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ABSTRACT:

This narrative review explores the potential therapeutic role of Glucagon-Like Peptide-1 Receptor Agonists
(GLP-1 RAs) in the management of Polycystic Ovary Syndrome (PCOS). PCOS is a multifaceted challenge
affecting women, often associated with genetic susceptibility, obesity, and insulin resistance. The review seeks to
provide a nuanced understanding of the interconnected health concerns of obesity and infertility in women with
PCOS and critically analyse current data on the use of GLP-1 RAs as a potential treatment strategy in
comparison to standard management of PCOS. It focuses on evaluating their impact on weight loss and
associated metabolic parameters, drawing upon evidence from preclinical and clinical studies. While promising
results have been observed, including potential benefits on endocrine and reproductive parameters, concerns
regarding long-term safety, including serious adverse events, warrant further investigation. This review aims to
summarise the current understanding of GLP-1 RAs in PCOS and highlight areas requiring additional research to
fully establish their place in comprehensive PCOS management

Aim of the Study:

The review seeks to provide a nuanced understanding of the interconnected health concerns of obesity and
infertility in women with Polycystic Ovary Syndrome (PCOS) and critically analyse current data on the use of
Glucagon-Like Peptide-1 Receptor Agonists (GLP-1 RAs) as a potential treatment strategy in comparison to
standard management of PCOS, such as Metformin, Inositol or Bariatric Surgery treatment.
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Introduction:

Polycystic Ovary Syndrome (PCOS) stands as the most prevalent endocrine disorder affecting women of
reproductive age, with prevalence estimates ranging from approximately 6% to 20% globally, and affecting up to
18% in some populations. (1,2) It is recognised as one of the most widely recognised endocrine problems in this
demographic. PCOS is a heterogeneous and complex condition characterised by a combination of features
including chronic anovulation or oligo-anovulation, clinical or biochemical hyperandrogenism, and/or polycystic
ovaries(3,4). Hyperandrogenism can manifest as hirsutism, acne, or male-pattern hair loss[5]. The disorder
presents a multifaceted challenge as it extends beyond reproductive aspects to encompass metabolic and
psychological dimensions.

A significant proportion of women with PCOS are either overweight or obese, ranging from 38% to 88% (1,2)
and many also experience insulin resistance, estimated to affect 50% to 90%(6). These metabolic issues
contribute to an increased risk of conditions such as type 2 diabetes mellitus (T2DM), hypertension, and
hyperlipidemia. Reproductive disorders are also common in patients with PCOS, including infertility,
miscarriages, premature birth, and gestational diabetes(6). The diverse manifestations of PCOS significantly
impact health and quality of life, highlighting the importance of timely diagnosis and appropriate treatment.

Current management strategies for PCOS are often based on symptomatic treatment (7), focusing on addressing
the patient's main concerns, such as ovarian dysfunction, hyperandrogenism, and metabolic alterations. Weight
loss is widely considered a crucial first-line intervention, as even modest reductions can potentially improve
various hormonal, cardiometabolic, and reproductive parameters. However, achieving and sustaining significant
weight loss through lifestyle interventions alone can be challenging, often necessitating pharmacological support.
Metformin, a drug that sensitizes cells to insulin, is frequently used, although its effectiveness can vary.

Metformin is widely used for treating hyperglycemia, hyperinsulinism, and even hyperandrogenism by
improving glucose uptake and insulin sensitivity(1). It is recommended in PCOS guidelines for managing
anthropometric and metabolic outcomes in women with a BMI of 25 kg/m² or higher and should be used as a
first-line treatment(8). However, Metformin is associated with unsatisfactory benefits in terms of weight loss for
some patients(4,9).

GLP-1 RAs have emerged as potential therapeutic options for PCOS due to their favorable effects on metabolism
and weight loss(10). They mimic the effect of the GLP-1 hormone, which is responsible for stimulating insulin
secretion in a glucose-dependent manner, inhibiting glucagon secretion, and slowing gastric emptying, leading to
delayed glucose absorption[2]. GLP-1 RAs also promote satiety by affecting pathways in the brain, thus
decreasing food-seeking behavior and increasing muscle metabolism(2). Liraglutide and semaglutide, specific
GLP-1 RAs, are approved by the FDA for obesity treatment(11,12,13)

This narrative review explores the potential therapeutic role of GLP-1 Receptor Agonists in the management of
PCOS. It focuses on evaluating their impact on weight loss and associated metabolic parameters, drawing upon
evidence from preclinical and clinical studies. While promising results have been observed, including potential
benefits on endocrine and reproductive parameters, concerns regarding long-term safety, including serious
adverse events, warrant further investigation. This review aims to summarise the current understanding of GLP-1
RAs in PCOS and highlight areas requiring additional research to establish their place in comprehensive PCOS
management.

Materials and Methods:

PubMed and Google Scholar databases were searched using appropriate keywords to identify relevant studies
published from January 1, 2021, to May 7, 2025. Titles and abstracts were initially screened for relevance,
followed by a thorough review of selected full-text articles. Studies were included based on their clinical
significance and methodological rigor. No restrictions were applied regarding study design (e.g., prospective,
retrospective, case series, or review articles).

Results:
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Recent investigations have illuminated a multitude of potential mechanisms through which GLP-1 RAs may
exert influence on the management of PCOS. Within this comprehensive review, we have employed a structured
approach, categorizing the extant literature into distinct thematic sections to facilitate a systematic analysis of the
diverse facets under investigation.

Weight Loss:

Studies investigating GLP-1 RAs in overweight or obese women with PCOS consistently report effects on body
weight and related measures, frequently comparing these effects to those of Metformin monotherapy.
Anthropometric outcomes commonly evaluated include body weight[2], Body Mass Index (BMI)(2), Waist
Circumference (WC)(2), Abdominal Girth (AG)(10), and Waist-to-Hip Ratio (WHR)(10).

