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Abstract

Purpose To compare the efficacy and safety of metformin, anti-obesity agents, and inositol with polycystic ovary syn-
drome (PCOS) undergoing in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI).

Methods A comprehensive search was conducted in PubMed, Web of Science, Embase, Cochrane Library,

and ClinicalTrials.gov for studies published in English up to October 26, 2024. Randomized controlled trials (RCTs)
evaluating metformin, anti-obesity agents, and inositol were included. A network meta-analysis was performed
using frequency statistical methods. Subgroup analyses were conducted based on controlled ovarian stimulation
(COS) protocols and body mass index(BMI). The research protocol was registered with PROSPERO (registration code
CRD42024502823).

Results 20 RCTs were included with 1,827 patients assessed six different agents. Nineteen trials were rated low risk,
with one rated moderate risk. Pairwise meta-analysis showed that metformin did not improve pregnancy outcomes
but was associated with a reduced ovarian hyperstimulation syndrome (OHSS) risk (OR=0.52, 95% C| 0.33-0.83),
particularly in agonist protocols, along with lower E2 levels on the trigger day (SMD = -0.56, 95% CI -0.90 to -0.21)
and increased side effects (OR=6.85, 95% Cl 4.32-10.86). Network meta-analysis confirmed no significant differences
in pregnancy outcomes for these agents compared to controls, though both myoinositol and metformin reduced
OHSS risk. Myoinositol was linked to a shorter gonadotropin duration (SMD =-1.21, 95% Cl -2.03 to -0.38) and fewer
side effects (OR=0.23, 95% Cl 0.06-0.83) compared to controls. Metformin led to lower E2 levels, a higher number
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of mature oocytes, and increased side effects (SMD = -376.52, 95% Cl-610.83 to -142.22; SMD=2.23, 95% Cl 0.36-4.10;
OR=6.85, 95% Cl 4.32-10.86) than controls. No studies reported an increased risk of fetal abnormalities.

Conclusion Metformin and myoinositol may reduce OHSS risk in PCOS patients but did not significantly improve
pregnancy outcomes. Metformin may lower OHSS risk in agonist protocol, reduce E2 levels on trigger day

and increase mature oocytes but cause more side effects, while myoinositol may shorten gonadotropin duration
with fewer side effects. Further robust RCTs are needed to confirm these findings.

Keywords Metformin, Anti-obesity agents, Inositol, IVF, ICSI, OHSS, PCOS, Network meta-analysis

Introduction

Polycystic ovary syndrome (PCOS) is now diagnosed
based on updated international guidelines, emphasiz-
ing an evidence-based approach. Diagnosis in adults
requires the presence of two of three criteria: clinical
or biochemical hyperandrogenism, ovulatory dysfunc-
tion, and polycystic ovaries on ultrasound or elevated
anti-Miillerian hormone (AMH) levels, after excluding
other potential causes [1]. PCOS can impair reproduc-
tive potential through mechanisms such as diminished
oocyte quality, altered embryo and endometrial func-
tion, and the presence of infertility-related comorbidi-
ties. Women with PCOS also face an elevated risk of
pregnancy complications, further affecting fertility
outcomes [2-5].

Ovulatory dysfunction is the primary cause of infer-
tility in PCOS, and first-line treatments include clo-
miphene citrate and letrozole for ovulation induction
[6]. For those who do not respond to ovulation induc-
tion or present other infertility factors (such as tubal
or male-related infertility), in vitro fertilization (IVF)
or intracytoplasmic sperm injection (ICSI) with con-
trolled ovarian stimulation (COS) is often pursued.
However, IVF/ICSI in PCOS patients are challenging,
as these patients may experience issues such as exag-
gerated or poor ovarian response [7-9], high ratios of
immature oocytes [10], abnormal fertilization [11, 12],
reduced embryo developmental potential [13], low live
birth rates [14], and a higher risk of ovarian hyperstim-
ulation syndrome (OHSS) [15].

Metformin, anti-obesity agents, and inositol are rec-
ommended by international guidelines for improving
metabolic profiles in PCOS [1], yet evidence on their
efficacy specifically in enhancing IVF/ICSI outcomes
is limited. This uncertainty leaves open the question
of which agent offers the best efficacy and safety pro-
file for IVF/ICSI [16-21]. This network meta-analysis
aims to systematically evaluate the impact of these
agents on IVF/ICSI outcomes, side effect and their role
in reducing OHSS risk in women with PCOS, provid-
ing clearer guidance for optimizing fertility treatment
in this population.

