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Abstract

Background Large randomized trials have shown con-
flicting evidence regarding the cardiovascular safety of
dipeptidyl-peptidase 4 (DPP-4) inhibitors. Systematic
reviews have been limited by incomplete data and inclu-
sion of observational studies. This study aimed to sys-
tematically evaluate the cardiovascular safety of DPP-4
inhibitors in patients with type 2 diabetes.

Methods Electronic databases were searched for random-
ized trials that compared DPP-4 inhibitors versus placebo
and reported cardiovascular outcomes. The main outcome
assessed in this analysis was heart failure. Other outcomes
included all-cause mortality, cardiovascular mortality,
myocardial infarction, and ischemic stroke. Summary odds
ratios (ORs) were primarily constructed using Peto’s model.
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Results A total of 90 trials with 66,730 patients were
included. Compared with placebo, DPP-4 inhibitors were
associated with a non-significant increased risk of heart
failure [OR 1.11, 95% confidence interval (CI) 0.99-1.25,
P = 0.07] at a mean of 108 weeks. The risk of all-cause
mortality (OR 1.03, 95% CI 0.94-1.12, P = 0.53), car-
diovascular mortality (OR 1.02, 95% CI 0.92-1.14,
P = 0.72), myocardial infarction (OR 0.98, 95% CI
0.88-1.09, P = 0.69), and ischemic stroke (OR 0.99, 95%
CI 0.85-1.15, P = 0.92) was similar between both groups.
Conclusion In patients with type 2 diabetes, the safety
profile of DPP-4 inhibitors is similar to placebo. As a class,
there is only weak evidence for an increased risk of heart
failure.

Key Points

Large randomized trials have shown conflicting
evidence regarding the cardiovascular safety of
dipeptidyl-peptidase 4 (DPP-4) inhibitors.

This meta-analysis demonstrated that the safety
profile of DPP-4 inhibitors is similar to placebo.

Patients and providers can feel reassured that DPP-4
inhibitors are well tolerated and can represent a
valuable component in the armamentarium of anti-
glycemic therapy.

1 Introduction
In the USA, diabetes mellitus affects approximately 21

million adults [1]. Dipeptidyl-peptidase 4 (DPP-4) inhibi-
tors have emerged as a new class of incretin-based
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medications for the management of type 2 diabetes mellitus
[2]. They improve glucose control without inducing
hypoglycemia or weight gain [3]. Some authors had sug-
gested that these medications might exert a cardiovascular
protective effect [4]. The American Diabetes Association
and the European Association for the Study of Diabetes
recommend this class as a second-line agent in patients
with type 2 diabetes [S]. In the largest randomized trial
designed to explore the cardiovascular safety of this class
of medications, there was a 27% relative increased risk for
heart failure hospitalizations with saxagliptin compared
with placebo [6]. In two other large randomized trials
testing alogliptin and sitagliptin, the risk of heart failure
was similar compared with placebo [7, 8]. Furthermore,
data from real world registries have yielded inconsistent
results regarding the risk of heart failure with this class of
medications [9-13]. Previous meta-analyses were limited
by incomplete evaluation of cardiovascular safety out-
comes [14-16], non-comprehensive evaluation of data
[17-21], or inclusion of data from observational studies
[22]. Given the uncertainty about the cardiovascular safety
of this class of medications, we aimed to conduct a com-
prehensive meta-analysis of placebo-controlled random-
ized trials to test the cardiovascular safety of this class of
medications.

2 Methods

We searched the MEDLINE database without language
restriction from inception until August 2015 using the
keywords and Medical Subject Headings illustrated in
Fig. 1. We also searched the Web of Science and the
Cochrane Register of Controlled Trials databases using
similar keywords. This meta-analysis was registered at the
PROSPERO international prospective register of system-
atic reviews (CRD42015024674) [23].

We selected randomized controlled clinical trials that
compared any of the DPP-4 inhibitors (i.e., anagliptin,
alogliptin, dutogliptin, linagliptin, omarigliptin, sitagliptin,
saxagliptin, teneligliptin, and vildagliptin) with placebo in
patients with type 2 diabetes. We required that the pub-
lished report for the study explicitly reported any cardio-
vascular outcome (namely, heart failure, all-cause
mortality, cardiovascular mortality, myocardial infarction,
or ischemic stroke). We excluded trials that compared
DPP-4 inhibitors with any other comparator agent (e.g.,
metformin, sulfonylurea, or thiazolidinediones) in order to
test the relative safety of DPP-4 inhibitors with placebo.
We also excluded trials that had unequal distribution of a
second oral hypoglycemic agent in either arm. For trials
with multiple comparison arms, we combined the DPP-4
inhibitor arms irrespective of the doses. For trials that had a
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second phase with an active agent (i.e., another oral
hypoglycemic agent), we reported outcomes only for the
placebo-controlled phase. For these trials, we excluded the
ones that reported cardiovascular outcomes only at the end
of the second phase.

