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Dipeptidyl peptidase-4 (DPP-4) inhibitors are integral 
in the management of diabetes because of their effec-
tive glucose lowering with low risk for hypoglycemia 

or weight gain.1 Because heart failure remains a common 
complication of diabetes and is associated with poor long-
term prognosis,2,3 understanding the potential effects of anti-
hyperglycemic agents on risk for heart failure is of critical and 
immediate importance. The first large DPP-4 inhibitor versus 
placebo randomized controlled trial (RCT) Saxagliptin 
Assessment of Vascular Outcomes Recorded in Patients with 
Diabetes Mellitus — Thrombolysis in Myocardial Infarction 
53 (SAVOR-TIMI 53) (n = 16 492 patients with a history of, 
or at risk for, cardiovascular events) unexpectedly found a sig-
nificantly higher rate of heart failure requiring admission to 
hospital.4,5 The second was the Examination of Cardiovascular 
Outcomes with Alogliptin versus Standard of Care (EXAM-
INE) (n = 5380 patients post–acute coronary syndrome), 
which found a numerical but nonsignificantly higher rate of 
heart failure requiring hospital admission.6,7 In contrast, Trial 
to Evaluate Cardiovascular Outcomes after Treatment with 

Sitagliptin (TECOS) (n = 14 735 patients with cardiovascular 
disease and longer follow-up [median 3.0 yr v. 1.5 and 2.1 yr 
for EXAMINE and SAVOR-TIMI 53]) found almost identi-
cal rates of hospital admission for heart failure in the sita-
gliptin and placebo groups.8

The potential safety issue that arose from SAVOR-TIMI 53 
and EXAMINE led to the Food and Drug Administration’s 
(FDA) recommendation9 to consider discontinuing saxagliptin 
and alogliptin for patients if heart failure develops. Given the 
apparent discrepant results from TECOS,3,10,11 we felt it was 
important to inform clinicians who are concerned about the 
potential increased heart failure signal by providing them with 
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When including only the 3 large RCTs, the increase was similar, but not significant (RR 1.14, 95% CI 0.97–1.32; 3 RCTs, n = 36 543, 
1169 adjudicated events; number needed to harm 246) owing to heterogeneity (I2 = 42%), which lead to wider CIs, because SAVOR-
TIMI 53 showed increased heart failure (RR 1.26, 95% CI 1.06–1.49) and TECOS showed no effect (RR 1.00, 95% CI 0.83–1.19).

Interpretation: Despite pooled data from 79 867 patients, whether DPP-4 inhibitors increase heart failure overall or exhibit within-
class differences remains unresolved. Our results highlight the importance of ongoing trials that are comparing DPP-4 inhibitors to 
placebo, although no large cardiovascular-safety RCTs are comparing different DPP-4 inhibitors to each other; consequently, these 
will address the overall but not class-difference question.
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the totality of the available RCT evidence in the field. In addi-
tion, the publication of the Empagliflozin, Cardiovascular Out-
comes, and Mortality in type 2 Diabetes [EMPA-REG OUT-
COMES] trial,12 which shows that hopspital admission for 
heart failure was significantly reduced with the use of an oral 
antihyperglycemic agent of a different class, empagliflozin, a 
sodium–glucose cotransporter 2 (SGLT2) inhibitor, has 
increased the importance of quantifying the risk of increased 
heart failure for DPP-4 inhibitors. The 2 specific questions 
addressed by this systematic review and meta-analysis are 
whether DPP-4 inhibitors, as a class, compared with placebo or 
no therapy, increases heart failure in patients with type 2 diabe-
tes, and whether there are significant within-class differences.

Methods

Data sources and study selection
We systematically searched MEDLINE and Embase (incep-
tion to August 2016) and ClinicalTrials.gov in duplicate for 
RCTs that compared treatment with any DPP-4 inhibitor 
with either placebo or no therapy (active comparator RCTs 
were excluded) and that enrolled adult patients with type 2 
diabetes for at least 24 weeks. For multiple treatment group 
RCTs, we included only randomized groups in which treat-
ments differed by DPP-4 inhibitor treatment. Groups with 
different DPP-4 inhibitor doses were combined within the 
same trial. Trials in which placebo groups were subsequently 
switched to open-label active therapy were only included if 
this switch occurred after 24 weeks of therapy.

Data extraction and risk of bias assessment
For each RCT, baseline patient characteristics, intervention, 
outcome definitions and events were collected in duplicate 
(discrepancies resolved by consensus). Risk of bias (patient, 
caregiver and outcome assessor blinding; allocation conceal-
ment; intention-to-treat analysis; early stopping for benefit;13 
loss to follow-up) were also assessed in duplicate.14

Data analysis
In the primary analysis, we included all heart failure outcomes 
when listed either as a serious adverse event or adverse event. In 
2 separate secondary analyses, we included only RCTs in which 
(1) cardiovascular outcomes were the primary outcome, and (2) 
hospital admission for heart failure was an adjudicated primary 
or secondary outcome. Additional data analysis details, including 
sensitivity analysis, are provided in the online appendix (Appen-
dix 1, available at www.cmajopen.ca/content/5/1/E152/suppl/
DC1). We did not register or publish a review protocol.

