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renal benefits of GLP-1 receptor agonists, including semaglutide, none have specifically
investigated its impact on stroke risk reduction. This meta-analysis aims to evaluate the
overall effect of semaglutide on reducing stroke risk among populations at high CV-risk.
Methods: A comprehensive search was undertaken across PubMed, Scopus, and
Cochrane databases up to May 2024. Four eligible studies included randomized
controlled trials (RCTs) that compared semaglutide with placebo for cardiovascular
outcomes in both diabetic and non-diabetic populations. Primary cerebrovascular
endpoints included stroke and its subtypes. Secondary cardiovascular endpoints were
all-cause mortality, major adverse cardiovascular events (MACE), and CV-mortality.
Statistical analysis was conducted using Review Manager 5.4 and the risk ratios (RR)
with 95% confidence interval (CI) were computed employing a random-effects model.
Results: Semaglutide demonstrated a modest reduction in stroke risk (RR 0.84, 95% CI
0.70—-1.00, P=0.050, I*=21%), approaching statistical significance. It also demonstrated
significant benefits in reducing all-cause mortality (RR 0.81, 95% CI 0.70-0.94, P=0.006,
1’=42%), MACE (RR 0.81, 95% CI 0.74-0.88, P<0.001, I’=0%), and cardiovascular
mortality (RR 0.79, 95% CI 0.67-0.93, P=0.006, 1>=28%)).

Conclusion: The secondary outcomes were significantly reduced, stroke risk reduction
was marginal, highlighting semaglutide’s promising vascular benefits. The inclusion
of only four RCTs and moderate heterogeneity among the trials may limit the
generalizability of these findings.
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INTRODUCTION

Each year, around 15 million individuals worldwide are affected
by stroke globally. Of these, one-third succumb to death, while
another third survive with long-term neurological impairments
[1]. In the United States, stroke continues to be a predominant
cause of long-term disability in adults, with a recurrence rate of
25% [2.3].

Non modifiable risk factors for stroke include family history,
female sex, Black African or Hispanic race, atrial fibrillation,
and migraine. Modifiable risk factors include pregnancy/
hormonal imbalances, hypertension, low physical activity, and

smoking [4].

The treatment of stroke is immediate mechanical thrombectomy
or thrombolysis [5]. The most likely mechanism of stroke is
atherosclerotic thrombus formation. Therapies targeting this
include antiplatelets, statins, risk factor management, and
lifestyle modifications [6]. 25% of deaths associated with stroke
can be prevented by controlling blood pressure [1]. Diabetes
Mellitus (DM) is also an established risk factor for stroke, with
33% of stroke patients having diabetes [7].
Semaglutide, a glucagon-like peptide-1 (GLP-1) receptor
agonist, has been extensively used in the treatment of type 2
diabetes mellitus (T2DM) and has recently gained recognition
for its cardiovascular benefits [4]. GLP-1 receptor agonists
primarily exert their effects by increasing insulin secretion,
slowing gastric emptying, and decreasing glucagon release.

Additionally, they promote satiety by increasing gastric transit

Main Points

o Stroke is one of the leading causes of death and
disability worldwide. Diabetes mellitus (DM) is a
major risk factor for the occurrence of stroke, and

about one-third of stroke patients have diabetes.

e Semaglutide is a GLP-1 receptor agonist mainly used
for type 2 diabetes and obesity, but it also shows
cardiovascular benefits. Previous studies have looked
at GLP-1 RAs in general, but none focused specifically
on semaglutide’s effect on stroke risk.

o This is the first meta-analysis to assess semaglutide’s

effect on overall stroke and its subtypes.
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time and modulating appetite regulating centers within the brain

(8].

Semaglutide exerts its effects on multiple pathways, including
glucose metabolism, energy homeostasis, and inflammation,
all of which are linked to cardiovascular disease (CVD) as well
[9]. A once weekly subcutaneous dose of 2.4 g GLP-1 agonist
is associated with a reduction in obesity and CVD even in

individuals with elevated cardiovascular (CV) risk [10,11].

