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Heterogeneity of antidiabetic treatment 
effect on the risk of major adverse 
cardiovascular events in type 2 diabetes: 
a systematic review and meta‑analysis
Elvira D’Andrea1*  , Aaron S. Kesselheim1,2, Jessica M. Franklin1, Emily H. Jung1, Spencer Phillips Hey1,2 
and Elisabetta Patorno3

Abstract 

Background:  We explored whether clinically relevant baseline characteristics of patients with type 2 diabetes can 
modify the effect of glucagon-like peptide-1 receptor agonists (GLP-1 RA) or sodium-glucose cotransporter-2 inhibi-
tors (SGLT-2i) on the risk of major adverse cardiovascular events (MACE).

Methods:  We investigated Medline and EMBASE through June 2019. We included randomized clinical trials reporting 
the effect of GLP-1 RA or SGLT-2i on MACE in subgroups of patients with type 2 diabetes, identified through key base-
line factors: established cardiovascular disease; heart failure; chronic kidney disease; uncontrolled diabetes; duration 
of diabetes; hypertension; obesity; age; gender and race. Hazard ratios (HRs) and 95% confidence intervals (CIs) from 
trials were meta-analyzed using random-effects models.

Results:  Ten trials enrolling 89,790 patients were included in the analyses. Subgroup meta-analyses showed a 14% 
risk reduction of MACE in patients with established cardiovascular disease [GLP1-RA: HR, 0.86 (95% CI, 0.80–0.93); 
SGLT-2i: 0.86 (0.80–0.93)], and no effect in at-risk patients without history of cardiovascular events [GLP1-RA: 0.94 
(0.82–1.07); SGLT-2i: 1.00 (0.87–1.16)]. We observed a trend toward larger treatment benefits with SGLT-2i among 
patients with chronic kidney disease [0.82 (0.69–0.97)], and patients with uncontrolled diabetes for both GLP1-RA or 
SGLT-2i [GLP1-RA: 0.82 (0.71–0.95); SGLT-2i: 0.84 (0.75–0.95)]. Uncontrolled hypertension, obesity, gender, age and race 
did not appear to modify the effect of these drugs.

Conclusions:  In this exploratory analysis, history of cardiovascular disease appeared to modify the treatment effect 
of SGLT2i or GLP1-RA on MACE. Chronic kidney disease and uncontrolled diabetes should be further investigated as 
potential effect modifiers.

Keywords:  Cardiovascular diseases, Diabetes mellitus, type 2, Glucagon-like peptide 1 receptor agonists, Meta-
analysis, Sodium-glucose co, Transporter-2 inhibitors

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creat​iveco​
mmons​.org/licen​ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat​iveco​mmons​.org/publi​cdoma​in/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Introduction
Type 2 diabetes mellitus (T2DM) is the seventh-leading 
cause of death in the US and a major contributor to car-
diovascular disease [1]. Its increasing prevalence has 
translated to a commensurate growth of T2DM-related 
mortality and complications in recent years [1], which 
increases the urgency of implementing favorable findings 
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from trials on anti-diabetic treatments into clinical 
practice.

A major barrier to effective implementation of such 
findings is the scarcity of evidence describing the extent 
to which results from trials may be generalizable to all 
patients with T2DM [2] or whether the results may vary 
across subgroups of the population [3, 4]. Exploring 
treatment effect heterogeneity in a trial population may 
provide useful information that could guide clinical deci-
sion making on which groups of patients may optimally 
benefit from a specific therapeutic strategy [5].

The identification of subgroups of interest in clinical 
trials usually emerges from baseline characteristics of the 
population, which have been deemed a priori as poten-
tial treatment effect modifiers [5, 6]. However, subgroup 
analyses  within a trial are generally under-powered to 
detect treatment effect heterogeneity [5, 6].

In cardiovascular outcome trials mandated by FDA [7], 
glucagon-like peptide-1 receptor agonists (GLP-1 RA) 
and sodium-glucose cotransporter-2 inhibitors (SGLT-2i) 
have shown a reduction in the risk of major adverse car-
diovascular events compared to placebo [8, 9]. However, 
less is known about potential effect modifiers of such 
treatment effects, and consequently, uncertainty remains 
on the patient populations who might gain higher ben-
efits from these therapies in practice. Thus, we conducted 
an exploratory meta-analysis of placebo-controlled ran-
domized controlled trials to examine whether baseline 
characteristics—identified as potential effect modifiers 
in the pre-defined statistical analysis of these trials—
appeared to modify the effect of SGLT-2i and GLP-1 RA 
drugs on the outcome of major cardiovascular events.

Materials and methods
Data sources and searches
Findings are reported following the Preferred Reporting 
Items for Systematic Review and Meta-analyses guide-
lines [10]. Two authors (E.D. and E.J.) investigated Med-
line and EMBASE from inception to August 2020 using 
search terms developed to cover relevant drug classes 
and agents, type 2 diabetes, and cardiovascular outcomes 
(see Additional file 1: Table S1). Reference lists of original 
articles, systematic reviews and meta-analyses were also 
screened.

