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Abstract

Background: Irregular menses and chronic anovulation are key components of Polyen-
docrine Metabolic Ovarian Syndrome (PMOS), but available treatments generally only
mask the clinical problem, which presents itself again when the drugs are stopped. Be-
cause reduction of body weight in these patients is often associated with improvement of
menstrual cycles, we evaluated the effects of treatment with semaglutide, a GLP-1 agonist
that has emerged as an effective treatment for obesity. Methods: A total of 96 women
with PMOS and body mass index (BMI) > 25 kg/ m? completed a six-month treatment
protocol with semaglutide using an individualized dose-escalation regimen. Body weight,
fasting glucose, insulin levels, insulin resistance (HOMA-IR), and ovulatory function were
assessed before and after treatment. Results: After six months of treatment, mean body
weight decreased significantly (—11.3 & 5%, p < 0.01). Before treatment, 83% of PMOS
patients presented with oligomenorrhea and anovulatory cycles. Following treatment,
ovulatory cycles were observed in 52.5% of previously anovulatory women. The results
were particularly good in overweight patients, with almost 95% of these PMOS patients
achieving menstrual cycle normalization and ovulation, but also in patients with mild
obesity. Results were less favorable in PMOS patients with moderate or severe obesity, but
25% of these patients achieved menstrual ovulatory cycle normalization when treated with
semaglutide. Conclusions: This study represents an important therapeutic advancement,
suggesting that women with PMOS and excessive body weight should be considered for
treatment with GLP-1 receptor agonists before proceeding to therapies specifically aimed
at inducing normal cycles and ovulation.

Keywords: PMOS; PCOS; obese PMOS; chronic anovulation in PMOS; irregular menses;
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1. Introduction

Irregular menses and chronic anovulation are key components of Polyendocrine
Metabolic Ovarian Syndrome (PMOS) [1-4] a common endocrine disorder [5] previously
called Polycystic Ovary Syndrome (PCOS) [6]. Generally, PMOS patients with irregular
menses are treated with estro-progestins, while the problem of chronic anovulation is
addressed only when the fertility becomes an issue for the woman [4]. However, estro-
progestins only mask the clinical problem, which presents itself again when the drugs
are stopped.
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Because excessive body weight and insulin resistance are found in most women with
PMOS who with present irregular menses and chronic anovulation [2-5,7-10], lifestyle
modification programs and/or metformin have been used to improve menstrual cyclicity
and restore ovulatory cycles. In obese PMOS patients, lifestyle interventions have been
shown to improve menstrual regularity and spontaneous fertility [4]. However, long-
term adherence is often poor, and the resulting weight loss is frequently insufficient to
restore ovulatory function [4,11-14]. Similarly, pharmacological therapies that improve
insulin resistance, such as metformin, have shown only modest effects on body weight and
irregular menses in women with PMOS [4,13,14].

More recently, glucagon-like peptide-1 (GLP-1) receptor agonists have emerged as
effective treatments for obesity due to their ability to reduce appetite, delay gastric empty-
ing, and improve glucose homeostasis [15,16]. Semaglutide, a long-acting GLP-1 receptor
agonist, has shown substantial efficacy in promoting weight loss and improving glycemic
control in obese patients with type 2 diabetes [16,17] and was initially marketed only
for this population. However, this product is now marketed for the treatment of obesity
independently of type 2 diabetes [17-20].

A few years ago, we published an initial study on the use of low doses of semaglu-
tide in the treatment of obesity in women with PMOS who were unresponsive to a
lifestyle program [21]. However, very few data on the effects of semaglutide on irreg-
ular menses and chronic anovulation in women with PMOS are available, particularly in
large patient cohorts.

The aim of the present study was to evaluate the effects of semaglutide treatment
on irregular menses and ovulatory function in a large group of women with PMOS and
excessive body weight who were previously unresponsive to lifestyle intervention.

2. Materials and Methods

A total of 105 patients with PMOS and excess body weight (body mass index
[BMI] > 25 kg/m?) were selected for possible six-month treatment with semaglutide. All
patients had failed to respond to lifestyle modification programs. Because data on the safety
of GLP-1 receptor agonists during pregnancy are lacking, contraception was recommended
for all patients.

The diagnosis of PMOS was based on the Rotterdam criteria, fulfilling two out of
three of the following criteria: menstrual irregularity suggestive of chronic anovulation,
clinical or biochemical hyperandrogenism, and/or polycystic ovaries on ultrasound, after
the exclusion of other medical disorders [1,22].

