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Aim: To assess the effects DPP-4i; SGLT2-i & GLP1-RA on CV death, MI, stroke and hHF. This
is probably the first meta-analysis to assess the effects of these drugs on MI and stroke in
totality, including non-fatal & fatal MI and stroke.

Methods: Scientific databases were searched for RCTs with pre-specified inclusion criteria
and each end-point from the selected 13 studies was reported as an effect size (M H odds
ratio) with a 95% confidence interval P value.

Results: The pooled analysis of all the 5 available CVOT with DPP-4i resulted in a neutral
effect on M, stroke, the combined end points of MI & Stroke, CV death and hHF. The pooled
analysis of all the 5 available CVOTs with GLP1-RA resulted in a neutral effect on MI. How-
ever, there was a statistically significant 12% reduction in CV death (P = 0.01), 13% reduction
in stroke (P =0.02) and 11% reduction the combined end points of MI & Stroke (P = 0.001).
The impact of GLP1-RA inhibitors on hHF was neutral. The pooled analysis of all the 3 avail-
able CVOTs with SGLT2-i resulted in a neutral effect on M, stroke, the combined end points
of MI & Stroke and CV death. There was however a statistically significant 28% reduction in
hHF (P < 0.001).

Conclusion: DPP-4i & SGLT-2i are neutral as far as all aspects of CV outcomes are concerned
except for hHF which is significantly reduced by the latter. GLP1-RA as a class reduce risk of

ASCVD showing a significant reduction in MI and stroke.
© 2019 Elsevier B.V. All rights reserved.

Abbreviations: T2D, type 2 diabetes; DPP-4i, dipeptidyl peptidase 4 inhibitor; SGLT2-i, sodium glucose linked transporter inhibitor;
GLP1-RA, glucagon like peptide 1 receptor analogues; hHF, hospitalization for heart failure; MI, myocardial infarction; RCT, randomized
controlled trial; CVOT, Cardiovascular Outcomes Trial; FDA, Food and Drugs Administration; MACE, Major Adverse Cardiac Events; CVD,
cardiovascular death; ASCVD, atherosclerotic cardiovascular disease
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1. Introduction

The last two decades have seen a paradigm shift in the man-
agement of type 2 diabetes (T2D) from “glucocentricity” to an
approach which takes into consideration the side effects of
the drugs like hypoglycemia and weight gain, the pathophys-
iology of the disease and most importantly the cardiovascular
outcomes of the drugs used to treat this disease. The latter
was brought into minute focus following the seminal publica-
tion which showed an increased risk of myocardial infarction
and cardiovascular death with the popular drug Rosiglitazone
[1].

The Food and Drugs Administration (FDA) mandated that
any new drug used for the treatment of T2D must have a car-
diovascular outcome trial (CVOT) to demonstrate its safety [2].
If the pooled analysis of phase 2 & 3 data of the cardiovascular
events showed an upper boundary of confidence interval
between 1.3 & 1.8, a well-designed cardiovascular outcome
trial was necessary to demonstrate safety of these drugs.
Therefore, the newer groups of drugs namely the incretin
mimetics (Dipeptidyl Peptidase 4 inhibitor (DPP-4i) & Gluca-
gon like Peptide 1 Receptor Analogues (GLP1-RA) and the
sodium glucose linked transporter inhibitor (SGLT2-i) drugs
have all been through these large, scientifically robust and
stringent CVOTs. The results of these studies have revealed
much about these drugs while at the same time raised a
few doubts about their safety as groups and their effects on
the individual aspects of cardiovascular disease. Amongst
dipeptidyl peptidase 4 inhibitor (DPP-4i); Sitagliptin and Lina-
gliptin have shown cardiovascular neutrality from all aspects
but not Saxagliptin and Alogliptin, which have shown a
higher risk of hospitalization for heart failure [3-6]. It is extre-
mely confusing for clinicians’ now, as to how to place these

drugs in their patients, as there is a black box warning from
FDA for increased hospitalization for heart failure ascribed
to the entire DPP-4i class [7].

All glucagon like peptide 1 receptor analogues (GLP1-RA)
trials have shown a uniform reduction in the major adverse
cardiovascular events (MACE) with the studied drugs except
Lixisenatide and Exenatide LAR, which have shown neutral-
ity [8,9]. However, the driving force in the published data
would suggest that these drugs have reduced MACE by either
reduction of cardiovascular deaths (Liraglutide) or by reduc-
tion of myocardial infarctions (Albiglutide) or by reduction
of non-fatal strokes (Semaglutide), a completely non-
uniform finding, across the various GLP1-RA studied [10-
12]. Again, the clinician is left confused as to whether
GLP1-RA as a group produces these benefits or are the bene-
fits individualized to the drugs. GLP1-RA have shown no
effect on heart failure, an entity of great significance in
patients of T2D.