Study selection
Studies were required to contain the following inclusion 
criteria to be eligible for the meta-analyses: (1) report on 
double-blinded randomized controlled trials; (2) include 
no active comparisons (control arm should have received 
placebo or no active treatment); (3) report major adverse 
cardiovascular events (MACE) as primary outcome; (4) 
enroll participants with type 2 diabetes; (5) follow-up 

patients for longer than 6  months; (6) describe phase 3 
trial dosage; (7) investigate products within the SGLT-2i 
and GLP-1 RA drug classes. We excluded trials if they 
did not test the effect of the intervention on MACE in 
predefined subgroups reported in the pre-specified sta-
tistical plan and if their results were not available in peer-
reviewed articles.

The potential modifiers included in the current study 
were baseline factors of the trial populations measured 
at randomization, identified a priori based on their clini-
cal relevance in a type 2 diabetes population. We classi-
fied these factors in four groups: cardiovascular factors 
(established atherosclerotic cardiovascular disease and 
heart failure), renal function (estimated glomerular fil-
tration rate [eGFR], as indicator of chronic kidney dis-
ease [CKD]), cardiometabolic factors (HbA1c, duration 
of diabetes, BMI and systolic [SBP] and diastolic blood 
pressure [DBP]) and demographic factors (age, gender, 
race). The definitions and categorizations of the modifier 
across the trials are detailed in Additional file 1: Table S2. 
All potential effect modifiers considered were part of the 
pre-specified subgroup analyses of the included trials, 
and findings were provided in the published articles.

Data extraction and quality assessment
The following information was then independently 
extracted from each trial by two investigators (E.D. and 
E.J.): authors, year of publication, experimental and com-
parison drug, trial duration, length of follow-up, number 
of centers and countries, number of patients per trial 
arm, age, diabetes duration, gender prevalence, history of 
cardiovascular disease, body mass index (BMI), glycated 
hemoglobin (HbA1c) values, and hazard ratios (HRs) and 
95% confidence intervals (CIs) for the treatment effect 
on major cardiovascular events in the overall popula-
tion and in the subgroups evaluated by the trials. If trials 
failed to report exact HRs and 95% CIs for the subgroup 
analyses in the text, E.J. and E.D. extracted those data 
from graphs using different software (Get Data® and 
WebPlotDigitizer®) and comparing the obtained esti-
mates. Specifically, we extracted from graphs values for 
the subgroups of the ELIXA trial and for some subgroups 
of the DECLARE trials (i.e., HbA1c, duration of diabe-
tes, BMI, hypertension, gender, race, age). Discrepancies 
were resolved by consensus. The results on methodologi-
cal quality are presented in the Supplement as risk of bias 
table [12].

Data synthesis and analysis
First, we conducted a random-effects meta-analysis [12] 
of the overall efficacy of SGLT-2i and GLP-1 RA drugs in 
reducing MACE outcomes in the individual trials. Sec-
ond, we performed random-effects meta-analyses [13] 
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of the efficacy of these drugs on MACE outcomes within 
the pre-specified subgroups reported in the included tri-
als and listed above.

Subgroup meta-analyses were conducted among sub-
groups of individuals with the following specific char-
acteristics at randomization: established atherosclerotic 
cardiovascular disease versus cardiovascular disease 
without events at randomization; history of heart fail-
ure or congestive heart failure versus not; presence of 
chronic kidney disease (defined as eGFR levels less than 
60  mL/min/1.73  m2) versus not; uncontrolled diabetes, 
defined as HbA1c higher than 8%, versus better con-
trolled diabetes, defined as HbA1c lower than 8% (8% 
was the most common HbA1c target reported in the pre-
specified subgroups of the trials to compare controlled 
vs uncontrolled diabetes, we did not include trials that 
reported a threshold less than 8% and equal or higher 
than 8.5%); duration of diabetes (longer versus shorter 
than 10  years); hypertension (SBP ≥ 130  mmHg and/or 
DBP ≥ 80 mmHg) versus not; obesity (BMI ≥ 30.0) versus 
not; age equal to 65 years and younger versus older than 
65 years; gender (male vs female) and race (white vs black 
vs Asian).

When a pre-specified subgroup analysis in a trial was 
conducted across more than two levels of the modifier, 
we used fixed-effect model [14] to pool the estimates 
across subgroups and create the comparisons listed 
above (for example if separate results were reported for 
the subgroup “age between 65 and 75  years” and “age 
greater than 75  years,” these were pooled to produce a 
subgroup of “age greater than 65” and compare it with 
the subgroup “age lower than or equal to 65 years”).

