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A B S T R A C T

Background: Stroke represents a major burden in patients with type 2 diabetes. Yet, this cerebrovascular
complication has been less well studied than coronary artery disease and heart failure. Some cardiovascular
outcome data suggested that sodium-glucose cotransporter 2 inhibitors (SGLT2is) exert a less pronounced
protection against stroke compared with glucagon peptide-1 receptor agonists (GLP-1RAs) despite similar
efficacy regarding major cardiovascular events (MACE-3 points). However, this conclusion was derived from
indirect comparisons of placebo- controlled trials (RCTs).
Methods: The present comprehensive review analyses the effects of SGLT2is versus GLP-1RAs on nonfatal and
fatal/nonfatal strokes in real-life studies carried out worldwide.
Results: A large majority of retrospective observational cohort studies (19 out of 21) failed to find any signifi-
cant difference in the risk of stroke between the two pharmacological classes, independently of the presence
of established cardiovascular disease. Available, yet limited, findings suggested that SGLT2is could be more
efficacious against haemorrhagic than ischaemic strokes, in patients at risk for atrial fibrillation or with
chronic kidney disease.
Conclusion: In contrast to what was reported in RCTs, most observational studies showed similar incidence of
stroke in SGLT2i users versus GLP-1RA users. Because both indirect comparisons of RCTs and retrospective
cohort studies have limitations, a head-to-head RCT comparing the effects on stroke of an SGLT2i versus a
GLP-1RA is needed to draw any definite conclusion.
© 2023 The Author. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

People with type 2 diabetes mellitus (T2DM) have an almost two-
fold higher risk of stroke compared with people without diabetes [1].
Moreover, individuals with T2DM have poorer post-stroke outcomes
and higher risk of stroke recurrence than those without diabetes [2].
Overall, stroke is a major cause of long-term disability and premature
death among patients with T2DM [1−4]. The increase in the fre-
quency of stroke is due to an increase in cerebral infarction, mainly
lacunar infarcts, with the incidence of cerebral hemorrhage being
less frequent [4]. In a meta-analysis of 27 studies, diabetes is an
independent risk factor for stroke recurrence among patients with
ischaemic stroke (pooled hazard ratio around 1.5 versus individuals
without diabetes [2]. Another meta-analysis of 39 studies estimated
the prevalence of diabetes to be 28 % among people with stroke, with
a higher rate in ischaemic (33 %) compared with haemorrhagic
strokes (26 %) [5].
Stroke prevention requires a global approach targeting all risk
factors, i.e. hypertension, arrythmias (especially atrial fibrillation),
dyslipidaemia, smoking, obesity and hyperglycaemia [6]. Of potential
interest, some antidiabetic drugs have shown a protective effect
against stroke, independently of glucose control, especially pioglita-
zone, a thiazolidinedione [7,8], and glucagon-like peptide 1 receptor
agonists (GLP-1RAs) [9].

Evidence derived from randomised controlled trials (RCTs),
especially cardiovascular outcome trials (CVOTs), suggested a superi-
ority of GLP-1RAs over sodium-glucose cotransporter 2 inhibitors
(SGLT2is) in reducing ischaemic stroke [1,10-12]. This specific
difference regarding stroke contrasted with the equivalence between
the two pharmacological classes for the reduction in the composite
cardiovascular outcome MACE-3 points (major cardiovascular
adverse events, i.e. cardiovascular mortality, nonfatal myocardial
infarction and nonfatal stroke) and the clear-cut superiority of
SGLT2is over GLP-1RAs in reducing hospitalization for heart failure
[13,14]. Of note, however, there are no head-to-head CVOTs that
compared SGLT2is versus GLP-1RAs and the conclusion of a better
protection against stroke with GLP-1RAs compared with SGLT2is
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emerged from indirect comparisons of the results of placebo-con-
trolled CVOTs with each pharmacological class [15].

