldstein BJ, Rosenstock J, Waterhouse B, Cobitz AR,
Wooddell MJ, et al. Effects of rosiglitazone added to submaximal doses of met-
formin compared with dose escalation of metformin in type 2 diabetes: the
EMPIRE Study. Curr Med Res Opin. 2005;21:2029-35. [PMID: 16368054]
29. Rosenstock J, Rood J, Cobitz A, Biswas N, Chou H, Garber A. Initial
treatment with rosiglitazone/metformin fixed-dose combination therapy com-
pared with monotherapy with either rosiglitazone or metformin in patients with
uncontrolled type 2 diabetes. Diabetes Obes Metab. 2006;8:650-60. [PMID:
17026489]
30. Stewart MW, Cirkel DT, Furuseth K, Donaldson J, Biswas N, Starkie MG,
et al. Effect of metformin plus roziglitazone compared with metformin alone on
glycaemic control in well-controlled type 2 diabetes. Diabet Med. 2006;23:1069-
78. [PMID: 16978370]
31. Fonseca V, Rosenstock J, Patwardhan R, Salzman A. Effect of metformin
and rosiglitazone combination therapy in patients with type 2 diabetes mellitus: a
randomized controlled trial. JAMA. 2000;283:1695-702. [PMID: 10755495]
32. Jones TA, Sautter M, Van Gaal LF, Jones NP. Addition of rosiglitazone to
metformin is most effective in obese, insulin-resistant patients with type 2 diabe-
tes. Diabetes Obes Metab. 2003;5:163-70. [PMID: 12681023]
33. Kahn SE, Zinman B, Lachin JM, Haffner SM, Herman WH, Holman RR,
et al; Diabetes Outcome Progression Trial (ADOPT) Study Group.
Rosiglitazone-associated fractures in type 2 diabetes: an Analysis from A Diabetes
Outcome Progression Trial (ADOPT). Diabetes Care. 2008;31:845-51. [PMID:
18223031]
34. Monami M, Lamanna C, Marchionni N, Mannucci E. Comparison of
different drugs as add-on treatments to metformin in type 2 diabetes: a meta-
analysis. Diabetes Res Clin Pract. 2008;79:196-203. [PMID: 17931733]
35. Phung OJ, Scholle JM, Talwar M, Coleman CI. Effect of noninsulin an-
tidiabetic drugs added to metformin therapy on glycemic control, weight gain,
and hypoglycemia in type 2 diabetes. JAMA. 2010;303:1410-8. [PMID:
20388897]
36. Nathan DM, Buse JB, Davidson MB, Ferrannini E, Holman RR, Sherwin
R, et al; American Diabetes Association. Medical management of hyperglycemia
in type 2 diabetes: a consensus algorithm for the initiation and adjustment of
therapy: a consensus statement of the American Diabetes Association and the
European Association for the Study of Diabetes. Diabetes Care. 2009;32:193-
203. [PMID: 18945920]
37. Rodbard HW, Jellinger PS, Davidson JA, Einhorn D, Garber AJ, Grun-
berger G, et al. Statement by an American Association of Clinical Endocrinolo-
gists/American College of Endocrinology consensus panel on type 2 diabetes
mellitus: an algorithm for glycemic control. Endocr Pract. 2009;15:540-59.
[PMID: 19858063]
38. Richter B, Bandeira-Echtler E, Bergerhoff K, Lerch CL. Dipeptidyl
peptidase-4 (DPP-4) inhibitors for type 2 diabetes mellitus. Cochrane Database
Syst Rev. 2008:CD006739. [PMID: 18425967]
39. Wani JH, John-Kalarickal J, Fonseca VA. Dipeptidyl peptidase-4 as a new
target of action for type 2 diabetes mellitus: a systematic review. Cardiol Clin.
2008;26:639-48. [PMID: 18929237]
40. Monami M, Marchionni N, Mannucci E. Glucagon-like peptide-1 receptor
agonists in type 2 diabetes: a meta-analysis of randomized clinical trials. Eur J
Endocrinol. 2009;160:909-17. [PMID: 19318378]
41. U.S. Food and Drug Administration. Briefing document: July 13-14, 2010
meeting of the Endocrinologic and Metabolic Drugs Advisory Committee. 2010.
Accessed at www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials
/Drugs/EndocrinologicandMetabolicDrugsAdvisoryCommittee/ucm191113.htm on