Method and analysis

Search strategy and selection criteria

The present systematic review and network meta-anal-
ysis followed the PRISMA guidelines for network meta-
analysis [22]. The PubMed, Web of Science, Embase, and
Cochrane library databases were searched from database
inception to October 26th, 2024, using the following
keywords and Medical Subject Heading (MeSH) terms:
“PCOS’;, “metformin’, “Anti-obesity medications’, “inosi-
tol’; “liraglutide’, “semaglutide’, “glucagon-like peptide-
1(GLP-1) receptor agonist’, “Orlistat’, “IVF/ICSI; and
“randomized controlled trial” In addition, Clinicaltrials.
gov was searched to identify randomized controlled trials
(RCTs).

All identified records were screened based on title and
abstract by two independent reviewers. Studies were
included if they met the inclusion criteria as follows: (1)
PCOS patients received only one of the following agents:
metformin, anti-obesity agents, or inositol-based medica-
tions; (2) Participants underwent IVF/ICSI with embryo
transfer (ET) ; (3) RCT study design; and (4) Studies with
a low or moderate risk of bias. The exclusion criteria were
applied as follows: (1) Studies not reported in English; (2)
No parallel controlled design in RCTs; (3) Comparisons
within the same category of agents, such as myo-inositol
versus D-chiro-inositol; (4) Inclusion of Traditional Chi-
nese medicine treatments; and (5) Absence of primary
outcome data. For studies that met the inclusion crite-
ria, full texts were retrieved and assessed in detail. Two
reviewers (GC and LJL) independently reviewed the full
texts and discussed any discrepancies by consensus. The
final selection of studies was documented in a PRISMA
flow diagram, detailing the number of studies included
and excluded at each stage, along with reasons for exclu-
sion at the full-text stage.

Outcome measures

The primary outcomes included clinical pregnancy,
live birth, abortion, and OHSS. Clinical pregnancy was
defined as the presence of a gestational sac or fetal heart-
beat observed by ultrasound. Live birth was defined as
the birth of at least one baby after 24 weeks of gestation.
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Abortion was classified as the loss of pregnancy between
the fifth and twelfth weeks of gestation. Secondary out-
comes included gonadotropin dosage, gonadotropin
duration, estrogen (E2) level on trigger day, number of
mature oocytes, number of oocytes retrieved, normal
fertilization, available embryos on Day 2 or Day 3, and
side effects.

Risk of bias assessment

The Cochrane tool was used to assess the risk of bias
in each randomized trial [23]. Potential sources of bias
included random sequence generation, allocation con-
cealment, blinding of participants, blinding of study staff,
blinding of outcome assessors, incomplete outcome data,
and selective reporting. Each trial was assigned a score
of low, high, or unclear risk of bias for each domain.
Two authors (GC and LJL) independently conducted
the bias assessment, with any discrepancies resolved by
consensus.

Data extraction

Two independent investigators extracted from original
reports using specially designed forms that contained
information on study country, COS protocol, patients’
characteristics, including age and body mass index (BMI),
sample size, intervention groups, intervention dura-
tion, and primary and secondary outcomes. For different
intervention, the control group consisted of untreated
patients or patients receiving a placebo.

Data synthesis and statistical analysis

Pairwise meta-analyses using a random effects model
were performed when direct data were available. Net-
work meta-analyses were conducted within a frequentist
framework using the “mvmeta” and “network” packages
in Stata MP 17.0. A multivariate random effects model
with restricted maximum likelihood (REML) estimation
was used, and network consistency was evaluated using
inconsistency tests. For each outcome of interest, the
<network meta inconsistency>command was applied
to statistically confirm the overall consistency assump-
tion, while the SIDE (Separating Indirect from Direct
Evidence) splitting method, using the <network sidesplit
all >command, was applied to test for loop inconsistency
geometry and node connectivity were visualized for all
outcomes [24].

For all treatment comparisons, summary odds ratios
(ORs) or standardized mean differences (SMDs) with 95%
confidence intervals (Cls), accounting for uncertainty
in variance estimates in league tables, are presented.
Ranking probabilities and surface under the cumulative
ranking curve (SUCRA) values were calculated for each
treatment to establish treatment hierarchies. Continuous
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variables, initially reported as medians with quartiles (or
ranges), were converted to means and standard devia-
tions (SDs) when applicable, following established meth-
ods [25].