Results

Search results
We identified 121 RCTs in which treatment between random-
ized groups differed only by DPP-4 inhibitor treatment. Of 
these, 11 RCTs listed only on ClinicalTrials.gov provided no 
results (NCT00683735, NCT01356381, NCT01582230, 
NCT01697592,  NCT01704261,  NCT01792518, 

NCT01890122,  NCT01990469,  NCT02015299, 
NCT02099110, NCT02104804) and 10 RCT publications did 
not provide heart failure data,15–24 leaving 100 RCTs that 
reported the number of patients with heart failure (Appendix 1, 
Figure 1), which enrolled 79 867 patients into groups that dif-
fered only in DPP-4 inhibitor therapy.4–8,25–47,49–88,90–95,97–139

RCT patient characteristics
Only 3 RCTs, SAVOR-TIMI 53, EXAMINE and TECOS, 
had cardiovascular outcomes as the primary outcome; they 
enrolled 46% (36 543/79 867) of all patients in the included 
RCTs (Table 1, Table 2). Enrolled patients in these 3 RCTs 
had a mean age of 61–66 years, two-thirds of participants were 
men and about 70% were white. Median body mass index 
(BMI) was about 30 kg/m2. The patients had type 2 diabetes for 
median durations that ranged from 7–10 years, with a mean 
baseline glycated hemoglobin (A1C) of 8.0% (SAVOR-TIMI 
53, EXAMINE) or 7.2% (TECOS), and a mean of 23%–41% 
participants taking insulin in addition to oral antihyperglycemic 
agents. Many patients had other cardiovascular risk factors, 
including hypertension and dyslipidemia, and most had a previ-
ous myocardial infarction or revascularization, although only a 
few had a previous stroke (Table 2). Most patients were receiv-
ing acetylsalicylic acid (ASA) with or without another antiplate-
let therapy, as well as a statin, angiotensin-converting enzyme 
inhibitors or angiotensin receptor antagonists, and β-blockers 
or other antihypertensive medications. The proportion of 
patients with pre-existing heart failure ranged from 13%–28% 
among the included larger RCTs.

The primary outcome for most of the smaller RCTs (n = 
89/97) was glycemic control. One small trial, presented only in 
abstract form,113 enrolled patients with New York Heart Asso-
ciation class I–III heart failure and measured change in left ven-
tricular ejection fraction as its primary outcome. Enrolled 
patients in these smaller trials had variable characteristics 
(Table 1). Mean age was typically in the mid-50s, with more 
than 50% men, and more than 50% of white race, and median 
BMI was about 30 kg/m2. The mean duration of type 2 diabetes 
ranged from 0 to 17 years, with most mean baseline A1C levels 
between 8.0% and 8.5%. No patients were using insulin ther-
apy in most of the smaller RCTs. Few data were provided on 
the prevalence of other cardiovascular risk factors or cardiovas-
cular medication use in the smaller RCTs.

Risk of bias assessment
Included RCTs generally had low risk of bias. The 3 large 
RCTs and all trials with events were blinded using placebos 
with concealed allocation, intention-to-treat analysis, no stop-
ping early for benefit and had low numbers (typically < 
1%–5%) of randomized patients with missing heart failure 
outcome data (Table 3). Only 7 of the smaller trials, each with 
0 events, were not blinded or had unclear allocation conceal-
ment,34,80,101,106,108,129,133, and only 4 had more than 5% of ran-
domized patients lost to follow-up.34,88,125,129 The 3 larger tri-
als, in addition to the small trial that enrolled patients with 
class I–III  heart failure,113 defined heart failure that required 
admission to hospital as a prespecified secondary outcome 
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that was adjudicated by outcome assessors blinded to treat-
ment allocation. The 3 larger trials used virtually identical 
definitions of heart failure (Table 2). Virtually all RCTs were 
funded by pharmaceutical companies.

Quantitative data synthesis
All heart failure outcomes were listed as serious adverse events. 
Pooling heart failure data from the 3 larger RCTs and the 29 
smaller RCTs with at least 1 patient with heart failure sug-
gested a 13% increased risk of heart failure with DPP-4 inhibi-
tors, which achieved significance (pooled relative risk [RR] 
1.13, 95% confidence interval [CI] 1.01–1.26, p = 0.03; 32 
RCTs, 54 640 patients, 1244 events) with no significant hetero-
geneity (I2 = 0%) (Figure 2). A total of 94% (1169/1244) of the 
events came from the 3 larger RCTs, and 23 of the remaining 
75 (31%) events reported in the 29 smaller RCTs occurred in 
the trial that enrolled patients with class I–III heart failure. 
Thus, 1192/1244 (96%) of heart failure outcomes occurred in 
RCTs that prespecified that these required admission to hospi-
tal and were subject to blinded adjudication. Including the 
results from the 68 smaller RCTs (n = 25 227) with no patients 
with heart failure and thus an RR of 1.00 (or no effect), as the 
preplanned sensitivity analysis, did not change the pooled result 
(pooled RR 1.12, 95% CI 1.01–1.25, p = 0.03, I2 = 0%; 100 
RCTs, 79 867 patients, 1244 events).

Pooling data from only the 3 large RCTs with cardiovascu-
lar primary outcomes and blinded outcome adjudication, as the 
preplanned secondary analysis, resulted in a similar effect size; 
however, this did not achieve significance (pooled RR 1.14, 
95% CI 0.97–1.32, p = 0.10; 3 RCTs, 36 543 patients, 1169 
[adjudicated] events), partly because of heterogeneity (I2  = 
42%) that resulted in wider CIs (the pooled result would be 
significant if fixed-effects meta-analysis, which ignores hetero-
geneity, were used: pooled RR 1.14, 95% CI 1.01–1.27, p  = 
0.03). Adding the results of the smaller trial that enrolled 
patients with class I–III New York Heart Association heart 
failure and defined heart failure that required hospital admis-
sion as a prespecified secondary outcome that was adjudicated 
by outcome assessors blinded to treatment allocation, gives a 
pooled result that just achieves statistical significance (pooled 
RR 1.139, 95% CI 1.002–1.293, p = 0.046; 4 RCTs, 36 796 
patients, 1192 [adjudicated] events). There was no difference 
in the pooled result of the 3 larger RCTs with cardiovascular 
primary outcomes and the pooled result of the smaller RCTs 
(interaction p = 0.54) (Figure 2).

