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Abstract

Background Polycystic ovary syndrome (PCOS) is a complex endocrine characterized by hyperandrogenism, hormo-
nal imbalances, and metabolic disruptions, leading to reproductive complications and increased risk of cardiometa-
bolic diseases. While lifestyle modifications are the cornerstone of PCOS management, pharmacological interventions,
including metformin, oral contraceptives, and anti-androgens, are commonly utilized. Recently, glucagon-like pep-
tide-1 receptor agonists (GLP-1 RAs) and sodium-glucose cotransporter-2 inhibitors (SGLT2is) have shown promising
results in PCOS management.

Methods This study conducted a comprehensive review of randomized clinical trials evaluating the effects of GLP-1
RAs and SGLT2is in women with PCOS. A systematic literature search was performed, and network meta-analysis using
random-effects model that generated mixed treatment comparison estimates was employed to assess the com-
parative efficacy of these drug classes on clinical (menstrual frequency, pregnancy rate and proportion of patients
with regular menstrual cycles), anthropometric, hormonal, and metabolic parameters. Additionally, a systematic
review of preclinical studies investigating GLP-1 RAs and SGLT2is in animal models of PCOS was undertaken.

Results This comprehensive meta-analysis included 27 RCTs (1642 participants). GLP-1 RAs (alone and in combina-
tion with metformin) were observed to improve menstrual frequencies. GLP-1 RAs showed significant reductions

in all anthropometric parameters, while SGLT2is was observed to improve wait hip ratio (WHR) and android gynoid
fat (AGF) ratio (in addition to reduced body weight observed with SGLT2is/metformin combination). Reductions

in WHR and AGF ratio were better with SGLT2is compared to GLP-1 RAs. The combination of GLP-1 RAs and SGLT2is
was observed to have superior efficacy in reducing body weight, percent fat mass, and AGF ratio compared to GLP-1
RAs alone. Regarding hormonal parameters, GLP-1 RAs were observed with significant improvement in free androgen
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index (FAI), free testosterone, androstenedione, and sex hormone binding globulin levels. SGLT2is was observed

with significant improvements in FAl and total testosterone, outperforming GLP-1 RAs in reducing these parameters.
Regarding metabolic parameters, GLP-1 RAs significantly improved triglycerides, markers of insulin resistance and fast-
ing and postprandial plasma glucose. SGLT2is was associated with significant improvements in homeostatic model
assessment for insulin resistance (HOMA-IR) and fasting plasma glucose, and in combination with metformin, SGLT2is
significantly improved triglycerides. SGLT2is outperformed GLP-1 RAs in reducing LDL cholesterol and HOMA-IR.

The combination of SGLT2is and GLP-1 RAs was better than GLP-1 RAs in reducing triglycerides and fasting plasma
glucose. However, the strength of evidence for these findings was very low. Systematic assessment of animal studies
revealed a potential association of several molecular pathways, including AMPK-a, SIRT1, FDX, PI3K/AKT, endothelial
adhesion molecules (VCAM, ICAM, and E-selectin), STAR, and CYP17A1, with the therapeutic effects of GLP-1 RAs

and SGLT2is in PCOS. Both drug classes were associated with significant improvements in ovarian morphology in ani-
mal studies.

Conclusion This systematic review and meta-analysis advance our understanding of GLP-1 RAs and SGLT2is in PCOS
management. While both drug classes demonstrate efficacy in metabolic parameters, their distinct mechanisms
offer unique therapeutic advantages. SGLT2is excel in improving hormonal profiles and insulin resistance, whereas
GLP-1 RAs show consistent benefits in weight management. The enhanced efficacy of combination therapy suggests
a potential paradigm shift in PCOS treatment strategies, moving beyond traditional monotherapy approaches. These

findings support the therapeutic potential of both drug classes, individually or combined, in PCOS management,
providing a foundation for more personalized treatment approaches.
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Introduction

Polycystic ovary syndrome (PCOS) affects 6-20%
of reproductive-age women across different ethnic
populations [1]. As the leading cause of female
infertility, PCOS is characterized by hyperandrogenism,
hormonal imbalances, and metabolic disruptions that
impair ovulatory function and menstrual regularity [2].
Beyond reproductive issues, PCOS increases the risks
of type 2 diabetes, cardiovascular diseases, metabolic
syndrome, and mental health disorders, significantly
impacting quality of life and healthcare utilization [3].

Despite decades of research, PCOS etiology remains
unclear. While genetic polymorphisms and gut
microbiota alterations have been identified, their
complex interactions in PCOS pathogenesis are
poorly understood [4]. This knowledge gap has led to
symptom-focused treatments rather than addressing
root causes, with strategies tailored to specific clinical
manifestations and reproductive goals [1]. Management
primarily =~ emphasizes  lifestyle = modifications,
particularly weight reduction, as approximately 80% of
PCOS patients are overweight or obese [5].

Current  pharmacological  treatments include
metformin, oral contraceptives, anti-androgens,
insulin sensitizers, ovulation inducers, statins, and
various supplements [6]. Recently, two novel drug
classes have gained attention: glucagon-like peptide-1
receptor agonists (GLP-1 RAs) and sodium glucose
transporter-2 inhibitors (SGLT2is), showing promise

in PCOS clinical trials due to their effects on metabolic
abnormalities [7].

GLP-1 RAs, synthetic analogues of endogenous
GLP-1, stimulate insulin secretion while inhibiting
glucagon release, with additional benefits in gastric
emptying and appetite suppression [8, 9]. SGLT2is
work by inhibiting glucose reabsorption in proximal
renal tubules, demonstrating various pleotropic effects
beyond glycemic control [10, 11]. Both drug classes have
seen substantial clinical adoption, with prescriptions
increasing dramatically between 2015 and 2020 [12, 13].

Clinical trials of these medications in PCOS patients
have shown improvements in metabolic and hormonal
parameters [14, 15]. A meta-analysis of four trials with
158 participants demonstrated significant reductions
in body weight, fasting plasma glucose, and insulin
resistance [16]. Additional analyses have documented
improvements in various anthropometric and endocrine
parameters [17, 18]. However, existing meta-analyses
have limitations, including inadequate consideration
of concurrent metformin use and lack of evidence
strength grading. The absence of direct comparative trials
between GLP-1 RAs and SGLT2is in PCOS necessitates
network meta-analysis to generate effect estimates
through common comparators [19]. Additionally, a
comprehensive review of preclinical studies in PCOS
animal models is needed to understand underlying
mechanisms. This study aims to address these gaps
through an extensive review of clinical trials with
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network meta-analysis, complemented by a systematic
review of preclinical studies with SGLT2is and GLP-1
RAs.

Methods

Search strategy

This meta-analysis protocol is registered in the Open
Science Framework [20]. A comprehensive literature
search was conducted across multiple electronic
databases including PubMed, Cochrane Central Register
of Controlled Trials, and Google Scholar. The detailed
search strategy, incorporating Medical Subject Headings
(MeSH) terms, keywords, and their combinations, is
outlined in Electronic Supplementary Table 1. The final
database search was executed on January 10, 2025,
without imposing restrictions on publication year or
language to ensure maximum capture of relevant studies.
Conference proceedings were excluded due to potential
limitations in methodological reporting. Additionally,
reference lists of eligible studies were manually screened
to identify additional relevant publications. This network
meta-analysis adheres to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
statement with network meta-analysis extension
guidelines [21].

Eligibility criteria
We included only randomized clinical trials that met the
following criteria.

Population Women diagnosed as PCOS. We did
not restrict studies that have diagnosed PCOS using
Rotterdam criteria.

Intervention The following GLP-1 RAs were included
in this study: albiglutide, dulaglutide, exenatide,
liraglutide, lixisenatide, and semaglutide. The following
SGLT2is were considered in this study: canagliflozin,
bexagliflozin, licogliflozin, empagliflozin, luseogliflozin,
dapagliflozin, enavogliflozin, remogliflozin, ertugliflozin,
ipragliflozin, henagliflozin, remogliflozin, tofogliflfozin
and sotagliflozin. Studies were eligible to be included if
atleast one of the treatment arms were either GLP-1 RAs
or SGLT2is or their combinations.

