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Abstract

Polycystic ovary syndrome is a common reproductive endocrine condition that affects women of fertile age and is
characterized by three main features, including hyperandrogenism, chronic anovulation, and polycystic ovaries. In addition,
half of women with polycystic ovary syndrome have insulin resistance, and obesity or overweight, type 2 diabetes,
hypertension, and hyperlipidemia are the most common metabolic abnormalities affecting (30%) women with polycystic
ovary syndrome. Weight loss is regarded as the first-line treatment as it can potentially improve polycystic ovary syndrome
parameters (androgen levels, menstrual cyclicity, lipid and glucose metabolism). However, achieving and maintaining
weight loss can be challenging, and pharmacological agents could be essential to achieve optimal glycemic control and
improve the endocrine disturbance associated with polycystic ovary syndrome. Glucagon-like peptide-| receptor agonist
has been demonstrated as monotherapy or in combination with metformin for managing obesity and insulin resistance
associated with polycystic ovary syndrome. Yet, its effect on endocrine and metabolic parameters remains elusive, and
further research is needed to close the gap. The aim is to evaluate the efficacy of glucagon-like peptide-1 receptor
agonist monotherapy and/or a combined treatment between glucagon-like peptide-| receptor agonist and metformin for
improving anthropometric measurements, endocrine and metabolic parameters in lean and obese women with polycystic
ovary syndrome. A systematic review of longitudinal cohort studies was conducted across databases including Ovid
Medline, PubMed Central, and Cochrane Library between 2015 and 2022. Eligible studies included participants with
polycystic ovary syndrome diagnosed according to the 2003 Rotterdam or the 1990 National Institutes of Health criteria.
A total of eight studies including 486 patients with polycystic ovary syndrome were analyzed. The mean age was between
18 and 45 years with mean follow-up period between |12 and 32 weeks. In all these studies, results were comparable for the
reduction in body mass index, waist circumference, fat mass, and visceral fat mass; however, it was more in combination
therapy versus comparator. In conclusion, glucagon-like peptide-| receptor agonists effectively reduce body weight and
improve some of the endocrine and metabolic parameters of polycystic ovary syndrome. A combined treatment with
glucagon-like peptide-| receptor agonist and metformin had significant effects on weight loss and favorable results on
endocrine and metabolic parameters, yet further research is needed to discover the long-term safety of combined therapy
in women diagnosed with polycystic ovary syndrome and obesity or overweight.
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Introduction

Polycystic ovary syndrome (PCOS) is the most prevailing
reproductive endocrine condition affecting women in their
reproductive years, accounting for 10%-20% of all cases.!™
Approximately 50%—70% of women diagnosed with PCOS
display pathophysiological changes and clinical manifesta-
tions, including insulin resistance, Luteinizing Hormone
(LH)/Follicle-Stimulating Hormone (FSH) secretion disor-
der, metabolic abnormalities, and an increased risk of sub-
fertility, diabetes mellitus, metabolic syndrome, and
cardiovascular diseases.” Furthermore, established guide-
lines for classifying and managing PCOS include Rotterdam,
Androgen Excess Society, and the National Institutes of
Health (NIH). However, based on international evidence,
Rotterdam 2003 criteria have been advocated as the main
diagnostic guideline, which identifies the syndrome as the
presence of any two out of the following criteria: (1) oligo-
anovulation, (2) clinical or biochemical hyperandrogenism,
(3) polycystic ovaries on ultrasound.®™

PCOS is often underlined by insulin resistance in which
70% of obese/overweight patients with PCOS have
decreased insulin sensitivity.” Further studies have shown
that the first-line treatment of PCOS is weight loss and
lifestyle modifications due to their potential to improve the
endocrine and metabolic profile of these patients; how-
ever, it is challenging for patients because of their weight
regain.!® '3 Therefore, pharmacological agents could be
essential to achieve optimal glycemic control and to
improve the endocrine disturbance associated with PCOS.
Metformin is frequently used in women with PCOS and
insulin resistance as it reduces hepatic glucose production
and improves insulin sensitivity in addition to its glucose-
lowering effect'*. Metformin in combination with an oral
contraceptive pill (OCP) is recommended as a secondary
treatment in certain PCOS guidelines, as it improves insu-
lin resistance and reduces hyperandrogenism and the clini-
cal severity of the syndrome; however, its effect on weight
loss is frequently unsatisfactory to patients.'>!¢ Thus, the
identification of innovative, safe, and effective pharmaco-
logical-anti-obesity agents must be addressed for the
improvement of fertility.