Despite the results of several meta-analyses of RCTs that showed
neutral effects of SGLT2is versus placebo contrasting with the signifi-
cant reduction in stroke events with GLP-1RAs (see recent review in
[16]), whether SGLT2is play a role in preventing stroke and cerebro-
vascular disease is still a matter of debate [17]. Indeed, observational
cohort studies reported more favourable results with SGLT2i therapy,
which was associated with a significant reduction in the risk of stroke
compared with dipeptidyl peptidase-4 inhibitors (DPP-4is) and other
glucose-lowering agents [18−20]. Furthermore, no significant differ-
ences between SGLT2is and GLP-1RAs were reported in meta-analy-
ses of studies carried out in real-life conditions regarding the
protection against fatal/nonfatal strokes, yet only a limited number
of retrospective cohorts was considered [21−24]. Nevertheless, a
clinical practice guideline concluded that high certainty evidence
demonstrated potentially important benefits of GLP-1RAs over
SGLT2is on non-fatal stroke [25] and neurologists prioritized the use
of GLP-1RAs [26].

The present comprehensive review compares the effects of
SGLT2is and GLP-1RAs on the occurrence of stroke (fatal, nonfatal
and both) in patients with T2DM using results from a larger number
of worldwide retrospective observational cohort studies. The main
objective is to verify whether the lower protection against stroke
observed with SGLT2is versus GLP-1RAs derived from indirect com-
parison in placebo-controlled RCTs translates in real-life conditions.
Methods

Literature search

We searched PubMed, EMBASE and the Cochrane Database of Sys-
tematic Reviews to identify English-language studies published
between 1 January 2015 and up 15 August 2023. The search was lim-
ited to studies evaluating the efficacy of GLP-1RAs or SGLT2is on car-
diovascular outcomes in adult patients with or without T2DM in
observational cohort studies. The terms used for the research were
“GLP-1 receptor agonists” (including each individual compound of
this pharmacological family) OR “SGLT2 inhibitors” (including each
individual compound of this family), combined with “major cardio-
vascular adverse event” (“MACE”) OR “stroke” and also combined
with “observational study” OR “real-life cohort”. The search was fil-
tered to include observational cohort studies with data on stroke in
patients with T2DM treated with SGLT2is versus GLP-1RAs, with
studies restricted to at least 500 patients per arm to guarantee
enough statistical power. The reference lists of previously published
Table 1
Effects of SGLT2is compared to a variety of antihyperglycaemic
meta-analyses of observational studies.

References Number of cohorts Type of Strok

SGLT2 inhibitors versus other glucose-lowering drugs
Mascolo et al. 2021 [18] 5 Nonfatal
Li et al. 2021 [27] 10 All
Zhang et al. 2022 [20] 11 All
SGLT2 inhibitors versus DPP-4 inhibitors
Mascolo et al. 2021 [18] 6 Nonfatal
Zhang et al. 2022 [20] 11 All
SGLT2 inhibitors versus GLP-1 receptor agonists
Qiu et al. 2021 [22] 7 All
Caruso et al. 2022 [21] 5 All
Du et al. 2022 [23] 14 All
Zhang et al. 2022 [20] 3 All
(*) With cardiovascular disease : odds ratio : 0.76 (0.73−0.80

−0.75)
CI : confidence interval. NA : not available.
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systematic reviews and meta-analyses were also scrutinized to iden-
tify any further reports of potential interest, especially meta-analyses
that compared the incidence of stroke with SGLT2is compared with
any other glucose-lowering drug in real-life practice.

Outcomes

This review is focusing on the effects of either SGLT2is or GLP-
1RAs on the incidence of strokes. A minority of studies reported data
on both fatal and nonfatal strokes (“all strokes”) and very few made
the distinction between ischaemic (including transient ischaemic
attack [TIA]) and haemorrhagic strokes.

