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Abstract Aims: Meta-analyses of randomized trials on Dipeptidyl Peptidase-4 inhibitors

(DPP4i) reported discordant results on major cardiovascular events (MACE), mortality, and heart
failure. Aim of this meta-analysis of randomized trials is the assessment of the cardiovascular
safety of DPP4i.

Data synthesis: A Medline, Embase, Cochrane database search for sitagliptin, vildagliptin, omar-
igliptin, saxagliptin, alogliptin, trelagliptin, anagliptin, linagliptin, gemigliptin, evogliptin, and te-
neligliptin was performed up to up January 1st, 2020. All trials with a duration >24 weeks and
comparing the effects of DPP4i with placebo or active drugs were collected. Mantel—Haenszel
odds ratio (MH-OR) with 95% Confidence Interval (95% CI) was calculated for all outcomes
defined above. A total of 182 eligible trials were identified. DPP-4i were not associated with
an increased risk of MACE (MH-OR 0.99 [0.93, 1.04]), all-cause mortality (MH-OR 0.99 [0.93,
1.06]), and heart failure (MH-OR 1.05 [0.96, 1.15]) with no significant differences across individual
molecules, except for saxagliptin, which was associated with an increased risk of heart failure.
Conclusions: As a class, DPP4i are not associated with any increase or reduction of MACE, all-
cause mortality, and heart failure. Saxagliptin seems to be associated with an increased risk of
hospitalization for heart failure.

Introduction
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Type 2 diabetes mellitus (T2DM) is associated with an
increased risk of cardiovascular disease [1] and mortality
[2]. Evidence from randomized controlled trials (RCTs)
shows that intensive glucose control in patients with T2DM
is capable of reducing the risk of major cardiovascular
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events (MACE) [3] and microvascular complications [4], but
not all-cause mortality [5]. In addition, several recently
published cardiovascular outcome trials suggested that
some glucose-lowering agents, such as Glucagon-Like
Peptide 1 Receptor Agonists (GLP-1 RA) and Sodium
Glucose-Transporter-2 inhibitors (SGLT-2i), could exert
some extra-glycemic protective effects on overall mortality
and cardiovascular morbidity [6—11].

Many meta-analyses on RCTs with cardiovascular end-
points with Dipeptidyl Peptidase-4 inhibitors (DPP4i) have
been performed, all showing neutral effects on MACE and
mortality in comparison either with placebo or active
comparators [12—15]; however, when considering
comprehensive meta-analyses including also trials with
metabolic endpoints, results are not concordant, with
some meta-analyses reporting no beneficial effects on
cardiovascular morbidity and mortality [16,17] and some
others showing a reduction of MACE and mortality [18]. In
particular, some meta-analyses comparing DPP-4i with
sulfonylureas reported a statistically significant reduction
of MACE [19—21] and mortality [19] in favor of DPP-4i.
Moreover, (similar) discordant results were observed for
hospitalization for heart failure, with some studies
reporting a higher risk versus placebo/active comparators
with DPP-4i [22—24]and some others showing no risk
[12—16,25] or higher risk only for some molecules of the
class (i.e. saxagliptin) [22,26].

The present meta-analysis was performed in the pro-
cess of developing the Italian guidelines for the treatment
of T2DM. These guidelines, which have been promoted by
the Italian Society of Diabetology (Societa Italiana di Dia-
betologia, SID) and the Italian Association of Clinical Di-
abetologists (Associazione Medici Diabetologi, AMD), are
being developed for the inclusion in the Italian National
Guideline System (INGS), designed as a standard reference
for clinical practice in Italy, using the Grading of Recom-
mendations Assessment, Development, and Evaluation
(GRADE) method [27]. The effects on the risk of all-cause
mortality and MACE were included among critical out-
comes for clinical decision-making about the use of the
most appropriate glucose-lowering agents in people with
T2DM. As a consequence, a series of systematic reviews
and meta-analyses of RCTs primarily focused on these two
outcomes are currently underway for all classes of anti-
hyperglycemic drugs used for the treatment of T2DM.
The aim of the present meta-analysis is the assessment of
the effect of DPP4i treatment on the incidence of cardio-
vascular endpoints and mortality, collecting all available
evidence from RCTs.

Methods

The present meta-analysis is part of a wider and currently
ongoing systematic review, which has been registered on
the PROSPERO website (#CRD42020153344; https://www.
crd.york.ac.uk/prospero/#recordDetails). = This = meta-
analysis is reported following the criteria of PRISMA
statement [16].

Search strategy and selection criteria

A MEDLINE, Cochrane database, EMBASE, and www.
clinicaltrials.gov search was performed to identify all
clinical trials (English only), up to January 1st, 2020, with
a duration of follow-up of at least 24 weeks, in which
DPP-4i (sitagliptin or vildagliptin or omarigliptin or sax-
agliptin or alogliptin or trelagliptin or anagliptin or lina-
gliptin or gemigliptin or evogliptin or teneligliptin) were
compared with either placebo or active comparators.
Studies performed on animals, type 1 diabetes, gestational
diabetes, non-diabetic subjects, or pediatric populations
were excluded. Trials on DPP-4i not yet approved/with-
drawn or with not approved doses and comparing two
different DPP-4i were also excluded. Medical reviews of
the same drugs by EMA and FDA were also searched for
further unpublished trials. An attempt to retrieve results of
further completed, but yet unpublished RCTs, was per-
formed by searching the www.clinicaltrials.gov register.
Detailed information on the search string is reported in
Supplementary materials (Table 1S).

Identification of relevant abstracts, selection of studies,
and data extraction were performed independently by two
of the authors (C.M. and B.N.), and conflicts were resolved
by a third investigator (M.M.).

The following parameters/information were extracted:
first author, year of publication, name, and dose of the
investigational drug, comparator, add-on therapy, duration
of follow-up, number of patients, mean age, duration of
diabetes, HbA1c, body mass index (BMI), and proportion of
women and Caucasians, MACE, nonfatal myocardial
infarction (MI), nonfatal stroke, fatal and nonfatal MI, fatal
and nonfatal stroke, cardiovascular and all-cause death,
and heart failure in each arm; when they were not listed as
adverse events of special interest, we collected only cases
reported as serious adverse events.

