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Abstract

Sex-based differences in the efficacy of glucagon-like peptide-1 receptor agonists
(GLP-1RASs) on cardiovascular, renal, and cerebrovascular outcomes remain unclear.
This systematic review and meta-analysis evaluated sex-specific effects of GLP-1RAs
in patients with type 2 diabetes mellitus and related comorbidities. Randomised con-
trolled trials and secondary analyses comparing GLP-1RAs with placebo and report-
ing sex-stratified data were included. Outcomes assessed included composite kidney
outcomes, 3-point major adverse cardiovascular events (MACE: cardiovascular death,
non-fatal myocardial infarction, or non-fatal stroke), individual components of MACE,
and hospitalization for heart failure (HHF). Hazard ratios (HRs) with 95% confidence
intervals (Cls) were pooled using random-effects models. Eleven trials comprising
85,273 patients (43, 339 receiving GLP-1RAs; 41, 934 placebo) were analysed. GLP-
1RAs significantly reduced the risk of composite kidney outcomes by 20% in males
(HR: 0.80; 95% Cl: 0.69-0.92) and 31% in females (HR: 0.69; 95% Cl: 0.54-0.87),
with no significant sex interaction (p = 0.31). The risk of 3-point MACE was reduced
by 14% in males (HR: 0.86; 95% Cl: 0.79-0.93) and 18% in females (HR: 0.82; 95%
Cl: 0.75-0.90; p = 0.47). Stroke risk decreased by 21% in males and 25% in females.
No significant sex-based differences were observed for cardiovascular death, myo-
cardial infarction, or HHF. GLP-1RAs reduce the risk of major cardiovascular, kidney,
and cerebrovascular outcomes in both sexes, with consistent benefits across men
and women. While variations between sexes were observed in certain outcomes,
these differences did not reach statistical significance for interaction. Future trials

should improve female representation and explore sex-specific effects further.
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1 | INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a well-established risk factor for
cardiovascular disease (CVD), yet emerging evidence indicates that its
impact may differ between sexes. Women with T2DM appear to have
a higher relative risk of adverse cardiovascular (CV) events compared
to men, potentially due to biological, hormonal, and pharmacokinetic
differences.’? The 2022 American Diabetes Association (ADA) Stan-
dards of Medical Care recommend glucagon-like peptide-1 receptor
agonists (GLP-1RAs) and sodium-glucose cotransporter-2 inhibitors
(SGLT2is) as first-line therapies for individuals with T2DM who either
have or are at high risk for atherosclerotic cardiovascular disease
(ASCVD), heart failure (HF), or chronic kidney disease (CKD).2 Recent
clinical trials have examined sex-based differences in the effects of
GLP-1RAs on CV and renal outcomes. The FLOW trial (Research
Study To See How Semaglutide Works Compared to Placebo in Peo-
ple With Type 2 Diabetes and Chronic Kidney Disease) reported a
21% reduction in composite kidney outcomes among females and
a 30% reduction among males.* Recent randomised controlled trials
(RCTs) have reported mixed findings regarding sex-specific CV bene-
fits of GLP-1RAs in reducing major adverse cardiovascular events
(MACE). The AMPLITUDE-O trial (Cardiovascular and Renal Out-
comes with Efpeglenatide in Type 2 Diabetes) demonstrated a signifi-
cant 44% reduction in MACE among females, suggesting potential
cardioprotective benefits of GLP-1RAs in women.” In contrast, the
SUSTAIN-6 trial (Semaglutide and Cardiovascular Outcomes in
Patients with Type 2 Diabetes) reported a significant reduction
in MACE primarily among males by 32%, highlighting possible sex-
based differences in therapeutic response.® These contrasting findings
raise uncertainty about the extent to which these effects differ
between men and women.

Despite the higher relative CVD risk in female T2DM patients,
they remain underrepresented in RCTs, limiting the generalisability of
findings. For instance, the SELECT and HARMONY trials included only
27.8% and 30% females, respectively.7*8 Existing meta-analysis has
faced constraints due to the limited number of RCTs available, as well
as the absence of data on renal outcomes and other key CVD indica-
tors such as stroke. This raises concerns about statistical power and
the applicability of current evidence to broader populations.’ To
address these gaps, the present systematic review and meta-analysis
aim to synthesise the latest evidence on sex differences in the cardio-
vascular and renal effects of GLP-1RAs, providing insights that may

help inform precision medicine approaches in diabetes care.

2 | METHODS

This systematic review and meta-analysis was conducted in accor-
dance with Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (PROSPERO REGISTRATION ID:
CRD420251031670).72° The literature search was conducted up to
February 2025. Since the analysis was based on publicly available

data, Institutional Review Board approval was not required.

21 | Obijectives, eligibility criteria, and outcomes
This meta-analysis aimed to evaluate the impact of GLP-1RAs on car-
diovascular and renal outcomes across sex subgroups. Eligible studies
met the following criteria: (1) RCTs or secondary analyses of RCTs;
(2) comparison of GLP-1RAs (subcutaneous or oral) with placebo; and
(3) reporting of composite kidney outcome, 3-point composite out-
come of 3-p MACE—consisting of CV death, non-fatal myocardial
infarction (M), or non-fatal stroke—CV death, stroke, MI, and hospita-
lisation for heart failure (HHF).

2.2 | Data sources and search

A comprehensive literature search was performed across Medline,
Scopus, and Cochrane Central from inception to the last week of
February 2025, with no language restrictions. The search strategy
incorporated a combination of relevant keywords and Medical Subject
Headings (MeSH) terms, as detailed in Table S1. Additionally, the ref-
erence lists of selected studies and previous systematic reviews were
manually examined to identify any relevant articles. To ensure thor-
ough inclusion, clinical trial registries such as www.clinicaltrials.gov
and proceedings from major cardiology conferences were also
reviewed.'* The results from the systematic search were imported
into the EndNote Reference Library, and duplicates were identified
and removed. Two independent reviewers screened studies based on
title and abstract, followed by a full-text review to confirm eligibility
(H.F.S and D.A)). Any disagreements were resolved by consulting a
third reviewer (S.AW.).

2.3 | Data extraction and risk of bias assessment

A predesigned Excel spreadsheet was used to collect key study char-
acteristics, baseline demographics, outcomes, and safety data. The
Cochrane Risk of Bias tool was applied to assess study quality across
seven domains, including sequence generation, allocation conceal-
ment, and blinding.? Both data extraction and quality assessment
were independently conducted by two reviewers (H.F.S. and D.A),
with any discrepancies resolved with the help of a third reviewer
through discussion (S.A.W.).