Semaglutide was administered using an individualized treatment protocol. Therapy
started at 0.5 mg once a week by subcutaneous injection for one month, then was increased
to 1 mg once weekly for the following two months. If body weight decreased by more than
5% from baseline during the first three months, treatment was continued at the same dose
for another three months. If body weight decreased by less than 5% from baseline, the
semaglutide dose was increased to 1.7 mg once weekly for the final three months.

Because cases of acute pancreatitis have been reported in patients treated with semaglu-
tide [23], although this association has not been confirmed in large studies [17,24], pancre-
atic amylase levels were measured in all patients before treatment and every two months
thereafter. In four patients, pancreatic amylase levels increased after two months of ther-
apy, leading to treatment discontinuation. Amylase levels were then monitored monthly
and returned to normal within two to three months. Semaglutide was not restarted in
these cases.

Five additional patients withdrew from treatment with semaglutide because of severe
gastrointestinal adverse effects, including vomiting and/or diarrhea.
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Ninety-six PMOS patients completed the six-month semaglutide treatment protocol,
and their data are reported in this study. This cohort was composed of three equal groups:
overweight (1 = 32, body mass index—BMI—25-29.9), mildly obese (n = 32, BMI 30-34.9),
and moderately or severely obese (1 = 32, BMI > 35).

Menstrual cycle characteristics were assessed before and after six months of semaglu-
tide treatment. Ovulation was assessed by measurement of serum estradiol and pro-
gesterone on days 21-22 of the menstrual cycle. Anovulation was defined as serum
progesterone <3 ng/mL (<9.54 nmol/L). In patients with elevated serum estradiol levels
but low serum progesterone levels, an additional progesterone measurement was per-
formed one week later. In non-menstruating women, blood samples were obtained after
withdrawal bleeding induced by progestogen administration. In patients with normal
menstruation, serum progesterone was measured on days 21-22 of the cycle. In patients
with normal menses, at least two consecutive menstrual cycles were studied, and a finding
of low levels of serum progesterone (<3 ng/mL) in both cycles indicated the presence of
chronic anovulation.

Fasting blood glucose and insulin levels were measured before and after six months of
semaglutide treatment.

Serum insulin and progesterone were evaluated by previously reported methods [25].
Insulin sensitivity was calculated by the quantitative HOMA-IR method [26].

In all assays, intra-assay and inter-assay coefficients of variation did not exceed 6%
and 15%, respectively.

No patient had received any medication for at least 3 months before the study, and all
patients gave informed consent for this evaluation.

The research protocol obtained institutional approval from the Ethics Committee of
the University of Palermo and FB Medical Center (2023-2024).

Statistical analyses were performed using Statview 5.0 (SAS Institute, Cary, NC, USA).
Because several values were not normally distributed, a log transformation was necessary to
obtain a normal distribution. Analysis of variance (ANOVA) followed by Tukey tests were
performed to assess differences in changes in body weight and biochemical parameters
between the different BMI subgroups of PMOS patients. A p < 0.05 was considered
statistically significant. All results are reported as mean =+ standard deviation (SD).

3. Results

Ninety-six PMOS patients (mean age 28.8 + 7.1, mean BMI 32.3 + 5.1, mean body
weight 87.1 + 15.1 kg) completed treatment with semaglutide once a week for six months.

After three months of therapy with a low dose of semaglutide (0.5 mg once a week for
one month followed by 1 mg once weekly for two months), 66 patients showed a reduction
in body weight of greater than 5% and continued treatment with 1 mg once a week for
an additional three months. The remaining 30 patients experienced a reduction in body
weight of less than 5% and were treated with semaglutide at 1.7 mg once a week from
month four to month six.

After six months of semaglutide treatment, mean body weight decreased signifi-
cantly (p < 0.01) to 77 £ 15.6 kg (—10 + 4 kg: —11.3 + 5%) and mean BMI decreased to
28.6 + 5.5 (p < 0.01).

Most patients (n = 66, 68%) achieved a 10-25% reduction in body weight. However,
30 PMOS women (32%) lost less than 10% of their initial body weight. Of these, 12 were
classified as partial responders (>5% but <10% weight loss), while 18 patients (19%) were
non-responders to semaglutide treatment (<5% weight loss) (Table 1).
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Table 1. Effect of semaglutide on body weight in 96 PMOS patients with excessive body weight.

Treatment Mean Weight Loss Mean Weight Responders Partial Responders Non-Responders
(kg) Loss (%) (>10%) 1 (%) (5-10%) 1 (%) (<5%) 1 (%)
Semaglutlde 10 4 4.7 ** 11.4 + 5.7 ** 65 (68%) 12 (12%) 19 (20%)

(six months)

Data are presented as mean & SD or number (%). ** p < 0.01 versus baseline body weight.