Differences between pooled RR for individual DPP-4 
inhibitors (Figure 3) did not achieve significance. The most 
extreme difference was between saxagliptin, dominated by the 
results of SAVOR-TIMI 53, which suggested a significantly 
increased risk of heart failure requiring hospital admission 
(pooled RR 1.22, 95% CI 1.03–1.44, p = 0.02, I2 = 0%; 9 
RCTs, 20 880 patients, 536 events), and sitagliptin, domi-
nated by the results of TECOS, which suggested no differ-
ence in risk (pooled RR 1.01, 95% CI 0.85–1.21, p = 0.89, I2 = 
0%; 10 RCTs, 21 218 patients, 468 events). However, even 
this difference in pooled RR between saxagliptin and sita-
gliptin did not achieve significance (interaction p = 0.13 [inter-

action p = 0.07 comparing RR for only SAVOR-TIMI 53 v. 
RR for only TECOS]).

In post hoc analysis, only SAVOR TIMI-53 and EXAM-
INE provided data for patients with and without a history of 
heart failure. Rates of heart failure that required hospital 
admission were considerably higher among patients with 
(359/3638 [9.9%]) than without (353/3638 [1.9%]) a history 
of heart failure, but the increase was concentrated in patients 
without (RR 1.42, 95%CI 1.15–1.74) rather than with (RR 
1.08, 95%CI 0.89–1.31) a history of heart failure (interaction 
p = 0.06) (Figure 4). However, cautious interpretation is 
needed given the limited data.

Interpretation

Pooled data from all RCTs (n = 79 867) in which intervention and 
control patients differed only by DPP-4 inhibitor therapy suggest 
that DPP-4 inhibitors increase the risk of heart failure requiring 
hospitalization by 13% (1%–26%, p = 0.03). This increase is sig-
nificant if data from both large and small high-quality RCTs are 
included (primary analysis), or if data from the 3 large RCTs4–8 
and 1 smaller RCT113 that defined heart failure requiring hospital 
admission as a prespecified secondary outcome adjudicated by 
outcome assessors blinded to treatment allocation are included 
(secondary analysis). If, however, data from only the 3 large RCTs 
with primary cardiovascular outcomes are included,4–8 the magni-
tude remains numerically similar, but is no longer significant, 
largely owing to heterogeneity between the risk of heart failure 
with saxagliptin and sitagliptin. Unfortunately, the current data do 
not have sufficient statistical power to definitively answer either 
the question of whether DPP-4 inhibitors as a class increase heart 
failure given pooled treatment effect p values ranging from 0.03 to 
0.10, depending on whether or not the smaller RCT data are 
included, or whether DPP-4 inhibitors show significant within-
class differences (in which case pooling would not be appropriate) 
given interaction p values ranging from 0.07–0.13 that compare 
results between the 2 medications with the most extreme safety 
(sitagliptin) or harm (saxagliptin) results. Results from the 2 ongo-
ing DPP-4 inhibitor versus placebo cardiovascular safety RCTs 
will be important because they could have an impact on the 
pooled risk estimates for heart failure among the cardiovascular 
safety RCTs (see Appendix 1), which emphasizes the importance 
of ongoing trials to resolve the question of whether DPP-4 inhib-
itors as a class increase heart failure. Because there are only single 
large cardiovascular safety RCTs for each specific DPP-4 inhibi-
tor and few head-to-head comparisons (our search identified 11 
small short-term RCTs23,109,140–148 directly comparing agents but 
none reported any heart failure events), the ongoing cardiovascu-
lar safety trials will be less helpful in identifying differential effects 
among DPP-4 inhibitors.

In comparison to previous systematic reviews,149–154 ours 
focuses on RCTs in which randomized groups differed by 
DPP-4 inhibitor treatment to avoid the confounding effect of 
other medications, some of which are known to indepen-
dently increase or decrease the risk of heart failure,12,155 and is 
unique in its comparison of differences in heart failure out-
comes between different agents (Table 4).



Research

CMAJ  OPEN

 CMAJ OPEN, 5(1) E155

Limitations
Our meta-analysis has limitations. It included relatively small 
trials with variable inclusion criteria, short follow-up times 
(although we specified minimum of 24 weeks, which is longer 
than the 12 weeks follow-up used in some other meta-analy-
ses150,151,153) and non-adjudicated outcomes. However, 96% of 
the heart failure outcomes were blindly adjudicated, and 
pooled results are dominated by the large cardiovascular 
safety trials with adjudicated outcomes: point estimates are 
similar regardless of whether the data from the smaller trials 
are included (1.14 v. 1.13), although inclusion of the addi-
tional data from the smaller RCTs narrows the confidence 
intervals, resulting in significance being achieved. This is in 
contrast to a highly cited rosiglitazone meta-analysis,156 where 
smaller RCTs with non-adjudicated outcomes drove overall 
results and the effect on both myocardial infarction and car-
diovascular death changed depending on how the analysis was 
conducted.157 Nevertheless, the absolute increase in risk dur-
ing follow-up, even limiting the analysis only to the 3 cardio-
vascular safety RCTs, is small at about 0.4% (623/18 313 to 
546/18 230) (Figure 2), corresponding to a number needed to 
harm of (1/0.004) 246 (median follow-up 2.4 year). Studies 
involving patients with previous heart failure and longer fol-
low-up data may uncover higher risks, and are needed to 
explore longer-term safety of these lifelong therapies. 
Although we limited our analysis to placebo-controlled trials, 
in trials targeting A1C, patients who received placebo would 
likely have received more non–DPP-4 inhibitor medications.

