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Abbreviations
CVRF	� Cardiovascular risk factor.
GLP-1	� RAs Glucagon-like peptide-1 receptor agonists.
MACE	 �Cardiovascular safety profile of currently avail-

able diabetic drugs.

1  Introduction

People with diabetes have a high neurological risk, such 
as stroke, cognitive impairment, or diabetic neuropathy. In 
recent years we have witnessed the vertiginous progress in 
relation to new treatments for diabetes, which are not just 
limited to good glycaemic control, but can have beneficial 
effects on other organs such as the brain.

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) 
currently play an important therapeutic role in the treatment 
of type 2 diabetes. They present similar properties to the 
human peptide as they reduce blood glucose and glycosylated 
haemoglobin levels, favouring insulin receptor sensitivity 
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Abstract
Emerging evidence suggests that treatment with glucagon-like peptide-1 receptor agonists (GLP-1 RAs) could be an 
interesting treatment strategy to reduce neurological complications such as stroke, cognitive impairment, and peripheral 
neuropathy. We performed a systematic review to examine the evidence concerning the effects of GLP-1 RAs on neu-
rological complications of diabetes. The databases used were Pubmed, Scopus and Cochrane. We selected clinical trials 
which analysed the effect of GLP-1 RAs on stroke, cognitive impairment, and peripheral neuropathy. We found a total of 
19 studies: 8 studies include stroke or major cardiovascular events, 7 involve cognitive impairment and 4 include periph-
eral neuropathy. Semaglutide subcutaneous and dulaglutide reduced stroke cases. Liraglutide, albiglutide, oral semaglutide 
and efpeglenatide, were not shown to reduce the number of strokes but did reduce major cardiovascular events. Exenatide, 
dulaglutide and liraglutide improved general cognition but no significant effect on diabetic peripheral neuropathy has been 
reported with GLP-1 RAs. GLP-1 RAs are promising drugs that seem to be useful in the reduction of some neurological 
complications of diabetes. However, more studies are needed.
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and increasing insulin secretion. On the other hand, they can 
slow down gastric emptying, achieving an increase in sati-
ety and a reduction in body weight. All the GLP-1-RAs (lix-
isenatide, liraglutide, semaglutide, exenatide, dulaglutide, 
albiglutide, efpeglenatide) are administered via subcutane-
ous (sc.) injection, except for semaglutide with both routes 
of administration, sc. and oral. Recent studies have shown 
that GLP-1 RAs also act on the nervous system, providing 
neuroprotective effects, mainly by controlling vascular risk 
factors and cardiovascular improvement [1].

The cardiovascular safety of GLP-1-RAs in patients 
with type 2 diabetes has been demonstrated in multiple 
randomized controlled trials [2, 3]. The US Food and Drug 
Administration and the European Medicines Agency have 
required safety studies of these drugs on cardiovascular risk 
in patients with diabetes, which have allowed us to know 
their cardiovascular effects, including stroke, and further 
our understanding of its benefits in patients with type 2 dia-
betes and high vascular risk.

On the other hand, cognitive impairment is one more 
complication in persons with diabetes, presenting a cogni-
tive profile with alterations mainly in the speed of informa-
tion processing, verbal and visual memory, attention, and 
executive function [4]. Neuroimaging studies with MRI and 
brain PET have shown correlations with these neuropsycho-
logical alterations and brain structural-functional alterations 
[5, 6]. Some studies suggest that there is an overlap between 
the pathophysiological mechanisms of Alzheimer’s disease 
and diabetes mediated by insulin resistance [7]. It is known 
that patients with Alzheimer’s disease present a decrease in 
insulin levels and an alteration of the signal in insulin recep-
tors in the brain [7], favouring the deposition of amyloid 
beta and tau protein [8]. Experimental studies have shown 
the expression of GLP-1 receptors in areas such as the cere-
bral hippocampus, especially in the dendrites of the pyrami-
dal cells of the CA1 and CA3 region of this structure, which 
is crucial in the cognitive processes of learning and memory 
[9, 10]. Other studies have demonstrated the neuroprotec-
tive role of GLP-1 analogues as they produce a reduction in 
oxidative stress and apoptosis, showing new brain connec-
tions and neuroplasticity [11].

Another complication of diabetes is peripheral neurop-
athy affecting the peripheral nervous system. It can affect 
about 50% of patients with diabetes [12]. Symptoms of 
peripheral neuropathy present with varying degrees of 
numbness, tingling, or pain primarily in the distal parts of 
the extremities [13]. An early assessment of peripheral poly-
neuropathy symptoms helps prevent ulcers, local infection, 
or sepsis, and even death [12]. Many risk factors for diabetic 
neuropathy have been identified, including the presence of 
cardiovascular risk factors [14] and studies have aimed to 

determine the possible benefit of GLP-1 RAs in the preven-
tion or improvement of peripheral neuropathy.

This study aimed to perform a systematic review to 
identify the evidence relating the effects of GLP-1 RAs on 
neurological complications of diabetes (stroke, cognitive 
impairment, and peripheral neuropathy).

2  Methods

2.1  Search strategy

To undertake this systematic review, an exhaustive search 
was carried out through the Medline, Cochrane, and Sco-
pus databases to identify those clinical trials related to the 
topic until January 2022. The keywords used were the same 
in the different databases: “GLP-1 Ras” [MeSH Terms] 
AND “stroke” [MeSH Terms] OR “cardiovascular disease” 
[MeSH Terms] OR “peripheral neuropathy” [MeSH Terms] 
OR “cognitive impairment” [MeSH Terms] OR “Alzheim-
er’s disease” [MeSH Terms].

Selection criteria.
Studies were included in this systematic review if they 

met the following criteria: study design was a clinical trial or 
controlled clinical trial; participants were adults with a diag-
nosis of either type 1 or 2 diabetes mellitus with GLP-1 RA 
treatment and a history of stroke or cardiovascular events, 
cognitive impairment, or peripheral neuropathy. Each study 
had to detail the number of physical events and mental 
points and then compare the results with the other interven-
tion group. It was also necessary to specify if either stroke 
or a major cardiovascular event (MACE) was measured in 
the cardiovascular field, and what kind of tests and imag-
ing were used in both cognitive impairment and peripheral 
neuropathy, so the starting point of the participants was also 
required. The exclusion criteria for this systematic review 
were clinical cases, reviews, meta-analyses, letters to the 
editor, single case studies, communications to conferences, 
other neurological diseases that were not addressed in the 
systematic review, animal studies and articles not written 
in English or Spanish. This systematic review is reported 
according to the Preferred Reported Items for Systematic 
reviews and Meta-Analyses (PRISMA) [15]. The PRISMA 
diagram illustrates the selection process of the studies and 
shows reasons for exclusion (Fig. 1).

3  Results

The search resulted in a total of 5954 articles, though after 
applying the inclusion and exclusion criteria, only 26 stud-
ies were finally selected.
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3.1  GLP-1 RAs and stroke/MACE

This systematic review included 8 studies related to GLP-1 
RAs and stroke/MACE [16–23]. All were double blind, ran-
domized, placebo-controlled trials, and all enrolled middle- 
or old-aged participants with a previous diagnosis of type 2 
diabetes as well as cardiovascular risk factors or cardiovas-
cular disease. The study measure was specifically stroke in 
almost all articles [16–26], except for the AMPLITUDE-0 
trial [23] where it was MACE. Post-hoc analyses of these 
studies were included in the discussion (see Table 1).

The primary objective of most of the large, double-blind, 
randomized, placebo-controlled trials that have evaluated 
the cardiovascular effects of GLP-1 RAs in patients with 

type 2 diabetes focused on evaluating the presence of a 
MACE, which was defined and generally included cardio-
vascular death, non-fatal myocardial infarction and nonfatal 
stroke. The subgroup analyses of each article found the fol-
lowing results in relation to the risk of stroke:

In the ELIXA lixisenatide trial that evaluated patients 
with acute coronary syndrome (n = 6068 patients with an 
acute coronary event within 180 days before screening), 
subcutaneous (sc.) lixisenatide had no effect on the risk of 
nonfatal stroke over a median 25-month follow-up [16].

In the EXSCEL cardiovascular event reduction study 
with exenatide, (n = 14,752 patients with or without estab-
lished cardiovascular disease), extended-release exenatide 

Fig. 1  Flowchart of the strategy 
search
 

1 3



Reviews in Endocrine and Metabolic Disorders

St
ud

y 
[R

ef
.]