Teams of two paired reviewers extracted data on general
study data, study design, sample size, patient characteris-
tics, interventional strategies, and cardiovascular outcomes
from the included studies. Two reviewers further reviewed
the extracted data to ensure accuracy. Reviewers resolved
any discrepancies by discussion. For all clinical outcomes,
we tabulated the number of events that occurred in each
arm. Since it is mandated that parties submit a summary of
the results including serious adverse events to clinical-
trial.gov, we searched this registry for each of the included
studies to ensure that we collected any possible cardio-
vascular outcome. We evaluated the quality of the included
trials on the basis of adequate description of treatment
allocation, blinded outcome assessment, and description of
losses to follow-up [24].

The main outcome evaluated in this analysis was heart
failure. We defined heart failure as any reported case of
“heart failure,” “cardiac failure,” or “hospitalization for
heart failure.” We also evaluated all-cause mortality, car-
diovascular mortality, myocardial infarction, and ischemic
stroke (defined as ischemic stroke or transient ischemic
attack). If a study reported outcomes at different follow-up
periods, we preferentially extracted data for the longest
reported follow-up.

We followed the preferred reporting items for system-
atic reviews and meta-analyses (PRISMA) guidelines to
conduct a high-quality meta-analysis [25]. We analyzed the
outcomes with an intention-to-treat analysis. Since we
anticipated that the outcomes are rare [26], we constructed
the summary estimate odds ratios (ORs) primarily with
Peto’s model [27]. We performed a secondary analysis
using random effects summary risk ratios (RRs) with a
DerSimonian and Laird model [28]. We performed the
overall analysis for each outcome using the data reported
from the longest follow-up period. We examined the sta-
tistical heterogeneity using I* statistic [29]. We evaluated
publication bias with Egger’s method [30]. All P values
were two-tailed, with statistical significance set at 0.05, and
confidence intervals (Cls) were calculated at the 95% level
for the overall estimate effect. We conducted all analyses
with STATA software version 14 (STATA Corporation;
College Station, TX, USA).

For the outcome of heart failure, we further performed a
pre-specified sensitivity analysis including only the high-
quality trials, and another sensitivity analysis including
only trials that enrolled >1000 subjects. We conducted
subgroup analyses according to the follow-up time (i.e.,
<24 weeks, 24-52 weeks, >52-104 weeks, and >104
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Fig. 1 Summary of how the
systematic search was
conducted and eligible studies
were identified (PRISMA flow
diagram)

Records identified though database search using
keyword terms “dipeptidyl-peptidase IV inhibitors ”,
“LC15-0444”, “anagliptin”, “alogliptin”, “dutogliptin”,

” «, ” «, ” «

“linagliptin”, “omarigliptin”, “sitagliptin”, “saxagliptin”,
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“teneligliptin”, “vildagliptin”, “sitagliptin”, “outcome”
and “safety”
(n=1,040)

Articles deleted based on the title/abstract review

\ 4
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(n=903)

(n=137)

Relevant articles retrieved from detailed assessment

-Not reporting cardiovascular outcomes (n=43)

A 4

-Duplicate studies (n=4)

(n=90)

Studies included in the final meta-analysis

weeks). Random effects meta-regression analyses were
pre-specified for the outcome of heart failure with the type
of DPP-4 inhibitor, age, male gender, hemoglobin Alc
(HbAlc) level, duration of diabetes, and body mass index
(BMD).

3 Results

The electronic search yielded 1040 articles, which we
screened by reviewing the title and/or abstract; 137 articles
were deemed potentially eligible. Upon further review of
the full article, 90 trials with 66,730 patients were included
in the final analysis (Fig. 1) [6-8, 31-117]. Table 1 sum-
marizes the baseline characteristics of the included trials.
Sitagliptin was the most frequent medication tested (i.e., in
24 trials), while 15 trials evaluated saxagliptin. All of the
included studies were multicenter and double blinded. The
follow-up time ranged from 2 to 156 weeks. Supplemental
Table 1 reports the quality of the included studies (see the
electronic supplementary material, online resource 1). The
primary outcome for most of the included studies was the
change in the HbAlc level at the end of the follow-up
period. Only three trials evaluated cardiovascular outcomes
as the primary outcome [6, 8, 50].

Twenty-five trials evaluated the outcome of heart failure
(nine of these studies had zero events in both arms). The
mean follow-up was 108 + 45 weeks (median follow-up
time 109 weeks). We utilized data regarding heart failure
events for the Examination of Cardiovascular Outcomes