Review Comparative Effectiveness and Safety of Medications for Type 2 Diabetes

612 3 May 2011 Annals of Internal Medicine Volume 154 • Number 9 www.annals.org



27 October 2010.
42. Graham DJ, Ouellet-Hellstrom R, MaCurdy TE, Ali F, Sholley C, Worrall
C, et al. Risk of acute myocardial infarction, stroke, heart failure, and death in
elderly Medicare patients treated with rosiglitazone or pioglitazone. JAMA. 2010;
304:411-8. [PMID: 20584880]
43. Juurlink DN, Gomes T, Lipscombe LL, Austin PC, Hux JE, Mamdani
MM. Adverse cardiovascular events during treatment with pioglitazone and
rosiglitazone: population based cohort study. BMJ. 2009;339:b2942. [PMID:
19690342]
44. Nissen SE, Wolski K. Effect of rosiglitazone on the risk of myocardial in-
farction and death from cardiovascular causes. N Engl J Med. 2007;356:2457-71.
[PMID: 17517853]
45. Nissen SE, Wolski K. Rosiglitazone revisited: an updated meta-analysis of
risk for myocardial infarction and cardiovascular mortality. Arch Intern Med.
2010. [PMID: 20656674]
46. Rosen CJ. Revisiting the rosiglitazone story—lessons learned. N Engl J Med.
2010;363:803-6. [PMID: 20660395]
47. Richter B, Bandeira-Echtler E, Bergerhoff K, Clar C, Ebrahim SH. Rosigli-
tazone for type 2 diabetes mellitus. Cochrane Database Syst Rev. 2007:
CD006063. [PMID: 17636824]
48. Selvin E, Bolen S, Yeh HC, Wiley C, Wilson LM, Marinopoulos SS, et al.
Cardiovascular outcomes in trials of oral diabetes medications: a systematic re-
view. Arch Intern Med. 2008;168:2070-80. [PMID: 18955635]
49. Woodcock J, Sharfstein JM, Hamburg M. Regulatory action on rosiglita-
zone by the U.S. Food and Drug Administration. N Engl J Med. 2010;363:
1489-91. [PMID: 20942663]
50. Temple R, Ellenberg SS. Placebo-controlled trials and active-control trials in
the evaluation of new treatments. Part 1: ethical and scientific issues. Ann Intern
Med. 2000;133:455-63. [PMID: 10975964]

51. Black C, Donnelly P, McIntyre L, Royle PL, Shepherd JP, Thomas S.
Meglitinide analogues for type 2 diabetes mellitus. Cochrane Database Syst Rev.
2007:CD004654. [PMID: 17443551]
52. Dormandy JA, Charbonnel B, Eckland DJ, Erdmann E, Massi-Benedetti
M, Moules IK, et al; PROactive Investigators. Secondary prevention of macro-
vascular events in patients with type 2 diabetes in the PROactive Study (PRO-
spective pioglitAzone Clinical Trial In macroVascular Events): a randomised con-
trolled trial. Lancet. 2005;366:1279-89. [PMID: 16214598]
53. United Kingdom Prospective Diabetes Study 24: a 6-year, randomized, con-
trolled trial comparing sulfonylurea, insulin, and metformin therapy in patients
with newly diagnosed type 2 diabetes that could not be controlled with diet
therapy. United Kingdom Prospective Diabetes Study Group. Ann Intern Med.
1998;128:165-75. [PMID: 9454524]
54. U.K. Prospective Diabetes Study. II. Reduction in HbA1c with basal insulin
supplement, sulfonylurea, or biguanide therapy in maturity-onset diabetes. A
multicenter study. Diabetes. 1985;34:793-8. [PMID: 2862087]
55. United Kingdom Prospective Diabetes Study (UKPDS) 13: relative efficacy
of randomly allocated diet, sulphonylurea, insulin, or metformin in patients with
newly diagnosed non-insulin dependent diabetes followed for three years. BMJ.
1995;310:83-8. [PMID: 7833731]
56. ADVANCE Collaborative Group, Patel A, MacMahon S, Chalmers J, Neal
B, Billot L, et al. Intensive blood glucose control and vascular outcomes in
patients with type 2 diabetes. N Engl J Med. 2008;358:2560-72. [PMID:
18539916]
57. Nissen SE, Nicholls SJ, Wolski K, Nesto R, Kupfer S, Perez A, et al;
PERISCOPE Investigators. Comparison of pioglitazone vs glimepiride on pro-
gression of coronary atherosclerosis in patients with type 2 diabetes: the
PERISCOPE randomized controlled trial. JAMA. 2008;299:1561-73. [PMID:
18378631]

ACP CHAPTER MEETINGS

For information on upcoming ACP chapter meetings, including scientific
programs and registration forms, please visit www.acponline.org
/meetings/chapter.