Subgroup analyses were conducted based on COS pro-
tocol and BMI separately to examine their associations
with primary IVF/ICSI outcomes in PCOS patients, aim-
ing to provide more clinically informative conclusions.
To assess potential small study effects, adjusted funnel
plots were visually inspected for outcomes with more
than ten studies, following recommended practices for
detecting publication bias in meta-analyses. The certainty
of evidence for the primary outcome was then assessed
using the CINeMA (Confidence in Network Meta-Analy-
sis) framework according to Papakonstantinou et al. [26],
which categorizes the confidence in results as high, mod-
erate, low, or very low, to support clinical interpretation.
The research protocol was registered in PROSPERO (reg-
istration code CRD42024502823) : https://www.crd.york.
ac.uk/prospero/.

Results

Search results and baseline characteristics

A total of 1,355 studies were initially identified in the
database search, with no additional records from other
sources. Following duplicate removal (406 studies) and
title/abstract screening (451 studies), 498 full-text studies
were assessed for eligibility. Based on exclusion criteria,
478 studies were excluded. Ultimately, 20 studies met all
criteria and were included in the network meta-analysis
[27-46]. A flowchart of the search process is presented
in Fig. 1, while Supplementary Fig. 1 shows the risk of
bias assessment: 19 trials were low-risk, 1 moderate-risk,
and nonhigh-risk. Additional File 1 provides the search
strategy, a list of included trials, and excluded trials with
reasons.

A total of 1,827 participants with PCOS were rand-
omized to receive one of six agents: metformin, sitaglip-
tin, myoinositol, simvastatin, pioglitazone, or placebo.
Sitagliptin, simvastatin, and pioglitazone were included
as comparators due to their roles in metabolic regulation,
improving insulin sensitivity, and reducing hyperandro-
genism. Supplementary Table 1 provided details on the
mechanisms and side effects of each agent used in the
included studies. No studies reported an increased risk
of fetal abnormalities. Most participants (818) received
metformin, with smaller groups assigned to pioglitazone
(116), simvastatin (52), myoinositol (150), and sitagliptin
(15). Participant mean age ranged from 22.8 to 40 years,
ovarian stimulation protocols included antagonist (5
studies) and agonist (13 studies), while 2 studies did not
specify the protocol. Main characteristics of included
studies are summarized in Supplementary Table 2.
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Records identified through database searching ( n=1355 )
Pub-med (n=397) Web of science (n=60)

Embase (n=434) Cochrane library (n=212)

Clinical Trials (n=252)

Additional records identified through
other sources (n=0)

Duplicates removed (n=406)

=

Records after duplicates removed
(n=949)

Records excluded (n=451)
Reviews (n=123)

Not obtainable (n=135)
Not in the interest field (n=193)

Records after screened
(n=498)

Excluded studies (n=478 )

Lifestyle interventions (n=43)

Traditional chinese medicine treatment (n=23 )

I Full-text article assessed for eligible (n=20) I

Not IVF/ICSI (n=244)

Compared same adjuvant treatments (n=12)
No data for the primary outcome (n=118)

| Studies included in qualitative synthesis (n=20) |

Not PCOS (n=14) Not RCT (n=24)

A

I Studies included in network met-analysis (n=20) I

Fig. 1 Flow diagram of the included studies in systematic review and network meta-analysis. IVF: in vitro fertilization, ICSI: intracytoplasmic sperm

injection; PCOS: polycystic ovary syndrome; RCT: randomized controlled trial

Pairwise meta-analysis

In our analysis, only a limited number of treatments
had sufficient literature for direct comparative assess-
ment. Figure 2A-C summarize the pairwise meta-anal-
ysis results for pregnancy outcome. Metformin did not
demonstrate higher rates of clinical pregnancy, live birth,
or abortion compared to controls (OR=1.08, 95% CI
0.77-1.53; OR=1.10, 95% CI 0.58-2.10; OR=1.48, 95%
CI 0.63-3.46, respectively). However, the incidence of
OHSS was lower in the metformin group than in controls
(OR=0.52, 95% CI 0.33-0.83) (Fig. 2D). In comparisons
between metformin and myoinositol, no notable differ-
ences were observed in clinical pregnancy or abortion
rates (OR=1.52, 95% CI 0.63-3.66; OR=1.14, 95% CI
0.46-2.82, respectively) (Fig. 2A and C), with no available
data for live birth or OHSS.