Statistical analysis

Results are presented as hazard ratio (HR) or odds ratio (OR) with
95 % confidence interval (CI) comparing the incidence of stroke in
patients with T2DM treated with either an SGLT2i or a GLP-1RA in
selected meta-analyses of cohort studies and a collection of individ-
ual retrospective observational studies. To mitigate possible selection
bias, most observational studies compared the two treatment cohorts
using either propensity score matching or inverse probability of
treatment weighting approaches.

Results

Table 1 summarizes results from previous meta-analyses of obser-
vational studies that compared the efficacy of SGLT2is versus other
glucose-lowering drugs, DPP4-is and GLP-1RAs. SGLT2is showed a
significant reduction in the incidence of strokes compared with other
glucose-lowering drugs (�13 % to �25 %) [18-20,27] and DPP-4is
(�11 % to �16 %) [18,20]. In contrast, no significant differences were
reported when comparing the incidence of stroke among SGLT2i-
users and GLP-1 RA users (�1 to + 14 %) [20−22], except in one meta-
analysis of eleven observational studies that reported a borderline
significant increase in the risk of stroke among SGLT2i users versus
GLP-1RA users (+ 10 %, P = 0.04) [23].

After a careful screening of the international literature, 21 retro-
spective observational cohort studies were identified, which reported
detailed data about the risk of stroke in patients treated with either
an SGLT2i or a GLP-1RA in real life conditions [28−49] (Table 2). They
were performed in different countries, in United States of America,
Europe and Asia. The average follow-up ranged between 0.4 and
4.3 years. All studies compared any type of SGLT2is versus any type
of GLP-1RAs, except two studies that compared more specifically can-
agliflozin versus GLP-1RAs [29] or empagliflozin versus liraglutide
medications on the risk of stroke in previously published

e N SGLT2i/others Odds ratio (95 % CI) P value

383,676/450,482 0.83 (0.77−0.91) NA
Total 1039,500 0.75 (0.72−0.78) (*) < 0.001
478,968/578,594 0.87 (0.80−0.95) < 0.001

267,398/311,073 0.89 (0.82−0.96) NA
631,475/675,150 0.84 (0.79−0.89) NA

93,710/94,935 1.02 (0.94−1.11) 0.65
211,088/206,269 0.99 (0.91−1.08) 0.84
420,389/382,883 1.10 (1.01−1.19) 0.04
36,934/34,521 1.14 (0.87−1.51) NA

); without cardiovascular disease : odds ratio : 0.68 (0.62



Table 2
Comparison of stroke outcomes in people with T2DM treated with an SGLT2i versus a GLP-1RA in observational studies. Results are expressed as hazard ratio (95 % confidence
interval) with all SGLT2is versus all GLP-1RAs except otherwise mentioned.

Reference Country Follow-up
(years)

Stroke outcome Cohort adjustment N SGLT2i/GLP-1RA Hazard ratio
(95% CI)

O’Brien et al. 2018 [28] US 1.3 Hospitalization for strokes Adjustment for covariates 5677/11,351 0.86 (NA) (a)

Patorno et al. 2018 [29] US (canagliflozin
versus all GLP-1RAs)

0.6 Hospitalization for ischaemic strokes 1:1 PSM 20,539/20,539 1.01 (0.77−1.32)

Longato et al. 2020 [30] Italy 1.1 First occurrence of any stroke 1:1 PSM 4298/4298 0.90 (0.57−1.41) (b)

Pineda et al. 2020 [31] US 0.8/07 Hospitalization for strokes 1:1 PSM 947/947 0.87 (0.38−1.97)

Deremer et al. 2021 [32] US 0.7/0.5 First occurrence of strokes Adjusment for covariates 7082/4829 1.08 (0.67−1.75)
Lugner et al. 2021 [33] Sweden 1.1/1.7 First hospitalization for fatal/nonfatal

strokes
PSM 12,097/9684 1.44 (0.99−2.08)

Patorno et al. 2021 [34] US 0.6 Hospitalization for ischaemic or
hemorrhagic
strokes

1:1 PSM 186,040/186,040 0.98 (0.88−1.09) (c)