In a few cases the pre-specified subgroups from 
the trials did not meet exactly our subgroup defini-
tions (i.e., the LEADER trial used 60 years old as a cut-
off for age; REWIND trial defined obesity using a BMI 
equal to 32 kg/m2). We included these subgroups in the 
main meta-analyses (i.e., for the LEADER trial, patients 
between 61 and 65  years old were included in the sub-
group of patients older than 65; for the REWIND trial, 
patients with a BMI equal to 31 and 32  kg/m2 were 
assigned to the subgroup of patients with BMI ≤ 30  kg/
m2), under the hypothesis that these discrepancies would 
not affect the summarized results. We then conducted 
sensitivity analyses excluding these trials to test the 
robustness of our main summarized results.

We performed a random-effects meta-regression, 
using the restricted maximum likelihood estimator with 
Knapp-Hartung modification, to assess the differences in 
the treatment effect by drug class [15]. When there was 
not significant between-drug class difference of the treat-
ment effect, we combined the two drug classes and per-
formed a test to evaluate differences between subgroups, 

using the Cochran’s Q test [16]. Results are presented 
as HRs with 95% CIs. Between-study heterogeneity was 
assessed using the I2 statistic [17]. However, when data 
are limited, I2 and 95% CI are typically large, and mag-
nitude of the statistical heterogeneity (conventionally 
described as low for I2 values between 25% and 50%, 
moderate for 50%–75%, and high for ≥ 75% [17]) should 
be interpreted with caution [18]. Funnel plot and Egg-
er’s tests were conducted to estimate potential selection 
biases [19], and results are reported in the Supplement.

All analyses conducted to evaluate potential treatment 
heterogeneity across subgroups were exploratory. There-
fore, p values were not adjusted according to the num-
ber of comparisons [20] and were regarded as significant 
when lower than 0.05. STATA version 15.0 was used for 
all calculations (College Station, Texas, Stata Corpora-
tion, 2017).

Results
The literature search identified 5,809 articles (Additional 
file 1: Figure S1), of which 10 trials met the inclusion cri-
teria [11, 21–29]. 89,790 patients were enrolled, includ-
ing 34,322 for SGLT-2is and 55,438 for GLP-1 RAs. All 
studies presented an overall low risk of bias and there 
was no of publication bias (Additional file 1: Tables S3, S4 
and Figure S2). Baseline information is shown in Table 1. 
Mean age across the entire sample was 63.5 years (range: 
60.3–66.2), and mean BMI was 31.9 (range: 30.2–32.8), 
duration of diabetes ranged from 9.3 to 14.9  years. The 
median (interquartile range) duration of follow-up was 
2.9 (2.2–3.7) years. The studies enrolled mostly men 
(range: 54–71%). Three studies exclusively enrolled par-
ticipants with established cardiovascular disease [21, 25, 
26]. The comparator was placebo in all studies. In nine 
trials, the primary outcome was a composite of cardio-
vascular death, nonfatal myocardial infarction, and non-
fatal stroke, i.e., three-point MACE (3P-MACE) [11, 
22–29], while one trial added hospitalization for unsta-
ble angina to these three endpoints (4P-MACE) [21]. All 
drugs tested in the trials have been approved by the Food 
and Drug Administration (FDA) as a therapeutic option 
for the treatment of type 2 diabetes.

Efficacy of GLP1‑RA and SGLT‑2i on MACE
Overall, SGLT-2i and GLP1-RA showed 11% [HR 0.89, 
(95% CI 0.83–0.96)] and 12% [HR 0.88, (95% CI 0.82–
0.94)] reduction of major cardiovascular events, respec-
tively (Figure 1).

Seven trials reported a subgroup analysis by history of 
cardiovascular disease [11, 22–24, 27–29], while another 
three included only patients who experienced at least 
one cardiovascular event [21, 25, 26]. In 63,105 patients 
with established cardiovascular disease, GLP1-RA and 



Page 4 of 11D’Andrea et al. Cardiovasc Diabetol          (2020) 19:154 

Ta
bl

e 
1 

G
en

er
al

 c
ha

ra
ct

er
is

ti
cs

 o
f t

he
 1

0 
Ra

nd
om

iz
ed

 C
on

tr
ol

 T
ri

al
s 

in
cl

ud
ed

 in
 th

e 
m

et
a-

an
al

ys
is

Tr
ia

l 
na

m
e

Ye
ar

D
ru

g 
cl

as
s

Ex
p.

 V
s 

co
nt

ro
l 

ar
m

s

Ce
nt

er
s 

an
d 

co
un

tr
ie

s,
 

n.

Pr
im

ar
y 

en
dp

oi
nt

 
an

d 
ke

y 
se

co
nd

ar
y 

en
dp

oi
nt

Fo
llo

w
-u

p,
 

m
ed

ia
n 

in
 y

ea
rs

Pa
tie

nt
s,

 
n.

 E
xp

.: 
n.