with Alogliptin versus Standard of Care (EXAMINE) trial
from the pre-specified analysis that evaluated heart failure
[7]. Compared with placebo, DPP-4 inhibitors were asso-
ciated with a non-significant increase in the risk of heart
failure using both Peto’s method (OR 1.11, 95% CI
0.99-1.25, P = 0.07) (Fig. 2) and the DerSimonian and
Laird model (RR 1.11, 95% CI 0.99-1.24, P = 0.09,
I* = 0%). There was no evidence of publication bias with
Egger’s test (P = 0.23). The pre-specified sensitivity
analysis including only high-quality studies yielded similar
results (OR 1.13,95% CI10.99-1.28, P = 0.07, I* = 27%),
as well as the pre-specified analysis limited to trials that
enrolled >1000 subjects (OR 1.12, 95% CI 1.00-1.26,
P = 0.06, = 42%) (Supplemental Figure 1). Subgroup
analyses according to the follow-up time showed that the
risk of heart failure was comparable to placebo at
<24 weeks (OR 0.48, 95% CI 0.13-1.73), at 24-52 weeks
(OR 2.64, 95% CI 0.54-12.87), and at >52-104 weeks
(OR 0.35, 95% CI 0.02-7.60), but a non-significant
increase in heart failure at >104 weeks (OR 1.12, 95% CI
0.99-1.26) (P for interaction = 0.27). Meta-regression
analysis did not identify a difference in treatment effect
based on the type of DPP-4 inhibitors, age, male gender,
HbAIlc level, duration of diabetes, and BMI (P = 0.76,
0.34, 0.24, 0.23, 0.66, and 0.10, respectively).

Compared with placebo, DPP-4 inhibitors were associ-
ated with a similar risk of all-cause mortality (OR 1.03,
95% CI 0.94-1.12, P = 0.53, I* = 0%) (Fig. 3), cardio-
vascular mortality (OR 1.02, 95% CI 0.92-1.14, P = 0.72,
I? = 0%) (Supplemental Figure 2), myocardial infarction

A\ Adis



1. Y. Elgendy et al.

146

62/0€ q(s1B3K 6<) 9¢6/2¢ 6'LI0'8 81/8S 09/6 UTUWLIOFIRN undrgeury YLy 10T [€9] e 10 ssoy
ST/ST 06/001 9'8/9'8 69/99 09/09 vaIn[Auoyng undrsory €01/60T  TI0T [29] ‘e 10 ourdg
0€/0€ TOI6 L'8/8'8 €9/29 9G/9S  UIWIOJJSW/QUOIPUIPI[OZEIY ], undrgens 9GI/LST €102 [69] "Te 30 ®O3sUO4
ST/ST CLILL v'8/T'8 89/1L LS/09 UTWLIOFRN undrSeng TLILL  €10T [19] "Te 10 DYemopey
ST 8°6/€°9 08/8°L ¥9/L9 65/8S AN undrgeuay, 08/vvC  €10C [09] opuoy] pue pjemopes]
0¢/1€ CUPT 08/L°L 09/4S €6/5S AN undr3ens €5/CSs  €10T [6S] T8 10 QY
1€/ 8°9/8°9 08/6°L 1S/LY 96/5S UTUWLIOFIRN undrgens €81/99¢  €10T  [8S] I8 10 Zo[EZUOD-I[[eA’]
4948 L'9/S9 1'8/1°8 ¥$/0S S/ UTWLIOFIRN undrgexeg 6LIF9S  €10T [£S] "Te 32 YooysuasOy
92/9T L'LITL 6'LIT8 SL/99 19/09 SuoIpaUIpI[OZeIy ], undrsreua, 101/€01  €10T [96] opuoy] pue pyemopey]
1€/0€ v'6/€°6 L'8/8'8 09/9 SS/PS  UIULIOJIOU/QUOIPIUIPI[OZEIY], undrgens T6I0LT  €10T [ss] e 10 sqoq
1€/1€ q(s180K 6<) 18/48 €8/¢'8 (49¢48 09/09 sidumpy undygeury 0£9/1€9  €10T [+6] Te 10 USUIATE[-TY X
1€/1€ €e1/E0l 08/0'8 L9/L9 $9/59 sidnmpy undrgexes  9178/0878  €10T [9] ‘e 39 BoMIOS
Teree AN/IN T8/T8 75/99 S9/t9 srdnmy undrjSeury §9/89  €10T [S] Te 30 TIDON
62/6T TE6TI 8'8/8'8 TS/8Y 65/6S UTULIOJ)oW/UT[NSU] undrgepiA 12e/8cc  €10T [zs] T8 10 Auypoy
1€/6C 901/TTl 6'LI6°L 8¢/€S vLISL vaInAuoyng undrgeppA 6€1/6€1  €10T [16] 'Te 10 ureng
62/6T I'LISL 08/0'8 89/89 19/19 sidnmp undisory  6L97/10L  €10T [0S ‘L] Te 10 amym
0€/0€ ANAIN LLISL T9/CL SLISL srdumpy undrgeury 6L/291  €10T [6¥] Te 10 noureg
Te/ee TSI 9'8/L'8 87004 LSILS UIULIOJSW/ut[nsu] undr3exeg ISIF0E  €10T [8¥] ‘Te 10 noureg
LTILT 0/0 0v/0F 8L/S8 99/69 SuoN undrsens ov/6E €10 [Lp] Te 10 a8eH
87/8T SLTL 8'8/L'8 S7ES SS/SS BAIN[AUOI[NS/UTULIONISA undisepiA 091/8ST  +10T [9%] “Te 10 yatadyseyn]
62/6T ANAIN T8I'8 86/29 LS/LS BAIN[AUOJ[NS/UTULIONISA undijgexes 8T1/6C1  +10T [Sp] T8 10 sasON
AN/IN ANAIN v'8/v'8 L9/59 09/8 vaIn[Auoyng undrsieuay, 86/96  ¥10T [¥] Te 10 Demopey
ANZIN ANAIN T8/T8 0S/9% 9G/+S UTUWLIOFIRN undrgens YOI/ETE  +10T [cp] Te 10 uRIYY
97/ST 0LITL 08/0'8 69/49 86/65 UTUWLIOFIRN undrgepiA 0L/69  +10T [¢p] Te 10 BIEMEPQ
€Eve T9/8°S 08/6°L (49,48 LSI¥S UTWLIOFRN und3exeg 98/rL  ¥I0T [1%] & 10 a1mym
1€/1€ €YI8E $'8/S'8 15/6% €6/¢S SuoN undrsory 601/STc  +10T [ov] Te 10 Kopeig
€¢ree ANAIN 8'8/L’'8 I1S/LS ¥SiS BAIN[AUOFNS/UTWIONSIA undy3eury 0CI/901  +10T [6€] "Ie 10 10yse1y],
87/8¢ AN/AIN S'8/t'8 SS/Sy GG/ES  UIULIOJOUI/QUOIPAUIPT[OZEIY ], undrgeury 68/281  ¥10C [8¢] "Te 10 [efeg
97/9T YIL/CTTT L'8/9'8 Syicy 86/86 urmsuy undrgepA LY1/9%T  SI10T [L€] 'Te 10 SuIN
0€/0¢ 8°6/€°S 1'8/0°8 LS/9 96/5S SUON undrguewQ YIT/ILS  SI0T [9€] ‘e 10 noyg
ST/ST 6'9/6'9 L'8/9'8 86/5S 65/8S vaI[Auojng undrsepA 9cT/EPT  ST0T [€] Te 10 Suex
92/9T ANAIN 8/0'8 05/0S LS/SS UTUWLIOFIRN undygeury 001/S0C  ST10T [¥€] Te 10 Suepm
ST/ST I'v/EE I'LTL £9/0S LS/9S SuoN undigeuy 65/0L  SI0T [¢€] e 10 Suex
0€/0€ 911/911 TLITL 1LIL 99/69 s3nup s[dump undiSens  6€€L/€EL SI0T [8] ‘T8 19 uoaID
Teree LETEl 8'8/L'8 0S/9% 86/6S UTULIOJ}o /U NS U] undrseng 6ce/6ce  SI0T [z€] "Te 10 naryeA
1¢/1¢€ YL 6'LI0'8 LY/8Y SS/SS urzoyrede undijgexeg 91/6ST SI0T L1€] e 10 reRyNRA
LU/3Y TING sIeak ‘uoneInp N % OTVIH 9% ‘USA 9, 93y Aderoyy punoidyoeg WIE UOTJUSAIIU] u ‘syuaned IO X (‘30¥) Apmis