St
ud

y 
de

si
gn

Pa
tie

nt
s, 

n
Ty

pe
 o

f p
ar

tic
ip

an
ts

In
te

rv
en

tio
n

St
ud

y 
m

ea
su

re
M
ai
n 
fin
di
ng
s

C
on

cl
us

io
ns

Pf
eff
er
 

M
.A

. e
t 

al
. [

16
]

(2
01

5)

M
ul

tic
en

tre
, 

ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
pl

ac
eb

o-
co

nt
ro

lle
d 

tri
al

; E
LI

X
A

N
 =

 6,
06

8
Pa

rti
ci

pa
nt

s a
ge

d >
 30

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 
of

 ty
pe

 2
 d

ia
be

te
s, 

w
ho

 a
ls

o 
ha

d 
an

 a
cu

te
 

co
ro

na
ry

 e
ve

nt
 w

ith
in

 1
80

 d
ay

s b
ef

or
e 

sc
re

en
in

g.

Li
xi

se
na

tid
e 

sc
. (

n =
 3,

03
4)

 
vs

. p
la

ce
bo

 
(n

 =
 3,

03
4)

ST
R

O
K

E
-L
ix
is
en
at
id
e 
sc
. d
id
 n
ot
 si
gn
ifi
ca
nt
ly
 re
du
ce
 

th
e 

nu
m

be
r o

f s
tro

ke
 c

as
es

 c
om

pa
re

d 
to

 
pl

ac
eb

o 
(p

 =
 0.

54
).

Li
xi

se
na

tid
e 

sc
. c

ou
ld

 n
ot

 
be

 su
ita

bl
e 

fo
r t

he
 re

du
c-

tio
n 

of
 M

A
C

E 
ev

en
ts

 
no

r f
or

 fa
ta

l o
r n

on
-f

at
al

 
st

ro
ke

 c
as

es
.

M
ar

so
 

S.
 P

. e
t 

al
. [

19
]

(2
01

6)

R
an

do
m

iz
ed

, 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d 
tri

al
; L

EA
D

ER

N
 =

 9,
34

0
Pa

rti
ci

pa
nt

s a
ge

d >
 50

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 
of

 ty
pe

 2
 d

ia
be

te
s a

nd
 a

t l
ea

st
 o

ne
 c

ar
di

o-
va

sc
ul

ar
 c

on
di

tio
n 

or
 a

ge
d >

 60
 y

ea
rs

 w
ith

 
di

ag
no

si
s o

f t
yp

e 
2 

di
ab

et
es

 a
nd

 a
t l

ea
st

 
on

e 
ca

rd
io

va
sc

ul
ar

 ri
sk

 fa
ct

or
.

O
nc

e-
da

ily
 

lir
ag

lu
tid

e 
sc

. 
(n

 =
 4,

66
8)

 
or

 p
la

ce
bo

 
(n

 =
 4,

67
2)

ST
R

O
K

E
-L
ira
gl
ut
id
e 
sc
. d
id
 n
ot
 si
gn
ifi
ca
nt
ly
 re
du
ce
 

th
e 

nu
m

be
r o

f f
at

al
 st

ro
ke

 c
as

es
 c

om
pa

re
d 

to
 

pl
ac

eb
o 

(p
 =

 0.
16

).
- L

ira
gl
ut
id
e 
sc
. d
id
 n
ot
 si
gn
ifi
ca
nt
ly
 re
du
ce
 

th
e 

nu
m

be
r o

f n
on

-f
at

al
 st

ro
ke

 c
as

es
 c

om
-

pa
re

d 
to

 p
la

ce
bo

 (p
 =

 0.
3)

.

Li
ra

gl
ut

id
e 

sc
. c

ou
ld

 b
e 

su
ita

bl
e 

fo
r t

he
 re

du
ct

io
n 

of
 M

A
C

E 
ev

en
ts

, b
ut

 
no

t f
or

 fa
ta

l o
r n

on
-f

at
al

 
st

ro
ke

 c
as

es
.

Ve
rm

a 
S.

 e
t a

l. 
[5

7]
(2

01
9)

Po
st

-h
oc

 a
na

ly
si

s 
of

 d
ou

bl
e-

bl
in

d,
 

ra
nd

om
iz

ed
, 

pl
ac

eb
o-

co
nt

ro
lle

d 
LE

A
D

ER
 tr

ia
l.

N
 =

 9,
34

0
Pa

rti
ci

pa
nt

s a
ge

d >
 50

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 
of

 ty
pe

 2
 d

ia
be

te
s a

nd
 a

t l
ea

st
 o

ne
 c

ar
di

o-
va

sc
ul

ar
 c

on
di

tio
n 

or
 a

ge
d >

 60
 y

ea
rs

 w
ith

 
di

ag
no

si
s o

f t
yp

e 
2 

di
ab

et
es

 a
nd

 a
t l

ea
st

 
on

e 
ca

rd
io

va
sc

ul
ar

 ri
sk

 fa
ct

or
.

O
nc

e-
da

ily
 

lir
ag

lu
tid

e 
sc

. 
(n

 =
 4,

66
8)

 
or

 p
la

ce
bo

 
(n

 =
 4,

67
2)

M
A

C
E

-L
ira

gl
ut

id
e 

sc
. w

as
 a

ss
oc

ia
te

d 
w

ith
 a

 1
5.

7%
 

re
la

tiv
e 

ris
k 

re
du

ct
io

n 
in

 to
ta

l M
A

C
E 

an
d 

a 
13

.4
%

 re
du

ct
io

n 
in

 to
ta

l e
xp

an
de

d 
M

A
C

E 
co

m
pa

re
d 

w
ith

 p
la

ce
bo

.

Li
ra

gl
ut

id
e 

sc
. i

s 
m
or
e 
eff
ec
tiv
e 
re
du
c-

in
g 

ex
pa

nd
ed

-M
A

C
E 

th
an

 M
A

C
E 

ev
en

ts
 in

 
pa

rti
ci

pa
nt

s w
ith

 ty
pe

 2
 

di
ab

et
es

 a
nd

 h
ig

h 
ris

k 
of

 
ca

rd
io

va
sc

ul
ar

 e
ve

nt
s.

M
ar

so
 

S.
 P

. 
[5

4]
(2

02
0)

Po
st

-h
oc

 a
na

ly
si

s 
of

 d
ou

bl
e-

bl
in

d,
 

ra
nd

om
iz

ed
, 

pl
ac

eb
o-

co
nt

ro
lle

d 
LE

A
D

ER
 tr

ia
l.

N
 =

 9,
34

0
Pa

rti
ci

pa
nt

s a
ge

d >
 50

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 
of

 ty
pe

 2
 d

ia
be

te
s a

nd
 a

t l
ea

st
 o

ne
 c

ar
di

o-
va

sc
ul

ar
 c

on
di

tio
n 

or
 a

ge
d >

 60
 y

ea
rs

 w
ith

 
di

ag
no

si
s o

f t
yp

e 
2 

di
ab

et
es

 a
nd

 a
t l

ea
st

 
on

e 
ca

rd
io

va
sc

ul
ar

 ri
sk

 fa
ct

or
.

O
nc

e-
da

ily
 

lir
ag

lu
tid

e 
sc

. 
(n

 =
 4,

66
8)

 
or

 p
la

ce
bo

 
(n

 =
 4,

67
2)

ST
R

O
K

E
-N
o 
si
gn
ifi
ca
nt
 re
du
ct
io
n 
in
 th
e 
nu
m
be
r o
f 

st
ro

ke
s b

et
w

ee
n 

lir
ag

lu
tid

e 
sc

. a
nd

 p
la

ce
bo

 in
 

pa
tie

nt
s w

ith
 n

o 
he

ar
t f

ai
lu

re
-N
o 
si
gn
ifi
ca
nt
 re
du
ct
io
n 
in
 th
e 
nu
m
be
r o
f 

no
n-

fa
ta

l s
tro

ke
 c

as
es

 w
as

 o
bs

er
ve

d 
be

tw
ee

n 
lir

ag
lu

tid
e 

sc
. a

nd
 p

la
ce

bo
 in

 p
at

ie
nt

s w
ith

 
N

Y
H

A
 fu

nc
tio

na
l c

la
ss

 I-
II

I

Li
ra

gl
ut

id
e 

sc
. r

ed
uc

es
 

th
e 

nu
m

be
r o

f M
A

C
E 

in
 p

at
ie

nt
s w

ith
 ty

pe
 2

 
di

ab
et

es
 d

es
pi

te
 p

re
vi

-
ou

s l
ev

el
s o

f N
Y

H
A

 
fu

nc
tio

na
l c

la
ss

 I 
to

 II
I 

H
F,

 b
ut

 n
ot

 th
e 

nu
m

be
r o

f 
st

ro
ke

s.
B

us
e 

J.B
. e

t 
al

. [
58

]
(2

02
0)

Po
st

-h
oc

 a
na

ly
si

s 
of

 d
ou

bl
e-

bl
in

d,
 

ra
nd

om
iz

ed
, 

pl
ac

eb
o-

co
nt

ro
lle

d 
LE

A
D

ER
 tr

ia
l.