 
Co

nt
ro

l

A
ge

, 
m

ea
n 

in
 y

ea
rs

D
ia

be
te

s 
du

ra
tio

n,
 

m
ed

ia
n 

in
 y

ea
rs

M
al

e,
 

n 
(%

)
BM

I, 
kg

/m
2

H
bA

1c
, 

m
ed

ia
n,

  %
Es

ta
bl

is
he

d 
CV

D
, n

 (%
)

Pr
ev

io
us

 
H

F,
 n

 (%
)

EG
FR

 <
 6

0 
m

L/
m

in
 

pe
r 1

.7
3 

m
2 , 

n 
(%

)

EL
IX

A
20

15
G

LP
-1

Li
xi

se
na

-
tid

e 
vs

 
pl

a-
ce

bo

49
 c

ou
nt

rie
s

4-
po

in
t 

M
A

C
E 

an
d 

ex
pa

nd
ed

 
M

A
C

E

2.
1

30
34

:3
03

4
60

.3
9.

3
42

07
 

(6
9)

30
.2

7.
6

60
68

 (1
00

)
13

58
 (2

2)
14

07
 (2

3)

LE
A

D
ER

20
16

G
LP

-1
Li

ra
gl

u-
tid

e 
vs

 
pl

a-
ce

bo

41
0 

si
te

s 
in

 3
2 

co
un

tr
ie

s
3-

po
in

t 
M

A
C

E 
an

d 
ex

pa
nd

ed
 

M
A

C
E

3.
8

46
68

:4
67

2
64

.3
12

.8
60

03
 

(6
4)

32
.5

8.
7

75
98

 (8
1)

13
05

 (1
4)

21
58

 (2
3)

SU
S- TA

IN
-6

20
16

G
LP

-1
Se

m
a-

gl
u-

tid
e 

vs
 

pl
a-

ce
bo

23
0 

si
te

s 
in

 2
0 

co
un

tr
ie

s
3-

po
in

t 
M

A
C

E 
an

d 
ex

pa
nd

ed
 

M
A

C
E

2.
1

16
48

:1
64

9
64

.6
13

.9
20

02
 

(6
1)

32
.8

8.
7

27
35

 (8
3)

77
7 

(2
4)

93
9 

(2
8)

EX
SC

EL
20

17
G

LP
-1

Ex
en

a-
tid

e 
vs

 
pl

a-
ce

bo

68
7 

si
te

s 
in

 3
5 

co
un

tr
ie

s
3-

po
in

t 
M

A
C

E 
an

d 
M

A
C

E 
co

m
po

-
ne

nt
s

3.
2

73
56

:7
39

6
62

12
56

03
 

(6
2)

31
.8

8
10

78
2 

(7
3)

46
4 

(3
)

11
29

 (8
)

H
A

R- M
O

N
Y

20
18

G
LP

-1
A

lb
ig

lu
-

tid
e 

vs
 

pl
a-

ce
bo

61
0 

si
te

s 
in

 2
8 

co
un

tr
ie

s
3-

po
in

t 
M

A
C

E 
an

d 
ex

pa
nd

ed
 

M
A

C
E

1.
6

47
31

:4
73

2
64

.1
14

.1
65

69
 

(6
9)

32
.3

8.
8

94
63

 (1
00

)
19

22
 (2

0)
22

22
 (2

3)

RE
W

IN
D

20
19

G
LP

-1
D

ul
ag

lu
-

tid
e 

vs
 

pl
a-

ce
bo

37
1 

si
te

s 
in

 2
4 

co
un

tr
ie

s
3-

po
in

t 
M

A
C

E 
an

d 
7 

se
co

nd
ar

y 
ou

tc
om

es
a

5.
4

49
49

:4
95

2
66

.2
9.

5
53

12
 

(5
4)

32
.3

7.
3

31
14

 (3
1)

85
3 

(8
.6

)
21

99
 (2

2)

PI
O

-
N

EE
R-

6
20

19
G

LP
-1

Se
m

a-
gl

u-
tid

ev
s 

pl
a-

ce
bo

21
4 

si
te

s 
in

 2
1 

co
un

tr
ie

s
3-

po
in

t 
M

A
C

E 
an

d 
ot

he
r C

VD
 

ou
tc

om
es

c

2.
6

15
91

:1
59

2
66

14
.9

21
76

 
(6

8)
32

.3
8.

2
26

95
 (8

5)
d

38
8 

(1
2.