Studies indicate that GLP-1 RAs are effective for weight loss in women with PCOS. Liraglutide, a GLP-1 RA, at
a dose of 1.8 mg/day for 26 weeks, resulted in a significant body weight loss of over 5% in overweight women
with PCOS, also leading to substantial reductions in liver fat (44%) and visceral adipose tissue (18%)(7). Even a
smaller dose of liraglutide (1.2 mg/day) for 12 weeks was associated with significant weight reduction and
improved eating behaviour in women with PCOS. Another study found that liraglutide or roflumilast resulted in
significantly greater BMI reductions compared to metformin in women with obesity and PCOS. Semaglutide,
another GLP-1 RA, has shown a stronger weight-loss effect than liraglutide in mouse models. GLP-1 RAs like
liraglutide and semaglutide regulate appetite and food desirability by acting on the hypothalamus, where GLP-1
receptors are expressed, contributing to their weight loss effects. Semaglutide at 2.4 mg once weekly has
demonstrated efficacy for weight loss in adults with overweight or obesity in clinical trials (18). Tirzepatide,
another related medication, has also shown significant weight loss effects. The weight loss achieved with
medications like semaglutide and tirzepatide can be on par with that typically seen after bariatric surgery
procedures like the gastric sleeve or Roux-Y procedure, which usually results in around 60–70% of excess
weight loss. However, weight regain can occur after the withdrawal of semaglutide(19). Data from an
observational study focusing on obese women with PCOS treated with metformin provides specific insights into
weight regain after semaglutide withdrawal in this particular population. In this study, women with PCOS and
obesity received a short-term intervention (16 weeks) with semaglutide (up to 1 mg weekly) as an adjunct to
metformin therapy (2000 mg/day) and lifestyle intervention. Following the 16-week semaglutide phase, the
medication was discontinued, but treatment with metformin (2000 mg/day) and promotion of lifestyle
intervention were continued for a two-year follow-up period(21). During the semaglutide treatment phase, these
women achieved significant body weight loss. Over the two years after discontinuing semaglutide, they regained
about one-third of their prior weight loss(21). The authors noted that this regain of approximately one-third
contrasts with the two-thirds regained by participants in the STEP 1 extension study over one year after stopping
semaglutide. Despite this regain, there was still a statistically significant net weight loss from baseline to the end
of the two-year follow-up period in this PCOS/metformin group. At the conclusion of the study, 21 out of 25
subjects (84%) had lower body weight compared to their baseline weight(21). The study also highlighted highly
heterogeneous individual responses to weight trajectory after stopping semaglutide; some individuals continued
to lose weight, some remained stable, and some regained weight but stayed below their starting weight.

Researchers in this study hypothesised that metformin might partially prevent weight regain after semaglutide-
induced weight loss, particularly in insulin-resistant populations like women with PCOS. They noted that some
studies suggest metformin could help stabilise progressive body weight regain in women with PCOS and
proposed that their observational study provided initial insights into a potential strategy for partially overcoming
adaptive mechanisms leading to weight regain. Further exploration is needed to confirm the role of metformin in
attenuating weight regain after semaglutide discontinuation(21).

Semaglutide works, in part, by delaying gastric emptying, which contributes to feelings of fullness and reduced
food intake. Upon stopping the medication, this effect may diminish, potentially contributing to weight
regain(21,22).

Another scenario where semaglutide withdrawal occurs is when planning for pregnancy. For women attempting
to conceive, it is recommended to stop semaglutide two months before trying to conceive. Similarly, tirzepatide
requires a two-month stopping period, while liraglutide requires two weeks. While these sources specify the



5

duration for stopping, they do not provide details on the pattern or extent of weight regain specifically in the
context of discontinuing for conception(22).

In summary, while weight regain is a known effect after stopping semaglutide, the degree of regain can vary. In
obese women with PCOS who continued metformin and lifestyle interventions, regain was observed but a
significant portion of the initial weight loss was maintained over two years, contrasting with potentially greater
regain seen in other studies. Continued use of the medication is typically required to maintain the weight loss
achieved with GLP-1 RAs. The long-term safety implications of weight fluctuations after discontinuing these
medications also warrant consideration.

Metformin, while not explicitly FDA-approved as a primary weight loss medication, has been widely used for
weight management in specific populations, including women with PCOS. Metformin is recommended in PCOS
guidelines for managing anthropometric and metabolic outcomes in women with a BMI of 25 kg/m2 or
higher(21).

When comparing GLP-1 RA monotherapy to Metformin monotherapy in women with PCOS, the results
regarding weight loss outcomes have varied across studies. One study found that both Exenatide (10 μg BID)
and Metformin (1000 mg BID) led to significant decreases in body weight, BMI, and abdominal girth over 12
weeks, but there was no significant difference between the two groups for these anthropometric outcomes (6). In
contrast, another study comparing Exenatide (10 μg BID) to Metformin (1000 mg BID) over 12 weeks in
overweight or obese women with PCOS (BMI ≥ 24) found that Exenatide resulted in greater weight loss (-4.29 ±
1.29 kg) compared to Metformin (-2.28 ± 0.55 kg) (25). This latter study also observed decreases in android fat
mass % and total fat mass % with Exenatide, which were not noted with Metformin.

Combining GLP-1 RAs with Metformin has also been investigated for its effects on weight loss in women with
PCOS. A meta-analysis focusing on overweight and obese women with PCOS found significant reductions in
BMI with Exenatide plus Metformin combination therapy compared to Metformin monotherapy (7). A study
comparing Metformin alone, Exenatide alone, and a combination of Metformin plus Exenatide in overweight,
insulin-resistant, oligoovulatory women with PCOS over 24 weeks reported different degrees of body weight
loss: -1.6 ± 0.2 kg with Metformin, -3.2 ± 0.1 kg with Exenatide, and a more substantial loss of -6.0 ± 0.5 kg
with the combination therapy (28). Based on these findings, this study concluded that the combination therapy
was superior in terms of body weight reduction compared to either medication alone (15). However, other
studies comparing Liraglutide plus Metformin to Metformin alone over 12 weeks in women with PCOS found
significant decreases in body weight, BMI, and waist circumference within both groups, but reported no
significant difference between the combination and Metformin alone groups for these anthropometric changes
(25). Similarly, another 12-week study comparing Metformin alone to Metformin plus Liraglutide in women
with PCOS undergoing IVF also observed weight loss in both groups, with no significant difference in weight
change between the groups (6).