The OASIS 1 trial concluded that a daily oral dose of 50 mg
semaglutide resulted in a clinically meaningful decrease in body
weight [12]. This has prompted exploration of semaglutide in
diseases where obesity is a risk factor, such as osteoarthritis
[11]. Additionally, a study by Kosiborod et al. [13] demonstrated
an increase in six-minute walk distance in patients taking
semaglutide, further highlighting its role in enhancing physical

activity.

Evidence also suggests that semaglutide has anti-oxidative and
anti-inflammatory properties. However, to date, no meta-analysis
has comprehensively evaluated the effects of semaglutide on all
major subtypes of stroke, including non-fatal stroke, ischemic

stroke, and all-cause stroke.

Although individual randomized controlled trials have reported
stroke-related outcomes with semaglutide, the absence of
a pooled analysis limits our understanding of its overall
cerebrovascular impact. Given the substantial burden of stroke
in patients with diabetes and the growing evidence supporting
semaglutide’s vascular benefits, a meta-analytic approach is

warranted to clarify its potential role in stroke prevention.

MATERIALS AND METHODS

Search Strategy

This systematic review and meta-analysis were carried out
following the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines to make sure that the
process is comprehensive and transparent. PubMed, Cochrane,
and Scopus were the three major databases we used to assess
for relevant studies. During this process, we did not apply any
language or publication year restrictions and used different
variations of keywords like semaglutide, GLP-1 receptor
agonists, stroke, and cardiovascular outcomes. To connect these
keywords, Boolean operators (AND/OR) were used. Along with
articles extracted from these databases, we also looked for any
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other eligible studies in the references of selected papers. The
full details of the search strategy (combinations of keywords,
date ranges, applied filters) are provided in the supplementary

materials (Supplementary file).

Study Selection Process

After searching through databases, we did a full-text screening
of all the articles to assess their eligibility. Studies were included
if they were randomized controlled trials (RCTs) that compared
semaglutide with placebo in patients with or without T2DM and at
high CV-risk and reported at least one stroke-related event, such
as non-fatal stroke, ischemic stroke, or all-cause stroke. Most
importantly, studies should report one of the above secondary
events, like MACE (major adverse cardiovascular events), all-
cause mortality, and cardiovascular mortality. Articles that were
observational or animal-based were excluded. This screening
was done by two reviewers, and any disagreements between
them were resolved by discussion.

Data Extraction

A spreadsheet was used for data extraction. It included all the
important information like study title, study design, sample
size, publication year, population dynamics, interventions that
were given, their results, and follow-up duration. Two reviewers
independently did this data extraction, and their discrepancies

were resolved via mutual discussion.

Quality Assessment

Cochrane risk of bias (RoB 2.0) was used as an instrument
to analyze the quality of the included RCTs. Each study was
evaluated on multiple aspects, namely randomization, blinding,
addressing missing data, and outcome reporting. Two reviewers
independently worked on a quality assessment, and any
disagreement was resolved by discussion. All four included

trials had a low risk of bias in all domains (Supplementary file).

Statistical Analysis

We applied RevMan (Review Manager) software to conduct
the meta-analysis assessment. The treatment effects were
presented as risk ratios (RRs) with 95% confidence intervals
(CIs), analyzing a random-effects model for the treatment of
heterogeneity within and among studies. The I? statistic was used
as an index for assessing heterogeneity, where values above 50%
were interpreted as indicating moderate to high heterogeneity.
A P cutoff of less than 0.05 was used to determine the level of

significance. Hence, given that we already had very few studies
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per outcome, we did not consider testing for publication bias.
Following completion of the statistical analysis, this study
was registered on the Open Science Framework and assigned
a registration Digital Object Identifier (DOI) 10.17605/OSF.10/
MBWGQ. The work has been reported in line with AMSTAR
(Assessing the Methodological Quality of Systematic Reviews)

guidelines.

RESULTS

Study Selection and Study Characteristics

A total of 853 studies were identified from three databases:
PubMed, Cochrane, and Scopus. After screening and excluding
irrelevant studies, 89 studies were assessed for eligibility.
Review articles, studies with incomplete data, and those without
available full texts were excluded. Consequently, four studies
fulfilled the inclusion criteria and were incorporated into the
analysis. The summary of this process is illustrated in the
provided PRISMA chart (Figure 1). This meta-analysis was
performed on 27,617 patients (13,809 receiving semaglutide and
13,808 receiving a placebo). The median age was 65.58 years.
The characteristics of the included studies are presented in Table
1.