Similarly, the CVOTs with the SGLT2-i have uniformly indi-
cated an improvement in the rates of hospitalization for heart
failure but except for Empagliflozin which showed a reduc-
tion in cardiovascular death, such results have not been repli-
cated with neither Canagliflozin nor Dapagliflozin [13-15].

A non-significant increase in non-fatal strokes seen in the
EMPA REG outcome study has not been seen in either CANVAS
or DECLARE - TIMI outcomes studies.

With the publication of all the recent CVOTs, there was a
substantial increase in the total number of patients available
for analysis, who could be pooled to perform a meta-analysis
of all these groups of drugs (DPP-4i, GLP1-RA and SGLT2-i) and
ascertain the positive and negative signals, as far as cardio-
vascular death (CVD), myocardial infarction (MI), stroke, a
combination of MI and stroke (hitherto not analyzed yet

Table 1 - Baseline characteristics of studies included in the meta-analysis.

Group Drug Studies Mean DM Median Mean change Established
duration (years) follow-up (years) in HBA1G (%) CVD (%)
GLP-1RA
Lixisenatide ELIXA 9.2+8.2 21 -0.27 100
Liraglutide LEADER 12.8+£8.0 3.8 —0.40 81
Semaglutide®  SUSTAIN-6 14.1+8.2 2.1 -1.4 83
Exenatide-LAR EXSCEL 12 3.2 —0.53 73
Albiglutide HARMONY 14.1 1.6 —0.52 71
DPP-4i
Saxagliptin SAVOR-TIMI 53 10-15 2.1 -0.2 68-86"
Alogliptin EXAMINE 7.1 1.5 —0.36 88
Sitagliptin TECOS 11.6 3 —-0.29 74
Linagliptin CARMELINA 15 2.2 —0.36 57
Omarigliptin ~ Omarigliptin CVOT 12 1.8 -0.3 ~100
SGLT-2i
Canagliflozin =~ CANVAS PROGRAM 13.5 3.6 —0.58 64.8
Dapagliflozin =~ DECLATE-TIMI-58 11 4.2 —0.42 40.6
Empagliflozin = EMPAREG >10 (57%) 31 —0.36 (25 mg)-0.24 (10 mg) 99.5

" Taken from the treatment arm.
* With 1 mg semaglutide.
# Depending on eGFR.
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pertinent) and hospitalization for heart failure (hHF) that
emanate from these drugs as groups.

2. Materials & methods

2.1.  Search strategy and selection criteria

We performed a database search for title, abstract & key-
words, without any language restriction. Search terms
included ““dipeptidyl peptidase-4 inhibitors”, “saxagliptin”,
“alogliptin”,  “sitagliptin”,  “linagliptin”,  “vildagliptin”,
“sodium-glucose linked transporter-2 inhibitors”,

2« 2«

“canagliflozin”, “dapagliflozin”,“empagliflozin”,“ertugliflozin
7, “glucagon-likepeptide-1 receptor agonist”, “lixisenatide”,
“liraglutide”, “exenatide”, “exenatide-LAR”, “dulaglutide”,
“albiglutide”, “semaglutide”, “placebo”, “myocardial infarc-
tion”, “cardiovascular death”, “stroke”, and “hospitalization
for heart failure”. The search was conducted clubbing the flo-
zins with cardiovascular end points, gliptins with cardiovas-
cular end points and GLP1-RA with cardiovascular end
points independently (3 groups of data). The initial search

yielded a sum total of articles (in each group) consisting of a

Study namo Statistics for each study MH odds ratio and 95% CI
MHodds Lower Upper
ratio Uimit mit p-Value
ELIXA 1038 0869 1240 0683
LEADER 0853 0725 1003 0054
SUSTAING 0815 057 1172 0270
HARMONY 0745 0611 097 0003 —-—

