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Abstract

Polycystic ovary syndrome (PCOS) is a disorder that involves several organ systems and cellular pathways.
Itis strongly influenced by environmental and epigenetic factors. The principal goal of all therapeutic ap-
proaches to individuals with reproductive abnormalities is the treatment of subfertility or the requlation
of menstruation when pregnancy is not desired. Obesity is closely related to insulin resistance (IR) and
subsequent hyperinsulinemia, which aggravate hyperandrogenism and impair early follicle development.
Weight loss is of vital importance for overweight/obese individuals with anovulatory infertility. The GLP-1R
agonists have achieved remarkable weight reduction and abdominal fat loss in patients with type 2 diabetes
(T2D), as well as in overweight/obese individuals and individuals with prediabetes. They have also been
shown to promote lower fasting insulin levels and insulin resistance markers. These beneficial effects have
been suggested to be particularly helpful in women with PCOS, while their possible role in the hypotha-
lamic—pituitary—gonadal axis is under intense research. This review analyzes the current evidence for GLP-1R
agonists, focusing on their effects on ovarian morphology, menstrual dysfunction and fertility outcomes.
It also discusses their future role in achieving targeted therapeutic approaches.
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Introduction

Polycystic ovary syndrome (PCOS) is a disorder that
involves several organ systems and cellular pathways.
It is strongly influenced by environmental and epigenetic
factors.! About 5-20% of women all over the world are af-
fected during their fertility years; its prevalence depends
on ethnicity, phenotype and classification system applied.
The principal goal of all therapeutic approaches to women
with reproductive problems is an improvement of subfertility
or management of menstrual frequency in those who do not
want to become pregnant.? Dysregulated negative feedback
control of luteinizing hormone (LH), combined with insulin
resistance (IR) with subsequent hyperinsulinemia, can af-
fect ovarian hormone production and promote decreased
ovulation. Hence, all treatment strategies aim to shift the bal-
ance of intraovarian steroid synthesis away from LH-insulin-
driven stimulated androgen synthesis toward a follicle-stimu-
lating hormone-driven final evolution of a dominant follicle.!?

Mounting evidence has demonstrated that IR is present
both in lean and obese individuals with PCOS.>* Obesity,
particularly the abdominal/visceral phenotype, is observed
in approx. 80% of affected women.? It is closely related
to IR and increased insulin levels, which aggravate hy-
perandrogenism (mainly by the stimulation of androgen
synthesis from the ovarian theca cells) and impair early
follicle development.>® Hyperinsulinemia also stimulates
androgen secretion from the adrenal glands and modu-
lates LH release.®®> Furthermore, hyperandrogenemia can
increase the deposition of visceral adipose tissue (VAT)
and subsequently promote the resistance to insulin effects,
causing a vicious cycle of feed-forward activation.>’ Treat-
ment approaches that target weight loss and abdominal fat
reduction do not only benefit the cardiometabolic status
of these women but can also suppress this vicious cycle.

Weight loss is of vital importance in overweight/obese
women with PCOS and subfertility."? The suppression
of hyperinsulinemia and hyperandrogenism after weight
reduction were shown to promote an improve regularity
of menses and fertility potential.*> Significant metabolic
and reproductive benefits, as well as a complete resolution
of this syndrome were observed in a significant percentage
of obese women affected with PCOS who had undergone
bariatric surgery and experienced a substantial weight loss.®®
Interestingly, in the latest international evidence-based
practice guidelines for PCOS management, it was stated
that weight loss therapies combined with lifestyle changes
could be useful options for overweight/obese women after
lifestyle modification alone has failed.!

Objectives

To explore the possible role of glucagon-like peptide-1
receptor (GLP-1R) agonists in improving menstrual dys-
function in women with PCOS.
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Materials and methods

A literature search was performed systematically
through PubMed, Scopus, Embase, Google, and Google
Scholar until April 2022. It identified relevant preclinical
and clinical peer-reviewed studies to be included in this re-
view. Case reports and case series, as well as studies in lan-
guages other than English were not included in the study.
The following Medical Subject Headings (MeSH) terms
and relevant terms were used in the search process: PCOS,
GLP-1, GLP-1R agonists, Liraglutide (LIRA), Exenatide
(EXE), Semaglutide (SEMA), Dulaglutide (DULA), infertil-
ity/subfertility, IR, and obesity (Fig. 1).

GLP-1 and PCOS

The GLP-1 and glucose-dependent insulinotropic poly-
peptide (GIP) are the 2 main incretins described; they
make up approx. 90% of the incretin activity.!! The GLP-1
is a peptide that originates from proglucagon, which is syn-
thesized and secreted from enteroendocrine L-cells after
meals. It promotes weight loss and has an appetite sup-
pressant activity due to its direct effect on the arcuate nu-
cleus (ARC). Specifically, GLP-1 was shown to stimulate
the electrical status of the hypothalamic proopiomelano-
cortin neurons of the ARC by enhancing the production
of protein kinase A and promoting L-type calcium channel
expression.!? However, multiple regions within the central
nervous system (CNS) appear to transduce pharmacologi-
cal signals that connect GLP-1R activation with reduced
food consumption and weight loss.!* The GLP-1 also de-
lays gastric secretion and intestinal motility due to its ef-
fect on the regulation of autonomous CNS function; it can
also increase thermogenesis.!'"!® Dipeptidyl peptidase-4
(DPP-4) quickly breaks down native GLP-1, having 1-2 min
of half-life; then, it undergoes a rapid renal clearance.!"13

The hypothalamic—pituitary—gonadal axis expresses GLP-
1Rs, while GLP-1 has been suggested to regulate the hypo-
thalamic neurons in order to release gonadotropin-releasing
hormone (GnRH). The GLP-1 was also reported to have anti-
inflammatory and anti-fibrotic activity in both the ovaries
and endometrium.14 The GLP-1R knockout mice experi-
enced disturbed estrous cycles, impaired fertility and delayed
puberty compared to normal control mice.*> The altered se-
cretion and incretin activity were also shown in several small
trials on affected women. However, the results are inconsis-
tent and inconclusive, possibly because different protocols
were utilized in metabolically heterogeneous PCOS popula-
tions.!*-22 The secretion of GLP-1 was not related to insulin
levels and markers of IR per se in most of these studies.