Primary Cerebrovascular Outcomes

All four included studies in our meta-analysis evaluated the
incidence of non-fatal stroke as an outcome. The pooled results
suggested that semaglutide had a 10% relative risk reduction for
non-fatal stroke compared with placebo, but the difference did
not achieve statistical significance [RR: 0.90 (95% CI: 0.69-1.19)
P=0.470]. Heterogeneity reported among the trials was moderate
(I>= 46%), indicating some effect size variability between the

included trials.

Additionally, two of the trials analyzed all-cause stroke and
ischemic stroke as separate outcomes. A Random-effects
analysis of these two studies yielded a borderline statistically
significant risk reduction for all-cause stroke with semaglutide
over placebo [RR:0.68 (95% CI: 0.47-1.00) P=0.050, I’=0%]. By
comparison, the combined analyses of ischemic stroke outcomes
identified a non-significant risk reduction favoring semaglutide
[RR: 0.72, (95% CI: 0.48-1.09), P=0.120, I*=0%).

In aggregate analyses of the impact of semaglutide on stroke
prevention, the collective data across all studies identified
a marginally significant decrease in the overall risk of stroke

compared to placebo. The relative risk of this overall endpoint
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was estimated as [RR: 0.84 (95% CI: 0.70-1.00), P=0.050] with
minor heterogeneity between studies (1>=21%). These results
suggest that semaglutide is protective against stroke; however,
the evidence is on the brink of statistical significance and
requires further exploration through more extensive trials with

longer follow-up periods to ascertain these findings (Figure 2).

Secondary Cardiovascular Outcomes

All four studies included in this meta-analysis demonstrated a
statistically significant reduction in all-cause mortality, favoring
the semaglutide group over placebo. The overall analysis showed
a relative risk reduction of 19% RR: 0.81, (95% CI: 0.70—0.94),
P = 0.006 with a moderate level of heterogeneity (I> = 42%)
(Figure 3).

Similarly, the occurrence of major adverse cardiovascular
events (MACE) was reduced significantly in individuals given
semaglutide compared to placebo. The combined estimates
showed an RR of 0.81, (95% CI: 0.74—0.88), P < 0.001, with no
heterogeneity between the studies included (12 = 0%) (Figure 4).

Table 1. Baseline characterstics of the included studies.

Nasir L, et al.

In addition, cardiovascular mortality was also significantly
decreased in the semaglutide arm versus the placebo. The meta-
analysis showed a 21% relative risk reduction [RR: 0.79, (95% CI:
0.67-0.93), P = 0.006], with a moderate degree of heterogeneity
(I =28%) (Figure 5).

Meta-regression

To ascertain whether age had a moderating influence on treatment
outcomes across all primary endpoints, it was investigated as
a possible covariate. According to the analysis, age did not
significantly correlate with any of the outcomes evaluated. In
particular, the estimated effect sizes and associated p-values
are as follows: non-fatal stroke (P = 0.814), all-cause stroke
(P = 0.705), and ischemic stroke (P = 0.649). Furthermore, the
possible impact of semaglutide dosage on the risk of non-fatal
stroke was also examined. With a p-value of 0.929, this analysis
also showed no statistically significant association. These results
imply that the effect was unaffected by semaglutide dosage or
age (Supplementary file).

igi]:g& CTERISTICS SUSTAIN-6 PIONEER-6 SELECT FLOW

Study (year) Marso, et al. 2016 [10] Husain, et al. 2019 [16] | Lincoff, et al. 2023 [9] | Perkovic, et al. 2024 [22]
Sample size 3,297 3,183 17,604 3,533

N (semaglutide) 1648 1591 8803 1767

N (placebo) 1649 1592 8801 1766

Dose in mg 0.5 or 1.0 mg once weekly | 14 mg once daily (target) | 2.4 mg once weekly | 0.5 or 1.0 mg once weekly
Mode of administration subcutaneous oral subcutaneous subcutaneous
Duration (weeks) 104 69 148.7 177