Patorno et al. 2021 [35] US 8.5 Hospitalization for ischaemic or
hemorrhagic
strokes

1:1 PSM 45,047/45,047 1.04 (0.86−1.27) (d)

Hsiao et al. 2021 [36] Taiwan 1.4 Ischaemic strokes IPTW 19,101/3087 1.37 (1.10−1.70)
Poonawalla et al. 2021 [37] US 1.0 All strokes 1:1 PSM 5507/5507 NA (e)

Ueda et al. 2022 [38] Scandinavia 1.6/2.2 All strokes IPTW 87,525/63,921 1.16 (0.97−1.37)
Norgaard et al. 2022 [39] Denmark 4.3 Nonfatal strokes Adjustment for covariates 5275/8913 NA (f)

Baviera et al. 2022 [40] Italy 2.8 Hospitalization for strokes 1:1 PSM 20,762/20,762 NA (g)

Htoo et al. 2022 [41] US (empagliflozin
versus liraglutide)

0.4 Ischaemic or haemorrhagic strokes 1:1 PSM 22,894/22,894 1.08 (0.84−1.39) (d)

Dong et al. 2022 [42] Taiwan 0.6 Total strokes PSM 26,032/26,032 1.11 (0.85−1.45) (h)

Lin et al. 2022 [43] Taiwan 1.8/1.9 Non-fatal ischaemic strokes 4:1 PSM 81,152/ 20,288 1.08 (0.93−1.23)
Fu et al. 2022 [44] Sweden 1.6 Ischaemic strokes Propensity score overlap

weighting
5489/6886 1.71 (1.14−2.59)

Lyu et al. 2022 [45] US 1.3 Hospitalization for strokes IPTW 2492/1982 1.37 (0.63−2.95)
Wright et al. 2022 [46] England/Wales 3.3−4.0 Hospitalization for ischaemic

(including tia) or haemorrhagic
strokes

Adjustment for covariates 13,100/8971 0.94 (NA) (i)

Rathmann & Kostev
2022 [47]

Germany 4.9 Nonfatal strokes/TIA Adjustment for covariates 35,338/ 21,282 NA (j)

Lui et al. 2023 [48] Hong-Kong 1.4 All strokes 1:1 PSM 2920/2920 1.46 (0.99−2.17) (k)

Xie et al. 2023 [49] US 3.8 All strokes Overlap weighting approach 46,516/26,038 0.91 (0.82- 1.01)(l)

CI : confidence interval.
IPTW : inverse probability of treatment weighting.
NA : not available.
PSM : propensity score matching.
TIA : transient ischaemic attack.

(a) DPP-4is as reference : HR 0.56 (0.26−1.12) with SGLT2is versus HR 0.65 (0.44−0.97) with GLP-1RAs.
(b) Without CVD : HR 1.01 (0.54−1.90); with CVD : HR 0.79 (0.37−1.69).
(c) Without CVD : HR 0.96 (0.82−1.13); with CVD : HR 1.00 (0.87−1.15).
(d) Patients with T2DM older than 65 years.
(e) 16.1 % vs 15.6 %.
(f) D 0.1 % (�0.5 to 0.6).
(g) 0.6 % vs 0.6 % : without CVD : 1.01 (0.74−1.37); with CVD : HR 1.12 (0.75−1.67).
(h) Ischaemic stroke : 1.16 (0.88−1.54), haemorrhagic stroke : 1.14 (0.80−1.59).
(i) Estimated HR 0.94. Pooled data of three nested case-control studies : All strokes : HR 0.84 (0.72−0.98) with SGLT2is versus HR 0.89 (0.74−1.07) with GLP-1RAs.
(j) Using Cox regression, adjusted HR for stroke/transient ischaemic attack (per 1 year of treatment): 0.59 (0.54−0.64) for SGLT2is and 0.79 (0.74−0.85) for GLP-1RAs.
(k) Ischaemic stroke : 1.53 (1.01−2.33), haemorrhagic stroke : 1.29 (0.53−3.14).
(l) Pragmatic trial.
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[41]. The range of evaluated patients was very broad and varied
between 2492 and 186,040 in the SGLT2i cohort and between 1982
and 186,040 in the GLP-1RA cohort (except one study that recruited
only 947 in both groups after propensity score matching) [31]. HR
values when comparing the risk of all strokes with SGLT2is versus
GLP-1RAs were around one in all studies (none of them showing
statistically significant between-class differences), except in two
cohort studies (one in Taiwan and one in Sweden) that focused on
ischaemic strokes only [36,44]. Two other studies reported separated
findings for ischaemic strokes versus haemorrhagic strokes in addi-
tion to all-type strokes : one reported non-significant difference
between the two pharmacological classes whatever the type of stroke
[42] whereas the other reported a borderline significant higher risk
for ischaemic stroke but not for haemorrhagic strokes [46] when
comparing SGLT2is versus GLP-1RAs. Four cohort studies reported
separated data in patients with established cardiovascular disease
3