GLP-1R agonists

The GLP-1R agonists activate GLP-1Rs and are resis-
tant to the effect of DPP-4; reduced glycated hemoglobulin
(A1C) levels and significant weight loss were observed after
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they had been administered to patients with type 2 diabetes
(T2D).2 Abdominal fat reduction, as well as improvements
in IR indices and insulin levels during fasting were also
described in T2D individuals, overweight/obese individu-
als and/or prediabetic individuals after the administration
of GLP-1R agonists.?3-2¢ Additionally, GLP-1R agonists were
shown to reduce urinary albumin excretion and mortal-
ity (cardiovascular and from any cause) in T2D patients.?”
Liraglutide and SEMA were approved for weight reduc-
tion by both the United States Food and Drug Administra-
tion (FDA) and the European Medicines Agency (EMA)
for individuals with established obesity or overweight peo-
ple with a body mass index (BMI) >27kg/m? and at least
1 weight-related condition (e.g., hypertension, prediabetes,
abnormal lipid levels, and obstructive sleep apnea) com-
bined with lifestyle modifications.?>2?® Semaglutide was re-
cently suggested to be the most effective of its class in terms
of weight loss; it can penetrate regions of CNS, which is es-
sential for the control of appetite and hunger, and is not
impeded by the blood—brain barrier.>28 These beneficial
effects of GLP-1R agonists were suggested to be particularly
helpful in women with PCOS. Hence, their possible role has
become a field of intense research in this population.?*30

Liraglutide
Preclinical evidence

When LIRA was administered in preclinical PCOS mod-
els, it promoted significant reductions in body weight, ab-
dominal fat deposition and IR markers.3-3 Liraglutide may
also suppress the overexpressed Notch signaling pathway,
which causes neuroinflammation and can promote cog-
nitive dysfunction.?* Moreover, in ovariectomized mice,
LIRA was found to modulate Kisspeptin 1 neuronal popu-
lations in the ARC, which control the secretion of GnRH
in a pulsatile fashion.>3¢ However, this effect was insuffi-
cient to exert LH maintenance during fasting conditions.3®

The possible effects of LIRA administration on repro-
ductive dysfunction were investigated in 2 studies.3!33
In the first study, female Sprague Dawley (SD) rats (4 weeks
of age) were treated with a dihydrotestosterone (DHT) pel-
let (DHT-induced PCOS group, n = 31), or they received
sham surgery without any pellet implant (control group,
n = 13).3! In the DHT arm, a subgroup of 15 rats aged
12 weeks received LIRA, while other 16 rats received saline
injections twice a day for a total of 4 weeks. Menstrual
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cyclicity did not improve. However, it is unknown whether
longer LIRA treatment could improve the menstrual sta-
tus. In the second study, which was conducted in dehy-
droepiandrosterone (DHEA)-induced PCOS mice, LIRA
was administered in 2 doses intraperitoneally for 2 weeks
(100 pg/kg and 200 pg/kg).>* Mice with PCOS that were
given the lower dose of LIRA experienced an acyclic con-
dition, followed by a normal menstrual cycle. Those that
were given the higher dose of LIRA had 1 short acyclic
period, followed by 2 normal menstrual cycles. The LIRA
therapy also promoted enhanced staining in the granulosa
cells, theca cells and the stroma of the ovaries.

Clinical studies

Significant reductions in BMI, abdominal circumference
and body weight were reported when LIRA was adminis-
tered, both as a monotherapy and together with metformin
(MET), in overweight or obese women with PCOS.37-%
Sex hormone-binding globulin (SHBG) levels were signifi-
cantly increased and free testosterone (T) levels were sig-
nificantly reduced in several of these studies.?3*4344 A pre-
print version of the SAXAPCOS study (NCT03480022),
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in which 82 women with PCOS were randomly assigned
to LIRA group (3 mg, n = 55) or placebo group (n = 27) for
32 weeks, stated that LIRA decreased the free androgen in-
dex (FAI), while it increased SHBG levels compared to pla-
cebo (p < 0.049 and p < 0.006, respectively). The frequency
of menses after LIRA therapy significantly increased,
as compared to the placebo group.?® The results concerning
menstrual dysfunction were reported in 5 published stud-
ies (Table 1).37:39:4042:44 Sjgnificant effects of LIRA were ob-
served in 2 studies.*>** In the first study, the combination
of 1.2 mg of LIRA every day with 1000 mg of MET twice
a day or MET monotherapy were administered in obese
women with PCOS and infertility.** Their effects on in vi-
tro fertilization (IVF) rates, pregnancy rates (PRs) and
cumulative PRs (spontaneous pregnancies and IVF preg-
nancies) were explored. None of the included women had
experienced weight loss in the past despite changes in their
daily habits. They were resistant to first-line reproductive
therapeutic approaches with aromatase inhibitors or clo-
miphene. Twenty-eight individuals were initially enrolled,
and 27 ultimately finished the medical protocol; their data
were analyzed for 12 weeks (14 were treated with MET only,
and 13 received the combination therapy). All participants

Table 1. Clinical studies of liraglutide in women with polycystic ovary syndrome (PCOS), in which results on menstrual dysfunction were reported

| Main results

Reference | Study population | Study design
iﬁtﬁt;eéggv&n;: BMI: 12fvx(eelf prospective openfla.bel trial. A
37.1 46 ka/ma, They The individuals were randomized to receive
Jensterle . 1.2 mg of LIRA daily (n = 11), 1000 mg of MET
Severetal? Vo' pretreated with twice daily (n = 14) or combined 1000 m
MET for 6 months and y ) 9
of MET twice daily and 1.2 mg of LIRA daily
have lost less than 5%
of BW. (=10
12-week prospective open-label study.
32 obese women Participants were randomized to receive
Jensterle recently diagnosed 1000 mg of MET twice daily (n=15) or 1.2 mg
etal® with PCOS (mean BMI: of LIRA daily (n = 17). A total of 28 participants
39.5 6.2 kg/m?). completed the study (14 women in each arm)
and their data were eventually analyzed.
41 obese drug- 12-week prospective open-label study.
Jensterle naive women with Participants were randomized to receive 1.2 mg
etal PCOS (mean BMI of LIRA daily (n = 14), 1000 mg of MET twice
38.6+6.0 kg/m?). daily (n = 13) or 500 mg of ROF daily (n = 14).
12-week prospective open-label study.
Data from 27 women were finally analyzed:
78 obese women 13 received the combination of 1000 mg
Salamun ; of MET twice daily and 1.2 mg of LIRA daily,
5 with PCOS (mean BMI: ) ;
etal 36.7 435 kg/m?) while 14 were treated with MET monotherapy.
T ' The IVF protocol was offered to all women who
completed the medical treatment protocol
after 4 weeks of washout period.
Prospective, double blind, placebo-controlled
study. Duration of 26 weeks. All women
enrolled were randomized to receive
Nylander 72 overweight or obese | either 1.8 mg of LIRA (mean BMI (SD):
etal* women with PCOS. 33.3 (5.1) kg/m?) daily or placebo (mean
BMI (SD): 33.3 (4.6) kg/m?) in a 2:1 ratio.
Finally, 65 participants (44 in the LIRA arm and
21 in the placebo) completed the trial.

Combination therapy achieved a significant reduction
of androstenedione levels (2.2 3.7 nmol/L), while LIRA
and MET monotherapy promoted a significant increase
of androstenedione (1.9 +4.2 and 0.8 +1.70 nmol/L,
respectively). Menstrual frequency was not significantly
changed.

LIRA promoted a significant increase in LH levels and no
essential change in total T levels. MET caused significant LH
reduction, as well as significant decrease in total T levels.
No significant menstrual frequency changes were found

in either group.

Menstrual frequency increased in all treatment arms and
was slightly greater in patients treated with ROF.

After 1 year of follow-up, pregnancy was achieved in 69.2%
of women in the combination arm and in 35.4% of women
in the monotherapy arm. The PR per ET was significantly
higher (85.7%) in the participants in the combination arm
compared to 28.6% in the other group (p = 0.03).