S[eL} PapN[oul Y} JO SONSLIAJOBIRYD dulfaseqd | J[qBL

A\ Adis



147

Cardiovascular Safety of DPP-4 Inhibitors

ST/9C 0€/LE 6'LILL 0L/S9 ¥5/9S SUON undrSens 82/2S  600T [86] 'Te 10 exeuON
AN/IN ANZIN ANZAN  INAIN - INAIN SUON undrgeury TI9¢  600T [L6] Te 10 ostoH
Te/ee TT8Tl £6/£°6 8%/8¢ §S/96 uruopow/urnsuy undrsory 0€1/09T  600C [96] "Te 30 yooIsURsOY
€e/ee 8'LIYL 0'8/0'8 $S/6S §G/SS  UIULIOJIOUI/QUOIPAUIPI[OZEIY], undrSory L6/96€ 600 [s6] 'Te 10 Kopeig
Teree 09/0'9 0'8/6°L 8%/1S 96/5S UTUWLIONIdN undrSory vOl/€Ty  600C [+6] ‘Te 10 YoneN
Teree TIUS'L v'8/7'8 29/5S 09/09 UTWLIONIRN undrSeury IL/L6T  010T [€6] ‘Te 10 15104
1€/€€ 8°6/9°¢ L'LI08 SL/99 09/09 UTULIONAA undrjseng Tl 010C [c6] Te 10 2oqey
¥T/ST 8'6/9'8 08/8°L 69/7L 09/6S eam[fuoyng undrSepriA 001/20T  010C [16] 'Te 10 yonyIyf
0€/0€ €LY'S v'6/€°6 /18 9S/+S UTWIOJIdN undy3eng 96/%6  800T [101] Te 30 zey
Tele 9LIT9 AN/AIN 6¥/ILS 96/5S UTWIOJIdN undrjSexeg L¥/9%  010C [06] "Te 10 jo[uas
¥T/ST 7'9/T°S L'LIYL 69/09 09/09 SuoN undrSens €L/06C  010T [68] “Te 10 OjouwEM]
SIedA 71> pue