Mean age (years) 64.7 66 61.6 66.6

Sex (Male %) 59.9 68.1 72.35 70.6

T2DM duration (years) 14.1 14.7 - -

zzzgnf S}I];’flc in% 87415 82+ 1.6 5.8+034 7.8£13
EEZZET ;’g)ly weight in ke 9294211 91.0+21.4 96.6 % 17.6 89.5+19.8
?;ZZE’:SSE)P in mm of He 135.8+16.2 135218 1309+ 154 138.9+16.1
?;Z:E‘f ?};P inmm of Hg 77.549.9 7610 793499 76.8410.0
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Records identified from*:
~§ Data bases Records removed before screening:
S% PubMed (n = 493) > Duplicate records removed (n = 389)
;:: Cochrane (n = 48) Records removed for other reasons (n = 73)
= Scopus (n = 312)
Records excluded (irrelevant)**
Records screened (n =391) —>
(n=78)
Reports sought for retrieval Reports not retrieved
z (n=313) g n=0)
=
3
5
197
Reports assessed for eligibility Reports excluded:
(n=89) Review articles (n = 47)
Incomplete data (n = 10)
Full text not accessible (n =28)
g Studies included in review (n
=
[ -
[*=

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) chart

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across

all databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. (2021) The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BMJ. 372:n71. https:/doi.org/10.1136/bmj.n71

DISCUSSION

This meta-analysis of four large-scale clinical trials—
SUSTAIN-6, PIONEER-6, SELECT, and FLOW—evaluated
the effectiveness of semaglutide compared with placebo in
reducing the risk of stroke and other major cardiovascular
events in a combined population of 27,617 patients. Based on
our review of the literature, this is the first meta-analysis to

comprehensively assess the incidence of overall stroke and

its subtypes—including non-fatal stroke, ischemic stroke,
and all-cause stroke—among both diabetic and non-diabetic
individuals at high cardiovascular risk. Secondary outcomes,
such as all-cause mortality, major adverse cardiovascular events
(MACE), and cardiovascular mortality, were also examined
to provide a broader view of semaglutide’s cardiovascular and

cerebrovascular impact.
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Semaglutide Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
1.5.1 Non-fatal stroke
SUSTAIM-B 27 1648 44 1648 11.4% 0.61[0.38,099] 2016 1
FIOMEER-E 12 15 16 15492 5.2% 0.75[0.36,1.58] 20149 T e ¢
SELECT 154 8803 165 8801 321% 0.93[0.75,1.16] 2023
FLOWY 63 1767 81 1766 17.3% 1.23[0.86,1.78] 2024 }
Subtotal (95% CI) 13809 13808 66.0% 0.90 [0.69,1.19]
Total events 256 276

Heterogeneity: Tau®=0.03; Chi*=5.60, df=3 (P =013}, F= 46%
Testfor averall effect Z=073 (P =047}

1.5.2 All-cause stroke

SUSTAIN-6 30 1648 46 1649 12.2% 0.65([0.41,1.03] 2016 R T
PIOMNEER-B 13 15891 17 15492 5.6% 0.77[0.37,1.57] 2019 T R
Subtotal (95% CI) 3239 3241 17.8% 0.68 [0.47,1.00] <
Total events 43 63

Heterogeneity: Tau®*=0.00; Chi*=013,df=1 (P=071); F=0%
Test for overall effect: Z=1.94 (P =0.05)

1.5.3 Ischemic stroke

SUSTAIN-6 25 1648 37 1649 10.4% 068([0.41,1.12] 2016 R
PIONEER-E 14 1591 17 15492 5.8% 0.82[0.41,1.67] 2019 T [
Subtotal (95% CI) 3239 3241 16.2% 0.72 [0.48, 1.09] -l
Total events 34 a4

Heterogeneity: Tau®*= 0.00; Chi*=0.20, df=1 (P = 0.65); F= 0%
Testfor overall effect Z2=155(F=012)