2.4 | Statistical Analysis

All statistical analyses were conducted using Review Manager version
5.3 (Cochrane Collaboration). Hazard ratios (HRs) with their corre-
sponding 95% confidence intervals (Cls) were extracted from each
trial for all outcomes. Study weights were determined using the
generic inverse variance method, which accounts for study precision
by incorporating the standard errors of the HRs.2* This method inher-
ently considers both sample size and the number of events. To

address potential heterogeneity among studies, a DerSimonian-Laird
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random-effects model was applied. The generic inverse variance
method enabled the integration of different effect measures, provid-
ing a more comprehensive analysis.'® Forest plots were generated to
visually present the findings. Differences between sex subgroups
were assessed using the chi-square test, while heterogeneity across
studies was evaluated using Higgins I, with an I? value of <50% con-
sidered acceptable. A p-value of <0.05 was considered statistically sig-
nificant. Additionally, leave-one-out sensitivity analyses were

performed for each outcome.

3 | RESULTS

The PRISMA flow chart (Figure S1) summarises the search and trial
selection. From a total of 4739 initial results, 11 trials were found to
meet the eligibility criteria.*~7"*4-2° Secondary analyses of these trials
that reported relevant subgroup data were also shortlisted.?*~3% All
included trials had a low risk of bias (Table S2). In total, 11 trials were
included, which constituted 85,273 patients (n = 43, 339 receiving
GLP-1RAs; n = 41, 934 receiving placebo). Baseline characteristics of

patients in each included trial are presented in Table 1.

3.1 | Composite kidney outcome

In males, GLP-1RAs reduced the risk of composite kidney outcomes
by 20% (HR: 0.80; 95% Cl: 0.69-0.92; I> = 0%; p = 0.002). In females,
the risk reduction was slightly greater at 31% (HR: 0.69; 95% CI:
0.54-0.87; 1> = 0%; p = 0.002). There was no observed heterogeneity
in either subgroup. The treatment effect did not significantly differ by
sex (P-interaction = 0.31) (Figure 1).

3.2 | Major adverse cardiovascular events (MACE)
In males, GLP-1RAs reduced 3-point MACE risk by 14% (HR: 0.86;
95% Cl: 0.79-0.93; I2 = 44%; p = 0.0002) (Figure 1). In females, the
risk reduction was slightly greater at 18% (HR: 0.82; 95% ClI: 0.75-
0.90; 2 = 0%; p <0.0001). There was no significant heterogeneity
among female participants, whereas moderate heterogeneity was
observed in males. Excluding the FREEDOM-CVO trial in sensitivity
analysis reduced heterogeneity while preserving the effect size in
males (HR: 0.85; 95% Cl: 0.80-0.90; I> = 0%; p <0.001) and females
(HR: 0.82; 95% Cl: 0.75-0.90; I?> = 0%: p <0.001) (Figure S3). The
treatment effect did not significantly differ by sex (P-inter-
action = 0.47) (Figure 2).

3.3 | Cardiovascular (CV) death

In males, GLP-1RAs were associated with a 14% reduction in CV
death that did not reach statistical significance (HR: 0.86; 95% ClI:
0.73-1.02; I> = 0%; p = 0.08) (Figure 1). In females, the effect size

was similar (HR: 0.85; 95% CI: 0.65-1.10; 1> = 0%; p = 0.22). There
was no significant heterogeneity in either subgroup. The treatment
effect did not significantly differ by sex (P-interaction = 0.93)
(Figure 3).

3.4 | Myocardial infarction (Ml)

In males, GLP-1RAs were associated with a nonsignificant 16% reduc-
tion in Ml risk (HR: 0.84; 95% Cl: 0.68-1.05; I> = 57%; p = 0.13). In
females, the effect was similar but also nonsignificant (HR: 0.81; 95%
Cl: 0.60-1.09; I>=39%; p=0.16). Moderate heterogeneity was
observed in males, while females showed lower variability. The treat-
ment effect did not significantly differ by sex (P-interaction = 0.80)
(Figure 4).

3.5 | Hospitalisation for HF

In males, GLP-1RAs showed a nonsignificant trend towards reducing
HHF (HR: 0.95; 95% Cl: 0.75-1.21; 1> = 16%; p = 0.70). In females,
the effect size was similar (HR: 0.94; 95% Cl: 0.69-1.28; I> = 0%;
p = 0.68). No significant heterogeneity was observed in either sub-
group. The treatment effect did not significantly differ by sex (P-inter-
action = 0.93) (Figure 5).

3.6 | Stroke

In males, GLP-1RAs significantly reduced stroke risk by 21% (HR:
0.79; 95% Cl: 0.67-0.95; I> = 0%; p = 0.01) (Figure 1). In females, the
risk reduction was greater at 25% (HR: 0.75; 95% Cl: 0.61-0.93;
1> = 0%; p = 0.009). Sensitivity analysis excluding the SUSTAIN 6
+ PIONEER 6 pooled analysis yielded a significant reduction in males
(HR: 0.81; 95% Cl: 0.67-0.98; 12> = 0%; p = 0.03) and females (HR:
0.76; 95% Cl: 0.61-0.95; I> = 0%; p = 0.02) (Figure S4). There was no
observed heterogeneity in either subgroup. The treatment effect did
not significantly differ by sex (P-interaction = 0.62) (Figure 6).

4 | DISCUSSION

This meta-analysis of 85, 273 patients identifies several important
findings. First, GLP-1RAs reduce the risk of MACE by 14% in men and
18% in women, with consistent benefits observed for stroke mortality
indicating important protective effects for both sexes. While no indi-
vidual trial demonstrated a statistically significant reduction in stroke
mortality, this effect became apparent when the data were pooled
(Figure 6). Second, GLP-1RAs lowered the risk of the composite kid-
ney outcome by 20% in men and 31% in women, with no evidence of
treatment effect heterogeneity across the available data. However,
GLP-1RAs did not show significant benefits for CV death, Ml, or HHF
in both sexes. These outcomes were reported in a relatively limited

35UB0| 7 SUOWIWOD dAIFER1D (qedljdde au Aq peusenob a8 o Ie YO ‘88N JO SN 10} ARIqIT3UIUO AB]IM UO (SUORIPLIOD-PUR-SLUBH WD A8 | 1M ARIq 1 BUIUO//SANY) SUORIPUOD Pue SWB 1 84} 885 *[5202/TT/2z] Uo Ariqi]auliuo Ao ‘puelsepuns Jo AiseAun AQ €210, WOP/TTTT OT/I0P/Wo0" A3 1M AReiq 1 puljuo'sgnd-Luop//sdny Woiy papeoiumod ‘ZT ‘G202 ‘9ZETEIVT



14631326, 2025, 12, Downloaded from https://dom-pubs.onlinelibrary.wiley.com/doi/10.1111/dom.70123 by University of Sunderland, Wiley Online Library on [22/11/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

SIDDIQUI €T AL.