N
 =

 9,
34

0
Pa

rti
ci

pa
nt

s a
ge

d >
 50

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 
of

 ty
pe

 2
 d

ia
be

te
s a

nd
 a

t l
ea

st
 o

ne
 c

ar
di

o-
va

sc
ul

ar
 c

on
di

tio
n 

or
 a

ge
d >

 60
 y

ea
rs

 w
ith

 
di

ag
no

si
s o

f t
yp

e 
2 

di
ab

et
es

 a
nd

 a
t l

ea
st

 
on

e 
ca

rd
io

va
sc

ul
ar

 ri
sk

 fa
ct

or
.

O
nc

e-
da

ily
 

lir
ag

lu
tid

e 
sc

. 
(n

 =
 4,

66
8)

 
or

 p
la

ce
bo

 
(n

 =
 4,

67
2)

M
A

C
E

-H
bA

1C
 c

ha
ng

ed
 a

s t
im

e-
de

pe
nd

en
t 

co
va

ria
te

.
- H

bA
1C

 u
pd

at
ed

 m
ea

n 
as

 ti
m

e-
de

pe
nd

en
t 

co
va

ria
te

.
-U

A
C

R
 c

ha
ng

ed
 a

s t
im

e-
de

pe
nd

en
t c

ov
ar

ia
te

.
-U

A
C

R
 u

pd
at

ed
 m

ea
n 

as
 ti

m
e-

de
pe

nd
en

t 
co

va
ria

te
.

H
bA

1C
, a

nd
 to

 a
 le

ss
er

 
ex

te
nt

 U
A

C
R

 re
du

c-
tio

n,
 a

re
 th

ou
gh

t t
o 

be
 

m
ed

ia
to

rs
 o

f t
he

 M
A

C
E-

pr
ev
en
tiv
e 
eff
ec
ts
 o
f 

lir
ag

lu
tid

e.

M
ar

so
 

S.
P.

 e
t 

al
. [

20
]

(2
01

6)

R
an

do
m

iz
ed

, 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d 
tri

al
. S

U
ST

A
IN

-6
.

N
 =

 3,
29

7
Pa

rti
ci

pa
nt

s a
ge

d >
 50

 y
ea

rs
 w

ith
 ty

pe
 2

 
di

ab
et

es
 w

ith
 p

re
-e

xi
st

in
g 

ca
rd

io
va

sc
ul

ar
 

di
se

as
e,

 c
hr

on
ic

 h
ea

rt 
fa

ilu
re

 o
r c

hr
on

ic
 

ki
dn

ey
 d

is
ea

se
 (s

ta
ge

 3
 o

r h
ig

he
r)

, o
r 

ag
ed

 >
 60

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 o
f d

ia
be

te
s 

an
d 

at
 le

as
t o

ne
 c

ar
di

ov
as

cu
la

r r
is

k 
fa

ct
or

.

O
nc

e-
w

ee
kl

y 
se

m
ag

lu
tid

e 
sc

. (
n =

 1,
64

8)
 

ve
rs

us
 p

la
ce

bo
 

(n
 =

 1,
64

9)
.

ST
R

O
K

E
-S

em
ag

lu
tid

e 
sc

. r
ed

uc
ed

 th
e 

nu
m

be
r o

f 
no

n-
fa

ta
l s

tro
ke

 c
as

es
 c

om
pa

re
d 

to
 p

la
ce

bo
 

(p
 =

 0.
04

).

Se
m

ag
lu

tid
e 

sc
. c

ou
ld

 b
e 

su
ita

bl
e 

fo
r t

he
 re

du
ct

io
n 

of
 M

A
C

E 
ev

en
ts

 a
nd

 
no

n-
fa

ta
l s

tro
ke

 c
as

es
.

Ta
bl

e 
1 

G
lu

ca
go

n-
lik

e 
pe

pt
id

e-
1 

re
ce

pt
or

 a
go

ni
st

s a
nd

 S
tro

ke
 M

ac
e/

Ev
en

ts
.

1 3



Reviews in Endocrine and Metabolic Disorders

St
ud

y 
[R

ef
.]

St
ud

y 
de

si
gn

Pa
tie

nt
s, 

n
Ty

pe
 o

f p
ar

tic
ip

an
ts

In
te

rv
en

tio
n

St
ud

y 
m

ea
su

re
M
ai
n 
fin
di
ng
s

C
on

cl
us

io
ns

Le
ite

r 
L.

 A
. e

t 
al

. [
22

]
(2

02
0)

Po
st

-h
oc

 a
na

ly
si

s 
of

 ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
pl

ac
eb

o-
co

nt
ro

lle
d 

LE
A

D
ER

 a
nd

 
SU

ST
A

IN
 6

 tr
ia

ls
.

-L
EA

D
ER

 
TR

IA
L:

 
N

 =
 9,

34
0

-S
U

S-
TA

IN
-6

 
TR

IA
L:

 
N

 =
 3,

29
7

LE
A

D
ER

: P
ar

tic
ip

an
ts

 a
ge

d >
 50

 y
ea

rs
 

w
ith

 d
ia

gn
os

is
 o

f t
yp

e 
2 

di
ab

et
es

 a
nd

 
at

 le
as

t o
ne

 c
ar

di
ov

as
cu

la
r c

on
di

tio
n 

or
 

ag
ed

 >
 60

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 o
f t

yp
e 

2 
di

ab
et

es
 a

nd
 a

t l
ea

st
 o

ne
 c

ar
di

ov
as

cu
la

r 
ris

k 
fa

ct
or

.
SU

ST
A

IN
-6

: P
ar

tic
ip

an
ts

 a
ge

d >
 50

 y
ea

rs
 

w
ith

 ty
pe

 2
 d

ia
be

te
s w

ith
 p

re
-e

xi
st

in
g 

ca
rd

io
va

sc
ul

ar
 d

is
ea

se
, c

hr
on

ic
 h

ea
rt 

fa
il-

ur
e 

or
 c

hr
on

ic
 k

id
ne

y 
di

se
as

e 
(s

ta
ge

 3
 o

r 
hi

gh
er

), 
or

 a
ge

d >
 60

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 
of

 d
ia

be
te

s a
nd

 a
t l

ea
st

 o
ne

 c
ar

di
ov

as
cu

la
r 

ris
k 

fa
ct

or
.

O
nc

e-
da

ily
 

lir
ag

lu
tid

e 
sc

. 
(n

 =
 4,

66
8)

 
or

 p
la

ce
bo

 
(n

 =
 4,

67
2)

 in
 

LE
A

D
ER

 tr
ia

l.
O

nc
e-

w
ee

kl
y 

se
m

ag
lu

tid
e 

sc
. (

n =
 1,

64
8)

 
ve

rs
us

 p
la

ce
bo

 
(n

 =
 1,

64
9)

 in
 

SU
ST

A
IN

 6
 

tri
al

.

M
A

C
E

Pr
im

ar
y 

M
A

C
E 

in
 L

EA
D

ER
:

-B
P 

no
rm

al
 (H

R
: 1

.0
0;

 9
5%

 C
I, 

0.
75

–1
.3

2)
.

-B
P 

el
ev

at
ed

 (H
R

: 1
.2

1;
 9

5%
 C

I, 
0.

87
–1

.6
8)

.
-B

P 
st

ag
e 

1 
hy

pe
rte

ns
io

n 
(H

R
: 0

.7
3;

 9
5%

 C
I, 

0.
60

–0
.9

0)
.

-B
P 

st
ag

e 
2 

hy
pe

rte
ns

io
n 

(H
R

: 0
.8

4;
 9

5%
 C

I, 
0.

72
–0

.9
9)

.
Pr

im
ar

y 
M

A
C

E 
in

 S
U

ST
A

IN
-6

:
-B

P 
no

rm
al

 (H
R

: 0
.7

9;
 9

5%
 C

I, 
0.