Total (95% CI) 20287 20290 100.0% 0.84 [0.70, 1.00] ’

Total events 338 3493

Heterogeneity: Tau?=0.01; Chi*=8.82, df=7(P=0.27); F=21% f f f f

Testfi Il effect: Z=1.94 {(F=0.05 e o 0 20
estfor overall effect 2= 1.94 (F = 0.03) Favours Semaglutide Favours placebo

Testfor subgroup differences: Chi*=1.68, df= 2 (P=043), F=0%

Figure 2. Forest plot of Stroke and its subtypes

Semaglutide Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
SUSTAIN-B 62 1648 B0 1649 141% 1.03[0.73,1.46) 2016 b—
PIONEER-6 23 1591 45 1592 7.8% 0.51[0.31,0.84] 2019
SELECT 375 8803 458 8801 42.0% 0.82[0.72,094] 2023 &+
FLOWW 227 1767 279 1766 36.1% 0.81 [0.69, 0.96] 2024 —&+
Total (95% CI) 13809 13808 100.0% 0.81 [0.70, 0.94] L3
Total events 687 842
Heterogeneity: Tau®=0.01; Chi*= 517, df=3 (P=0.16), F= 42% t t t t t t
Test fo?over;yll effect Z= 2I4?3 (P= 0.066) ( { - i 1 : 4 ] &
Favours Semaglutide Favours Placebo

Figure 3. Forest plot of All-cause mortality

Semaglutide Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
SUSTAIN-6 108 1648 146 1649 11.7% 0.74 [0.58,0.94] 2016 ——
PIONEER-6 61 1591 76 1592 6.2% 0.80([0.58,1.12] 2019 =
SELECT 569 8803 701 8801 59.0% 0.81 [0.73,0.90] 2023 k&
FLOW 212 1767 254 1766 23.2% 0.83[0.70,0.99] 2024 —
Total (95% CI) 13809 13808 100.0% 0.81 [0.74, 0.88] &
Total events 950 6 [ 7
Heterogeneity: Tau®= 0.00; Chi*= 0.66, df= 3 (P = 0.88); F=0% IJ: 3 055 é é
Testfor overall effect. Z=5.12 (P < 0.00001) . Favours Sémaglutide Favours Placebo

Figure 4. Forest plot of composite MACE outcomes
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Semaglutide Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
SUSTAIN-6 44 1648 46 1649 141% 0.96 [0.64,1.44] 2016 S—, —
PIONEER-6 15 1591 30 15892 6.8% 0.50[0.27,0.93] 20189
SELECT 223 8803 262 8801 447% 0.85[0.71,1.01] 2023 i
FLOWY 123 1767 169 1766 34.4% 0.73[0.58,0.91] 2024 ——
Total (95% Cl) 13809 13808 100.0% 0.79 [0.67, 0.93] &
Total events 405 a07
e 2 - Chiz= L = RE= i } } } } t
D:etata;ogenenwl.' T?fu t-20_012 TC:BhIF'_-AIj1DSI5:f_ 3(P=0.25),F=28% 01 02 0's 3 : 10
estfor overall effect: Z= 2.76 (P = 0.006) Favours Semgalutide Favours Placebo

Figure 5. Forest plot of cardiovascular mortality

Semaglutide is a glucagon-like peptide-1 receptor agonist
(GLP-1 RA) primarily indicated for the treatment of type 2
diabetes mellitus (T2DM) and obesity. It mimics endogenous
GLP-1 by enhancing glucose-dependent insulin secretion,
suppressing glucagon release, slowing gastric emptying, and
promoting satiety through central appetite pathways [14].
Beyond its metabolic benefits, semaglutide favorably influences
cardiovascular risk factors, including blood pressure, lipid
profile, and body weight. Additionally, preclinical and clinical
data suggest vascular effects such as improved endothelial
function, promotion of angiogenesis, and reduction of oxidative
stress, which may contribute to reduced cardiovascular risk
[15]. Our findings indicate a favorable trend towards reduced
stroke incidence with semaglutide. Notably, semaglutide was
associated with a 10% relative risk reduction in non-fatal stroke
compared to placebo, although this difference did not reach
statistical significance. Individual trials demonstrated variable
effects: SUSTAIN-6 reported a 39% reduction in non-fatal stroke
[10], SELECT showed a 15% decrease [9], while PIONEER 6
did not demonstrate a meaningful difference [16]. Despite these
inconsistencies, the direction of effect across all trials favored
semaglutide. For secondary outcomes, the evidence was more
robust. Our meta-analysis demonstrated significant reductions in
all-cause mortality (19%), MACE, and cardiovascular mortality
(21%). These benefits were largely driven by findings from the
SELECT and SUSTAIN-6 trials [9,10]. Furthermore, meta-
regression analysis suggested that neither age nor semaglutide
dose significantly influenced stroke outcomes, implying a
relatively consistent effect across demographic and dosage