For secondary outcomes, metformin showed no dif-
ferences compared to control in gonadotropin dosage,
gonadotropin duration, numbers of mature oocytes,
retrieved oocytes, normal fertilization, and available
embryos (SMD =0.32, 95%CI —0.20-0.84; SMD = —0.13,
95%CI —0.39-0.14; SMD = -0.15, 95%CI —0.49-0.19;
SMD=0.73, 95%CI -0.39-1.84; SMD=0.11, 95%CI
—0.54-0.76; SMD =0.26, 95%CI —0.64-1.16, respectively)
(Supplementary Fig. 2A-F). The E2 level on the trigger

day was lower in the metformin group than in the con-
trol group (SMD = -0.56, 95% CI —0.90 to —0.21),
while side effects occurred more frequently with met-
formin (OR=6.85, 95% CI 4.32-10.86) (Supplementary
Fig. 2G-H). In comparisons between metformin and
myoinositol, no differences were observed in the num-
bers of mature oocytes or oocytes retrieved (SMD =
—0.41, 95% CI —1.25-0.43; SMD = —0.24, 95% CI —0.68-
0.19) (Supplementary Fig. 2C-D), and no data were avail-
able for other secondary outcomes.

Network meta-analysis

The network plots of the primary outcomes are presented
in Supplementary Fig. 3A-C. For the primary outcomes,
19 studies were included in the analysis of clinical preg-
nancy rate, 6 studies for live birth rate, 8 studies for
abortion rate, and 13 studies for OHSS risk across all
treatments. The most common comparison was met-
formin versus control, involving 16 RCTs and a total of
1,646 participants.

The netleague analysis results of primary outcomes are
shown in Fig. 3. None of the treatments demonstrated
differences in clinical pregnancy or abortion compared
to the control (Fig. 3A and B), However, myoinositol and
metformin were associated with a reduction in OHSS



Lin et al. Journal of Ovarian Research (2024) 17:249

A clinical pregnancy pair-wise analysis
Suoy s, Evens, %

o OR(85%CI)  experiment  control  Weight

Metformin vs control

s o B — esman s s
as ; "

Metformin vs Myoinostitol

S L O,

Overall (1squared = 60.9%, p = 0.10) 152(063,366) 4749 3748 10000

NOTE: Weights ao from random sffcts analysis
o 1 is
B Live birth pair-wise analysis
Study Evonts,  Evems, %
m OR(ESHC)  oxporiment  conrol Weight
Metformin vs control

Abdaimageed, 0. $2019 181(051,636) 1321 919 2633

131017,1035) 2123 1618 979

Palomba, $.2011(1)
Kjotrod, S. 82011

Kjotrod, $. 8.2004 100(018,658) 1215 114 1283
Jacob, 5. 12016 032(008,131) 1622 33T 2134
Alexander Swanton 2011

135(034,530) 2781 3036 2233

Overall (1squared = 0.0%,p = 0.518) 110(058,210) 101125 112/140 10000

<>

NOTE: Weighis are from random effects analysis

Page 5 of 12

C Abortion pair-wise analysis

Study Events, Events, %

D OR (95% CI) experiment  control  Weight

Metformin vs control

Abdaimageed, 0.5.2019 152034670 1721 e %250
Kiowod, 5.8.2011 129008.2222) 2228 e s
Onalan, G.2005. 0.73(0.13, 4.08) 16/19 22125 2434
Qublan, H. 52008 D ewoeteesg e 9 na
Aoxander Swanton 2011 132021845 2001 36 2000

B
Overail (squared = 0.0% p = 0686 < 148(063,340) SO0 %A 10000
(sa P ) - ( )
NOTE: Weights ae from random effctsanalysis
T
o5 ' 15
Metformin vs Myoinostitol
Rajasokaran, K 2022 108031380 1331 65 s2st
Rastogar,F 2021 120032449 629 528 4rde
Overall (I-squared = 0.0%, p = 0.912) < > 114(046,282) 1960 1143 10000
T~
NOTE: Weights ae from random effcts analysis
1
05 ' s

D oHsSs pair-wise analysis
Study Events,  Evens, %

) OR (95% C) experinent contal Weight
Metformin vs control

Daneshiou, 02020 [N 062009, 434) 25 s san
Cheragni, £2016 — 0750:47,339) a0 s sot
Palomba, 52011 B —— 019001, 4.10) o wa 228
Palomba, 52011 - 021007,062) 560 160 1644
Kirod, 5. 82011 — 101(026,360) s S5 er
Onalan, G.2005 — 0.76 (0.16, 3.59) 3153 4155 842
Kjotrod, 5.8 2004 B 021(002.208) 1129 s a0
Jacon, 5. L2016 e 099(033,296) m me 156
Qublan, H. 52009 e 0120001, 246) o4 w2 2
Tang, 72006 e 016(003,075) 252 a8
Aoxander Swanton 2011 N I 120(035,416) ™ sz 125
NICOLA DOLOI , 2006 030(0.03,3.15) 720 w0 am
Overall (1aquared = 6.4%, p=0.362) <> 052(039,089) w2 ooser 10000