"3|qe|leA. Jou e)ep sueaw — ‘snyjlaw sajaqelp g adA} ‘INQZL 9pin|Sewas ‘ewas ‘0qadeld ‘eld DpIeuas|x|

IXIT apnn|SeJl| ‘eI ‘uoijdel) Uoi3dafa Padnpal UM ainjie) Leay ‘43J4H ‘uondel) uondafa
pansasald yum aunjiey Jeay ‘43d4H ‘ainjies Leay ‘JH ‘oplieusxe ‘uaxd a3kl uoljel}|ly Jejniawols pajewiss ‘Y499 ‘apeus|dadyg ‘ody3 ‘apin|Sejnp ‘einq ‘aseasip ASupi| d1uoIYd ‘gD ‘aanssald poojq ‘dg xapul ssew Apoq ‘|INg pINSIqly ‘Iq]y SUoneIAdIqqy

(;w e£'T 4ad

uiw/qu)

08 6L L L - - TSL L9L 68L T6L 6CL ceL Lyl €6L 9'08 208 - - Ty 691 §'z8 ¥'Z8 Y493 uesy
¥2) (oot)  (00T)

- - (LD vey (82) vy - - - - YCIT  (€2)860T (ZT€)¥ey (81€)€98 (€2)8TTT  (22) 180T (22) 2Ol  (¥2)9TTT  (22) 9291 (12)S9ST 9941  £9/1 (11)886 (T1)0L6 (%) u“,aMd
(0o1) (00T) (oot) (oo1) (oot) (0ot) (00T) (0OT) (0ot)  (00T)  (0OT)

180C S/0T 65T T6ST 6v91 (00T)8¥9T ¥EOE ¥EOE ZELY (00T) TELY (00T) 6SET (00T) LTLZ (00T) ¢S6% (0OT) 6v61 (00T)Z2L9% (0OT) 899% (00T) 962L 9S€L  99L1  [9LT 0 0 (%) U ‘NazL

08 Gé6L 9L 9L - - - - 89, 8'9L 99L 89L S'8L ¥'8L LL TLL - - T9L 89L 6L 6L dg d103selg

SLET SLET 9€T GET - - 0€T 6CT LVPET 8vET VyeT T'eeT €LET TLET 6'GET 6'GET - - ¥8ET 6'8€T 60€T 1€T dg 21|03sAS

. . - - - N - - - - - - - - - - (e)8zt (@691 ()19 (W79  (B)€69 (L) ¥S9 (%) U ‘4344H
) - - 8 B - - - - = - - - - - - (8195 (L) 667 (6)8ST (6) 9T (2T)660T (ET)¥LTT (%) U ‘43ddH

(597) (£'ST) (0's2) 90z  (6'12) 08T (€22) (S22) (%02T) (8'GT)  (0'6T) (¥'61) (Tv2) (SvT)
€ve  GC€ - - -(1'€0) 061 -(€¥2)TO0T 9,9 T89 896 (%0T)¥S6 (¥'81)0ST (6'L1) L8V (%L8)TEY (%S'8) 1Y - - (991)82CT 1911 9€€ e T€TC GSTT (%) U ‘llesano 4H
(ZW/3%)
6T ¥'CE €7ce €7ce - - T0g T0€ - - v'ze 6CE £7ce €7ce sce sce LT 8'T¢e ce 6T v'ee €'€e IINgG UesiN
(s4e9A)
€9 €9 99 99 vV9-8Y9 [LV9-9%9 909 665 €7CE €ce 9 9v9 99 99 9 v9 9 29 L99 999 919 919 98y uealy
Tv9  §29 9'89 189 G19-985 0€9-665 169 969 69 0oL 69 99 6'€S v'es c91 1241 9 ¢9 689 90L STL ceL (%) ®lew
6'SE  S'LE V1€ 61€ S'8E-G'I¥ 0LC-T0F 60¢ +0€ 12 og 8'0¢ e 9% 99 vt 11 8¢ 8¢ TIE V¥écC A4 8'LC (%) dlewiay
eld uax3 eld ewss eld ewss ed X7 ed qiv eld adj3 eld ena eld el eld usxy eld ewss eld ewss
8nug
Apep 8w 09-0z  Ajiep jeso 3w T Apfeam 8w -0 Apjeam  Apjeam 3w 05-0€ Apjeam Sw 9 1o § Apppam 8w G'T Ajtep 8w g'T Appam Sw g Appam 3w o't Apjeam 3w 7
apneuaxy spnnjsewas spunjgewss 3w 0Z-0T apunisiqy apieus|3ady3 apnniseing spun|sean apljeuaxy spunjsewss apnn|sewss
apleuasixi]
OAD-Wopa3iy 9 J93u0ld 9 uresng exi|3 Auounieq O-apnyijdwy puimsy Jopea 925x3 Moy FRETENS Apmis

"SOX3S SS0IE ST 1O 4O AdedlyJe 2y SuiIsal S1Dy Ul spusfjed Jo sopsiiajoeleyd auleseg T 374V1L

%% | WILEY



SIDDIQUI €7 AL, WI LEYJE
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% Cl
1.1.1 Males
FLOW -0.2357 0.0902 47.7% 0.79 [0.66, 0.94)] —i—
SELECT -0.2107 01226 25.8% 0.81[0.64,1.03] .
Subtotal (95% ClI) 73.5% 0.80 [0.69, 0.92] <5
Heterogeneity: Tau®= 0.00; Chi*= 0.03, df=1 (P =0.87);, F= 0%
Test for overall effect: Z=3.12 (P = 0.002)
1.1.2 Females
FLOW -0.3567 014 19.8% 0.70[0.53,0.92) S —
SELECT -0.4155 0.2404 6.7% 0.66 [0.41,1.06)
Subtotal (95% ClI) 26.5% 0.69 [0.54, 0.87] e
Heterogeneity: Tau®= 0.00; Chi*= 0.04, df=1 (P =0.83); F= 0%
Test for overall effect: Z= 3.07 (P = 0.002)
Total (95% ClI) 100.0% 0.77 [0.68, 0.87] <>
Heterogeneity: Tau®=0.00; Chi*=1.12,df=3 (P=0.77), F= 0% 0?5 0?7 1?5 é

Test for overall effect: Z= 4.26 (P < 0.0001)
Test for subaroup differences: Chi*=1.05, df=1 (P=0.31), F= 4.8%

Favours GLP-1RA Favours Placeho

FIGURE 1 Forest plot illustrating the effect of GLP-1RAs on composite kidney outcome, sub-grouped by sex.