Glucagon-like peptide-1 receptor agonist (GLP-1 RA)
is an incretin hormone that shares a similar effect with
incretin mimetic.!” Over the past decade, the incretin mod-
ulator has been introduced as a novel treatment for obesity
and type 2 diabetes mellitus,*'®!? as it promotes insulin
biosynthesis and improves insulin resistance without caus-
ing hypoglycemia.?’ It is also associated with significant
weight reduction due to its ability to regulate energy
expenditure and delayed gastric emptying. In addition, it
has a safe cardiovascular and renal outcome.'$!71%20 Long-
acting liraglutide and short-acting exenatide have recently
been demonstrated for the management of PCOS,?' 28 as it
has significant effect on weight reduction and favorable
outcomes on metabolic and endocrine parameters. In

addition, some studies revealed that a combination of
GLP-1 RA and Metformin (MET) had the potential to
improve menstrual cyclicity, insulin sensitivity, glucose
metabolism, and anthropometric measurements.?>?327:28
However, the effect of these medications on the endocrine
parameters of PCOS still needs to be discovered, with a
considerable gap in the available data.

The systematic review aims to highlight research con-
ducted during the past 5years and evaluating the efficacy
of GLP-1 RA compared with metformin and/or a com-
bined treatment between liraglutide or exenatide and met-
formin for improving anthropometric measurements,
endocrine and metabolic parameters in lean and obese
women with PCOS. It is important to note that this study
will focus only on metformin and GLP-1 RA and will not
include the other medications for PCOS and weight loss.

Methods

References

Search strategy and databases. Comprehensive explora-
tion criteria combining medical subject headings, Mesh
Subheadings, and relevant text words were used to screen
the database as appropriate. These terms included: PCOS,
ovary syndrome, polycystic syndrome, polycystic ovary,
polycystic ovary disease, hyperandrogenic anovulation,
Leventhal syndrome, GLP-1 RA, exenatide, lixisenatide,
liraglutide, albiglutide, dulaglutide, and randomized con-
trolled trial (RCT) or controlled clinical trial (CCT).

The search was restricted to human studies published
from 2015 to 2022 in English language. Electronic data-
bases including Ovid Medline, PubMed Central, and
Cochrane Library were searched on 15 November 2022
(updated: 10 June 2023). In addition, all the selected arti-
cles were uploaded to endnotes for automatic deduplica-
tion screening and reference management. Furthermore,
references from included studies were also analyzed for
more relevant articles.

Inclusion criteria. The selection of articles for this systematic
review was guided by the Participant, Intervention, Com-
parison, Outcome, and Study Type (PICOS) framework.

1. Participants: Females aged 18 and above with a
diagnosis of PCOS. We included articles that used
Rotterdam, NIH, or NICHD criteria for diagnosing
PCOS.

2. Intervention(s): GLP-1 RA.

3. Comparison: Compared with metformin or
placebo.

4. Outcomes: Changes in anthropometric measure-
ments, insulin resistance, hyperandrogenism, and
metabolic and endocrine parameters.

5. Study design: RCT studies, such as randomized
open-label trials, prospective randomized trials,
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double-blind controlled trials, and single-blind
controlled trials.

Exclusion criteria

1. Study design: Systematic review, meta-analysis,
and animal studies were excluded.

2. Participants: Postmenopausal period, pregnant
women, and women with a diagnosis of diabetes
mellitus or cardiovascular disease (CVD) and
chronic kidney disease (CKD).

3. Intervention: GLP-1 RA versus dietary interven-
tions or if GLP-1 RA or metformin were with other
treatments were excluded.

Study selection and risk-of-bias assessment. Screening of arti-
cles on abstracts and the full text was carried out by one inde-
pendent reviewer (S.B.) to identify eligible studies.
Discrepancies were resolved through consensus or by a sec-
ond reviewer (R.B.). The methodological quality of included
studies was assessed by two independent reviewers (S.B. and
R.B.) on individual criteria related to external validity (meth-
odology, inclusion/exclusion criteria, and appropriateness of
measured outcomes) and internal validity (detection, selec-
tion and reporting bias, confounding, statistical analyses, and
study power). Risk-of-bias assessment was resolved through
discussion between reviewers to reach a consensus.