Conclusion
In summary, our updated systematic review includes more 
RCTs than others and is the only post-TECOS meta-analysis 
to show statistically higher, albeit small, overall heart failure 
risk, but only if data from all placebo-controlled RCTs are 
included. However, despite pooled data from 79 867 patients, 
whether DPP-4 inhibitors increase heart failure overall, or 
exhibit within-class differences (which would make pooling 
between agents inappropriate), remains unresolved, which 
highlights the importance of ongoing trials that will address the 
overall but not class difference question. Nevertheless, given 
the current data, it seems prudent to follow the FDA’s Drug 
Safety Communication9 and be cautious about prescribing saxa-
gliptin and alogliptin in patients with established heart failure 
or at high risk of developing heart failure (previous heart fail-
ure, low estimated glomerular filtration rate or elevated N-ter-
minal pro b-type natriuretic peptide), and consider discontinu-
ing these medications in any patient who develops heart failure.
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Citations identified from literature search:
• MEDLINE  n = 614
• Embase n = 349
• ClinicalTrials.gov  n = 528

Citations excluded based 
on screening criteria
n = 1347

References retrieved for 
detailed evaluation

n = 144

Retrieved studies excluded  n = 23
• Duplicate or partial duplicate n = 18
(publication with longest follow up included in analysis)
• Trial protocol n = 1
• Active treatment for all patients  n = 2
• Placebo changed to active control before 24 wk n = 2

Randomized controlled trials (RCTs)  n = 121
• Larger RCTs:  primary cardiovascular outcomes  n = 3

• SAVOR-TIMI 53 (saxagliptin)  n = 1
• EXAMINE (alogliptin)  n = 1
• TECOS (sitagliptin)  n = 1

• Smaller RCTs: primary physiological outcomes  n = 118
• Heart failure results available  n = 97

• Alogliptin n = 9
• Linagliptin n = 17
• Saxagliptin n = 12
• Sitagliptin n = 37*
• Vildagliptin n = 19
• Gemigliptin n = 1
• Teneligliptin  n = 1
• Anagliptin  n = 1

• No heart failure results available  n = 21
• Heart failure events not presented or not broken out from total 

cardiovascular events n = 10 (sitagliptin n = 3, trelagliptin n = 1, 
vildagliptin n = 6)

• Listed on ClinicalTrials.gov but no results available  n = 11 
(alogliptin n = 1, gemigliptin n = 1, linagliptin n = 2, omarigliptin n = 2, 
sitagliptin n = 2, saxagliptin n = 1, vildagliptin n = 2)
*One RCT randomized patients to 3 groups, comparing both 
sitagliptin and omarigliptin to placebo.

Figure 1: Search strategy and trial flow.

http://www.cmajopen.ca/content/5/1/E152/suppl/DC1
http://www.cmajopen.ca/content/5/1/E152/suppl/DC1
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Table 2: Trial and baseline patient comorbidities and medications for RCTs with primary cardiovascular outcomes*

Trial name SAVOR-TIMI 53 EXAMINE TECOS

Trial characteristics

DPP-4 Inhibitor Saxagliptin Alogliptin Sitagliptin

Number of patients 16 492 5380 14 724

Enrolment period October 2009–March 2013 May 2010–December 2011 December 2008–July 2012

Median follow-up (yr) 2.1 1.5 3.0

Main inclusion criteria

A1C 6.5%–12.0% 6.5%–11.0%
(7%–11% if on insulin)

6.5%–8.0%

Clinical Established CV disease or age > 
55/60 (male/female)
and one other CV risk factor

ACS in previous 15–90 d Established CV disease and ≥ 50 
years old

Patient comorbidities

Hypertension, % 81 83 86

Dyslipidemia, % 71 n/r 77

Current smoker, % 13 14 11

Prior MI, % 38 88† 43

Prior PCI, % 27 63† 39

Prior CABG, % 24 13† 25

Heart failure, % 13 28 18

Atrial fibrillation, % 7 n/r 8 (incl. AFlutter)

Stroke, % 13 7 17 (+4% TIA)

Peripheral arterial disease, 
%

12 10 17

eGFR (mL/min/1.73 m2) 73
(excluded dialysis)

71
(excluded dialysis)

75 (excluded < 30)

Medications

ASA, % 75 91 79

Any anti-platelet, % 81 n/r (80% thienopyridine) n/r (22% clopidogrel/ticlopidine, 7% 
vit K antagonist)

Statin, % 78 90 80

ACE Inhibitor/ARB, % 79 (total) 82 (total) 79

Beta-blocker, % 61 82 64

Other antihypertensive 
agents, %

41 22 CCB
37 diuretic

34 CCB
41 diuretic

Note: ACE = angiotensin converting enzyme, ACS = acute coronary syndrome, ARB = angiotensin receptor blocker, Aflutter = atrial flutter, ASA = acetylsalicylic acid, 
CABG = coronary artery bypass grafting, CAD = coronary artery disease, CCB = calcium channel blocker, CV = cardiovascular; eGFR = estimated glomerular filtration rate, 
MI = myocardial infarction, n = number of patients, n/r = not reported, PCI = percutaneous coronary intervention, RCT = randomized controlled trial, TIA = transient 
ischemic attack, vit = vitamin.
*The 3 trials used virtually identical heart failure definitions: patients were required to be admitted to hospital or have an emergency department visit of more than 12 hours 
with clinical manifestations of heart failure, defined as at least 1 of new or worsening dyspnea, orthopnea, paroxysmal nocturnal dyspnea, peripheral edema, bibasilar rales 
on pulmonary examination, jugular venous distention, new third heart sound, or radiographic evidence of heart failure; and receive at least 1 of intravenous treatment with a 
diuretic, inotrope, or vasodilator therapy, ultrafiltration or dialysis, or mechanical or surgical intervention (including heart transplant) specifically directed as treatment for their 
heart failure. The other smaller RCTs did not provide definitions, or specify whether the patients with heart failure required hospital admission or whether this outcome was 
subject to blinded adjudication.
†Includes index event before enrolment.
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Table 3 (part 1 of 3): Study risk of bias

First author,
year of publication

Total no.
of patients randomized

No.
of 

centres

Trial 
duration, 

wk Blinded* AC ITT

No early 
stopping 

for benefit

< 5% loss to 
follow up 

(%)

Primary cardiovascular outcomes

Scirica, 2013
(SAVOR-TIMI 53)4,5 (saxagliptin)