Control Placebo/other active drugs/standard of care.

Outcomes The following outcomes were assessed in
this study:

Clinical parameters: menstrual frequency, pregnancy
rate and proportion of patients with regular menstrual
cycles.

Anthropometric parameters: BMI, body weight, WC,
waist hip ratio (WHR), percent fat mass, visceral adipose
tissue (VAT) mass and volume, systolic blood pressure
(SBP), diastolic blood pressure (DBP) and android gynoid
fat (AGF) ratio.
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Hormonal parameters: Free androgen index (FAI),
total testosterone, free testosterone, androstenedione,
luteinizing hormone, follicle stimulating hormone (FSH),
estradiol, progesterone and SHBG.

Metabolic parameters: total cholesterol, low density
lipoprotein (LDL) cholesterol, high density lipoprotein
(HDL) cholesterol, triglycerides, free fatty acids (FFA),
HOMA-IR, fasting and 2 h insulin, fasting and 2 h post-
prandial glucose, glycosylated hemoglobin (HbAlc),
highly sensitive c-reactive protein (hsCRP), insulin
secretion-sensitivity index (ISSI), ISS following oral
glucose tolerance test (ISOGTT), lipoprotein (a) [Lp (a)],
adiponectin, apolipoprotein A1, and apolipoprotein B.

All the above outcomes were assessed both as post-
interventional values (at the end of last follow-up

duration) and change-from-baseline values (pre-
intervention values subtracted from the post-
interventional values).

Study procedure

Independent literature searches were conducted

by two investigators. Data extraction included trial
identification, publication year, participant demographics
(age, BMI), detailed intervention characteristics (drug
name, dosage, administration frequency, and duration),
and all specified outcomes. Disagreements in data
extraction or interpretation were resolved through
structured discussion until consensus was achieved.

The methodological quality assessment utilized the
Cochrane risk of bias tool, evaluating seven domains: (1)
random sequence generation; (2) allocation concealment;
(3) participant and personnel blinding; (4) outcome
assessment blinding; (5) outcome data completeness;
(6) selective reporting; and (7) other bias [22]. Every
domain in the risk of bias tool was assessed as one of the
following: low, unclear or high risk.

Statistical analysis employed a random-effects model
to generate direct, indirect, and mixed treatment
comparison estimates. Direct estimates were derived
from head-to-head trials, while indirect estimates
were obtained through a common comparator across
the included trials. For example, if a clinical trial has
compared two interventions A and B, and another
clinical has compared B and C, indirect effect estimates
were obtained by pooling these trials through a common
comparator (intervention B). These were subsequently
combined to generate mixed comparison estimates
using frequentist approach through weighted averages.
As the outcomes were numerical variables, the primary
effect measure employed was weighted mean difference
(WMD) with 95% confidence intervals (95% CI). For
studies reporting median and interquartile ranges,
mean and standard deviation were estimated using the



Sridharan and Sivaramakrishnan Diabetology & Metabolic Syndrome

methodology described by Wan et al. [23]. We analyzed
two types of measurements: post-intervention values,
which were taken on the last follow-up day; and change-
from-baseline values, that were calculated by subtracting
baseline measurements from the last follow-up day
measurements. Between-evidence consistency was
evaluated using H statistics, with inconsistency
categorized as mild (< 3), modest (3-6), or large (> 6)
[24]. Considering the fewer numbers of studies (< 10)
pooled for each outcome measure, publication bias could
not be assessed. All the statistical tests were two-sided,
and p-values <0.05 were considered significant. Mixed
comparison pooled estimates were generated using
MetaXL© software [25]. Evidence quality was assessed
using the GRADE working group approach [22].

Clinical trials.gov

A comprehensive search of clinicaltrials.gov was
conducted using the search terms"polycystic ovary
syndrome","PCOS", and"polycystic ovarian syndrome",
with the final search performed on January 12, 2025 [26].
Data extraction included intervention details, outcome
measures (primary, secondary, and other), target age
groups, trial phases, study design characteristics, planned
sample sizes, and trial locations.

Animal studies

The systematic review of preclinical studies included
investigations of GLP-1 RAs and SGLT2is in PCOS
animal models. Data extraction encompassed animal
species, PCOS induction methodology, therapeutic
effects (anthropometric, metabolic, hormonal, and
ovarian parameters), and elucidated molecular pathways
involved in the therapeutic response.

Results
Search results
The systematic literature search yielded 124 articles, of
which 27 randomized clinical trials (published across
30 articles) [27-56] satisfied the predefined eligibil-
ity criteria (Fig. 1). The final analysis encompassed data
from 1,642 participants, with three studies [27, 32, 55]
excluded from the meta-analysis due to their reporting
of outcomes as least square means. Table 1 presents the
comprehensive characteristics of the included trials. Rot-
terdam criteria were employed for PCOS diagnosis in 26
articles, while the remaining study [29, 35, 39, 51] utilized
National Institute of Health recommendations.

The intervention distribution comprised five clinical
trials investigating SGLT2is, 21 evaluating GLP-1
RAs, and one trial comparing both drug classes.
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Within the SGLT2i category, the following agents
were studied: canagliflozin (two trials), empagliflozin
(two trials), licogliflozin (one trial), and a combination
of empagliflozin/cyproterone acetate (one trial).
The GLP-1 RAs investigations included: exenatide
(five trials), liraglutide (eight trials), dulaglutide (one
trial), semaglutide (two trials), liraglutide/metformin
combination  (five trials), exenatide/metformin
combination (one trial), and exenatide/cyproterone
acetate combination (one trial). The single comparative
trial between drug classes evaluated exenatide against
dapagliflozin.

Comparator interventions were diverse, including
metformin (15 trials), placebo (eight trials), GLP-1
RAs/metformin combination (two trials), metformin/
clomifene citrate combination (one trial), metformin/
cyproterone acetate combination (one trial), cyproter-
one acetate/ethinyl estradiol combination (one trial),
phentermine/topiramate combination (one trial), and
calorie-restricted diet (one trial). Figure 2 illustrates the
risk of bias assessment, demonstrating predominantly
low risk across most domains, with blinding being the
notable exception where higher risk was observed.

Pooled estimates for clinical outcomes in PCOS women

The analysis of post-interventional menstrual frequency
incorporated seven studies encompassing 435 par-
ticipants, primarily evaluating GLP-1 RAs, metformin,
GLP-1 RAs/metformin combinations, and roflumi-
last (Fig. 3A). Forest plot analysis revealed significant
improvements in menstrual frequency across all active
interventions compared to placebo: GLP-1 RAs demon-
strated a WMD of 3.58 (95% CI 3.54, 4.16), metformin
showed a WMD of 3.76 (95% CI 3.42, 4.1), GLP-1 RAs/
metformin combination achieved a WMD of 3.95 (95%
CI 3.48, 4.42), and roflumilast exhibited a WMD of 3.99
(95% CI 3.63, 4.35) (Fig. 3B). The analysis revealed mild
inconsistency between direct and indirect evidence (H
=1).

The assessment of regular menstrual cycles included
three distinct comparative analyses: exenatide versus
metformin with clomifene citrate, canagliflozin/
metformin versus metformin alone, and liraglutide/
metformin versus cyproterone acetate/ethinyl estradiol.
Ovulation and pregnancy rates were reported in only one
study. The heterogeneity in comparator groups precluded
the execution of a network meta-analysis for these
clinical outcomes. Notably, the paucity of SGLT2i studies
prevented the analysis of clinical outcomes for this drug
class independently.
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Fig. 1 PRISMA flow chart of included trials. A total of 30 reports of 27 studies were included in the meta-analysis

Pooled estimates for anthropometric parameters in PCOS
in women

BMI: Analysis of BMI changes incorporated nine stud-
ies (388 participants), predominantly comparing GLP-1
RAs/metformin combinations with metformin mono-
therapy and GLP-1 RAs alone (Electronic Supplementary
Fig. 1). Significant BMI reductions versus placebo were
demonstrated across multiple interventions: GLP-1 RAs/
metformin (WMD: —2.34; 95% CI —3.52, —1.16), GLP-1
RAs (WMD: —-2.01; 95% CI —-2.16, —1.85), SGLT2is/
metformin (WMD: —1.5; 95% CI —2.7, —0.3), and met-
formin (WMD: —1.21; 95% CI —2.03, —0.38) (Fig. 4A).
Post-interventional BMI analysis revealed significant
reductions only with phentermine/topiramate (WMD:
—2.96; 95% CI —5.82, —0.09; Electronic Supplementary
Fig. 2). Mixed treatment comparisons against GLP-1 RAs
showed no significant differences for SGLT2is/metformin

(WMD: 0.51; 95% CI —0.68, 1.7) or GLP-1 RAs/met-
formin (WMD: —0.06; 95% CI —1.03, 0.92).