40
–1

.5
6)

.
-B

P 
el

ev
at

ed
 (H

R
: 0

.4
3;

 9
5%

 C
I, 

0.
20

–0
.9

5)
.

-B
P 

st
ag

e 
1 

hy
pe

rte
ns

io
n 

(H
R

: 0
.6

2;
 9

5%
 C

I, 
0.

37
–1

.0
3)

.
-B

P 
st

ag
e 

2 
hy

pe
rte

ns
io

n 
(H

R
: 0

.8
5;

 9
5%

 C
I, 

0.
60

–1
.2

1)
.

Li
ra

gl
ut

id
e 

sc
. a

nd
 se

m
a-

gl
ut
id
e 
sc
. m

ay
 b
e 
be
ne
fi-

ci
al

 fo
r p

at
ie

nt
s w

ith
 ty

pe
 

2 
di

ab
et

es
, i

rr
es

pe
ct

iv
e 

of
 

th
ei

r b
as

el
in

e 
B

P.

Ve
rm

a 
S.

 e
t a

l. 
[2

1]
(2

02
0)

Po
st

-h
oc

 a
na

ly
si

s 
of

 ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
pl

ac
eb

o-
co

nt
ro

lle
d 

LE
A

D
ER

 a
nd

 
SU

ST
A

IN
 6

 tr
ia

ls
.

-L
EA

D
ER

 
TR

IA
L:

 
N

 =
 9,

34
0

-S
U

S-
TA

IN
-6

 
TR

IA
L:

 
N

 =
 3,

29
7

LE
A

D
ER

: P
ar

tic
ip

an
ts

 a
ge

d >
 50

 y
ea

rs
 

w
ith

 d
ia

gn
os

is
 o

f t
yp

e 
2 

di
ab

et
es

 a
nd

 
at

 le
as

t o
ne

 c
ar

di
ov

as
cu

la
r c

on
di

tio
n 

or
 

ag
ed

 >
 60

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 o
f t

yp
e 

2 
di

ab
et

es
 a

nd
 a

t l
ea

st
 o

ne
 c

ar
di

ov
as

cu
la

r 
ris

k 
fa

ct
or

.
SU

ST
A

IN
-6

: P
ar

tic
ip

an
ts

 a
ge

d >
 50

 y
ea

rs
 

w
ith

 ty
pe

 2
 d

ia
be

te
s w

ith
 p

re
-e

xi
st

in
g 

ca
rd

io
va

sc
ul

ar
 d

is
ea

se
, c

hr
on

ic
 h

ea
rt 

fa
il-

ur
e 

or
 c

hr
on

ic
 k

id
ne

y 
di

se
as

e 
(s

ta
ge

 3
 o

r 
hi

gh
er

), 
or

 a
ge

d >
 60

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 
of

 d
ia

be
te

s a
nd

 a
t l

ea
st

 o
ne

 c
ar

di
ov

as
cu

la
r 

ris
k 

fa
ct

or
.

O
nc

e-
da

ily
 

lir
ag

lu
tid

e 
sc

. 
(n

 =
 4,

66
8)

 
or

 p
la

ce
bo

 
(n

 =
 4,

67
2)

 in
 

LE
A

D
ER

 tr
ia

l.
O

nc
e-

w
ee

kl
y 

se
m

ag
lu

tid
e 

sc
. (

n =
 1,

64
8)

 
ve

rs
us

 p
la

ce
bo

 
(n

 =
 1,

64
9)

 in
 

SU
ST

A
IN

 6
 

tri
al

.

M
A

C
E

-P
ar

tic
ip

an
ts

 w
ith

 m
ic

ro
va

sc
ul

ar
 d

is
ea

se
 

ha
d 

an
 in

cr
ea

se
d 

ris
k 

of
 m

aj
or

 a
dv

er
se

 
ca

rd
io

va
sc

ul
ar

 e
ve

nt
s c

om
pa

re
d 

w
ith

 th
os

e 
w

ith
ou

t m
ic

ro
va

sc
ul

ar
 d

is
ea

se
 in

 L
EA

D
ER

: 
(p

 =
 0.

01
36

) a
nd

 in
 S

U
ST

A
IN

 6
: (

p =
 0.

00
64

).

M
ic

ro
va

sc
ul

ar
 d

is
ea

se
 

w
as

 a
ss

oc
ia

te
d 

w
ith

 a
n 

in
cr

ea
se

d 
ris

k 
of

 M
A

C
E.

Li
ra

gl
ut

id
e 

sc
. a

nd
 se

m
a-

gl
ut

id
e 

sc
. r

ed
uc

e 
m

aj
or

 
C

V
 o

ut
co

m
es

 in
 p

at
ie

nt
s 

de
sp

ite
 m

ic
ro

va
sc

ul
ar

 
di

se
as

e 
pr

es
en

ce
.

H
ol

m
an

 
R

. R
. e

t 
al

. [
17

]
(2

01
7)

Pr
ag

m
at

ic
, e

ve
nt

-
dr

iv
en

, r
an

do
m

-
iz

ed
, d

ou
bl

e-
bl

in
d,

 
pl

ac
eb

o-
co

nt
ro

lle
d 

tri
al

. E
X

SC
EL

N
 =

 14
,7

52
Pa

rti
ci

pa
nt

s w
ith

 d
ia

gn
os

is
 o

f t
yp

e 
2 

di
ab

e-
te

s a
nd

 th
e 

tri
al

 w
as

 d
es

ig
ne

d 
to

 h
av

e 
70

%
 

of
 p

ar
tic

ip
an

ts
 w

ith
 p

re
vi

ou
s c

ar
di

ov
as

cu
-

la
r e

ve
nt

s.

Ex
en

at
id

e 
sc

. 
(n

 =
 7,

35
6)

 
vs

. p
la

ce
bo

 
(n

 =
 7,

39
6)

.

ST
R

O
K

E
-E
xe
na
tid
e 
sc
. d
id
 n
ot
 si
gn
ifi
ca
nt
ly
 re
du
ce
 

th
e 

nu
m

be
r o

f s
tro

ke
 c

as
es

 (f
at

al
 o

r n
on

-f
at

al
) 

co
m

pa
re

d 
to

 p
la

ce
bo

.

Ex
en

at
id

e 
sc

. c
ou

ld
 n

ot
 

be
 su

ita
bl

e 
fo

r r
ed

uc
-

in
g 

th
e 

nu
m

be
r M

A
C

E 
ev

en
ts

 o
r s

tro
ke

 (f
at

al
 o

r 
no

n-
fa

ta
l) 

ca
se

s.
H

er
ná

n-
de

z A
.F

. 
et

 a
l. 

[1
8]

(2
01

8)

D
ou

bl
e-

bl
in

d,
 ra

n-
do

m
iz

ed
, p

la
ce

bo
-

co
nt

ro
lle

d 
tri

al
.

H
A

R
M

O
N

Y

N
 =

 10
,7

93
Pa

rti
ci

pa
nt

s a
ge

d >
 40

 y
ea

rs
 a

nd
 d

ia
gn

o-
si

s o
f t

yp
e 

2 
di

ab
et

es
 a

nd
 c

ar
di

ov
as

cu
la

r 
di

se
as

e.

A
lb

ig
lu

tid
e 

sc
. (

n =
 4,

73
1)

 
vs

. p
la

ce
bo

 
(n

 =
 4,

73
2)

.

ST
R

O
K

E
-A

lb
ig

lu
tid

e 
sc

. r
ed

uc
ed

 th
e 

nu
m

be
r o

f M
A

C
E 

(p
 =

 0.
00

06
).

-S
ub

gr
ou

p 
an

al
ys

is
 sh

ow
ed

 th
at

 a
lb

ig
lu

tid
e 

sc
. 

do
es

 n
ot

 re
du

ce
 th

e 
in

ci
de

nc
e 

of
 st

ro
ke

s.

A
lb

ig
lu

tid
e 

sc
. r

ed
uc

ed
 

th
e 

nu
m

be
r o

f M
A

C
E 

bu
t m

ig
ht

 n
ot

 b
e 

su
ita

bl
e 

fo
r r

ed
uc

in
g 

fa
ta

l o
r n

on
-

fa
ta

l s
tro

ke
 c

as
es

.
G

er
st

ei
n 

H
. e

t a
l. 