EXSCEL 0.984 0864 1.120 0808
0897 0795 1013 0079

Heterogenerty: Q: 8.42, df:4, Ps 0.08. 12: 52.51 0.8 1 2

Tovewrs CLP1 8A ovous Pacede

a : Fores! plot comparing GLP1-RA verses placedo (Overall) on ML

Study name Statistics for each study MH odds ratio snd 95% CI
MH odds Lower Upper
ratio imit Bmit p-Value
ELIXA 1.056 0.898 1242 0.509
LEADER 0850 0748 0969 0015 g
SUSTAING 0.728 0.541 0973 0.032 —
HARMONY 0.777 0660 0916 0003 .
EXSCEL 0942 0843 1053 0292
0894 0837 0955 0001 &
o5 1 2

Heterogeneity Qs 10.24. df: 4, P- 0.04. 12 60.92

combination of citations from Cochrane library, Embase &
PubMed. (Supplementary appendix 1) Subsequent screening
involved applying additional filters in the form of cardiovas-
cular outcomes trial (CVOT) and date of publication from
March 2008 (time of first formulation of FDA guidelines for
the industry) till date. The final selection was based on the
pre-defined inclusion criteria, a criterion derived from all pre-
viously published meta-analysis in this area:

e Studies with at least 1000 patients above 18 years of age.
e Studies with at least 18 months follow up.

e Studies with 3-P MACE and/or 4-P MACE as a primary end
point with at least 611 events included for the primary
end-point analysis.

A total of 13 studies (42,920 patients from the GLP1-RA tri-
als, 47,645 patients from the gliptin trials and 34,312 patients
from the SGLT-2i trials) were finally selected for this meta-
analysis.

Study name Statistics for each study MH odds ratio and 95% CI
MHodds Lower Upper

ratio limit limit  p-Value
ELIXA 1119 0787 1592 0530
LEADER 0865 0703 1.065 0.172
SUSTAIN 6 0608 0374 0988 0.044
HARMONY 0868 0656 1.148 0.321
EXSCEL 0889 0.705 1.047 0.132

0870 0774 0977 0.018 ’

otorogenrity: Q: 4.1 df4, P-0.39.12: 2.44 0s 1 2

Pavonss OLPIRA Pavours Placeto

b : Forest plot comparing GLP1-RA versus placebo (Overall) on Stroke.

Study name Statistics for each study MH odds ratio snd 96% C1
MHodds Lower Upper
ratio nmit umR  p-Valve
ELIXA 0987 0.786 1.228 0.908
LEADER 0778 0649 0933 0007 -,
SUSTAING 0956 0629 1.454 0.833
HARMONY 0037 0720 1204 0611
EXSCEL 0887 0764 1031 0.118
0882 0804 0968 0008 <
Hetorogeneity: Q: 3.13. ar 4. Pz 0.54.[2: 0000 s 1 2

9 overss GLIIRA P overs Placebe

€ : Foreet plot 9 GLP 1-RA vorsus pla M) & Stroke.
Study name Statistics for sach study MH odds ratio snd 96% C1
MH odds Lower Upper

ratio Hemit Henit  p-Value
ELIXA 0.959 0.744 1238 0.748
LEADER 0.874 0.725 1053 0.157
SUSTAIN 6 1.097 0753 1597 0830
HARMONY 0.747 0.541 1.030 0075
EXSCEL 0.952 0.789 1.148 0.606
0013 0.822 1.018 0.002

05 1 2

Heterogeneity: @ 2.96. d2 4. Pe 0.36.12: 0.000.

Paveurs SLPLRA Poveurs Pacobo

@ : Forset plot comparing GLP1RA versus plscedo (Overall) on hNF.

d: Farest plot comparieg GLP1-RA verses placebo (Overall) ca CV death.

Fig. 1 - GLP1-RA (Overall) Vs. Placebo on CV outcomes. (a) MI; (b) Stroke; (c) MI + stroke; (d) CV Death; (e) hHF. ELIXA:
Lixisenatide. LEADER: Liraglutide. SUSTAIN 6: Semaglutide. HARMONY: Albiglutide. EXSCEL: Exenatide LAR.
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2.2. Data analysis

Data was analyzed from the 13 trials which satisfied the
inclusion criteria with additional inputs from the supplemen-
tary materials, and critical inputs by the regulatory authori-
ties (FDA & EMA). Meta-analysis was performed using
Comprehensive Meta-analysis software version 3, Biostat
Inc., Englewood, NJ, United States. Mantel-Haenszel (MH)
odds ratio (OR) with 95% confidence interval was used to
assess the impact of the treatment on the selected cardiovas-
cular outcomes compared to standard of care. Effect size - MH
OR (both individual studies as well as the final effect size) was
calculated using fixed or random effect model depending on