(CVD) versus those without CVD and none of them showed signifi-
cant differences regarding the risk of strokes between SGLT2is and
GLP-1RAs whatever the subgroup considered (Table 3) [30,32,34,40].
Finally, two studies focused on older patients with T2DM (≥ 65 years)
and found similar results in stroke incidence with SGLT2is versus
GLP-1RAs (Table 2) [35,41].
Discussion

Different pieces of information collected in the present review
suggested that when patients with T2DM were studied in real-life
conditions SGLT2is were associated with a significant reduction in
stroke events when compared with other glucose-lowering drugs,
including DPP-4is, and with an almost similar risk of stroke events
when compared with GLP-1RAs.



Table 3
Comparison of stroke outcomes with an SGLT2i versus a GLP-1RA in observational studies among patients with or without cardiovascular disease.Results are expressed
as hazard ratio (95 % confidence interval).

Reference Country Follow-up (years) Stroke outcome N SGLT2i/GLP-1RA Category HR SGLT2is versus GLP-1RAs

Longato et al. 2020 [30] Italy 1.1 First occurrence of any stroke 4298/4298 All patients 0.90 (0.57−1.41)
786/759 With CVD 0.79 (0.37−1.69)
3512/3539 Without CVD 1.01 (0.54−1.90)

Patorno et al. 2021 [34] US 0.6 Hospitalization for ischaemic or
haemorrhagic stroke

186,040/186,040 All patients 0.98 (0.88−1.09)
52,901/52,901 With CVD 1.00 (0.87−1.15)
133,139/133,139 Without CVD 0.96 (0.82−1.13)

Deremer et al. 2021 [32] US 0.7/0.5 Any stroke 7706/5300 All patients with CVD NA
624/471 0.85 (0.50−1.70)
7082/4829 Without CVD 1.08 (0.67−1.75)

Baviera et al. 2022 [40] Italy 2.8 Hospitalization for stroke 20,762/20,762 All patients 1.04 (0.83−1.33)
2660/2659 With CVD 1.12 (0.75−1.67)
18,102/18,103 Without CVD 1.01 (0.74−1.37)

CVD : cardiovascular disease. NA : not available.
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The favourable effects of SGLT2is on the incidence of strokes
reported in meta-analyses that compared SGLT2is with other glu-
cose-lowering drugs [18-20,27] or with DPP-4is [18,20] (Table 1)
were confirmed in two large multinational observational studies, one
that compared SGLT2is with other glucose-lowering drugs (CVD
REAL, 13 countries across three continents, 440,599 in both treat-
ment groups after propensity-score matching: HR 0.78, 95 % CI 0.72
−0.85) [50] and one that compared the SGLT2i empagliflozin with
DPP-4is (EMPRISE, “EMPagliflozin compaRative effectIveness and
SafEty”, 11 countries in Europe and Asia, 83,946 in both treatment
groups after propensity-score matching: HR 0.83, 95 % CI 0.73−0.95)
[51]. Of note, in a real-world study performed in Korea, the risk of
stroke was similar in T2DM patients treated with SGLT2is compared
with those on pioglitazone (HR 1.054, 95 % CI 0.904−1.229) [52], a
thiazolidinedione that previously showed a significant protection
against stroke in high-risk patients [7,8].