NOTE: Weighis are from random effects analysis

T T
05 1 15

Fig. 2 Pairwise meta-analysis results of the primary outcomes. (A) Forest plot of metformin vs. control and metformin vs. myoinositol for clinical
pregnancy (B) Forest plot of metformin vs. control for the risk of live birth (C) Forest plot of metformin vs. control and metformin vs. myoinositol for
the risk of abortion (D) Forest plot of metformin vs. control for the risk of OHSS. OHSS: ovarian hyperstimulation syndrome; OR: odds ratio

risk (OR=0.18, 95% CI 0.04-0.77; OR=0.52, 95% CI
0.31-0.86, respectively) (Fig. 3A). Data for live birth rate
analysis were not available. According to SUCRA rank-
ings, myoinositol was indicated as having the greatest
potential to reduce OHSS occurrence (82%), followed by
metformin (48.9%) (Supplementary Fig. 4B).

The network plots of the secondary outcomes are
presented in Supplementary Fig. 5. None of the agents
altered gonadotropin dosage, number of oocytes
retrieved, normal fertilization, or available embryos
(Fig. 4A, C and D). However, myoinositol was associated
with a reduction in gonadotropin duration compared
to metformin, sitagliptin, and control (SMD= -1.00
95% CI —1.72 to —0.28; SMD= —-1.13 95% CI —2.06 to
—0.21; SMD= —-1.21 95% CI —2.03 to —0.38) ( Fig. 4A),
metformin was associated with lower E2 levels on the
trigger day and a higher number of mature oocytes com-
pared to the control (SMD= —-376.52 95% CI —610.83
to —142.22; SMD=2.23 95% CI 0.36—4.10) than control

(Fig. 4B-C), Additionally, myoinositol was associated
with fewer side effects compared to metformin and the
control (OR=0.03 95% CI 0.01-0.11; OR=0.23 95% CI
0.06-0.83), while metformin showed a higher incidence
of side effects compared to the control (OR=6.85 95% CI
4.32-10.86) (Fig. 4B). According to the SUCRA values,
myoinositol was associated with reduced gonadotropin
duration (99.5%) (Supplementary Fig. 6B) and fewer side
effects (91.6%) (Supplementary Fig. 6D), metformin was
associated with lower E2 levels on the trigger day (56.3%)
and an increased number of mature oocytes (76.5%)
(Supplementary Fig. 6C, 6QG).

Inconsistency

For global inconsistency, no significant inconsistency was
found for any outcome except live birth, with P>0.05.
For live birth, only studies comparing metformin with
the control group were available, with a pairwise meta-
analysis showing P=0.518. For local inconsistency, the
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Clinical Pregnancy

Myoinositol

0.84 (0.31,2.25)

1.42 (0.74,2.73)

1.31(0.39,4.34)

1.52 (0.25,9.07)

1.50 (0.75,3.00)

0.59 (0.03,10.00)

Pioglitazone

1.70 (0.80,3.63)

1.56 (0.45,5.47)

1.82 (0.29,11.28)

1.80 (0.83,3.89)

0.35 (0.09,1.36)

0.60 (0.05,7.24)

Metformin

0.92 (0.33,2.54)

1.06 (0.20,5.66)

1.05 (0.77,1.45)

0.35 (0.00,24.84)

0.60 (0.01,68.85)

1.00 (0.02,56.63

Simvastatin

1.16 (0.17,8.15)

1.15 (0.42,3.18)

0.32 (0.03,3.31) [0.54 (0.02,11.97)0.91 (0.13,6.12) (0.91 (0.01,78.81)]  Sitagliptin [0.99 (0.18,5.30)
0.18 (0.04.0.77) |[0.31 (0.03,3.56) |0.52 (0.31,0.86) (0.52 (0.01,30.27)|0.57 (0.09,3.82) Control
OHSS

B

Pioglitazone

0.60 (0.04,8.76) Metformin

0.49 (0.03,8.57) |0.82 (0.26,2.59) Myoinositol

0.41(0.03,5.28) |0.68 (0.30,1.53) |0.83 (0.23,3.00) Control

Abortion

Fig. 3 Netleague of primary outcomes. (A) Netleague of clinical pregnancy and OHSS (B) Netleague of abortion. The comparisons of data are odds
ratios (95% Cl), which should be read from left to right. Odds ratio higher than 1 favor the left treatments, lower than 1 favor the right treatments.
Significant results are in bold and underlined. OHSS: ovarian hyperstimulation syndrome

Separating Indirect from Direct Evidence (SIDE)-split-
ting method was applied. All outcomes showed P>0.1.
Overall, no evidence of global inconsistency or local
inconsistency was detected in the network. All results
were tested for loop inconsistency, and no significant
differences were observed between direct and indirect
evidence (Supplementary Fig. 7A-I), supporting the
coherence and reliability of the network’s findings.