The SHBG levels increased by 19% (p = 0.03) and free

T levels decreased by 19% (p = 0.054) in the LIRA arm.
When multiple regression analysis was performed with

a change in bleeding ratio as dependent variable, LIRA had
a significant impact on increase in menstrual frequency

(p < 0.05). There was also a trend towards a lower stromal
and ovarian volume in the drug therapy arm.

LIRA - liraglutide; MET — metformin; ROF - roflumilast; BW — body weight; BMI — body mass index; T — testosterone; LH — luteinizing hormone; SHBG - sex
hormone-binding globulin; PR - pregnancy rate; ET — embryo transfer; IVF — in vitro fertilization.
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who eventually completed the medical therapy were in-
cluded in the IVF protocol. A 4-week washout period was
an important prerequisite. Eventually, cumulative PRs were
found in 69.2% of the participants in the combination group
after 12 months, as compared to 35.4% in the monotherapy
group. Significantly increased PRs per embryo transfer
(ET) were found in the women who received LIRA/MET
(85.7%), compared to those in the MET-only arm (28.6%;
p = 0.03). Since the IVF PR per ET in women who experi-
ence PCOS and receive MET is approx. 30%, the possible
effect of LIRA on the quality and receptivity of the en-
dometrium was suggested.*’ Interestingly, comparable
VAT reduction and body weight loss were demonstrated
in both arms, suggesting that pathophysiological mecha-
nisms other than the suppression of IR could underlie this
effect. This is the first trial to show that LIRA/MET given
for a short-term preconception period increased PRs per ET
and cumulative PRs in this population, compared to mono-
therapy with MET.

In the other 26-week randomized trial, LIRA was
administered to 72 women with PCOS in a daily dose
of 1.8 mg (mean age: 31.4 (24.6-35.6) years; mean BMI:
33.3 (5.1) kg/m?) compared to the placebo group (mean age:
26.2 (24.8-31.5) years; mean BMI: 33.3 (4.6) kg/m?).4* Sixty-
five women (21 in the placebo group and 44 in the LIRA
group) eventually finished the trial. The multiple regres-
sion analysis (change in the bleeding ratio was a depen-
dent variable) suggested that the bleeding ratio at baseline
(p < 0.0001) and LIRA (p < 0.05) achieved significant in-
creases in the frequency of menses. A trend for reduced
ovarian and stromal volume, which decreased by 1.6 mL
after LIRA administration, was observed. Visceral adipose
tissue was reduced by 18%, the proportion of fat in the liver
by 44%, and the prevalence of non-alcoholic fatty liver dis-
ease by 33% in the LIRA group, as compared to the placebo
group (all p < 0.01).48

Exenatide
Preclinical evidence

Significant reductions in body weight, abdominal fat
deposition, fasting insulin levels, fasting glucose levels,
and IR markers were observed when EXE was adminis-
tered in preclinical PCOS models.*~*! The upregulation
of the molecular pathway of the AMP-activated protein
kinase a-SIRT1 was also demonstrated after EXE therapy;
the downregulation of this molecular pathway was associ-
ated with higher IR during a PCOS state.*

The possible activity of EXE on reproductive dysfunc-
tion and ovarian morphology was investigated in 2 stud-
ies.%%5! In the first study, 45 female SD rats were randomly
divided into 2 arms: the DHEA arm (n = 35) and the con-
trol arm (n = 10).°° The DHEA group was then subdivided
into 3 groups: the EXE arm (n = 10), the MET arm (n = 10)
and the DHEA arm (n = 15), in which the rats were treated
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with saline for a total of 4 weeks. In the DHEA-treated arm,
the ovarian morphology revealed several histological PCOS
findings, such as increased numbers of atretic/cystic fol-
licles and reduced corpus luteum. Both the MET-treated
and EXE-treated arms had fewer cystic follicles and several
other follicles, such as antral or preantral, as well as more
layers of granular cells. In the second randomized study,
24 female SD rats were separated into the PCOS with IR arm
group (n = 18) and the control group (n = 6).5! The SD rats
in the PCOS with IR model were randomized into 3 arms:
MET (n = 6), EXE (n = 6) and PCOS with IR (n = 6) that
were treated with letrozole for 3 weeks. Interestingly, 83.3%
of the rats in the EXE arm and 67.7% of the rats in the MET
arm recovered their regular estrous cycles, while the PCOS
with IR rats experienced irregular estrous cycles.

Clinical studies

Significant improvements in BMI, body weight, abdomi-
nal circumference, and IR markers occurred when EXE was
administered either alone or together with MET in women
who experienced PCOS and were overweight or obese.
Significant improvements in glucolipid metabolism, amino
acid metabolic disorders and markers of endothelial func-
tion were also demonstrated.>>-> Notably, the combination
of EXE with dapagliflozin (DAPA) achieved the highest
reductions of weight loss and total body fat compared to ei-
ther drug alone (EXE or DAPA) or a combination of DAPA/
MET.”” In a recent study in which 150 women with pre-
diabetes and PCOS received MET, EXE or a combination
of both for 12 weeks (n = 50 in each group), remission
rates for prediabetes were 64% in the combination arm and
56% in the EXE group. Both remission rates were signifi-
cantly higher than those found in the MET arm (32%).%
Significant reductions of LH levels, compared to baseline
values, occurred in the MET and combination arms but
not in the EXE arm. Androstenedione and total T levels
were significantly reduced, while SHBG was significantly
increased compared to the initial concentrations in all
3 treatment arms.

Any possible effects of EXE on reproductive dysfunction
were investigated in 2 studies.’>%® In the first random-
ized study, 60 overweight/obese oligo-ovulatory women
who experienced PCOS (70% finished the study protocol)
received 1000 mg of MET twice daily, 10 pg of EXE twice
daily, or a combination of both for a total of 24 weeks.>?
Free testosterone levels and FAI decreased significantly
in all treatment arms. Significantly lower FAI concen-
trations were shown in women who received EXE/MET
compared to those who received MET treatment only. In-
creased adiponectin levels were also found in all treatment
groups and were strongly associated with decreased FAI
levels. More regular menses were observed in the women
randomized to the EXE/MET group compared to those
in the MET group; they regular menses also strongly as-
sociated with weight loss (p = 0.018). The ovulation rate
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was higher in the women randomized to the combination
arm (86%) compared with the EXE arm (50%) and the MET
group (29%) (p < 0.01). This is the first published study
to demonstrate that a combination of EXE and MET for
24 weeks was superior to single-agent EXE or MET in im-
proving menstrual cyclicity and ovulation rates in women
who experienced PCOS and were overweight or obese.
In the second 12-week randomized trial, 176 individu-
als who experienced PCOS and were overweight or obese
received either 1000 mg of MET twice a day (n = 88)
or 10 pg of EXE twice a day (n = 88); all participants were
treated with MET monotherapy for another 12 weeks, after
the end of the first 12 weeks of the randomized study.>®
All participants were advised to adopt the same diet and
physical exercise routines. Ultimately, 158 women (89.8%;
78 on EXE therapy and 80 on MET therapy) completed
the study protocol. The women who were treated with EXE
experienced on average a 4.29 +1.29 kg weight loss com-
pared to 2.28 +0.55 kg of weight loss in those randomized
to the MET group (p < 0.001). In addition, the women who
received EXE experienced a significantly lower android and
total fat mass percentage compared to those who received
MET (p < 0.001). Free androgen index was significantly
reduced and SHBG concentrations were significantly
increased in both treatment arms, with no significant
difference between them (all p < 0.001). The menstrual
frequency ratio (MFR) was 0.90 +0.13 in the EXE arm
compared to 0.68 +0.03 in the MET arm (p < 0.001); this
significant increase in MFR was associated with weight
reduction. The PR was 43.6% in the EXE arm compared
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to 18.7% in the MET group (p < 0.05). This is the first
trial to report that EXE therapy for a short time increased
natural PRs more than MET therapy. The clinical and
preclinical data regarding EXE administration on ovar-
ian morphology, menstrual dysfunction and/or fertility
outcomes are shown in Table 2.