Regarding other weight loss interventions, lifestyle changes including a balanced and monitored diet and
physical activity are considered crucial.(1,7,22) A ketogenic or low-carbohydrate diet has been reported to
improve weight in women with PCOS. Bariatric surgery is recognised as an effective long-term solution for
sustained weight loss, especially for individuals with higher BMIs.(22)

As for surgical management, the most common procedure is gastric sleeve which typically results in about 60–
70% of excess weight loss, which can be comparable to the weight loss achieved with semaglutide and
tirzepatide(22). It is associated with successful treatment of morbid obesity and leads to significant weight
loss(28). Following bariatric surgery, studies have highlighted benefits in women with PCOS, including
metabolic improvements such as significant weight loss and enhanced glucose homeostasis, as well as hormonal
improvements, notably significant reductions in total testosterone levels(6).

There is evidence suggesting improved fertility in women who lose weight after bariatric surgery compared with
women with severe obesity(6). A recent multicentre randomised trial, the BAMBINI trial, assessed the
effectiveness of bariatric surgery compared to medical treatments in promoting spontaneous ovulation in obese
women with PCOS and either oligomenorrhea or amenorrhea. The study enrolled 80 women and demonstrated
superior ovulation rates in the bariatric surgery group, suggesting a potential improvement in spontaneous
fertility(10).

Hormonal changes occur after bariatric surgery, including an increase in levels of anorexigenic hormones like
GLP-1 and PYY, and a reduction in ghrelin, an orexigenic hormone(6). These changes are potentially beneficial
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in the context of PCOS due to their positive effects on appetite regulation, metabolism, and the hormonal
imbalances associated with the condition. However, it remains to be determined whether the benefits on fertility
following bariatric surgery are solely mediated by weight loss or also by these hormonal changes, such as the
increase in GLP-1 levels. Furthermore, it is unclear whether the improved fertility outcomes are solely due to
significant weight loss, which can now be accomplished via non-surgical means with GLP-1 RAs, or through
possible direct effects on the female reproductive tract itself.

According to the American Society for Metabolic and Bariatric Surgery, bariatric surgery should be considered
for individuals with a BMI > 35, regardless of comorbidities, or > 30 with any obesity-related conditions. It
might be considered a "last resort option" for patients who have already unsuccessfully attempted other forms of
treatment.(27)

However, bariatric surgery is a major surgical intervention that carries potential risks and complications affecting
various bodily systems. (27)These can include nutritional deficiencies, hepatobiliary complications,
gastrointestinal issues, neurological complications, and gynaecological complications. Close monitoring and
regular follow-up appointments are necessary to manage these risks(32).

For women planning conception, most recommendations advise waiting 1–2 years after bariatric surgery before
attempting pregnancy. This waiting period is intended to allow for maximum preconception weight loss and to
identify and treat any concomitant nutritional deficiencies. This recommended wait time may not be an option
for women of advanced age or women with diminished ovarian reserve who wish to conceive in a shorter
period(22).

Compared to GLP-1 RAs, bariatric surgery offers high efficacy for weight loss but carries a greater risk of
complications(32). While GLP-1 RAs are also effective for weight loss and improving metabolic parameters in
women with PCOS, one study suggested endoscopic sleeve gastroplasty might be cost-saving compared to
semaglutide over 5 years for class II obesity, but data on other surgeries is lacking(25). Furthermore, GLP-1 RAs
are now being used as a safe and effective treatment for weight regain or insufficient weight loss in patients who
have previously undergone metabolic bariatric surgery(32).

Other pharmacological options include Qsymia (phentermine/topiramate), which demonstrated significant
weight loss in studies (e.g., 10.9% average weight loss compared to 1.6% with placebo over 56 weeks)(22).
Phentermine alone has shown efficacy for short-term weight loss, with patients losing around 5% of their starting
weight. Orlistat, a lipase inhibitor, has been shown to reduce weight in women with PCOS(22). A meta-analysis
found that liraglutide promotes higher weight loss rates than the combination of orlistat plus metformin in
women with overweight/obesity and PCOS(12).

Naltrexone/Bupropion is another medication for chronic weight management that has shown effectiveness in
trials. In contrast to these agents, a meta-analysis comparing Myo-inositol to Metformin found no significant
difference between the two regarding changes in BMI, weight, or waist circumference (30). Dulaglutide
combined with a calorie-restricted diet resulted in a 7% weight loss in a significantly shorter time compared to
the diet alone, although there was no notable difference in visceral adipose tissue reduction between the groups

Metabolic impact

Metabolic dysfunction is a core feature of PCOS, often driven by insulin resistance and abdominal obesity,
significantly increasing the risk of conditions like type 2 diabetes mellitus and cardiovascular diseases
(CVD)(1,23). Therefore, reporting the impact of GLP-1 RAs on these metabolic parameters is crucial.

Glucose Metabolism

Among women with PCOS, a prevalent metabolic feature is insulin resistance, often accompanied by
hyperinsulinaemia (2). This metabolic dysfunction affects glucose metabolism, which fundamentally involves
the processes of glucose breakdown for energy, synthesis, and storage, largely regulated by insulin (2).
Treatments for PCOS, including Metformin and GLP-1 RAs, target these metabolic pathways. GLP-1 RAs
activate GLP-1 receptors throughout the body, leading to a variety of effects including enhanced insulin
sensitivity. GLP-1, along with Glucose-dependent Insulinotropic Polypeptide, are incretin hormones that
stimulate insulin release in a glucose-dependent manner (2). They have also been shown to stimulate insulin
gene expression and increase cyclic AMP levels in beta cells. Exenatide, a GLP-1 RA, is noted for its resistance
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to degradation by the DPP-4 enzyme. Metformin, in contrast, primarily reduces hepatic glucose production and
improves peripheral insulin sensitivity (25).