Data analysis

For all (published) trials, results reported in published
papers were used as the primary source of information;
when data on the endpoints considered were not available
in the primary publication, an attempt of retrieving in-
formation was made on www.clinicaltrials.gov. The quality
of trials was assessed using the parameters proposed by
the Cochrane Collaboration.

The principal endpoints were MACE, and the secondary
endpoints were all-cause death and heart failure. MACE were
defined as a composite endpoint of nonfatal MI, nonfatal
stroke, and cardiovascular mortality. Heart failure was
defined as hospitalization for heart failure, or, if unavailable,
heart failure was reported as a serious adverse event.

Statistical analyses

Mantel—Haenszel odds ratio (MH-OR) with 95% Confidence
Interval (95% CI) was calculated for all outcomes defined
above, on an intention-to-treat basis. Heterogeneity was
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assessed by using I? statistics. A random-effects model was
applied in the primary analysis, whereas fixed-effect models
were applied for sensitivity analysis.

Funnel plots were examined to estimate possible pub-
lication/disclosure bias and a quantitative measurement
(Egger’s test) was used to assess funnel plot asymmetry
[28].

Subgroup analyses were performed, whenever possible,
for different drugs of the class, different classes of com-
parators, and trials with cardiovascular or non-
cardiovascular outcomes. For heart failure, we also per-
formed a further subgroup analysis for trials including or
excluding patients with previous heart failure (trials not
explicitly reporting this information were considered as
not excluding patients with heart failure). All analyses
specified above were performed using Review Manager
5.3; Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014.

Results
Trial characteristics

Figure 1 reports the trial flow summary. A total of 193
trials fulfilling inclusion criteria was identified; of those, 16
were unpublished (Table 2S). Eleven trials did not report
information for any of the endpoints considered and were
therefore excluded from the current meta-analysis (Table
3S). Out of 182 trials, 45, 23, and 22 did not report any
information on MACE, all-cause death, and heart failure,
respectively (Tables 4S and 5S).

The principal characteristics of the 182 trials included in
the analysis are reported in Tables 4S and 5S. The overall
quality was satisfactory in the majority of trials for all
items of the Cochrane tool, except for “blinding of partic-
ipants and personnel” which cannot be completely ruled
out for several trials (open-label design or methods not
satisfactorily described; Fig. 1S).

MACE

Out of 137 studies reporting information (57,453 patients
in DPP-4i and 52,454 patients in the control group), 104
reported at least one event (2784 and 2778 with DPP-4i
and comparators, respectively). No publication bias was
detected at a visual analysis of the Funnel plot (Fig. 2S), as
confirmed by Egger’s test (Kendall’s tau without continuity
correction: —0.03; p = 0.65).

DPP-4i were not associated with a significant increase
in the risk of MACE (MH-OR 0.99 [0.93, 1.04]; Fig. 2), with
no evidence of heterogeneity (I>: 0%). Similar results were
obtained using a fixed-effect model (MH-OR 0.98 [0.93,
1.04], p = 0.64). No significant differences across indi-
vidual molecules of the class (Fig. 2) were observed. A
nonsignificant trend toward a reduction of the risk of
MACE was detected in non-cardiovascular outcome trials
(P = 0.07), with a p for interaction of 0.07 (Fig. 3). DPP-4i
did not increase the risk of MACE nor in comparison with
placebo or any other comparators (Fig. 3S).
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Figure 1 Trial flow diagram.

All-cause death

Out of 159 studies (73,488 patients in DPP-4i and 65,153
patients in the control group), 80 reported at least one
event (1986 and 1989 with DPP-4i and comparators,
respectively). No publication bias (Kendall’s tau without
continuity correction: Tau: 0.01, p = 0.87) was detected at
a visual analysis of the Funnel plot (Fig. 4S).

DPP-4i were not associated with a significant increase in
the risk of all-cause mortality (MH-OR 0.99 [0.93, 1.06];
Fig. 4). No heterogeneity (I*: 0%) was detected for this
endpoint. Similar results were obtained using a fixed-effect
model (MH-OR 0.99 [0.92, 1.05], p = 0.66). A lower risk for
all-cause mortality with DPP-4i was observed in trials



Study or Subgroup

Dpp4i

Events

Total Events

Control

Odds Ratio

Total Weight M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

1.7.1 Sitagliptin
Ferrannini 2013 {108)
Henry 2014 (131)

Ji 2016 ¢125)

Yang 2012 (146)

Shankar 2017 (143)

Chan 2008 (117)
Terauchi 2017 (114)
Dohs 2013 (136)

Moses 2016 {141)

Zang 2016 (122)

Wang 2017 (145)

Pratley 2009 {50)

MNauck 2014 Study 2 (103)
Pratley 2010 (121)

Scott 2018 (107)
Rosenstock 2015 (82)
Ahren 2017 (149)
Hermansen 2007 {139)
Arjona Ferreira 2013 (119)
Yki-Jarvinen 2013 (72)
Leiter 2014 {(102)
Rosenstock 2018 (30)
Green 2015 (33)

Oyama 2016 (35)
Aschner 2012 (110)
Charbonnel 2006 (135)
Stenlof 2014 (1086)
Williams-Herman 2010 Study 1 (126)
Schernthaner 2013 {105)
Bergenstal 2010 {129)
Yilsholl 2010 (144)
Williams-Herman 2010 Study 2 (126)
Roden 2013 (109)
Philis-Tsimikas 2013 {(111)
Yoon 2012 (147)

Aschner 2010 (123)

Raz 2008 (148)

Fonseca 2013 (137)
Arjona Ferreira 2013 {116)
Aschner 2006 (132)
Arechavaleta 2011 {112)
Seck 2011 (118)

Subtotal (95% CI)

Total events

Heterogeneity: Tau®= 0.00; Chi*= 3510, df= 41 (P=0.73); F= 0%

Test for overall effect: Z=0.25 (P = 0.80)