Hazard Ratio

Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight [V, Random, 95% CI IV, Random, 95% CI
1.2.1 Males

AMPLITUDE-O -0.2107 01364 3.9% 0.81 [0.62, 1.06] B
EXSCEL -0.0726 0.058 13.5% 0.93[0.83,1.04] T
FREEDOM-CVO 0.3075 01766 2.5% 1.36 [0.96,1.92] T
HARMONY -0.1985 0.0881 7.9% 0.82[0.69, 0.97) —_—
LEADER -0.1508 0.0698 10.9% 0.86 [0.75, 0.99] .
PIONEER-6 -0.3285 0.1912 21% 0.72[0.49,1.05) B
REWIND -0.1054 0.0711 10.6% 0.90[0.78,1.03] ——r
SELECT -0.2357 0.0654 11.8% 0.79 [0.69, 0.90] —a—
SUSTAIN-6 -0.3857 0.1569 3.1% 0.68 [0.50, 0.92)

Subtotal (95% CI) 66.3% 0.86 [0.79, 0.93] <P
Heterogeneity: Tau®= 0.01; Chi*=14.23, df=8 (P = 0.08); = 44%

Test for overall effect: Z= 3.67 (P = 0.0002)

1.2.2 Females

AMPLITUDE-O -0.5798 0.2212  1.6% 0.56 [0.36, 0.86)

EXSCEL -0.1863 0.0943  7.2% 0.83[0.69, 1.00] —
FREEDOM-CVO -0.1508 0.3083 0.9% 0.86 [0.47,1.57)

HARMONY -0.4005 0.1493  3.3% 0.67 [0.50, 0.90] —_—
LEADER -0.1278 01003 6.5% 0.88[0.72,1.07] T
PIONEER-6 0.1484 0.3939 0.5% 1.16 [0.54, 2.51)

REWIND -0.1625 0.0918 7.4% 0.85[0.71,1.02) ]
SELECT -01744 0123 4.7% 0.84 [0.66, 1.07) ——r=
SUSTAIN-6 -0.1744 0.2254 1.6% 0.84 [0.54,1.31) —
Subtotal (95% CI) 33.7% 0.82[0.75, 0.90] L3
Heterogeneity: Tau®= 0.00; Chi*= 6.32, df=8 (P = 0.61), F= 0%

Test for overall effect: Z= 4.40 (P < 0.0001)

Total (95% Cl) 100.0% 0.85[0.80, 0.89] L 2
Heterogeneity: Tau®= 0.00; Chi*= 21.40, df=17 (P=0.21); F=21% 0*5 0*7 1*5 ;

Test for overall effect: Z=5.81 (P < 0.00001)
Test for subaroup differences: Chi*=0.52, df=1 (P=0.47), F=0%

Favours GLP-1RA Favours Placebo

FIGURE 2 Forest plot illustrating the effect of GLP-1RAs on MACE, sub-grouped by sex.

number of studies, indicating that the absence of statistical signifi- GLP-1RAs have demonstrated consistent cardiovascular and renal

cance may reflect insufficient statistical power rather than a genuine benefits across diverse populations.>2~3° These effects are attributed

lack of effect. to multiple mechanisms, including attenuation of atherosclerotic
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Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight [V, Random, 95% CI IV, Random, 95% CI
1.3.1 Males
EXSCEL -0.1508 0.0907 62.9% 0.86[0.72,1.03) —i—
SUSTAIN-6 -0.1508 0.247 8.5% 0.86 [0.53, 1.40)
Subtotal (95% CI) 71.4% 0.86 [0.73, 1.02] i
Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 (P =1.00); = 0%
Test for overall effect: Z=1.77 (P = 0.08)
1.3.2 Females
EXSCEL -0.2107 0143 253% 0.81 [0.61,1.07) I —
SUSTAIN-6 0.1906 0.3831 3.3% 1.21 [0.56, 2.61)
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FIGURE 3 Forest plot illustrating the effect of GLP-1RAs on CV death, sub-grouped by sex.
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FIGURE 4

progression, enhancement of endothelial function, promotion of
weight loss, and suppression of pro-inflammatory cytokines.®>-37
These agents have also demonstrated efficacy in stroke prevention,
with findings from the REWIND trial indicating that reductions in
HbA1c accounted for 54% of the observed decrease in stroke risk,
alongside a linear association between HbAlc improvement and
stroke reduction across trials.?%*° They also help improve renal out-
comes by enhancing natriuresis and lowering glomerular
hyperfiltration.**

Our findings are consistent with prior analyses; however, previ-
ous studies were based on smaller effect sizes and a limited number

of outcomes, potentially restricting generalisability and precluding a

Forest plot illustrating the effect of GLP-1RAs on M, sub-grouped by sex.

comprehensive assessment.” Moreover, a separate meta-analysis
investigating sex-specific effects of GLP-1RAs employed odds ratios,
which do not account for event timing and may overestimate risk, ren-
dering them less suitable for time-to-event analyses.”*® In contrast,
the present study exclusively utilises HRs, offering a more precise and
dynamic estimation of risk.

Large-scale observational studies suggest that T2DM confers a
25%-50% greater excess risk of CVD in women compared to men.**
This disparity may, in part, be attributable to a greater degree of
weight loss observed in women, potentially due to higher drug expo-
sure related to lower average body weight, which may result in

improved metabolic profiles and clinical outcomes.*> However, our
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Forest plot illustrating the effect of GLP-1RAs on HHF, sub-grouped by sex.
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FIGURE 6

study observed no significant sex-specific differences in the cardio-
vascular impact of GLP-1RAs. Notably, sex-stratified analyses of
SGLT2 inhibitors demonstrated a markedly low treatment effect in
women compared to men.*® The consistent improvement in cardio-
renal outcomes across both sexes and specifically in women supports
the broader clinical utility of GLP-1RAs.