In contrast to what was reported in placebo-controlled RCTs and
CVOTs [16], our series of 21 retrospective observational cohort stud-
ies shows no significant differences in the risk of fatal and fatal/non-
fatal strokes when comparing patients with T2DM treated with
either an SGLT2i or a GLP-1RA (Table 2). Thus, our work confirms and
extends the findings of previous meta-analyses performed in a lower
number of observational cohort studies [20−23] (Table 1). Only one
meta-analysis that specifically focused on the risk of stroke with
SGLT2is versus other glucose-lowering agents (not specifically GLP-
1RAs) compared results obtained in both RCTs and observational
studies [20]. SGLT2is showed no significant effects on risk of stroke in
eight RCTs versus placebo in patients with T2DM (HR 0.98, 95 % CI
0.88−1.09: P = 0.272). In contrast, in real-life conditions, SGLT2is
alone significantly reduced the risk of stroke compared with other
glucose-lowering drugs (HR 0.87, 95 % CI 0.80−0.95, P < 0.001), yet
with a rather high between-study heterogeneity (I2 = 72.2 %). Of spe-
cial interest, in observational studies that compared SGLT2is to GLP-
1RAs, SGLT2is did not significantly affect the risk of stroke as only a
numerically trend for a higher risk was observed (HR 1.14, 95 % CI
0.87−1.51) [20] (Table 1). Meta-regression analyses reported that
age, gender, and follow-up time were not responsible for heterogene-
ity between observational studies [20]. An umbrella review of
evidence from RCTs versus real-world observational studies also
revealed a significant discrepancy between the two types of studies
regarding the effects on the risk of stroke of SGLT2is versus other glu-
cose-lowering drugs: risk ratio [RR] 0.99, 95 % CI 0.76−1.29;
I2 = 93.4 % for RCTs versus OR 0.75, 95 % CI 0.72−0.78; I2 = 23.0 % for
observational studies [19].

Thus, when considering the results of observational cohort stud-
ies, it does not appear that SGLT2is exert a significantly lower protec-
tion against stroke compared with GLP-1RAs. Thus, the gap between
the two pharmacological classes suggested by data in RCTs seems to
4

be leveling off for this cerebrovascular protective effect as it was
already discussed for other outcomes [53].

Very few findings regarding stroke events differentiated ischae-
mic and haemorrhagic strokes in observational studies. Furthermore,
regarding ischaemic strokes, no distinction could be made between
events secondary to thrombosis or arterial embolism and scarce or
no information was available concerning the rate of transient ischae-
mic attacks (TIA). In the series of 21 retrospective observational stud-
ies summarized in Table 2, only one study from Sweden showed a
statistically significant higher risk of stroke with SGLT2is compared
with GLP-1RAs (HR 1.71, 95 % CI 1.14−2.59) [44]. Of note, this study
restricted the analysis to ischaemic strokes. In another study from
Hong-Kong that showed no significant differences in all strokes
between SGLT2is and GLP-1RAs, a borderline significant increased
risk was noticed for ischaemic strokes but not for haemorrhagic
strokes [48] (Table 2). However, such a difference between the two
types of stroke was not confirmed in another cohort study from Tai-
wan, which reported a numerically slight and similar increase in both
ischaemic (+ 16 %) and haemorrhagic stokes (+ 14 %) with SGLT2is
versus GLP-1RAs [42]. Results from a Japanese Pharmacovigilance
Study showed that the reporting odds ratios for stroke following
SGLT2i use versus non-use differ greatly depending on the stroke
subtypes : whereas SGLT2is were associated with significantly higher
reporting for all ischaemic stroke (thrombosis, lacunar infarction and
embolism), no significantly higher reporting was identified for
haemorrhagic stroke [54]. Thus, the respective effects on ischaemic
strokes of the two pharmacological classes remains an open question
that certainly deserves more comparative studies focusing specifi-
cally on these cerebrovascular events.

