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Abstract


Obesity is a multifactorial condition that profoundly affects female reproductive health through endocrine, metabolic, and inflammatory mechanisms that disrupt the hypothalamic–pituitary–gonadal (HPG) axis. Women with obesity frequently develop menstrual irregularities, anovulation, amenorrhea, infertility, polycystic ovary syndrome (PCOS), impaired endometrial receptivity, and adverse pregnancy outcomes. Central obesity and insulin resistance contribute to hyperinsulinemia, reduced sex hormone-binding globulin (SHBG) levels, hyperandrogenism, altered gonadotropin secretion, and impaired folliculogenesis, while adipokines such as leptin and chronic inflammation further impair ovarian steroidogenesis and ovulatory function. Obesity-related oxidative stress and lipotoxicity also negatively affect oocyte quality, embryo development, implantation, and assisted reproductive technology outcomes, increasing the risk of gestational diabetes, preeclampsia, miscarriage, and preterm birth. This review evaluates the therapeutic potential of pharmacological weight-loss therapies in obesity-associated female reproductive dysfunction. A comprehensive literature review was conducted using various databases, focusing on anti-obesity pharmacotherapy on obesity, infertility and fertility in reproductive-aged women. Evidence suggests that several FDA-approved and off-label anti-obesity agents, including orlistat, liraglutide, semaglutide, phentermine/topiramate, bupropion/naltrexone, metformin, exenatide, and tirzepatide, may improve reproductive outcomes primarily indirectly through weight reduction and metabolic improvement. GLP-1 receptor agonists, particularly liraglutide, semaglutide, and exenatide, appear especially promising, demonstrating beneficial effects on insulin sensitivity, menstrual regularity, ovulation, androgen levels, and pregnancy rates in women with PCOS. Tirzepatide, a dual GLP-1/GIP receptor agonist, has shown potent weight-loss and metabolic effects with potential indirect fertility benefits. Metformin improves insulin sensitivity and is widely used in PCOS to regulate androgen levels and restore ovulation, although its effects on pregnancy and live birth rates remain controversial. However, evidence for several agents remains limited, and concerns persist regarding reproductive safety during pregnancy. Overall, anti-obesity pharmacotherapy may represent an important adjunctive strategy for improving reproductive and metabolic health in women with obesity, although larger randomized clinical trials are still required.
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1. Introduction


Obesity represents one of the most significant public health challenges worldwide, with a continuously increasing prevalence among women of reproductive age. It is a multifactorial, chronic metabolic disease associated with significant endocrine, inflammatory, and metabolic disturbances that affect multiple body systems [1,2,3]. Of particular importance is its impact on female reproductive health, as increased adipose tissue mass is associated with ovulatory dysfunction, menstrual irregularities, infertility, and an increased risk of pregnancy complications [4]. In this context, polycystic ovary syndrome (PCOS) constitutes a characteristic example of the interaction between obesity and reproductive dysfunction, where metabolic and hormonal disturbances reinforce one another, leading to a more complex clinical presentation [5,6].



In recent years, the pharmacological management of obesity has advanced significantly, offering new therapeutic options not only for weight reduction but also for the improvement of metabolic and reproductive parameters [7]. At the same time, there is growing interest in the use of anti-obesity medications in women with reproductive dysfunction, particularly in those with PCOS, infertility, or ovulatory disorders [8]. The relationship between weight loss and improvement in reproductive function is complex and multifactorial, involving both hormonal and metabolic mechanisms [9]. Within this framework, GLP-1 (Glucagon-Like Peptide-1) receptor agonists, such as liraglutide, semaglutide, and exenatide, have emerged as an important class of medications for the management of both type 2 diabetes mellitus and obesity. These agents enhance glucose-dependent insulin secretion, suppress glucagon release, delay gastric emptying, and reduce appetite through central nervous system pathways [10]. Collectively, these effects lead to improved glycemic control and substantial weight loss [10]. Thus, agents such as liraglutide, through its effects on weight reduction, improvement of insulin sensitivity, and reduction in hyperinsulinemia, indirectly contribute to the restoration of hormonal balance. These metabolic changes are associated with decreased androgen production, increased sex hormone-binding globulin (SHBG) levels, and improved ovarian function, resulting in enhanced menstrual regularity and ovulatory activity [10]. Similarly, in women with obesity and PCOS, semaglutide-induced weight loss can simultaneously decrease systemic inflammatory markers, which might subsequently lower ovarian androgen production and promote a more physiological restoration of gonadotropin secretion [11]. More recently, tirzepatide, a dual GLP-1 and glucose-dependent insulinotropic polypeptide (GIP) receptor agonist, has emerged as one of the most effective pharmacological options for the treatment of obesity and type 2 diabetes mellitus [12]. By simultaneously activating two incretin pathways, it produces greater weight loss and superior glycemic control compared with previous therapies. It also appears to improve insulin sensitivity, inflammatory status, and lipid metabolism [12]. Although evidence regarding its direct effects on female reproductive health remains limited, the substantial metabolic improvements it induces may indirectly enhance ovarian function and fertility, particularly in women with obesity and PCOS [13]. It is important to note that both tirzepatide and metformin are widely used in this context as off-label pharmacological treatments for obesity-related reproductive dysfunction, especially in women with PCOS. Metformin, a well-established biguanide, is one of the most extensively studied agents beyond its primary indication for type 2 diabetes mellitus. It acts mainly by reducing hepatic gluconeogenesis, improving peripheral insulin sensitivity, and activating AMP (adenosine monophosphate)-activated protein kinase (AMPK) [14]. Through these mechanisms, it improves glycemic control and may lead to modest weight reduction. Importantly, metformin has well-documented effects on female reproductive function, particularly in PCOS, where it can contribute to the regulation of menstrual cycles, the improvement of ovulation, and the reduction in androgen levels [15]. However, its effects on definitive reproductive outcomes, such as live birth rates, remain controversial [15,16]. Tirzepatide promotes significant weight loss, improves insulin sensitivity, and reduces hyperinsulinemia, all of which are key pathogenic factors in PCOS-associated anovulation and infertility. Furthermore, improved metabolic control may restore menstrual regularity, decrease androgen excess, and enhance ovulatory function. Since obesity and insulin resistance strongly impair reproductive outcomes, the metabolic benefits induced by tirzepatide may indirectly improve fertility potential. These effects explain its increasing clinical use despite the absence of formal reproductive indications [17,18,19].