3. Results
3.1. Trial characteristics

13 RCTs were identified for analysis. We divided the trials
into 3 distinct groups (DPP-4i:5 trials, SGLT-2i:3 trials and
GLP-1RA:S trials). The meta-analysis was performed sepa-
rately in these 3 distinct groups and an indirect comparison
was planned since no head-to-head comparison with car-
diovascular outcomes as a primary end point is available
as of now.
The baseline characteristics are detailed in Table 1.

heterogeneity and study characteristics. Heterogeneity was 3.2. Cardiovascular outcomes data
assessed using the Cochrane Q and Higgin’s I test. Effect size
bias was assessed by funnel plots, with the precision (1/SE) 3.2.1. GLP1-RA

plotted against the effect size. Individual study bias was
assessed using the Cochrane collaboration tool (Supplemen-

The analysis of GLP1-RA was done by dividing the 5 trials into
two groups (one excluding the short-acting GLP1-RA-

tary appendix 2). Lixisenatide).
Study name Statistics for each study MH odds ratlo and 95% CI Study name Statistics for each study MH odds ratio and 95% C1
MHodds Lower Upper MHodds Lower Upper
ratlo limiz fimt  p-Value ratio fimit limit p-Valuo
LEADER 0853 0725 1003 0054 LEADER 0885 0703 1065 0.172
SUSTAING 0815 0567 1172 0270 SUSTAING 0608 0374 0986 0044
HARMONY 0745 0611 0907 0003 & HARMONY 0868 0656 1.148 0321
EXSCEL 0084 0884 1120 O0R0A EXSCE 08%a 0705 1047 013
0883 0810 0964 0005 & 0843 0745 0954 0007 Los
X 1 2 0s 1 2

Meterogeoelty: Q: .90, df: 3, P+ 0.12 [2: 49,18

Favours GLPARA Favours Pucedo

Heterogenelty: Q: 1.89, 423, P« 0.59.12: 0.000.

Fovours QLPI-RA Favours Placebo

22 Forest plot Companag GLP1-RA versus placedo (LA) on Mi,

b : Forest plot comparing GLP1-RA versus placebo (LA) en Stroke.

Study name Statistics for each study MH odds ratio and 95% C|
Study name Statistics for each study MH odds ratio and 95% CI
MHodds Lower Upper
ratio  Emit  Wmt  p-Valuo MHodds Lowsr Upper
ratio lmit  lmit  p-Value
LEADER 0850 0746 0969 0015 E B
LEADER 0778 0649 0833 0007 -
SUSTAING 0726 0541 0973 0032 |—@—
v s SUSTAIN 6 0956 0629 1454 0833
HARMONY . X 1 -.-
o 0660 0916 000 HARMONY 0937 0729 1204 0611
FXSCF1 0A4? 0R4 1053 0292
EXSCEL 0.887 0.761 1.031 0.118
0864 0804 0930 0000 & ok 0715 ©geE  6ooe ¢
0s 1 2 on 4 -

Heterograeity: Q: $.36 df:), P+ Q1552 4404

Pavours GLOVAA Faveurs Placebe

€ : Forest plot comparing GLP1-RA versus placebo (LA) on Mi + Stroke.

Study nama Statistics for each study MH odds ratio and 95% CI
MHodds Lower Upper

ratio timit limit  p-Value
LEADER 0874 0725 1053 0.157
SUSTAN & 1097 0753 1597 0630
HARMONY 0747 0541 1.030 0.075
EX3CEL 0952 0789 1.148 0.000
0904 0805 1015 0.088

08 1 2

Beterogensity: Q: 2.79. 4f: 3. P+ Q4K £2: 0.000.
Poveores GAPIRA Fovenrs Placebe
LH PULRA wertue A) on MNP,

Heterogeneity: Q: 2.02. €% 3. P= 0.57.12: 0.000.
Fovours GLPIRA Favours Placedo

d : Forest plot comparing GLP1-RA versus placedo (LA) oa CV desth.