[2
1]

(2
01

9)

M
ul

tic
en

tre
, 

ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
pl

ac
eb

o-
co

nt
ro

lle
d 

tri
al

. R
EW

IN
D

N
 =

 9,
90

1
Pa

rti
ci

pa
nt

s a
ge

d >
 50

 y
ea

rs
 w

ith
 d

ia
gn

o-
si

s o
f t

yp
e 

2 
di

ab
et

es
 a

nd
 e

ith
er

 p
re

vi
ou

s 
ca

rd
io

va
sc

ul
ar

 e
ve

nt
s o

r c
ar

di
ov

as
cu

la
r 

ris
k 

fa
ct

or
s.

D
ul

ag
lu

tid
e 

sc
. (

n =
 4,

94
9)

 
vs

. p
la

ce
bo

 
(n

 =
 4,

95
2)

.

ST
R

O
K

E
-F

at
al

 st
ro

ke
 c

as
es

: t
he

 re
du

ct
io

n 
in

 d
ul

ag
lu

-
tid
e 
sc
. g
ro
up
 w
as
 b
ig
ge
r, 
bu
t n
on
-s
ig
ni
fic
an
t, 

th
an

 in
 p

la
ce

bo
 g

ro
up

 (p
 =

 0.
34

).
-N

on
-f

at
al

 st
ro

ke
 c

as
es

: t
he

 re
du

ct
io

n 
in

 d
ul

a-
gl
ut
id
e 
sc
. g
ro
up
 w
as
 si
gn
ifi
ca
nt
ly
 b
ig
ge
r t
ha
n 

in
 p

la
ce

bo
 g

ro
up

 (p
 =

 0.
01

7)
.

D
ul

ag
lu

tid
e 

sc
. m

ay
 b

e 
su

ita
bl

e 
fo

r r
ed

uc
in

g 
th

e 
nu

m
be

r o
f n

on
-f

at
al

 
st

ro
ke

 c
as

es
.

Ta
bl

e 
1 

(c
on

tin
ue

d)
 

1 3



Reviews in Endocrine and Metabolic Disorders

St
ud

y 
[R

ef
.]

St
ud

y 
de

si
gn

Pa
tie

nt
s, 

n
Ty

pe
 o

f p
ar

tic
ip

an
ts

In
te

rv
en

tio
n

St
ud

y 
m

ea
su

re
M
ai
n 
fin
di
ng
s

C
on

cl
us

io
ns

G
er

st
ei

n 
H

.C
. e

t 
al

. [
59

]
(2

02
0)

Po
st

-h
oc

 a
na

ly
si

s 
of

 th
e 

m
ul

tic
en

tre
, 

do
ub

le
-b

lin
d,

 
ra

nd
om

iz
ed

, 
pl

ac
eb

o-
co

nt
ro

lle
d 

R
EW

IN
D

 tr
ia

l.

N
 =

 12
,1

33
Pa

rti
ci

pa
nt

s a
ge

d ≥
 50

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 
of

 ty
pe

 2
 d

ia
be

te
s.

D
ul

ag
lu

tid
e 

sc
. (

n =
 4,

94
9)

 
vs

. p
la

ce
bo

 
(n

 =
 4,

95
2)

.

ST
R

O
K

E
-D

ul
ag

lu
tid

e 
sc

. r
ed

uc
ed

 is
ch

ae
m

ic
 st

ro
ke

 
co

m
pa

re
d 

to
 p

la
ce

bo
 (p

 =
 0·

01
2)

.
-D

ul
ag

lu
tid

e 
sc

. r
ed

uc
ed

 d
is

ab
lin

g-
st

ro
ke

 
co

m
pa

re
d 

to
 p

la
ce

bo
 (p

 =
 0·

04
2)

.
-D
ul
ag
lu
tid
e 
sc
. h
ad
 n
o 
eff
ec
t o
n 
ha
em

or
-

rh
ag

ic
 st

ro
ke

 c
om

pa
re

d 
to

 p
la

ce
bo

  (
p =

 0·
89

).

Lo
ng

-te
rm

 d
ul

ag
lu

tid
e 

sc
. 

us
e 

m
ig

ht
 re

du
ce

 c
lin

i-
ca

lly
 re

le
va

nt
 is

ch
ae

m
ic

 
st

ro
ke

 in
 p

eo
pl

e 
w

ith
 ty

pe
 

2 
di

ab
et

es
 b

ut
 d

oe
s n

ot
 

aff
ec
t s
tro
ke
 se
ve
rit
y.

D
ag

e-
na

is
 

G
.R

. e
t 

al
. [

60
]

(2
02

0)

Po
st

-h
oc

 a
na

ly
si

s 
of

 th
e 

m
ul

tic
en

tre
, 

do
ub

le
-b

lin
d,

 
ra

nd
om

iz
ed

, 
pl

ac
eb

o-
co

nt
ro

lle
d 

R
EW

IN
D

 tr
ia

l.

N
 =

 12
,1

33
Pa

rti
ci

pa
nt

s a
ge

d ≥
 50

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 
of

 ty
pe

 2
 d

ia
be

te
s.

D
ul

ag
lu

tid
e 

sc
. (

n =
 4,

94
9)

 
vs

. p
la

ce
bo

 
(n

 =
 4,

95
2)

.

M
A

C
E 

vs
. 

Ex
pa

nd
ed

 
M

A
C

E

- D
ul

ag
lu

tid
e 

sc
. r

ed
uc

ed
 th

e 
in

ci
de

nc
e 

of
 

to
ta

l M
A

C
E 

or
 n

on
-c

ar
di

ov
as

cu
la

r d
ea

th
s 

(p
 =

 0.
02

2)
.

-D
ul

ag
lu

tid
e 

sc
. r

ed
uc

ed
 th

e 
in

ci
de

nc
e 

of
 to

ta
l 

ex
pa

nd
ed

 M
A

C
E 

(p
 =

 0.
02

8)
.

D
ul

ag
lu

tid
e 

sc
. r

ed
uc

ed
 

th
e 

ev
en

t b
ur

de
n 

of
 C

V
 

or
 fa

ta
l o

ut
co

m
es

 in
 a

 
po

pu
la

tio
n 

at
 m

od
er

at
e 

C
V

 ri
sk

. T
he

 a
bs

ol
ut

e 
re

du
ct

io
n 

w
as

 g
re

at
-

es
t f

or
 th

e 
co

m
po

si
te

 
ou

tc
om

e 
th

at
 in

cl
ud

ed
 a

n 
ex
pa
nd
ed
 d
efi
ni
tio
n 
of
 a
 

M
A

C
E.

H
us

ai
n 

M
. e

t a
l. 

[2
2]

(2
01

9)

Ev
en

t-d
riv

en
, 

do
ub

le
-b

lin
d,

 ra
n-

do
m

iz
ed

, p
la

ce
bo

-
co

nt
ro

lle
d 

tri
al

.
PI

O
N

EE
R

-6

 N
 =

 3,
18

3
Pa

rti
ci

pa
nt

s a
ge

d >
 50

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 
of

 ty
pe

 2
 d

ia
be

te
s a

nd
 e

st
ab

lis
he

d 
ca

rd
io

-
va

sc
ul

ar
 d

is
ea

se
 o

r c
hr

on
ic

 k
id

ne
y 

di
se

as
e,

 
or

 a
ge

d >
 60

 y
ea

rs
 w

ith
 d

ia
gn

os
is

 o
f d

ia
be

-
te

s a
nd

 c
ar

di
ov

as
cu

la
r r

is
k 

fa
ct

or
s.

O
nc

e-
da

ily
 

se
m

ag
lu

tid
e 

or
al

 (n
 =

 1,
59

1)
 

or
 p

la
ce

bo
 

(n
 =

 1,
59

2)
.

ST
R

O
K

E
-T
he
re
 w
er
e 
no
 si
gn
ifi
ca
nt
 d
iff
er
en
ce
s 

be
tw

ee
n 

se
m

ag
lu

tid
e 

or
al

 o
r p

la
ce

bo
 in

 th
e 

nu
m

be
r o

f s
tro

ke
s.

St
ro
ke
-p
re
ve
nt
iv
e 
eff
ec
t 

of
 se

m
ag

lu
tid

e 
or

al
 c

ou
ld

 
no

t b
e 

pr
ov

ed
.