Overall, the present review focuses on investigating the role of anti-obesity medications in obesity-related female reproductive dysfunction. Their metabolic and hormonal effects are examined, as well as their potential impact on fertility and reproductive outcomes. Available evidence suggests that the pharmacological treatment of obesity may in some cases substantially contribute to the improvement of reproductive health, although outcomes vary depending on the medication and the population studied. Finally, the need for further clinical studies is highlighted in order to achieve a better understanding of the mechanisms of action and to optimize the therapeutic approaches in women with obesity and reproductive disorders.




2. Search Strategy


A comprehensive search strategy was developed to identify the relevant literature on the therapeutic potential of anti-obesity drugs in obesity-associated female reproductive dysfunction. The aim was to capture evidence linking pharmacological weight-loss interventions with metabolic, endocrine, and reproductive outcomes in obese women of reproductive age, particularly those affected by obesity-related conditions such as PCOS, infertility, menstrual dysfunction, and adverse pregnancy outcomes. A systematic search was conducted in PubMed/MEDLINE, Embase, Web of Science Core Collection, Scopus, the Cochrane Central Register of Controlled Trials, and Google Scholar from database inception to 20 May 2026. These databases were selected due to their extensive coverage of biomedical, clinical, and pharmacological research. In addition, lists of references of relevant review articles and primary studies were manually screened to identify further eligible publications not retrieved through database searching. A broad initial search strategy was used to maximize sensitivity and ensure comprehensive coverage of the literature. The following keywords and Medical Subject Headings (MeSH) terms were combined using Boolean operators (AND/OR): “obesity” OR “overweight” OR “weight management” OR “weight loss” AND “female reproductive health” OR “fertility” OR “infertility” OR “menstrual irregularities” OR “polycystic ovary syndrome” OR “PCOS” AND “anti-obesity drugs” OR “pharmacotherapy” OR “weight loss medications” OR “GLP-1 receptor agonists” OR “orlistat” OR “liraglutide” OR “semaglutide” OR “orlistat” OR “phentermine topiramate” OR “naltrexone bupropion” OR “metformin”, OR “exenetide” OR “tirzepatide”. Additional terms such as “hypothalamic–pituitary–gonadal axis,” “ovulation,” “endometrial receptivity,” and “assisted reproductive technology (ART)” were included to capture mechanistic and clinical reproductive outcomes. The search was limited to studies published in the English language to ensure consistency in interpretation and data extraction. No restriction was placed on publication date in order to include both foundational and contemporary evidence. However, greater emphasis was placed on studies published within the last two decades, reflecting the rapid development of anti-obesity pharmacotherapies. Eligible studies included randomized controlled trials (RCTs), prospective and retrospective cohort studies, observational studies, systematic and narrative reviews, and meta-analyses. Preclinical animal studies and mechanistic in vitro research were also included when they provided relevant insights into reproductive endocrinology or drug mechanisms of action, whereas case reports were excluded. Study selection followed a two-stage screening process. Initially, titles and abstracts were screened for relevance to obesity, pharmacological weight-loss interventions, and female reproductive outcomes. Full-text articles were then assessed for eligibility based on predefined inclusion criteria. Studies were included if they evaluated (i) the effect of obesity on female reproductive function, (ii) the impact of weight loss on fertility or reproductive hormones, or (iii) the effects of FDA-approved and off-label anti-obesity medications on metabolic and/or reproductive endpoints. Data extraction focused on study design, population characteristics [particularly BMI (body mass index) and reproductive status], type of pharmacological intervention, duration of treatment, and primary outcomes, including weight loss, ovulatory function, hormonal changes [such as insulin, SHBG, LH/FSH (Luteinizing Hormone/Follicle-Stimulating Hormone), androgens], menstrual regularity, pregnancy rates, and outcomes in assisted reproductive technologies such as in vitro fertilization (IVF). Finally, the identified evidence was synthesized narratively due to heterogeneity in study design, interventions, and outcome measures. This approach allowed for an integrated interpretation of mechanistic and clinical findings, highlighting both established effects and current gaps in knowledge regarding the reproductive impact of anti-obesity pharmacotherapies.



The literature included in this review was identified through a structured search process and selected using predefined eligibility criteria to ensure a transparent and consistent approach. Nevertheless, the review was not designed or conducted as a systematic review, as it did not incorporate key methodological components such as protocol registration, independent study selection by multiple reviewers, or a formal assessment of the risk of bias. For this reason, the findings are presented as a narrative synthesis of the available evidence.