Dulaglutide

The escalation of DULA given once every week in a dose
of 3 mg or 4.5 mg achieved further incremental reduc-
tions in body weight, regardless of baseline A1C or BMI,
compared to 1.5 mg once weekly in patients with T2D.5°
In a recent study, which was conducted in a DHEA-in-
duced PCOS female rat model, 3 different doses of DULA
were administered subcutaneously for 3 weeks in the treat-
ment arm.®! Fifty SD rats were randomized into either
the DHEA-induced PCOS arm (n = 40) or the control
arm (n = 10). Forty SD rats in the DHEA-induced PCOS
model were then randomly divided into 4 arms (n = 10
in every arm): PCOS arm (model) that received normal
saline; PCOS+DULA in a dose of 50 pg/kg (D-50 group);
PCOS+DULA in a dose of 150 pug/kg (D-150 group); and
PCOS+DULA in a dose of 450 pg/kg (D-450 group).

Insulin concentrations in the ovaries of the PCOS arm
were significantly higher than those in the control arm.
After DULA therapy, insulin concentrations in the ovaries
in all 3 DULA groups were lower than those in the PCOS
arm. The rats in all 3 DULA-treated arms experienced
statistically significant reductions in serum T levels

Table 2. Preclinical and clinical studies of exenatide in polycystic ovary syndrome (PCOS), in which results on ovarian morphology and/or menstrual

dysfunction were reported

Reference | Study design

| Main results

Sun et al>®

Xing et al!

Elkind-Hirsch
etal>?

Liuetal®®

45 SD rats were randomly divided into 2 arm groups: the DHEA
arm group (n = 35) and the control arm group (n = 10). The DHEA
arm group was then divided into 3 other groups: EXE group
(n=10), MET group (n = 10) and DHEA group, in which rats were
treated with saline for a total of 4 weeks.

24 SD female rats were randomly divided into PCOS with

IR group (n = 18) and the control group (n = 6). The SD rats

in the PCOS with IR model were randomly divided into 3 arm
groups: MET (n = 6), EXE (n = 6), and PCOS with IR (n = 6) that
were treated with letrozole for a total of 3 weeks.

60 overweight/obese oligo-ovulatory women with PCOS were
randomized to receive 1000 mg of MET twice daily, 10 pug of EXE
twice daily, or the combination of both medications for a total
of 24 weeks.

176 overweight/obese women with PCOS were randomized

to receive either 1000 mg of MET twice daily (n =88) or 10 ug
of EXE twice daily (n = 88) for the first 12 weeks; all participants
were treated with MET monotherapy during the next 12 weeks.

Both the MET-treated and EXE-treated arms showed decreased
numbers of cystic follicles and various other follicles (such as antral
and preantral follicles). Increased numbers of granular cell layers were
found.

83.3% of the rats in the EXE arm group and 67.7% in the MET arm
group recovered their regular estrous cycle, while PCOS with IR SD
rats experienced irregular estrous cycles.

Higher menses frequency and ovulation rates were shown in all
groups after treatment. The improvement of bleeding frequency
was strongly associated with weight loss. However, more regular
menses were demonstrated in the combination arm compared

to the MET arm. Moreover, the ovulation rate in the combination arm
was significantly higher (86%) compared to the EXE group (50%) and
the MET group (29%).

FAl' was significantly reduced (p < 0.001) and SHBG levels significantly
increased (p < 0.001) in both treatment arms, with no significant
difference between them. The MFR was 0.90 £0.13 in the EXE arm
compared to 0.68 +0.03 in the MET arm (p < 0.001); the significant
increase of MFR was associated with weight reduction. The PR was
43.6% in the EXE arm compared to 18.7% in the MET group (p < 0.05).

EXE - exenatide; MET — metformin; DHEA — dehydroepiandrosterone; SHBG — sex hormone-binding globulin; FAI - free androgen index; PR — pregnancy
rate; IR — insulin resistance; SD — Sprague Dawley; MFR — menstrual frequency ratio.
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and statistically higher serum SHBG levels compared
to those in the PCOS arm. There were fewer cystic fol-
licles in the D-150 and D-450 arms, while the total popu-
lation of the corpus luteum was significantly higher than
in the PCOS arm. Moreover, the population of preantral
follicles in all 3 DULA arms was significantly suppressed
compared to the PCOS arm. Steroid hormone production-
related genes, namely 35-HSD, CYP19a1 and StAR, were sig-
nificantly downregulated in the ovaries of the rats random-
ized to the 3 treatment groups; StAR- and CYP19«1-induced
protein synthesis was significantly decreased in the ovaries
after DULA therapy compared to the control arm.

Semaglutide

When administered to overweight/obese individuals,
SEMA achieved remarkable reductions in body weight and
significant improvements in cardiovascular and metabolic
health risk factors.®> Semaglutide decreased tongue fat tis-
sue and fat proportion (a possible early marker of body fat
deposition) compared to placebo, when given in a weekly
dose of 1 mg during 16 weeks, in 25 obese women with
PCOS.% The Treating PCOS With Semaglutide vs Active
Lifestyle Intervention (TEAL) trial is active and is recruiting
individuals with PCOS and obesity.®* Participants in this
study will be randomized to receive either oral SEMA (3 mg
or 7 mg once daily) for 4 months or dietary modification.

Limitations

The limitations of this review are the factors that limit
the quality and generability of the results of current lit-
erature, namely the short period of research, the small
number of women investigated, the absence of a control
arm (in some studies), and the lack of large, well-organized,
double-blind, placebo-controlled studies over longer pe-
riods of time.

Conclusions

Preclinical studies on the administration of GLP-1R ago-
nists in PCOS have shown promising results, both meta-
bolic and reproductive. The majority of clinical studies
concerning monotherapy with LIRA or EXE and their
administration together with MET have demonstrated
statistically significant improvements in BMI, abdominal
circumference, total weight, markers of IR, and beneficial
effects on glucolipid metabolism. Significant improve-
ments in physical, psychological and social health were
also reported.®® Interindividual variations of body weight
reduction could be the result of several genetic polymor-
phisms that contribute to GLP-1R genotype variability.*®
Most of their important effects were also illustrated
in several recent meta-analyses; monotherapy with GLP-
1R agonists or their combination with MET were superior

1271

to MET monotherapy in terms of reduction of waist cir-
cumference, body weight and BML.*-73 In order to enhance
the cardiometabolic and hormonal defects associated with
this syndrome, the potential combination of GLP-1R ago-
nists/sodium-glucose co-transporter 2 (SGLT2) inhibitors
is also being studied.>”7*

Decreased free T levels and FAI have been shown both af-
ter LIRA and EXE administration. Significantly increased
SHBG concentrations were also reported in numerous
studies of LIRA and EXE administration.3841:4452,58,59
However, the short period of research, the small num-
ber of women investigated and the absence of a control
arm (in some studies) were major limitations. Whether
the effect of GLP-1R agonists on increased androgen levels
is the consequence of weight loss and the suppression of IR
rather than an activity directly related to ovarian func-
tion per se, has not been clearly addressed. Furthermore,
the rate of rebound weight gain following the cessation
of this drug class is another issue that needs to be consid-
ered in future studies.