G
er

st
ei

n 
H

. C
. e

t 
al

. [
23

]
(2

02
1)

R
an

do
m

iz
ed

, 
pl

ac
eb

o-
co

nt
ro

lle
d 

tri
al

.
A

M
PL

IT
U

D
E-

0

 N
 =

 4,
07

6
Pa

rti
ci

pa
nt

s a
ge

d ≥
 18

 y
ea

rs
 o

ld
 w

ith
 

di
ag

no
si

s o
f t

yp
e 

2 
di

ab
et

es
 a

nd
 p

re
vi

ou
s 

C
V

 d
is

ea
se

, o
r ≥

 50
 y

ea
rs

 o
ld

 w
ith

 c
hr

on
ic

 
ki

dn
ey

 d
is

ea
se

 a
nd

 o
ne

 o
r m

or
e 

ad
di

tio
na

l 
C

V
 ri

sk
 fa

ct
or

s.

Ef
pe

gl
en

at
id

e 
sc

. (
n =

 2,
71

7)
 

vs
. p

la
ce

bo
 

(n
 =

 1,
35

9)
.

M
A

C
E

-T
he
re
 w
as
 a
 si
gn
ifi
ca
nt
 re
du
ct
io
n 
in
 th
e 

nu
m

be
r o

f M
A

C
E 

ev
en

ts
 in

 th
os

e 
pa

rti
ci

pa
nt

s 
tre

at
ed

 w
ith

 e
fp

eg
le

na
tid

e 
sc

. v
s. 

pl
ac

eb
o 

(p
 =

 0.
00

7)
.

Ef
pe

gl
en

at
id

e 
sc

. l
ow

er
s 

th
e 

ris
k 

of
 M

A
C

E.

BP
: B

lo
od

 P
re

ss
ur

e.
 C

V:
 C

ar
di

ov
as

cu
la

r. 
G

LP
-1

 R
A

s: 
G

lu
ca

go
n-

lik
e 

Pe
pt

id
e-

1 
R

ec
ep

to
r A

go
ni

st
s. 

H
BA

1C
: H

ae
m

og
lo

bi
n 

A
1c

. M
A

C
E:

 M
aj

or
 A

dv
er

se
 C

ar
di

ov
as

cu
la

r E
ve

nt
s. 

SC
: s

ub
cu

ta
ne

-
ou

s

Ta
bl

e 
1 

(c
on

tin
ue

d)

 

1 3



Reviews in Endocrine and Metabolic Disorders

CI 0.79–0.99; p = 0.026), with a significant 24% reduction 
in nonfatal stroke (3.2% vs. 4.1%, HR 0.76, 95% CI 0.61–
0.95; p = 0.017) during a follow-up of 5.4 years.

In the PIONEER-6 study with oral semaglutide [n = 3183 
patients, ≥ 50 years with established cardiovascular or renal 
disease, or ≥ 60 years with CVRFs], no significant efficacy 
of oral semaglutide could be demonstrated in the reduction 
in nonfatal stroke (HR 0.74, 95% CI 0.35–1.57) during a 
2.1-year follow-up [22].

Finally, in AMPLITUDE-0 with efpeglenatide [n = 4076 
patients, ≥ 18 years with previous cardiovascular disease 
or ≥ 50 years with chronic kidney disease and 1 or more 
CVRFs], the efficacy objective was also achieved, demon-
strating a significant decrease in MACE (7.0% vs. 9.2%, 
HR 0.73, 95% CI 0.58–0.92; p = 0.007). However, disaggre-
gated stroke data are not yet available [23].

3.2  GLP-1 RAs and cognitive impairment

We found 7 articles related to GLP-1 RAs and cognitive 
impairment (see Table 2) [24–30], 5 of which were double 
blind, randomized, placebo-controlled trials [24, 25, 27, 
28, 30], while that of Zhang et al. [26] was a randomized 
clinical trial and that of Li et al. [29] a prospective, par-
allel, open-label study. All 7 studies included middle- or 
old-age participants. The studies of Cukierman-Yaffe et al. 
[24], Zhang et al. [26], Li et al. [29] and Vadini et al. [30] 
included participants with a diagnosis of type 2 diabetes, 
whereas the studies of Watson et al. [25], Mullins et al. [27] 
and Gejl et al. [28] excluded these patients. However, only 
Zhang et al. [26], Mullins et al. [27] and Gejl et al. [28] 
included participants with mild cognitive impairment; the 
remaining 4 studies enrolled those with no cognitive out-
comes at baseline.

All studies measured glucose plasma biomarkers in 
blood test, except for Cukierman-Yaffe et al. [24] and Gejl 
et al. [28]. However, Mullins et al. [27] also measured CSF 
biomarkers as well. All 7 studies used different neuropsy-
chological tests for cognitive assessment. Neuroimaging 
consisted of MRI acquisition before and after the interven-
tion in all studies, except for the studies of Cukierman-Yaffe 
et al. [24] and Vadini et al. [30], in which no neuroimaging 
was performed.

Cukierman-Yaffe et al. [24], using dulaglutide sc. vs. 
placebo, observed a non-significant reduction in cognitive 
impairment; p = 0.11. However, after post-hoc adjustments 
for individual standardized baseline scores, they found a 
significant reduction in the number of cognitive outcomes; 
p = 0.0018. In this sense, Zhang et al. [26], included type 2 
diabetes mellitus obese patients under GLP1RA treatment 
vs. type 2 diabetes mellitus non-obese patients under met-
formin vs. control subjects, and found an increase in general 

also had no effect on the incidence of fatal or nonfatal stroke 
[17].

In the HARMONY study (n = 9463 patients with estab-
lished coronary heart disease, cerebrovascular disease, or 
peripheral vascular disease), albiglutide, despite lowering 
MACE, had no effect on the risk of fatal or nonfatal stroke 
in the subgroup analysis during a follow-up of 1.6 years 
[18]. This drug was later withdrawn in 2018 due to com-
mercial problems.

In the LEADER study with liraglutide, in the evaluation 
of cardiovascular events [n = 9340 patients, ≥ 50 years with 
established cardiovascular disease (coronary event, cere-
brovascular event, or peripheral vascular disease), stage ≥ 3 
chronic kidney disease, or chronic heart failure according 
to New York Heart Association class II or III or ≥60 years 
with at least one cardiovascular risk factor (CVRF)], lira-
glutide demonstrated a significant reduction in MACE by 
13% at the expense of a reduction in cardiovascular mortal-
ity. However, subgroup analysis showed a non-significant 
trend in the effect on the incidence of fatal or nonfatal stroke 
or transient ischaemic attack during a follow-up of 3.8 years 
[19].

The SUSTAIN-6 study [20], which evaluated the long-
term cardiovascular effects of semaglutide sc., in subjects 
with type 2 diabetes and HbA1c ≥ 7%, treated with up to 
two oral hypoglycaemic agents, with or without basal or 
premixed insulin, [n = 3297 patients, ≥ 50 years with estab-
lished cardiovascular disease (coronary event, cerebrovas-
cular event, or peripheral vascular disease), chronic kidney 
disease stage ≥ 3, or New York Heart Association class II 
or III chronic heart failure or ≥ 60 years with at least one 
CVRF)], found a significant reduction in the primary end-
point of MACE appearance by 26% (6.6% vs. 8.9%, HR 
0.74, 95% CI 0.58–0.95). The subgroup analysis showed 
that this reduction of the primary objective was achieved 
at the expense of the reduction in nonfatal stroke, since 
treatment with semaglutide sc. reduced the risk of nonfa-
tal stroke by 39% (1.6% vs. 2.7%, HR 0.61, 95% CI 0.38–
0.99; p = 0.04) during a follow-up of 2.1 years. On the other 
hand, at the beginning of the study, 76.3% of the patients 
(n = 2514) were receiving preventive treatment for stroke: 
85% of the patients were taking antiaggregants and 5.9% 
anticoagulants. Of the total of 3297 patients, during the 
study 71 patients presented a nonfatal stroke: 27 treated 
with semaglutide sc. [25 (1.5%) ischaemic and 2 (0.1%) 
haemorrhagic] vs. 44 with placebo [37 (2.2%) ischaemic, 
4 (0.2%) haemorrhagic, and 3 (0.2%) unclassifiable stroke].