3. Mechanistic Insights into Obesity-Related Female Reproductive Dysfunction


Obesity in women is associated with dysfunction of the hypothalamic–pituitary–gonadal (HPG) axis [20]. In obese women, the reproductive disorders include PCOS, irregular menstrual periods, endometriosis, infertility and pregnancy complications [21]. Dysregulation of the hormone leptin, which is secreted mainly by white adipose tissue, plays a crucial role in several female reproductive disorders [20]. Also, adipose tissue is a major site for the metabolism of the sex steroid hormones, androgens and estrogens, and therefore, through this pathway, affects the reproductive axis in obesity [20]. Epidemiological studies indicate that serum levels of SHBG (the main transporter of sex hormones) are decreased in obesity [20,22]. These low levels of SHBG in obese patients result from insulin resistance (IR) and compensatory hyperinsulinemia, which is apparently more prevalent in central obesity [20]. Moreover, obesity is a risk factor for anxiety and depression, which may, in females, manifest with sexual avoidance, low sexual desire and interest, lack of subjective arousal and sexual pleasure and difficulties in sexual performance [20,23]. It has become evident that obesity contributes to menstrual disturbances due to HPG dysfunction from menarche to menopause. Body weight is strongly related to the onset of menarche and maintenance of a normal menstrual cycle [20,24]. Several studies support a trend of earlier pubertal onset in overweight girls compared to those with normal weight [25]. Both overall and central obesity are associated with menstrual disturbances extending from dysmenorrhea and menstrual irregularities to anovulation and amenorrhea, therefore increasing the risk of sub-fecundity and infertility [20,26]. The perturbation of the hypothalamic–pituitary–ovarian axis and neuroendocrine system in obese women causes aberrant gonadotropin secretion, reduced ovarian folliculogenesis and lower progesterone levels during the luteal phase of the female menstrual cycle, increasing the risk for sub-fecundity and infertility [27,28]. The risk of anovulatory infertility is more than doubled in women with obesity compared to those with normal BMI [27]. Interestingly, body fat distribution is an important risk factor for the presentation of anovulatory cycles. Central obesity leads commonly to anovulation compared to obesity with the same BMI but less abdominal fat accumulation [27]. Adipose tissue itself acts as an endocrine organ, responsible for the synthesis and secretion of several hormones, such as leptin [28]. Leptin is a putative signal that links metabolic status with reproductive function [29]. Leptin augments secretion of gonadotropin hormones, which are needed for initiation and maintenance of normal menstrual cycles, by acting centrally at the hypothalamus to stimulate release of gonadotropin-releasing hormone (GnRH) [20,24]. Indeed, in female patients, gaining weight stimulates production and release of LH and FSH into the peripheral circulation, leading to resumption of menstruation [20,30]. However, leptin levels increase with the expansion of adipose tissue in obesity [31]. Leptin receptor is expressed in the human ovary and, in particular, in pre-ovulatory follicles, ovarian theca cells, ovarian granulosa cells and oocytes. In vitro studies have shown that leptin affects steroidogenesis in granulosa cells and decreases both estrogen and progesterone production in a dose-dependent manner [31]. The high leptin levels observed in obese patients act in the ovaries and suppress estradiol production. Also, the high leptin levels affect the development of dominant follicles, decreasing the aromatization capacity of granulosa cells and predisposing to anovulation [32]. Moreover, the increased levels of leptin because of obesity may deregulate the hypothalamic–pituitary–gonadal system in women, leading to reproductive dysfunction, including infertility [31]. Anti-Mullerian hormone (AMH) levels decline as BMI increases and AMH is significantly lower in individuals with obesity compared to those with normal weight [33]. The lower systemic levels of adiponectin observed in obesity may be related with the decreased anti-Mullerian hormone (AMH) production by the granulosa cells of the ovarian follicles, which reflects a reduced ovarian reserve in follicles across the reproductive life of obese women [34,35]. The hormonal levels of insulin, estrogens and androgens are changed in obese women [36]. In particular, central obesity in women is linked to elevated serum insulin levels due to insulin resistance, which decreases sex hormone-binding globulin (SHBG) synthesis [36]. Women with obesity have altered androgen and estrogen levels due to increased exogonadal aromatization of androgens to estrogens in adipose tissue depots [20,37]. Obesity in women with polycystic ovarian syndrome (PCOS) enhances insulin resistance and worsens the clinical manifestations of PCOS [5,38]. The syndrome is a clinical heterogeneous disorder characterized by enlarged ovaries with multiple follicles, anovulation and hyperandrogenism [39]. Obese polycystic ovarian syndrome (PCOS) patients, compared with normal-weight PCOS patients, have lower serum SHBG levels, higher free testosterone, free androgen index (FAI), insulin resistance homeostasis assessment (HOMA-IR), fasting insulin (FINS) and fasting blood glucose levels [40,41]. In addition, it has been found that severe hyperinsulinemia promotes hyperandrogenism independently of gonadotropins, which results in reproductive dysfunction in women [27,42]. Moreover, obesity increases the conversion of androgens to estrogens in peripheral adipocytes [27].



Women with obesity have lower fertility rates and more miscarriages and they take a longer time to conceive compared to normal-weight women [35,43]. Also, obese women with normal menstrual cycles suffer from sub-fecundity [26,44]. Studies have shown that for every unit increase in BMI exceeding 29 Kg/m2, the chance of spontaneous conception decreases by 5% [45,46]. The underlying mechanisms of infertility in obese individuals are multifactorial, involving insulin resistance, alterations in ovarian steroids and gonadotropins secretion, anovulation, negative effects on oocyte development, embryo quality and endometrial receptivity [28]. Figure 1 illustrates the pathophysiological mechanisms by which obesity may disrupt normal reproductive function in women with obesity, leading to infertility.



Obesity causes early onset of puberty. Normally in females after puberty, leptin increases the secretion of the gonadotropin hormone FSH, which is required to initiate and maintain normal menstrual cycles by acting centrally at the hypothalamus to regulate GnRH neuronal activity and by acting directly on the gonadotrophic cells from the anterior lobe of the pituitary gland. Increased leptin levels in obesity are responsible for central (hypothalamic and pituitary) leptin resistance. Thus, leptin cannot stimulate the pulsatile secretion of GnRH from the hypothalamus as well as the gonadotropins FSH and LH from the anterior pituitary. In addition, the high levels of leptin observed in obese patients act directly on the ovaries and reduce the development of the dominant follicle in the ovaries, thereby reducing the aromatizing capacity of granulosa cells of the dominant follicle and thus predisposing it to atresia and anovulation. In obesity, the elevated serum insulin levels due to insulin resistance reduce hepatic SHBG synthesis and result in increased circulating free estrogen levels. In women with obesity and anovulatory cycles, there are increased levels of androgens, as, for example, occurs in women with PCOS. These elevated androgens aromatize to estrogens in extragonadal sites (adipose tissue depots). The elevated estrogen levels with negative feedback mechanisms affect the hypothalamus and the pituitary gland and suppress the function of the hypothalamus–pituitary–ovary axis. The final result is the reduction in ovarian estrogen production, anovulatory cycles, amenorrhea and infertility. The anovulatory cycles result in an absence of corpus luteum formation in the ovaries. Therefore, progesterone is not produced by the corpus luteum, the endometrium shows poor receptivity for pregnancy, and therefore the chance of fetal implantation is limited.