Data analysis. Information was collected on general details
(authors, reference/source, year of publication, and set-
ting), participants (anthropometric measurements, hyper-
androgenism, intervention, and endocrine and metabolic
parameters.), and results (point estimates and measures of
variability/effect). Due to the large number of outcomes,
these data were extracted manually using Microsoft Excel.
A narrative description of results is presented according to
each outcome category.

Results

Search results

A total of 403 articles were selected from the search as
illustrated in Figure 1. Following that we excluded 303
duplicates, 29 studies were excluded based on abstracts,
and an additional 63 studies were excluded based on full-
text assessment. Ultimately, eight studies satisfied our
inclusion criteria.

Characteristics of included studies

The features of the selected articles are outlined in Table 1.
One study is comparing metformin versus liraglutide, two
studies comparing combination treatment of metformin
and liraglutide versus liraglutide, two studies comparing
between liraglutide and placebo, one study comparing

between exenatide and metformin, and one study compar-
ing combination exenatide and metformin versus met-
formin. These studies were conducted in women with
PCOS aged between 18 and 45 years. The mean follow-up
time ranged between 12 and 32 weeks.

Changes in anthropometrics, and endocrine
and metabolic parameters

The role of GLP-1 RAs has been evaluated in several small
studies either alone or in combination with metformin in
overweight/obese women with PCOS. Table 2 provides a
summary of clinical studies that assessed the weight-
reducing effects of GLP-1 RAs as one of their outcomes.

In all these studies, results were comparable for the
reduction in body mass index (BMI), waist circumference
(WC), fat mass, and visceral fat mass. One study showed
that WC reduced by 4.63 =4.4cm (combination group)
versus 1.72 =3.07 cm (metformin-only group).?? On the
contrary, Jensterle et al.” showed that WC in the liraglu-
tide group exhibited a greater reduction compared with
the combination group. Four studies showed weight
reduction in nearly 5%. It was seen in 59.1% in the com-
bination group (liraglutide and metformin) versus 42.9%
of patients in the liraglutide-only group.?* It was also seen
in about 69.2% in combination group (liraglutide and
metformin) versus 57.1% metformin-only group.?® One
study showed similar achievement in 55% and 14% of
participants in the liraglutide and placebo groups, respec-
tively.?6 In addition, 47% of patients achieved more than
5% weight loss with exenatide therapy within the initial
12 weeks, contrasting with the metformin group where a
similar weight loss was not observed. Notably, the reduc-
tion in WC was more pronounced in patients treated with
exenatide compared with those on metformin.?®

Table 3 summarizes the endocrine parameters in women
with PCOS. Five studies showed the reduction in total tes-
tosterone (TT) with improvement in Sex Hormone Binding
Globulin (SHBG) levels. This was more with GLP-1 RA
versus comparator. Three studies looked at menstrual cycle
frequency, and two of these studies showed improvement.

Information on the metabolic effects evaluating the
impact of GLP-1 RA on different metabolites in women
with PCOS is summarized in Table 4. Out of eight studies,
seven studies showed the reduction in Homeostatic Model
Assessment for Insulin Resistance (HOMA-IR)-a measure
of insulin resistance with GLP-1 RA either alone or in
combination versus its comparator and it reached statisti-
cal significance in four of them. Frossing et al.’s study was
the only study that didn’t show any discernible difference
between treatment groups were observed concerning
markers of insulin resistance. Fasting total, High density
Lipoprotein (HDL) and Low density Lipoprotein (LDL)
cholesterol, and triglycerides (TG) did not change much in
these studies.
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Identification of Studies

Records from database search

(n=403)

Records from database search

(n=0)

Excluded duplicates (n=303)

Articles selected after screening title
and/or abstract (n=100)

a| Excluded studies (n=29)

Articles selected for full-text evaluation

(n=71)
Excluded studies (n=63)
systematic review and meta-analysis (5)
5| Review(21)

year of publication<2015 (6)
Outcomes (5)

Interventional therapy is not GLP-1 or Metformin (7)

(n=8)

Articles selected for the analysis

Figure 1. PRISMA flowchart and selection of studies.