Teree syuow < ¥'8/S°8 (4%4Y €6/€S ordnmny undiSong 98/LEE  010T [88] e 10 1z1ned
1¢/1€ (43! 9'8/L'8 €5/61 LS/8S UruIofow/urnsuy undrjeng 61€/cTe  010T [£8] "Te 10 TI8asTIA
0€/0€ ANAIN 08/1'8 LS/ES LSILS UTWIOJId undrSeury LL1/ETS  T10T [98] “Te 10 uounyse],
8T/8T ANZAIN 1'8/C°8 8¥/LY 86/8S eaIN[AUOI[NS/UTULIOFIDA] undrSeury €9T/T6L  110T [68] ‘e 10 suamQ
TEE LEILT 9'9/6'9 9¢/0% 96/5S SuoN undrSexeg 91/0c  110C [+8] ‘Te 10 A1uey
97/9tT L'9IL'9 6'LI6°L 99/19 09/09 auorpauIprjozery], undrSory Slimee 1102 (€8] ‘Te 10 ey
0€/0€ I'L1/T91 8'L/ISL 65/9 L9/99 srdnmpy undisepiA 97T/68C  110C [¢8] 'Te 10 yoraayseyn]
0€/1€ 081/0°ST 1'8/S'8 8%/8¢€ 99/L9 ordnny undrSexeg G8/S8  110C [18] 'Te 10 DpIMON
62/6T ANZIN SLIOL 001/26 79/€9 QuUON undrjSeury 91/19  110T [08] ‘e 10 15104
0€0€ 1°6/€°S 8IS 9%/0S ¥SIS auorpauIprjozery], undrjSexeg ¥81/18¢  110C [6L] "Te 10 1opuE[jOH
LT/9T 9LITS 08/1'8 TLISS 65/8S auorpauIprjozely], undreig 89/99  110C [8L] Te 10 1Bemmysey
¥T/ST 9'9/8°9 6'LI6°L SLITL 65/6S QuoN undrSory SLicee 110 [£L] 'Te 30 oureg
9T/9¢T 1'S/1°S 6'LIS’L 8%/8% vSI7S UTWIONId undrSexeg L8T/E8T  110C [9L] ‘Te 10 Suex
ST/ST €LV $'8/5'8 SS/Ly SSIPS UTUWLIONIR undrSens 861/L61  TIOT [L] ‘Te 10 Suex
62/6T q(s1e4 <) $€/ST L'8/IL'8 05/9S 96/9$ AN undrSeury TLiTyl  TIoT [¥L] 'Te 30 deeH
9T/HT 8'LI¥'9 8IS L8/18 6S/LS AN undrgeua, TEL9  TI0T [¢L] 'Te 3o 01
€€/ce §'6/0°9 08/6°L T6/6S 96/9 UTWIOJIdN undreng 06/S81  T10T [2L] 'Te 10 [easuasrog
YT/ST ANAIN 0'8/T'8 1LI0L 09/19 syuage dpdnnur 1o d[3urg undrSeury 08/61€  TI0C [1L] 'Te 10 Lowremesy
Te/ee 0CTI/0Tl 9'8/L'8 87014 LSILS uruIopow/urnsuy undrjSexeg ISI/0€  TI0T [0L] ‘Te 10 noureg
1€/0€ LTLT 8'L/0'8 L¥I9% 96/5S SuoN undrSexeg vLIT6T  TIO0T [89] 'Te 10 youepary
97/9tT T1/80 T8/1°8 /96 T6/0S SuoN undrjSexes ¥8TY8T  TI0T [£9] "Te 10 ueqd
0€/62 q(s180k 6<) 17/LT 1'8/1°8 £¥/9¢ LS/9S SUON undiSeury 9L/IST  TI0T [99] Te 10 noureg
0€/1¢€ YLI/SOT LLUsL 86/5S L9/S9 ordnny undrSepiA €S1/91C  TI0T (9] 'Te 12 Augroy
87/8T 4(s184 6<) 96/8¢ 9'8/9'8 79/8% 9G/LS vaInAuoyng undrgeury ¥8/191  TI0T [+9] Te 10 UM
NE\w& ‘TNg sIek ‘uoneinp N % OTVAH 9% ‘UIIN 9, 93y Ade1oy) punoigdyoeg wIe UOTJUIAIIU] u ‘syudned A=) (‘32¥) Apmis

penunuod T dqe],

A\ Adis



L. Y. Elgendy et al.

148

swe yjoq Jo 95ejuaorad [[eI9A0 se pajoday
sogejuaorad se poyrodoy q

[ow/[OWN

Q0udIRJal f2y ‘pariodal jou YN O1V ulqojSowdy 27 yqy ‘4 dsepndad-[Apndadip p-gdJg@ ‘Sm[ow sajoqeIp (g XIpul ssew Apoq NG