Once conception is achieved in obese patients, there are maternal and perinatal complications [28]. Maternal obesity affects fetal growth, including both macrosomia and fetal growth restriction [47]. Also, obesity increases the risk of stillbirth [47]. Obesity during pregnancy predisposes to preterm deliveries, which can lead to significant complications of the neonate, including respiratory distress syndrome, admission to neonatal intensive care unit (NICU), intra-ventricular hemorrhage, necrotizing enterocolitis and mortality [48]. Women with obesity are at increased risk for preeclampsia, gestational diabetes, cesarean delivery, venous thromboembolism, anesthetic complications and wound infections [49,50]. Obesity has a negative impact on the success of IVF treatment [28]. Obese anovulatory women undergoing IVF respond poorly to hormonal therapy to stimulate ovarian follicle development with a need for prolonged duration of ovulation induction and higher gonadotropin doses for ovarian stimulation. Moreover, the number of large and medium-size follicles, which are developed after ovulation induction, and the final number of oocytes, which are also retrieved, is lower in obese patients compared to those with normal weight [51,52]. In addition, the rates of IVF cancelation cycles are increased in obese compared to normal weight patients [26,27,53]. Finally, women with obesity and IVF treatment have poor-quality embryos, lower blastocyst formation rates, lower live birth rates and more miscarriages than women with a normal BMI [32,51,52]. Performing oocyte retrieval and embryo transfer may pose more technical difficulties in obese women who undergo IVF treatment than in women with normal BMI, leading to a higher incidence of infection and bleeding during the oocyte retrieval [54]. Also, there is an increased anesthesia risk for the obese patient during the egg retrieval [53]. In obese women, lipotoxicity causes macrophage infiltration and upregulation of pro-inflammatory cytokines in ovarian cells, which may contribute to the reduced pregnancy rates observed in response to obesity [52,55,56]. Moreover, C-reactive protein (CRP) has been found to be strongly associated with obesity [57], whilst the high serum CRP levels on the day of oocyte retrieval in assisted reproduction techniques (ART) seem to have negative effects on embryo quality [52,58]. Obese women produce high levels of triglycerides and non-esterified free fatty acids in their ovarian follicular fluid, which are associated with high levels of reactive oxygen species in follicular fluid, aggravation of oxidative stress (OS) and negative effects on the success of their assisted reproduction techniques (ART) [46,59,60]. Moreover, the increased follicular fluid triglyceride levels are associated with impaired mitochondrial metabolism in oocytes and subsequent failure of oocytes to cleave [61]. Regarding clinical pregnancy rates in women with obesity undergoing gonadotropin intrauterine insemination (IUI), the findings are mixed. Some studies have reported no difference in the clinical pregnancy rates after IUI [62] compared to non-obese controls, while several other studies reported a paradoxical increase [63]. However, this increase in clinical pregnancy rates after IUI in obese patients may be explained by the fact that obesity is associated with decreased sexual desire, erectile dysfunction and decreased frequency of sexual intercourse [27]. Studies have emphasized that obesity has a negative impact on endometrial receptivity through delaying the window of implantation [64]. Human endometrial stromal cells in obese women have alterations in endometrial gene expression, leading to reduced ability to undergo normal decidualization, which may inhibit endometrial receptivity [52]. As it is known, endometrial receptivity is the process undertaken by the uterine endometrium to prepare embryo implantation [65]. Therefore, the negative impact of obesity on endometrial receptivity is responsible for the failure of embryo implantation and infertility [66].




4. Impact of FDA-Approved Long-Term Anti-Obesity Medications on Female Reproductive Health


4.1. Orlistat


Orlistat was approved by the FDA in 1999 for the long-term management of obesity. It is a synthetic derivative of lipstatin, a molecule produced by the bacterium Streptomyces toxytricini, and it acts by inhibiting the pancreatic and gastric lipases, enzymes responsible for the breakdown of triglycerides in the intestine. As a result, the absorption of approximately one-third of dietary fat is reduced, thereby decreasing the overall caloric intake [12,14]. However, it does not affect the sensation of hunger [67]. It is administered in doses of 60 mg or 120 mg three times daily, together with the main meals that contain fat, while patients are advised to keep fat intake below 30% per meal [67]. Despite its efficacy, it is not widely used for the treatment of obesity, mainly due to its unpleasant adverse effects, which are directly related to its mechanism of action. These adverse effects are primarily gastrointestinal disturbances, such as abdominal pain, flatulence, urgent bowel movements, frequent stools, fatty diarrhea, and fecal incontinence, as well as potential deficiencies in fat-soluble vitamins (A, D, E, and K) due to reduced fat absorption [14]. For this reason, patients taking it may require supplementation with these vitamins [67]. Orlistat is contraindicated in patients with pre-existing malabsorption syndromes, such as ulcerative colitis and Crohn’s disease [68]. It is also not recommended for use in cases of cholestasis [68]. Despite these contraindications, it may provide benefits in patients with dyslipidemia [67]. Studies in animal models, such as rats and rabbits, did not show evidence of embryotoxicity or teratogenicity, even when supratherapeutic doses of orlistat were administered [67]. In the XENDOS study (XENical in the prevention of Diabetes in Obese Subjects), the largest randomized controlled trial (RCT) evaluating the efficacy of orlistat, the administration of 120 mg three times daily was compared with placebo, both in combination with lifestyle interventions (diet, physical activity, and behavioral modification) in 3305 individuals with a BMI ≥ 30 kg/m2. Of these participants, 79% had normal glucose tolerance and 21% had impaired glucose tolerance (IGT). The primary endpoints of the study were time to onset of type 2 diabetes mellitus and changes in body weight. The results showed a mean weight loss of 2.4% after 4 years in the orlistat group, a finding that may have limited clinical significance [69]. Despite the relatively modest weight loss, significant metabolic benefits were observed, including a reduced risk of developing type 2 diabetes mellitus, as well as improvements in blood pressure, insulin sensitivity, and lipid profile [69].



Few studies have examined the effect of orlistat on fertility in overweight and obese infertile women. In the study by Vosnakis I. et al. (2013) [70], the administration of orlistat in women with PCOS showed a beneficial effect both in reducing body weight and in improving the reproductive hormonal profile. The study included 61 obese women with PCOS and 20 overweight and obese control subjects [70]. Participants followed a hypocaloric diet and an exercise program and received orlistat 120 mg three times daily for 24 weeks. The results showed that women with PCOS experienced a significant increase in LH and SHBG levels, as well as a reduction in serum testosterone. An increase in serum AMH levels was also observed in women with PCOS, suggesting a possible improvement in ovarian function and ovarian reserve. At the same time, the combination of pharmacological treatment and lifestyle modification led to significant weight loss and a reduction in BMI in the PCOS group [70]. In the RCT by Kumar et al. (2014) [71], involving 90 women with polycystic ovary syndrome (PCOS), the effect of orlistat on pregnancy rates was evaluated in comparison with metformin and lifestyle intervention. Participants were equally allocated into three groups: orlistat 120 mg twice daily, metformin with gradual dose escalation up to a maximum of 500 mg three times daily, and a control group that received only behavioral intervention, diet, and physical exercise for duration of 3 months [71]. The results showed a comparable reduction in body weight between the two treatment groups (7.81 ± 0.66 kg in the orlistat group versus 7.78 ± 0.57 kg in the metformin group), as well as a similar decrease in BMI (8.12 ± 6.71 kg/m2 versus 8.40 ± 0.65 kg/m2, respectively). Ovulation rates were 33.3% in the orlistat group and 23.3% in the metformin group, with no statistically significant difference. Likewise, pregnancy rates were 40% in the orlistat group, 16.7% in the metformin group, and 3.3% in the control group, suggesting a favorable effect of orlistat on reproductive outcomes [71]. In the study by Tong et al. (2022) [72], 29 patients receiving orlistat completed 37 embryo transfer cycles, while 29 individuals in the control group completed 38 cycles. The clinical pregnancy rate was significantly higher in the orlistat group (59.46%) compared with the control group (39.47%). However, no statistically significant difference was observed in the live birth rate between the two groups [72]. In the prospective study by Al-Qahwajy et al., 120 overweight and obese infertile women aged 21–35 years with a BMI > 25 kg/m2 were included. Participants were divided into two groups: the first group received orlistat 120 mg twice daily for 6 months, while the second group underwent lifestyle interventions, including diet, physical exercise, and behavioral modification. The results showed that the orlistat group had significantly higher pregnancy rates compared with the control group [73].



