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Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in

aims to compare the effect of insulin sensitizer pharmacotherapy on metabolic and
reproductive outcomes in women with PCOS and overweight or obesity. We
searched online databases MEDLINE via OVID, EMBASE, Clinicaltrials.gov, and
EudraCT for trials published from inception to November 13, 2023. Inclusion criteria
were double-blind, randomized controlled trials in women diagnosed with PCOS,
body mass index (BMI) = 25 kg/m?, which reported metabolic or reproductive out-
comes. The intervention was insulin sensitization pharmacotherapy versus placebo or
other agents. The primary outcomes were changes from baseline BMI, fasting blood
glucose, and menstrual frequency. Nineteen studies were included in this review.
Metformin had the most significant effect on the fasting plasma glucose and body

mass index. Insulin sensitizer pharmacotherapy significantly reduced fasting plasma

glucose, body mass index, fasting serum insulin, HOMA-IR, sex hormone binding

Abbreviations: BD, twice daily; BMI, body mass index; Cl, confidence interval; DHEAS, dehydroepiandrosterone; ESHRE/ASRM, European Society of Human Reproduction and Embryology/
American Society for Reproductive Medicine; FPG, fasting plasma glucose; FSH, follicle-stimulating hormone; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HOMA-IR, Homeostatic Model
Assessment of Insulin Resistance; LH, luteinizing hormone; NICHD, National Institute of Child Health and Human Development; OD, once daily; PCOS, polycystic ovary syndrome; PO, oral
administration; RCT, randomized controlled trial; S/C, subcutaneously; SD, standard deviation; SHBG, sex hormone binding globulin; SMD, standardized mean difference; T2DM, type 2 diabetes
mellitus; TDS, three times a day.
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1 | INTRODUCTION

Polycystic ovarian syndrome (PCOS) is the most common endocrine
disorder in women of reproductive potential.¥? The three key fea-
tures associated with PCOS are clinical or biochemical androgen
excess, oligo/amenorrhoea or ovulatory dysfunction, and imaging
demonstrating polycystic ovarian morphology. The Androgen Excess-
PCOS society (AE-PCOS) criteria® is as follows: hyperandrogenism,
which is defined as biochemical (total testosterone =55 ng/ml) or clini-
cal (Ferriman-Gallwey score 28); irregular menses, which was defined
as menses <nine times per year; and polycystic appearing ovaries
(defined as either ovary having a volume of 210 cm® on abdominal or
transvaginal ultrasound).* The 1990 National Institute of Health-
National Institute of Child Health and Human Development Confer-
ence on PCOS recommended that after excluding other endocrinopa-
thies, the first two should form the diagnostic criteria.*~% In 2003, the
Rotterdam Consensus extended the diagnostic criteria to state that at
least two out of three of the above features are required.®

Women with PCOS often display one or more conditions that
form part of the metabolic syndrome.*” By 30 years of age, 5%-10%
of women with PCOS develop type 2 diabetes mellitus (T2DM) and
30%-40% impaired glucose tolerance.® Insulin resistance plays a cen-
tral role in the pathogenesis of PCOS and is fuelled, at least in part, by
the presence of obesity. The obesity rate in this patient population
can vary from 50% to 80%, depending on the ethnicity and study pop-
ulation.” Compensatory hyperinsulinemia exacerbates hyperandro-
genemia by stimulating ovarian androgen production and lowering sex
hormone-binding globulin (SHBG) production from the liver.1°

Lifestyle intervention is usually the initial strategy in women with
PCOS and overweight or obesity to improve the metabolic and hor-
monal profile. A systematic review and meta-analysis of 15 studies
with 498 participants concluded that lifestyle intervention may
improve free androgen index (FAIl), weight, and BMI in PCOS.” How-
ever, most studies included in the review were of low methodological
quality.” A significant challenge is adherence to diet and physical
activity recommendations in the long term.

Medical intervention with pharmacotherapy is considered when
patients have not responded to lifestyle interventions. Numerous clin-
ical trials have examined the use of direct insulin sensitizers in women
with PCOS, that is, that have a direct action on insulin sensitivity in
the context of minimal or no weight loss. The two most common clas-
ses of studied are (metformin)**  and

drugs biguanides

measures of fecundity.

globulin, and total testosterone, but the effect size was small. There was a lack of
menstrual frequency and live birth data. The results indicate a role for insulin sensi-
tizers in improving the metabolic and, to a lesser degree, reproductive profile in these

women. Further research should examine insulin sensitizers' effects on objective

insulin sensitization, overweight, PCOS

thiazolidinediones (e.g., pioglitazone).?? Three other classes of drugs
of interest in the treatment of PCOS that can indirectly increase insu-
lin sensitivity through weight loss are glucagon-like peptide-1 recep-

tor agonist (GLP-1 RA) (e.g., exenatide and liraglutide),*®

glucosidase
inhibitors (acarbose), and lipase inhibitors (orlistat).

There are only a few systematic reviews and meta-analyses on
the use of insulin sensitizers in women with PCOS and overweight or
obesity. These have focused predominantly on metformin, pioglita-
zone, and, to a lesser extent, GLP-1 RA, with weight loss as the out-
come of interest and minimal information on reproductive
parameters.®” These meta-analyses included open-label studies,
increasing the risk of bias.