Discussion

The systematic review identified 8 RCTs or CCTs encom-
passing 486 overweight/obese women with PCOS. These
trials evaluated the impact of GLP-1 RA alone or in com-
bination with metformin on anthropometrics, and

metabolic and endocrine parameters. In all these studies,
with mean follow-up of 12-32weeks’ duration, results
were comparable for reduction in BMI, WC, fat mass, and
visceral fat mass. Hence, liraglutide was more effective in
decreasing body weight, BMI, and WC than metformin,
indicating the potential superiority of GLP-1 RAs,
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Table I. Characteristics of included studies.

Author Study design Period Diagnostic ~ Number of cases  Mean age (years), Intervention
(weeks)  criteria BMI (kg/m?)
Jensterle et al.!  Randomized study 12weeks NICHD N=32 (28 27.6+7.2, Metformin 1000 mg BID
criteria completed the 39.5+6.2 (n=15)
study) Liraglutide (1.2mg QD)
(n=17)

Ma et al.22 Open-label, I2weeks  Rotterdam  N=50 (40 18—40, =25 Metformin 500 mg TID
randomized, 2003 completed the Combination treatment
prospective trial criteria study) (metformin 500 mg TID,

exenatide 2mg QW)

Jensterle et al.®  Prospective I12weeks  Rotterdam N=44 (43 30.3+44, Combination treatment
randomized, open- criteria completed the 37245 with metformin 1000 mg
label design study) BID and liraglutide

(I.2mg OD)
Liraglutide (1.2mg)

Elkind-Hirsch Randomized, 32weeks NIH 1990  N=92 (69 were 1845, at least 30 Liraglutide (3 mg)

etal? double-blind, criteria included in the Placebo
placebo-controlled analysis
trial N=44 lira glutide

N=23 placebo)

Liu et al.2® Open-label, 24weeks Rotterdam N=176 1840, =24 Exenatide (10 g BID)
prospective, criteria Metformin (1000 mg
randomized, BID)
clinical study

Fressing et al.2*  Double-blind 26 weeks Rotterdam N=72 BMI =25kg/m? Liraglutide (1.8 mg)
placebo-controlled criteria Placebo
RCT

Jensterle et al.”’  Pilot prospective, 12weeks Rotterdam N=30 33.1 6.1, Combination of
randomized, open- criteria 383+54 metformin (1000 mg
label design BID) and liraglutide

(1.2mg QD) (N=15)
Liraglutide (3 mg QD)
(N=15)

Salamun et al.®® A prospective I2weeks  Rotterdam N=28 31.07 £4.75, Metformin (1000 mg

randomized open- criteria 36.7+3.5 BID)

label study

Metformin (1000 mg
BID) combined with
low-dose liraglutide
(I.2mg QD)

BMI: body mass index; BID: twice a day; QD: every day; TID: 3 times daily; QW: once a week; OD: once daily; NIH: National Institutes of Health;
RCT: randomized controlled trial; NICHD: National Institute of Child Health and Human Development.

particularly liraglutide, over metformin in these specific
physical parameters.?! Jensterle et al.?! showed weight loss
of 3kg versus 2.3kg with liraglutide compared with met-
formin. Frossing et al.?® compared liraglutide (3 mg) with
placebo and showed weight loss of 5.2kg versus 0.2kg
with 4.1cm versus 1.1 cm reduction in WC. Elkind Hirch
et al.?* showed the reduction in 5.7kg versus 3.8 kg com-
paring liraglutide (3mg) versus placebo. Another study
comparing exenatide to metformin found that both treat-
ments resulted in weight loss, but exenatide significantly
affected body weight and BMI. About 47% of patients in
exenatide group lost >5% of their initial body weight and
body mass compared with the metformin group.?

Combination therapy of metformin and liraglutide was
shown to be more effective. Jensterle et al.”* showed that
combining liraglutide (1.2 mg) and metformin versus lira-
glutide (1.2mg) only gave significantly more weight loss
(6.2kg versus 3.5kg) and reduction in WC (p=<0.001).
Another trial by same author showed that liraglutide (3 mg/
day) was more effective in reducing BMI and WC.?’ On
the contrary, Salamun et al.?® demonstrated reduction in
weight, BMI, and WC in both arms.