Despite the encouraging findings of the above studies, the results are not entirely consistent. Wang et al. (2021), in a double-blind RCT, investigated whether orlistat-induced weight loss prior to IVF could improve live birth rates (LBRs) in overweight or obese women following fresh embryo transfer [74]. A total of 877 infertile obese women participated in the study and were randomized to receive either orlistat or placebo for a period of 4 to 12 weeks. The results showed that there were no statistically significant differences between the two groups in live birth rates, nor in conception or clinical pregnancy rates. However, a greater reduction in body weight was observed in the orlistat group (2.49 kg) compared with the placebo group (1.22 kg), a difference that was statistically significant [74]. The FIT-PLESE study, a prospective randomized controlled trial conducted by Legro R.S. et al. (2022) [75], investigated the effect of preconception interventions in 379 women with obesity and unexplained infertility. Participants were assigned either to an intensive intervention group or to a standard-care group. The intensive group received increased physical activity combined with weight loss strategies using meal replacements and pharmacological treatment with orlistat, while the standard group followed increased physical activity without a specific focus on weight reduction. Although the intensive intervention group achieved significantly greater weight loss (−6.6 ± 5.4%) compared with the standard group (−0.3 ± 3.2%), no significant differences were observed in live birth rates. These findings suggest that targeted weight loss, even when achieved through combined interventions including orlistat, does not necessarily translate into improved reproductive outcomes in this population of women [75]. In addition, a non-statistically significant trend toward higher miscarriage rates was observed in the orlistat group, mainly after implantation (15.9%), compared with the standard group (5.1%). This finding was attributed by the authors to a possible reduced absorption of long-chain polyunsaturated fatty acids [75]. At the same time, the potential development of vitamin D deficiency due to the action of orlistat may have a negative impact, given that adequate vitamin D levels have been associated with higher conception rates, improved implantation—particularly in in vitro fertilization (IVF) cycles—and a reduced risk of pregnancy complications for both the mother and the fetus, also affecting the antioxidant status of the follicles and potentially the embryo [76]. Due to the conflicting evidence regarding the effect of orlistat on fertility, further research is necessary to clarify its role in female reproductive function. Figure 2 illustrates the mechanisms of action, dosage, metabolic and reproductive effects, side effects, and contraindications of orlistat in women with obesity.




4.2. Liraglutide


Liraglutide is an acylated analog of GLP-1, consisting of 31 amino acids, with 97% homology to human GLP-1 [10,77]. Its composition involves the addition of a fatty acid side chain to the ε-amino group of lysine at position 26, as well as the replacement of lysine with arginine at position 34 [10,77]. These structural modifications enhance its binding to albumin, extending its half-life beyond 13 h and allowing it to be administered by subcutaneous injection once daily [10]. Liraglutide was approved for the treatment of type 2 diabetes mellitus in Europe in 2009 and in the U.S. in 2010 by the FDA, at daily doses of 0.6, 1.2 or 1.8 mg [77]. Later, in 2014, it was also approved for the treatment of obesity, with a recommended subcutaneous maintenance dose of 3.0 mg daily [77]. Its use is not indicated in individuals with a personal or family history of medullary thyroid carcinoma (MTC) or multiple endocrine neoplasia type 2 (MEN2) syndrome [68]. Liraglutide promotes weight loss through a combination of central and peripheral mechanisms [78]. It enhances satiety by directly activating GLP-1 receptors in the brainstem (area postrema and nucleus tractus solitarius) and hypothalamus (arcuate nucleus/ARC, paraventricular nucleus/PVN, and dorsomedial hypothalamus). In addition, it indirectly inhibits the activity of orexigenic neuropeptide Y (NPY)/agouti-relate peptide (AgRP) neurons while stimulating anorexigenic pro-opiomelanocortin (POMC)/cocaine- and amphetamine-regulated transcript (CART) neurons in the arcuate nucleus, thereby contributing to the regulation of appetite and energy balance [10,12]. During long-term weight-loss maintenance, liraglutide supports sustained outcomes by helping to maintain leptin levels and enhance peptide YY (PYY) secretion, thereby promoting adaptive metabolic adjustments that favor energy conservation [10]. Its peripheral actions include delayed gastric emptying and activation of the ileal brake, both of which contribute to enhanced satiety [78]. In addition, it increases resting energy expenditure, enhances glucose-dependent insulin secretion, promotes pancreatic β-cell proliferation (as shown in experimental models), and suppresses glucagon secretion [78]. The SCALE clinical trial, as described by Pi-Sunyer X. et al. (2015) [79], is one of the largest and most significant randomized controlled trials investigating the effectiveness of liraglutide in the management of obesity. The study included a total of 3731 adult patients with obesity (BMI > 30 kg/m2 or >27 kg/m2 in the presence of dyslipidemia or hypertension, whether treated or untreated) without type 2 diabetes. Of these participants, 78% were women, with a mean age of approximately 45 years. Participants were randomized to receive either subcutaneous injections of liraglutide at a dose of 3.0 mg daily or a placebo, in combination with lifestyle interventions such as a hypocaloric diet and increased physical activity. The duration of the intervention was 56 weeks, allowing for the assessment of both short- and medium-term effects of the treatment on body weight. The results demonstrated that liraglutide was significantly more effective compared to placebo in achieving weight loss. Specifically, 63.2% of participants receiving liraglutide achieved a weight loss of at least 5% of their initial body weight, while 33.1% achieved a weight loss of ≥10%. Additionally, the treatment was associated with improvements in cardiometabolic parameters, including glucose and lipid levels, as well as a reduction in waist circumference, indicating an overall improvement in the patients’ metabolic profile. Overall, the SCALE study demonstrated that liraglutide at a dose of 3.0 mg is an effective and clinically meaningful therapeutic option for the management of obesity, particularly when combined with lifestyle modifications [79].