1.7.2 Alogliptin
Pratley 2014 (43)
Rosenstock 2010 (47)
White 2013 (27)
Pratley 2009 (46)

Del Prato 2014 (41)
Bosi 2011 {(44)
Rosenstock 2013 {42)
Mita 2016 (34)
DeFronzo 2012 Study 1 (45)
Subtotal (95% CI)
Total events
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Heterogeneity: Tau®= 0.00; Chi*= 6.89, df= 8 (P = 0.55); F= 0%

Testfor averall effect: Z=0.48 (P = 0.63)

1.7.3 Lingliptin
Kawamori 2012 {56)
Thrasher 2014 (71)
Barnett 2013 (58)
Taskinen 2011 (65)
Rosenstack 2019 (29)
Zeng 2013 (69)
Owens 2011 (64)
Rosenstock 2019 {38)
Laakso 2015 (54)
Gallwitz 2012 (53)
Kaku 2019 (63)

Lewin 2015 (52)
Barnett 2012 (37)
Tinahones 2017 (66)
Bajaj 2014 (70)

Wang 2016 (67)
Subtotal (95% CI)
Total events

Heterogeneity: Tau®= 0.00; Chi*=14.23, df=15{P=051); F= 0%

Test for overall effect: Z=0.37 (P =0.71)

Figure 2 Risk of MACE for individual DPP-4 inhibitors (MH-OR, 95% CI: Mantel—Haenszel Odds Ratio, with 95% of Confidence Intervals). For

references, see Supplementary Materials.
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0.0%
29.7%

0.0%
0.0%
11.2%
0.0%
0.5%
0.1%
0.0%
0.0%
0.0%
11.9%

0.0%
0.0%
0.0%
0.0%
15.0%

0.0%
12.7%
0.1%
0.6%

0.1%
0.1%
0.0%
0.0%
0.0%
28.9%

18.74[1.91,183.45)
9,55 [0.56, 162.36]
9.48 [0.38, 234.18]
5.08 [0.24, 106.43]
502 [0.24, 105.16]
4.82[0.26, 90.31]
451 [0.21,94.73)
3.82[0.20,74.79)
3.03[012,7475]
302[012,7453)
3.00[0.12,74.11]
2.74 [0.15, 49.96]
2.480.45,13.57)
2.05[0.29, 14.62)
2.01[0.18, 22.24]
1.52 [0.08, 37.48]
1.51 [0.34, 6.78)
1.49[0.25, 8.99]
1.42[0.44, 4.55]
1.34 [0.46, 3.87]
1.26[0.33, 4.75]
1.14[0.33,3.92)
1.00[0.80,1.11]
0.99 [0.24, 4.01]
0.84 [0.06, 15.16]
0.761[0.13, 4.61]
0.68 [0.03,16.72]
0.68 [0.07, 6.55]
0.66[0.11, 3.99]
0.65[0.07, 6.30]
0.49 [0.04, 5.47]
0.47 (0.0, 2.35]
0.43[0.02, 8.37]
0.33[0.03, 3.24]
0.33[0.01,8.13]
0.33[0.01, 8.09]
0.32[0.01, 8.03]
0.20[0.01,4.13)
0.19[0.02, 1.68]
0.15[0.01,2.92]
0.14[0.01,2.77]
0.07 [0.00,1.14]
1.01[0.92,1.12]

10.52 [0.54, 204.72]
1.00 [0.04, 24.67)
0.99[0.84,1.17]
0.75[0.03,18.43]
0.67 [0.30,1.47]
0.66[0.11, 3.94]
0.20[0.01, 4.10]
0.19[0.01, 4.08]
0.7 [0.01, 4.08]
0.96 [0.82, 1.13]

7.27 [0.37, 141.86)
3.43[0.14,85.01)
1.35 [0.05, 33.46]
1.10[0.04,27.15]