ReviewComparative Effectiveness and Safety of Medications for Type 2 Diabetes

www.annals.org 3 May 2011 Annals of Internal Medicine Volume 154 • Number 9 613



Current Author Addresses: Drs. Bennett and Chatterjee: The Johns
Hopkins University School of Medicine, Division of General Internal
Medicine, 2024 East Monument Street, Room 2-611, Baltimore, MD
21205.
Dr. Maruthur: Johns Hopkins University School of Medicine, Division
of General Internal Medicine, 2024 East Monument Street, Room
2-518, Baltimore, MD 21205.
Dr. Singh: Johns Hopkins University School of Medicine, Division of
General Internal Medicine, 1830 East Monument Street, Room 8063,
Baltimore, MD 21287.
Dr. Segal: Johns Hopkins University School of Medicine, Division of
General Internal Medicine, 1830 East Monument Street, Room 8047,
Baltimore, MD 21287.
Ms. Wilson: Johns Hopkins University School of Medicine, Division of
General Internal Medicine, 1830 East Monument Street, Baltimore,
MD 21287.
Dr. Marinopoulos: Johns Hopkins University School of Medicine, 601
North Caroline Street, Suite 7143, Baltimore, MD 21287.
Dr. Puhan: Department of Epidemiology, Johns Hopkins Bloomberg
School of Public Health, 615 North Wolfe Street, Mail Room W5010,
Baltimore, MD 21205.
Dr. Ranasinghe: Hospitalist Service, Johns Hopkins Hospital, 600 North
Wolfe Street, Park 200, Baltimore, MD 21287.
Dr. Block: Department of Medicine, Johns Hopkins University School
of Medicine, 1830 East Monument Street, Suite 9020, Baltimore, MD
21287.
Dr. Nicholson: Department of Obstetrics and Gynecology, University of
North Carolina School of Medicine, 3027 Old Clinic Building, CB
#7570, Chapel Hill, NC 27599-7570.
Dr. Hutfless: Division of Gastroenterology and Hepatology, Department
of Medicine, Johns Hopkins University, 600 North Wolfe Street, Bla-
lock Building 449, Baltimore, MD 21287.
Dr. Bass: Johns Hopkins University, 1830 East Monument Street, Room
8068, Baltimore, MD 21287.
Dr. Bolen: Center for Health Care Research and Policy, MetroHealth/
Case Western Reserve University, 2500 MetroHealth Drive, Ram-
melkamp Building, Room R234A, Cleveland, OH 44109.

Author Contributions: Conception and design: W.L. Bennett, N.M.
Maruthur, S. Singh, J.B. Segal, S.S. Marinopoulos, P. Ranasinghe, E.B.
Bass, S. Bolen.
Analysis and interpretation of the data: W.L. Bennett, N.M. Maruthur,
S. Singh, J.B. Segal, L.M. Wilson, R. Chatterjee, S.S. Marinopoulos,
M.A. Puhan, P. Ranasinghe, L. Block, S. Hutfless, E.B. Bass, S. Bolen.
Drafting of the article: W.L. Bennett, N.M. Maruthur, S. Singh, J.B.
Segal, L.M. Wilson, P. Ranasinghe, L. Block, S. Hutfless, S. Bolen.
Critical revision of the article for important intellectual content: W.L.
Bennett, N.M. Maruthur, S. Singh, J.B. Segal, S.S. Marinopoulos, M.A.
Puhan, P. Ranasinghe, E.B. Bass, S. Bolen.
Final approval of the article: W.L. Bennett, N.M. Maruthur, S. Singh,
J.B. Segal, R. Chatterjee, S.S. Marinopoulos, M.A. Puhan, L. Block,
W.K. Nicholson, E.B. Bass, S. Bolen.
Provision of study materials or patients: L.M. Wilson, E.B. Bass.
Statistical expertise: W.L. Bennett, N.M. Maruthur, S. Singh, J.B. Segal,
M.A. Puhan, S. Bolen.
Obtaining of funding: J.B. Segal, E.B. Bass, S. Bolen.
Administrative, technical, or logistic support: W.L. Bennett, L.M.
Wilson, E.B. Bass.
Collection and assembly of data: W.L. Bennett, N.M. Maruthur, S.
Singh, J.B. Segal, L.M. Wilson, R. Chatterjee, S.S. Marinopoulos, P.
Ranasinghe, L. Block, W.K. Nicholson, S. Bolen.