Subgroup analysis

Subgroup analysis was conducted based on COS pro-
tocol and BMI. Based on the subgroup analysis of the
agonist protocol, the pairwise meta-analysis results
for primary outcomes indicated that metformin did
not show higher rates of clinical pregnancy, live birth,
or abortion compared to controls (OR=1.48, 95% CI
0.63-3.46; OR=1.53, 95% CI 0.66-3.57; OR=0.68, 95%

CI 0.29-1.59, respectively) (Supplementary Fig. 8A-C).
However, the incidence of OHSS was lower in the met-
formin group compared to controls (OR=0.46, 95% CI
0.25-0.83) (Supplementary Fig. 8D). The netleague plot
for the network meta-analysis results of the primary
outcomes are shown in Fig. 5. None of the treatments
demonstrated differences in clinical pregnancy or abor-
tion rate compared to the control (Fig. 5. A), However,
metformin was associated with a reduced risk of OHSS
(OR=0.46 95% CI 0.25-0.86) (Fig. 5. B). Data for live
birth rate were unavailable for analysis. According to the
SUCRA rankings, metformin showed the highest poten-
tial for reducing the occurrence of OHSS (70%) (Supple-
mentary Fig. 9C).

According to the subgroup analysis of the antagonist
protocol, the pairwise meta-analysis results for primary
outcomes indicated that metformin did not show higher
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7.10 (-1.38,15.58)

2.44 (-2.81,7.68)

1.56 (-1.05,4.17)

0.97 (-3.22,5.15)

Myoinositol

-1.17 (-4.61,2.27)

2.43 (-4.42,9.29)

3.1 (-1.57,7.79)

2.23 (0.36.4.10)

1.64 (-1.81,5.09)

0.67 (-2.17,3.52)

Control

3.60 (-2.33,9.53)

541 (-1.16,11.98)

4,53 (-0.45,9.51)

3.94 (-1.82,9.70)

2.97 (-2.45,8.39)

2.30 (-2.31,6.91)

Pioglitazone

The number of mature occtyes

Normal fertilization

Metformin

0.13 (-4.09,4.34)

NA

0.66 (-2.68,4.00)

0.34 (-1.65,2.33)

0.24 (-3.56,4.04)

Sitagliptin

NA

0.53 (-4.67,5.74)

0.22 (-4.03,4.46)

0.24 (-3.72,4.20)

0.00 (-5.49,5.49)

Myoinositol

NA

NA

0.25 (-2.76,3.26)

0.01 (-4.59,4.61)

0.01(-4.97,4.98)

Pioglitazone

-0.32 (-3.66,3.03)

047 (-1.78,2.71)

0.23 (-3.60,4.05)

0.23 (-4.33,4.78)

0.22 (-2.81,3.25)

Control

Available embryos

Fig. 4 Netleague of secondary outcomes. (A) Netleague of gonadotropins dosage and duration (B) Netleague of side effects and E2 levels

on trigger day (C) Netleague of the number of retrieved and mature oocytes (D) Netleague of normal fertilization and available embryos The
comparisons of binary variables are odds ratios (95% Cl), which should be read from left to right. Odds ratio higher than 1 favor the left treatments,
lower than 1 favor the right treatments. The comparisons of continuous variables are standardized mean differences (SMD), which should be read
from left to right. SMD higher than 0 favor the left treatments, lower than 0 favor the right treatments. Significant results are in bold and underlined.
OHSS: ovarian hyperstimulation syndrome
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A Subgroup analysis of agonist protocol for clinical pregnancy and abortion

Clinical pregnancy

Metformin

1.29 (0.12,13.76)

1.48 (0.63,3.46)

0.77 (0.07,8.24)

Myoinositol

1.14 (0.13,10.39)

0.68 (0.29,1.59)

0.88 (0.10,7.95)

Control

Abortion

Subgroup analysis of agonist protocol for OHSS

Metformin

1.00 (0.02,58.80)

Simvastatin

0.46 (0.25,0.86)

0.46 (0.01,28.52)