1.04[0.80,1.19]
1.01 [0.04, 25.30)
1.00 [0.04, 24.59)
0.88[0.84,1.14]
0.53[0.10, 2.96]
0.47 [0.23, 0.97]
0.33[0.01,8.23]
0.33 [0.06, 1.79]
0.23[0.02, 2.56]
0.20[0.01, 4.21]
0.16[0.01, 4.05]
0.16 [0.01, 4.04]
0.98 [0.88, 1.09]
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1.7.4 Omarigliptin
Handelsman 2017 (73) 2 376 1 375 0.1% 2.00[0.18,22.15]
Chacra 2017 (75) 3 107 2 106 0.1% 1.50[0.25, 9.16]
Gantz 2017 (31) 114 2100 114 2102 4.3% 1.00[0.77,1.31] =
Home 2018 {(79) 1} 165 1 164 0.0% 0.33[0.01,814] 4
Lee 2017 (74) 0 154 1 153 0.0% 0.33[0.01,8.14] +
Gantz 2017 (78) 1} 389 1 196 0.0% 017 [0.01,413] 4
Subtotal (95% CI) 329 3096 4.6% 0.99 [0.76, 1.29] o
Total events 119 120
Heterogeneity: Tau®= 0.00; Chi*= 2.63, df=5 (P = 0.76); F= 0%
Testfor overall effect: 2= 0.07 (P = 0.95)
1.7.5 Saxagliptin
Pan 2012 {94) 4 284 1 284 0.1% 4.04 [0.45, 36.40]
Chen 2018 {(87) 1 232 i} 230 0.0% 289([012,73.71] >
Hermans 2012 (85) 1 147 0 138 0.0% 2.86([012,70.71] >
Hollander 2011 (81} s} 381 1 184 0.1% 2.43[0.28, 20.98]
Barnett 2012 (55) 3 304 1 191 0.1% 1.80 [0.15, 14.49]
Rosenstock 2009 (160} 3 208 1 95 01% 1.28[0.14,12.40]
Yang 2011 (99) 1 283 1 287 0.0% 1.01 [0.06, 16.29]
Scirica 2013 (32) 613 8280 609 8212 227% 1.00[0.89,1.12] *
Goke 2013 (83) 3 428 4 430 0.1% 0.76[0.17,3.38] o
Schernthaner 2015 (84) 3 360 4 360 0.1% 0.75[0.17,3.37] ——
MNowicki 2011 {98) 3 85 4 a5 0.1% 0.74 [0.16, 3.41] ——
DeFronzo 2009 (88) 4 383 4 179 0.2% 0.46[0.11,1.87] =
Chacra 2011 (86) 4 501 8 267 0.2% 0.26 [0.08, 0.87]
Dou 2018 (39) 1 423 2207 01% 0.24 [0.02, 2.69]
Frederich 2012 {90} 1] 146 2 T4 0.0% 0.10[0.00,2.09) 4
Ffutzner 2011 (95) 1} 320 6 328 0.0% 0.08[0.00,1.38) 4
Subtotal (95% CI) 12765 11512 23.9% 0.86 [0.64,1.17] L 3
Total events 649 648
Heterogeneity: Tau*=0.03; Chi*=16.03, df=15 (P =0.38); F= 6%
Test for overall effect: Z=0.94 (P = 0.35)
1.7.6 Teneligliptin
Bryson 2016 (151) 0 179 1 88 0.0% 0.16[0.01,4.03] +
Subtotal (95% CI) 179 a8 0.0% 0.16 [0.01, 4.03] ——
Total events 0 1
Heterogeneity: Mot applicable
Testfor overall effect: Z=1.11 (P=0.27)
1.7.7 Vildagliptin
Schweizer 2009 1 168 0 166 0.0% 286([012,73.29) g
Dejager 2007 (161) 2 35 0 160 D0.0% 2.56 [0.12, 53.64] >
Foley 2008 16 546 g 546 0.4% 2.03[0.86, 4.78] 7
Strain 2013 (172) 2 138 1 137 0.1% 1.89[0.18,22.18]
Garber 2008 (164) 1 339 0 176  0.0% 1.56 [0.06, 38.60]
Wianna 2018 {154) 1 21 1 21 0.0% 1.00 [0.06,17.12]
Pan 2008 {152) 1 440 1 220 0.0% 0.50[0.03, 8.01]
Rosenstock 2007 1 446 1 161 0.0% 0.36[0.02,5.78]
Yang 2015 (169) 1} 143 1 136 0.0% 0.31[0.01,7.79] +
Forst 2015 (158) 1} a3 1 79 0.0% 0.31[0.01,7.81] 4
Schweizer 2007 2 526 4 254 0.1% 0.24 [0.04,1.31] T T =
Fonseca 2007 {163) 1] 144 2 152 0.0% 0.21[0.01,4.38) 4
Bolli 2008 (159) i} 295 2 281 0.0% 019[0.01,3.96] +
Pan 2012 {166) 0 294 1 144  0.0% 016 [0.01,4.01] +
Subtotal (95% CI) 3900 2633 0.9% 0.96 [0.54, 1.69] B
Total events 27 23
Heterogeneity: Tau®= 0.00; Chi*= 11.69, df= 13 (P = 0.55); F= 0%
Testfor overall effect: Z=0.15 (P = 0.88)
Total (95% Cl) 57453 52454 100.0% 0.99 [0.93, 1.04] [
Total events 2784 2778
Heterogeneity: Tau?= 0.00; Chi*= 8817, df=103 (P = 0.85); F= 0% :0.02 0?1 150 505
Test for overall efrec_t: Z=048 (P=. 0.63) Favours [experimental] Favours [control]
Test for subaroup differences: Chi*= 2.31, df= 6 (P = 0.89), F=0%
Figure 2 (continued).

without cardiovascular endpoints (MH-OR: 0.75 [0.58,
0.98]), but not in those with cardiovascular endpoints (MH-
OR: 1.01 [0.93, 1.09]), with a statistically significant differ-
ence between groups of trials (p for interaction: 0.04; I°:
77%; Fig. 3). No significant differences across individual
DPP-4i (Fig. 5S) and different comparators (Fig. 6S) were
detected (p for interaction >0.20).

Heart failure

Out of 160 studies (43,887 patients in DPP-4i and 41,829
patients in the control group), 56 reported at least one

event (1049 and 993 with DPP-4i and comparators,
respectively). No publication bias was detected both at
Egger’s test (Kendall's tau without continuity correction:
Tau: —0.04, p = 0.42) and at the visual analysis of the
Funnel plot (Fig. 7S).

Overall, DPP-4i were not associated with a significant
increase in the risk of heart failure (MH-OR 1.05 [0.96,
1.15]; Fig. 8S). No heterogeneity (I>: 0%) was detected for
this endpoint. Similar results were obtained using a fixed-
effect model (MH-OR 1.04 [0.95, 1.14], p = 0.36). A
significantly higher risk was observed for saxagliptin (MH-
OR: 1.22 [1.03, 1.45]), but not for the other molecules of the



Dpp4i Control 0Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl

1.8.1 Non CVOT

Seck 2011 (118) 1} 588 7 584  0.0% 007[0.00,1.15] ¥——————————————

Pfutzner 2011 (95) 0 320 3} 328 0.0% 0.08[0.00,138 —————— 1

Frederich 2012 (30) 1} 146 2 74 0.0% 0.10[0.00,2.09] ¢

Arechavaleta 2011 {(112) 1} 516 3 518  0.0% 0.14[0.01,2.77] *

Aschner 2006 (132) 0 238 3 253 0.0% 0.15[0.01,292) ¢

Pan 2012 (166) 1} 294 1 144 0.0% 0.16[0.01,4.01] ¢

Bryson 2016 (151) 0 178 1 88 0.0% 0.46[0.01,4.03 *

Wang 2016 (67) 0 205 1101 0.0% 0.16[0.01,4.04] *

Bajaj 2014 (70) 0 186 1 82  0.0% 0.16[0.01, 4.05) *

DeFronzo 2012 Study 1 (45) 0 1034 1 516  0.0% 047[0.01,4.08]