Heterogeneity in outcomes may be largely attributable to varia-
tions in trial design and patient demographics. Notably, follow-up
durations differed substantially across studies, ranging from 1.3 years
in the FREEDOM CVO trial to 5.4 years in REWIND, potentially
impacting the ability to detect long-term CV events.*®?° The short

Favours GLP-1RA Favours Placeho

Forest plot illustrating the effect of GLP-1RAs on stroke, sub-grouped by sex.

follow-up in FREEDOM-CVO may explain the observed heterogeneity
for 3-p MACE in our analysis.®® While most trials enrolled patients
with T2DM and either established CVD, CKD or associated risk fac-
tors, some studies diverged from this inclusion framework. For exam-
ple, the SELECT trial focused on obese individuals without diabetes;
AMPLITUDE-O included a proportion of patients receiving SGLT2
inhibitors, introducing the possibility of synergistic effects; and ELIXA

specifically recruited patients with
57,14

recent acute coronary
syndrome.
Biological differences in men and women have important implica-

tions for disease aetiology and manifestation, treatment response, and
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outcomes. In contrast to previous reports, our study also identified
underrepresentation of women across RCTs, limiting the ability to
fully characterise sex-specific risks (Table 1).4” The roots of this dis-
parity are complex. In the past, researchers primarily conducted stud-
ies on male participants, and the results were generalised to women,
largely to avoid dealing with the challenges posed by hormonal varia-
tions in women and the potential unknown risks to pregnancy.*® This
could also be attributed to women experiencing greater
GLP-1RA-related adverse effects leading to early discontinuation.
Existing evidence suggests that women may experience higher rates
of gastrointestinal side effects, including nausea, vomiting, and Gl
bleeding.*”~>* Women have a higher risk than men of being diagnosed
with depression and experiencing suicidal thoughts or attempts fol-
lowing GLP-1RA therapy.>2 The lack of sex-specific data may contrib-
ute to suboptimal outcomes, highlighting the need for inclusive
research to improve care for both sexes.>® Future research should
prioritise increased female representation in RCTs to better delineate
sex-specific differences, characterise adverse events, assess sub-
groups most likely to benefit, and establish evidence-based criteria to
guide clinical decision-making. Moreover, real-world data assessing
adherence, discontinuation rates, and treatment durability will provide
insights into the long-term viability of GLP-1RA therapy among men

and women.

5 | LIMITATIONS

Several limitations of this study should be considered. First, subgroup
analyses were limited by the lack of a uniform population across the
included trials, making it difficult to assess treatment effects in spe-
cific high-risk groups. Although all trials were long-term CVOTs, their
primary inclusion criteria varied, adding to the heterogeneity. Second,
while a random-effects model was employed to account for heteroge-
neity, differences in trial design, GLP-1RA type and dosage, as well as
baseline patient characteristics, may affect the interpretation of results.
Third, although GLP-1RAs significantly reduced the risk of 3-point
MACE, myocardial infarction, stroke, hospitalisation for HF, CV death,
and adverse events leading to treatment discontinuation, variations in
follow-up duration and patient demographics may limit the generalisa-
bility of these findings. Finally, due to insufficient data, a meta-analysis
of specific adverse events could not be performed, underscoring the
need for future studies to comprehensively evaluate these outcomes.

6 | CONCLUSION

This analysis provides substantial evidence that GLP-1 RAs effectively
reduce the risk of major clinical outcomes, including MACE, stroke,
and composite kidney events, across both sexes, consistent with find-
ings in the overall population. Additionally, GLP-1 RAs demonstrated
a beneficial impact on MI, CV death, and HHF. These findings under-

score their therapeutic potential across sexes and highlight the need

for further research to evaluate sex-specific safety profiles and clinical

applications.

ACKNOWLEDGEMENTS
The authors have nothing to report.

FUNDING INFORMATION
The authors received no funds, grants, or financial support for this

study.

CONFLICT OF INTEREST STATEMENT
The authors declare that they have no conflicts of interest.

PEER REVIEW

The peer review history for this article is available at https://www.
webofscience.com/api/gateway/wos/peer-review/10.1111/dom.
70123.

DATA AVAILABILITY STATEMENT
The data supporting the findings of this study were obtained from
published Randomized Controlled Trials. The data and material used

were publicly available.

ORCID

Dua Ali 2 https://orcid.org/0009-0003-9925-2098

Maryam Sajid ' https://orcid.org/0009-0007-3544-3513
Saad Ahmed Wagqas "> https://orcid.org/0009-0008-9051-6081

REFERENCES

1. Peters SAE, Huxley RR, Sattar N, Woodward M. Sex differences
in the excess risk of cardiovascular diseases associated with type
2 diabetes: potential explanations and clinical implications. Curr
Cardiovasc Risk Rep. 2015;9:36. https://link.springer.com/article/
10.1007/512170-015-0462-5

2. Al-Salameh A, Chanson P, Bucher S, Ringa V, Becquemont L. Cardio-
vascular disease in type 2 diabetes: a review of sex-related differ-
ences in predisposition and prevention. Mayo Clin Proc. 2019;94(2):
287-308. doi:10.1016/j.mayocp.2018.08.007

3. American Diabetes Association. Standards of medical Care in
Diabetes—2022 abridged for primary care providers. Clin Diabetes
2022;40(1):10-38. https://diabetesjournals.org/clinical/article/40/1/
10/139035/Standards-of-Medical-Care-in-Diabetes-2022

4. Perkovic V, Tuttle KR, Rossing P, et al. Effects of Semaglutide on chronic
kidney disease in patients with type 2 diabetes. N Engl J Med. 2024;391:
109-121. https://www.nejm.org/doi/10.1056/NEJM0a2403347

5. Gerstein HC, Sattar N, Rosenstock J, et al. Cardiovascular and renal
outcomes with Efpeglenatide in type 2 diabetes. N Engl J Med. 2021,
385(10):896-907. doi:10.1056/NEJM0a2108269

6. Marso SP, Bain SC, Consoli A, et al. Semaglutide and cardiovascular out-
comes in patients with type 2 diabetes. N Engl J Med. 2016;375:1834-
1844. https://www.nejm.org/doi/full/10.1056/NEJMo0a1607141

7. Lincoff AM, Brown-Frandsen K, Colhoun HM, et al. Semaglutide and
cardiovascular outcomes in obesity without diabetes. N Engl J Med.
2023;389(24):2221-2232. doi:10.1056/NEJM0a2307563

8. Hernandez AF, Green JB, Janmohamed S, et al. Albiglutide and cardio-
vascular outcomes in patients with type 2 diabetes and cardiovascular
disease (Harmony outcomes): a double-blind, randomised placebo-