Both EXE and LIRA achieved significant increases
in menstrual frequency and ovulation rates (Table 1 and
Table 2). The improvement in bleeding frequency was
significantly associated with weight loss in some studies.
Notably, more regular menses were demonstrated after
their combination with MET compared to MET mono-
therapy.>°2 It should be stated that both EXE and LIRA
failed to reduce LH levels.?>* On the contrary, MET pro-
moted significant reductions of LH levels and meaningful
reductions of total T concentrations, highlighting its key
role in the regulation of LH secretion and the steroido-
genesis coming from the ovaries.” In addition, important
reductions of androstenedione concentrations were found
after LIRA/MET combination therapy compared to mono-
therapy with LIRA, indicating the significance of their
combination in this setting.3%3” Metformin could also
exhibit synergistic effects with GLP-1R agonists through
the stimulation of GLP-1R expression/biosynthesis.”®
In this way, combining GLP-1R agonists with MET can
be more effective compared to monotherapy of each drug
class, in order to achieve significant hormonal and meta-
bolic effects in women with PCOS, after lifestyle changes
fail with or without MET.3°

The GLP-1R agonists are classified as pregnancy class
C medications and are contraindicated during preg-
nancy.!%*30 However, the higher rate of natural PRs af-
ter EXE therapy and IVF PR per ET/cumulative PRs after
LIRA/MET combination suggests their promising role
in the treatment of subfertility when they are administered
during the preconception period.*>>8 Safety problems were
unremarkable after the administration of EXE or LIRA
in this setting; thus, their clinical use seems to have
an acceptable profile. Close monitoring and a reasonable
washout period are essential prerequisites. Interestingly,
in the SEMA approval package inserts, it is stated that
SEMA should be discontinued for at least 2 months before
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a planned pregnancy due to its long half-life.>° The clinical
relevance of GLP-1R agonists on the hypothalamic—pitu-
itary—gonadal axis, as well as on the quality and receptivity
of the endometrium, merit future investigation.143%77

The recent dual GIP/GLP-1 receptor agonist tirzepatide
promoted greater body weight loss compared to SEMA
(at a dose of 1 mg) in patients with T2D. In addition, both
dual GLP-1/glucagon receptor agonists and triple GLP-1/
GIP/glucagon receptor agonists are under intense investiga-
tion; their possible effects on women with PCOS who are
overweight or obese should be explored in future studies.”s-8°

The major adverse effects of GLP-1R agonists were nau-
sea and vomiting, mainly during the up-titration phase;
these effects were short-term and not associated with any
significant termination of therapy.2>3%6667 In such cases,
nausea and vomiting can be minimized by introducing
certain treatment approaches, such as: prolonging the es-
calation period and titrating the LIRA dose in increments
of 0.3 mg (5 click steps) rather than in increments of 0.6 mg
(10 click steps), and/or dividing the dose twice a day.?>30:81
Consistent with other interventions that cause substan-
tial weight loss, cholelithiasis has also been reported and
must be taken into consideration during the therapy and
follow-up periods.?>3° Another issue with GLP-1R ago-
nist therapy is the high cost. The early cessation of the ad-
ministration of GLP-1R agonists in individuals unlikely
to experience any beneficial metabolic effects can help
medical specialists reduce any probable adverse effects
in the future, enhance the risk/benefit ratio and decrease
the entire financial cost.®?

Longer, larger, well-organized, multicenter, double-blind,
placebo-controlled studies with thorough design and pro-
longed post-interventional follow-up are recommended
in order to investigate the safety and activity of this drug
class in women with PCOS who are overweight or obese.
Convincing data with sufficient power to detect the risk/
benefit profile of their use remain to be obtained. Hor-
monal, metabolic and fertility outcomes must be thor-
oughly explored. This will provide clinicians with valu-
able information helpful in clarifying their future role and
adapting targeted therapeutic approaches in order to be
successful in obtaining beneficial long-term outcomes.

ORCID iDs

Georgios S. Papaetis
Angelos Kyriacou

https://orcid.org/0000-0002-8143-7145
https://orcid.org/0000-0003-2282-0192

References

1. Escobar-Morreale HF. Polycystic ovary syndrome: Definition, aetiolo-
gy, diagnosis and treatment. Nat Rev Endocrinol. 2018;14(5):270-284.
doi:10.1038/nrendo.2018.24

2. TanboT, Mellembakken J, Bjercke S, Ring E, Abyholm T, Fedorcsak P.
Ovulation induction in polycystic ovary syndrome. Acta Obstet Gynecol
Scand. 2018;97(10):1162-1167. doi:10.1111/a0gs.13395

3. Diamanti-Kandarakis E. Insulin resistance in PCOS. Endocrine. 2006;
30(1):13-17. doi:10.1385/ENDQ:30:1:13

4. Dunaif A, Segal KR, Futterweit W, Dobrjansky A. Profound peripheral
insulin resistance, independent of obesity, in polycystic ovary syn-
drome. Diabetes. 1989;38(9):1165-1174. d0i:10.2337/diab.38.9.1165

20.

21.

22.

23.

24,

25.

G.S. Papaetis, A. Kyriacou. GLP-1R agonists and reproductive dysfunction

Lim SS, Davies MJ, Norman RJ, Moran LJ. Overweight, obesity and cen-
tral obesity in women with polycystic ovary syndrome: A systematic
review and meta-analysis. Hum Reprod Update. 2012;18(6):618-637.
doi:10.1093/humupd/dms030

Papaetis GS, Papakyriakou P, Panagiotou TN. Central obesity, type 2
diabetes and insulin: Exploring a pathway full of thorns. Arch Med Sci.
2015;11(3):463-482. doi:10.5114/aoms.2015.52350

Lovejoy JC, Bray GA, Bourgeois MO, et al. Exogenous androgens
influence body composition and regional body fat distribution in
obese postmenopausal women: A clinical research center study.
J Clin Endocrinol Metab. 1996;81(6):2198-2203. doi:10.1210/jcem.81.
6.8964851

Escobar-Morreale HF, Botella-Carretero JI, Alvarez-Blasco F, Sancho J,
San Millan JL. The polycystic ovary syndrome associated with morbid
obesity may resolve after weight loss induced by bariatric surgery.
JClin Endocrinol Metab. 2005;90(12):6364-6369. doi:10.1210/jc.2005-1490
Kyriacou A, Hunter AL, Tolofari S, Syed AA. Gastric bypass surgery in
women with or without polycystic ovary syndrome: A comparative
observational cohort analysis. Eur J Intern Med. 2014;25(2):e23-e24.
doi:10.1016/j.€jim.2013.09.012

. Teede HJ, Misso ML, Costello MF, et al. Recommendations from

the international evidence-based guideline for the assessment and
management of polycystic ovary syndrome. Hum Reprod. 2018;33(9):
1602-1618. d0i:10.1093/humrep/dey256

. Papaetis GS. Incretin-based therapies in prediabetes: Current evi-

dence and future perspectives. World J Diabetes. 2014;5(6):817-834.
doi:10.4239/wjd.v5.i6.817

. Grill HJ. A role for GLP-1 in treating hyperphagia and obesity.