Gantz 2017 (78) 0 389 3 196 0.0% 017[0.01,413] ¢

Bolli 2008 (159) 1} 295 2 281 0.0% 0.19[0.01,3.96] ¢

Arjona Ferreira 2013 (118) 1 B4 5 B5 01% 0.19[0.02,1.68) ¢

Mita 2016 (34) o 172 2 169 0.0% 0.19[0.01,4.08] ¢

Rosenstock 2013 (42) 0 222 2 219 0.0% 0.20[0.01,4.10] ¢

Fonseca 2013 (137) 1} 157 2 156 0.0% 0.20[0.01,4.12) *

Tinahones 2017 (66) 0 232 2 235  0.0% 0.20[0.01,421] ¢

Fonseca 2007 (163) 0 144 2 152 0.0% 0.21[0.01,4.38] ¢

Barnett 2012 (97) 1 137 2 64  01% 0.23[0.02,2.56) *

Schweizer 2007 2 526 4 254 01% 024[004,131] &1

Dou 2018 (89) 1 423 2 207 01% 0.24[0.02,289] ¢

Chacra 2011 (86) 4 501 g 267 0.2% 0.26[0.08,087] —————

Forst 2015 (158) i} 83 1 79 0.0% 0.31[0.01,7.81] * +
‘Yang 2015 (169) 0 143 1 136 0.0% 0.31[0.01,7.79) ¢ >
Raz 2008 (148) 1} 96 1 94  00% 0.32[0.01,8.03]

Lewin 2015 (52) 2 402 4 265 0.1% 0.33[0.06,1.79] +

Aschner 2010 (123) 0 528 1 522 0.0% 0.33[0.01,8.09] * >
Lee 2017 (74) 0 154 1 153 0.0% 0.33[0.01,8.14] ¢ »
Home 2018 (79) 1} 165 1 164  0.0% 0.33[0.01,814] ¢ +
Yoon 2012 (147) 0 261 1 259 0.0% 0.33[0.01,8.13] ¢ >
Kaku 2019 (63) 1} 213 1 214 0.0% 0.33[0.01,8.23] + o
Philis-Tsimikas 2013 (111) 1 222 3 225 01% 0.33[0.03,3.24] *

Rosenstock 2007 1 446 1 161 0.0% 0.36[0.02,5.78] ¢ >
Roden 2013 {109) 1} 223 3 676 0.0% 0.43[0.02,8.37] ¢ »
DeFronzo 2008 {88) 4 383 4 178 0.2% 0.46[0.11,1.87] ¢

Williams-Herman 2010 Study 2 (126) 3 372 3 176 01% 0.47[0.09,2.35) +

Gallwitz 2012 (53) " 776 23 775 06% 0.47[0.23,0.87]

Vilsholl 2010 (144) 1 322 2 318 01% 0.49[0.04,547] ¢ +
Pan 2008 (152) 1 #40 1220 00% 0.50[0.03,8.01] ¢ >
Laakso 2015 (54) 2 113 4 122 0.1% 0.53[0.10, 2.86) +

Bergenstal 2010 {129) 1 168 3 325 01% 0.65[0.07,6.30] ¢ J
Bosi 2011 (44) 2 404 3 399 01% 0.66[0.11,3.95) ¢

Schernthaner 2013 (105) 2 378 3 377 0.1% 0.66[0.11,3.89] ¢

Del Prato 2014 (41) 14 1665 " 874  05% 0.67 [0.30,1.47] = T

Williams-Herman 2010 Study 1 (126) 1 179 3 364 01% 0.68[0.07, 6.55] + >
Stenlof 2014 (106) 1} 192 1 392 0.0% 068 [0.03,16.72] ¢ >
MNowicki 2011 (98) 3 a5 4 85 01% 0.74[0.16, 3.41] *

Pratley 2009 (46) 1 401 0 83  0.0% 0.75[0.03,18.43] * >
Schernthaner 2015 (84) 3 360 4 360 0.1% 0.75[0.17,3.37] ¢

Goke 2013 (83) 3 428 4 430 01% 0.75[0.17,3.36) *

Charbonnel 2006 {135) 3 464 2 237 0.1% 0.76[0.13,4.61] ¢

Aschner 2012 (110) 1 265 1 250  0.0% 0.94 [0.06, 15.18] + +
Owens 2011 (64) 1 792 0 263 0.0% 1.00[0.04,24.59] + >
Rosenstock 2010 (47) 1 491 0 163 0.0% 1.00[0.04, 24 67) +

Vianna 2018 (154) 1 21 1 21 0.0% 1.00[0.06,17.12] + +
Zeng 2013 (69) 1 144 0 48 0.0% 1.01[0.04,25.30] + >
Yang 2011 (99) 1 283 1 287  00% 1.01 [0.06, 16.29] +

Taskinen 2011 (65) 1 278 0 101 0.0% 1.10[0.04,27.15] + +
Leiter 2014 (102) 5 253 4 254 0.2% 1.26[0.33, 4.79)

‘Yki-Jarvinen 2013 (72) 8 631 B 630 03% 1.34 [0.46, 3.87]

Barnett 2013 (58) 1 162 0 72 00% 1.35[0.05, 33.48] + +
Rosenstock 2008 (160) 3 208 1 95  01% 1.38[0.14,12.40

Arjona Ferreira 2013 (119) 7% 21 5 212 02% 1.42[0.44, 4 55]

Hermansen 2007 {139) 3 222 2 219 01% 1.49[0.25, 8.98] +
Barnett 2012 (55) 3 304 ;| 1561 0.1% 1.50[0.15,14.49]

Chacra 2017 (75) 3 107 2 106 0.1% 1.50[0.25, 9.16]

Ahren 2017 (149) 3 407 4 818 01% 1.51[0.34,6.78] +
Rosenstock 2015 (82) 1 355 0 179 0.0% 1.52 [0.06, 37.48]

Garber 2008 (164) 1 339 0 176 0.0% 1.56 [0.06, 38.60] +

Strain 2013 (172) 2 139 1 137 01% 1.99[0.18,22.15) + +
Handelsman 2017 (73) 2 376 1 75 01% 2.00([0.18,22.15] ¢ g
Scott 2018 (107) 2 307 1 307 01% 201[0.18,22.24] ¢ '
Foley 2009 16 548 8 546 0.4% 2.03[0.86, 4.78] =