0qooe[d/s10)IqIyut $-dd Se pejussard ore so[qeLiep

1e/ece 1'9/1°9 08/1'8 86/€S LS/9S ouorpaurptjozery], undrSens 8LI/SLI 900¢ [LTT] '8 19 Yo0Isuasoy
(49483 8v/9Y 6°L/I6°L 29/28 6698 QUON undrjseng gel/ser L00T [911] T8 12 nodg
1e/ece e8¢ 9'LIL'L £9/6% 9¢6/6S AN undrseng [R8Yi%7%24 L00T [STT] T 19 prajoueH
1e/1¢e £6/¢'8 £'8/€°8 £5/€S LS/9S BAIN[AUOJ[NS/UTULIONISA undrgens 61¢/cce L00T [#11] Te 10 uesuewWIo
ee/le OvIvy L'8/6'8 £5/CS 12%3Y QUON undrgens 9LT/6LT L00¢ [€TT] Te 10 uraIspion
[49(43 8Y/IL'Y L'8/L'8 15/08 SSIvS SuorpauIptozely ], undrSepriA 8S1/50¢ L00T [T11] 'Te 19 19qIen
£e/ee 9/£9 £'8/7'8 £6/6S SSIvS UIULIONRN undrsepriA 81/29¢ L00T [111] Te 10 150g
§e/ST I'v/0¥y L'LIS'L 99/09 §S/96 QUON undrSens 9L/9L L00T [OTT] e 19 ByRUON
1e/ce AN/IN 6°6/6'S £v/8y 09/LS QUON undrSepiA 68/06 800¢C [601] T 19 }o0IsUas0Y
0€/0¢ L'TST 8'9/L°9 65/09 €9/€9 QUON undrgepiA 0S1/961 800C [801] 'Te 19 wneqiayog
1€/ce 8°L/89 G'8/9°8 86/09 86/6S va[Auoyng undrgepA Y 1/v9C 800¢ [LOT] 'Te 19 1oqIen
I€/1¢ 8'1/6°0 0'8/8°L €9/LS S6/es QUON undijgexes LI/TLT 800¢ [9011] 'Te 10 yooIsUsOY
N3 ANAIN LLsL N34 298 QuoN undr3ory 1/Sy  800T [s01] "T& 19 uoBurao)
AN/IN AN/IN S0°L N3Y N9 QUON undrSory S9/1¥9T 800¢C [¥01] 'Te 19 ozuoxsQq
€E/Ce [AY5E L'8/L'8 (%47 €S/1S UIULIOJ)oW /QUOIPIUIPT[OZEIY ], undrjSoing 1v/eel 800¢C [€01] e 19 BLIOG-RIOIRD
Seve I'LI9Y VLYL 989 09/6S QUON undrgepiA cLI6lT 600C [20T] Te 19 ryonyry
§e/sT 6°'1/1'C 8'8/L'8 09/LS 16/16 QUON undrseng 8LI1/TSE 600C [001] Te 19 ueyoIN
0€/0€ LULL T8/1'8 Ts/es LSILS vainjAuoyng undyory 66/107  600C [s6] 'Te 10 Aopreig
(47483 AN/IN G'8/S°8 L9/€S S6/6S UTWIONSA undrgepA [44%1 ¢4 600C [66] 'Te 10 urwpoon
NE\w& ‘TNg sIek ‘uoneinp N % OTVAH 9% ‘UIIN 9, 93y Ade1oy) punoigdyoeg wIe UOTJUIAIIU] u ‘syudned A=) (‘32¥) Apmis

penunuod T dqe],

A\ Adis



Cardiovascular Safety of DPP-4 Inhibitors 149
Events, Events, %
Study Year OR (95% Cl) Treatment  Control Weight
i
Matthaei et al 2015 ¢ i > 0.54 (0.06, 5.25) 1/153 2/162 0.27
Green et al 2015 B 1.00 (0.83, 1.20) 228/7332  229/7339  39.42
Yang el al. 2015 ¢ 0.07 (0.00, 3.89) 0/68 1/40 0.08
Ahren et al 2014 ¢ > 3.79(0.04,351.51)  1/313 0/104 0.07
White et al 2013 _._ 1.07 (0.78, 1.46) 85/2701 79/2679 14.16
Scirica et al 2013 — 1.27 (1.06, 1.51) 289/8280  228/8216  44.58
Rosenstock etal 2013 € + 0.42 (0.05, 3.26) 3/564 2/179 0.32
Hollander et al 2011 € T 0.05 (0.00, 3.04) 0/381 1/184 0.08
Nowicki et al 2011 > 1.96 (0.20,19.13)  2/85 1/85 0.26
Visboll et al 2010 ¢ 0.13 (0.01, 2.14) 0/322 2/319 0.18
Iwamoto et al 2010 € +— 3.50 (0.03, 464.78)  1/290 0/73 0.06
Nauck et al 2009 € > 3.48 (0.03,478.41)  1/423 0/104 0.06
Pratley et al 2009 > 3.49 (0.20, 60.48)  3/396 0/97 0.17
Pratley et al 2009 ¢ Y 3.48 (0.03,475.96)  1/401 0/99 0.06
Rosenstock etal 2008 € Y 7.31(0.14,368.29)  1/90 0/89 0.09
Garber et al 2007 € I > 0.49 (0.03, 9.19) 1/305 1/158 0.16
Overall (I-squared = 0.0%, p = 0.526) ¢ 1.11 (0.99, 1.25) 617/22104  546/19927  100.00
T : T
2 1 5