16 492 788 110* Yes Yes Yes Yes Yes (0.9)

White, 2013
(EXAMINE)6,7 (alogliptin)

5380 898 76* Yes Yes Yes Yes Yes (0.9)

Green, 2015
(TECOS)8,25 (sitagliptin)

14 724 673 156* Yes Yes Yes Yes Yes (0.4)

median*

Alogliptin

DeFronzo, 200827 329 67 26 Yes Yes Yes Yes Yes (0.3)

Nauck, 200926 527 115 26 Yes Yes Yes Yes Yes (0)

Pratley, 200928 500 124 26 Yes Yes Yes Yes Yes (0)

Pratley, 200929 493 125 26 Yes Yes Yes Yes Yes (0)

Rosenstock, 200930 390 110 26 Yes Yes Yes Yes Yes (0)

Rosenstock, 201031 490 161 26 Yes Yes Yes Yes Yes (0)

Pratley, 201432 784 198 26 Yes Yes Yes Yes Yes (2.0)

DeFronzo, 201233 1554 327 26 Yes Yes Yes Yes Yes (0.1)

Mita, 201634 341 11 104 No Yes Yes Yes No (5.6)

Linagliptin

Gomis, 201135 389 43 24 Yes Yes Yes Yes Yes (0)

Haak, 201236, 201337 791/567 133/112 24/54 Yes Yes Yes Yes Yes (0/0.2)

Owens, 201138 1058 100 24 Yes Yes Yes Yes Yes (0.3)

Taskinen, 201139 701 82 24 Yes Yes Yes Yes Yes (0.1)

Thrasher, 201440,41 226 93 24 Yes Yes Yes Yes Yes (0)

Barnett, 201342 241 33 24 Yes Yes Yes Yes Yes (0)

Bajaj, 201443 272 52 24 Yes Yes Yes Yes Yes (0)

Del Prato, 201144 503 66 24 Yes Yes Yes Yes Yes (0)

McGill, 201345 133 53 52 Yes Yes Yes Yes Yes (0)

Yki-Jarvinen, 201346 1261 167 52 Yes Yes Yes Yes Yes (0)

ClinicalTrials.gov47 936 132 84 Yes Yes Yes Yes Yes (0)

Chen, 201548 300 19 24 Yes Yes Yes Yes Yes (0.3)

ClinicalTrials.gov49 306 19 24 Yes Yes Yes Yes Yes (0.3)

DeFronzo, 201550/Lewin, 201551 1404 211 24 Yes Yes Yes Yes Yes (3.0)

ClinicalTrials.gov52 730 56 24 Yes Yes Yes Yes Yes (0)

Wu, 201553 57 1 24 Yes Yes Yes Yes Yes (3.5)

ClinicalTrials.gov54 708 114 24 Yes Yes Yes Yes n/r

Saxagliptin

Pfützner, 201155/Jadzinsky, 200956 1306 211 76 Yes Yes Yes Yes Yes (0.2)

Barnett, 201357 457 80 52 Yes Yes Yes Yes Yes (0.4)

Chacra, 201158 768 115 76 Yes Yes Yes Yes Yes (0)

DeFronzo, 200959/Rosenstock, 
201360

743 154 24
(208 for 

mortality)

Yes Yes Yes Yes Yes (0)

Frederich, 201261 366 72 24 Yes Yes Yes Yes Yes (0.3)
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Table 3 (part 2 of 3): Study risk of bias

First author,
year of publication

Total no.
of patients randomized

No.
of 

centres

Trial 
duration, 

wk Blinded* AC ITT

No early 
stopping 

for benefit

< 5% loss to 
follow up 

(%)

Hollander, 201162 565 133 76 Yes Yes Yes Yes Yes (0)

Nowicki, 201163 170 75 52 Yes Yes Yes Yes Yes (0)

Pan, 201264 568 40 24 Yes Yes Yes Yes Yes (0)

Rosenstock, 2009,65 201360 401 135 24 (208 
for 

mortality)

Yes Yes Yes Yes Yes (0)

Moses, 201466 257 35 24 Yes Yes Yes Yes Yes (0)

Rosenstock, 201567 534 139 24 Yes Yes Yes Yes Yes (0)

Matthaei, 201568 315 84 24 Yes Yes Yes Yes Yes (0)

Sitagliptin

Charbonnel, 200669 701 100 24 Yes Yes Yes Yes Yes (0)

Hermansen, 200770 441 74 24 Yes Yes Yes Yes Yes (0)

Henry, 201471 1615 256 54 Yes Yes Yes Yes Yes (0)

Raz, 200872 190 24 30 Yes Yes Yes Yes Yes (0)

Vilsbøll, 201173 641 100 24 Yes Yes Yes Yes Yes (0)

Wiiliams-Herman, 201074/
Goldstein, 200775

1091 140/117 104 Yes Yes Yes Yes Yes (0)

Yoon, 2012,76 201177 520 60/28 54 Yes Yes Yes Yes Yes (0)

ClinicalTrials.gov78 213 9 24 Yes Yes Yes Yes Yes (0)

Yang, 201179 570 40 24 Yes Yes Yes Yes Yes (0)

ClinicalTrials.gov80 68 1 24 No n/r n/r n/r n/r

Barzilai, 201181 206 52 24 Yes Yes Yes Yes Yes (0)

Yang, 201282 395 17 24 Yes Yes Yes Yes Yes (0)

Rosenstock, 200683 353 71 24 Yes Yes Yes Yes Yes (0)

Aschner, 200684 741 111 24 Yes Yes Yes Yes Yes (0)

Fonseca, 201385 313 58 26 Yes Yes Yes Yes Yes (0)

Olansky, 201186 1250 209 44 Yes Yes Yes Yes Yes (0.3)

ClinicalTrials.gov87 21 1 44 Yes Yes Yes Yes Yes (0)

Dobs, 201388 278 41 54 Yes Yes Yes Yes No (5.8)