As previously discussed [16], four special populations deserve
attention because they are exposed to a higher risk of stroke: patients
with atrial fibrillation, heart failure, CVD and/or chronic kidney
disease (CKD). In a large observational study using TriNetX, a global
health research real-world network, SGLT2is significantly reduced
the risk of cerebrovascular events in an analysis that focused on
individuals with T2DM and atrial fibrillation. At 3-year follow-up, the
risk of ischaemic stroke/TIA was higher in patients not receiving
SGLT2is compared with SGLT2i users (HR 1.12, 95 % CI 1.01−1.24), a
difference even larger for intracranial hemorrhage (HR 1.57, 95 % CI
1.25−1.99) [55]. Similarly, in a historical cohort from the National
Taiwan University of patients with T2DM and atrial fibrillation,
SGLT2i users had a 20 % reduction in stroke (HR 0.80, 95 % CI,
0.64−0.99; P = 0.043) compared with SGLT2i non-users, after adjust-
ment for the risk of arterial embolism using the CHA(2)DS(2)-VASc
score [56].

The most impressive positive effect of SGLT2is concerns the
reduction in hospitalization for heart failure [57], a complication
known to be associated with an increased risk of stroke
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independently of the presence of atrial fibrillation [58]. In a meta-
analysis of 18 observational studies that compared SGLT2is with GLP-
1RAs, SGLT2is were associated with a borderline significant 10 %
increase in risk of stroke (HR 1.10, 95 % CI 1.01−1.19; P for effect
size = 0.04) despite a 21 % highly significant reduction in the risk of
hospitalization for heart failure (HR 0.79, 95 % CI 0.71−0.88; P for
effect size < 0.01) [23]. A recent large observational study using US
Medicare fee-for-service data compared the effects of SGLT2is versus
GLP-1RAs in two cohorts of patients with heart failure with reduced
(HFrEF) or preserved (HFpEF) ejection fraction and reported concor-
dant results in both cohorts : initiation of SGLT2is versus GLP-1RAs
was associated with significantly lower risk of hospitalization for
heart failure, without any difference for stroke [59]. Thus, the
remarkable effect of SGLT2is on heart failure appears to be dissoci-
ated from the less marked effect on stroke.

A few observational studies that compared the effects of SGLT2is
versus GLP-1RAs on the incidence of stroke gave concordant results
in patients without versus with established CVD [30,32,34,40]
(Table 3). In a meta-analysis of 11 cohort studies, SGLT2is versus
GLP-1RAs had similar stroke risk in T2DM patients with CVD (HR
1.01, 95 % CI 0.91−1.12) or without CVD (HR 1.13, 95 % CI 0.95−1.33),
and the between-subgroup difference had no statistical significance
(P = 0.26) [24].

Finally, in a nationwide retrospective cohort study using data
from the Taiwan Health Insurance database in patients with T2DM
and CKD, SGLT2i users exhibited significantly low rates of new-onset
stroke compared with non-SGLT2i users after propensity score
matching (HR 0.80, 95 % CI 0.76−0.84) [60]. These findings confirm
those of a meta-analysis that specifically targeted patients with CKD
and showed a significant reduction in the risk of stroke with SGLT2is
but not with GLP-1RAs versus placebo [61], thus opposite results
when compared to those reported in meta-analyses of RCTs among
patients with T2DM and no CKD [16]. It has been speculated that the
stroke prevention effects of SGLT2is may differ for different renal
function levels in diabetic patients, being more pronounced in those
with more advanced renal impairment and related to the positive
effect of gliflozins on renal protection [62−64].