Body weight: Ten studies (554 participants) evaluated
body weight changes (Electronic Supplementary Fig. 3).
Compared to placebo, significant weight reductions were
observed with GLP-1 RAs/metformin (WMD: — 6.65;
95% CI —10.35, —2.95), GLP-1 RAs (WMD: —5.85; 95%
CI -7.31, —4.38), SGLT2is/metformin (WMD: —4.74;
95% CI —7.49, —1.99), and metformin (WMD: —3.93; 95%
CI —5.4, —2.46) (Fig. 3B). Analysis of post-interventional
body weights across 18 studies (904 participants) demon-
strated significant reductions with phentermine/topira-
mate (WMD: —11.99; 95% CI —20.31, —3.68), GLP-1
RAs/SGLT2is (WMD: —10.99; 95% CI —19.22, —2.76),
GLP-1 RAs/metformin (WMD: —9.5; 95% CI —18.08,
—9.01), and GLP-1 RAs (WMD: —8.59; 95% CI —16.65,
—0.54). In comparison to GLP-1 RAs, superior weight
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Fig. 2 Risk of bias of included studies. A: Risk of bias of individual domains for each study. Green circles indicate low risk, yellow color indicates
unclear risk, and red color indicates high risk of bias. B: Green bars indicate low risk of bias; yellow color indicates an unclear risk and red color

indicates high risk of bias

reductions were achieved with phentermine/topiramate
(WMD: —3.4; 95% CI —5.16, —1.64) and GLP-1 Ras/
SGLT2is (WMD: —2.4; 95% CI —3.91, —0.89).

Waist circumference: Seven studies (297 participants)
analyzed WC changes, revealing significant reductions
with GLP-1 RAs (WMD: —6.37; 95% CI —10, —2.74),
GLP-1 RAs/metformin (WMD: —7.59; 95% CI —12.93,
—2.25), and metformin (WMD: —4.77; 95% CI —-9.06,
—0.48) (Fig. 4C). Post-interventional WC analysis showed

no significant differences between interventions, includ-
ing GLP-1 RAs versus SGLT2is.

WHR: WHR change analysis included two studies (110
participants), showing no significant differences versus
metformin for GLP-1 RAs/metformin (0; 95% CI —0.02,
0.03) or cyproterone acetate/ethinyl estradiol (0.01; 95%
CI —0.03, 0.05). Post-interventional WHR analysis across
five studies (423 participants; Electronic Supplementary
Fig. 4) demonstrated significant reductions versus
metformin for phentermine/topiramate (WMD: —0.07;
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GLP-1 RAs

Placebo

Treatment WMD (95% ClI)

Metformin O 3.76 ( 3.42, 4.10)

GLP-1 RAs O 3.85 ( 3.54, 4.16)
GLP-1 RAs/Metformin * 3.95 ( 3.48, 4.42)

Roflumilast Q 3.99 ( 3.63, 4.35)

B
34 3.6 3.8 4 4.2 4.4
WMD

Fig. 3 Network and Forest plots for menstrual frequency compared to placebo. A: Network plot for interventions evaluating the menstrual
frequency. Green circles represent the relative numbers of studies evaluating the specific interventions and the thickness of lines represents
the relative numbers of studies evaluating the connected interventions. B: Forest plot of interventions evaluating menstrual frequency compared
to placebo. Blue circles represent the point estimates and horizontal blue lines represent the 95% confidence intervals for the interventions

in comparison with placebo

95% CI —0.05), SGLT2is/metformin (WMD: —0.05; 95%
CI -0.07, —0.03), SGLT2is (WMD: —0.05; 95% CI —0.07,
—0.03), and GLP-1 Ras (WMD: —0.02; 95% CI —0.04, 0)
(Fig. 3D). In comparison to GLP-1 Ras, SGLT2is (WMD:
—0.03; 95% CI -0.04, -0.02), SGLT2is/metformin
(WMD: —0.03; 95% CI —0.04, —0.02), and phentermine/
topiramate (WMD: —0.04; 95% CI —0.07, —0.01) were
associated with significant reductions in the WHR.
Percent fat mass: Three studies (266 participants)
were assessed for analyzing changes in percent fat
mass and no significant reductions were observed with
GLP-1 RAs/metformin (WMD: —1.07%; 95% CI —1.88,
—0.26) and GLP-1 RAs (WMD: —0.87%; 95% CI —1.07,
—0.67) but not with metformin alone (WMD: 2.69%;
95% CI 2.48, 2.9). Seven studies (451 participants) were
pooled for analyzing differences in post-interventional
percent fat mass (Electronic Supplementary Fig. 5).
Significant reductions were observed with GLP-1 RAs/
metformin (WMD: —4.25%; 95% CI —6.21, —2.29),
GLP-1 RAs/SGLT2is (WMD: —3.2%; 95% CI —3.98,
—2.42), phentermine/topiramate (WMD: —2.8%; 95%
CI —-3.65, —1.95), GLP-1 RAs (WMD: —1.9; 95% CI
—2.27, —1.53), SGLT2is/metformin (WMD: —1.9%;

95% CI —2.68, —1.12), SGLT2is (WMD: —1.6%; 95% CI
—2.43, —0.77), and metformin (WMD: —1.34%; 95% CI
—2.37, -0.31) (Fig. 3E).

In comparison to GLP-1 RAs, GLP-1 RAs/
SGLT2is (WMD: —1.3%; 95% CI —1.88, —0.72), and
phentermine/topiramate (WMD: —0.9%; 95% CI —1.53,
—0.27) were associated with significant reductions in
the percent fat mass.

VAT mass: Two studies (65 participants; Electronic
Supplementary Fig. 6) were pooled for analyzing the
changes in VAT mass and significant reduction was
observed with GLP-1 RAs (WMD: —104 g; 95% CI
—180.31, —27.69) compared to placebo (Fig. 3F). Four
studies (131 participants) were pooled for the analysis
of post-interventional VAT mass and no significant
differences were observed with metformin (WMD:
—163.8 g; 95% CI —429.38, 101.78), GLP-1 RAs (WMD:
—134 g; 95% CI —-311.88, 40.88), and GLP-1 RAs/
metformin (WMD: —128.92 g; 95% CI —347.94, 90.11)
compared to placebo.

VAT surface area: Only one study each assessed the
changes and post-interventional VAT surface area and
so pooled estimates could not be generated for this
outcome.
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Treatment WMD (95% ClI)
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Cyproterone acetate/Ethinyl estradiol e 0.01 (-0.04, 0.06)
GLP-1 RAs/Metformin e 0.01 (-0.02, 0.04)
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Treatment WMD (95% ClI)
GLP-1 RAs/Metformin| —e&—— 4.25 (-6.21, -2.29)
GLP-1 RAs/SGLT2is — -3.20 (-3.98, -2.42)
Phentermine/Topiramate —_—— -2.80 (-3.65, -1.95)
GLP-1 RAs —— -1.90 (-2.27, -1.53)
SGLT2is/Metformin —_— -1.90 (-2.68,-1.12)
GLT2is —— -1.60 (-2.43, -0.77)
Metformin —e—— | -1.34 (-2.37,-0.31)
E 6 48 36 24 42 0
WMD
Treatment WMD (95% Cl)
GLP-1 RAs ‘ -104.00 (-180.31,-27.69)
F
GLP-1RA min ' -95.30 (-191.44, 0.84)
1925 154 1155 77 38.5 0
WMD
Treatment WMD (95% CI)
SGLT2is - -0.08 (-0.10, -0.06)
Phentermine/Topiramate o -0.07 ( -0.09, -0.05)
GLP-1 RAs/SGLT2is -o- -0.06 (-0.08, -0.04)
SGLT2is/Metformin e -0.06 (-0.08, -0.04)
GLP-1 RAs/Metformin — -0.03 (-0.09, 0.03)
GLP-1 RAs - -0.03 (-0.04, -0.02)
G 03 0.2 -0.1 0 0.1