Studies comparing these interventions in women with PCOS have assessed various metabolic outcomes,
including Fasting Plasma Glucose (FPG), Fasting Insulin (FINS), 2-hour Postprandial Blood Glucose (2hPBG),
2-hour Insulin (2hINS), and Homeostatic Model Assessment for Insulin Resistance (HOMA-IR)(2,14). A study
by Xing et al. comparing Liraglutide plus Metformin to Metformin alone over 12 weeks in women with PCOS
found that both groups showed significant decreases in FPG and HOMA-IR, but there was no significant
difference between the combination group and the Metformin group in the extent of these decreases(2)..
Similarly, a 2019 study by Zheng et al. comparing Exenatide and Metformin for 12 weeks in women with PCOS
also reported significant decreases in Body weight, BMI, abdominal girth, and HOMA-IR in both groups, with
no significant difference between the groups for these decreases.(6)This specific finding from the 2019 Zheng
study regarding HOMA-IR appears to contrast with the results of another study, which indicated a greater
decrease in HOMA-IR and insulin levels with Exenatide than with Metformin[(6). Despite these variations in
findings regarding comparative efficacy for insulin resistance markers, a study by Tao et al. specifically in
women with PCOS and prediabetes found that the remission rate of prediabetes was significantly higher in the
Exenatide group and the combination (Exenatide plus Metformin) group compared to the Metformin group
alone(15).

Beyond standard insulin resistance metrics, studies have also evaluated broader metabolic impacts. The 2019
Zheng et al. study reported no effect on lipid profiles with either Exenatide or Metformin treatment over the 12-
week period. A meta-analysis (Al-Qudah et al. 2025) of Exenatide plus Metformin versus Metformin alone in
women with PCOS included evaluation of metabolic outcomes such as OGTT results, BMI changes, and detailed
lipid panel components, alongside insulin resistance(6). While noting the potential for superior efficacy, this
meta-analysis also highlighted that patient adherence might be lower with combination therapy compared to
monotherapy. This reduced adherence may limit the actual clinical benefits, partly due to gastrointestinal
disturbances such as nausea, vomiting, abdominal pain, constipation, and diarrhoea, which are identified as
common adverse effects of GLP-1 RAs and tend to have a higher prevalence with combination therapy.
Therefore, while both Metformin and GLP-1 RAs demonstrate beneficial effects on glucose metabolism in
women with PCOS, their comparative effectiveness on specific insulin resistance markers can vary across
studies, and potential side effects of GLP-1 RAs may influence their overall clinical impact(15).

Lipid Metabolism

The impact of GLP-1 RAs on lipid profiles should also be reported, focusing on Total Cholesterol (TC),
triglycerides (TG), High-Density Lipoprotein cholesterol (HDL-C), and Low-Density Lipoprotein cholesterol
(LDL-C)(2).

While some studies suggest beneficial effects, the results on lipid metabolism in women with PCOS treated with
GLP-1 RAs are not always consistent. One study comparing CPA/EE + Metformin and GLP-1 RA + Metformin
found that the GLP-1 RA + Metformin group was more effective in reducing TC[2]. A meta-analysis comparing
GLP-1 RAs versus placebo showed a significant reduction in serum triglycerides, but no significant difference in
total cholesterol levels[11]. Another study noted that fasting total cholesterol, HDL, LDL cholesterol, and
triglycerides did not change significantly in the studies reviewed. Exenatide has been assessed for its effects on
blood lipids, including TC, TG, FFA, LDL-C, and HDL-C(3).

Beyond standard lipid panels, the impact on liver fat (steatosis) is increasingly relevant given its strong
association with metabolic syndrome and insulin dysfunction[20]. Although hepatocytes may not express GIPR
and GLP-1R directly, incretins like GLP-1 have indirect effects on hepatic lipid and glucose metabolism(20).
Animal studies suggest GLP-1 RAs might have effects on nonalcoholic fatty liver disease and endoplasmic
reticulum stress[19], and new techniques for assessing liver fat non-invasively are emerging. While not explicitly
stated for PCOS patients in these sources, studies on semaglutide therapy in other populations have assessed CT-
based body composition change(20), which could include fat distribution.

Energy Metabolism and Body Composition

GLP-1 RAs are known for their effects on appetite and satiety(2) leading to reduced food intake and subsequent
weight loss(2,25) This impact on energy balance is a key driver of the anthropometric changes observed.
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Animal studies provide insight into the mechanisms. GLP-1 RAs can influence food intake(12,19).
Investigations into the metabolic effects in mouse models of PCOS revealed a predominant action in suppressing
food intake(4). While short-term metabolic analyses showed limited effects on energy expenditure, thermogenic
function, or locomotor activity, changes in respiratory quotient indicated greater fat oxidation after treatment
with certain multi-agonists[(4) These findings suggest that reduced caloric intake and potentially increased fat
utilisation contribute to weight loss. The effects on food intake and body weight with GLP-1-based therapies in
humans are generally not due to food aversion or malaise[(4). Some animal studies also assessed body
composition, specifically fat and lean mass, using nuclear magnetic resonance technology[4]. Semaglutide
showed a stronger weight-loss effect than liraglutide in PCOS model mice, despite similar reductions in food
intake, suggesting other mechanisms may be involved(13)..

In summary, the metabolism section should synthesize findings across glucose and lipid profiles, highlighting
improvements where observed and noting any conflicting results or areas requiring further research. Integrating
insights from body composition analysis and studies on energy metabolism can provide a more complete picture
of how GLP-1 RAs influence the metabolic state in women with PCOS.