58. Agarwal R, Saha C, Battiwala M, Vasavada N, Curley T, Chase SD, et al.
A pilot randomized controlled trial of renal protection with pioglitazone in dia-
betic nephropathy. Kidney Int. 2005;68:285-92. [PMID: 15954919]
59. Tolman KG, Freston JW, Kupfer S, Perez A. Liver safety in patients with
type 2 diabetes treated with pioglitazone: results from a 3-year, randomized,
comparator-controlled study in the US. Drug Saf. 2009;32:787-800. [PMID:
19670918]
60. St John Sutton M, Rendell M, Dandona P, Dole JF, Murphy K, Patward-
han R, et al. A comparison of the effects of rosiglitazone and glyburide on
cardiovascular function and glycemic control in patients with type 2 diabetes.
Diabetes Care. 2002;25:2058-64. [PMID: 12401757]

Annals of Internal Medicine

www.annals.org 3 May 2011 Annals of Internal Medicine Volume 154 • Number 9 W-221



Appendix Figure 1. Summary of evidence search and selection.

Reasons for exclusion*
Did not apply to a key question: 273
No original data: 2188
No comparison group: 120
Did not have a drug comparison of interest: 575
No participants with type 2 diabetes: 43
Number of participants in study <40: 486
Study participants received drug <30 d: 18
No human data reported: 42
Not written in English: 6
No participants aged >18 y: 3
Other: 37

Reasons for exclusion*
Did not apply to a key question: 65
Did not meet the study design criteria: 44
Study duration <3 mo: 13
No original data: 139
No comparison group: 33
Did not have a drug comparison of interest: 226
No participants with type 2 diabetes: 1
Number of participants in study <40: 32
Not written in English: 14
No participants aged >18 y: 1
Other: 86

Citations retrieved from electronic 
databases (n = 30 527)

MEDLINE: 7927
CENTRAL: 6507
EMBASE: 16 093

Total retrieved
(n = 30 730)

Retrieved by
hand searching

(n = 203)

Duplicates
(n = 9982)

Title review
(n = 20 748)

Abstract review
(n = 5866)

Article review
(n = 1027)

Included studies
(n = 166)†

Excluded
(n = 14 882)

Excluded
(n = 4839)

Excluded
(n = 861)

Searches were done through April 2010. CENTRAL � Cochrane Central Database of Controlled Trials.
* Total may exceed the number in the corresponding box because articles could be excluded for more than 1 reason at this level.
† 71 studies were included in the 2007 review.
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Appendix Figure 2. Summary of evidence search and selection for systematic reviews.

Reasons for exclusion*
Did not apply to a key question: 12
No original data: 19
No comparison group: 0
Did not have a drug comparison of interest: 28
No participants with type 2 diabetes: 3
Number of participants in study <40: 5
Study participants received drug <30 d: 1
No human data reported: 0
Not written in English: 0
No participants aged ≥18 y: 0
Other: 4
RCT duration <12 mo: 20
Did not apply to key question 2: 20

Reasons for exclusion*
Did not apply to a key question: 0
Did not meet the study design criteria: 0
Study duration <3 mo: 0
No original data: 0
No comparison group: 0
Did not have a drug comparison of interest: 14
No participants with type 2 diabetes: 0
Number of participants in study <40: 0
Not written in English: 0
No participants aged ≥18 y: 0
Other: 0
RCT duration <12 mo: 0
Did not apply to key question 2: 0

Citations retrieved 
from MEDLINE 

(n = 805)

Duplicates
(n = 512)

Excluded
(n = 198)

Excluded
(n = 77)

Excluded
(n = 14)

Total retrieved 
(n = 805)

Title review
(n = 293)

Abstract review
(n = 95)

Article review
(n = 18)

Included studies
(n = 4)

RCT � randomized, controlled trial.
* Total may exceed the number in the corresponding box because articles could be excluded for more than 1 reason at this level.
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Appendix Figure 3. Odds of fatal and nonfatal ischemic heart disease with metformin monotherapy and metformin plus
rosiglitazone.