Fig. 2 - GLP1-RA (LA) Vs. Placebo on CV outcomes. (a) MI; (b) Stroke; (c) MI + stroke; (d) CV Death; (e) hHF. LEADER: Liraglutide.
SUSTAIN 6: Semaglutide. HARMONY: Albiglutide. EXSCEL: Exenatide LAR.
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Summary of 5 trials: The pooled analysis of all the 5 avail-
able CVOTs with GLP1-RA resulted in a statistically non-
significant 11% reduction in MI (OR: 0.89; P =0.08; 95%CI:
0.71-1.01). However, there was a statistically significant 13%
reduction in stroke (P = 0.02; 95%CI: 0.77-0.98), 11% reduction
in the combined end points of MI & stroke (P = 0.001; 95% CI:
0.84-0.96) and a significant 12% reduction in CV death
(P =0.01; 95% CI: 0.80-0.97). The impact of GLP1-RA inhibitors
on hHF was neutral (OR: 0.91; P=0.09; 95% CIL: 0.82-1.02)
[Fig. 1].

Summary of 4 trials (excluding small-acting GLP1-RA-
lixisenatide): The pooled analysis of the 4 long-acting GLP1-
RA resulted in a 12% statistically significant reduction in MI
(P=0.01; 95%CIL: 0.81-0.96), a 16% statistically significant
reduction in stroke (P = 0.007; 95% CI: 0.75-0.95), a 14% statis-
tically significant reduction in the combined end point of MI &
Stroke (P < 0.001; 95% CI: 0.80-0.93), and a 14% statistically sig-
nificant reduction in CV mortality (P = 0.01; 95% CI: 0.78-0.96).
The impact of GLP1-RA inhibitors on hHF was neutral (OR:
0.90; P = 0.09; 95% CI: 0.81-1.02) [Fig. 2].

Study name Statistics for each study MH odds ratio and $5% C!
MHodds Lower Upper

rallo Hmit limit  p-Valuve
SAVOR-TIMIS3 0944 0795 1120 0508
EXAMINE 1097 0009 1325 0335
TECOS 0.948 0.807 1.114 0518
CARMELINA 1124 0896 1409 0311
OMARIGLIPTIN 0,867 0595 1263 0456
0999 0914 1091 0981

(X 1 2

Heterogeneity: Q: 2.7%. 41 4, P+ 0.43.[2:0.000

Fovours Oigtine Faveurs Plicedo

»: Forest plot comparing Gliptine versus placete (Overall) on ML

Study name Statistics for each study MH 0dds ratio and 95% C|
MHodds Lower Upper

ratlo fimit  limt p-Vsive
SAVOR-TIMIS3 0999 0869 1.147 0987
EXAMINE 1054 0882 1258 0S64
TECOS 0956 0840 1.088 0497
CARMELINA 1047 0871 1259 0628
OMARIGLIPTIN 0893 0661 1206 0460
0995 0924 1.071 0837

s 1 2

Hetorogeasity: Q) 1.54. & 4, P+ 0.52.12:0.000.
Favours Gogoms Fovewrs Pacobo

3.2.2. DPP-4i

The analysis of DPP-4i was also divided into two groups (with
and without the omarigliptin data). One of the reasons for
doing so was incorporate all the CVOT outcomes data avail-
able and also to do a separate analysis excluding omarigliptin
as the study was truncated early resulting in very few events
with the possibility of skewing the data [16].

Summary of 5 trials: The pooled analysis of all the 5 avail-
able CVOTs with DPP-4i resulted in a neutral effect on MI
(OR:0.99; P = 0.98; 95%CI: 0.91-1.09), stroke (OR: 0.99; P = 0.83;
95%CI: 0.87-1.12), the combined end points of MI & Stroke
(OR: 0.99; P = 0.89; 95% CI: 0.92-1.07), and CV death (OR: 0.99;
P = 0.90; 95% CI:0.91-1.09) [Fig. 3].

Summary of 4 trials (excluding Omarigliptin): The pooled anal-
ysis of the 4 DPP-4i (excluding truncated omarigliptin CVOT)
resulted in a neutral effect on MI (OR: 1.01; P = 0.88; 95%CI:
0.92-1.10), stroke (OR: 0.99; P =0.88; 95% CI: 0.87-1.13), the
combined end points of MI & Stroke (OR: 1.00; P =0.97; 95%
CI: 0.93-1.08), and CV death (OR: 0.99; P =0.87; 95% CI: 0.91-
1.09) [Fig. 4].