Two studies showed that weight loss of more than 5%
was seen in liraglutide and metformin versus liraglutide-
only group,? and also with combination group (liraglutide
and metformin) versus metformin-only group.?®
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Table 2. A summary of clinical studies with anthropometric outcomes.

Author Intervention BMI (kg/m?) Body weight WC (cm) Fat mass (%) Visceral fat ~ Weight loss (kg)
Baseline/ (kg) Baseline/after Baseline/after mass (G)
after Baseline/after treatment treatment Baseline/after
treatment  treatment treatment
Jensterle et al.2! Liraglutide (1.2mg)  41.6 5.3 1137187 1285%=139 425*28 -3.0 versus —2.3
40.5=5.1 110.7=18.1 1241 =11.7 408=*=3.2
Metformin (1000mg 37.4*6.4 103.6=19.7 121.6=17.1 433*64
BID) 365+63 101.3=19.8 11918 452*42
(p<<0.001) (p<<0.001l) (p<<0.001) (p<0.001)
Ma et al.2? Metformin (500mg) 30.8*+3.4 823+ 1142 973=*9.6 —3.8 = 2.4versus
TID + exenatide 294+33 786109  92.7x87 -2.1£3.0
(2mg) (p<0.001) (p<0.001)  (p<0.001)
Metformin (500mg  30.4*+3.2 79.1£108  96.6*+9.16
TID) 29.6£2.38 77.0£9.7 95.0 £ 8.1
(p<<0.01)  (p=0.008) (p=0.009)
Jensterle et al.* Metformin (1000mg 37.7=4.0 1058158 1172145 8242 +254.7 —6.2 = 2.4 versus
BID) + liraglutide 355+42 99.6+159 1052x27.0 735.3£227.5 -3.8+35
(I.2mg) (p<0.001) (p<0.001)  (p<0.00l)
Liraglutide (1.2mg)  36.7=5.1 1026179 113.0=13.9 791.8+£271.4
35351 988+176 1075*154 721.8+£275.4
(p<<0.001) (p<<0.001l) (p=0.002) (p=0.008)
Elkind-Hirsch  Liraglutide (3 mg) 41.6 1.1 111*=28 11122 47.6*08 -5.7x0.75
etal? 39.1 1.1 104729 10120 460+09 versus ~3.8 £ 3.5
Placebo 439*1.7 11947 11633 482*08
434=*1.8 117.9%5 11033 479*09
(p=0.001) (p=0.002) (p=0.011) (p=0.028)
Liu et al.Z® Exenatide (10 pg) 29.1 £3.1 729+9.8 929+ 10.1 44.1 =38 -4.3 = 1.3 versus
26.0£3.5 68.7+£9.7 83.9+9.7 394x37 -23=x06
Metformin (1000mg 283+ 1.8 704+t 4.6 894+6.6 413x27
BID) 272+1.8 682+46 84453 402x29
(I<o0.001) (1<0.001) (I=0.026) (I=0.011)
Frossing et al.2 Liraglutide (1.8mg)  33.3 5.1 942*154 102.6+108 359*85 1157+51.4 -52 versus 0.2
Change at follow-up -1.9+0.3 -52%x07 -41x1.1 -26*05 -172+43
Placebo/Change at  33.3*+4.6 913136 1026=11.1 357%x72 120.9 =42.3
follow-up 0.1=03 02*09 I.1=1.5 03*0.7 450*+7.0
(p<0.001) (p<0.001l) (p=0.01) (p=0.002) (p=0.006)
Jensterle et al.”’ Liraglutide (3 mg) 39.2*+55 I11=148 110.1x12 —6.3 = 3.7 versus
37.0+55 1047+148 1059=128 3.6+25
(p=0.001) (p=0.001) (p=0.003)
Liraglutide 375+53 102.5+9 1052107
(1.8mg) +metformin 36.2 =55 989+103 103.0x82
(1000mg BID) (p=0.002) (p=0.002) (p=0.113)
Salamun et al.2 Metformin (1000mg 35.5 +4.9 99.6 178 1088* 145 7794 +247.3 -7.0 % 6.0 versus
BID) 33.0%+33 926180 975110 698.1 =292.8 =7.5+3.9
Metformin (1000mg) 37.8*+3.0 1066117 1145x9.9 83342339
BID + liraglutide 35.1 35 99.1 £13.0 1028%+9.3 692.0£182.6
(1.8mg) (p<0.001) (p=0.001) (p=0.001) (p=0.02)

For p values: T: overall effect with both therapies; I: interaction between therapy and time; NS: not significant; BMI: body mass index; WC: waist
circumference; BID: twice a day; TID: 3 times daily.