Liraglutide, in addition to regulating appetite and weight, exerts protective effects on many tissues, including those of the reproductive system, through complex and interconnected signaling pathways that affect inflammation, oxidative stress, apoptosis, and metabolism [10]. Weight loss by liraglutide reduces inflammation, oxidative stress and hyperinsulinemia, improving insulin sensitivity and ultimately contributing to the reduction in androgen production, particularly in conditions such as obesity and polycystic ovary syndrome (PCOS) [10]. There is limited direct clinical data regarding exposure to liraglutide during pregnancy in humans. However, preclinical animal studies have demonstrated potential teratogenic effects. Specifically, in the offspring of pregnant rats administered liraglutide at doses ≥ 0.8 times the systemic exposure achieved with a 3 mg once-daily subcutaneous dose in humans, vascular, renal, skeletal, and oropharyngeal malformations have been observed [67]. According to the FDA, liraglutide should be used during pregnancy only when the expected therapeutic benefit clearly outweighs the potential risk to the fetus. Although there are no specific official recommendations regarding the timing of discontinuation before pregnancy, liraglutide has a relatively shorter half-life compared to semaglutide. For semaglutide, discontinuation at least two months prior to attempting conception is recommended, which is often used as an indirect reference point when planning pre-pregnancy discontinuation of similar medications [67]. Liraglutide has shown promising results in improving both metabolic and reproductive parameters in non-diabetic women with obesity and polycystic ovary syndrome [10]. In particular, the double-blind, randomized controlled trial conducted by Nylander M. et al. (2017) [80] evaluated the effects of liraglutide (1.8 mg once daily, subcutaneously) compared with placebo over a 26-week period in 72 overweight women diagnosed with PCOS. The intervention group achieved a mean body weight loss of 5.2 kg over the six-month follow-up, along with increased menstrual regularity and improved ovarian morphology, including a significant reduction in ovarian volume of 1.6 mL compared with the placebo group. In addition, increases in serum SHBG concentrations and decreases in free testosterone levels were observed, suggesting the potential efficacy of liraglutide in the management of PCOS [80]. In addition, in the prospective, open-label RCT by Salamun V. et al. (2018) [81], 28 infertile obese women with PCOS were studied to evaluate whether treatment with metformin alone or in combination with liraglutide could improve pregnancy rates in this population undergoing ART. Participants were allocated into two treatment groups: the first group received metformin (MET) at a dose of 1000 mg twice daily, while the second group received metformin at the same dosage combined with low-dose liraglutide (1.2 mg once daily, subcutaneous administration). The pharmacological treatment lasted 12 weeks, aiming to improve body weight and metabolic parameters prior to attempts at conception. This was followed by a 4-week washout period, after which an ovarian stimulation protocol was initiated as part of ART, in order to assess the effect of the interventions on reproductive outcomes. The results showed that both therapeutic approaches led to significant weight loss. Specifically, patients in the MET group lost an average of 7.0 ± 6.0 kg, while those in the combination therapy (COMBI) group lost 7.5 ± 3.9 kg, with no statistically significant difference between the two groups. However, regarding reproductive outcomes, combination therapy demonstrated clear superiority: the pregnancy rate per embryo transfer was 85.7% in the COMBI group compared with 28.6% in the MET group. In addition, the cumulative pregnancy rate over 12 months was higher in the combination group (69.2%) compared with the metformin-only group (35.7%). Overall, these findings suggest that despite comparable weight loss, the addition of liraglutide to metformin may offer a significant advantage in improving pregnancy outcomes in obese women with PCOS [81]. In sum, liraglutide may improve female reproductive outcomes, particularly in obese women with PCOS, by enhancing insulin sensitivity, reducing weight, and improving hormonal balance and ovarian function. However, evidence remains limited and reproductive safety is uncertain. Future large, randomized trials are needed to clarify its effectiveness, optimal use, and pregnancy safety. Figure 3 illustrates the central and peripheral mechanisms of action, the dosage, metabolic and reproductive effects, and the contraindications of liraglutide in women with obesity.