The REWIND study [21] with dulaglutide sc. [n = 9901 
patients, ≥ 50 years with established cardiovascular disease 
or ≥ 60 years with at least two CVRFs], met the primary 
efficacy endpoint, showing that weekly dulaglutide signifi-
cantly reduced MACE (12.0% vs. 13.4%, HR 0.88, 95% 
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 m
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 C
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A
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T
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as
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 d
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s p
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 d
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 o
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 fu
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l c
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et

w
ee
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a 
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at
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le
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 c
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ve

l P
 <

 0
.0

5)
.
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di
ffe
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es
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lfa
ct
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en
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m
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y 

te
st

 sc
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 d
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te
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l p
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ie
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us
te

r l
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on
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O
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 d
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be

te
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fte
r i
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ve
nt

io
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-G
en

er
al

 c
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ni
tio

n 
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A
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lfa
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 fu
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 0.
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d 
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tic
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 c
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ll 
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 0.
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fic
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t p
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 c
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re
d 

w
ith

 b
as

el
in

e 
(v

ox
el

 le
ve

l 
p <

 0.
00

1 
an

d 
cl

us
te

r l
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r t
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at
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 d
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 d
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s o
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f m
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 m
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 d
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 o
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l. 

[2
4]

(2
02

0)

D
ou
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ra
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 d
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-
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t b
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 d
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l c
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l c
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 0.
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 c
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 c
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w
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i-

tiv
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f b
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ve
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e 
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 c
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 d
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 d
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. C
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 D
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: D
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and temperature in both studies, but Ponirakis et al. [33] 
also evaluated corneal nerve density and length by scan 
and sweat chloride concentrations and used the question-
naire for neuropathic pain (DN4). Jaiswal et al. [34] also 
performed a skin biopsy to evaluate reinnervation, assessed 
cardiovascular reflex by the deep breathing test and the Val-
salva manoeuvre and asked about quality of life using the 
Neuropathy Specific Quality of Life Measure.

GLP-1 RAs seem not to have a significant effect on 
peripheral neuropathy, compared to insulin-treated patients. 
However, among those participants with type 2 diabetes 
mellitus receiving exenatide treatment, a significant increase 
in corneal nerve branch density (p = 0.02) and vibration per-
ception threshold (p < 0.05) were observed by Ponirakis et 
al. [33] and Jaiswal et al. [34], respectively.

On the other hand, patients with type 1 diabetes mel-
litus treated with liraglutide, despite showing no signifi-
cant effects on peripheral neuropathy, did experience an 
improvement in the function of the enteric nervous system 
in the study of Wegeberg et al. [31], with a reduction in large 
bowel transit time (p = 0.04) and motility index (p = 0.04). 
Brock et al. [32] suggest that the lowering of the systematic 
levels of proinflammatory cytokines observed, in particular 
interleukin-6 levels (p = 0.025), may lead to prevention of 
the neuroinflammatory component in early stages of diabe-
tes neuropathy.

4  Discussion

Diabetes is known to be an independent risk factor for 
cerebrovascular disease. Furthermore, among the causes of 
stroke, up to 16% have been attributed to diabetes according 
to some studies [35]. Among people with diabetes, women 
are at higher risk than men [36] and ischaemic stroke is 
more frequent than haemorrhagic stroke, probably due to 
the higher prevalence of hypertension and microvascular 
disease [37, 38]. In the aetiopathogenesis of stroke, arte-
riosclerosis is not the only mechanism involved in cerebro-
vascular disease in patients with diabetes, since there is a 
greater risk of atrial fibrillation in persons with diabetes, 
favouring cardioembolic stroke [39]. Diabetes is also asso-
ciated with increased stroke recurrence, increased disability 
and mortality [40], and increased risk of developing post-
stroke dementia [41].

Some studies have shown that the presence of hyper-
glycaemia during acute stroke is associated with increased 
morbidity and mortality regardless of the presence of diabe-
tes. However, intensive treatment with intravenous insulin 
therapy has not been shown to reduce the prognosis [42]. On 
the other hand, tight long-term control of HbA1c reduces 
the risk of microvascular complications in type 2 diabetes 

cognition (p = 0.014) and olfactory function (p = 0.008) com-
pared to baseline, in obese participants with type 2 diabetes, 
particularly, in the cognitive subdomains of recall memory 
(p = 0.005) and olfactory identification ability (p = 0.002). 
Also, a statistically significant increase in right parahip-
pocampus activation was observed in these obese partici-
pants, with no differences in other cognitive subdomains. 
Following these results, Li et al. [28] and Vadini et al. [30], 
using liraglutide as the intervention, also found an improve-
ment in general cognition. This differs from the findings of 
Watson et al. [24] and Gejl et al. [28], who used the same 
intervention but found no cognitive differences between the 
liraglutide group and placebo. However, Watson et al. [25] 
did find a significantly better delayed recall and selective 
attention in comparison to placebo, and a greater positive 
connectivity between the bilateral hippocampus and pre-
served amyloid β protein (aβ). On the other hand, Gejl et al. 
[28] found a preservation of GRMglu compared to placebo, 
as well as no differences in aβ deposition.

In addition, Mullins et al. [27], using exenatide as the 
intervention, also failed to observe any differences in cog-
nitive performance between the treatment groups. No 
changes were observed in MRS metabolites, the effect of 
exenatide on preserving GM volume or cortical thickness, 
glucose plasma or CSF biomarkers, except for Aβ42 which 
decreased over time.

3.3  GLP-1 RAs and peripheral neuropathy

We found 4 articles related to GLP-1 RAs and peripheral 
neuropathy (see Table 3) [31–34]. Those of Wegeberg et al. 
[31] and Brock et al. [32] were double-blind, randomized, 
placebo-controlled trials, while the other 2 (Ponirakis et al. 
[33] and Jaiswal et al. [34]) were open-label, randomized, 
controlled trials. The studies of Wegeberg et al. [31] and 
Ponirakis et al. [33] were post-hoc analyses and substud-
ies of the TODINELI and Qatar Study trials, respectively. 
All four studies enrolled participants aged > 18 years with 
a diagnosis of diabetes mellitus, but while Wegeberg et al. 
[31] and Brock et al. [32] included participants with type 1 
diabetes, Ponirakis et al. [33] and Jaiswal et al. [34] enrolled 
those with type 2 diabetes.

Neuronal function in patients with type 1 diabetes melli-
tus was assessed by measuring pH changes, and contraction 
frequency and amplitude of the gastrointestinal system in 
the study of Wegener et al. [31], and conduction velocities, 
amplitude, sensation, temperature, electrocardiographic 
recording by Holter and electrical stimulation for somato-
sensory evoked potential in the study of Brock et al. [32] 
for central, peripheral and autonomic neuronal assessment. 
However, in type 2 diabetes mellitus patients, the neuro-
nal assessment included peripheral vibration perception 
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CVRFs such as blood pressure reduction, lipid control and 
weight loss.

In this sense, a post-hoc analysis suggested that the 
reduction in MACE using liraglutide is independent of the 
previous NYHA functional class [54] or blood pressure 
levels [55] and this reduction occurs in both patients with 
or without microvascular disease [56]. A smaller reduc-
tion in MACE was also shown in the composite outcome 
that included expanded MACE rather than MACE (13.4% 
vs. 15.7%) [57]. Another post-hoc analysis suggested that 
the reduction in MACE with liraglutide could be medi-
ated by the lowering of HbA1c [58]. Post-hoc analysis of 
SUSTAIN-6 (semaglutide sc.) showed the same results as 
those obtained in post-hoc analysis of LEADER (liraglutide 
sc.) in terms of MACE reduction, despite the presence or 
otherwise of previous microvascular disease (although this 
enhances the chances of a MACE) [56] and blood pressure 
levels [55]. Other post-hoc analyses showed that long-term 
dulaglutide sc. does not modify stroke severity [59], but 
they also demonstrated a greater reduction with this drug for 
the composite outcome that included expanded MACE [60].

On the other hand, it must be taken into account that no 
clinical trials have been carried out on the secondary pre-
vention of stroke with GLP-1-RAs and most of the data 
provided are in primary prevention. However, post-hoc 
analysis of the LEADER and SUSTAIN- 6 have evaluated 
the effect of liraglutide and semaglutide sc. on the subgroup 
of patients with previous non-fatal stroke or myocardial 
infarction [55, 61] and no significant benefit was found in 
reducing non-fatal stroke, except for liraglutide in patients 
with glomerular filtration rate < 60 mL/min/1.73 m2 [62]. 
To date, there are no secondary analyses of the effect of 
lixisenatide, albiglutide, exenatide, oral semaglutide or 
dulaglutide in the prevention of recurrences of stroke. Addi-
tionally, the LEADER study reported a post-hoc analysis in 
patients with polyvascular disease (defined as atherosclero-
sis in two or more of the following vasculature territories: 
ocular, coronary arteries, cerebral arteries or arteries periph-
eral), in which they did not observe significant differences 
in the risk of non-fatal stroke in the liraglutide group versus 
placebo [63].