Fertility

Metabolism and reproduction are fundamental and interdependent aspects of mammalian physiology(22).
Adequate metabolic homeostasis is important for reproductive health(22). Both energy deficiency and
hypercaloric conditions, such as obesity, are associated with decreased fertility(22). Approximately 30% of
women in the United States have a pre-pregnancy body mass index classified as obese[22]. Obesity is well
established as increasing the risk of numerous complications once pregnancy is achieved, including
abnormalities of fetal growth, stillbirth, thromboembolism, and delivery complications(26,27). Obesity is also
linked with infertility and poorer outcomes in assisted reproductive technology, even in the absence of polycystic
ovary syndrome (PCOS)(26). The pathophysiology by which obesity may lead to subfertility can involve
mechanisms such as elevated circulating estrogen levels due to aromatase activity in excess adipose tissue,
interference with the hypothalamic-pituitary-ovarian axis, and a chronic inflammatory state that might affect
folliculogenesis, oocyte quality, embryo development, and the uterine micro-environment for implantation and
placentation(22).

The general fertility rate in the United States decreased by 3% from 2022, reaching a historic low(7). This
decline could potentially lead to an increase in the prescribing of GLP-1s, as clinical trials have indicated an
improvement in fertility rates among women with T2D, PCOS, or obesity who are on GLP-1s3.... Robust
evidence from clinical trials demonstrates the multi-benefit nature of GLP-1 analogs(7). A pharmacological
approach specifically targeting the metabolic dysfunction associated with PCOS is essential, and the therapeutic
class of GLP-1 RAs shows promising potential(2). Current data generally support the benefits of GLP-1 RAs on
several pathological aspects of PCOS, including the improvement of menstrual cycles and glucose homeostasis5.
Preconception treatment with GLP-1 RAs might provide some novel strategies in obesity, diabetes, and PCOS-
associated subfertility(7).

Specifically, a meta-analysis comparing Exenatide versus Metformin in women with PCOS found that Exenatide
was significantly more effective than metformin in treating these patients, as demonstrated by an increased
pregnancy rate and a greater ovulation rate. This study found moderate to high-quality evidence for these
effects(10). The beneficial effects of Exenatide on fertility in this patient population might be related to
improvements in insulin resistance and weight control[10]. Exenatide was also found to improve several aspects
of follicle morphology(27). Compared to Metformin, Exenatide was more effective at increasing sex hormone-
binding globulin (SHBG) and follicle-stimulating hormone (FSH) and decreasing dehydroepiandrosterone
sulfate (DHEA-S), which suggests that its superior effectiveness in improving reproductive function may be due
to its effects on these hormone levels, potentially indirectly by lowering insulin resistance[(10).

Specifically, a meta-analysis comparing Exenatide versus Metformin in women with PCOS found that Exenatide
was significantly more effective than Metformin in treating these patients(10). This meta-analysis demonstrated
an increased pregnancy rate with Exenatide compared to Metformin (relative risk (RR) = 1.93, 95% confidence
interval (CI) 1.28 to 2.92, P = 0.002). It also found a greater ovulation rate with Exenatide (RR = 1.41, 95% CI
1.11 to 1.80, P = 0.004). This study found moderate to high-quality evidence for these effects. The beneficial
effects of Exenatide on fertility in this patient population might be related to improvements in insulin resistance
and weight control. The meta-analysis found that Exenatide was also more effective than Metformin at
promoting weight loss (mean difference (MD) = -1.72 kg/m², P=0.00001) and improving insulin resistance
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(standard mean difference (SMD) = -0.62, P < 0.0001). Exenatide significantly improved various metabolic
parameters, including HOMA-IR, FPG, 2hPBG, FINS, and 2hINS, compared to Metformin(5). Compared to
Metformin, Exenatide was more effective at increasing sex hormone-binding globulin (SHBG) and follicle-
stimulating hormone (FSH) and decreasing dehydroepiandrosterone sulfate (DHEA-S). This suggests that its
superior effectiveness in improving reproductive function may be due to its effects on these hormone levels,
potentially indirectly by lowering insulin resistance. Both drugs had similar effects on other sex hormone indices
like total testosterone (TT), luteinizing hormone (LH), and free androgen index (FAI)(10). Individual studies
contributed data to such meta-analyses. For example, a study by Elkind-Hirsch et al. in 2008 compared
Exenatide (10 ug BID) and Metformin (0.5g TID) over 24 weeks in women with PCOS, measuring outcomes
including pregnancy rate, ovulation rate, SHBG, DHEA-S, FSH, and LH, among others(10). Another study by
Zheng et al. in 2019 compared Exenatide (10 μg BID) and Metformin (1,000 mg BID) for 12 weeks in women
with PCOS(6). This study found significant decreases in body weight, BMI, abdominal girth, and HOMA-IR in
both groups, with no significant difference between the groups. It also found that SHBG was raised in both
groups, again with no significant difference between the groups, and no effect on testosterone, LH, or the
LH/FSH ratio. A study by Tao et al. in 2021 also compared Exenatide (10 μg BID) and Metformin (1,000 mg
BID) for 12 weeks in women with PCOS and prediabetes, finding a significantly higher remission rate of
prediabetes in the Exenatide and combination groups(6). Another study indicated that natural pregnancy rates
were significantly higher following exenatide treatment compared to metformin treatment (43.60% versus
18.70%)(10). In a study involving women with PCOS undergoing controlled ovarian stimulation after
preconception treatment, the pregnancy rate per embryo transfer was significantly higher in a group treated with
liraglutide plus metformin compared to metformin alone (85.7% versus 28.6%)(28). The cumulative pregnancy
rate over 12 months was also higher in the liraglutide plus metformin group. These results were observed even
though both treatment interventions led to a comparable reduction in body weight and visceral adipose tissue,
suggesting that the underlying mechanisms might extend beyond mere weight reduction(29). Studies evaluating
GLP-1s or GLP-1 RAs in women with PCOS have included fertility outcomes such as conception, clinical
pregnancy, pregnancy rate per embryo transfer, delivery rate, miscarriage rate, and the number of singleton and
multiple pregnancies(29). It is noted that ovulation rate was improved with DCI (D-chiro-inositol) compared to
placebo in a meta-analysis of two trials(17). Inositol is widely used and promoted for PCOS management(17).