4.3. Semaglutide


Semaglutide is a synthetic analog of the hormone GLP-1 (glucagon-like peptide-1), sharing approximately 94% sequence homology with the native human peptide [12,82]. Despite this high degree of similarity, it has been structurally modified to enhance its stability and significantly extend its pharmacokinetic profile, with a reported elimination half-life ranging from approximately 155 to 184 h [12]. Specifically, targeted modifications have been introduced into the peptide sequence; at position 8, the amino acid alanine has been replaced by 2-aminoisobutyric acid (Aib), a substitution that confers resistance to enzymatic degradation by dipeptidyl peptidase-4 (DPP-4), the enzyme responsible for the rapid inactivation of endogenous GLP-1 [77,83,84]. Additionally, at position 34, lysine has been replaced by arginine, enabling further chemical modification of the molecule. One key modification is the attachment of a long-chain fatty acid via the lysine residue at position 26. This acylation promotes reversible binding of semaglutide to circulating albumin, which reduces renal clearance and protects the molecule from premature degradation. As a result, semaglutide exhibits a markedly prolonged half-life, allowing for sustained pharmacological activity and enabling once-weekly administration [77,82,84]. Functionally, semaglutide mimics the physiological actions of endogenous GLP-1 by enhancing glucose-dependent insulin secretion from the pancreas and suppressing glucagon release. In addition, it delays gastric emptying, thereby attenuating postprandial glucose excursions [84,85]. Moreover, semaglutide exerts effects on the central nervous system, particularly on appetite-regulating pathways within the hypothalamus, brainstem and septal nuclei, resulting in reduced hunger and decreased caloric intake [12,85]. Collectively, these mechanisms contribute to improved glycemic control as well as significant reductions in body weight [84,85]. Semaglutide was first approved in the United States in 2017 for the treatment of adults with type 2 diabetes mellitus [86]. Subsequently, higher-dose formulations were approved for long-term weight management in adults with obesity or overweight with associated comorbidities [83,87]. An effective dose of semaglutide for weight reduction is 2.4 mg administered once weekly via subcutaneous injection. Treatment is initiated at a dose of 0.25 mg per week for the first four weeks, followed by a gradual dose escalation at four-week intervals until the target dose of 2.4 mg weekly is achieved [12]. The systematic review and meta-analysis by Gao et al. (2022) [88] evaluated the efficacy and safety of semaglutide for weight loss in obese or overweight adults without diabetes. Based on data from randomized controlled trials, the analysis demonstrated that semaglutide significantly reduced body weight compared with placebo, with mean reductions of approximately 10% or more. In addition, treatment with semaglutide was associated with improvements in secondary anthropometric outcomes, including reductions in BMI and waist circumference [88]. Injectable semaglutide (2.4 mg once weekly) has been associated with a mean body weight reduction of approximately 14.9% over a treatment period of around 68 weeks, compared to 15.1% with oral semaglutide (50 mg daily) in the OASIS 1 study [89,90]. Semaglutide carries a “boxed warning” regarding the potential risk of thyroid C-cell tumors, based on findings from animal studies [67]. For this reason, its use is not recommended in patients with a personal or family history of medullary thyroid carcinoma (MTC) or in patients with multiple endocrine neoplasia type 2 (MEN2) [67]. There is a relative contraindication, or at least increased caution, regarding the use of semaglutide in patients with a history of acute pancreatitis, as cases of worsening or recurrence of the condition have been reported. The most common adverse effects of the drug concern the gastrointestinal system, including nausea, vomiting, diarrhea, and abdominal pain, particularly during treatment initiation or dose escalation [67]. Available studies on the effects of semaglutide on reproductive health are currently limited, especially regarding clinical data [77]. Most evidence derives from preclinical animal studies, in which adverse outcomes have been observed, including embryotoxicity, delayed fetal development, and an increased risk of congenital abnormalities, especially at doses associated with significant maternal weight loss [91]. Due to these findings, and the lack of sufficient and well-established safety data in humans, the use of semaglutide is not recommended during pregnancy [91]. Based on the available data, including the recent study by Diab et al. (2024) [92], the use of subcutaneous semaglutide during breastfeeding appears, to date, to be associated with a low likelihood of infant exposure through breast milk. The findings suggest that the transfer of the active substance into human milk is extremely limited and that its oral absorption by the infant is also expected to be minimal, due to its peptide structure and potential degradation within the gastrointestinal tract [92]. Despite these encouraging findings, the overall evidence remains limited and is based on a small number of cases and studies, which does not allow for definitive conclusions regarding the safety of long-term use during lactation. Therefore, although current data do not indicate a significant risk to the breastfed infant, the use of semaglutide during breastfeeding should be considered on an individual basis, taking into account the maternal benefit and the limited clinical experience available [92]. Weight loss induced by semaglutide may have several beneficial metabolic and reproductive effects. These include improvements in insulin sensitivity, reductions in systemic inflammatory markers, and partial restoration of normal gonadotropin secretion. Collectively, these changes may enhance ovarian responsiveness and improve the likelihood of regular ovulation, which is a critical prerequisite for fertility and successful conception. However, these potential benefits should be interpreted with caution, as reproductive outcomes remain an emerging area of investigation [11]. The study by Carmina and Longo (2023) [93], involving obese women with PCOS, reported that treatment with semaglutide (0.5 mg subcutaneously once a week) was associated with significant weight reduction and, in a substantial proportion of responders, normalization of menstrual cycles. These findings suggest that, in addition to its metabolic benefits, semaglutide may also contribute to improvement in reproductive function. Overall, the observed outcomes indicate that the weight loss and metabolic effects of semaglutide may translate into clinically meaningful enhancements in menstrual regularity, particularly in women with PCOS [93]. A prospective, randomized, controlled clinical trial by Chen H et al. (2025) [94] evaluated the effects of combined therapy with metformin (1000 mg twice daily) and semaglutide (1 mg once weekly) in overweight and obese women with PCOS, compared with metformin monotherapy over 16 weeks. The study assessed changes in body weight, metabolic parameters, and reproductive outcomes. The results showed that combination therapy led to significantly greater reduction in body weight and improvement in metabolic indices, including insulin resistance and glycemic control, compared with baseline and metformin alone. Additionally, the combination was associated with improved reproductive outcomes, such as enhanced menstrual regularity and markers of ovulatory function. Notably, natural pregnancy rates were higher in the combination group (35%) than in the metformin-only group (15%). Overall, these findings suggest that semaglutide, particularly when combined with metformin, may offer clinically meaningful benefits in addressing both metabolic and reproductive dysfunction in women with PCOS [94]. Therefore, semaglutide may exert beneficial indirect effects on female reproductive health, primarily through significant weight loss and improvements in metabolic function. These changes are particularly relevant in conditions such as PCOS, where the metabolic dysfunction contributes to anovulation and subfertility. It seems that semaglutide, especially when combined with metformin, can enhance menstrual regularity and may improve natural conception rates in selected populations. However, despite these promising findings, the use of semaglutide in women actively attempting conception or during pregnancy remains contraindicated due to insufficient safety data and potential risks to fetal development. Current clinical guidance therefore supports its use only as part of a supervised preconception weight management strategy, with discontinuation being recommended prior to conception attempts. However, recent findings indicate that these agonists facilitate follicular progression and improve oocyte competence by combating metabolic and oxidative stress inside the follicular compartment [8].



Importantly, the existing evidence base remains limited by short study durations, small sample sizes, and a lack of fertility-focused endpoints. Concerning GLP-1 agonists, a randomized, double-blind crossover trial in healthy lean men demonstrated that dulaglutide had no effect on sexual desire, hypothalamic–pituitary–gonadal axis hormones, or semen parameters, suggesting no direct impairment of male sexual or reproductive function. However, recent clinical case reports have identified possible female sexual side effects [95]. Another aspect that has to be taken into account is the pharmacokinetic behavior of semaglutide that is determined by its rational structural modifications, including DPP-4-resistant amino acid substitution and fatty-acid side-chain conjugation that promotes reversible albumin binding; these features prolong systemic exposure, support attainment of steady-state concentrations after repeated dosing, and may influence its distribution into extracellular compartments, although the extent and clinical relevance of semaglutide penetration into compartments such as the ovarian follicular fluid require further investigation [96,97,98]. These findings further accentuate the need for large-scale, well-designed clinical trials to clarify the direct effects of semaglutide, and other well-applied GLP-1 agonists, on ovarian function, folliculogenesis, and the hypothalamic–pituitary–ovarian axis. Importantly, GLP-1 receptor agonists are not currently approved or guideline-recommended for fertility restoration, and substantial uncertainty remains regarding long-term reproductive safety, optimal patient selection, and clinical guidelines [99]. Until such data are available, treatment decisions should be individualized, considering metabolic status, reproductive goals, and careful clinical oversight. Figure 4 illustrates the mechanisms of action, dosage escalation, metabolic and reproductive effects, side effects, and contraindications of semaglutide in women with obesity.