Endocrinology. 2020;161(8):bqaa093. doi:10.1210/endocr/bgaa093

. Drucker DJ. GLP-1 physiology informs the pharmacotherapy of obesity.

Mol Metab. 2022;57:101351. d0i:10.1016/j.molmet.2021.101351

. Jensterle M, Janez A, Fliers E, DeVries JH, Vrtacnik-Bokal E, Siegelaar SE.

The role of glucagon-like peptide-1in reproduction: From physiology
to therapeutic perspective. Hum Reprod Update. 2019;25(4):504-517.
doi:10.1093/humupd/dmz019

. MacLusky NJ, CookSS, ScrocchilL, et al. Neuroendocrine function and

response to stress in mice with complete disruption of glucagon-like
peptide-1 receptor signaling. Endocrinology. 2000;141(2):752-762.
doi:10.1210/endo.141.2.7326

. Vrbikova J, Hill M, Bendlova B, et al. Incretin levels in polycystic ovary

syndrome. EurJ Endocrinol. 2008;159(2):121-127.doi:10.1530/EJE-08-0097
Aydin K, Arusoglu G, Koksal G, Cinar N, Yazgan Aksoy D, Yildiz BO. Fast-
ing and post-prandial glucagon like peptide 1 and oral contraception
in polycystic ovary syndrome. Clin Endocrinol. 2014;81(4):588-592.
doi:10.1111/cen.12468

. LinT,LiS, XuH, et al. Gastrointestinal hormone secretion in women

with polycystic ovary syndrome: An observational study. Hum Reprod.
2015;30(11):2639-2644. doi:10.1093/humrep/dev231

. Gama R, Norris F, Wright J, et al. The entero-insular axis in polycystic

ovarian syndrome. Ann Clin Biochem. 1996;33(3):190-195. doi:10.1177
/000456329603300303

Pontikis C, Yavropoulou MP, Toulis KA, et al. The incretin effect and
secretion in obese and lean women with polycystic ovary syndrome:
A pilot study. J Womens Health (Larchmt). 2011;20(6):971-976. doi:10.
1089/jwh.2010.2272

Svendsen PF, Nilas L, Madsbad S, Holst JJ. Incretin hormone secre-
tion in women with polycystic ovary syndrome: Roles of obesity,
insulin sensitivity, and treatment with metformin. Metabolism. 2009;
58(5):586-593. doi:10.1016/j.metabol.2008.11.009

Cassar S, Teede HJ, Harrison CL, Joham AE, Moran LJ, Stepto NK. Bio-
markers and insulin sensitivity in women with polycystic ovary syn-
drome: Characteristics and predictive capacity. Clin Endocrinol (Oxf).
2015;83(1):50-58. d0i:10.1111/cen.12619

Meier JJ. GLP-1 receptor agonists for individualized treatment of type 2
diabetes mellitus. Nat Rev Endocrinol. 2012;8(12):728-742. doi:10.1038
/nrendo.2012.140

Davies MJ, Bergenstal R, Bode B, et al. Efficacy of liraglutide for weight
loss among patients with type 2 diabetes: The SCALE diabetes ran-
domized clinical trial. JAMA. 2015;314(7):687-699. doi:10.1001/jama.
2015.9676

Papaetis GS. Liraglutide therapy in a prediabetic state: Rethinking
the evidence. Curr Diabetes Rev. 2020;16(7):699-715. d0i:10.2174/1573
399816666191230113446



Adv Clin Exp Med. 2022;31(11):1265-1274

26

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

. Lundkvist P, Pereira MJ, Katsogiannos P, Sjostrom CD, Johnsson E,
Eriksson JW. Dapagliflozin once daily plus exenatide once week-
ly in obese adults without diabetes: Sustained reductions in body
weight, glycaemia and blood pressure over 1 year. Diabetes Obes Metab.
2017;19(9):1276-1288. doi:10.1111/dom.12954

Kristensen SL, Rerth R, Jhund PS, et al. Cardiovascular, mortality,
and kidney outcomes with GLP-1 receptor agonists in patients with
type 2 diabetes: A systematic review and meta-analysis of cardiovas-
cular outcome trials. Lancet Diabetes Endocrinol. 2019;7(10):776-785.
doi:10.1016/52213-8587(19)30249-9

Shi Q, Wang Y, Hao Q, et al. Pharmacotherapy for adults with over-
weight and obesity: A systematic review and network meta-analysis
of randomised controlled trials. Lancet. 2022;399(10321):P259-P269.
doi:10.1016/50140-6736(21)01640-8

Legro RS. Obesity and PCOS: Implications for diagnosis and treatment.
Semin Reprod Med. 2012;30(6):496-506. doi:10.1055/s-0032-1328878
Papaetis GS, Filippou PK, Constantinidou KG, Stylianou CS. Liraglu-
tide: New perspectives for the treatment of polycystic ovary syn-
drome. Clin Drug Investig. 2020;40(8):695-713. d0i:10.1007/s40261-
020-00942-2

Hoang V, BiJ, Mohankumar SM, Vyas AK. Liraglutide improves hyper-
tension and metabolic perturbation in a rat model of polycystic ovar-
ian syndrome. PLoS One. 2015;10(5):e0126119. doi:10.1371/journal.
pone.0126119

Torres Fernandez ED, Huffman AM, Syed M, Romero DG, Yanes
Cardozo LL. Effect of GLP-1 receptor agonists in the cardiometabolic
complications in a rat model of postmenopausal PCOS. Endocrinology.
2019;160(12):2787-2799. d0i:10.1210/en.2019-00450

Singh A, Fernandes JRD, Chhabra G, Krishna A, Banerjee A. Liraglu-
tide modulates adipokine expression during adipogenesis, amelio-
rating obesity, and polycystic ovary syndrome in mice. Endocrine.
2019;64(2):349-366. doi:10.1007/512020-019-01891-3

Saad MA, Eltarzy MA, Abdel Salam RM, Ahmed MAE. Liraglutide mends
cognitive impairment by averting Notch signaling pathway overex-
pression in a rat model of polycystic ovary syndrome. Life Sci. 2021;
265:118731. doi:10.1016/j.1fs.2020.118731

Heppner KM, Baquero AF, Bennett CM, et al. GLP-1R signaling direct-
ly activates arcuate nucleus kisspeptin action in brain slices but
does not rescue luteinizing hormone inhibition in ovariectomized
mice during negative energy balance. eNeuro. 2017;4(1):ENEURO.
0198-16.2016. doi:10.1523/ENEUR0O.0198-16.2016