In contrast, Orlistat does not appear to have a positive effect on fertility(22). Studies found no differences
between Orlistat and placebo groups regarding live births, conception, clinical pregnancy, or pregnancy loss,
despite Orlistat resulting in statistically significant weight loss(22). The study concluded that an intensive
preconception lifestyle intervention including orlistat did not improve the rate of live birth, pregnancy rates, or
time to pregnancy compared to an activity-based intervention that did not result in weight loss(22). Thus, even
with weight loss, Orlistat had no positive effects on fertility outcomes. A non-significant trend toward higher
rates of miscarriage was noted in the Orlistat group, which was attributed by the authors to decreased absorption
of long-chain polyunsaturated fatty acids after implantation(22). The development of vitamin D deficiency with
Orlistat may also play a role, as studies have shown that women with normal vitamin D levels are more likely to
conceive and experience improved implantation and a decreased risk of pregnancy-related complications(22).

The impact of the newer injectable medications that cause dramatic weight loss, such as GLP-1 RAs, on future
fertility in healthy non-PCOS obese women is currently unclear[30]. This is because most studies conducted to
date have significant limitations or were performed in animals with conflicting findings(30). Due to the
increasing use of these agents and the high rates of unintended pregnancies in the US, there will be a higher
prevalence of periconceptional exposure, making it important to understand the potential ramifications better(29).

Safety

GLP-1 RAs are generally considered to have a well-established favourable risk-benefit balance. However, their
use is associated with certain adverse events and potential risks that are important to consider.

One of the most frequently reported issues and a significant factor in reduced adherence to GLP-1 RA-based
therapies, particularly when used in combination, is the occurrence of gastrointestinal disturbances. These side
effects are well-documented (6,15). Common gastrointestinal symptoms include nausea, vomiting, abdominal
pain, constipation, and diarrhoea (6). One meta-analysis noted that gastrointestinal disturbances tended to be
more prevalent with combination therapy involving Exenatide plus Metformin compared to Metformin
monotherapy, with nausea being particularly notable in the combination group (28). A separate comparison of
Liraglutide 3.0 mg versus placebo reported a high incidence of nausea in the Liraglutide group (48.4%)
compared to placebo (7.1%), alongside higher rates of gastroenteritis (23.7% vs 13.3%), constipation (18.3% vs
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12.2%), diarrhoea (15.1% vs 10.2%), fatigue (14.0% vs 8.2%), and vomiting (12.9% vs 2.0%) [22]. A meta-
analysis comparing Myo-inositol to Metformin also assessed gastrointestinal side effects across six randomised
controlled trials (RCTs). This analysis specifically highlighted a serious risk of bias concerning the assessment of
these side effects. It found that Myo-inositol was favoured over Metformin regarding GI side effects(17).

Beyond these common issues, potential serious risks have also been raised. One source references a paper from
2011 that discusses pancreatitis, pancreatic cancer, and thyroid cancer in relation to glucagon-like peptide-1-
based therapies (7). While the provided sources do not offer detailed findings on the prevalence or association of
these specific serious risks within the PCOS population, the contraindications listed for some medications in a
comparative table (which includes GLP-1 RAs alongside other weight loss drugs) include a personal or family
history of medullary thyroid cancer or Multiple Endocrine Neoplasia syndrome type 2 (MEN 2), and a history of
prior pancreatitis or biliary disease (7). This suggests that individuals with such histories may be at increased risk
or should avoid these therapies.

For women with PCOS, particularly those considering pregnancy, the safety of GLP-1 RAs is a crucial aspect.
Recent studies evaluating preconception interventions in overweight or obese women with PCOS using
exenatide or liraglutide in combination with metformin have reported no important safety issues (28). These
findings support the continuation of research in this area, provided there is careful monitoring.

However, it is essential to be aware of the recommendations for discontinuing certain GLP-1 RAs when planning
a pregnancy due to potential risks, including teratogenicity. The recommended stop times before attempting to
conceive are: Liraglutide: 2 weeks, Semaglutide: 2 months, and Tirzepatide: 2 months(22). While the table
discussing these drugs lists "teratogenic" specifically for Qsymia (phentermine and topiramate), the requirement
to stop GLP-1 RAs before conception indicates a potential risk or insufficient data to confirm safety during early
pregnancy. A retrospective register-based cohort study (2010–2021) in insulin users exposed to GLP-1 RAs in
early pregnancy found an adjusted relative risk (RR) for major congenital malformations of 0.95 (with a 95%
confidence interval of 0.72–1.26) and for cardiac malformations of 0.68 (with a 95% confidence interval of
0.42–1.12)[31]. A prospective surveillance cohort study (2009–2022) comparing any antidiabetic medication or
obesity exposure to congenital malformations found adjusted odds ratios (ORs) relative to other diabetics (OR
0.98, CI 0.16–5.82) and obese individuals (OR 0.54, CI 0.11–2.75). While these studies, rated as low risk for
integrity concerns, did not show a statistically significant increase in malformations in this specific population
(primarily insulin users), the general advice to stop certain GLP-1 RAs before conception remains in place
(17,22).