Fig. 2 Summary plot for heart failure. Trials were listed in the forest plot only if there was at least one event in either arm. The relative size of
the data markers indicates the weight of the sample size from each study. CI confidence interval, DPP-4 dipeptidyl-peptidase 4, OR odds ratio

(OR 0.98, 95% CI 0.88-1.09, P = 0.69, I* = 10%) (Sup-
plemental Figure 3), and ischemic stroke (OR 0.99, 95%
CI 0.85-1.15, P = 0.92, I* = 20%) (Supplemental Fig-
ure 4). There was no evidence of publication bias for the
secondary outcomes. In Table 2, we summarize the sum-
mary estimates for the outcomes assessed in this meta-
analysis.

4 Discussion

In this comprehensive meta-analysis of 90 double-blind,
multicenter, placebo-controlled randomized clinical trials
with 66,730 patients; we demonstrated that DPP-4 inhibi-
tors were associated with a non-significant increase in the
risk of heart failure at a mean of 108 weeks. We performed
various sensitivity and meta-regression analyses to further
explore any potential explanation for this observed finding.
Our results suggested that any potential increase in the risk
of heart failure was driven by one large trial [6]. Reas-
suringly, we also demonstrated that DPP-4 inhibitors were

associated with a similar risk of all-cause mortality, car-
diovascular mortality, myocardial infarction, and ischemic
stroke compared with placebo.

In the Saxagliptin Assessment of Vascular Outcomes
Recorded in Patients with Diabetes Mellitus (SAVOR)-
Thrombolysis in Myocardial Infarction (TIMI) 53 trial,
saxagliptin neither increased nor decreased the composite
of cardiovascular death, myocardial infarction, or ischemic
stroke compared with placebo [6]. There was an unex-
pected 27% increased relative risk of hospitalization for
heart failure in the saxagliptin arm. A post hoc analysis of
this trial revealed that the risk of hospitalization for heart
failure was increased among patients with elevated levels
of natriuretic peptides at baseline, previous heart failure, or
chronic kidney disease [118]. It remains unclear how sax-
agliptin might predispose to heart failure; a pooled analysis
of 20 trials suggested that there was no evidence of fluid
retention or weight gain with saxagliptin [21]. One plau-
sible explanation for the increased heart failure risk in the
SAVOR-TIMI 53 trial was the relatively large number of
subjects with a prior history of heart failure at baseline
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Events, Events, %
Study Year OR (95% Cl) Treatment  Control Weight
Mathieu et al 2015 ' > 1.95(0.20, 18.83) 2/329 1/329 0.14
Green et al 2015 —— 1.02 (0.90, 1.16) 547/7332 537/7339 47.06
Lukashevich et al 2014 ; 0.14 (0.00, 6.91) 0/158 1/160 0.05
Barnett et al 2013 ; +> 4.48 (0.24, 85.32) 2/304 0/151 0.08
White et al 2013 —r 0.87 (0.70, 1.09) 153/2701 173/2679 14.36
Strain et al 2013 ¢ ' > 1.00 (0.06, 16.07) 1/139 1/139 0.09
Kothny et al 2013 . 0.13 (0.00, 6.61) 0/228 1/221 0.05
McGilll et al 2013 ¢ - 0.95 (0.19, 4.88) 3/68 3/65 0.27
Scirica et al 2013 inat 1.11 (0.96, 1.28) 420/8280 378/8212 35.59
Yki-jarvinen et al 2013 ' 1.00 (0.29, 3.46) 5/631 5/630 0.47
Rosenstock et al 2013 €~ : 0.24 (0.02, 2.40) 2/564 2/179 0.14
Kadowaki and Kondo 2013 . 0.02 (0.00, 1.64) 0/244 1/80 0.03
Seino et al 2012 . +> 4.47 (0.23, 85.58) 2/209 0/103 0.08
Lewin et al 2012 T +> 4.58 (0.07, 284.55) 1/161 0/84 0.04
Kothny et al 2012 : 2.44 (0.41,14.63) 4/216 1/153 0.23
Barnett et al 2012 : +> 4.50 (0.07, 286.14) 1/151 0/76 0.04
Pan et al 2012 ¢ ' > 7.39 (0.15, 372.38) 1/284 0/284 0.05
Frederich et al 2012 T + 3.52 (0.11,111.02) 2/291 0/74 0.06
Barnett et al 2012 ¢ : +> 4.47 (0.07, 286.87) 1/304 0/151 0.04
Hollander et al 2011 : 442 (0.23, 85.25) 2/381 0/184 0.08
Nowicki et al 2011 ¢ — 0.74 (0.16, 3.36) 3/85 4/85 0.32
Lukashevich et al. 2011 * " 0.62 (0.16, 2.33) 4/289 5/226 0.41
Nauck et al 2009 : + 3.48 (0.03, 478.41) 1/423 0/104 0.03
Pratley et al 2009 ; * 3.47 (0.03, 480.64) 1/396 0/97 0.03
Rosenstock et al 2009 - +> 4.48 (0.07, 286.49) 1/260 0/130 0.04
Mohan et al 2009 i +> 4.51 (0.07,285.90) 1/352 0/178 0.04
Raz et al 2008 : 0.13 (0.00, 6.68) 0/96 1/94 0.05
Scherbaum et al 2008 ¢ : > 0.13 (0.00, 6.56) 0/156 1/150 0.05
Goldstein et al 2007 A 0.13 (0.00, 6.71) 0/179 1176 0.05
Hermansen et al 2007 ¢ > 7.29 (0.14, 367.42) 1/222 0/219 0.05
Overall (I-squared = 0.0%, p = 0.768) i1> 1.03 (0.94, 1.12) 1161/25433 1116/22752 100.00
T ' T
2 1 5