Pratley 2010 {121) 2 218 2 446 0.1% 205[0.29,14.62] g
Hollander 2011 (91) 5 381 1 184 01% 2.43[0.28, 20.98] g
MNauck 2014 Study 2 (103) 4 492 2 606  0.1% 2.48[0.45,13.57] +
Dejager 2007 (161) 2 315 0 160  0.0% 256[0.12,53.64] * >
Pratley 2008 (50) 5 396 0 97 00% 274 [0.15, 49.96) * >
Hermans 2012 (85) 1 147 1} 133 0.0% 286[012,70.71] ¢ >
Schweizer 2003 1 169 0 166 0.0% 296[0.12,73.29] ¢ '
VWang 2017 (145) 1191 0 190 0.0% 3.00[0.12,74.11] ¢ *
Zang 2016 (122) 1 184 0 184 0.0% 3.02[0.12,7453) ¢ >
Moses 2016 (141) 1 213 0 214 0.0% 3.03[012,74.75 ¢ g
Thrasher 2014 (71) 1 106 0 120 0.0% 3.43[0.14,85.01] ¢ *
Dobs 2013 (136) 3 181 0 97 0.0% 3.82[0.20,74.79) + »
Pan 2012 {34) 4 284 1 284 0.1% 4.04 [0.45, 36.40] g
Terauchi 2017 (115) 2 143 0 127 0.0% 4.51[0.21,94.73) i
Chan 2008 (117) b 65 0 26 0.0% 4.82[0.26, 90.31]

Chen 2018 (87) 2 232 0 230 0.0% 5.00([0.24,104.72] g
Shankar 2017 {(143) 2 234 0 233 0.0% 5.02[0.24,105.16] >
Yang 2012 (148} 2 197 0 198 00%  5.08[0.24,106.43)

Kawamaori 2012 (56) 3 159 0 162 0.0% 7.27 [0.37,141.86] +
Ji2016 (125) 1 120 0 77 00% 9.48[0.38, 234.18] *
Henry 2014 {131) 11 1252 0 515 0.0% 9.55 [0.56, 162.36]

Pratley 2014 (43) 3 225 0 334 00% 1052[0.54,20472] +
Ferrannini 2013 (108) 3 56 1 332 01% 18.74[1.91,183.48] —_—
Subtotal (95% Cl) 20834 24476 6.9% 0.82[0.66, 1.01] i

Total events 200 200

Heterogeneity: Tau®= 0.00; Chi*= 85.25, df= 95 (P = 0.75), F= 0%

Testfor overall effect Z=1.84 (P=0.07)

Figure 3 Risk of MACE for DPP-4 inhibitors in trials with and without cardiovascular endpoints (MH-OR, 95% CI: Mantel—Haenszel Odds Ratio, with
95% of Confidence Intervals). For references, see Supplementary materials.
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Rosenstock 2019 (38)
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Figure 3

class (Fig. 8S). No significant differences were observed
between trials including (n = 27) or excluding (n = 26)
patients with previous heart failure (MH-OR: 1.06 [0.96;
1.16] vs. 1.03 [0.80; 1.32], respectively; I2: 0%; p for inter-
action 0.84; Fig. 9S).

Discussion

DPP-4i have shown many beneficial effects on cardiovas-
cular risk factors [29,30] and vascular function [31], raising
great interest in their potential to reduce cardiovascular
events. However, several cardiovascular outcome trials and
many meta-analyses did not confirm these expectations
[12—17]. The main strength and originality of the present
meta-analysis is represented by the inclusion of a higher
number of randomized trials seems to confirm the car-
diovascular safety of this class of drugs, which does not
appear to increase, neither to reduce, the incidence of
MACE, confirming other previous meta-analyses [12—17].
Similarly, the results of the present paper on the effects of
DPP-4i on all-cause mortality show neutrality, which is in
line with previously reported data [16,17].

However, some meta-analyses performed on trials with
metabolic endpoints have shown a reduction in both
MACE [18—21] and all-cause mortality [18,19] with DPP-4i.

Some of these meta-analyses were performed only on
trials comparing DPP-4i with sulfonylureas [19—21]; this
latter class of drugs could have some detrimental effect on
the incidence of MACE or its components (e.g. nonfatal
stroke [32,33]), as suggested by several studies [32—35],
and therefore such results could be attributable to a worse
cardiovascular safety profile of sulfonylureas, than to an
actual protective effect of DPP-4i. A previous meta-analysis
performed by our research group showed a reduction of
MACE in favor of DPP-4i in comparison with other glucose-
lowering agents/placebo [18]. However, at the time of that
meta-analysis, several cardiovascular outcome trials on
DPP-4i had not yet been published; the lack of inclusion of
several trials with cardiovascular endpoints, which did not
report any advantage in favor of DPP-4i concerning the
incidence of MACE, could have led to an overestimation of
the putative cardioprotective effect of DPP-4i. On the
contrary, a differential effect of DPP-4i on cardiovascular
morbidity and mortality based on baseline cardiovascular

0.98(0.84,1.14]
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risk of patients with T2DM cannot be completely ruled out,
as suggested by the results (nonstatistical trend) of this
meta-analysis.