The assessment of safety outcomes in studies can be subject to limitations. For example, the meta-analysis
comparing Myo-inositol and Metformin noted a serious risk of bias for gastrointestinal side effects. Similarly, a
meta-analysis evaluating Exenatide plus Metformin noted that while a funnel plot was used to assess publication
bias, its interpretive value was limited by the small number of included studies (n=5). Further high-quality
research is needed to fully explore the long-term safety, cost-effectiveness, and efficacy of GLP-1 RA
combination therapy, particularly in diverse PCOS populations and with longer follow-up durations.
Investigating patient-reported outcomes, including the impact of side effects like gastrointestinal issues on
quality of life and treatment satisfaction, could provide valuable insights.

Discussion

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs), which are FDA-approved for weight loss, show
promising potential in addressing the metabolic dysfunction associated with PCOS[03]. Current data generally
support the benefits of GLP-1 RAs on several pathological aspects of PCOS, including the improvement of
menstrual cycles and glucose homeostasis(3). They have also been observed to reduce testosterone levels and
improve insulin resistance[03]. Studies comparing GLP-1 RAs like exenatide to metformin in women with
PCOS have found that exenatide was significantly more effective than metformin in increasing pregnancy and
ovulation rates(10). Exenatide also improved aspects of follicle morphology in animal models and was more
effective than metformin at increasing sex hormone-binding globulin (SHBG) and follicle-stimulating hormone
(FSH) while decreasing dehydroepiandrosterone sulfate (DHEA-S), suggesting its benefits on reproductive
function might be mediated through effects on these hormone levels, potentially indirectly by lowering insulin
resistance[10]. Natural pregnancy rates were also significantly higher following exenatide treatment compared to
metformin in one study(10). Another study involving women with PCOS undergoing controlled ovarian
stimulation after preconception treatment found a significantly higher pregnancy rate per embryo transfer and
cumulative pregnancy rate over 12 months in a group treated with liraglutide plus metformin compared to
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metformin alone(29). These results were seen despite comparable reductions in body weight and visceral adipose
tissue between the groups, suggesting the mechanisms may extend beyond just weight reduction[29]. Ovulation
rate has also been shown to be improved with D-chiro-inositol (DCI) compared to placebo in a meta-analysis of
two trials (21).

In contrast, some weight loss interventions have not shown positive effects on fertility outcomes despite
achieving weight loss. Orlistat, for instance, did not demonstrate a positive effect on fertility in studies, showing
no differences compared to placebo regarding live births, conception, clinical pregnancy, or pregnancy loss(12).
One study noted a non-significant trend towards higher miscarriage rates with Orlistat (12).

Despite the promising findings regarding GLP-1 RAs, particularly in women with PCOS, there are significant
limitations in the current research, and many questions remain unanswered(7). The impact of these newer
injectable medications on future fertility in healthy non-PCOS obese women is currently unclear, as most studies
have significant limitations or were conducted in animals with conflicting results(24). Due to the increasing use
of GLP-1 RAs and high rates of unintended pregnancies, increased periconceptional exposure is likely, making it
crucial to understand the potential consequences(26,28,29). Safety data for GLP-1 RAs in the periconceptional
period are limited(26). Animal studies have shown mixed results regarding anomalies, growth restriction, and
early fetal demise, and most exposed animals throughout gestation, not just periconceptionally(30).

Possibilities for future research are numerous and necessary to fully understand the role of GLP-1 RAs in fertility.
There is a need for larger, long-term, multicentre randomized placebo-controlled studies, especially those with
uniform protocols targeting reproductive outcomes in diverse populations, including women with obesity,
diabetes, and/or PCOS. Future studies should explore the potential impact of different doses and durations of
GLP-1 RA exposure. A key question is whether the beneficial effects are primarily mediated by weight loss and
metabolic improvement or through direct interactions with GLP-1 receptors in reproductive tissues. Comparing
different weight reduction strategies could help elucidate this. Further evaluation is needed on the clinical
relevance of the anti-inflammatory potential of GLP-1 RAs in the gonads and endometrium, including their
impact on endometrium quality and receptivity. The potential impact of GLP-1 RAs on the fertility potential of
younger men with diabetes and/or obesity also needs evaluation, including assessment of gonadotropin profiles
and semen samples. Case reports have noted decreased semen quality with liraglutide and sitagliptin (a DPP-4
inhibitor) in men, but these are areas for future research(29). Ongoing collection of teratogenicity data in women
with inadvertent GLP-1 RA exposure during pregnancy is also essential. Finally, a deeper understanding of
PCOS pathogenesis and more mechanistic data explaining the potential benefits of GLP-1 RAs, including dual
agonists like tirzepatide, is needed.

Conclusions
Metabolic health, characterised by anthropometric measures and metabolic parameters, is fundamentally linked
to reproductive function. Conditions such as obesity and metabolic syndrome disrupt hormonal balance,
contribute to insulin resistance, and induce chronic inflammation, which in turn impair fertility, particularly in
women with Polycystic Ovary Syndrome (PCOS). These metabolic dysfunctions can negatively affect follicular
development, oocyte quality, embryo development, and the uterine environment for implantation.

Pharmacological interventions targeting these metabolic issues have shown potential in improving fertility
outcomes. Glucagon-like Peptide-1 Receptor Agonists (GLP-1 RAs) are a class of drugs that have demonstrated
benefits on several pathological aspects of PCOS, including improvements in menstrual cycles, reduction of
testosterone levels, and enhancement of glucose homeostasis. Studies comparing Exenatide (a GLP-1 RA) to
Metformin in women with PCOS found that Exenatide was significantly more effective in increasing pregnancy
and ovulation rates. GLP-1 RAs have also been associated with improvements in anthropometric measures such
as BMI and waist circumference, as well as reductions in triglycerides in overweight women with PCOS. Animal
studies using semaglutide have shown alleviation of ovarian inflammation, improved insulin resistance, and
normalisation of the estrous cycle in PCOS mice, suggesting effects beyond just weight loss. In contrast, while
inositols are widely used and promoted for PCOS management, a high-quality systematic review and meta-
analysis concluded that the evidence supporting their use is limited and inconclusive, with many outcomes
related to anthropometrics, metabolism, hormones, and reproduction assessed as low to very low certainty due to
small study sizes, inconsistency, and potential bias.