WMD

Fig. 4 Comparison of anthropometric parameters between GLP-1 RAs, SGLT2is and comparator drugs used in clinical trials with placebo. Blue
circles represent the point estimates and horizontal blue line represents 95% Cl. Central vertical black line represents the line of no difference.
Changes in BMI (A); body weight (B), waist circumference (C), and visceral adipose tissue (F); and post-interventional waist hip ratio (D), percent fat

mass (E), and android gynoid ratio (G)

AGF ratio: Three studies (202 participants) were pooled
for analysis of post-interventional AGF ratio (Electronic
Supplementary Fig. 7). Significant reductions in the AGF
ratios were observed with SGLT2is (WMD: —0.08; 95%
CI —0.1, —0.06), phentermine/topiramate (WMD: —0.07;
95% CI —-0.09, —0.05), GLP-1 RAs/SGLT2is (WMD:
—-0.06; 95% CI -0.08, —0.04), SGLT2is/metformin
(WMD: —0.06; 95% CI —0.08, —0.04), and GLP-1 RAs
(WMD: —0.03; 95% CI —0.04, —0.02) (Fig. 4G).

In comparison with GLP-1 Ras, significantly reductions
in the post-interventional AGF ratios were observed with
the following interventions: SGLT2is (WMD: —0.05;
95% CI —0.06, —0.04), phentermine/topiramate (WMD:
—0.04; 95% CI -0.05, —0.03), SGLT2is/metformin
(WMD: —0.03; 95% CI —0.04, —0.02), and GLP-1 RAs/
SGLT2is (WMD: —0.03; 95% CI —0.04, —0.02).

Pooled estimates for hormonal parameters in PCOS women
FAI: Thirteen studies (852 participants) were pooled
for the analysis of post-interventional FAI values (Elec-
tronic Supplementary Fig. 8). Significantly reduced
FAI was observed with the following drugs: SGLT2is
(WMD: —1; 95% CI —1.6, —0.39), phentermine/topira-
mate (WMD: —0.7; 95% CI —1.31, —0.08) and GLP-1

RAs (WMD: —0.4; 95% CI —0.75, —0.05) (Fig. 5A). Due
to lack of a common comparator, pooled estimates
could not be generated for the changes in FAL

Compared to GLP-1 RAs, SGLT2is (WMD: —0.57;
95% CI —0.97, —0.18) were associated with a better
reduction in post-interventional FAL

Total testosteromne: Seven studies (327 participants)
were pooled for the analysis of changes in total
testosterone levels (Electronic Supplementary Fig. 9).
Significantly reduced total testosterone levels were
observed with the following interventions compared to
placebo: cyproterone acetate/ethinyl estradiol (WMD:
—24.79; 95% CI —43.55, —6.03), SGLT2is/metformin
(WMD: —24.14; 95% CI —39.44, —8.84), GLP-1 RAs/
metformin (WMD: —9.19; 95% CI —17.86, —0.52),
metformin (WMD: —9.14; 95% CI —17.81, —0.47), and
GLP-1 RAs (WMD: —6.32; 95% CI —8, —4.64) (Fig. 5B).
Nineteen studies (1105 participants) were pooled for
the analysis of post-interventional testosterone levels
(Electronic  Supplementary Fig. 10). Significantly
reduced post-interventional testosterone was observed
only with SGLT2is (WMD: —7.18; 95% CI —12.03,
-2.32).
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Fig. 5 Forest plots of interventions for outcome parameters related to hormonal changes in PCOS women. Blue circles represent the point
estimates and horizontal blue line represents 95% Cl. Central vertical black line represents the line of no difference. Post-interventional FAI(A),
free testosterone (C), androstenedione (D), LH (E), FSH (F), and estradiol (G). Figures B and H represent changes in total testosterone and SHBG,

respectively

In comparison with GLP-1 RAs, SGLT2is were associ-
ated with significantly reduced changes in total testoster-
one levels (WMD: —3.74; 95% CI —5.94, —1.55).

Free testosterone: Three studies (173 participants) were
pooled for the analysis of changes in free testosterone
(Electronic Supplementary Fig. 11). Significantly reduced
changes in free testosterone levels were observed with
GLP-1 RAs (WMD: —0.01; 95% CI —0.01, —0.01). Six
studies (185 participants) were pooled for the analysis
of post-interventional free testosterone (Electronic
Supplementary Fig. 12) and no significant differences
were observed for any of the drugs compared to placebo
(Fig. 5C).

Androstenedione: Three studies (136 participants) were
pooled for the analysis of changes in androstenedione
(Electronic Supplementary Fig. 13). Significantly reduced
changes in androstenedione levels were observed with
GLP- RAs (WMD: —1.45; 95% CI —2.31, —0.59) and
GLP-1 RAs/metformin (WMD: -3.8; 95% CI —5.46,
—2.14). Nine studies (416 participants) were pooled for
the analysis of post-interventional androstenedione levels
(Electronic Supplementary Fig. 14) and no significant
differences were observed with any of the drugs
compared to placebo (Fig. 5D).

No significant differences were observed in the post-
interventional androstenedione levels with SGLT2is
compared to GLP-1 RAs (WMD: 0.6; 95% CI —0.92,
2.12).

LH: Five studies (259 participants) were pooled for the
analysis of changes in LH (Electronic Supplementary
Fig. 15). No significant differences were observed with
cyproterone acetate/ethinyl estradiol (WMD: —3.44;
95% CI —8.36, 1.48), GLP-1 RAs/metformin (WMD:
—304; 95% CI —7.17, 1.09), SGLT2is/metformin (WMD-
2.73; 95% CI —11.84, 6.38), GLP-1 RAs (WMD: —2.64;
95% CI —5.78, 0.5) and metformin (WMD: —1.29; 95%
CI —-8.78, 6.2). Nine studies (506 participants) were
pooled for analysis of post-interventional LH (Electronic
Supplementary Fig. 16). Compared to placebo, SGLT2is/
metformin (WMD: —7.74; 95% CI —14.85, —0.63) and
GLP-1 RAs/metformin (WMD: —-6; 95% CI -11.72,
—0.28) were associated with associated with significantly
lower LH compared to placebo (Fig. 5E).

No significant differences in LH levels were observed
with SGLT2is/metformin (WMD: —2.6; 95% CI —6.98,
1.77) compared to GLP-1 RAs.

FSH: Five studies (259 participants) were pooled
for the analysis of changes in FSH levels (Electronic
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Fig. 6 Forest plot for metabolic parameters in PCOS women. Blue circles represent the point estimates and horizontal blue line represents 95% Cl.
Central vertical black line represents the line of no difference. Post-interventional LDL cholesterol (A), HDL cholesterol (B), trigylcerides (C), HOMA-IR
(D), fating insulin (E), two-hour insulin (F), fating plasma glucose (G), post-prandial glucose (H), hsCRP (I) and ISSI (J)

Supplementary Fig. 17) and no significant differences
were observed with GLP-1 RAs/metformin (WMD:
—0.67; 95% CI —2.5, 1.16), GLP-1 RAs (WMD: —0.47;
95% CI —1.6, 0.66), SGLT2is/metformin (WMD: —0.43;
95% CI —3.4, 2.54), metformin (WMD: —0.36; 95% CI
—2.96, 2.24) and cyproterone acetate/ethinyl estradiol
(WMD: —0.14; 95% CI —2.18, 1.9) compared to placebo.
Seven studies (393 participants) were pooled for the
analysis of post-interventional FSH values (Electronic
Supplementary Fig. 18) and only cyproterone acetate
(WMD: 2.12; 95% CI 0.15, 4.08) was associated with
increased FSH compared to placebo (Fig. 5F).