Moses, 201689 427 Multi 24 Yes Yes Yes Yes Yes (1.2)

Lavalle-González, 201390 1284 169 26 Yes Yes Yes Yes Yes (0)

Mathieu 201591 660 Multi 24 Yes Yes Yes Yes Yes (0.3)

Roden, 201392 899 124 76 Yes Yes Yes Yes Yes (1.1)

ClinicalTrials.gov93 381 Multi 24 Yes Yes Yes Yes Yes (0)

Skrivanek, 201494 1202 99 26 Yes Yes Yes Yes Yes (0)

ClinicalTrials.gov95 1049 386 156 Yes Yes Yes Yes Yes (3.5)

Ji, 201696 744 Multi 24 Yes Yes Yes Yes Yes (0.1)

ClinicalTrials.gov97 582 60 24 Yes Yes Yes Yes Yes (1.2)

ClinicalTrials.gov98 498 Multi 24 Yes Yes Yes Yes Yes (0.2)

ClinicalTrials.gov99 467 28 24 Yes Yes Yes Yes Yes (0)

ClinicalTrials.gov100 366 60 28 Yes Yes Yes Yes Yes (0.3)

Ishikawa, 2014101 80 1 52 No Uncl. Yes Yes Yes (3.8)

Derosa, 2012102–104 178 1 52 Yes Yes Yes Yes n/r

Derosa, 2014105 205 Multi 104 Yes Yes Yes Yes n/r

Chien, 2011106 97 1 24 No Uncl. Yes Uncl. Yes (0)
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Table 3 (part 3 of 3): Study risk of bias

First author,
year of publication

Total no.
of patients randomized

No.
of 

centres

Trial 
duration, 

wk Blinded* AC ITT

No early 
stopping 

for benefit

< 5% loss to 
follow up 

(%)

Weinstock, 2015107 1098 111 26 Yes Yes Yes Yes Yes (0)

Mita, 2016108 282 12 104 No Yes Yes Yes Yes (2.8)

ClinicalTrials.gov109 414 Multi 24 Yes Yes Yes Yes Yes (0.5)

Vildagliptin

Bosi, 2007110 544 106 24 Yes Yes Yes Yes Yes (0.6)

Bosi, 2009111 1179 > 250 24 Yes Yes Yes Yes Yes (0.8)

Fonseca, 2007112 296 68 24 Yes Yes Yes Yes Yes (0)

VIVIDD, 2014113 254 94 52 Yes Yes Yes Yes Yes (0.4)

Scherbaum, 2008114,115 306 69 52/104 Yes Yes Yes Yes Yes/No 
(0/57)

Strain, 2013116 278 45 24 Yes Yes Yes Yes Yes (0)

Vollmer, 2009117 405 94 24 Yes Yes Yes Yes Yes (0)

Garber, 2007118 463 123 24 Yes Yes Yes Yes Yes (0)

Garber, 2008119 515 114 24 Yes Yes Yes Yes Yes (0)

Yang, 2015120 279 18 24 Yes Yes Yes Yes Yes (0)

Foley, 2011121/Bunck, 2012122 59 1 52 Yes Yes Yes Yes Yes (0)

Pan, 2012123 438 17 24 Yes Yes Yes Yes Yes (0)

Lukashevich, 2014124 318 55 24 Yes Yes Yes Yes Yes (0.3)

Macauley, 2015125 44 1 26 Yes Yes Yes Yes No (11.4)

Ahren, 2004,126 2005127 107 4 52 Yes Yes Yes Yes Yes (0)

Goodman, 2009128 370 67 24 Yes Yes Yes Yes Yes (0)

Ito, 2011129 60 1 24 No Yes Yes Yes No (11.7)

Derosa, 2012130–132 167 4 52 Yes Yes Yes Yes Yes (0)

Zografou, 2015133 64 1 26 No Uncl. Yes Uncl. n/r

Gemigliptin

Yang, 2013134 182 14 24 Yes Yes Yes Yes Yes (4.2)

Teneligliptin

ClinicalTrials.gov135 448 45 24 Yes Yes Yes Yes Yes (0.2)

Anagliptin

Yang, 2015136 109 25 24 Yes Yes Yes Yes Yes (0.9)

Note: AC = allocation concealment, ITT = intention-to-treat analysis, multi = multicentre, n/r = not reported, uncl = unclear.
*Patient, caregiver and outcome assessor blinding for heart failure outcome.
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Table 4 (part 1 of 2): Comparison of current meta-analysis and previously published meta-analyses

Meta-
analyses, first 
author, year

Analysis 
included only 

RCTs in which 
randomized 

groups differ by 
DPP-4 inhibitor 

treatment to 
avoid the 

confounding 
effect of other 
medications

Statistically 
compared 

HF 
outcomes 
between 
different 
DPP-4 

inhibitors

Additional ≥ 
24-week 

follow-up DPP-4 
inhibitor v. 

placebo RCTs/
enrolled 

patients with 
HF events 

included in the 
current 

meta-analysis

Avoidance of 
inadvertent double 
counting of some 
included RCTs

Inclusion 
of all* HF 
outcomes 

for 
EXAMINE 

Trial7

Inclusion of 
most 

recently 
published 
HF results 
for VIVIDD 

Trial113 Main conclusions

Including TECOS

Current 
meta-analysis

Yes Yes (reference) Yes Yes Yes •13% increase in HF risk 
only statistically significant 
(p = 0.03) if results of 
smaller RCTs added to 
large cardiovascular safety 
RCTs
•differences between 
agents not statistically 
significant (interaction p = 
0.07–0.12)

Li, 2016151 No No 10 RCTs/
5541 patients

Yes No Yes •12% increase in HF risks¶ 
(p = 0.05) pooling HF 
hospitalization outcomes 
from 5 RCTs only; no 
significant increase in HF 
for the remaining RCTs v. 
all comparators