In this systematic review, meta-analysis, and meta-regression, we
aimed to assess the highest quality evidence available on the impact
of insulin sensitizers on key metabolic and reproductive outcomes in

women with PCOS and overweight or obesity.

2 | METHODS

2.1 | Search strategy and selection criteria
This systematic review, meta-analysis, and meta-regression was
reported per the Preferred Reporting ltems for Systematic Reviews
and Meta-Analyses (PRISMA) statement.'* The protocol is prospec-
tively registered on PROSPERO (CRD42021236556). Eligible random-
ized controlled trials (RCTs) were identified through a comprehensive
search of four databases, including MEDLINE via Ovid and EMBASE,
for articles published from inception to November 13, 2023. SS and
ML applied the following MeSH terms in the search process: (polycys-
tic ovary syndrome) AND ((overweight) OR (abdominal obesity)) AND
((biguanides) OR (thiazolidinediones) OR (glucagon-like peptide 1) OR
(orlistat) OR (acarbose)) (see Appendix S1 for the full search strategy).
Search terms were applied to each database, and studies were
imported into the Covidence®® systematic review management tool
for screening and data extraction. The criteria for study inclusion were
human studies in adult females, diagnosis of PCOS, BMI 2 25 kg/m?,
RCTs, which were double-blind, and the outcomes of interest were
metabolic and reproductive. Diagnosis of PCOS was based on either
the 2012 National Institute of Health criteria (2012),” European Soci-
ety of Human Reproduction and Embryology (ESHRE)/American Soci-
ety for Reproductive Medicine (ASRM) Rotterdam Consensus Criteria
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(2003),1>1¢ or Androgen Excess Society Criteria (2006).1° If a study
was not published in English, efforts were made by members of the
study team (if fluent in that language) to translate it.

The intervention included insulin sensitization pharmacotherapy
exenatide, liraglutide, metformin, orlistat, pioglitazone, rosiglitazone,
troglitazone, or acarbose versus placebo or other agents, for example,
ovulation induction agents. We elected to include relevant studies of
rosiglitazone and troglitazone despite being withdrawn from clinical
care to evaluate the impact of this mechanism of action on PCOS. All
selected studies included the following information: demographic char-
acteristics, criteria used for diagnosis of PCOS, drug dosages, and dura-
tion of treatment. We excluded studies using two or more drugs in
combination as it would not be possible to ascertain which medication
influenced the primary and secondary outcomes. The primary outcome
was a change in baseline BMI, fasting blood glucose, and menstrual fre-
guency. The secondary outcomes were a change from baseline in fast-
ing insulin, HOMA-IR, the plasma concentration of the anti-Mullerian
hormone, SHBG, total testosterone, and Ferriman-Gallwey scale for
hirsutism. Other outcomes of interest were dehydroepiandrosterone
(DHEAS), follicle-stimulating hormone (FSH), luteinizing hormone (LH),
and pregnancy as a marker of fertility. The results are presented as
standardized mean difference (SMD) with a 95% CI.

2.2 | Data analysis

Two unblinded, independent reviewers (SS and ML) identified and
selected the RCTs that met the inclusion criteria (Table 1). The corre-
sponding author was contacted for missing data if necessary for studies
that met the inclusion criteria. Disagreements between reviewers were
resolved by discussion and a final decision made by the senior author
(AM). The two independent investigators (SS and ML) performed a qual-
ity appraisal using the Cochrane Collaboration risk of bias (RoB) 2 tool®¢
for each full-text article. The RoB tool is composed of five distinct
domains: randomization process, deviations from the intended interven-
tions, missing outcome data, measurement of the outcome, and selec-
tion of the reported result. Each domain is characterized as “low risk,”
“some concerns,” or “high” risk. SS sought individual patient-level data
if the summary estimates were not provided in the desired way.

SS and ML extracted data using a customized spreadsheet which
recorded the study author and year of publication, number of study
participants, intervention (insulin sensitizer agent) and study out-
comes. SS contacted the corresponding author for clarification if data
was missing or unclear. In two studies,®”-*8 the reported results were
inconsistent with data from other studies. They were excluded from
the numerical analysis due to a high risk of bias and failure to perform
well in influence analysis. EO analyzed the data using the inverse vari-
ance method and a mixed-effects (plural) model with a restricted
maximum-likelihood (REML) estimator for z2. The model assessed
within-subgroup studies using the random-effects model to account
for variability among studies (as is usually applied in biomedical sum-
mary statistics due to heterogeneity), while the between-subgroup

level was estimated using a fixed-effects model, treating each

subgroup as a fixed, exhaustive category that represents distinct, non-
random true effect sizes; such an approach is referred to as mixed-
effects plural model®® SD, if not available for estimation using confi-
dence intervals, were approximated using the average SD of similar
studies, as suggested by the Cochrane Handbook for Systematic
Reviews of Interventions.*® The results are SMD with their respective
95% Cl. Heterogeneity was assessed and quantified with x? and I?
tests, respectively, with a cut-off value set at a = 0.1.

Egger's test of intercept was used to assess potential publication
bias in all outcomes with a minimum of 10 studies, which was con-
firmed visually with funnel plot asymmetry (Figure 1). A meta-
regression analysis using bubble plots also examined study duration as
a potential moderator of result significance (Figure 2). All meta-
analytical calculations, including forest and bubble plots, were per-
formed using the R statistical software (v4.3.1) and the packages meta
(v6.5-0) and dmetar (GitHub commit 87eca88).