Estradiol: Two studies (110 participants) were included
for the analysis of changes in serum estradiol levels
(Electronic Supplementary Fig. 19). No significant
differences were observed with cyproterone acetate/
ethinyl estradiol (WMD: —3.1; 95% CI —122.89, 116.69)
and GLP-1 RAs/metformin (WMD: -0.2; 95% CI
—116.38, 115.98) compared to metformin. Four studies

(201 participants) were pooled for the analysis of post-
interventional estradiol levels (Electronic Supplementary
Fig. 20). Compared to metformin, GLP-1 RAs/metformin
(WMD: 100.7; 95% CI 26.14, 175.26) and cyproterone
acetate/ethinyl estradiol (WMD: 96.6; 95% CI 19.07,
174.13) were associated with significantly increased
estradiol levels (Fig. 5G).

Progesterone: Only one study has assessed changes
in progesterone level and so pooled estimates could
not be generated for this outcome. Two studies (112
participants) were pooled for the estimation of post-
intervention serum progesterone levels (Electronic
Supplementary Fig. 21). Compared to metformin,
no significant differences were observed with either
cyproterone acetate/ethinyl estradiol (WMD: 0.59; 95%
CI —13.28, 14.46) or GLP-1 RAs/metformin (WMD: 0.75;
95% CI —13.09, 14.59).

SHBG: Four studies (201 participants) were pooled
for the analysis of changes in SHBG (Electronic
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Supplementary Fig. 22). GLP-1 RAs (WMD: 5.4; 95% CI
4.32, 6.48), GLP-1 RAs/metformin (WMD: 10.49; 95%
ClI 6.02, 14.96) and cyproterone acetate/ethinyl estradiol
(WMD: 47.77; 95% CI 20.94, 74.6) were observed with
elevated SHBG compared to placebo (Fig. 4H). Thirteen
studies (737 participants) were pooled for the analysis
of post-intervention SHBG (Electronic Supplementary
Fig. 23). Only cyproterone acetate/ethinyl estradiol
(WMD: 42.5; 95% CI 10.09, 74.91) was associated with a
significantly higher SHBG value compared to placebo.

Pooled estimates for metabolic parameters in PCOS
women

Total cholesterol: Four studies (191 participants) were
pooled for the analysis of changes in total cholesterol
(Electronic Supplementary Fig. 24). No significant
differences were observed in total cholesterol with
SGLT2is/metformin (WMD: 0.05; 95% CI —0.23, 0.33),
and GLP-1 Ras/metformin (WMD: 0.27; 95% CI —0.08,
0.61) compared to metformin while cyproterone acetate/
ethinyl estradiol (WMD: 0.81; 95% CI 0.27, 1.34) was
associated with an elevated total cholesterol. Fifteen
studies (902 participants) were pooled for analysis
of post-interventional total cholesterol (Electronic
Supplementary Fig. 25) and only phentermine/
topiramate (WMD: —0.66; 95% CI —1.27, —0.04) were
observed with significantly reduced levels.

LDL cholesterol: Four studies (191 participants) were
pooled for the analysis of changes in total cholesterol
(Electronic Supplementary Fig. 26). Compared to met-
formin, no significant changes were observed in the LDL
cholesterol changes with SGLT2is/metformin (WMD:
0.07; 95% CI —0.23, 0.37), GLP-1 RAs/metformin (WMD:
0.1; 95% CI —0.21, 0.41), and cyproterone acetate/ethi-
nyl estradiol (WMD: 0.49; 95% CI —0.07, 1.05). Fifteen
studies (902 participants) were pooled for analysis of
post-interventional LDL cholesterol values (Electronic
Supplementary Fig. 27). Only phentermine/topiramate
(WMD: —0.52; 95% CI —0.93, —0.12) was observed with
significantly reduced LDL cholesterol compared to pla-
cebo (Fig. 6A).

Compared to GLP-1 Ras, SGLT2is were associated with
significantly lower post-intervention LDL cholesterol
(WMD: —0.2; 95% CI —0.33, —0.07).

HDL cholesterol: Three studies (150 participants)
were pooled for the analysis of changes in HDL
cholesterol  (Electronic =~ Supplementary Fig. 28).
Compared to metformin, no significant differences
were observed either with cyproterone acetate/ethinyl
estradiol (WMD: 0; 95% CI —0.28, 0.27) or GLP-1 RAs/
metformin (WMD: 0.08; 95% CI —0.02, 0.17). Twelve
studies (671 participants) were pooled for the analysis
of post-interventional HDL cholesterol (Electronic
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Supplementary Fig. 29). GLP-1 RAs/metformin (WMD:
0.15; 95% CI 0.03, 0.28) and cyproterone acetate/ethinyl
estradiol (WMD: 0.2; 95% CI 0.01, 0.4) were associated
with significantly elevated HDL cholesterol levels
(Fig. 6B).

In comparison with GLP-1 RAs, no significant
difference was observed in the post-intervention HDL
cholesterol with SGLT2is (WMD: 0; 95% CI —0.03, 0.03).

Triglycerides: Four studies (191 participants) were
pooled for the analysis of changes in serum triglycerides
(Electronic Supplementary Fig. 30). Compared to
metformin, no significant differences were observed in
serum triglycerides with SGLT2is/metformin (WMD:
—0.22; 95% CI -0.56, 0.12), GLP-1 RAs/metformin
(WMD: 0.23; 95% CI -0.75, 1.21) and cyproterone
acetate/ethinyl estradiol (WMD: 0.6; 95% CI —0.47, 1.67).
Fifteen studies (902 participants) were analyzed for post-
interventional triglycerides (Electronic Supplementary
Fig. 31). Compared to placebo, SGLT2is/metformin
(WMD: -0.37; 95% CI —0.47, —0.27), phentermine/
topiramate (WMD: -0.33; 95% CI -0.44, —0.23),
GLP-1 RAs/SGLT2is (WMD: —0.3; 95% CI —0.4, —0.2)
and GLP-1 RAs (WMD: —-0.07; 95% CI —0.12, —0.03)
were observed with significantly reduced changes in
triglycerides (Fig. 6C).

Compared to GLP-1 RAs, SGLT2is/metformin (WMD:
—0.3; 95% CI —0.37, —0.23), phentermine/topiramate
(WMD: —0.26; 95% CI —0.34, —0.18) and GLP-1 RAs/
SGLT2is (WMD: -0.23; 95% CI -0.3, —0.16) were
associated with significantly lower post-intervention
triglyceride values.

FFA: Only two studies (90 participants) comparing
exenatide/metformin with metformin assessed FFA and
no significant differences between the interventions were
observed either in the post-interventional values (WMD:
—46.75; 95% CI —139.26, 45.75) or change-from-baseline
FFA (WMD: —30.78; 95% CI —141.16, 79.6).

HOMA-IR: Seven studies (324 participants) were
pooled for the analysis of change-from-baseline
HOMA-IR (Electronic Supplementary Fig. 32). No
significant differences were observed with SGLT2is/
metformin (WMD: —2; 95% CI —4.09, 0.08), metformin
(WMD: —1.48; 95% CI —3.18, 0.21), GLP-1 RAs (WMD:
0.01; 95% CI —0.09, 0.1), GLP-1 RAs/metformin (WMD:
0.31; 95% CI —0.93, 1.55) compared to placebo while
cyproterone acetate/ethinyl estradiol (WMD: 1.89; 95%
CI 0.26, 3.52) was observed with an increased HOMA-IR
values. Nineteen studies (1078 participants) reported
post-interventional HOMA-IR values (Electronic
Supplementary Fig. 33). SGLT2is (WMD: —1.43; 95% CI
—1.91, —0.96), SGLT2is/metformin (WMD: —1.33; 95%
CI —-1.81, —0.86), GLP-1 RAs/SGLT2is (WMD: —1.13;
95% CI —1.59, —0.65), metformin (WMD: —1.09; 95%
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CI —1.84, —0.34), GLP-1 RAs (WMD: —1; 95% CI —1.46,
—0.55), and phentermine/topiramate (WMD: —0.93;
95% CI —1.41, —0.46) were observed with significantly
reduced post-interventional HOMA-IR values compared
to placebo.