Another point of originality of the present meta-analysis
is represented by sub-analyses according to study design
(cardiovascular or efficacy endpoint); in fact, in trials with
non-cardiovascular endpoints performed on samples of
patients with lower cardiovascular risk, DPP-4i showed a
significant protective effect on all-cause mortality. The
mean differences between cardiovascular and non-
cardiovascular outcome trials are the overall cardiovascu-
lar risk (as estimated by the incidence of MACE in the
comparator arm) and the proportion of patients with pre-
vious cardiovascular events. This result is surprising since a
wider reduction in the incidence of events is generally ex-
pected in populations at greater risk [7]. A possible expla-
nation could be the relatively short duration of trials with
metabolic endpoints; in fact, previous analyses had shown a
greater cardiovascular benefit in shorter-term RCTs with
DPP4i, when compared to longer-term studies [36]; how-
ever, by exploring the survival curves of cardiovascular
outcome trials, no early beneficial effects of DPP-4i were
detected [37—40]. It can be speculated that in cardiovas-
cular outcome trials better metabolic control, imposed by
protocols in all treatment groups (i.e. trying to achieve a
near-normal glycemic control also in placebo groups), could
have prevented between-group differences in all-cause
mortality. Moreover, non-cardiovascular outcome trials are
more often performed comparing the investigational drug
(in this case DPP-4i) with active comparators, which could
not be neutral for mortality (e.g. GLP-1 RA [41], SGLT-2i [8],
and insulin secretagogues [34]). However, no differences
were observed in subgroup analyses comparing different
classes of drugs with DPP-4i, despite a nonsignificant trend
toward a reduction of all-cause mortality when compared
to sulfonylureas (also suggested by several previous meta-
analyses [19]).

The effect of DPP4i on heart failure is a controversial
issue. Several concerns on this issue have been raised
due to the results of the SAVOR study, which reported a
significantly increased risk of hospitalization for heart
failure with saxagliptin in comparison with placebo [42].
This result, in line with that observed in a post-hoc
analysis of the EXAMINE trial with alogliptin [43], was



Dpp4i Control 0Odds Ratio QOdds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
3.3.1 Non CVOT
Bergenstal 2010 (129) 1 166 0 325 0.0% 5.90 [0.24, 145.63] *
Handelsman 2017 (73) 2 376 0 375 00% 5.01[0.24,104.78] +
Pratley 2010 (121) 2 219 1 446 01% 4.10[0.37, 45.48] »
Pan 2012 (34) 1 284 0 284 00% 3.01[0.12,74.21] *
Bosi 2011 (44) 1 404 0 399 0.0% 297[012,73.13] +
Schweizer 2009 1 169 0 166 0.0% 2.96[0.12,73.29] »
Henry 2014 (131) 7 1252 1 515  0.1% 2.89[0.35, 23.55] +
Charhonnel 2008 (135) 2 464 0 237 00% 2.57[012,53.70] *
Lavalle-Gonzalez 2013 (104) 1 366 1 918 01% 2.51 [0.16, 40.27)] +
Hollander 2011 (81) 2 am 0 184 0.0% 243[0.12,50.88) ¢ »
Chan 2008 (117) 5 65 1 26 01% 2.08([0.23,18.75] ¥
Haak 2012 Study 2 (62) 3 428 1 291 01% 2.05(0.21,19.78] *
Goke 2013 (83) 4 428 2 4300 01% 2.02[0.37,11.08] *
Ahren 2017 (143) 3407 3 818 02% 2.02([0.41,10.04] »
Mathieu 2015 (140) 2 329 1 328 01% 2.01[0.18,22.23] *
Groop 2017 (1) 2 182 1 178 01% 1.97 [0.18, 21.88] *
Garber 2008 (164) 1 339 0 176  0.0% 1.56 [0.06, 38.60] * *
NCT00821977 1 3am 0 150 0.0% 1.50 [0.08, 37.10] # >
Barnett 2012 (55) 1 304 0 151 0.0% 1.50 [0.08, 36.98] + »
Dou 2018 (89) 1 423 0 207 0.0% 1.47 [0.06, 36.32] + *
Barnett 2012 (37) 1 137 0 64  0.0% 1.42[0.06, 35.28] * 14
Laakso 2015 (54) 1 113 1 122 01% 1.08[0.07,17.48] ¢ *
Fonseca 2007 (163) 1 144 1 152 01% 1.06[0.07,17.04] + >
Rosenstock 2009 (96) 2 4589 1 238 01% 1.04[0.09,11.50] + *
NCTO0860288 1 1827 0 G616 0.0% 1.01[0.04, 24.89] + *
Leiter 2014 {102) 4 253 4 254 0.2% 1.00 [0.25, 4.06]
Schernthaner 2015 (84) 1 360 1 360 01% 1.00 [0.06, 16.05] # i
Bosi 2009 1 885 0 204 0.0% 1.00 [0.04, 24.59] + »
Gallwitz 2012 (53) 4 776 4 775 0.2% 1.00 [0.25, 4.01]
Yki-Jarvinen 2013 (72) 5 B3 5 B30 0.3% 1.00 [0.29, 3.47]
Chen 2018 (87) 1 232 1230 01% 0.99 [0.06, 15.94] + »
Hermansen 2007 {139) 1 222 1 219 01% 0.99 [0.06,15.87] * g
Strain 2013 (172) 1 139 1 137 01% 0.99 [0.08,15.92] + »
Filozof 2010 (155) 1 513 1 494 01% 0.96 [0.06, 15.44] + +
Hermans 2012 (85) 1 147 1 138 01% 0.95[0.06,15.28] + »
Nauck 2009 (49) 1 423 0 104 00% 0.74[0.03,18.35) + »
Nowicki 2011 (98) 3 85 4 85 0.2% 0.74 [0.16, 3.41]
Pratley 2009 {(50) 1 396 0 97  0.0% 0.74[0.03,18.29] + »
Chacra 2017 (75) 3 107 4 106 02% 0.74[0.16, 3.37]
Ferrannini 2009 (156) 2 1396 31393 01% 0.66[0.11,3.99] *
Foley 2009 3] 546 9 546 0.4% 0.66 [0.23,1.88] = T
Del Prato 2014 (41) 6 1665 5 874 03% 0.63[0.19, 2.07]
Lukashevich 2011 4 289 5 226 02% 0.62 [0.16, 2.34]
Arjona Ferreira 2013 (119) 3 nm 6 212 0.2% 0.50[0.12,2.01]
Schweizer 2007 2 526 2 254 01% 0.48[0.07,3.43] ¢
Nauck 2014 Study 2 (103) 0 492 1 606  0.0% 0.41[0.02,10.08] + >
Atjona Ferreira 2013 (116) 3 64 7 65 0.2% 0.41[0.10,1.65] +
Matthaei 2015 (32) 0 153 1 162 0.0% 0.35[0.01,8.67] ¢ >
Philis-Tsimikas 2013 (111) 0 222 1 225  0.0% 0.34[0.01,8.30] ¢
Lukashevich 2014 0 158 1 160  0.0% 0.34[0.01,8.30] +
Arechavaleta 2011 (112) 0 516 1 519 0.0% 0.33[0.01,823] ¢
Ahren 2014 (101) 1 302 7710 01% 0.33[0.04,2.72] ¢
Bailey 2016 (120) 0 204 1 203 0.0% 0.33[0.01,8.15] ¢
Fonseca 2013 (137) 0 157 1 156  0.0% 0.33[0.01,8.14] ¢
Raz 2008 {(148) 0 96 1 94  0.0% 0.32[0.01,8.03 *
Kothny 2013 {171) 0 228 1 221 0.0% 0.32[0.01,7.94] ¢
Scherbaurn 2008 (168) 0 156 1 150  0.0% 0.32[0.01,7.88] ¢
Vianna 2018 (154) 0 21 1 21 0.0% 0.32[0.01,8.26] +
Forst 2015 (158) 0 a3 1 79 0.0% 0.31[0.01,7.81] ¢
Williams-Herman 2010 Study 2 (126) 2 372 3 176 01% 0.31 [0.05, 1.88] +
Terauchi 2017 (115) 0 143 1 127 0.0% 0.29[0.01,7.28] ¢
Williams-Herman 2010 Study 1 (128) 0 179 3 364  0.0% 0.29[0.01,5.60] *
Lewin 2015 (52) 1 402 3 285 01% 0.22[0.02,2.10] +
Pfutzner 2011 {95) 1 320 5 328 01% 0.20[0.02,1.74] *
Moses 2016 {(141) 0 213 2 214 0.0% 0.20 [0.01,417] +
Schernthaner 2013 (105) 0 378 2 377 00% 0.20[0.01,415] +
Bajaj 2014 (70} 0 186 1 92  0.0% 0.16[0.01,4.05] +
DeFronzo 2009 (88) 0 383 1 178 0.0% 016[0.01,3.83] ¢
Chacra 2011 (86) 1 501 4 267 01% 013[0.01,1.18] *
Seck 2011 (118) 1 588 8 584 0.1% 012[0.02,088)
Subtotal (95% CI) 26286 21570 6.0% 0.75 [0.58, 0.98] e