3 | RESULTS

The literature search yielded 35 RCTs conducted in women with
PCOS and overweight or obesity (Figure 3). After removing duplicates
and excluding studies that did not meet our PICO (Patient, Interven-
tion, Comparison, Outcome) or had inconsistent results, 19 studies
that met the eligibility criteria were included (Table 1; further informa-
tion in Appendix S1). All studies contained information regarding the
criteria for diagnosing PCOS, sample size, intervention and dosing
schedule, baseline BMI, and duration of treatment. There was variabil-
ity in the length of treatment between studies, but this did not signifi-
cantly affect the overall results for most outcomes. The results from
the quality appraisal are presented in Figure 4.

3.1 | Primary outcomes

3.1.1 | Fasting plasma glucose

Metformin (SMD -0.28; CI —0.50 to —0.06) and liraglutide (SMD
—2.00; Cl —3.89 to —0.11) significantly reduced fasting plasma glucose
(Figure 5). There was low heterogeneity between the metformin studies
(> = 0%) but high heterogeneity between liraglutide studies (> = 96%).
One RCT on orlistat?” also showed a significant reduction in BMI.
Except for a single study of rosiglitazone, thiazolidinediones did not sig-
nificantly affect fasting plasma glucose. The overall reduction effect of
insulin sensitizers on fasting plasma glucose was statistically significant
(SMD —0.35; CI —0.52 to —0.17). In meta-regression analysis, blood
glucose levels decreased over time but were not significant (p = 0.21).

312 | BMI

Only metformin significantly reduced BMI (SMD —-0.22; CI 0.43 to
—0.02; I> = 0%), but the overall effect for all studied medication was
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FIGURE 1 Funnel plots were calculated for all outcomes with at least 10 studies.

statistically significant (SMD —0.21; Cl —0.37 to —0.06) (Figure 6). meta-regression analysis (with study duration as the variable of inter-
There was a tendency for acarbose and liraglutide to cause a reduc- est) demonstrated a statistically significant reduction in BMI over time
tion in BMI although this was not significant. Thiazolidinediones did with insulin sensitizer treatment (§ per week = —0.0415; Cl —0.0759
not significantly affect BMI but tended to cause an increase. The to —0.0070; p = 0.018).
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FIGURE 2 Meta-regression analysis was performed for all outcomes where the number of studies was at least 10, with duration of treatment

(weeks) as the moderator variable.

3.1.3 | Menstrual frequency
Menstrual frequency was a predefined primary outcome, but there

was insufficient data in the literature to perform a meta-analysis.

3.2 | Secondary outcomes

Overall, treatment with an insulin sensitizer reduced fasting insulin
levels (SMD —0.25; Cl —0.46 to —0.05). Of included subgroups, both
metformin (SMD —0.46; Cl —0.91 to —0.00; I?> = 80%) and thiazolidi-
nediones (SMD —0.38; Cl —0.69 to —0.07; I?> = 0%) significantly con-
tributed to the overall result (Figure 7A). The single studies for

acarbose?? and orlistat?” did not significantly affect fasting insulin.
Metformin, orlistat, and thiazolidinediones had no significant effect on
HOMA-IR (SMD -0.15; CI —0.39 to 0.10) (Figure 7B). Liraglutide
3 mg significantly reduced HOMA-IR.X® Overall, use of insulin sensi-
tizers significantly reduces HOMA-IR (SMD -0.37; ClI —0.58 to
—0.16). No data were available for the other medications studied. Lir-
aglutide significantly increased SHBG (SMD 0.51; Cl 0.22 to 0.80); the
use of acarbose, metformin, or thiazolidinediones may cause an
increase in SHBG (Figure 7C).

Metformin significantly reduced total testosterone (SMD —0.42;
Cl —0.66 to —0.18) and the total effect of all pooled therapeutic
options also showed an overall reduction in testosterone levels (SMD
—0.29; Cl —0.47 to —0.11) (Figure 7D). The meta-regression analysis
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FIGURE 3

demonstrated that there was a significant reduction in testosterone
levels with a longer duration of treatment (p = 0.02). In subgroup
analysis, acarbose, liraglutide, and thiazolidinediones did not affect
total testosterone concentrations significantly. There was no signifi-
cant reduction in the Ferriman-Gallwey scale hirsutism score with
either acarbose, metformin, or thiazolidinediones (Figure 7E). There

were no data available for AMH levels.

3.3 | Other clinically relevant outcomes

Acarbose, liraglutide, metformin, and thiazolidinediones did not signifi-
cantly affect DHEAS (SMD —0.06; Cl —0.27 to 0.16) (Figure 8A). Liraglu-
tide 1.8 mg/day?® significantly reduced LH (SMD —0.55; CI —0.97 to
—0.13) (Figure 8B). There was no significant reduction in FSH (SMD 0.02;
Cl —0.21 to 0.25) after administration of individual insulin sensitizers.

Study selection. The PRISMA 2020 flow diagram was adapted from Page et al.*

Pregnancy data were not available.

Overall, the use of an insulin sensitizer in women with PCOS and
overweight or obesity caused a significant improvement in metabolic
outcomes: plasma glucose (SMD —0.35; ClI —0.52 to —0.17), BMI
(SMD —-0.21; CI —0.37 to —0.06), fasting insulin (SMD —0.25; CI
—0.46 to —0.05), HOMA-IR (SMD -0.37; Cl —0.58 to —0.16), and
some elements of the reproductive profile—SHBG (SMD 0.25; CI 0.07
to 0.42) and total testosterone (SMD —0.29; Cl —0.47 to —0.11).