Study name Statistics for each study MM odds ratio and 95% C1
MHodds Lower Upper

ratio Gimit Smit  p-Value
SAVOR.-TIMIS3 1106 0879 1392 0388
EXAMINE 0812 0507 1299 0.385
TECOS 0973 0790 1199 0.797
CARMELINA 0917 0677 1.243 0.576
OMARIGUPTIN 0944 0580 1536 0816
0986 0868 1121 0.834

Heterogroeity: @ L#7. & 4.P= Q7612 €000, b b :

Favewn Qligsms Favows Pucebe

[ Giliptins versus placebo (Overall) on Siroke.
Study name Statistics for each study MH odds ratio and 85% C1
MHodds Lower Upper
ratio Wmit  limit  p-Value
SAVOR-TIMI 53 1027 0864 1221 0.763
EXAMINE 0848 06S5 10908 0212
TECOS 1041 0899 1207 0.590
CARMELINA 0961 0803 1.149 0.659
OMARIGLIPTIN 1082 0688 1693 0799
099 091 1086 0.908
05 1 2

Heterogeneity: @ 2.18 &f 4.P= Q70 12:0.000,

Favours Glgens Foveurs Pucete

6: Forest plot comparing Glgtine versus plecede (Oversl) on M + Suroke,

Study name Statistics for each study WH odds ratio end 95% CI
MHodds Lower Upper
natlo Umit  6mt  p-Value
SAVOR-TIMIS3 1266 1062 1511 0009 -

EXAMINE 1069 0783 1460 0673
TECOS 0998 0827 1201 0970
CARMELINA 0917 0755 1.114 0385
OMARIGLIPTIN 0605 0346 1057 0078
1043 0945 1.1562 0405

os 1 2

Hetorogenetry: Q: 10.24, @ 4, Pe 0.04.12:60.95.
Povours Gagune Paveurs Passte

o; Forest phot Comparing Oliptine versws placebs (Overel) an MeF,

@& Forest plot comparing Glpting versus piacebo (Oversil) oa CV desth.

Fig. 3 - Gliptins (Overall) Vs. Placebo on CV outcomes. (a) MI; (b) Stroke; (c) MI + stroke; (d) CV Death; (e) hHF. SAVOR-TIMI 53:
Saxagliptin. EXAMINE: Alogliptin. TECOS: Sitagliptin. CARMELINA: Linagliptin. OMARIGLIPTIN: Omarigliptin.
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Study name Statistics for each study MH odds ratio and 95% CI
MHodds Lower Upper

ratio limit limit p-Value
SAVCR-TIMI 53 0944 0795 1120 0.506
EXAMINE 1097 0909 1325 0335
TECOS 0548 0807 1114 0518
CARMELINA 1124 0090 1409 0311
1007 0920 1103 0876

(X ] 1 2

Hetorogeneity: Q 2.79. 41 3. P= 0.4.12:0.000,

Favours Gagems ¥ aveurs Pacese

a: Forest plot comparing Gligling versus placedo (withowl Omarigliptin) on ML

Study name Statistics for each study MH odds ratio and 95% C!
MH odds Lower Upper

ratio limit Himit  p-Value
SAVOR-TMISI 0999 0869 1.147 0987
EXAMINE 1054 0882 1268 0.564
TECOS 0956 0840 1088 0497
CARMELINA 1.047 0871 1260 0.626
1002 0928 1081 0967

os 1 2

Heterograelty: Q: 103, df: & Px 0.7%1210.000.

Paveurs Glipans Foveuws Placsbo

€ Forest plot companng Glipting versus placedo (without Omarigliptin) on 8l » Swroke.

Study name Statistics for each study MH odds ratio and 95% C!
MHodds Lower Upper
ratlo limit limit p-Value
SAVOR-TIMIS3 1266 1062 1511  0.009 g =

EXAMNE 1069 0783 1460 0673
TECOS 0996 0827 1201 0970
CARMELINA 0917 0755 1114 0385
1063 0861 1175 0238

0s 1 2

Hetsrogrenity: Q@ 6.46, 48 3.Ps 0.0% 12: 1SS,

Fovours Cigtom § oveurs Flcobe

: Forest plot comparing Gliptine versus placebo (without Omarigliptin) on hNF.

Study name Statistics for sach study MH 0dds ratio and 95% CI
MHodds Lower Upper

nllo imit limit  p-Vaiue
SAVOR-TIMI 53 1106 0879 1392 0388
EXAMINE 0812 0507 1299 0385
TECOS 0973 0790 1199 0797
CARMELINA 0917 0677 1243 03576
090 0867 1120 0878

os 1 2

Keteregeority: Q: L84, df 3. P= 0.60.12: 0.000.
Fovours Capuns Fovewrs Pucede

b: Forest plot comparing Clipting versus placedo (without Omariglipan) on Stroke.