Frossing et al.?®

showed similar achievement in 55%

and 14% of patients in the liraglutide and placebo arms,

respectively.

Overall, several studies demonstrated that a combi-
nation of GLP-1 RA and metformin has superior effects

on weight loss. This is probably due to each treatment’s
complementary mechanism of action, with GLP-1 RA
promoting satiety, decreased food intake, and weight
loss.!” At the same time, metformin enhances insulin
sensitivity and reduces hepatic glucose uptake.'* For



Bader et al. 7

Table 3. Endocrine parameters.

Author Intervention LH (IU/L)  FSH (IU/L) SHBG TT (nmol/L) Androstenedione Menstrual
Before/after Before/after (nmol/L) Before/after (nmol/L) cycles (No. of
treatment  treatment Before/after  treatment Before/after year)

treatment treatment Before/after
treatment

Jensterle Liraglutide (I.2mg) 5.1 *+44 46=*1.6 303 %145 2.1 x1 54+48

etal? 89+58 52*18 316124 2+ 1. 54+4

Metformin (1000mg 7.5 =4.1 54*22 24*12 3+0.9 6.7+48
BID) 56*29  4.1x2 262+143 21209 89+48
(T=0.001, (T=NS,[=0.03) NS (T=NS, NS
1< 0.001) 1<0.001)
Maetal??2  Metformin (500 mg 0.74+0.29
TID) + exenatide 0.57 +0.25
(2mg) (p<0.001)
Metformin (500 mg 0.78 £0.22
TID) 0.56 =0.20
(p=0.003)
Jensterle Metformin (1000mg 6.8+ 3.2 53=*20 265+ 13.7 20*0.9 10834
etal? BID) + liraglutide 6.8*+59 52*25 346172 1.6+0.6 85*3.0
(1.2mg) (p=0.375)  (p=0.945) (p<0.001)  (p=0.037) (p=0.003)
Liraglutide (I.2mg) 7.4*=43 5120 31 £13.9 1.8+0.8 9.0*+22
7848 55*1.9 34t 16 1.5+0.8 89+35
(p=0.715) (p=0.614) (p=0.014) (p=0.161) (p=0.917)

Elkind- Liraglutide (3 mg) 49 =2.9ng/dL 45+03

Hirsch 45.4 + 3.0ng/dL 8.65+0.4

et al.? Placebo 45+ 3.3ng/dL 48+05

46.8 = 4.1 ng/dL 48+0.7
(p=0.16) (p=0.0001)
Liu et al.?>  Exenatide (10 pg) 3042+ 1845 1.99+0.50 0.28 +0.092
37.65+18.25 1.88+0.51 0.90*+0.13
Metformin (1000 mg 31.84+18.20 2.0l £0.64 0.31+0.037
BID) 3790+ 16.86 1.98+0.58 0.68+0.03
NS NS (I<o0.001)

Frossing Liraglutide (1.8 mg)

et al.2¢ Change at follow-up
Placebo/Change at
follow-up
Jensterle Liraglutide (3 mg) 39.6 414 1.3x0.7 70+37
etal? 46.9 = 54.5 1.2+0.5 77+34
(p=0.018) (p=0.065) (p=0.451)
Liraglutide 27.7 £21.1 1.8+0.9 10.6 = 6.4
(1.8 mg) + metformin 472+90.4 1.5+0.8 86+35
(1000mg BID) (p=0.43) (p=0.023) (p=0.53)
Salamun Metformin (1000 mg 320*+20 1.6 0.7 9.1 £2.1
etal?® BID) 360+ 134 1.3+0.5 8.8=*3.1
Metformin (1000 mg 248+ 14.0 1.7x0.6 9.6+28
BID) + liraglutide 357+198  1.5%06 9.9x3.6
(1.8mg) p=0.003 NS NS

For p values: T: overall effect with both therapies; I: interaction between therapy and time; NS: not significant; BID: twice a day; TID: 3 times daily.

example, a study by Liu et al. reported that the combi- In addition to weight loss and the other anthropometric
nation treatment resulted in significantly more exten- changes, GLP-1 RA and metformin were evaluated regard-
sive weight loss than liraglutide alone (6.2kg versus ing endocrine and metabolic parameters of PCOS. Several
3.8kg).” studies showed that GLP-1 RA had a superior effect on
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Table 4. Metabolic outcomes.