4 | DISCUSSION

This systematic review, meta-analysis, and meta-regression for
women with PCOS and overweight or obesity found that insulin sen-
sitizer therapy can lead to a significant improvement in metabolic out-

comes. There was also a significant improvement in two components
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FIGURE 4 Results from the Cochrane RoB 2 tool.3¢

Endpoint Baseline Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Liraglutide

Frossing 2018 44 5.09 007 48 546 048 +: -1.05 [-1.48;-0.61] 81%
Elkind-Hirsch 2022 44 500 010 44 530 010 - -297 [-359;-2.36] 7.4%
Random effect model 88 92 R R—— -2.00 [-3.89;-0.11] 15.5%
Heterogeneity: 12 = 96%, p < 0.01

Metformin

Chou 2003 14 500 070 14 5.70 1.20 —3 -0.69 [-1.46; 0.07] 6.8%
Hoeger 2004 5 5.310.60 9 570 0.80 —&H— -050 [-1.61; 0.62] 5.4%
Kashani 2013 (M) 20 530090 20 5.60 130 - -0.26 [-0.89; 0.36] 7.4%
Maciel 2004 8 4.70 0.30 8 4.80 0.20 —Eh— -0.37 [-1.36; 0.62] 5.9%
Pasquali 2000 10 5.00090 12 550 1.60 —3— -0.36 [-1.21; 049] 6.5%
Tang 2006 56 483 066 56 4.93 1.70 o -0.08 [-0.45; 0.29] 83%
Trolle 2007 42 515 050 50 5.30 0.30 R -0.37 [-0.78; 0.05) 8.2%
Random effect model 155 169 - -0.28 [-0.50;-0.06] 48.5%
Heterogeneity: 12 = 0%, p = 0.85

Orlistat

Moini 2015 43 5.90 0.20 50 6.00 0.20 -B- -0.50 [-0.91;-0.08] 8.2%
Thiazolidinediones

Glintborg 2006 (P) 14 543 025 15 547 033 -0.11 [-0.84; 0.62] 7.0%
Kashani 2013 (P) 20 540 090 20 5.0 1.20 -0.18 [-0.81; 0.44] 7.4%
Rautio 2006 (R) 12 520 010 15 5.40 0.20 -118 [-2.02;-0.35] 6.5%
Vigerust 2012 (P) 14 5.07 025 14 5.07 033 0.00 [-0.74; 0.74] 6.9%
Random effect model 60 64 -0.33 [-0.81; 0.14] 27.8%

Heterogeneity: 12 = 44%, p = 0.15

Mixed effect (plural) model 346 375
Subgroup difference: p = 0.29 I

3 -2 -1 01 2 3

-0.35 [-0.52;-0.17] 100.0%

FIGURE 5 Forest plot comparing fasting plasma glucose outcomes between insulin sensitizer therapies and comparators.
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Endpoint Baseline Standardised Mean

Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Acarbose
Hanjalic-Beck 2010 (A) 18 3250 5.00 18 3350 5.50 —F— -0.19 [-0.84; 0.47] 5.5%
Penna 2005 13 3310 294 15 35.87 2.60 —H— -097 [-1.77;-0.18] 4.9%
Random effect model 31 33 o -0.55 [-1.32; 0.22] 10.4%
Heterogeneity: 1% = 56%, p = 0.13
Liraglutide
Frossing 2018 44 3140 0.30 48 3330 5.10 - -0.51 [-0.93;-0.09] 6.6%
Elkind-Hirsch 2022 44 3910 110 44 4160 110 3 -2.25 [-2.79;-1.7] 6.0%
Random effect model 88 92 -1.37 [-3.08; 0.33] 12.6%
Heterogeneity: 12 = 96%, p < 0.01
Metformin
Chou 2003 14 34.90 5.00 14 35.60 4.90 —E—’— -0.14 [-0.88; 0.60] 5.1%
Hanjalic-Beck 2010 (M) 19 3399 551 19 3550 5.62 —F— 027 [-0.90; 0.37) 56%
Kashani 2013 (M) 20 3201 313 20 3298 351 —=- -029 [-091; 0.34] 57%
Maciel 2004 8 36.50 2.40 8 37.20 170 e -0.32 [-1.31; 0.67] 4.1%
Pasquali 2000 10 3640 7.40 12 39.80 7.90 —S—— -043 [-1.28; 0.42] 4.6%
Tang 2006 56 37.10 5.04 69 38.10 5.08 T -0.20 [-0.55; 0.16] 6.8%
Trolle 2007 42 3356 6.88 50 34.76 6.66 E}— -0.18 [-0.59; 0.24] 6.6%
Random effect model 169 192 L | -0.22 [-0.43;-0.02] 38.5%
Heterogeneity: 12 = 0%, p = 1.00
Orlistat
Moini 2015 43 276 1.93 50 29.01 2.09 -+ -0.91 [-1.34;-0.48] 6.5%
Thiazolidinediones
Glintborg 2006 (P) 14 3383 4.04 15 3317 4.83 — 0.15 [-0.58; 0.87] 5.2%
Glintborg 2008 (P) 14 3453 1433 15 33.77 10.88 — 0.06 [-0.67; 0.79] 5.2%
Kashani 2013 (P) 20 3372 4m 20 3315 3.a2 - 015 [-0.47; 0.77] 5.7%
Mantzoros 1997 (T) 21 43.00 124 24 4289 1.23 — 0.09 [-0.50; 0.67] 5.8%
Rautio 2006 (R) 12 3410 180 15 3310 170 056 [-0.22; 1.33] 5.0%
Vigerust 2012 (P) 14 33.83 4.04 14 3317 4.86 — 0.4 [-0.60; 0.89] 5.1%
Random effect model 95 103 0.17 [-0.11; 0.45] 31.9%
Heterogeneity: 12 = 0%, p = 0.95
Mixed effect (plural) model 426 470 < -0.21 [-0.37;-0.06] 100.0%