subgroups.

These findings align with emerging evidence suggesting that
semaglutide’s cardiovascular benefits may extend beyond its

glucose-lowering properties. The SELECT trial, which enrolled

non-diabetic patients with obesity and high cardiovascular risk,
demonstrated significant reductions in MACE and mortality,
underscoring the potential for semaglutide to benefit broader
patient populations. Mechanistically, this may reflect the
drug’s influence on pathways related to systemic inflammation,
atherosclerosis progression, endothelial function, and plaque
stabilization—processes relevant in both diabetic and non-

diabetic vascular disease.

Observational data further support semaglutide’s potential in
real-world settings. A large population-based study reported
a reduced incidence of stroke with semaglutide versus DPP-4
inhibitors, highlighting benefits that may extend beyond those
observed in clinical trials [17]. Regarding safety, semaglutide
has been generally well-tolerated in phase 3 trials. While
gastrointestinal side effects such as nausea and vomiting are
common and have led to treatment discontinuation in some
patients [18], these effects are typically transient and reversible,
and the overall safety profile supports its use in high-risk

populations.

From a clinical standpoint, these findings—though modest in
terms of stroke-specific significance—support the broader
cardiovascular benefit of semaglutide in patients with T2DM,
obesity, and elevated CV risk. This is consistent with present
clinical guidelines. The 2023 American Diabetes Association
(ADA) and the 2023 European Society of Cardiology (ESC)
guidelines support GLP-1 RAs with established cardiovascular
benefit, including semaglutide, for patients with T2DM and
established cardiovascular disease or high CV risk, irrespective
of baseline HbAlc levels [19,20]. These guidelines reinforce
semaglutide as a major contributor in reducing overall

cardiovascular morbidity and mortality.
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Limitations

Although this meta-analysis has notable strengths, several
limitations must be acknowledged. Only four trials were
included, which may restrict the generalizability of the
findings. None of these trials were specifically powered to
assess stroke as a primary outcome, and shorter follow-up
durations—particularly in PIONEER 6—may have limited the
ability to detect long-term cerebrovascular effects. In addition,
data on stroke subtypes and mechanistic biomarkers were
limited, leaving the biological basis for any observed stroke
reduction uncertain. While potential mechanisms such as
anti-inflammatory effects, endothelial protection, and reduced
atherogenesis have been proposed [15,21], further mechanistic

studies are needed to clarify these pathways.

There was also heterogeneity in trial populations. SUSTAIN-6
and PIONEER 6 enrolled patients with T2DM and varying
cardiovascular risk, SELECT focused on individuals with
obesity (with or without diabetes), and FLOW included
patients with T2DM and chronic kidney disease [9,10,16,22].
These population differences may influence the response
to semaglutide and complicate interpretation of the pooled
results. Subgroup analyses by diabetes status, sex, or chronic
kidney disease were not feasible due to insufficient data across
included trials. Future individual patient data (IPD) meta-
analyses may better explain subgroup-specific effects and

contribute to more personalized clinical recommendations.

CONCLUSION

To conclude, semaglutide suggested a possible reduction in
stroke risk in both individuals with high cardiovascular risk,
though findings were marginal and require confirmation. It was
also linked to a reduced risk of secondary outcomes, including
MACE, all-cause mortality, and cardiovascular death. To
validate these findings, further studies with large cohorts and
extended follow-up durations are warranted.
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