Abbas, 2016149 Yes† No 29 RCTs/
18 097
patients†

Yes No –‡ •non-significant 11% 
increase in HF risk (p = 
0.19) pooling only the 3 
large cardiovascular safety 
RCTs but not including all 
HF outcomes for 
EXAMINE

Kongwat-
charapong, 
2016150

No No 4 RCTs/
1639 patients

Yes Yes No •non-significant 11% 
increase in HF risk (p = 
0.06) v. all comparators
•highlighted increase in HF 
for saxagliptin but 
differences not statistically 
compared with other 
agents



Research

CMAJ  OPEN

E174 CMAJ OPEN, 5(1) 

Table 4 (part 2 of 2): Comparison of current meta-analysis and previously published meta-analyses

Meta-
analyses, first 
author, year

Analysis 
included only 

RCTs in which 
randomized 

groups differ by 
DPP-4 inhibitor 

treatment to 
avoid the 

confounding 
effect of other 
medications

Statistically 
compared 

HF 
outcomes 
between 
different 
DPP-4 

inhibitors

Additional ≥ 
24-week 

follow-up DPP-4 
inhibitor v. 

placebo RCTs/
enrolled 

patients with 
HF events 

included in the 
current 

meta-analysis

Avoidance of 
inadvertent double 
counting of some 
included RCTs

Inclusion 
of all* HF 
outcomes 

for 
EXAMINE 

Trial7

Inclusion of 
most 

recently 
published 
HF results 
for VIVIDD 

Trial113 Main conclusions

Pre-TECOS

Monami, 
2014152

No No 8 RCTs/
17 463 patients

No
(double counted
NCT0102839176

which was an extension
of NCT0039763177)

No –‡ •19% increase in HF odds 
(p = 0.015) v. all 
comparators
•highlighted increase in HF 
for saxagliptin but 
differences not statistically 
compared with other 
agents

Wu, 2014154 No§ No 15 RCTs/
19 339
patients

No
(double counted
2 publications
for NCT0032701555,56)

No No •16% increase in HF risk (p 
= 0.04) v. all comparators 
and 17% increase (p = 
0.03) v. only placebo 
comparators

Savarse, 
2015153

No No 9 RCTs/
18 055 patients

No
(double counted 
NCT0091577237

which was an extension
of NCT0079816136)

No No •16% increase in HF risk (p 
= 0.03) v. all comparators 
pooling long-term follow up 
RCTs but no increase 
pooling short-term follow 
up RCTs

Note: DPP-4 = dipeptidyl peptidase-4, HF = heart failure, RCT = randomized controlled trial.
*Some of the previously published meta-analyses149,151–154 included only heart failure hospital admissions that were counted in the analysis of the composite end point 
reported in the abstract of the follow-up publication for EXAMINE focusing on heart failure outcomes,7 instead of all admissions for heart failure reported in the main body of 
this publication. Including all hospital events results in a higher risk for alogliptin for this RCT (RR 1.18 v. RR 1.07).
†Abbas 2016149 only included the 3 large cardiovascular RCTs (SAVOR-TIMI 53,4,5 EXAMINE6,7 and TECOS8).
‡VIVIDD113 was not included in Monami 2014152and Abbas 2016.149

§For Wu 2014,154 comparison to placebo trials was included as a secondary analysis.
¶Li 2016151 actually reported 13% increase in odds using Peto odds ratios (p = 0.05), which corresponds to a 12% increase in risk using risk ratios (p = 0.05).
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Study or Subgroup
1.9.1 Large Cardiovascular Outcome RCTs

SAVOR 2013/NCT01107886
EXAMINE 2013/NCT00968708
TECOS 2015/NCT00790205
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.01; Chi² = 3.45, df = 2 (P = 0.18); I² = 42%
Test for overall effect: Z = 1.62 (P = 0.10)

1.9.5 Smaller RCTs

Nauck 2009/NCT00286442
Pratley 2009/NCT00286494
Pratley 2009/NCT00286468
DeFronzo 2012/NCT00328627
Haak2012/NCT798161&915772
McGill 2013/NCT00800683
Yki-Jarvinen2013/NC954447
ClinTrials.gov/NCT1183013
Pfützner 2011/NCT00327015
Barnett 2012/NCT00757588
DeFronzo 2009/NCT00121667
Hollander 2011/NCT0295633
Nowicki 2011/NCT00614939
Rosenstock 2009/NCT121641
Chacra 2011/NCT00313313
Matthaei 2015/NCT01619059
Charbonnel 2006/NCT086515
Hermansen 2007/NCT0106704
Henry 2014/NCT00722371
Visboll 2010/NCT00395343
Williams 2010/NCT00103857
Olansky 2011/NCT00482729
Lavalle 2013/NCT01106677
Roden2013/1177813&1289990
ClinTrials.gov/NCT0838903
VIVIDD 2014/NCT00894868
Strain 2013/NCT01257451
Garber 2007/NCT00099853
Yang 2015/NCT01529528
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 13.93, df = 28 (P = 0.99); I² = 0%
Test for overall effect: Z = 0.08 (P = 0.94)

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 17.77, df = 31 (P = 0.97); I² = 0%
Test for overall effect: Z = 2.11 (P = 0.03)
Test for subgroup differences: Chi² = 0.37, df = 1 (P = 0.54), I² = 0%
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Figure 2: Forest plot for heart failure, large versus small trials. Individual and pooled risk ratios (RRs) with 95% confidence intervals (CIs) for 
randomized controlled trials (RCTs) with a primary outcome that included cardiovascular outcomes and reported the number of patients in each 
treatment group that were admitted to hospital for heart failure as an adjudicated primary or secondary outcome, as well as smaller RCTs 
reporting at least 1 patient with heart failure for which outcomes were not necessarily adjudicated and patients not necessarily admitted to hos-
pital. The pooled RRs with 95% CIs were calculated using random-effects models. Weight refers to the contribution of each study to the overall 
pooled estimate of treatment effect. Each square and horizontal line denotes the point estimate and 95% CI for each trial’s RR. The diamonds 
signify the pooled RR; the diamond’s centre denotes the point estimate and width denotes the 95% CI.