Compared to GLP-1 RAs, SGLT2is (WMD: —0.43; 95%
CI -0.54, —0.32) and SGLT2is/metformin (WMD: —0.33;
95% CI —0.43, —0.23) were observed with significantly
reduced post-interventional HOMA-IR values.

Fasting insulin: Six studies (259 participants) were
pooled for the analysis of change-from-baseline
fasting insulin values (Electronic Supplementary
Fig. 34). No significant differences were observed with
SGLT2is/metformin (WMD: —-4.24; 95% CI -13.57,
5.1), metformin (WMD: -2.67; 95% CI —10.96, 5.63),
GLP-1 RAs (WMD: —0.64; 95% CI —6.62, 5.34), GLP-1
Ras/metformin (WMD: 2.76; 95% CI —4.54, 10.06)
compared to placebo while an increase was observed
with cyproterone acetate/ethinyl estradiol (WMD: 9.18;
95% CI 0.49, 17.87). Fifteen studies (836 participants)
were pooled for the analysis of post-interventional
fasting insulin levels (Electronic Supplementary Fig. 35).
Compared to placebo, no significant differences were
observed with SGLT2is/metformin (WMD: -2.93;
95% CI —11.08, 5.21), SGLT2is (WMD: —2.38; 95% CI
—15.78, 11.01), GLP-1 RAs (WMD: —1.09; 95% CI -7,
4.83), metformin (WMD: —1.08; 95% CI —7.29, 5.12),
GLP-1 RAs/metformin (WMD: 1.15; 95% CI —4.78, 7.09),
cyproterone acetate/ethinyl estradiol (WMD: 4.02; 95%
CI -3.22, 11.27) and roflumilast (WMD: 5.41; 95% CI
—3.53, 14.36) (Fig. 6E).

Compared to GLP-1 RAs, no significant differences
were observed with SGLT2is (WMD: —1.3; 95% CI
—13.32, 10.72) and SGLT2is/metformin (WMD: —1.85;
95% CI —7.45, 3.75) on the post-interventional fasting
insulin levels.

Two-hour insulin: Five studies (218 participants) were
pooled for the analysis of change-from-baseline two-
hour insulin levels (Electronic Supplementary Fig. 36).
Compared to placebo, metformin (WMD: —67.94; 95%
CI —127.23, —8.64) and GLP-1 Ras (WMD: —49.72; 95%
CI —67.84, —31.6) were observed with reduced two-hour
insulin levels. Eleven studies (663 participants) were
pooled for the analysis of post-interventional two-hour
insulin levels (Electronic Supplementary Fig. 37). No
significant differences were observed with metformin
(WMD: —47.08; 95% CI —115.17, 21.10), GLP-1 RAs
(WMD: -47.05; 95% CI -95.23, 1.12), GLP-1 Ras/
metformin (WMD: —33.89; 95% CI —101.23, 33.44) and
cyproterone acetate/ethinyl estradiol (WMD: —0.72; 95%
CI -78.92, 77.47) (Fig. 6F).

HbAlc: Four studies (200 participants) reported
changes in HbAlc of which due to lack of common
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comparator, only two studies could be pooled (Electronic
Supplementary Fig. 38). Compared to metformin, no
significant differences were observed in the change-
from-baseline HbAlc levels with GLP-1 RAs/metformin
(WMD: 0.09; 95% CI —0.04, 0.22) but an increase was
observed with cyproterone acetate/ethinyl estradiol
(WMD: 0.32; 95% CI 0.04, 0.6). Similarly, three studies
(135 participants) reported post-interventional HbAlc
values of which two studies could be pooled (Electronic
Supplementary Fig. 39). Compared to metformin, no
significant differences were observed with either GLP-1
RAs/metformin (WMD: 0.03; 95% CI —0.15, 0.21) or
cyproterone acetate/ethinyl estradiol (WMD: —0.01; 95%
CI-0.26, 0.24).

Fasting plasma glucose: Seven studies (287 participants)
were pooled for the analysis of change-from-baseline
fasting plasma glucose (Electronic Supplementary
Fig. 40). Compared to placebo, no significant differences
were observed with SGLT2is/metformin (WMD: —0.56;
95% CI —1.35, 0.22), metformin (WMD: —0.29; 95% CI
—0.99, 0.4), GLP-1 Ras/metformin (WMD: —0.14; 95%
CI —0.74, 0.46), and cyproterone acetate/ethinyl estradiol
(WMD: 0.02; 95% CI —0.69, 0.73) but an increase was
observed with GLP-1 RAs (WMD: 0.46; 95% CI 0.17,
0.75). Seventeen studies (995 participants) were pooled
for analysis of post-interventional fasting plasma
glucose (Electronic Supplementary Fig. 41). Compared
to placebo, SGLT2is/metformin (WMD: —0.42; 95%
CI —-0.52, —0.31), GLP-1 RAs/SGLT2is (WMD: —0.42;
95% CI —0.52, —0.31), phentermine/topiramate (WMD:
—0.22; 95% CI —0.32, —0.11), GLP-1 RAs (WMD: —0.22;
95% CI —0.3, —0.14), and SGLT2is (WMD: —0.12; 95% CI
—0.22, —0.01) were observed with significantly reduced
post-interventional fasting plasma glucose (Fig. 6G).

Compared to GLP-1 RAs, SGLT2is/metformin (WMD:
—-0.2; 95% CI —0.25, —0.15) and GLP-1 RAs/SGLT-2is
(WMD: —0.2; 95% CI —0.25, —0.15) were observed with
significantly lower fasting plasma glucose.

Postprandial plasma glucose: Four studies assessed
change-from-baseline postprandial plasma glucose of
which three compared GLP-1 RAs/metformin with
metformin and one GLP-1 RAs with placebo and mixed
treatment comparison pooled estimates were not
generated due to the lack of a common comparator. Nine
studies (536 participants) reported post-interventional
plasma glucose (Electronic Supplementary Fig. 42).
Compared to placebo, GLP-1 RAs/metformin (WMD:
—1.08; 95% CI —2.02, —0.14) and GLP-1 RAs (WMD:
-0.98; 95% CI -1.79, —0.17) were reported with
significantly lower postprandial plasma glucose (Fig. 6H).

hsCRP: Seven studies (452 participants) were pooled
for the analysis of post-interventional hsCRP levels
(Electronic Supplementary Fig. 43). Compared to
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metformin, no significant differences were observed with
SGLT2is (WMD: —1.8; 95% CI —7.26, 3.66), and GLP-1
RAs (WMD: 0.2; 95% CI —1.04, 1.44) while an increase
was observed with GLP-1 RAs/metformin (WMD:
1.44; 95% CI 0.19, 2.7) and cyproterone acetate/ethinyl
estradiol (WMD: 2.28; 95% CI 0.7, 3.86) (Fig. 61).

Compared to GLP-1 RAs, no significant difference was
observed in the post-interventional hsCRP levels with
SGLT2is (WMD: —1.69; 95% CI —7.24, 3.87).

ISSI: Two studies (998 participants) were pooled for the
estimation of post-interventional ISSI values (Electronic
Supplementary Fig. 44). Compared to metformin, GLP-1
RAs (WMD: 163; 95% CI 93.74, 232.26) and GLP-1 RAs/
metformin (WMD: 284; 95% CI 213.99, 354.01) were
observed with significantly higher ISSI values (Fig. 6]).

Compared to GLP-1 RAs, no significant difference was
observed with SGLT2is (WMD: —160; 95% CI —205.56,
114.44) but SGLT2is/metformin (WMD: —76; 95% CI
—120, —31.91) was observed with significantly reduced
ISSI values.

ISOGTT: Three studies (259 participants) were
pooled for the analysis of post-interventional ISOGTT
values (Electronic Supplementary Fig. 45). Compared
to placebo, GLP-1 RAs (WMD: 0.7; 95% CI 0.46, 0.94)
and metformin (WMD: 0.89; 95% CI 0.6, 1.17) were
associated with significantly higher ISOGTT values.