Control

OHSS

C Subgroup analysis of antagonist protocol for clinical pregnancy OHSS

Clinical pregnancy

Myoinositol  [1.90 (0.09,41.08) |2.92(0.11,79.49) |3.24 (0.20,51.35) |2.56 (0.30,21.76)
1.13(0.09,15.01) | Pioglitazone |[1.54 (0.05,43.88) |1.71(0.10,28.60) [1.35(0.15,12.31)
0.52 (0.06,4.44)  [0.46 (0.02,8.81) Sitagliptin  |1.11(0.10,12.25) |0.88 (0.07,10.90)

0.47 (0.11,1.96)

0.41 (0.03,4.94)

0.89 (0.14,5.63)

Metformin

0.79 (0.14,4.55)

0.35 (0.11,1.09)

0.31 (0.03,3.17)

0.67 (0.11,4.11)

0.75 (0.31,1.83)

Control

OHSS

Fig. 5 Netleague of primary outcomes for subgroup analysis (by protocol). (A) Netleague of clinical pregnancy and abortion of agonist protocol
group (B) Netleague of OHSS of agonist protocol group (C) Netleague of clinical pregnancy and OHSS of antagonist protocol group. The
comparisons of data are odds ratios (95% Cl), which should be read from left to right. Odds ratio higher than 1 favor the left treatments, lower
than 1 favor the right treatments. Significant results are in bold and underlined. OHSS: ovarian hyperstimulation syndrome

rates of clinical pregnancy or OHSS compared to con-
trols (OR=0.79, 95% CI 0.16-4.03; OR=0.75, 95% CI
0.31-1.83; respectively). (Supplementary Fig. 10). The

network analysis results of primary outcomes are shown
in Fig. 5C. None of the treatments showed significant dif-
ferences in clinical pregnancy rate or OHSS compared to
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the control. Data for live birth or abortion rate analysis
were not available.

Subgroup analysis based on BMI was limited because
most studies reported BMI as mean + standard deviation,
making it difficult to categorize participants into distinct
high- and low-BMI groups. However, two studies spe-
cifically included non-obese populations, and an analy-
sis was conducted on these studies. Only data on clinical
pregnancy and OHSS in the comparison of metformin
and control were available for analysis. The results sug-
gested that metformin did not significantly affect clinical
pregnancy rates or the incidence of OHSS compared to
the control group in non-obese PCOS patient (OR=1.50
95% CI 0.90-2.50; OR=0.56 95% CI 0.09-3.56) (Supple-
mentary Fig. 11).

Small study effects and certainty assessment

The adjusted funnel plots showed no significant asym-
metry in pairwise and network meta-analyses, suggesting
minimal small-study effects (Supplemental Figs. 12—13).
Evidence certainty for primary outcomes, assessed via
CINeMA [26], ranged from moderate to very low: 1 com-
parison was rated moderate, 15 low, and 4 very low, with
metformin-related comparisons receiving a moderate
rating. Detailed CINeMA results are provided in Supple-
mentary Tables 3-5.

Discussion

Principal findings

The optimal management of PCOS patients who receive
IVE/ICSI is challenging for clinicians. Metformin, anti-
obesity agonists, and inositol are recommended to
improve metabolic profiles outcomes in PCOS patients
[1]. However, evidence on their efficacy and safety dur-
ing IVF/ICSI remains limited [15]. This systematic
review and network meta-analysis, which included six
commonly used medications across 20 studies, found
that none of these drugs significantly improved clini-
cal pregnancy rates, live birth rates, or abortion rates
in PCOS patients. However, some drugs, such as met-
formin and myoinositol, showed potential in reducing
OHSS risk, and influencing some ovarian response and
side effects. No studies reported an increased risk of fetal
abnormalities.

In healthy women, the risk of OHSS is approximately
2.2—8.6%, but this risk rises to 11% in women with PCOS
symptoms [47]. Few interventions currently can be con-
sidered effective for OHSS [48, 49]. Our network analy-
sis suggests that metformin may help mitigate OHSS
risk by lowering E2 levels on the trigger day, as elevated
serum E2 levels at the end of COS are known to increase
the risk of OHSS [50]. Furthermore, by including a range
of guideline-recommended medications for metabolic
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improvement in PCOS [1], our network analysis found
that myoinositol may also offer benefits in the IVF/ICSI
context, potentially reducing the risk of OHSS.

Our subgroup analysis based on COS protocols
revealed that metformin may reduce OHSS risk in PCOS
patients undergoing an agonist protocol, supporting
guidelines recommending its use before and/or during
FSH stimulation [1]. However, no significant benefits
were observed for clinical pregnancy or OHSS risk in the
antagonist protocol, aligning with ESHRE’s recommen-
dation against routine metformin use in antagonist COS
protocols [51]. Our findings further reinforce existing
guidelines and may inform clinical decision-making for
PCOS patients undergoing IVF/ICSI according to differ-
ent COS protocol.