35UB0| 7 SUOWIWOD dAIFER1D (qedljdde au Aq peusenob a8 o Ie YO ‘88N JO SN 10} ARIqIT3UIUO AB]IM UO (SUORIPLIOD-PUR-SLUBH WD A8 | 1M ARIq 1 BUIUO//SANY) SUORIPUOD Pue SWB 1 84} 885 *[5202/TT/2z] Uo Ariqi]auliuo Ao ‘puelsepuns Jo AiseAun AQ €210, WOP/TTTT OT/I0P/Wo0" A3 1M AReiq 1 puljuo'sgnd-Luop//sdny Woiy papeoiumod ‘ZT ‘G202 ‘9ZETEIVT


https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/dom.70123
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/dom.70123
https://www.webofscience.com/api/gateway/wos/peer-review/10.1111/dom.70123
https://orcid.org/0009-0003-9925-2098
https://orcid.org/0009-0003-9925-2098
https://orcid.org/0009-0007-3544-3513
https://orcid.org/0009-0007-3544-3513
https://orcid.org/0009-0008-9051-6081
https://orcid.org/0009-0008-9051-6081
https://link.springer.com/article/10.1007/s12170-015-0462-5
https://link.springer.com/article/10.1007/s12170-015-0462-5
info:doi/10.1016/j.mayocp.2018.08.007
https://diabetesjournals.org/clinical/article/40/1/10/139035/Standards-of-Medical-Care-in-Diabetes-2022
https://diabetesjournals.org/clinical/article/40/1/10/139035/Standards-of-Medical-Care-in-Diabetes-2022
https://www.nejm.org/doi/10.1056/NEJMoa2403347
info:doi/10.1056/NEJMoa2108269
https://www.nejm.org/doi/full/10.1056/NEJMoa1607141
info:doi/10.1056/NEJMoa2307563

SIDDIQUI T AL.

WILEY-_L¢%

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

controlled trial. Lancet. 2018;392(10157):1519-1529. doi:10.1016/
S0140-6736(18)32261-X

Singh AK, Singh R. Gender difference in cardiovascular outcomes with
SGLT-2 inhibitors and GLP-1 receptor agonist in type 2 diabetes: a
systematic review and meta-analysis of cardio-vascular outcome tri-
als. Diabetes Metab Syndr Clin Res Rev. 2020;14(3):181-187. doi:10.
1016/j.dsx.2020.02.012

Higgins JP, Thomas J, Chandler J. Cochrane Handbook for Systematic
Reviews of Interventions. Cochrane Handbook for Systematic Reviews
of Interventions version 6.5 (updated August 2024). Cochrane, 2024.
Accessed May 01, 2025. https://www.cochrane.org/handbook.

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that evalu-
ate healthcare interventions: explanation and elaboration. BMJ. 2009;
339:b2700. doi:10.1136/bmj.b2700

Home | ClinicalTrials.gov. Accessed April 12, 2025. https://www.
clinicaltrials.gov/

RoB 2: a revised tool for assessing risk of bias in randomised trials.
BMJ 2019;366:14898. https://www.bmj.com/content/366/bm;.14898
Wagas SA, Ali D, Afridi MK, et al. Efficacy of GLP-1 receptor agonists
among older adults: a meta-analysis of cardio-kidney outcome trials. Arch
Gerontol Geriatr. 2025;138:105981. doi:10.1016/j.archger.2025.105981
Lee CH, Cook S, Lee JS, Han B. Comparison of two meta-analysis
methods: inverse-variance-weighted average and weighted sum of
Z-scores. Genomics Inform 2016;4(4):173-180. https://pubmed.ncbi.
nlm.nih.gov/28154508/

Pfeffer MA, Claggett B, Diaz R, et al. Lixisenatide in patients with type
2 diabetes and acute coronary syndrome. N Engl J Med. 2015;
373(23):2247-2257. doi:10.1056/NEJM0a1509225

Perkovic V, Tuttle KR, Rossing P, et al. Effects of Semaglutide on
chronic kidney disease in patients with type 2 diabetes. N Engl J Med.
2024;391(2):109-121. doi:10.1056/NEJM0a2403347

Ruff CT, Baron M, Im K, O'Donoghue ML, Fiedorek FT, Sabatine MS.
Subcutaneous infusion of exenatide and cardiovascular outcomes in
type 2 diabetes: a non-inferiority randomized controlled trial. Nat
Med. 2022;28(1):89-95. doi:10.1038/s41591-021-01584-3

Marso SP, Daniels GH, Brown-Frandsen K, et al. Liraglutide and car-
diovascular outcomes in type 2 diabetes. N Engl J Med. 2016;375(4):
311-322. doi:10.1056/NEJM0a1603827

Husain M, Birkenfeld AL, Donsmark M, et al. Oral Semaglutide and
cardiovascular outcomes in patients with type 2 diabetes. N Engl J
Med. 2019;381(9):841-851. doi:10.1056/NEJM0a1901118

Gerstein HC, Colhoun HM, Dagenais GR, et al. Dulaglutide and car-
diovascular outcomes in type 2 diabetes (REWIND): a double-blind,
randomised placebo-controlled trial. Lancet. 2019;394(10193):121-
130. doi:10.1016/50140-6736(19)31149-3

Krychtiuk KA, Marquis-Gravel G, Murphy S, et al. Effects of albiglu-
tide on myocardial infarction and ischaemic heart disease outcomes
in patients with type 2 diabetes and cardiovascular disease in the
Harmony outcomes trial. Eur Heart J—Cardiovasc Pharmacother. 2024;
10(4):279-288. doi:10.1093/ehjcvp/pvae006

Green JB, Merrill P, Lokhnygina Y, et al. Sex differences in the compli-
cations, care and clinical outcomes of patients with type 2 diabetes in
the Exenatide Study of Cardiovascular Event Lowering (EXSCEL). Dia-
betes Obes Metab. 2023;25(6):1473-1484. https://dom-pubs.
onlinelibrary.wiley.com/doi/abs/10.1111/dom.14993

Mann JFE, @rsted DD, Brown-Frandsen K, et al. Liraglutide and renal
outcomes in type 2 diabetes. N Engl J Med. 2017;377(9):839-848. doi:
10.1056/NEJMoa1616011

Ferrannini G, Maldonado JM, Raha S, et al. Gender differences in car-
diovascular risk, treatment, and outcomes: a post hoc analysis from
the REWIND trial. Scand Cardiovasc J. 2023;57(1):2166101. doi:10.
1080/14017431.2023.2166101

Gerstein HC, Hart R, Colhoun HM, et al. The effect of dulaglutide
on stroke: an exploratory analysis of the REWIND trial. Lancet

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Diabetes Endocrinol. 2020;8(2):106-114. do0i:10.1016/52213-
8587(19)30423-1

Deanfield J, Verma S, Scirica BM, et al. Semaglutide and cardiovascu-
lar outcomes in patients with obesity and prevalent heart failure: a
prespecified analysis of the SELECT trial. Lancet. 2024;404(10454):
773-786. doi:10.1016/50140-6736(24)01498-3

Colhoun HM, Lingvay |, Brown PM, et al. Long-term kidney outcomes
of semaglutide in obesity and cardiovascular disease in the SELECT
trial. Nat Med. 2058-2066. https://www.nature.com/articles/s41591-
024-03015-5