Fig. 3 Summary plot for all-cause mortality. Trials were listed in the
forest plot only if there was at least one event in either arm. The
relative size of the data markers indicates the weight of the sample

Table 2 Summary estimates

for the outcomes assessed

size from each study. CI confidence interval, DPP-4 dipeptidyl-

peptidase 4, OR odds ratio

Outcome Model OR? 95% confidence interval P value %
Heart failure Peto 1.11 0.99-1.25 0.07 0
DL 1.11 0.99-1.24 0.09 0
All-cause mortality Peto 1.03 0.94-1.12 0.53 0
DL 1.02 0.94-1.12 0.61 0
Cardiovascular mortality Peto 1.02 0.92-1.14 0.72 0
DL 1.01 0.91-1.12 0.83 0
Myocardial infarction Peto 0.98 0.88-1.09 0.69 10
DL 0.97 0.88-1.07 0.59 0
Ischemic stroke Peto 0.99 0.85-1.15 0.92 20
DL 0.98 0.85-1.14 0.78 0

DL DerSimonian—Laird, OR odds ratio, RR risk ratio
* RR was reported for DerSimonian and Laird method

(~13%). Most of the large randomized trials evaluating
oral hypoglycemic agents in general had a lower number of
subjects with previous heart failure history [119]. In the
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and EXAMINE], the risk of hospitalization for heart failure
was not increased with either sitagliptin or alogliptin,
respectively [7, 8, 50]. We performed a sensitivity analysis
for these three large trials and found that there was a non-
significant increase in the risk of heart failure, again driven
by the results of the SAVOR-TIMI 53 trial. In a large
multicentre cohort of 1,499,650 diabetic patients, incretin-
based drugs [i.e., DPP-4 inhibitors and glucagon-like
peptide-1 (GLP-1) analogs] were not associated with an
increased risk of hospitalization for heart failure, as com-
pared with oral antidiabetic drugs [120]. Our analysis of
placebo-controlled randomized trials further supports that
DPP-4 inhibitors as a class have only weak evidence for an
increased risk of heart failure.

A recent systematic review evaluated the risk of heart
failure with DPP-4 inhibitors and concluded that the risk of
heart failure is uncertain with DPP-4 inhibitors [22].
However, that analysis was limited by the inclusion of
observational studies that can be prone to bias. In addition,
the authors used placebo and active agents in the com-
parator arm, which could have affected their results. In the
present analysis, we included only placebo-controlled
randomized trials in order to conduct a robust analysis.
Furthermore, we assessed a wide spectrum of cardiovas-
cular outcomes besides heart failure (i.e., all-cause mor-
tality, cardiovascular mortality, myocardial infarction, and
ischemic stroke), in order to provide a comprehensive
analysis on the cardiovascular safety of DPP-4 inhibitors.

The present analysis has some limitations. First, the
follow-up duration was variable among the included stud-
ies; thus we performed several subgroup analyses accord-
ing to the follow-up time and demonstrated that the results
were almost similar among these subgroups. Second, we
performed our primary analysis with a fixed effects model
(i.e., Peto’s). We determined that Peto’s model would be a
good model for this particular analysis, given that the
outcomes that we assessed were rare [26]. Furthermore, a
secondary analysis with a DerSimonian and Laird model
showed that the results were fairly robust irrespective of
the methodology used. Third, the definition of heart failure
was variable among the included studies; however, we
observed no heterogeneity with statistical testing. Fourth,
most of the included studies were small and not designed to
address cardiovascular outcomes; however, all the included
studies were designed to test the safety of the medication.
In addition, we performed a sensitivity analysis limited to
the three trials that tested cardiovascular outcomes as the
primary outcome, which yielded similar results. Fifth, a
considerable number of the studies had a significant drop-
out rate at the end of the follow-up period; therefore we
performed a sensitivity analysis excluding these low-
quality studies. Finally, a lack of access to patient level
data precluded a full evaluation to identify patient

characteristics (e.g., renal disease, prior history of heart
failure) associated with the potential risk for heart failure;
however, we performed multiple meta-regression analyses
using the available study-level data and found that none of
the tested demographics were significant.

5 Conclusion

In patients with type 2 diabetes, DPP-4 inhibitors are rel-
atively well tolerated compared with placebo. As a class,
there is only weak evidence for an increased risk of heart
failure.
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