Subgroup difference: p < 0.01

FIGURE 6

of the reproductive profile—total testosterone and SHBG. Metformin
was the best-performing insulin sensitizer. Despite statistical signifi-
cance, the effect size for these outcomes was modest. Duration of
treatment had a significant impact on BMI and total testosterone. An
unexpected finding was the lack of data for hard reproductive out-
comes like menstrual frequency and pregnancy.

The International Evidence-based Guideline for the Assess-
ment and Management of Polycystic Ovary Syndrome 2023
reviewed studies and meta-analyses assessing metformin and its
impact on metabolic and reproductive outcomes and reported that
metformin alone should be considered in adults with PCOS and a
BMI > 25 kg/mz.42 From the RCTs we included, metformin
resulted in a significant decrease in BMI, fasting glucose, and insu-
lin, without affecting other metabolic and reproductive outcomes.
However, there was significant heterogeneity between studies for
fasting insulin and the results, therefore, need to be interpreted
with caution. While there was a significant reduction in fasting glu-
cose and insulin, they may not have reduced enough to decrease
HOMA-IR significantly.

A network meta-analysis in 2020 assessed 14 trials on
619 women and concluded that combination therapy of metformin

and GLP-1 receptor agonists (RA) or metformin and thiazolidinediones

| N I I B B |
8 2 41 0 1 2 3

Forest plot comparing body mass index (BMI) outcomes between insulin sensitizer therapies and comparators.

was superior to metformin monotherapy in improving hyperandrogen-
ism.*3 Combination therapy with metformin and GLP-1 RA also
improved fasting glucose compared to GLP-1 RA alone. The authors
found that pioglitazone and rosiglitazone were less effective than
metformin in reducing fasting blood glucose, which is in keeping with
our results. In contrast with this network meta-analysis, we found that
thiazolidinediones cause a significant decrease in fasting insulin. This
is in keeping with its mechanism of action of increasing peripheral
insulin sensitivity.**

Although we found no significant reduction in fasting blood glu-
cose with thiazolidinediones, there was a significant reduction in fast-
ing insulin. This is potentially due to the short duration of treatment in
the RCTs included in this meta-analysis. We did not observe a signifi-
cant increase in BMI with the use of thiazolidinediones again probably
potentially due to the short duration of treatment.*> The use of piogli-
tazone in clinical trials has yielded mixed results, with some studies

observing significant weight gain*®*’

and others, a moderate weight
increase.*®%’ Rosiglitazone and troglitazone are no longer used due to
their association with a higher risk of cardiovascular events and liver
toxicity, respectively. However, we included them in this systematic
review and meta-analysis to assess how effective PPAR-y agonism is

as a mechanism of action in women in PCOS.
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(A) Fasting serum insulin (B) HOMA-IR