Leiter LA, Bain SC, Hramiak I, et al. Cardiovascular risk reduction with
once-weekly semaglutide in subjects with type 2 diabetes: a post hoc
analysis of gender, age, and baseline CV risk profile in the SUSTAIN
6 trial. Cardiovasc Diabetol. 2019;18:73. d0i:10.1186/s12933-019-
0871-8

Mann JFE, Hansen T, Idorn T, et al. Effects of once-weekly subcuta-
neous semaglutide on kidney function and safety in patients with
type 2 diabetes: a post-hoc analysis of the SUSTAIN 1-7 randomised
controlled trials. Lancet Diabetes Endocrinol. 2020;8(11):880-893. doi:
10.1016/52213-8587(20)30313-2

Strain WD, Frenkel O, James MA, et al. Effects of semaglutide on
stroke subtypes in type 2 diabetes: post hoc analysis of the random-
ized SUSTAIN 6 and PIONEER 6. Stroke. 2022;53(9):2749-2757. doi:
10.1161/STROKEAHA.121.037775

Bain SC, Belmar N, Hoff ST, et al. Cardiovascular, metabolic, and
safety outcomes with semaglutide by baseline age: post hoc analysis
of SUSTAIN 6 and PIONEER 6. Diabetes Ther. 2025;16(1):15-28. doi:
10.1007/s13300-024-01659-7

Badve SV, Bilal A, Lee MMY, et al. Effects of GLP-1 receptor agonists
on kidney and cardiovascular disease outcomes: a meta-analysis of
randomised controlled trials. Lancet Diabetes Endocrinol. 2025;13(1):
15-28. doi:10.1016/52213-8587(24)00271-7

Wagqas SA, Sohail MU, Saad M, et al. Efficacy of GLP-1 receptor ago-
nists in patients with heart failure and mildly reduced or preserved
ejection fraction: a systematic review and meta-analysis. J Card Fail.
2025;31(7):1076-1080. doi:10.1016/j.cardfail.2025.01.022

Pan HC, Chen JY, Chen HY, et al. GLP-1 receptor agonists' impact on
cardio-renal outcomes and mortality in T2D with acute kidney dis-
ease. Nat Commun. 2024;15(1):5912. doi:10.1038/s41467-024-
50199-y

Alharbi SH. Anti-inflammatory role of glucagon-like peptide 1 receptor
agonists and its clinical implications. Therapeutic Advances in Endocri-
nology and Metabolism. 2024;15. https://pubmed.ncbi.nlm.nih.gov/
38288136/

Marx N, Husain M, Lehrke M, Verma S, Sattar N. GLP-1 receptor ago-
nists for the reduction of atherosclerotic cardiovascular risk in
patients with type 2 diabetes. Circulation. 2022;146(24):1882-1894.
doi:10.1161/CIRCULATIONAHA.122.059595

Koska J, Sands M, Burciu C, et al. Exenatide protects against glucose-
and lipid-induced endothelial dysfunction: evidence for direct vasodi-
lation effect of GLP-1 receptor agonists in humans. Diabetes. 2015;
64(7):2624-2635. https://pubmed.ncbi.nlm.nih.gov/25720388/

Ard J, Fitch A, Fruh S, Herman L. Weight loss and maintenance
related to the mechanism of action of glucagon-like peptide 1 recep-
tor agonists. Adv Ther. 2021;38(6):2821-2839. doi:10.1007/s12325-
021-01710-0

Siddiqui HF, Waqas SA, Batool RM, et al. The effect of GLP-1 recep-
tor agonists on cardiac remodeling in heart failure patients with pre-
served and reduced ejection fraction: a systematic review and meta-
analysis. Heart Fail Rev. 2025;30:991-1004. doi:10.1007/s10741-
025-10523-0

Caruso |, Cignarelli A, Natalicchio A, Perrini S, Laviola L, Giorgino F.
Commentary: glucose control: not just a bystander in GLP-1RA-
mediated cardiovascular protection. Metabolism. 2020;109:154272.
doi:10.1016/j.metabol.2020.154272

95UB01 7 SUOLULLOD A1) 3[cfedt [dde au Aq pauenob 8.2 saoiLe YO ‘SN 0 S3|NJ 10) ARIqITaUIIUQ AB]IM UO (SUOTPUOO-PUR-SLLIBY WD A3 1M A eI 1 [BUUO//STIY) SUORIPUOD PUe SWLB | 8U) 89S *[6202/TT/22] U0 Afid1TauljuO A8]IM ‘Pueliepuns Jo AVseAIun Aq £2T0. WOP/TTTT 0T/I0p/wod As i Akeiqipuljuo'sgnd-wiop//sdny woj pepeoiumod ‘ZT ‘SZ0Z ‘92ETEIT


info:doi/10.1016/S0140-6736(18)32261-X
info:doi/10.1016/S0140-6736(18)32261-X
info:doi/10.1016/j.dsx.2020.02.012
info:doi/10.1016/j.dsx.2020.02.012
https://www.cochrane.org/handbook
info:doi/10.1136/bmj.b2700
https://www.clinicaltrials.gov/
https://www.clinicaltrials.gov/
https://www.bmj.com/content/366/bmj.l4898
info:doi/10.1016/j.archger.2025.105981
https://pubmed.ncbi.nlm.nih.gov/28154508/
https://pubmed.ncbi.nlm.nih.gov/28154508/
info:doi/10.1056/NEJMoa1509225
info:doi/10.1056/NEJMoa2403347
info:doi/10.1038/s41591-021-01584-3
info:doi/10.1056/NEJMoa1603827
info:doi/10.1056/NEJMoa1901118
info:doi/10.1016/S0140-6736(19)31149-3
info:doi/10.1093/ehjcvp/pvae006
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.14993
https://dom-pubs.onlinelibrary.wiley.com/doi/abs/10.1111/dom.14993
info:doi/10.1056/NEJMoa1616011
info:doi/10.1080/14017431.2023.2166101
info:doi/10.1080/14017431.2023.2166101
info:doi/10.1016/S2213-8587(19)30423-1
info:doi/10.1016/S2213-8587(19)30423-1
info:doi/10.1016/S0140-6736(24)01498-3
https://www.nature.com/articles/s41591-024-03015-5
https://www.nature.com/articles/s41591-024-03015-5
info:doi/10.1186/s12933-019-0871-8
info:doi/10.1186/s12933-019-0871-8
info:doi/10.1016/S2213-8587(20)30313-2
info:doi/10.1161/STROKEAHA.121.037775
info:doi/10.1007/s13300-024-01659-7
info:doi/10.1016/S2213-8587(24)00271-7
info:doi/10.1016/j.cardfail.2025.01.022
info:doi/10.1038/s41467-024-50199-y
info:doi/10.1038/s41467-024-50199-y
https://pubmed.ncbi.nlm.nih.gov/38288136/
https://pubmed.ncbi.nlm.nih.gov/38288136/
info:doi/10.1161/CIRCULATIONAHA.122.059595
https://pubmed.ncbi.nlm.nih.gov/25720388/
info:doi/10.1007/s12325-021-01710-0
info:doi/10.1007/s12325-021-01710-0
info:doi/10.1007/s10741-025-10523-0
info:doi/10.1007/s10741-025-10523-0
info:doi/10.1016/j.metabol.2020.154272

5 | WILEY

42.