Author Intervention HOMA-IR Cholesterol Triglyceride (mmol/L) LDL-C (mmol/L) HDL-C (mmol/L)
Before/after (mmol/L) Before/after treatment Before/After Before/after
treatment Before/after treatment treatment

treatment

Jensterle  Liraglutide (1.2 mg) 4+4 48=* | 1.6 0.7 32+0.8 1.1 =03

etal? 39+21 471 1.4+0.6 29+08 1203

Metformin (1000mg 2.7+ 1.7 46+0.9 1.4+0.6 29+08 1.1 £0.2
BID) 28+ 14 43+0.5 1.3£0.6 29+08 12+0.3
NS NS NS NS
Ma et al.22 Metformin (500mg 5.29 (3.64-7.77) 4.94=0.78 1.30 (0.92-2.2) 322061 1.19+0.24
TID) + exenatide 4.70 (4.20-6.21) 5.13*£0.99 2.0 (1.59-3.2) 2.98+0.83 .44+ 0.34
(2mg) (p=0.212) (p=0.356) (p=0.005) (p=0.064) (p<0.001)
Metformin (500mg 4.49(3.93-5.43) 5.15+0.87 1.70 (1.22-2.97) 3.38x£0.71 [.14+0.22
TID) 4.80 (3.47-6.39) 5.64+0.88 2.46 (1.56-3.61) 3.37£0.78 1.45+0.36
(p=0.414) (p=0.007) (p=0.027) (p=0.97) (p<0.001)
Jensterle  Metformin (1000mg 4.1 2.9
et al.? BID) + liraglutide 37+27
(I.2mg) (p=0.205)
Liraglutide (1.2mg) 3.6+3.2
25+20
(p=0.052)

Elkind- Liraglutide (3 mg) 48+0.6 181 =49mg/dL 131 = I mg/dL 113.545mg/dL 425+ [7mg/dL

Hirsch 4.1x0.6 176 =5.3mg/dL 109 = 7.7 mg/dL 113.4 = 5mg/dL 41 = 1.8mg/dL

etal Placebo 51=1.0 183 £8.7mg/dL 117 = 12mg/dL 117.7£72mg/dL 422+ |.5mg/dL

52=x1.1 178 =8.8mg/dL 114 = [ mg/dL 112.4 =82mg/dL 42 +2.3mg/dL

(p=0.05) (p=0.98) (p=0.016) (p=0.35) (p=0.56)
Liu et al.® Exenatide (10 pg) 421+1.89 478+ 1.02 1.87 £0.77 288+ 1.15 1.43 +0.55
292+ 1.31 4.70+0.86 1.78 £0.81 2.79+0.97 1.32+0.33
Metformin (1000mg 3.89 = 1.12 478x1.19 1.63=0.47 2.70 = 0.87 .49 +0.27
BID) 3.30=1.00 4.62+0.89 1.34+0.43 2.69+0.83 1.35+0.23

(1=0.003) NS NS NS NS

Fressing  Liraglutide (I.8mg) 2.29 (1.83-2.84) 4.61 +0.80 1.23 (0.9-1.63) 2.83+0.71 1.14+0.25
etal? Change at follow-up —0.27 +0.15 0.03+0.09 -0.22 (-0.36 to —0.09) 0.14+0.09 -0.01 =£0.02
Placebo/Change at  2.42 (1.91-3.20) 4.67 £0.57 1.15 (0.9-1.47) 2.99 +0.54 1.09+0.28
follow-up -0.280.2 0.08 +0.09 =0.11 (-0.37t0 0.14) 0.13+0.09 0.01 =0.03

(p=0.48) (p=0.35) (p=0.32) (p=0.92) (p=0.77)