Adiponectin: Two studies (107 participants) were
pooled for the analysis of serum adiponectin (Electronic
Supplementary Fig. 46). Compared to placebo,
metformin (WMD: 1.9; 95% CI 0.23, 3.57) and GLP-1
RAs/metformin (WMD: 2.2; 95% CI 0.54, 3.86) were
associated with an elevated adiponectin level.

Apolipoproteins A and Bl, and Lp (a): Two each
assessed apolipoproteins A and Bl and one study
assessed Lp (a) levels due to which pooled analyses could
not be performed.

Grading the strength of evidence

The strength of evidence is very low limited mainly by
the precision of estimates, risk of bias and potential
publication bias of the included studies (Electronic
Supplementary Table 3).

Assessment of clinical trials registered in clinicaltrials.gov

The search strategy led to 934 registered clinical trials
of which 32 met the criteria relating to either GLP-1
RAs or SGLTI2is in PCOS management (Electronic
Supplementary Table 2). The studies range from
phase I to IV, with sample sizes varying from 30 to 890
participants, predominantly involving adult populations.
Primary outcomes frequently focus on weight loss,
metabolic parameters (including insulin resistance), and
reproductive function (menstrual cyclicity, ovulation,
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and pregnancy rates). The most studied GLP-1 RAs
include semaglutide, liraglutide, and exenatide, while
dapagliflozin, empagliflozin, and canagliflozin are the
main SGLT2is under investigation. Most trials combine
these agents with metformin and feature treatment
durations ranging from 3 to 14 months. The studies are
predominantly open-label, randomized trials conducted
across multiple countries including China, USA, UK,
Egypt, and Slovenia. Secondary outcomes commonly
assess changes in hormonal parameters (androgens, FSH,
LH), metabolic markers (glucose, insulin, lipids), body
composition, and quality of life measures. Several trials
also intend to evaluate pregnancy outcomes and safety
parameters, reflecting the comprehensive approach to
understanding these agents’effects in PCOS management.

Assessment of GLP-1 RAs and SGLT2is in PCOS animal
models

A summary (Table 2) of evidence relating to the use of
SGLT2is and GLP-1 RAs in animal models of PCOS
revealed that majority of the studies used rat models
(primarily Sprague Dawley and Wistar rats) followed
by C57BL/6 ] mice. PCOS was induced through various
methods:  dihydrotestosterone pellet implantation,
DHEA subcutaneous injection, letrozole administration,
estradiol valerate injection, and estradiol intramuscular
injection. The studies identified the following effects
relating to the therapeutic effects of GLP-1 RAs in PCOS
animal models: metabolic effects (reduced body weight,
improved insulin sensitivity, decreased HOMA-IR,
and improved glucose tolerance), hormonal regulation
(decreased testosterone, LH/FSH ratio, and increased
SHBG) and ovarian effects (reduced cystic follicles,
increased corpus luteum formation, and restored regular
estrous cycles). The following molecular pathways
were explored and identified for GLP-1 RAs effects:
increased expression of adenosine mono phosphate-
activated protein kinase alpha subunit (AMPK-a), Silent
information regulator 1 (SIRT1) and ferredoxin-reducing
(FDX) proteins; enhanced phosphatidylinositol 3-kinase/
protein kinase B (PI3 K/AKT) signaling in ovarian cells;
reduced inflammatory markers [IL-6, TNF-a, toll-like
receptor-4 (TLR4), nuclear factor kappa B (NF-kB)];
increased anti-inflammatory markers (IL-10); modified
steroidogenic enzyme expression [steroidogenic acute
regulatory protein (STAR), CYP17 Al)]; and improved
adipokine profile.

For SGLT?2is, the following effects were observed in the
animal models: metabolic improvements (reduced body
weight, improved glucose metabolism, and insulin sen-
sitivity), hormonal effects (decreased testosterone, LH,
FSH, and increased estradiol), reduced visceral fat accu-
mulation, and ovarian effects (decreased cystic follicles,
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increased corpus luteum formation, and improved fol-
licular development). The following molecular path-
ways were explored and identified for SGLT2is efficacy
in PCOS animal models: enhanced AMPKa expression;
reduced inflammatory markers (IL-6, TNF-«); reduced
expression of endothelial adhesion molecules such as
vascular cell adhesion molecule-1 (VCAM-1), intercel-
lular adhesion molecule-1 (ICAM-1), and E-selectin, and
improved oxidative stress markers (increased superoxide
dismutase, catalase, and reduced glutathione).

Discussion

Key findings

This comprehensive meta-analysis, including 27 RCTs,
reveals that both GLP-1 RAs and SGLT2is demonstrate
significant efficacy in managing PCOS, particularly in
improving anthropometric and metabolic parameters.
GLP-1 RAs (alone and in combination with metformin)
were observed to improve menstrual frequencies. GLP-1
RAs showed significant reductions in all anthropometric
parameters, while SGLT2is was observed to improve
WHR and AGF ratio (in addition to reduced body
weight observed with SGLT2is/metformin combination).
Reductions in WHR and AGF were better with SGLT2is
compared to GLP-1 RAs. The combination of GLP-1
RAs and SGLT2is was observed to have superior
efficacy in reducing body weight, percent fat mass, and
AGF ratio compared to GLP-1 RAs alone. Regarding
hormonal parameters, GLP-1 RAs were observed with
significant improvement in FAI, free testosterone,
androstenedione, and SHBG levels. SGLT2is was
observed with significant improvements in FAI and total
testosterone, outperforming GLP-1 RAs in reducing
these parameters. The combination of GLP-1 RAs and
metformin significantly improved total testosterone,
androstenedione, luteinizing hormone, and estradiol
levels. Regarding metabolic parameters, GLP-1 RAs
significantly improved triglycerides, markers of insulin
resistance (HOMA-IR, two-hour insulin, ISSI and
ISOGTT), and fasting and postprandial plasma glucose.
SGLT?2is was associated with significant improvements
in HOMA-IR and fasting plasma glucose, and in
combination with metformin, SGLT2is significantly
improved triglycerides. SGLT2is outperformed GLP-1
RAs in reducing LDL cholesterol and HOMA-IR, while
GLP-1 RAs were observed with higher ISSI values
compared to SGLT2is/metformin. The combination of
SGLT2is and GLP-1 RAs was better than GLP-1 RAs
in reducing triglycerides and fasting plasma glucose.
However, the strength of evidence for these findings was
either low or very low. Assessment of ongoing clinical
trials registered on ClinicalTrials.gov revealed that a
considerable number are focusing on clinical parameters,
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including pregnancy outcomes, and most are in
combination with metformin. Systematic assessment of
animal studies revealed a potential association of several
molecular pathways, including AMPK-a, SIRT1, FDX,
PI3 K/AKT, endothelial adhesion molecules (VCAM,
ICAM, and E-selectin), STAR, and CYP17 Al, with
the therapeutic effects of GLP-1 RAs and SGLT2is in
PCOS. Both drug classes were associated with significant
improvements in ovarian morphology in animal studies.