The greatest treatment effects were observed in overweight PMOS patients (n = 32;
mean BMI, 26.6 & 1; mean body weight, 71.5 & 7 kg). Body weight normalized in 30 patients
(92.5%), whereas 2 patients remained in the overweight range (Table 2). Among responders,
mean weight loss was 11 + 3 kg, corresponding to 15 & 3% of initial body weight.

Table 2. Effect of semaglutide on body weight in 96 PMOS patients divided according to their initial

body weight.
(10% Weight Loss)  in Responders . in Responders “odyWeight  Resolution of Obesity
n (%) kg % (BMI <25 n%
Ovir:v;ght 30 (92.5) 1143 15+3 30(92.5)
Mi11c11 :k;gsity 20 (62.5) 125+3 14+£3 2 (6.5%) 20(62.5)
Moderate or severe obesity 16 (50) 1544 1346 0 4(12.5)

n=232

Overweight: 25-29.9 kg/m?; Mild obesity: 30-34.9 kg/m?; Moderate/severe obesity: >35 kg/m?.

Good results were also observed in PMOS patients with mild obesity (n = 32, mean
BMI 32.5 + 1.6, mean body weight 87.9 & 7.8 kg). Twenty patients (62.5%) showed a good
response to treatment (>—10% of body weight loss, mean weight loss 12.5 + 3 kg, and
mean percentage weight loss 14 + 3). In 18 patients (55%), body weight decreased to the
overweight range, while in 2 patients (6.5%), body weight normalized (Table 2).

In PMOS patients with moderate or severe obesity (mean BMI 38 £ 2.6 and mean
body weight 102 £ 11 kg), treatment effects were more varied. A total of 16 patients (50%)
achieved a reduction in body weight greater than 10% (mean weight loss 15 & 2 kg, and
mean percentage weight loss 13 =+ 6) (Table 2). However, no patient achieved normal
body weight. BMI decreased to the overweight range in 4 PMOS patients (12.5%), while
18 patients (56%) moved to the mild obesity range (Table 2).

Before treatment, mean fasting blood glucose levels were in the normal range
(92 £ 10 mg/100 mL), but 22 PMOS patients (23%) had increased fasting glucose (IFG,
fasting blood glucose >100 <126 mg/dL). Mean serum insulin levels were slightly elevated
(20 £ 12 uU/mL), and most patients (n = 70, 73%) had insulin resistance with a mean
HOMA-IR value of 4.6 & 3.

After treatment, fasting glucose, insulin, and HOMA-IR decreased significantly
(p <0.01). Sixteen of the twenty-two PMOS patients with previous IFG (73%) showed
normalization of fasting glucose levels. Interestingly, normalization of fasting glucose
also occurred in six patients who did not experience a decrease in body weight with
semaglutide treatment.

Effect of semaglutide on ovulation and menstrual cyclicity.

Before treatment with semaglutide, 80 PMOS patients (83%) presented with oligomen-
orrhea and anovulatory cycles, whereas 16 PMOS patients had normal ovulatory cycles.
After six months of treatment, 42 of the 80 anovulatory PMOS patients (52.5%) achieved a
normalized menstrual cycle and developed ovulatory cycles.
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Among overweight PMOS patients, 24 presented with oligomenorrhea and anovu-
latory cycles, while 8 had eumenorrhea and ovulatory cycles before treatment. After
six months of semaglutide therapy, 22 of the 24 anovulatory PMOS patients achieved
normalized menstrual cycles and developed ovulatory cycles (Table 3).

Table 3. Effect of semaglutide on ovulation in 96 PMOS patients divided according to baseline BMI.

Ovulatory Patients Before Treatment = Ovulatory Patients After Treatment

n% n %
Overweight
e 8 (25) 30 (95)
Mild obesity
n32 2(6) 20 (62.5)
Moderate/severe obesity 0(0) 8 (25)

n 32

BMI categories: Overweight: 25-29.9 kg/m?; Mild obesity: 30-34.9 kg/m?; Moderate/severe obesity: >35 kg/m?.
Ovulation was assessed by serum progesterone >3 ng/mL in the mid-luteal phase.

Among PMOS patients with mild obesity, 30 presented oligomenorrhea with anovu-
latory cycles, while 2 had eumenorrhea and ovulatory cycles. After treatment with
semaglutide, 18 of the 30 anovulatory PMOS patients had eumenorrhea and ovulatory
cycles (Table 3).