Szeliga A, Rudnicka E, Maciejewska-Jeske M, et al. Neuroendocrine deter-
minants of polycystic ovary syndrome. IntJ Environ Res Public Health.
2022;19(5):3089. d0i:10.3390/ijerph19053089

Jensterle Sever M, Kocjan T, Pfeifer M, Kravos NA, Janez A. Short-term
combined treatment with liraglutide and metformin leads to signif-
icant weight loss in obese women with polycystic ovary syndrome
and previous poor response to metformin. Eur J Endocrinol. 2014;
170(3):451-459. doi:10.1530/EJE-13-0797

Jensterle M, Goricar K, Janez A. Metformin as an initial adjunct to low-
dose liraglutide enhances the weight-decreasing potential of liraglu-
tide in obese polycystic ovary syndrome: Randomized control study.
Exp Ther Med. 2016;11(4):1194-1200. d0i:10.3892/etm.2016.3081
Jensterle M, Kravos NA, Pfeifer M, Kocjan T, Janez A. A 12-week treat-
ment with the long-acting glucagon-like peptide 1 receptor agonist
liraglutide leads to significant weight loss in a subset of obese women
with newly diagnosed polycystic ovary syndrome. Hormones (Athens).
2015;14(1):81-90. doi:10.1007/BF03401383

Jensterle M, Salamun V, Kocjan T, Vrtacnik Bokal E, Janez A. Short
term monotherapy with GLP-1 receptor agonist liraglutide or PDE 4
inhibitor roflumilast is superior to metformin in weight loss in obese
PCOS women: A pilot randomized study. J Ovarian Res. 2015;8:32.
doi:10.1186/513048-015-0161-3

Jensterle M, Kravos NA, Gori¢ar K, Janez A. Short-term effectiveness
of low dose liraglutide in combination with metformin versus high
dose liraglutide alone in treatment of obese PCOS: Randomized trial.
BMC Endocr Disord. 2017;17(1):5. doi:10.1186/512902-017-0155-9
SalamunV, Jensterle M, Janez A, Vrtacnik Bokal E. Liraglutide increas-
es IVF pregnancy rates in obese PCOS women with poor response
to first-line reproductive treatments: A pilot randomized study.
Eur J Endocrinol. 2018;179(1):1-11. doi:10.1530/EJE-18-0175

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

1273

Kahal H, Aburima A, UngvariT, et al. The effects of treatment with lira-
glutide on atherothrombotic risk in obese young women with poly-
cystic ovary syndrome and controls. BMC Endocr Disord. 2015;15:14.
doi:10.1186/512902-015-0005-6

Nylander M, Frgssing S, Clausen HV, Kistorp C, Faber J, Skouby SO.
Effects of liraglutide on ovarian dysfunction in polycystic ovary syn-
drome: A randomized clinical trial. Reprod Biomed Online. 2017;35(1):
121-127. doi:10.1016/j.rbmo.2017.03.023

Rasmussen CB, Lindenberg S. The effect of liraglutide on weight
loss in women with polycystic ovary syndrome: An observational
study. Front Endocrinol (Lausanne). 2014;5:140. doi:10.3389/fendo.
2014.00140

Elkind-Hirsch K, Chappell N, Shaler D, Storment J, Bellanger D. A ran-
domized, double-blind, placebo-controlled study of liraglutide 3 mg
[LIRA 3mg] on weight, body composition, hormonal and metabolic
parameters in women with obesity and polycystic ovary syndrome
(PCOS) [published online ahead of print August 24, 2021]. 2021.
doi:10.21203/rs.3.rs-799341/v1

Tso LO, Costello MF, Albuquerque LET, Andriolo RB, Macedo CR.
Metformin treatment before and during IVF/ICSI in women with poly-
cystic ovarian syndrome. Cochrane Database Syst Rev. 2006;12(12):
CD006105. doi:10.1002/14651858.CD006105.pub4

Frassing S, Nylander M, Chabanova E, et al. Effect of liraglutide on
ectopic fatin polycystic ovary syndrome: A randomized clinical trial.
Diabetes Obes Metab. 2018;20(1):215-218. doi:10.1111/dom.13053
Tao X, CaiL, ChenL, Ge S, Deng X. Effects of metformin and Exenatide
on insulin resistance and AMPKa-SIRT1 molecular pathway in PCOS
rats. J Ovarian Res. 2019;12(1):86. doi:10.1186/s13048-019-0555-8
Sun L, Ji C, Jin L, et al. Effects of Exenatide on metabolic changes,
sexual hormones, inflammatory cytokines, adipokines, and weight
changein a DHEA-treated rat model. Reprod Sci. 2016;23(9):1242-1249.
doi:10.1177/1933719116635278

Xing C, Lv B, Zhao H, Wang D, Li X, He B. Metformin and exenatide
upregulate hepatocyte nuclear factor-4a, sex hormone binding glob-
ulin levels and improve hepatic triglyceride deposition in polycystic
ovary syndrome with insulin resistance rats. J Steroid Biochem Mol Biol.
2021;214:105992. d0i:10.1016/j.jsbmb.2021.105992

Elkind-Hirsch K, Marrioneaux O, Bhushan M, Vernor D, Bhushan R.
Comparison of single and combined treatment with exenatide and
metformin on menstrual cyclicity in overweight women with poly-
cystic ovary syndrome. J Clin Endocrinol Metab. 2008;93(7):2670-2678.
doi:10.1210/jc.2008-0115

Dawson AJ, Sathyapalan T, Vince R, et al. The effect of Exenatide on car-
diovascular risk markers in women with polycystic ovary syndrome.
Front Endocrinol (Lausanne). 2019;10:189. doi:10.3389/fendo.2019.00189
Zheng$, LiuE, ZhangY, et al. Circulating zinc-a2-glycoprotein is reduced
in women with polycystic ovary syndrome, but can be increased
by exenatide or metformin treatment. Endocr J. 2019;66(6):555-562.
doi:10.1507/endocrj.EJ18-0153

Ma RL, Deng Y, Wang YF, Zhu SY, Ding XS, Sun AJ. Short-term com-
bined treatment with exenatide and metformin for overweight/
obese women with polycystic ovary syndrome. Chin Med J (Engl).
2021;134(23):2882-2889. d0i:10.1097/CM9.0000000000001712

Tang L, Yuan L, Yang G, et al. Changes in whole metabolites after
exenatide treatment in overweight/obese polycystic ovary syndrome
patients. Clin Endocrinol (Oxf). 2019;91(4):508-516. doi:10.1111/cen.14056
Elkind-Hirsch KE, Chappell N, Seidemann E, Storment J, Bellanger D.
Exenatide, Dapagliflozin, or Phentermine/Topiramate differentially
affect metabolic profiles in polycystic ovary syndrome. J Clin Endocrinol
Metab. 2021;106(10):3019-3033. d0i:10.1210/clinem/dgab408

Liu X, Zhang Y, Zheng SY, et al. Efficacy of exenatide on weight loss,
metabolic parameters and pregnancy in overweight/obese polycys-
tic ovary syndrome. Clin Endocrinol (Oxf). 2017;87(6):767-774. doi:10.
1111/cen.13454