Total events 110 131
Heterogeneity: Tau®= 0.00; Chi*= 3598, df=69 (P=1.00); F=0%
Testfor overall effect Z=2.13 (P =0.03)

Figure 4 Risk of all-cause mortality for DPP-4 inhibitors with or without cardiovascular endpoint (MH-OR, 95% CI: Mantel-Haenszel Odds Ratio,
with 95% of Confidence Intervals). For references, see Supplementary materials.

not confirmed by other recently published cardiovascu-
lar outcome trials on other molecules of the class [39,40].
Several meta-analyses, including the present one, seem
to confirm the overall safety of DPP-4i on incident heart
failure [12—16,25], except for saxagliptin which was

significantly associated with an increased risk of hospi-
talization for heart failure [22,26]. This finding should be
interpreted with caution because mainly driven by a
single trial (i.e. the SAVOR trial [37]), and affected by
heterogeneous definitions of this adverse event. In



3.3.2Cv0T

McMurray 2018 (39) 11 128 4 126 0.3%
Rosenstock 2019 (30) 3 467 4 831 0.2%
Oyama 2016 (35) 3 222 2 220 01%
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Figure 4

addition, another molecule of the class, vildagliptin, for
which no large-scale cardiovascular outcome trial is
available, was associated with a higher end-systolic left
ventricular volume in comparison with placebo in a
study on patients with diabetes and heart failure [44].
However, a possible specific detrimental effect of sax-
agliptin on cardiac function cannot be completely ruled
out and deserves further investigation.

Some limitations of the current meta-analysis should be
acknowledged:

1) Events were not formally adjudicated for the ma-
jority of the included trials, although adjudication
(i.e. cardiovascular outcome trials) did not appear to
affect results in subgroup analyses.

2) One of the usual problems in performing meta-
analyses is the heterogeneity across the eligible
RCTs of criteria used for the definition of clinical
outcomes different from all-cause mortality. In this
case, the diagnostic criteria adopted for defining
MACE and hospitalization for heart failure are com-
parable across cardiovascular outcome trials, but not
in metabolic outcome trials, which often do not
perform any formal adjudication of events. However,
subgroup analyses did not show any difference in the
risk of MACE or heart failure in trials with and
without cardiovascular endpoint and trials excluding
or including subjects with a previous diagnosis of
heart failure. Paradoxically, the only significant dif-
ference observed between cardiovascular and non-
cardiovascular outcome trials was that regarding
all-cause mortality, which does not pose any issues
of diagnostic definition.

3) The definition of heart failure differs across trials and
it is both inconsistent and heterogeneous. In car-
diovascular outcome trials heart failure is defined as
an event leading to hospitalization; whereas, cases of
heart failure in non-cardiovascular trials include all
those that were reported as serious adverse events;
the possibility that some events of acute heart failure
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were considered life-threatening without leading to
hospitalization, although unlikely, should be
considered. Furthermore, no formal adjudication of
heart failure was performed in the majority of non-
cardiovascular trials, allowing for misclassifications.
Moreover, some trials formally excluded patients
with previously diagnosed heart failure and some
others did not, possibly introducing a selection bias.
However, no significant differences were observed
between trials including or excluding patients with
previous heart failure.

4) This meta-analysis includes trials with different
duration, ranging from 24 to 307 weeks; trial duration
could theoretically affect the results on the considered
outcomes. The statistical tests did not show any
relevant heterogeneity across trials, but the results of
the I? test could underestimate heterogeneity when
the number of included trials is very large.

In conclusion, DPP4i are not associated with any in-
crease or reduction of major cardiovascular events, all-
cause mortality, and heart failure. Saxagliptin seems to be
associated with an increased risk of hospitalization for
heart failure, which is not present for the other drugs of
the class.
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