Despite the promising observed benefits of GLP-1 RAs, particularly in the context of PCOS, significant
limitations exist in the current evidence base. Many available studies have small sample sizes and limited follow-
up durations, which restrict the strength and generalisability of the findings. There is heterogeneity among
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studies regarding the populations included and the specific GLP-1 RA interventions used. A major concern is the
limited data on the safety of GLP-1 RAs during the periconceptional period and in early pregnancy. While some
recent human studies on first-trimester exposure have been reassuring regarding the risk of major birth defects,
animal studies have yielded mixed results regarding fetal anomalies and growth restriction, often involving
exposure throughout gestation. The precise mechanisms through which GLP-1 RAs impact fertility, separate
from their effects on weight and metabolism, also remain unclear. Specifically, while GLP-1 RAs hold promise
for improving metabolic profiles and thereby addressing some of the root causes of PCOS-related infertility, the
question of whether these agents also exert direct effects on the female reproductive system remains a key area
of ongoing investigation.

The current evidence suggests that GLP-1 RAs can improve ovulation and pregnancy rates, and enhance
hormonal profiles. However, the mechanisms behind these improvements are not fully understood. It's plausible
that the primary mechanism of action is through the amelioration of insulin resistance and the consequent
reduction in hyperandrogenism, which are key factors in PCOS-related infertility. GLP-1 RAs enhance insulin
sensitivity, which leads to decreased insulin levels. High insulin levels stimulate ovarian androgen production, so
a reduction in insulin levels results in lower androgen levels. This hormonal shift can restore normal follicular
development and ovulation.

However, the presence of GLP-1 receptors in ovarian and endometrial tissues suggests the possibility of more
direct effects. GLP-1 signaling within the ovary could potentially influence steroidogenesis, folliculogenesis, and
oocyte maturation. In the endometrium, GLP-1 RAs might affect receptivity, creating a more favorable
environment for embryo implantation. The relative contributions of these direct and indirect effects likely vary
depending on the specific GLP-1 RA used, the duration of treatment, and the individual patient's characteristics.
Future research should aim to disentangle these direct and indirect pathways.

The long-term safety of GLP-1 RAs, particularly in the context of conception and pregnancy, is another critical
area that requires further investigation. While short-term studies have not raised major safety concerns, the
potential effects of prolonged GLP-1 RA exposure on oocyte quality, endometrial function, and pregnancy
outcomes are not fully elucidated. Additionally, the potential impact on the developing fetus remains a concern,
given the conflicting findings in animal studies and the limited human data on periconceptional exposure. The
pharmacokinetics of GLP-1 RAs, their ability to cross the placenta, and their potential effects on fetal growth
and development need to be thoroughly evaluated.

Looking to the future, several possibilities for research and clinical application emerge. There is a crucial need
for larger, long-term, multi-center randomized controlled trials to definitively establish the efficacy and safety of
GLP-1 RAs on reproductive outcomes in diverse populations, including obese women without PCOS and
potentially men. These trials should include more rigorous and standardized protocols for assessing reproductive
endpoints, such as time to pregnancy, live birth rates, and miscarriage rates. Future studies should aim to
understand the optimal dose and duration of treatment and whether the beneficial effects of GLP-1 RA treatment
on fertility are sustained after the medication is discontinued.

Mechanistic studies, including in vitro and in vivo experiments, are needed to elucidate the precise molecular
mechanisms through which GLP-1 RAs influence reproductive tissues and processes. These studies could
involve the use of animal models, as well as the examination of human ovarian and endometrial tissue samples.
Advanced imaging techniques and molecular biology tools can be employed to investigate the effects of GLP-1
RAs on cellular signaling pathways, gene expression, and protein synthesis in reproductive cells.

Given the increasing use of these medications, continued rigorous collection of safety data regarding
periconceptional exposure and pregnancy outcomes through registries and observational studies is paramount.
These studies should include detailed information on the timing and duration of GLP-1 RA exposure, as well as
comprehensive follow-up of both mothers and offspring. The establishment of large, well-designed pregnancy
registries can facilitate the collection of such data and provide valuable insights into the long-term safety profile
of these drugs.

Research into newer incretin-based molecules, such as dual GLP-1/GIP receptor agonists like tirzepatide, also
represents a promising future direction. These agents, which combine the actions of GLP-1 and glucose-
dependent insulinotropic polypeptide (GIP), have shown even greater efficacy in promoting weight loss and
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improving metabolic parameters compared to GLP-1 RAs alone. Their potential role in improving reproductive
outcomes, particularly in women with PCOS, warrants further investigation.

For inositols, which are widely used and promoted for PCOS management, more robust study designs are needed
to provide clearer evidence of their efficacy. Future trials should address the limitations of previous studies, such
as small sample sizes, heterogeneity in study populations, and lack of standardized protocols. Head-to-head
comparisons of inositols with other established treatments, such as Metformin and GLP-1 RAs, would be
valuable in determining their relative effectiveness.

In conclusion, the link between metabolic health and fertility is well-established, with interventions like GLP-1
RAs showing promise in addressing metabolic dysfunction and improving reproductive outcomes, particularly in
PCOS. However, significant limitations exist in the current evidence regarding long-term effects, mechanisms,
and especially periconceptional safety. Future research needs to focus on large-scale, high-quality studies to
provide definitive answers, allowing clinicians to counsel patients effectively about the risks and benefits of
these increasingly common metabolic therapies in the context of fertility and pregnancy. A deeper understanding
of the interplay between GLP-1 signaling and reproductive function will not only optimize the use of GLP-1
RAs in women with PCOS but also potentially lead to the development of novel therapeutic strategies for other
reproductive disorders associated with metabolic dysfunction.
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