Research

CMAJ  OPEN

E176 CMAJ OPEN, 5(1) 

Study or Subgroup
1.8.1 Saxagliptin

SAVOR 2013/NCT01107886
Pfützner 2011/NCT00327015
Barnett 2012/NCT00757588
DeFronzo 2009/NCT00121667
Hollander 2011/NCT0295633
Nowicki 2011/NCT00614939
Rosenstock 2009/NCT121641
Chacra 2011/NCT00313313
Matthaei 2015/NCT01619059
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = 0.00; Chi² = 5.64, df = 8 (P = 0.69); I² = 0%
Test for overall effect: Z = 2.33 (P = 0.02)

1.8.2 Alogliptin

EXAMINE 2013/NCT00968708
Nauck 2009/NCT00286442
Pratley 2009/NCT00286494
Pratley 2009/NCT00286468
DeFronzo 2012/NCT00328627
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 2.68, df = 4 (P = 0.61); I² = 0%
Test for overall effect: Z = 1.01 (P = 0.31)

1.8.3 Sitagliptin

TECOS 2015/NCT00790205
Charbonnel 2006/NCT086515
Hermansen 2007/NCT0106704
Henry 2014/NCT00722371
Visboll 2010/NCT00395343
Williams 2010/NCT00103857
Olansky 2011/NCT00482729
Lavalle 2013/NCT01106677
Roden2013/1177813&1289990
ClinTrials.gov/NCT0838903
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 4.07, df = 9 (P = 0.91); I² = 0%
Test for overall effect: Z = 0.14 (P = 0.89)

1.8.4 Linagliptin

Haak2012/NCT798161&915772
McGill 2013/NCT00800683
Yki-Jarvinen2013/NC954447
ClinTrials.gov/NCT1183013
Subtotal (95% CI)
Total events
Heterogeneity: Tau² = 0.00; Chi² = 1.29, df = 3 (P = 0.73); I² = 0%
Test for overall effect: Z = 0.69 (P = 0.49)

1.8.5 Vildagliptin

VIVIDD 2014/NCT00894868
Strain 2013/NCT01257451
Garber 2007/NCT00099853
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.39, df = 2 (P = 0.82); I² = 0%
Test for overall effect: Z = 0.43 (P = 0.67)

1.8.6 Anagliptin

Yang 2015/NCT01529528
Subtotal (95% CI)

Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 1.00 (P = 0.32)

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 17.77, df = 31 (P = 0.97); I² = 0%
Test for overall effect: Z = 2.11 (P = 0.03)
Test for subgroup differences: Chi² = 3.69, df = 5 (P = 0.59), I² = 0%
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Figure 3: Forest plot for heart failure by DPP-4 inhibitor. Individual and pooled risk ratios (RRs) with 95% confidence intervals (CIs) for larger 
and smaller randomized controlled trials (RCTs) by DPP-4 inhibitor. Interaction p values comparing RRs between pairs of subgroups of RCTs 
using different DPP-4 inhibitors were all nonsignificant. For the most extreme difference between saxagliptin RCTs and sitagliptin RCTs, interac-
tion p = 0.13 (interaction p = 0.07 comparing RR for only SAVOR-TIMI 53 v. TECOS). The pooled RRs with 95% CI were calculated using 
 random-effects models. Interaction p values were calculated using Z tests. Weight refers to the contribution of each study to the overall pooled 
estimate of treatment effect. Each square and horizontal line denotes the point estimate and 95% CI for each trial’s RR. The diamonds signify 
the pooled RR; the diamond’s centre denotes the point estimate and width denotes the 95% CI.
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Study or Subgroup
1.11.1 History of Heart Failure

SAVOR-TIMI 53 2013
EXAMINE 2013
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.76, df = 1 (P = 0.38); I² = 0%
Test for overall effect: Z = 0.76 (P = 0.45)

1.11.2 No History of Heart Failure

SAVOR-TIMI 53 2013
EXAMINE 2013
Subtotal (95% CI)

Total events
Heterogeneity: Tau² = 0.00; Chi² = 0.97, df = 1 (P = 0.33); I² = 0%
Test for overall effect: Z = 3.27 (P = 0.001)

Total (95% CI)

Total events
Heterogeneity: Tau² = 0.02; Chi² = 5.24, df = 3 (P = 0.16); I² = 43%
Test for overall effect: Z = 2.04 (P = 0.04)
Test for subgroup differences: Chi² = 3.50, df = 1 (P = 0.06), I² = 71.5%
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Figure 4: Forest plot for heart failure requiring hospital admission by previous history of heart failure. Individual and pooled risk ratios (RRs) with 
95% confidence intervals (CIs) for the outcome of heart failure requiring hospital admission in subgroups of patients with versus without previ-
ous heart failure in SAVOR-TIMI 53 and EXAMINE, the only RCTs that provided these data. Average rates of heart failure requiring hospital 
admission were 9.9% ([124+ 107 + 63 + 65]/[1056 + 1049 + 771 + 762] = 359/3638) in patients with versus 1.9% ([165 + 121 + 43 + 24]/[7224 + 
7163 + 1930 + 1917] = 353/18 234) in patients without a prior history of heart failure. In this analysis, the heterogeneity in the overall analysis (I2 
= 43%) is reduced (I2 = 0%) within each subgroup. The pooled RRs with 95% CIs were calculated using random-effects models. Interaction p 
values were calculated using Z tests. Weight refers to the contribution of each study to the overall pooled estimate of treatment effect. Each 
square and horizontal line denotes the point estimate and 95% CI for each trial’s RR. The diamonds signify the pooled RR; the diamond’s centre 
denotes the point estimate and width denotes the 95% CI.
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