2)
85

6 
(2

7)

EM
PA

-
RE

G
 

O
U

T-
CO

M
E

20
15

SG
LT

-2
Em

pa
-

gl
ifl

o-
zi

n 
vs

 
pl

a-
ce

bo

59
0 

si
te

s 
in

 4
2 

co
un

tr
ie

s
3-

po
in

t 
M

A
C

E 
an

d 
4-

po
in

t 
M

A
C

E

3.
1

46
87

:2
33

3
63

.1
10

b
 3

33
6 

(7
1)

30
.7

8.
1

70
20

 (1
00

)
70

6 
(1

0)
18

19
 (2

6)



Page 5 of 11D’Andrea et al. Cardiovasc Diabetol          (2020) 19:154 	

D
PP

-4
 D

ip
ep

tid
yl

 p
ep

tid
as

e-
4 

in
hi

bi
to

rs
, G

LP
-1

 G
lu

ca
go

n-
Li

ke
 P

ep
tid

e 
Re

ce
pt

or
 A

go
ni

st
s, 

So
di

um
-G

lu
co

se
 C

ot
ra

ns
po

rt
er

 2
 In

hi
bi

to
rs

, M
AC

E 
m

aj
or

 a
dv

er
se

 c
ar

di
ov

as
cu

la
r e

ve
nt

s, 
CV

D
 c

ar
di

ov
as

cu
la

r d
is

ea
se

, H
F 

he
ar

t 
fa

ilu
re

. 3
-p

oi
nt

 M
AC

E 
in

cl
ud

es
 c

ar
di

ov
as

cu
la

r d
ea

th
, n

on
fa

ta
l m

yo
ca

rd
ia

l i
nf

ar
ct

io
n,

 a
nd

 n
on

fa
ta

l s
tr

ok
e;

 4
-p

oi
nt

 M
AC

E 
in

cl
ud

es
 c

ar
di

ov
as

cu
la

r d
ea

th
, n

on
fa

ta
l m

yo
ca

rd
ia

l i
nf

ar
ct

io
n,

 n
on

fa
ta

l s
tr

ok
e 

an
d 

ho
sp

ita
liz

at
io

n 
fo

r 
un

st
ab

le
 a

ng
in

a
a  C

om
po

si
te

 c
lin

ic
al

 m
ic

ro
va

sc
ul

ar
 o

ut
co

m
e 

co
m

pr
is

in
g 

di
ab

et
ic

 re
tin

op
at

hy
 o

r r
en

al
 d

is
ea

se
; h

os
pi

ta
l a

dm
is

si
on

 fo
r u

ns
ta

bl
e 

an
gi

na
; e

ac
h 

co
m

po
ne

nt
 o

f t
he

 p
rim

ar
y 

co
m

po
si

te
 c

ar
di

ov
as

cu
la

r o
ut

co
m

e;
 d

ea
th

; a
nd

 h
ea

rt
 

fa
ilu

re
 re

qu
iri

ng
 e

ith
er

 h
os

pi
ta

l a
dm

is
si

on
 o

r a
n 

ur
ge

nt
 v

is
it 

re
qu

iri
ng

 th
er

ap
y

b  5
7%

 o
f t

he
 ra

nd
om

iz
ed

 p
at

ie
nt

s 
ha

d 
du

ra
tio

n 
of

 d
ia

be
te

s 
lo

ng
er

 th
an

 1
0 

ye
ar

s
c  S

ec
on

da
ry

 o
ut

co
m

es
: e

xp
an

de
d 

M
AC

E 
(u

ns
ta

bl
e 

an
gi

na
 re

su
lti

ng
 in

 h
os

pi
ta

liz
at

io
n 

or
 h

ea
rt

 fa
ilu

re
 re

su
lti

ng
 in

 h
os

pi
ta

liz
at

io
n)

; a
 c

om
po

si
te

 o
f d

ea
th

 fr
om

 a
ny

 c
au

se
, n

on
fa

ta
l m

yo
ca

rd
ia

l i
nf

ar
ct

io
n,

 o
r n

on
fa

ta
l s

tr
ok

e;
 

an
d 

th
e 

in
di

vi
du

al
 c

om
po

ne
nt

s 
of

 th
es

e 
co

m
po

si
te

 o
ut

co
m

es
d  A

ge
 ≥

 5
0 

yr
 a

nd
 e

st
ab

lis
he

d 
CV

D
 o

r c
hr

on
ic

 k
id

ne
y 

di
se

as
e

Ta
bl

e 
1 

(c
on

ti
nu

ed
)

Tr
ia

l 
na

m
e

Ye
ar

D
ru

g 
cl

as
s

Ex
p.

 V
s 

co
nt

ro
l 

ar
m

s

Ce
nt

er
s 

an
d 

co
un

tr
ie

s,
 

n.

Pr
im

ar
y 

en
dp

oi
nt

 
an

d 
ke

y 
se

co
nd

ar
y 

en
dp

oi
nt

Fo
llo

w
-u

p,
 

m
ed

ia
n 

in
 y

ea
rs

Pa
tie

nt
s,

 
n.

 E
xp

.: 
n.