All 32 PMOS patients with moderate or severe obesity presented with oligomenorrhea
and anovulatory cycles before treatment. After six months of therapy, eight of these PMOS
patients developed eumenorrhea and ovulatory cycles (Table 3).

4. Discussion

Glucagon-like peptide-1 (GLP-1) receptor agonists are incretin analogs that are used
to treat type 2 diabetes mellitus and obesity. These substances have several mechanisms of
action, including reduction of gastric emptying, inhibition of glucagon secretion, beneficial
changes in the intestinal microbiome, and direct effects on hypothalamic nuclei to enhance
satiety (which promotes weight loss) [17,27]. Many other effects on the cardiovascular and
nervous systems are emerging and will probably increase the use of these substances [27].

This study showed that semaglutide, a GLP-1 agonist, may represent an effective
treatment for women with PMOS and excessive body weight who were unresponsive to
lifestyle interventions. This therapy not only induced a significant reduction (>10%) in body
weight but was also associated with normalization of menstrual cycles and restoration of
ovulatory and potentially fertile ovarian cycles in 55% of previously anovulatory patients.

These results are particularly relevant for PMOS patients because they confirm that
significant weight loss is often sufficient not only to reduce long-term metabolic and
cardiovascular risks but also to normalize menstrual cycles and induce spontaneous fertility
without the need for specific pharmacological treatments to induce ovulation [8]. This
represents an important therapeutic advancement, suggesting that women with PMOS and
excessive body weight should be considered for treatment with GLP-1 receptor agonists
before proceeding to therapies specifically aimed at inducing ovulation.

Interestingly, these results were obtained using an individualized treatment protocol
in which the dose of semaglutide was increased according to the degree of weight loss
observed after an initial period of treatment with a low dose of semaglutide (0.5 mg once
weekly for one month and 1.0 mg once weekly for two months). In patients who achieved
a reduction in body weight of at least 5% within three months, the same dose (1.0 mg
once weekly) of semaglutide was maintained for an additional three months, whereas for
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patients with a smaller weight reduction, the dose was increased to 1.7 mg once weekly
from month four to month six of therapy.

The effects of treatment were particularly pronounced in patients with modest body
weight excess (overweight), in whom approximately 90% achieved normalization of body
weight and restoration of menstrual and ovulatory cycles. In PMOS patients with mild obe-
sity, the results were also favorable, with approximately 60% of patients achieving a weight
reduction greater than 10% and moving out of the obesity range, and 55% developing
normal ovulatory cycles.

In contrast, the results were less favorable in patients with more severe obesity. Ap-
proximately 50% of these patients did not respond adequately to the treatment in terms of
weight reduction. Nevertheless, approximately 25% of patients with moderate or severe
obesity developed normal ovulatory cycles. This observation suggests that even moderate
reductions in body weight, although insufficient to normalize BMI, may still improve
ovarian function and allow the restoration of ovulatory cycles in some patients with PMOS.

The available data do not allow us to determine whether the observed reproductive
effects of GLP-1 receptor agonists are mediated solely by weight reduction. Additional
mechanisms, such as potential effects on insulin resistance and related metabolic pathways,
may also contribute. Controlled studies are needed to distinguish between weight loss-
dependent effects and potential direct effects on reproductive function.

One of the main advantages of our individualized treatment protocol was the relatively
low prevalence of gastrointestinal side effects. Most patients did not report adverse effects,
and among those who did, symptoms were generally mild and tended to decrease over
time. Only a small proportion of patients (5%) discontinued the treatment because of severe
gastrointestinal side effects.

Pancreatic amylase levels were also monitored during the treatment. In a small number
of patients, treatment was discontinued because of an increase in pancreatic amylase levels
to abnormally high values. Although recent large studies suggest that the risk of acute
pancreatitis associated with GLP-1 receptor agonists is low [16,23], we chose a cautious
approach and discontinued therapy in these cases.

In conclusion, in overweight and mildly obese PMOS patients, our findings suggest
that semaglutide-associated weight loss is accompanied by improvement in menstrual
cyclicity and ovulatory function. When administered using an individualized protocol in
which the dose is increased according to the degree of weight loss, semaglutide frequently
leads to normalization of body weight or at least to a reduction in BMI below the obesity
threshold. These changes are associated with a marked reduction in metabolic risk and
with restoration of ovulatory cycles in many previously anovulatory patients.

In PMOS patients with moderate or severe obesity, the effects of the treatment on
body weight are generally not sufficient. However, in these women with PMOS, semaglu-
tide treatment may provide clinically meaningful benefits, particularly the restoration of
ovulatory cycles in a subset of patients.
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