TaoT,Zhang Y, Zhu YC, et al. Exenatide, metformin, or both for predi-
abetes in PCOS: A randomized, open-label, parallel-group controlled
study. J Clin Endocrinol Metab. 2021;106(3):e1420-e1432. d0i:10.1210/
clinem/dgaa692

Bonora E, Frias JP, Tinahones FJ, et al. Effect of dulaglutide 3.0 and
4.5 mg on weight in patients with type 2 diabetes: Exploratory anal-
yses of AWARD-11. Diabetes Obes Metabol. 2021;23(10):2242-2250.
doi:10.1111/dom.14465



1274

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Wu LM, Wang YX, Zhan Y, et al. Dulaglutide, a long-acting GLP-1 recep-
tor agonist, can improve hyperandrogenemia and ovarian function
in DHEA-induced PCOS rats. Peptides. 2021;145:170624. doi:10.1016
/j.peptides.2021.170624

Wilding JPH, Batterham RL, Calanna S, et al. Once-weekly semaglu-
tide in adults with overweight or obesity. N Engl JMed. 2021;384(11):
989-1002. doi:10.1056/NEJM0a2032183

Jensterle M, Ferjan S, Vovk A, Battelino T, Rizzo M, Janez A. Sema-
glutide reduces fat accumulation in the tongue: A randomized sin-
gle-blind, pilot study. Diabetes Res Clin Pract. 2021;178:108935. doi:10.
1016/j.diabres.2021.108935

ClinicalTrials. Treating PCOS With Semaglutide vs Active Lifestyle
Intervention (TEAL). https://www.clinicaltrials.gov/ct2/show/NCTO03
919929?term=semaglutide&cond=pcos&draw=2&rank=1. Accessed
May 27, 2021.

Kahal H, Kilpatrick E, Rigby A, Coady A, Atkin S. The effects of treat-
ment with liraglutide on quality of life and depression in young
obese women with PCOS and controls. Gynecol Endocrinol. 2019;35(2):
142-145. doi:10.1080/09513590.2018.1505848

Jensterle M, Pir$ B, Goricar K, Dolzan V, Janez A. Genetic variabil-
ity in GLP-1 receptor is associated with inter-individual differenc-
es in weight lowering potential of liraglutide in obese women with
PCOS: A pilot study. Eur J Clin Pharmacol. 2015;71(7):817-824. doi:10.
1007/500228-015-1868-1

HanY, Li Y, He B. GLP-1 receptor agonists versus metformin in PCOS:
A systematic review and meta-analysis. Reprod Biomed Online. 2019;
39(2):332-342. d0i:10.1016/j.rbmo.2019.04.017

Wang FF, Wu Y, Zhu YH, et al. Pharmacologic therapy to induce
weight loss in women who have obesity/overweight with polycys-
tic ovary syndrome: A systematic review and network meta-analysis:
Pharmacologic therapy for weight management in PCOS. Obes Rev.
2018;19(10):1424-1445. doi:10.1111/0br.12720

Abdalla MA, Shah N, Deshmukh H, et al. Impact of pharmacological
interventions on insulin resistance in women with polycystic ovary
syndrome: A systematic review and meta-analysis of randomized
controlled trials. Clin Endocrinol (Oxf). 2022;96(3):371-394. doi:10.1111/
cen.14623

MaR, Ding X, Wang Y, Deng Y, Sun A. The therapeutic effects of glu-
cagon-like peptide-1 receptor agonists and metformin on polycystic
ovary syndrome: A protocol for systematic review and meta-analy-
sis. Medicine (Baltimore). 2021;100(23):e26295. doi:10.1097/MD.00000
00000026295

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

G.S. Papaetis, A. Kyriacou. GLP-1R agonists and reproductive dysfunction

Lyu X, Lyu T, Wang X, et al. The antiobesity effect of GLP-1 recep-
tor agonists alone or in combination with metformin in over-
weight/obese women with polycystic ovary syndrome: A system-
atic review and meta-analysis. Int J Endocrinol. 2021;2021:6616693.
doi:10.1155/2021/6616693

Tian D, Chen W, Xu Q, Li X, Lv Q. Liraglutide monotherapy and add
on therapy on obese women with polycystic ovarian syndromes:
A systematic review and meta-analysis. Minerva Med. 2021. doi:10.
23736/50026-4806.21.07085-3

Ge JJ, Wang DJ, Song W, Shen SM, Ge WH. The effectiveness and
safety of liraglutide in treating overweight/obese patients with poly-
cystic ovary syndrome: A meta-analysis. J Endocrinol Invest. 2022;
45(2):261-273. d0i:10.1007/s40618-021-01666-6

Papaetis GS. Empagliflozin therapy and insulin resistance-associated
disorders: Effects and promises beyond a diabetic state. Arch Med
Sci Atheroscler Dis. 2021;6:e57-e78. doi:10.5114/amsad.2021.105314
Kurzthaler D, Hadziomerovic-Pekic D, Wildt L, Seeber BE. Metformin
induces a prompt decrease in LH-stimulated testosterone response
in women with PCOS independent of its insulin-sensitizing effects.
Reprod Biol Endocrinol. 2014;12:98. doi:10.1186/1477-7827-12-98
Maida A, Lamont BJ, Cao X, Drucker DJ. Metformin regulates the incre-
tin receptor axis via a pathway dependent on peroxisome prolifera-
tor-activated receptor-a in mice. Diabetologia. 2011;54(2):339-349.
doi:10.1007/s00125-010-1937-z

Moffett RC, Naughton V. Emerging role of GIP and related gut hor-
mones in fertility and PCOS. Peptides. 2020;125:170233. doi:10.1016/j.
peptides.2019.170233

Frias JP, Davies MJ, Rosenstock J, et al. Tirzepatide versus semaglu-
tide once weekly in patients with type 2 diabetes. N EnglJMed. 2021;
385(6):503-515. doi:10.1056/NEJM0a2107519

Spezani R, Mandarim-de-Lacerda CA. The current significance and
prospects for the use of dual receptor agonism GLP-1/glucagon. Life Sci.
2022;288:120188. d0i:10.1016/j.1fs.2021.120188

Bednarz K, Kowalczyk K, Cwynar M, et al. The role of Glp-1 recep-
tor agonists in insulin resistance with concomitant obesity treat-
ment in polycystic ovary syndrome. Int J Mol Sci. 2022;23(8):4334.
doi:10.3390/ijms23084334

Reid TS. Practical use of glucagon-like peptide-1 receptor agonist ther-
apy in primary care. Clinical Diabetes. 2013;31(4):148-157. d0i:10.2337
/diaclin.31.4.148

Fujioka K, O'Neil PM, Davies M, et al. Early weight loss with Lira-
glutide 3.0 mg predicts 1-year weight loss and is associated with
improvements in clinical markers. Obesity (Silver Spring). 2016;24(11):
2278-2288. doi:10.1002/0by.21629


https://www.clinicaltrials.gov/ct2/show/NCT03919929?term=semaglutide&cond=pcos&draw=2&rank=1
https://www.clinicaltrials.gov/ct2/show/NCT03919929?term=semaglutide&cond=pcos&draw=2&rank=1