 
Co

nt
ro

l

A
ge

, 
m

ea
n 

in
 y

ea
rs

D
ia

be
te

s 
du

ra
tio

n,
 

m
ed

ia
n 

in
 y

ea
rs

M
al

e,
 

n 
(%

)
BM

I, 
kg

/m
2

H
bA

1c
, 

m
ed

ia
n,

  %
Es

ta
bl

is
he

d 
CV

D
, n

 (%
)

Pr
ev

io
us

 
H

F,
 n

 (%
)

EG
FR

 <
 6

0 
m

L/
m

in
 

pe
r 1

.7
3 

m
2 , 

n 
(%

)

C
A

N
VA

S
20

17
SG

LT
-2

Ca
na

gl
i-

flo
zi

n 
vs

 
pl

a-
ce

bo

66
7 

si
te

s 
in

 3
0 

co
un

tr
ie

s
3-

po
in

t 
M

A
C

E 
an

d 
al

l-c
au

se
 

an
d 

C
VD

 
de

at
hs

2.
4

57
95

:4
34

7
63

.3
13

.5
65

09
 

(6
4)

32
8.

2
66

56
 (6

6)
14

61
 (1

4)
20

39
 (2

0)

D
EC

LA
RE

20
19

SG
LT

-2
D

ap
ag

li-
flo

zi
n 

vs
 

pl
a-

ce
bo

88
2 

si
te

s 
in

 3
3 

co
un

tr
ie

s
3-

po
in

t 
M

A
C

E 
an

d 
C

VD
 m

or
-

ta
lit

y +
 H

F 
ho

sp
ita

liz
a-

tio
ns

4.
2

85
82

:8
57

8
63

.9
11

.0
10

73
8 

(6
3)

32
.1

8.
3

69
74

 (4
1)

17
24

 (1
0)

12
65

 (7
)



Page 6 of 11D’Andrea et al. Cardiovasc Diabetol          (2020) 19:154 

SGLT-2i drugs showed a 14% reduction of MACE [GLP1-
RA: 0.86 (0.80–0.93); SGLT-2i: 0.86 (0.80–0.93)]. By 
contrast, in 26,665 patients at high risk of cardiovascu-
lar disease, but without history of cardiovascular events, 
GLP1-RA and SGLT-2i seemed to have minimal or no 
effect on MACE [GLP1-RA: 0.94 (0.82–1.07); SGLT-2i: 
1.00 (0.87–1.16)] (difference in effect between patients 
with vs. without a history of cardiovascular disease: 
p = 0.049, I2 = 74%) (Figure 2).

Seven trials reported results stratified by prior heart 
failure [20–24, 26, 27]. SGLT-2i and GLP1-RA drugs 
showed a risk reduction in MACE of 10% and 14% 
in the subgroups of patients without prior heart fail-
ure [HR 0.90 (0.83–0.98), n patients = 3,185, and HR 
0.86 (0.78–0.96), n patients = 7,497], and a 9-10% risk 
reduction among patients with prior heart failure [0.91 
(0.73–1.14), n patients = 24,117, and 0.90 (0.79–1.02), 
n patients = 35,372], respectively (difference in effect 
between patients with vs. without heart failure: p = 0.652) 
(Additional file 1: Figure S3).

A subgroup analysis by eGFR levels was reported 
in nine trials [21–29]. The number of patients with 

impaired renal function was about one-sixth of the 
number of patients with regular or mild impaired renal 
function in the SGLT-2i trials (n patients = 29,196 vs 
5,123) and approximately one-third in the GLP1-RA tri-
als (n patients = 35,251 vs 10,773). Compared to placebo, 
SGLT2i drugs showed a trend towards larger reduction in 
the risk of MACE among patients with CKD than among 
patients without CKD [0.82 (0.69–0.97) vs 0.91 (0.83–
1.00)], (p = 0.307). GLP-1 RA drugs appeared to have 
similar reductions in the risk of MACE, independently of 
history of CKD [patients with CKD: 0.88 (0.75–1.03) vs 
patients without CKD: 0.85 (0.75–0.97)] (Figure 3).

All trials reported findings stratified by HbA1c level. 
Five trials selected 8% as the threshold to identify patient 
subgroups [22, 24, 25, 27, 28]. In patients with uncon-
trolled diabetes (HbA1c > 8%), SGLT2i and GLP1-RA 
drugs reduced the risk of MACE by 16% [0.84 (0.75–
0.95)] and 18% [0.82 (0.71–0.95)], respectively; while in 
patients with a better diabetes control (HbA1c ≤ 8%), 
the risk reduction was 8-9% [GLP1-RA: 0.91 (0.82–1.00); 
SGLT-2i: 0.92 (0.79–1.07)] (Fig.  4, p = 0.152). Dura-
tion of diabetes did not appear to modify the effect of 