Following positive results in preclinical models, GLP1 
RAs have been targeted in clinical trials to assess effects on 
cognition in both type 2 diabetes and Alzheimer’s disease 
patients [13]. They also have the advantage of not affecting 
blood glucose levels in non-diabetic people and therefore 
may represent a possible safe treatment for Alzheimer’s 
disease in patients without diabetes as they can pass the 
blood brain barrier. Evidence suggests that GLP-1 RAs are 
neuroprotective and neurotrophic by providing protection 
against glutamate-induced apoptotic neuronal cell death and 
inducing differentiation and neurite outgrowth [14]. Of the 

[43]. However, it is not entirely clear that HbA1c control by 
intensive hypoglycaemic therapy reduces the risk of macro-
vascular complications, including stroke [44, 45].

Since the reduction of glucose concentrations with the 
classic treatments in diabetes has not given the expected 
results in terms of cardiovascular protection, the therapeutic 
strategy with the new antidiabetic drugs such GLP-1 RAs 
should now focus on the modification of vascular risk fac-
tors [3]. Additionally, glucose lowering itself does not seem 
to be involved in the neuroprotective effect of GLP-1 RAs, 
thus suggesting that these drugs may be beneficial in stroke 
in patients both with and without diabetes.

Among the classic drugs for diabetes, two showed ben-
eficial effects in relation to the risk of stroke. In the UKPDS 
study [46], metformin in type 2 diabetes and overweight 
was shown to reduce the risk of ischaemic stroke compared 
to sulfonylureas or insulin. On the other hand, pioglitazone 
in the PROactive study [47], in patients with type 2 diabe-
tes with symptomatic vascular disease, did not demonstrate 
a reduction in the risk of stroke, but in a post-analysis in 
patients with previous stroke it demonstrated a significant 
reduction in recurrence. Furthermore, a recent meta-anal-
ysis proposed pioglitazone as a possibly suitable drug for 
the secondary prevention of stroke in patients with insulin 
resistance, prediabetes, and type 2 diabetes [48]. There are 
no other specific studies with other drugs for diabetes that 
have shown benefit in the secondary prevention of stroke.

GLP-1 RAs have been shown to cross the blood-brain 
barrier and their neuroprotective effect seems to be medi-
ated by anti-inflammatory, antioxidant and antiapoptotic 
effects [49–52]. In preclinical studies models of acute isch-
aemic stroke have demonstrated a reduction in the volume 
of the cerebral infarct and better functionality after isch-
aemic stroke [51, 52]. Additionally, they have been shown 
to moderately reduce systolic blood pressure and blood lipid 
concentrations, among other effects [53].

It is important to highlight that there are no clinical trials 
specifically designed to evaluate the effect of GLP-1 Ras in 
reducing stroke as the primary objective, so the information 
is based on data on the risk of stroke as a secondary variable 
in clinical trials or post-hoc analysis thereof.

The primary objective of most of the large, double-blind, 
randomized, placebo-controlled trials that have evalu-
ated the cardiovascular effects of GLP-1 RAs in patients 
with type 2 diabetes focused on evaluating the presence 
of a MACE. The various subgroup analyses relating to the 
risk of stroke showed that significant reductions could be 
achieved with semaglutide sc. by 39% and dulaglutide sc. 
by 24%. The pathophysiological mechanisms that lead to 
this reduction in stroke risk are unknown, being attributed 
to a probable antithrombotic effect over the control of other 
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evidence is required [32]. On the other hand, exenatide had 
no significant effect on peripheral neuropathy [33, 34].

This systematic review has potential limitations. It was 
difficult to extract firm conclusions because of the great 
heterogeneity of the studies in cognitive impairment and 
peripheral neuropathy. The sample size, duration and design 
of the interventions, outcome measures investigated, and 
analyses performed differed greatly between the studies. Of 
the studies addressed, 8 had fewer than 100 patients in total. 
Additionally, some of the studies were of short treatment 
duration. These facts have an important impact on the inter-
pretation of the results.

5  Conclusions

Although there exist strong studies about the effects of 
GLP-1 RAs on stroke and MACE, more information is 
required to extrapolate these results to other neurological 
fields as they seem to be very poor and insufficient in the 
fields of cognitive impairment and peripheral neuropathy. 
Nevertheless, dulaglutide in type 2 diabetes mellitus proved 
to be efficient in decreasing the number of nonfatal strokes. 
It also seems to have a positive effect on the reduction of 
cognitive impairment. However, further studies are needed 
to confirm this latter observation, as this result comes after 
an adjustment for individual standardized baseline scores. 
Semaglutide sc. has been shown to reduce nonfatal stroke 
cases and MACE (when it is administrated subcutaneous 
and not oral).

Exenatide proved to be effective in improving general 
cognition and olfactory function when given to patients liv-
ing with obesity and type 2 diabetes. In patients with type 
2 diabetes, it also enhances vibration perception threshold 
but does not seem to have any effect on reducing stroke 
cases, though it does appear to reduce MACE. Liraglutide 
improved general cognition and olfactory function only 
when given to patients living with obesity and type 2 dia-
betes. It reduces large bowel transit time in type 1 diabe-
tes mellitus, improving the motility index, but increasing 
the small bowel transit time as well. Although liraglutide 
reduces the number of MACE in patients with type 2 diabe-
tes, it does not have the same effect on stroke. Lixisenatide, 
albiglutide or efpeglenatide in type 2 diabetes mellitus have 
not been shown to reduce the number of fatal or nonfatal 
stroke cases, but the latter two reduce the number of MACE.

More studies are required in order to extend our knowl-
edge and understand the effects of GLP1-RAs on neurologi-
cal complications of diabetes.
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literature reviewed here, Zhang et al. [26], Li et al. [28] and 
Vadini et al. [30] suggested that liraglutide might improve 
impaired cognition, but this improvement seems to appear 
only in patients with a diagnosis of type 2 diabetes mel-
litus, because two studies, Watson et al. [25] and Gejl et al. 
[28] which involved patients without type 2 diabetes mel-
litus, did not find significant differences between treatment 
groups despite some beneficious changes in structures and 
cognitive subdomains. Nevertheless, these two latter studies 
leave the door open for future larger and stronger studies to 
demonstrate significant changes in cognition. In addition, 
the study of Watson et al. [25] was not designed to detect 
changes in general cognition. It is also important to mention 
that the results of the studies by Zhang et al. [26], Li et al. 
[29] and Vadini et al. [30] may be influenced by the fact that 
patients with type 2 diabetes who received liraglutide were 
also patients with obesity and that the control group in the 
study of Li et al. [29] had a lower BMI than the interven-
tion group. On the other hand, the results with exenatide are 
controversial, since Mullins et al. [27] found no differences 
between the treatment groups whereas Zhang et al. [26] did. 
This situation may be due to the fact that Mullins et al. [27] 
only included non-diabetic patients in their study whereas 
Zhang et al. [26] included patients with type 2 diabetes. In 
addition, exenatide proved to significantly reduce Aβ42 in 
neuronal-origin enriched extracellular vesicles in the study 
of Mullins et al. [27].

In a post-hoc analysis of the REWIND trial, involving 
9901 patients, Cukierman-Yaffe et al. [24] showed that 
dulaglutide sc. only improved cognitive impairment sig-
nificantly after adjustments for individual baseline scores, 
making it clear that more evidence is needed before reach-
ing a conclusion. Of note is the number of patients involved 
in this post-hoc analysis, unlike the small populations anal-
ysed in the other studies of this neurological field.

Diabetic peripheral neuropathy can affect up to 50% 
of patients with diabetes. While intensive glycaemic con-
trol can prevent the onset or delay progression of diabetic 
peripheral neuropathy in type 1 diabetes, data in type 2 dia-
betes are conflicting. Both GLP-1 RAs and thiazolidinedio-
nes produce a durable reduction in HbA1c [33].

Studies that analyze the effect of GLP-1 analogues in 
diabetic neuropathy are scarce. However, it seems that nei-
ther liraglutide nor exenatide improve the peripheral nerve 
system in patients with diabetes mellitus. Liraglutide was 
used in patients with type 1 diabetes, whereas exenatide 
was use in patients with type 2 diabetes. The former showed 
an improvement in the enteric nerve system [31] and also 
lowered the systemic levels of proinflammatory cytokines, 
which may lead to the prevention of future peripheral neu-
ropathy in early stages of diabetes mellitus, although more 
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