Endpoint Baseline Standardised Mean Endpoint Baseline Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight ~ Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Acarbose Liraglutide
Hanjalic-Beck 2010 (A) 18 1850 1630 18 16.90 1.50 —_—F 01 [054;076]  71%  Elkind-Hirsch 2022 44 410060 44 480 060 —FF— -116 [1.61;-0.70]  21.1%
Metformin Metformin
Chou 2003 14 3950 1611 14 4003 17.63 —B— - Kashani 2013 (M) 20 340 088 20 354 099 <015 [-0.77: 047) 17.4%
Kashani 2013 (M) 20 un 612 20 1718 991 —H1= g Trolle 2007 42 218208 50 277 234 <026 [-0.67; 0.15] 220%
Maciel 2004 8 2110 330 8 2260 410 ——HT— : : Random effect model 62 70 —— 023 [0.57; 0.12] 39.4%
Pasquali 2000 10 2232 3224 12 4443 3141 ——&——— . g Heterogeneity: 17 = 0%, p = 0.76
Tang 2006 56 1162 470 56 1047 708 - ; X
Trolle 2007 43 968 886 50 8029 6627 —— . ; Orlistat
Hanjalic-Beck 2010 (M) 19 1840 940 19 2560 1850 — 048 [1130071  7.2%  Moini 2015 43 343 111 50 346 199 5 002 043 039] 221%
Random effect model 170 179 ———— -0.46 [-0.91;-0.00] 50.0%
Heterogeneity: (% - 80%, p < 001 Thiazolidinediones
i Kashani 2013 (P) 20 362 081 20 378089 = -018 [-0.81; 0.44] 17.4%
Moini 2015 42 1720 672 50 17.24 649 ) 001 [0.42040]  96%  pixed effect (plural) model 169 184 =y 037 [-0.58;-0.16] 100.0%
o Subgroup difference: p < 0.01 ——— L
Thiazolidinediones 45 41 05 0 05 1 15
Glintborg 2006 (P) 14 989 948 15 1613 1260 < —F-+— 054 [1.28,020] 6.3% § : §
Glintborg 2008 (P) 14 152 1756 15 2007 3051 -1 033 [106;040] 6.4%
Kashani 2013 (P) 20 1430 677 20 1761 912 ——- 040 [103;022] 7.4%
Mantzoros 1997 (T) 21 2074 259 24 2088 216 —e— -0.06 7.8%
Vigerust 2012 (P) 10 5558 7.02 14 6845 1744 —&—— -0.88 54%
Random effect model 79 88 - 0.38 [-0. 33.3%
Heterogeneity: 1% = 0%, p = 0.62
Mixed effect (plural) model 309 335 - -0.25 [0.46;-0.05] 100.0%
Subgroup difference: p - 0.26 L
415 -1-050 05 1 15
(C) Sex hormone-binding globulin (D) Total testosterone
Endpoint Baseline Standardised Mean Endpoint Baseline Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD  95%-Cl Weight Study Total Mean  SD Total Mean SD Difference SMD  95%-Cl Weight
Acarbose Acarbose |
Hanjalic-Beck 2010 (A) 18 3700 1970 18 4110 19.60 —a— 020 [-0.85;046] 6.6% Hanjalic-Beck 2010 18 395 121 18 392 125 — 0.03 61%
Penna 2005 13 2385 777 15 2101 7.90 1= ; 55% Penna2005 13 241 079 15 266 073 = 2032 5.2%
Random effect model 31 33 —— 122%  Random effect model 31 33 —— 0412 3%
Hotorogeneity: 1% = 15%, p = 0.28 Heterogeneity: {2 = 0%, p = 0.49
Liraglutide Liraglutide
Frossing 2018 44 3848 160 48 3253 17.20 3 Nylander 2017 4 11 027 48 126 055 —BH 033 95%
Nylander 2017 44 4060 1134 48 3250 17.20 R Elkind-Hirsch 2022 44 157 010 44 170 000 —F— 121 [(1.67;-075) 88%
Random effect model 88 96 - Random effect model 88 922 -0.77 [-1.63; 0.09] 18.2%
Heterogeneity: (7 = 0%, p - 0.81 Heterogeneity: I - 87%, p < 0.01
Metformin Metformin
Chou 2003 14 2353 1186 14 2670 1598 56% Chou 2003 4 159 067 14 201069 <059 [1.35017)  51%
Hanjalic-Beck 2010 (M) 19 3230 1510 19 45.00 39.30 6.8% Hanjalic-Beck 2010 19 385 101 18 388 125 —&— -0.03 [-067; 061 6.3%
Hoeger 2004 5 2287 9.03 9 2242 7.5 31% Hoeger 2004 5 226 0.63 9 212 083 017 [-0.92;127) 3.0%
Kashani 2013 (M) 20 4618 2230 20 3319 2271 69% Kashani2013 (M) 20 1 11120 194 097 } 078; 0.46]  65%
Maciel 2004 8 194.10 39.20 8 153.40 24.70 31% Maciel 2004 8 373 2808.00 8 405028 98]  3.6%
Pasquali 2000 10 1670 810 12 1870 15.00 47%  Pasquali 2000 0 170 087 12 236 121 @ 27)  43%
Tang 2006 56 2210 1532 56 20.40 18.65 11.9% Tang2008 56 190 060 56 220 0.60 —3 12]  10.0%
Trolle 2007 50 3033 992 50 33.33 1336 025 [-0.65014] 13% Trolle2007 42 214 067 50 267064 —H— 37 9.2%
Random effect model 182 188 0.02 [-0.26;0.30] 53.4% Randomeffect model 174 188 - -0.42 [-0.66;-0.18] 48.1%
Hoterogonaity: (% - 39%, p = 0.12 Heterogeneity:!” - 6%, p - 0.39
Thiazolidinediones Thiazolidinediones
Glintborg 2008 (P) 14 3333 2307 15 2867 2127 — {6 020 [0.53094] 57% Glintborg 2006 (P) 4215 073 15 205092 -] 085)  54%
Kashani 2013 (P) 20 4523 2015 20 3412 2112 —8— 053 [-010;116] 7.0% Glintborg 2008 (P) 14238 221 15 249 325 & 69]  54%
Random effect model 34 35 e 0.39 [0.09;0.87] 127% Kashani2013(P) 20 180 073 20 191 118 52 65%
Heterogeneity: (* = 0%,p - 051 Rautio 2006 (R) 12 270 020 15 270 010 & 76 51%
Random effect model 60 65 S -0.01 [0.37; 0.34] 22.4%
Mixed effect (plural) model 335 352 > 0.25 [0.07;0.42] 100.0%  Heterogeneity:* = 0%, p = 0.97
Subgroup difference: p = 0.09 L
2 a4 o 1 2 Mixed effect (plural) model 353 378 - 0.29 [0.47:-0.11] 100.0%
Subgroup difference: p - 016 L LI
45 41 05 0 05 1 15