Study name Statistics for each study MH 0dds ratio and 95% C1
MHodds Lower Upper

ratlo Umit mit  p-Value
SAVOR.TIMIS3 1027 0884 1221 0.763
EXAMINE 0848 06SS 1098 0212
TECOS 1041 0899 1207 059
CARMELINA 0661 0803 1.149 0659
0092 0908 1085 0865

os 1 2

Hetorograsity: Q: 211, 4t 3, P~ 0SS 12: 0000

Fovours Chgptms 1 ovaurs Maiede

0 Glptive versus placebo { desth,

Fig. 4 - Gliptins (without Omarigliptin) Vs. Placebo on CV outcomes. (a) MI; (b) Stroke; (c) MI + stroke; (d) CV Death; (e) hHF.
SAVOR-TIMI 53: Saxagliptin. EXAMINE: Alogliptin. TECOS: Sitagliptin. CARMELINA: Linagliptin.

Meta-analysis of hHF comparing gliptins versus placebo
(including omarigliptin data):

e The risk ratio (OR) was 1.04; 95% CI: 0.95-1.15 which was
statistically non-significant (P = 0.41) [Fig. 3].

Meta-analysis of hHF comparing gliptins versus placebo
(excluding omarigliptin data):

e The risk ratio (OR) was 1.06; 95% CI: 0.96-1.18 which was
statistically non-significant (P = 0.24) [Fig. 4].

3.2.3. SGLT2-i

The pooled analysis of all the 3 available CVOTs with SGLT2-i
resulted in a neutral effect on MI (OR:0.91; P =0.08; 95%CI:
0.83-1.01), stroke (OR: 1.05; P =0.34; 95%CI: 0.93-1.20), the
combined end points of MI & Stroke (OR: 0.96; P =0.37; 95%

CI: 0.89-1.05) and CV death (OR: 0.87; P =0.41; 95% CI: 0.63-
1.21). There was statistically significant 28% reduction in hos-
pitalization for heart failure (P<0.001; 95%CI: 0.64-0.82)
[Fig. 5].

4, Discussion

This meta analyses of CVOTs of the newer anti diabetic
agents is in all likelihood the first such, looking at all drugs
and analyzing the individual aspects of the cardiovascular
events. It is novel that in addition to the end points usually
studied in CVOTs, (MI or stroke), a totality of all MI & stroke
inclusive of fatal and non-fatal events have been analyzed.

Global burden of disease estimates that the largest num-
ber of deaths from non-communicable diseases is due to car-
diovascular disease. A staggering 85.1% of these deaths are
cause by a combination of MI and stroke [17]. No CVOT nor
meta-analysis has looked at this obviously pertinent endpoint
previously. This is the first study to look at this composite
adding further novelty to the data.
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Fig. 5 - SGLT-2i Vs. Placebo on CV outcomes. (a) MI; (b) Stroke; (c) MI + stroke; (d) CV Death; (e) hHF. EMPA-REG OUTCOME:
Empagliflozin. CANVAS Program: Canagliflozin. DECLARE TIMI 58: Dapagliflozin.

All this expands the information base of the already
known results of these trials in confirming and clarifying
the effects of each of these groups of drugs.

Animal studies and small clinical studies have highlighted
that GLP1-RA reduce inflammation in the vascular endothe-
lium thereby improving endothelial function, in addition to
causing vasodilatation, improving plaque stability, blood flow
and reducing platelet aggregation [18]. There has been 5
CVOTs with the GLP1-RA; 4 of them with the long acting (LEA-
DER [Liraglutide], SUSTAIN 6[Semaglutide], EXSCEL [Exenatide
LAR] and HARMONY [Albiglutide]) and 1 with the short acting
(ELIXA [Lixisenatide]); 3 with the GLP1 backbone (Liraglutide,
Semaglutide & Albiglutide) and 2 with the exendin backbone
(Exenatide LAR, Lixisenatide). This meta-analysis confirms
that GLP1-RA reduce atherosclerotic cardiovascular disease
with a statistically significant reduction in a total of stroke
and ML In fact, if the ELIXA trial (excluding short acting
GLP1-RA) is not included, GLP1 -RA demonstrates a significant

reduction in CV death, MI and stroke and a combination of
the latter two. Moreover, it could be speculated that GLP1
RA descending from the GLP1 -RA backbone provide huge pro-
tection from ASCVD, contrasting with those descended from
the Exendin backbone. There is however no benefit shown
in hHF with GLP1-RA. This is in keeping with all other previ-
ous literature and reiterates the stand taken by various
august bodies like the American Diabetes Association that
GLP1-RA should be the second line therapy after metformin
in patients with established atherosclerotic vascular disease
[19].