43.

44,
45.
46.
47.

48.

49.

SIDDIQUI €T AL.

Rojano Toimil A, Ciudin A. GLP-1 receptor agonists in diabetic kidney
disease: from physiology to clinical outcomes. J Clin Med. 2021;
10(17):3955. doi:10.3390/jcm10173955

Rivera FB, Bantayan NRB, Aparece JP, et al. Sex, racial, ethnic, and
geographical disparities in major adverse cardiovascular outcome of
glucagon-like peptide-1 receptor agonists among patients with and
without diabetes mellitus: a meta-analysis of placebo-controlled ran-
domized controlled trials. J Clin Lipidol. 2024;18(4):e588-e601. doi:10.
1016/j.jacl.2024.03.011

George A, Stead TS, Ganti L. What's the risk: differentiating risk
ratios, odds ratios, and Hazard ratios? Cureus. 2020;12(8):e10047.
https://pmc.ncbi.nim.nih.gov/articles/PMC7515812/

Huebschmann AG, Huxley RR, Kohrt WM, Zeitler P, Regensteiner JG,
Reusch JEB. Sex differences in the burden of type 2 diabetes and car-
diovascular risk across the life course. Diabetologia. 2019;62(10):
1761-1772. doi:10.1007/s00125-019-4939-510.1007/s00125-019-
4939-5

Buysschaert M, Preumont V, Oriot PR, et al. One-year metabolic out-
comes in patients with type 2 diabetes treated with exenatide in rou-
tine practice. Diabetes Metab. 2010;36(5):381-388. doi:10.1016/j.
diabet.2010.03.009

Rivera FB, Tang VAS, De Luna DV, et al. Sex differences in cardiovas-
cular outcomes of SGLT-2 inhibitors in heart failure randomized con-
trolled trials: a systematic review and meta-analysis. Am Heart J Plus
Cardiol Res Pract. 2023;26:100261. doi:10.1016/j.ahjo.2023.100261
Reza N, Gruen J, Bozkurt B. Representation of women in heart failure
clinical trials: barriers to enrollment and strategies to close the gap.
Am Heart J Plus. 2022;13:100093. doi:10.1016/j.ahjo.2022.100093
Soderstrom M. Why researchers excluded women from their trial
populations. Lakartidningen. 2001;98(13):1524-1528.

50.

52.

53.

Shiomi M, Takada T, Tanaka Y, et al. Clinical factors associated with
the occurrence of nausea and vomiting in type 2 diabetes patients
treated with glucagon-like peptide-1 receptor agonists. J Diabetes
Investig. 2019;10(2):408-417. doi:10.1111/jdi.12900

. Horowitz M, Aroda VR, Han J, Hardy E, Rayner CK. Upper and/or

lower gastrointestinal adverse events with glucagon-like peptide-1
receptor agonists: incidence and consequences. Diabetes Obes Metab.
2017;19(5):672-681. doi:10.1111/dom.12872

Kornelius E, Huang JY, Lo SC, Huang CN, Yang YS. The risk of depres-
sion, anxiety, and suicidal behavior in patients with obesity on gluca-
gon like peptide-1 receptor agonist therapy. Sci Rep. 2024;14(1):
24433. doi:10.1038/541598-024-75965-2

Kim ESH, Menon V. Status of women in cardiovascular clinical trials.
Arterioscler Thromb Vasc Biol. 2009;29(3):279-283. doi:10.1161/
ATVBAHA.108.179796

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Siddiqui HF, Ali D, Sajid M, et al. Sex
differences in the efficacy of GLP-1 receptor agonists: A
systematic review and meta-analysis of cardiovascular and
renal outcome trials. Diabetes Obes Metab. 2025;27(12):
6847-6856. doi:10.1111/dom.70123

95UB01 7 SUOLULLOD A1) 3[cfedt [dde au Aq pauenob 8.2 saoiLe YO ‘SN 0 S3|NJ 10) ARIqITaUIIUQ AB]IM UO (SUOTPUOO-PUR-SLLIBY WD A3 1M A eI 1 [BUUO//STIY) SUORIPUOD PUe SWLB | 8U) 89S *[6202/TT/22] U0 Afid1TauljuO A8]IM ‘Pueliepuns Jo AVseAIun Aq £2T0. WOP/TTTT 0T/I0p/wod As i Akeiqipuljuo'sgnd-wiop//sdny woj pepeoiumod ‘ZT ‘SZ0Z ‘92ETEIT


info:doi/10.3390/jcm10173955
info:doi/10.1016/j.jacl.2024.03.011
info:doi/10.1016/j.jacl.2024.03.011
https://pmc.ncbi.nlm.nih.gov/articles/PMC7515812/
info:doi/10.1007/s00125-019-4939-510.1007/s00125-019-4939-5
info:doi/10.1007/s00125-019-4939-510.1007/s00125-019-4939-5
info:doi/10.1016/j.diabet.2010.03.009
info:doi/10.1016/j.diabet.2010.03.009
info:doi/10.1016/j.ahjo.2023.100261
info:doi/10.1016/j.ahjo.2022.100093
info:doi/10.1111/jdi.12900
info:doi/10.1111/dom.12872
info:doi/10.1038/s41598-024-75965-2
info:doi/10.1161/ATVBAHA.108.179796
info:doi/10.1161/ATVBAHA.108.179796
info:doi/10.1111/dom.70123

	Sex differences in the efficacy of GLP‐1 receptor agonists: A systematic review and meta‐analysis of cardiovascular and ren...
	Abstract
	1  |  INTRODUCTION
	2  |  METHODS
	2.1  |  Objectives, eligibility criteria, and outcomes
	2.2  |  Data sources and search
	2.3  |  Data extraction and risk of bias assessment
	2.4  |  Statistical Analysis

	3  |  RESULTS
	3.1  |  Composite kidney outcome
	3.2  |  Major adverse cardiovascular events (MACE)
	3.3  |  Cardiovascular (CV) death
	3.4  |  Myocardial infarction (MI)
	3.5  |  Hospitalisation for HF
	3.6  |  Stroke

	4  |  DISCUSSION
	5  |  LIMITATIONS
	6  |  CONCLUSION
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	PEER REVIEW
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