(E) Ferriman-Gallwey Score

Endpoint Baseline Standardised Mean
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl Weight
Acarbose
Penna 2005 13 800 182 15 885 231 £ -039 [1.14,0.36] 22.5%
Metformin
Maciel 2004 8 7.30 190 8 850 2.90 & -046 [146;053] 12.8%
Pasquali 2000 10 12.80 7.60 12 14.80 7.50 = -0.24 [1.08;0.60] 17.9%
Random effect model 18 20 -0.33 [-0.98;0.31] 30.7%
Heterogeneity: % - 0%, p - 0.74
Thiazolidinediones
Glintborg 2006 (P) 14 1367 659 15 12.33 654 = 020 [0.53;093) 23.8%
Vigerust 2012 (P) 14 1367 659 14 12.33 659 5 020 [-0.55;0.94] 23.0%
Random effect model 28 0.20 [-0.32;0.72] 46.8%
Hoterogonoity: 1 = 0%, p = 1.00
Mixed effect (plural) model 59 64 3'7 -0.10 [-0.46;0.26] 100.0%

Subgroup difference: p - 0.31
-1 05 0 05 1

FIGURE 7

(A) Forest plot comparing fasting insulin outcomes between insulin sensitizer therapies and comparators; (B) forest plot comparing

HOMA-IR outcomes between insulin sensitizer therapies and comparators; (C) forest plot comparing SHBG outcomes between insulin sensitizer
therapies and comparators; (D) forest plot comparing total testosterone outcomes between insulin sensitizer therapies and comparators; (E) forest
plot comparing Ferriman-Gallwey scale outcomes between insulin sensitizer therapies and comparators.

Trials of GLP-1 RA therapy in women with PCOS and obesity
showed that both liraglutide and exenatide are effective in weight
with

which is in keeping with our results. When compar-

reduction either monotherapy or in combination

45,50,51

as
metformin,
ing the effects of exenatide alone or combined with metformin, both
monotherapy and combination therapy significantly reduced BMI and

HOMA-IR. Monotherapy and combination therapy also increased

menstrual frequency, testosterone, and free androgen index.>* A sys-
tematic review and network meta-analysis comparing liraglutide, lira-
glutide plus metformin alone, metformin plus orlistat in women with
PCOS, and overweight or obesity found that liraglutide alone caused
the greatest reduction in body weight.>2 Combination therapy with lir-
aglutide and metformin also significantly reduced these two out-

comes, albeit less so, potentially due to a lower dose of liraglutide in
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FIGURE 8 (A) Forest plot
comparing DHEAS outcomes
between insulin sensitizer
therapies and comparators;
(B) forest plot comparing LH
outcomes between insulin
sensitizer therapies and
comparators; (C) forest plot
comparing FSH outcomes
between insulin sensitizer
therapies and comparators.

(A) DHEAS
Study

Acarbose
Hanjalic-Beck 2010 (A)

Liraglutide
Elkind-Hirsch 2022

Metformin

Kashani 2013 (M)

Pasquali 2000

Trolle 2007

Hanjalic-Beck 2010 (M)
Random effect model
Heterogeneity: 12 = 0%, p = 0.40

Thiazolidinediones
Kashani 2013 (P)

Rautio 2006 (R)

Random effect model
Heterogeneity: 12 = 29%, p = 0.23

Mixed effect (plural) model
Subgroup difference: p = 0.72

(B) LH
Study

Acarbose

Hanjalic-Beck 2010

Penna 2005

Random effect model
Heterogeneity: 12=0%, p =0.65

Liraglutide
Nylander 2017

Metformin

Chou 2003

Hanjalic-Beck 2010

Maciel 2004

Pasquali 2000

Trolle 2007

Random effect model
Heterogeneity: 12=0%,p =059

Thiazolidinediones
Glintborg 2006 (P)

Mixed effect (plural) model
Subgroup difference: p = 0.21

(C) FSH
Study

Acarbose

Hanjalic-Beck 2010

Penna 2005

Random effect model
Heterogeneity: 1% = 1%, p = 0.31

Liraglutide
Nylander 2017

Metformin

Hanjalic-Beck 2010

Maciel 2004

Pasquali 2000

Trolle 2007

Random effect model
Heterogeneity: I% = 0%, p = 0.46

Mixed effect (plural) model
Subgroup difference: p = 0.29

Endpoint Baseline
Total Mean SD Total Mean SD

18 771277 18 801 3.12
44 481039 44 478 035
20 459 220 20 4.87 2.80
10 451 2.61 12 385 217
42 1.93 570 50 13.81 7.67
19 831328 19 731280
91 101
20 457 241 20 479 277
12 740 130 15 818 0.90
32 35
185 198

Endpoint Baseline

Total Mean SD Total Mean SD

18 5.67 345 18 524 3.23
13 508 283 15 540 3.03
31 33
44 520 651 48 8.67 596
14 890 560 14 7.0 4.70
19 639 405 19 573 291
8 740 180 8 740 230
10 737 387 12 845344
50 7.03 428 50 818 4.81
101 103
9 567 4.64 9 537 4.02

185 193

Endpoint Baseline
Total Mean SD Total Mean SD

18 546 192 18 421 212
13 5.22 1.95 15 5.05 1.70
31 33

44 563 161 48 593 313
19 425 172 19 4.09 2.03
8 730 110 8 7.0 1.00
10 7.05874 12 463 115
50 432206 50 4.88 210
87 89