Error bars represent 95% CIs. Met � metformin; Rosi � rosiglitazone.

Appendix Figure 4. Pooled between-group differences in HDL-C levels with monotherapy and combination therapies.

Comparison
(Drug 1 vs. Drug 2)

Studies
(Participants), n (n)

Pio vs. SU

Met vs. DPP-4

Met vs. SU

Met vs. Rosi

SU vs. Meg

Rosi vs. Pio

Met vs. Pio

Met vs. Met + DPP-4

Met vs. Met + SU

Met vs. Met + Rosi

Met + Rosi vs. Met + SU

6 (616)

3 (2100)

11 (1953)

6 (393)

6 (1108)

3 (886)

8 (506)

4 (2271)

5 (1841)

7 (2689)

4 (1738)

Median Change From
Baseline HDL-C Level
With Drug 2, mg/dL

0.5

3.9

0.5

3.5

1.1

4.7

4.5

1.2

0.8

3.5

0.4

Mean Difference
in HDL-C Level

(95% CI), mg/dL

4.3 (1.9 to 6.6)

2.3 (–0.3 to 4.9)

0.2 (–0.4 to 0.9)

–0.4 (–2.3 to 1.4)

–0.7 (–2.1 to 0.7)

–2.3 (–3.5 to –1.2)

–3.2 (–4.3 to –2.1)

0.5 (–1.5 to 2.5)

0.3 (–1.6 to 2.1)

–2.8 (–3.5 to –2.2)

2.7 (1.4 to 4.1)

Strength
of

Evidence

Moderate

Low

High

Moderate

High

Moderate

High

Moderate

Low

High

Moderate

Pooled Between-Group Difference in HDL-C Level, mg/dL

Favors Drug 2 Favors Drug 1

–4 –2 0 2 4

Error bars represent 95% CIs. To convert HDL-C values to mmol/L, multiply by 0.0259. DPP-4 � dipeptidyl peptidase-4 inhibitor; HDL-C �
high-density lipoprotein cholesterol; Meg � meglitinide; Met � metformin; Pio � pioglitazone; Rosi � rosiglitazone; SU � sulfonylurea.
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Appendix Figure 5. Pooled between-group differences in triglyceride levels with monotherapy and combination therapies.

Comparison
(Drug 1 vs. Drug 2)
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SU vs. Meg
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Met + Rosi vs. Met + SU

3 (886)

8 (506)

3 (2100)

4 (1113)

11 (1531)

6 (459)

6 (616)

4 (2594)

6 (1584)

7 (2470)

4 (1735)

Median Change
From Baseline 

Triglyceride Level, mg/dL

–33

–26.7

–3.0

1

0

–4.2

–3.6

–10.2

–10.2

0

–5.6

Mean Difference
in Triglyceride Level

(95% CI), mg/dL

33.2 (–16.7 to 83.1)

27.2 (24.4 to 30.0)

3.4 (–0.4 to 7.2)

0.2 (–3.8 to 4.2)

–8.6 (–15.6 to –1.6)

–26.9 (–49.3 to –4.5)

–31.6 (–49.2 to 14.1)

20.7 (–0.8 to 42.1)

6.9 (–1.1 to 14.9)

–14.5 (–15.8 to –13.3)

4.6 (–16.5 to 25.8)

Strength
of

Evidence

Low

High

Low

Moderate

Moderate

Moderate

Low

Low

Low

High

Moderate

Pooled Between-Group Difference in Triglyceride Level, mg/dL

Favors Drug 1 Favors Drug 2

–40 –20 0 20 40

Error bars represent 95% CIs. To convert triglyceride values to mmol/L, multiply by 0.0113. DPP-4 � dipeptidyl peptidase-4 inhibitor; Meg �
meglitinide; Met � metformin; Pio � pioglitazone; Rosi � rosiglitazone; SU � sulfonylurea.

Appendix Figure 6. Odds of congestive heart failure with thiazolidinediones and sulfonylureas.

Error bars represent 95% CIs. SU � sulfonylurea; TZD � thiazolidinedione.
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