Fig. 1  Meta-analysis of the association between antidiabetic treatments and major adverse cardiovascular events (MACE) stratified by drug classes
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GLP1-RA drugs on MACE across subgroups [dura-
tion < 10 years: 0.85 (0.72–1.01); duration ≥ 10 years: 0.88 
(0.82–0.95)]; SGLT-2i drugs showed a 14% reduction in 
the risk of MACE in patients with a history of diabetes 
longer than ten years and had null effect on those with a 
shorter one [duration < 10  years: 0.86 (0.79–0.93); dura-
tion ≥ 10  years: 1.03 (0.94–1.13)] (difference between 
patients with diabetes < 10  years vs. duration ≥ 10  years: 
p = 0.472) ( Additional file  1: Figure S4). The effect of 
GLP1-RA and SGLT-2i drugs on MACE appeared to 
be similar in groups of patients with or without obe-
sity (difference between patients with vs. without obe-
sity: p = 0.789) (Additional file  1: Figure S5). Sensitivity 

analyses excluding REWIND trial from the GLP1 RA tri-
als yielded similar effect estimates and confidence inter-
vals compared to the main analyses stratified by BMI 
(Additional file 1: Figure S10).

Similarly, SGLT-2i drugs showed equal risk reductions 
in subgroups of patients with and without hypertension-
for the three trials that included the subgroup analyses 
for uncontrolled hypertension [26–28] (Additional file 1: 
Figure S6, p = 0.924).

All included trials explored the effect of gender, race, 
and age on MACE [11, 21–29]. The effect of GLP1-
RA and SGLT-2i drugs on MACE was similar across all 
these factors (e.g., difference between male vs female 

Patients with established cardiovascular disease Patients at risk of cardiovascular events.

Fig. 2  Subgroup meta-analysis of the association between antidiabetic treatments and MACE stratified by drug classes in patients with established 
cardiovascular disease and at risk of cardiovascular events

Patients with normal or mild damage of the kidney function. Patients with impaired kidney function. 

Fig. 3  Subgroup meta-analysis of the association between antidiabetic treatments and MACE stratified by drug classes in patients with normal or 
mild and impaired kidney function
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patients, p = 0.375), though we observed a trend towards 
larger reductions in the risk of MACE for GLP1-RA 
among Asian patients [0.72 (0.58–0.90)], compared with 
white and black individuals [0.89 (0.80–0.99) and 1.02 
(0.54–1.62)] (overall difference between white vs. Asian 
patients: p = 0.085), and for SGLT-2i among individu-
als aged 65  years or older [0.81 (0.69–0.96)], compared 
to those younger [0.95 (0.85–1.07)] (difference between 
patients younger vs. older than 65 years old: p = 0.585) ( 
Additional file 1: Figures S7, 8 and 9). Sensitivity analy-
ses excluding the LEADER trial from the GLP1 RA trials 
yielded almost identical effect estimates and confidence 
intervals of the main subgroup meta-analyses stratified 
by age (Additional file 1: Figure S11).

Discussion
This exploratory meta-analysis suggests that established 
cardiovascular disease might be a potential effect modi-
fier of GLP1-RA or SGLT2i treatment effect. Individuals 
with type 2 diabetes and history of cardiovascular disease 
showed a meaningful reduction in the risk of cardiovas-
cular events, over an average follow-up time of 3 years 
of treatment with longer acting GLP1-RA or SGLT-2i 
drugs, which was not observed among patients with high 
cardiovascular risk and no prior cardiovascular events. 
Trends towards larger reductions in the risk of MACE 
were noted for SGLT2i drugs among patients with CKD 
compared to patients with mild or no impaired renal 
function, and for GLP1-RA and SGLT-2i drugs among 
patients with baseline HbA1c levels equal or greater than 
8% compared to those with HbA1c levels less than 8%.

Our findings of a greater reduction in the risk of MACE 
with GLP1-RA or SGLT-2i treatment among patients 
with established cardiovascular disease are consistent 

with previous literature [7, 8] and support recent posi-
tion statements of major diabetes medical societies [28, 
29]. However, the trials included in this meta-analysis 
enrolled mostly—and sometimes only—patients with 
established cardiovascular disease and used heteroge-
neous definitions of established cardiovascular disease 
across trials, which ultimately differed from the definition 
adopted in the clinical guidelines [30–33]. Thus, even 
though our findings did not identify a cardiovascular 
benefit among patients without established cardiovascu-
lar disease, additional evidence specifically targeting this 
population would be needed to conclude whether GLP1-
RA or SGLT-2i drugs are effective or not for primary 
prevention of cardiovascular events. Furthermore, a low 
percentage of the participants enrolled in the included 
trials had characteristics similar to the patient popula-
tions with type 2 diabetes commonly treated in routine 
care [30, 34]. A recent study showed that if the selection 
criteria of the EXSCEL, SUSTAIN-6, and LEADER trials 
were applied to the real-world population, only 13–16% 
of patients with type 2 diabetes would have been eli-
gible, with the exception of 43% for the REWIND trial 
[34]. Thus, additional research on the potential effects 
of GLP1-RA or SGLT-2i in real-world patients with or 
without history of established cardiovascular disease is 
warranted.