162 170

Standardised Mean
Difference
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SMD  95%-Cl Weight
010 [-0.75;056] 9.5%
0.08 [-0.34;0.50] 23.2%
0N [-0.73;051] 10.6%
026 [058111] 57%
027 [-0.68;0.14] 23.9%
032 [-0.32;096] 9.9%
-0.04 [-0.35;0.27] 50.1%
-0.08 [-0.70;0.54] 10.6%
069 [148,009] 6.6%
-0.34 [-0.93;0.25] 17.2%

-0.06 [-0.27;0.16] 100.0%

SMD 95%-Cl Weight
0.13 [-0.53; 0.78] 10.6%
-0.11 [-0.85; 0.64] 8.5%
0.02 [-0.47; 0.52] 19.2%
-0.55 [-0.97;-0.13] 20.9%
0.34 [-0.41;1.09] 85%
0.18 [-0.45; 0.82] 11.1%
0.00 [-0.98; 0.98] 5.2%
-0.29 [-113; 0.56] 6.8%
-0.25 [-0.64; 0.14] 22.5%
-0.07 [-0.35; 0.20] 54.1%
0.07 [-0.86; 0.99] 5.8%

-0.16 [-0.37; 0.04] 100.0%

SMD 95%-Cl Weight

11.8%
9.9%
21.7%

0.60 [-0.07;1.27]
0.09 [-0.65;0.83]
0.37 [-0.13;0.87]

012 [-0.53;029] 25.1%

0.08
0.18

12.9%
6.0%
7.8%

26.5%

53.2%

[-0.55; 0.72]
[-0.80; 1.16]
0.39 [-0.46;1.24]
-0.27 [-0.66;0.12]
-0.04 [-0.38;0.29]

0.02 [-0.21;0.25] 100.0%
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the combination treatment.>?

The significant increase in SHBG in our
meta-analysis with liraglutide is probably due to improved insulin sen-
sitivity with weight loss. We did not find a significant reduction in
total testosterone, but free testosterone was not included in this
study.

Orlistat causes modest weight loss and has no systemic adverse
effects.®? As we only included double-blind RCTs in this meta-
analysis, we provide the results of a single RCT on orlistat, demon-
strating a significant reduction in fasting blood glucose and BMI.
This finding aligns with previous meta-analyses, which demonstrated
that orlistat significantly reduces anthropometric and metabolic out-
comes such as BMI and HOMA-IR as well as testosterone®® in
women with PCOS.>2°% A comparison of orlistat and metformin
showed similar positive effects on BMI, insulin resistance, insulin,
and testosterone.”®

Menstrual frequency was a predefined primary outcome, but
there was insufficient data in the literature to perform a meta-
analysis. An RCT comparing liraglutide 1.8 mg/day to placebo in
women with PCOS and overweight (without diabetes) demonstrated
that the use of liraglutide resulted in a significant increase in the num-
ber of menstrual bleeds measured using bleeding diaries during the
study period?®; there was no significant reduction in anti-Mullerian
hormone concentrations.?® A 2022 study comparing liraglutide
3 mg/day to placebo documented a restoration in menstrual cyclicity
(reported menses) in the treatment arm.*® An RCT comparing metfor-
min to placebo demonstrated a significant increase in menstrual fre-
quency (reported menses) in both groups but no significant
differences between groups.®®

The major strength of this systematic review, meta-analysis, and
meta-regression is the large number of studies included. The meta-
analysis and meta-regression were performed using only double-blind
RCTs to reduce bias and provide more confidence in our findings.
Other strengths include performing a meta-regression (Egger's test),
using internationally accepted diagnostic criteria for defining PCOS in
the study population and low heterogeneity between studies. Previ-
ously published meta-analyses on the metabolic and reproductive
effects of pharmacotherapy on women with PCOS and overweight or
obesity have included nonrandomized studies as well as RCTs and
focused on certain types of commonly used pharmacotherapies such
as metformin, orlistat, and GLP-1 receptor agonists. This is the first
study to include all direct and indirect insulin sensitizer
pharmacotherapy.

We included only a small number of studies for GLP-1 RA, orli-
stat, and acarbose. Although several other trials have studied the use
of GLP-1 RA in women with PCOS and overweight or obesity, most
were either open-label or single-blind and, therefore, of lower meth-
odological quality. An important limitation was the lack of hard repro-
ductive fecundity measures such as ovulation and pregnancy.

Future RCTs should address both harder reproductive outcomes
and test the impact and safety of modern pharmacotherapy for obe-
sity on women with PCOS. A recently published single-blind, ran-
domized, placebo-controlled prospective study comparing the

effects of semaglutide to placebo in healthy women with PCOS and

obesity demonstrated the positive effects of semaglutide on anthro-
pometric and metabolic outcomes such as BMI, waist circumference,
plasma glucose, and serum insulin.>* Another potential treatment of
interest is tirzepatide, a dual glucose-dependent insulinotropic poly-
peptide and GLP-1 RA approved by the Food and Drug Administra-
tion in May 2022 for adults with type 2 diabetes. Results from the
SURMOUNT-1 study showed that once-weekly treatment with tir-
zepatide provided a significant and sustained reduction in body
weight.>®

In conclusion, although lifestyle modification is the recommended
first-line treatment for women with PCOS and overweight or obesity,
insulin sensitizer pharmacotherapy has added benefit in significantly
improving metabolic outcomes and, to a lesser extent, some elements
of the reproductive hormonal profile. Further work is needed to
assess the use of modern obesity pharmacotherapy on hard outcomes
such as menstrual cyclicity and fertility in women with PCOS and

overweight or obesity.
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