Comparison with existing literature

This network meta-analysis has identified that GLP-1
RAs, SGLT2is, and their combination (also individually
with metformin) were associated with significant
improvements in various metabolic, hormonal, and
anthropometric parameters in PCOS. Amongst similar
reviews, Kesavan et al. [75] observed in six clinical trials
that the GLP-1 RA exenatide was significantly associated
with a reduction in BMI and testosterone compared to
metformin. Austregésilo de Athayde De Hollanda Morais
etal. [76] reported in four trials (176 participants) that the
GLP-1 RAs semaglutide and liraglutide were associated
with significant reductions in waist circumference, BMI,
triglycerides, and total testosterone. Regarding SGLT2is,
only one meta-analysis exists for their indication in
PCOS. Sinha et al. [16] pooled data from four trials (158
participants) and observed a reduction in body weight,
fasting plasma glucose, and insulin resistance. All these
previous meta-analyses were limited by a small number of
study participants and only compared the interventions
to placebo or metformin, without a comprehensive
inclusion of clinical outcomes. In contrast, the present
meta-analysis is the first to directly compare the effects of
GLP-1 RAs and SGLT2is, both alone and in combination
with metformin, on a wide range of outcomes in PCOS.
The results of our meta-analysis are in concordance with
the previous reviews regarding the anthropometric,
metabolic, and hormonal outcomes. Additionally, the
present meta-analysis included both change-from-
baseline values and post-interventional values, which was
not the case in previous meta-analyses, leading to their
smaller sample sizes. Furthermore, we also explored the
effects of GLP-1 RAs on clinical outcomes, which was
limited in previous reviews. The only other meta-analysis
that examined the effect of GLP-1 RAs on clinical
parameters was Ye et al. [77], who included nine clinical
trials (785 participants) and observed a significant
reduction in BMI, insulin resistance, and improvement
in pregnancy and ovulation rates. However, the authors
included unpublished data from gray literature in
Chinese, which is not accessible to individuals outside
China. The only other meta-analysis comparing all the
key outcome measures in PCOS was by Kamrul-Hasan
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et al. [78] that assessed the effects of SGLT2is in PCOS.
The published study and our meta-analysis share several
similarities in their findings regarding the effects of
SGLT2is and GLP-1 RAs on metabolic and hormonal
parameters in patients with PCOS. Both studies observed
that SGLT2is improve insulin resistance, as evidenced
by reductions in HOMA-IR and fasting plasma glucose,
and noted favorable changes in body composition,
including reductions in body weight and fat distribution.
Additionally, both studies reported that combining
SGLT?2is with other therapies (metformin or GLP-1 RAs)
enhances efficacy, with the published study highlighting
benefits in metabolic parameters with SGLT2i-GLP1RA
combinations and our study further demonstrating
superior reductions in fat mass and triglycerides with
this combination. However, key differences emerge in
the scope and specific outcomes. While the published
study focused primarily on SGLT2is and reported
improvements in DHEAS and menstrual irregularity, our
meta-analysis included a broader range of interventions
(GLP-1 RAs alone and in combination) and found more
pronounced hormonal benefits, such as significant
reductions in FAI and testosterone with SGLT2is,
outperforming GLP-1 RAs in these aspects. Our study
also highlighted that GLP-1 RAs alone improved
menstrual frequency and androgen-related markers
more than SGLT2is, whereas the published study did not
extensively compare GLP-1 RAs but primarily included
only studies that have assessed SGLT2is. Secondly, the
published study assessed only change-from-baseline
values while we evaluated both the change-from-baseline
and post-interventional values. Additionally, our findings
emphasized that SGLT2is were more effective than
GLP-1 RAs in reducing LDL cholesterol and HOMA-IR,
while GLP-1 RAs had stronger effects on postprandial
glucose and triglycerides. These differences suggest that
while both drug classes are beneficial, their comparative
advantages depend on the specific clinical outcomes of
interest.

The present study is the first to compare SGLT2is and
GLP-1 RAs through a common comparator (placebo/
metformin) for PCOS. The only other network meta-
analysis in PCOS treatment was from Peng et al. [79],
which compared metformin, clomifene citrate, and
pioglitazone, but did not include emerging drug therapies
such as GLP-1 RAs and SGLT2is. The results from the
present meta-analysis provide evidence for trialing GLP-1
RAs and SGLT2is for improving therapeutic outcomes
in PCOS. This recommendation is also supported by
the findings from the preclinical studies included in
this review, which demonstrate that both GLP-1 RAs
and SGLT2is work through multiple complementary
mechanisms, affecting metabolic, hormonal, and
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inflammatory pathways in PCOS. The studies suggest
these agents may provide therapeutic benefits beyond
their primary metabolic effects, directly influencing
ovarian function and steroidogenesis through various
molecular pathways.

Given the potential cost implications, GLP-1 RAs
and SGLT2is could be considered as second-line
options in case of failure of first-line drugs (metformin,
pioglitazone, and clomifene citrate), as the latter are
likely to be much cheaper. Although in some outcomes,
GLP-1 RAs and SGLT2is outperformed metformin,
considering the low strength of evidence, we would
recommend GLP-1 RAs and SGLT2is as second-line
drugs for PCOS. Combinations of GLP-1 RAs and
SGLT2is with metformin were observed to have better
therapeutic effects compared to individual drug classes.
Therefore, in patients with an insufficient response to
metformin, it is preferred to use these drug classes as
add-on to metformin, rather than shifting to GLP-1
RAs/SGLT2is alone. Further, between GLP-1 RAs and
SGLT2is, studies indicate better cardiovascular and renal
protection with SGLT2is, but reduced thromboembolic
events favor GLP-1 RAs [80, 81]. Given the increased
cardiovascular and renal risk associated with PCOS [82],
the combination of SGLT2is and GLP-1 RAs may provide
superior outcomes, as supported by population-based
data [83]. However, more evidence is required to draw
robust conclusions on the optimal combination therapy
in PCOS.

Strengths, limitations and way forward
This is the first systematic review and meta-analysis that
comprehensively compares the therapeutic effects of
GLP-1 RAs and SGLT2is, as well as their combinations,
on anthropometric, metabolic, hormonal, and clinical
parameters in PCOS. Through network meta-analysis,
we were able to compare the effect estimates between
GLP-1 RAs and SGLT2is on most outcomes, despite the
absence of head-to-head clinical trials. This approach is
particularly advantageous as it can provide the necessary
effect estimates without the need for several years and
resources to obtain them through real-world data in
PCOS. Furthermore, we comprehensively reviewed
the registered ongoing clinical trials and animal studies
that have explored the potential molecular mechanistic
pathways related to the therapeutic effects of SGLT2is
and GLP-1 RAs in PCOS. This provides valuable insights
into the current research landscape and the underlying
mechanisms that may contribute to the observed clinical
benefits.

The study is limited by the small number of studies
evaluating clinical outcomes, with none for SGLT2is. This
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precluded the ability to perform intra-class comparisons.
Additionally, the dose—effect relationship was not
assessed, and the follow-up duration of the included
studies was relatively short, with most lasting up to 14
months.

Going forward, several key considerations should be
addressed to further expand our understanding and
optimize the use of GLP-1 RAs and SGLT2is in PCOS:
Longer-term studies: The current trials have relatively
short durations, necessitating the need for longer-
term studies to assess the sustained efficacy and safety
of these interventions in PCOS. Standardization of
outcome measures and reporting: Outcome measures
and reporting methods should be standardized across
studies to facilitate better comparison and interpretation
of the results. This should include the incorporation of
pregnancy outcomes and patient-oriented outcomes,
such as quality-of-life measures, to better inform clinical
decision-making. Inclusion of diverse populations: Future
studies should aim to include more diverse populations,
particularly in terms of age and ethnic groups, to ensure
the generalizability of the findings. Head-to-head trials
of treatment combinations: More head-to-head trials
comparing different drug combinations would help
establish optimal treatment algorithms in PCOS, which
is characterized by a multi-system abnormality affecting
multiple systems. Cost-effectiveness evaluation: Given
the relatively recent development and potential higher
cost of GLP-1 RAs and SGLT2is compared to traditional
treatments, such as metformin, evaluating the cost-
effectiveness of various treatment options is crucial for
prioritizing in healthcare settings. Predictive biomarkers:
Further evidence should emerge in identifying predictive
biomarkers that could help identify which patients are
most likely to benefit from GLP-1 RAs and SGLT2is, and
their combination, in the management of PCOS.

By addressing these limitations and incorporating
the suggested directions for future research, the
scientific community can build upon the findings of this
comprehensive meta-analysis to inform and optimize
the clinical management of PCOS using GLP-1 RAs and
SGLT2is, ultimately improving the health outcomes for
individuals affected by this complex and multifaceted
condition.

Conclusion

This systematic review and meta-analysis demonstrated
that both GLP-1 RAs and SGLT2is effectively reduce
BMI and body weight in PCOS patients. SGLT2is showed
superior outcomes in waist-to-hip ratio, hormonal
parameters (FAI and testosterone levels)) HOMA-IR,
and fasting glucose levels. GLP-1 RAs demonstrated
consistent benefits in weight reduction and glycemic
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control. The combination therapy exhibited enhanced
efficacy compared to monotherapy across multiple
parameters, suggesting complementary mechanisms of
action. These findings support the therapeutic potential
of both drug classes, individually or combined, in
PCOS management, providing a foundation for more
personalized treatment approaches.
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