Jensterle Liraglutide (3 mg) 51%29 48+0.8 1.5+0.7 29*0.8 1.3+0.3

etal? 44+24 48*0.8 1.6+£0.6 3007 12+0.3
(p=0.272) (p=0.875) (p=0.727) (p=0.928) (p=0.194)

Liraglutide 59+43 49=1.1 14+0.7 3.0+0.9 1.3+0.1
(1.8mg) + metformin = 3.7+3.0 45*1.0 12+05 2.7+09 1.3+0.2
(1000mg BID) (p=0.013) (p=0.107) (p=0.075) (p=0.049) (p=0.627)
Salamun  Metformin (1000mg  3.9+26
etal.® BID) 32+23
Metformin (1000mg  4.8*26
BID) + liraglutide 38+28
(1.8mg) p=0.04

BID: twice a day; NS: not significant; TID: 3 times daily; BID: twice a day.

metformin in improving lipid profile, blood pressure, and
insulin sensitivity in women diagnosed with PCOS and obe-
sity or overweight. Jensterle et al.* showed that HOMA IR
reduced in both arms but liraglutide (1.2 mg) was superior to
combination therapy. In 2021, Ma et al.?> showed significant
reduction in TG and improvement in HDL.

Different studies noted varying effects of GLP-1 RA
and metformin monotherapies on LH, TT, FSH, SHBG
levels, and menstrual cyclicity while some studies indi-
cated the superiority of metformin to GLP-1 RA, other
trials have found that a combination treatment has a neu-
tral effect. Jensterle et al.?> compared combination
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treatment of metformin and 1.2mg liraglutide versus
1.2mg liraglutide showed improvement in SHBG and
reduction in TT with combination therapy. Elkind-Hirsch et
al.>* showed that liraglutide (3 mg) improved the menstrual
cyclicity and reduction in TT. In contrast, a study by Liu et
al.”> showed that exenatide and metformin both enhanced
the level of TT with no significant difference; however,
exenatide was found to be more effective than metformin in
terms of improving menstrual cyclicity, pregnancy rate, and
the level of High-sensitive C-reactive protein (HsCRP).
Three studies investigated the use of combined treatment
with GLP-1 RA and metformin; results showed that a
combined treatment had a promising effect on metabolic
and endocrine parameters compared with the individual
administration of either medication.

The strength of this systematic review is that it is a
comprehensive review including all studies that focused
on anthropometrics, endocrine, and metabolic parame-
ters as outcomes in patients with PCOS. The primary
limitation lies in the selection of studies with short dura-
tion of follow-up and the number of participants in the
studies. Another limitation is that all studies didn’t
include all the anthropometrics, and endocrine and meta-
bolic parameters.

Conclusion

GLP-1 RA and metformin have emerged as a promising
intervention for PCOS, with ongoing database surround-
ing their comparative effectiveness. Several studies high-
lighted the potential superiority of GLP-1 RAs, particularly
liraglutide, over metformin in reducing body weight, BMI,
and WCs. These physical improvements indicate a poten-
tial impact for GLP-1 RAs in managing the metabolic out-
comes of PCOS. Given that insulin resistance stands as the
primary driver for metabolic and endocrine dysfunction in
PCOS, the therapeutic advantages of GLP-1 agonist ther-
apy in this population appear logical.

Although the primary effect of GLP-1 is not to stimu-
late insulin secretion, these agonists may indirectly
enhance insulin sensitivity through their weight-reduc-
ing effects. This dual mechanism of action positions
GLP-1 RAs as potentially advantageous in tackling the
intricate interplay of factors contributing to PCOS. By
not only addressing physical metrics but also potentially
influencing insulin sensitivity, GLP-1 RAs present a
multifaceted approach to managing the complexities of
PCOS. On the contrary, several articles revealed that the
combination treatment of GLP-1 RA and metformin has
demonstrated promising results enhancing metabolic
and endocrine parameters compared with monotherapy.
In conclusion, GLP-1 RAs, especially liraglutide,
exhibit potential superiority over metformin in address-
ing physical and metabolic aspects of PCOS. However,
further research is needed to determine the optimal
treatment approach and ultimately discover the

long-term safety of combined therapy in women with
PCOS and obesity.
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