We also examined the influence of BMI on the
response to different medications among PCOS patients.
Given that most studies reported BMI as mean * stand-
ard deviation, it was not possible to distinctly categorize
participants into high- and low-BMI subgroups. Only
two studies exclusively focused on non-obese PCOS
patients, allowing us to perform a pairwise meta-analy-
sis with these studies. Results indicated that metformin
did not significantly improve clinical pregnancy rates
or reduce OHSS incidence compared to control in non-
obese PCOS patients.

Comparison with existing literature

In partial contrast to Ara Unanyan’s study, which
reported that metformin improved clinical pregnancy
rate in PCOS patients [52], our network analysis indi-
cated that while metformin increased the number of
mature oocytes, it did not significantly improve the
clinical pregnancy rate. This discrepancy in pregnancy
outcomes may be due to differences in the patient popu-
lations: Unanyan’s study included PCOS patients who
conceived after ovulation induction with clomiphene,
letrozole, recombinant follicle-stimulating hormone, or
following IVE/ICSI, while our study focused specifically
on PCOS patients undergoing IVF/ICSI.

Our study found that myoinositol showed potential in
reducing OHSS risk, aligning with the findings of Ste-
fano Palomba et al. [49] from traditional meta-analyses,
which relied on direct comparisons and provided robust
results. Our network meta-analysis extended these find-
ings by incorporating both direct and indirect evidence,
indicating that myoinositol pretreatment may reduce
OHSS risk, shorten gonadotropin treatment duration
and reduce side effects, offering a broader perspective on
treatment rankings. However, caution is needed as net-
work meta-analyses may involve inconsistencies between
direct and indirect comparisons and rely on the assump-
tion of transitivity.
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The study by Samarasinghe SNS found that insulin sen-
sitizers had limited impact on reproductive outcomes
in overweight or obese PCOS patients [53]. In contrast,
Magzoub R et al. argued that more well-powered trials
are needed before recommending metformin for treating
non-obese infertile PCOS women [54]. Our study, focus-
ing on non-obese PCOS patients, also found that met-
formin did not significantly improve pregnancy outcomes
or reduce OHSS incidence. These results suggest that the
effects of metformin in non-obese PCOS patients may
differ from those in women with higher BMI, underscor-
ing the importance of considering BMI when evaluating
treatment efficacy.

Strengths of this meta-analysis

This study conducted a comprehensive and systematic
literature search, rigorous screening, and data extrac-
tion, ultimately including 20 studies with low or moder-
ate risk of bias. No global or local inconsistencies were
observed, and the inconsistency test showed no direct or
indirect differences. Additionally, the funnel plot did not
suggest publication bias. We performed a quality assess-
ment of the network meta-analysis using CINEMA and
conducted subgroup analyses based on factors that may
affect outcomes, which enhanced the credibility and per-
suasiveness of our findings.

Limitations

This study has several limitations. First, the limited num-
ber of studies on factors like obesity restricted subgroup
analyses, highlighting the need for well-designed RCTs to
explore their impact on IVF/ICSI outcomes. The lack of
OHSS severity grading in most studies also underscores
the need for standardized reporting to assess medication
effects more precisely. Second, while no studies reported
increased fetal abnormality risks, long-term follow-up is
necessary to confirm safety. Third, the low or very low
quality of evidence in many CINeMA assessments calls
for higher-quality studies to strengthen clinical guidance.
Lastly, network meta-analyses, though valuable, are sub-
ject to potential inconsistencies and rely on the assump-
tion of transitivity, warranting cautious interpretation.
Future research should aim to optimize drug selection
and provide robust evidence for individualized treatment
strategies.

Conclusion

The present findings suggest that neither metformin,
anti-obesity agents, nor inositol significantly improved
clinical pregnancy rates, live birth rates, or miscarriage
rates in PCOS patients during IVF/ICIS. However, both
metformin and myoinositol showed potential in reduc-
ing OHSS risk. Specifically, metformin was associated
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with a lower OHSS risk in agonist protocols, reduced
E2 levels on the trigger day, increased mature oocyte
numbers, and more side effects. Myoinositol appeared
to shorten gonadotropin treatment duration with fewer
side effects. Given the limitations of this analysis, fur-
ther well-designed RCTs focusing on potential risk fac-
tors and long-term follow-up are needed to better assess
the efficacy and safety of these treatments, clarify optimal
drug selection, and provide clearer guidance.
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