There has been 5 CVOTs with DPP-4i - SAVOR TIMI (Saxa-
gliptin), EXAMINE (Alogliptin), TECOS (Sitagliptin), CARME-
LINA (Linagliptin), Omarigliptin CVOT. In keeping with the
findings of these trials the meta-analyses reaffirm that DPP-
4i are cardiovascular neutral inasmuch that they cause no
harm in patients with AtheroSclerotic CardioVascular Disease
(ASCVD), whether it be CV death, MI or Stroke. Inclusive of
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Omarigliptin (a DPP-4i not available in clinical practice), DPP-
4i are also completely safe in hHF (RR 1.013 CI 0.857-1.197
P =0.879), a much-debated area. This is most reassuring for
gliptins as a group as it lays to rest the stigma that has been
attached to the group following the FDA branding in 2017,
with the exception of saxagliptin which seems to have
demonstrated a molecule-specific increased risk of hHF as
demonstrated by the SAVOR-TIMI 53 trial and the data exam-
ined from the FAERS database.

The 3 CVOTs with SGLT2-i clearly express a statistically
significant reduction in hHF (RR 0.728, 95% CI: 0.64-0.83).
However, there is no benefit with SGLT2-i in CV death, all
MI, all stroke. This would be in keeping with previously pub-
lished studies which seem to indicate that SGLT2-i confer
benefit to T2D patients with AtheroSclerotic CardioVascular
Disease (ASCVD) primarily by inducing fluid loss and thereby
reducing after load and because of this mode of action they
largely have no effect on atherosclerotic events. However, this
meta-analysis contrasts with a recently published meta-
analysis which indicated that there was some benefit in
reduction of ASCVD in patients with established cardiovascu-
lar disease from SGLT-2i [20].

There were a few limitations with this meta-analysis. The
selection criteria were extremely restrictive and could have
led to exclusion of numerous observational and randomized
trials. However, we performed this meta-analysis by including
studies which satisfied the FDA/EAMA recommended criteria
of the minimum number of events and 1.5 years follow up.
Although large population based observational studies can
give important information about the real-life application of
the drug in question along with a very good idea about its
safety, RCTs are still considered the “gold standard” method
of testing a hypothesis. We also appreciate that there were
differences in the baseline, inclusion criteria and definitions
of end points in all these different studies but the differences
were small and subtle. Finally, we did not assess the compos-
ite primary end point (MACE) or the adverse effects of the
individual agents. In order of keep the end-points analysis
more focused and clinically relevant we chose to include
the objective, individual CV end points instead of a composite.
As far as the safety end-points were concerned, in view of the
numerous meta-analysis on this topic published already, we
chose to opt out of evaluating them and instead concentrated
on those objective, individual end-points responsible for addi-
tional label change for the products.

The main strength of this meta-analysis was the large
population & events studied. The inclusion of hard objective
end-points as part of the analysis plan was another strength
of this study.

This report supports the position of ADA/EASD algorithm
which places GLP1-RA and SGLT2-i inhibitors as second line
therapy for T2D patients with ASCVD [21]. However our
meta-analysis clearly depicts that GLP1RA would be at the
heart of treatment for patients with atherosclerotic disease
like MI, Stroke, while SGLT2-i would be more suitable for pre-
venting hospitalization for heart failure.

With elegant data supporting the metabolic benefits of
SGLT2-i and GLP1-RA combination therapy, it would probably
be most opportune to treat T2D patients with a combination
of both these drugs.

5. Conclusion

This meta-analysis confirms that DPP-4i are neutral as a
group in all aspects of cardiovascular disease. SGLT2-i show
a definite benefit in reduction of hospitalization for heart fail-
ure but are largely neutral otherwise. GLP1-RA as a class
reduce risk of atherosclerotic vascular disease showing a sig-
nificant reduction in myocardial infarction and stroke and a
combination of both. The ideal treatment regimen in T2D
with established CVD would therefore be a combination of
GLP1-RA and SGLT2-i on a background of Metformin therapy
to address the entire cardiovascular composite.
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