Thus, findings from real-world evidence (RWE) collected in retro-
spective cohort studies (Tables 1 and 2) showed discrepancies with
those emerging from placebo-controlled RCTs when considering the
effects of SGLT2is on fatal and fatal/nonfatal stroke in T2D patients,
especially when compared with the results reported with GLP-1RAs
[16,19]. Such a discordance has not been observed when considering
heart failure issues as observational studies confirmed results from
CVOTs with a clear-cut superiority of SGLT2is over GLP-1RAs [65]. A
major difference between RCTs/CVOTs and real-life observational
studies which might explain different results regarding stroke pro-
tection concerns the profile of the populations recruited in the two
types of studies. Indeed, most RCTs were carried out in patients with
T2D and established CVD or at high cardiovascular risk whereas
observational studies recruited a majority of individuals at lower car-
diovascular risk. A recent trial sequential analysis of RCTs showed
that GLP-1RAs and SGLT2is reduce the incidence of MACEs to a simi-
lar extent in patients with and without CVD, but suggested that they
may have a differential effect on the reduction of fatal or non-fatal
strokes [66]. Nevertheless, the results were inconclusive because of a
too low number of RCTs that gave detailed results on strokes in
patients with versus without CVD so that the required sample size
was not reached [66]. However, four observational studies that com-
pared the results in patients with versus without CVD gave concor-
dant results with no difference between patients treated with
SGLT2is compared to patients treated with GLP-1RAs whatever the
presence or not of CVD [24,30,34,40] (Table 3).

There are several limitations in this review that compares the
effects on the risk of stroke of SGLT2is versus GLP-1RAs. Cohort stud-
ies have well-known limitations, especially when they have a
5

retrospective design with post-hoc analyses [67,68]. Yet they bring
complementary information to that provided by RCTs, especially in
absence of head-to-head RCTs (a lack that obliges to use indirect
comparison between placebo-controlled RCTs, as it was the case for
the comparison SGLT2is versus GLPI-1RAs) [16] and when the aim is
to compare the effectiveness of two medications in real-life condi-
tions [69,70]. Most observational cohort studies collected in the pres-
ent meta-analyses used propensity score matching or inverse
probability of treatment weighting to limit the risk of biases (yet
some hidden ones may still remain). Importantly they gave reproduc-
ible results whatever the country involved and the characteristics of
populations recruited. Some other limitations may be pointed out :
variability in the stroke definitions used and information reported
across observational studies prohibit the comparison, replication,
and aggregation of findings [71]; the lack of precise information
about the type of stroke (ischaemic versus haemorrhagic) in most ret-
rospective observational cohort studies as already discussed; the lack
of information regarding secondary prevention of stroke as most
available data from cohort studies (and from RCTs/CVOTs as well)
concerned the occurrence of first event (primary stroke) [72]; possi-
ble heterogeneity between molecules within each class which has
not been specifically addressed, an heterogeneity apparently more
marked within the GLP-1RA family (lower efficacy of short-acting
agents and exendin-4 derivatives) [73] than within the SGLT2i class
[74−77].

Conclusion

Stroke is a major vascular complication among patients with
T2DM. GLP-1RAs have proven their efficacy in reducing the risk of
nonfatal stroke in many RCTs and CVOTs collected in meta-analyses
in contrast to SGLT2is whose cerebrovascular protection raised con-
cern. In contrast to what was suggested by indirect comparisons of
placebo-controlled RCTs, worldwide findings from numerous obser-
vational cohort studies showed no significant difference between the
risk of nonfatal and fatal/nonfatal strokes observed in SGLT2i users
versus GLP-1RA users independent of the presence of established
CVD. Some data suggested that SGLT2is may exert a better protection
on haemorrhagic strokes than ischaemic stroke as well as on fatal/
nonfatal strokes in a population with CKD and in patients with or at
risk of atrial fibrillation. In absence of head-to-head RCTs comparing
stroke outcomes in patients with T2DM treated with either an SGLT2i
or a GLP-1RA, a definite conclusion should be taken with caution
regarding the prioritization of GLP-1RAs over SGLT2is to prevent
strokes in patients with T2DM.
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