The risk reduction of major cardiovascular events in 
patients treated with SGLT-2i or GLP1-RA drugs was 
similar in those with or without history of heart failure. 
Because of lack of granularity in the published data, we 
could not explore if there was any relevant difference in 
risk of developing heart failure among patients with and 
without heart failure. The only trial that reported a sub-
group analysis on the association between SGLT2i and 

Patients with uncontrolled diabetes (HbA1c>8%) Patients with better controlled diabetes (HbA1c≤8%).

Fig. 4  Subgroup meta-analysis of the association between antidiabetic treatments and MACE stratified by drug classes in patients with 
uncontrolled diabetes (HbA1c > 8%) and better controlled diabetes (HbA1c ≤ 8%)
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hospitalization for heart failure or cardiovascular death, 
i.e., the DECLARE trial, suggested that the benefit could 
be similar among patients with and without history of 
heart failure [prior heart failure: 0.79 (0.63–0.99 vs. no 
history of heart failure 0.84 (0.72–0.99)) [28]. A recent 
trial confirmed that dapagliflozin led to a reduction of 
heart failure events and cardiovascular deaths in patients 
with chronic heart failure independently of type 2 diabe-
tes [DAPA-HF: 0.75 (0.63 to 0.90)] [35, 36].

SGLT2i drugs appeared to reduce the cardiovascular 
risk by a larger magnitude in the group with CKD com-
pared to the group with mild or no impaired renal func-
tion (18% vs 9%). A recent trial, targeting specifically 
patients with type 2 diabetes and chronic kidney dis-
ease, showed a risk reduction in MACE among patients 
treated with canagliflozin with estimates very close 
to our findings [CREDENCE: (HR 0.80; 95% CI 0.67 to 
0.95) vs our results: (HR 0.82; 95% CI 0.69 to 0.97)] [37]. 
Meta-analyses of trials on GLP1 RA drugs stratified by 
CKD showed a moderate heterogeneity. In addition to 
an under-representation of patients with CKD in cardio-
vascular outcome trials assessing GLP1 RA, the source of 
this heterogeneity is likely to depend on a complex com-
bination of factors that should be further investigated 
with individual-level data. Potential differential effects 
of GLP1 RA agents on renal outcomes due to structural 
differences should also be considered. [38, 39]. GLP1-RA 
and SGLT-2i drugs also showed trends towards larger 
reductions in the risk of MACE in patients with base-
line HbA1c levels equal or greater than 8% compared to 
those with HbA1c levels less than 8% (SGLT-2i:16% vs 
8%; GLP1-RA: 18% vs. 9%). We could not explore further 
the characteristics of patients with uncontrolled diabetes 
because of lack of information provided by clinical trials.

Our meta-analysis is the first to explore the potential 
effect modification of SGLT2i and GLP1 RA treatment 
with respect to MACE by multiple baseline character-
istics, as identified by the cardiovascular outcome tri-
als on these medication classes. Previous meta-analyses 
only focused on the assessment of effect modification by 
cardiovascular disease [7, 8, 40], or provided direct com-
parisons between drug classes primarily on MACE or 
heart failure [41, 42], without considering potential treat-
ment effect heterogeneity. Our study has several limita-
tions. First, in the context of this exploratory analysis, we 
did not adjust our test statistics to account for multiple 
comparisons. Thus, the potential GLP1-RA or SGLT2i 
treatment effect heterogeneity identified across groups 
of patients with and without established cardiovascular 
disease would not be deemed significant in the setting of 
adjusted p-values. However, our results are in line with 
current literature supporting the presence of effect modi-
fication by history of established cardiovascular disease 

[7, 8]. Second, we could not explore the modification 
of the treatment effect analyzing more than one factor 
at the time due to the small number of trials available. 
Third, there was some heterogeneity in the definition and 
measurement of the effect modifiers across the included 
trials, which we could not account for in our analyses. 
Fourth, some extent of heterogeneity in the treatment 
effects of individual agents within the same class (espe-
cially GLP1-RA drugs) cannot be ruled out and could not 
be investigated within the current study. Finally, some of 
our subgroup meta-analyses might be still underpowered 
to detect treatment heterogeneity.

Conclusions
The overall benefits of SGLT2i or GLP1-RA drugs on 
major adverse cardiovascular events range between 
11% and 12%. Among several clinically relevant baseline 
patients’ characteristics, history of established athero-
sclerotic cardiovascular disease appears to be the only 
modifier of the treatment effect of SGLT2i or GLP1-
RA drugs with respect to major cardiovascular events, 
though more information on the effect of these agents is 
needed among patients without history of cardiovascular 
disease. A direction toward larger benefits was observed 
among patients with baseline CKD for the SGLT-2i treat-
ment, and among patients with baseline uncontrolled 
diabetes for both SGLT-2i or GLP1-RA drugs.
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