In conclusion, semaglutide demonstrates significant therapeutic potential for obese women by driving profound weight reduction and reversing metabolic dysfunction. These metabolic improvements offer promising indirect benefits for female reproductive health, particularly in restoring menstrual regularity and improving ovulatory function in conditions like PCOS. However, clinical data focused specifically on reproductive and fertility endpoints remain strictly limited, characterized by small sample sizes and short study durations. Because current evidence regarding direct mechanisms on the hypothalamic–pituitary–ovarian axis and follicular microenvironment is still emerging, caution is warranted. Semaglutide remains strictly contraindicated during pregnancy due to safety concerns identified in animal studies. Therefore, while semaglutide serves as an effective pre-pregnancy weight management strategy, large-scale, long-term clinical trials are urgently required to establish its direct impact on fertility, clarify optimal washout periods, and formulate definitive clinical guidelines for reproductive-aged women.




4.4. Phentermine and Topiramate Combination (Qsymia)


Phentermine (2-methyl-1-phenylpropan-2-amine) belongs to the class of sympathomimetic drugs and acts on the hypothalamus by enhancing the release of neurotransmitters such as serotonin, norepinephrine, and dopamine [1,77]. Through this mechanism, it reduces the appetite and diminishes the feeling of pleasure associated with food consumption [12]. Increased release of norepinephrine in the brain contributes to the enhancement of leptin production [12]. In 1995, the FDA approved phentermine as a medication for the treatment of obesity, with its use being limited to a short-term period of up to 12 weeks [12]. Common side effects of phentermine include insomnia, dry mouth, increased blood pressure, and tachycardia [12]. In addition, due to its chemical similarity to amphetamines, there is a potential risk of developing dependence [12]. Its use is not recommended in pregnant women, nor in individuals with glaucoma, uncontrolled hypertension, or a history of cardiovascular disease [12].



Topiramate acts through three main mechanisms: (i) it enhances the activity of gamma-aminobutyric acid (GABA), (ii) it inhibits the action of glutamic acid, and (iii) it inhibits the function of carbonic anhydrase [12,77]. Topiramate is used both in the treatment of epilepsy, due to its anticonvulsant properties, and in the prevention of migraines [12]. At the same time, it has been observed to contribute to a reduction in appetite [12]. Topiramate should not be administered during pregnancy, nor in patients with glaucoma or a history of kidney stones [12]. The use of topiramate during pregnancy has been associated, in experimental animal studies, with an increased risk of fetal mortality, and a higher likelihood of cleft lips in fetuses has also been reported [67]. In addition, its use is not recommended during breastfeeding, as adverse effects such as diarrhea and drowsiness have been observed in infants breastfed by mothers receiving topiramate treatment [67]. Topiramate may also interact with combined oral contraceptives, potentially reducing their contraceptive effectiveness and increasing the likelihood of bleeding [67]. Furthermore, topiramate’s effects on neurotransmitter pathways, particularly on GABA receptors, appear to potentially influence normal reproductive function. In experimental rat models, possible effects have been observed on ovulatory cycles, oocyte quality, and the implantation process, which may lead to reduced fertility [68].



The combination of phentermine and topiramate (Qsymia) was approved by the FDA in 2012 as a pharmacological treatment for obesity [67]. Khera and colleagues conducted a systematic review and meta-analysis that included 28 randomized clinical trials with a total of 29,018 participants. The mean age was 46 years, 74% of the patients were women, and the average body weight and BMI were 100.5 kg and 36.1 kg/m2, respectively. The study compared pharmacological interventions with placebo, including orlistat (16 trials), lorcaserin (3 trials), naltrexone–bupropion (4 trials), phentermine–topiramate (2 trials), and liraglutide (2 trials). In addition, a multi-arm trial comparing both liraglutide and orlistat with placebo was included. It was found that, compared with placebo, the greatest mean weight loss after one year of treatment was observed with the phentermine–topiramate combination, resulting in an average reduction of approximately 8.8 kg (95% CI: −10.2 to −7.42 kg). Moreover, considering that about 9% of patients on placebo achieved at least 10% weight loss, the probability of reaching this threshold was substantially higher with active treatments: 54% with phentermine–topiramate, 34% with liraglutide, 30% with naltrexone–bupropion, 25% with lorcaserin, and 20% with orlistat [95]. These findings suggest that among pharmacological interventions for the treatment of obesity, the phentermine–topiramate combination is the most effective option, achieving the greatest mean weight loss and the highest rates of clinically significant (>10%) reduction compared with placebo and other treatments [100].



Qsymia is contraindicated in all cases where the administration of phentermine or topiramate is not recommended, as it is a combination of these two active substances. Caution is required in women of reproductive age, as the drug is classified as Category X for use during pregnancy [12]. For this reason, clinical guidelines recommend performing a pregnancy test before initiating treatment and repeating it every month during the therapy to avoid potential fetal exposure during the early stages of pregnancy [68]. At the same time, many healthcare professionals require patients to provide written confirmation of consistent use of reliable contraception methods throughout the treatment [68].



The most common adverse effects associated with phentermine/topiramate therapy include paresthesia, hypoesthesia, dry mouth, constipation, taste disturbances, decreased concentration, irritability, dizziness, insomnia, and increased blood pressure [12]. Overall, Qsymia, as a combination of phentermine and topiramate, appears to be the most effective pharmacological option for the management of obesity in women of reproductive age, due to the substantial weight loss it achieves. However, its use is associated with important limitations, particularly regarding pregnancy, as well as potential effects on reproductive mechanisms. Despite its efficacy in reducing body weight, its impact on female fertility remains insufficiently documented and requires further long-term investigation, making careful and individualized use in clinical practice essential [77]. However, due to its adverse effects, the potentiality of the combination in female reproduction is not considered promising.




4.5. Bupropion and Naltrexone Combination (Contrave)


Bupropion is a selective catecholamine reuptake inhibitor, primarily targeting norepinephrine and dopamine, two neurotransmitters that play an important role in the regulation of mood and the brain’s reward system [12,68]. It belongs to the class of aminoketone antidepressants and is widely used for the treatment of depression and nicotine dependence, while in some cases it is also used as an adjunct therapy for the management of attention-deficit disorder with or without hyperactivity (ADHD/ADD) [68]. The enhancement of dopaminergic and noradrenergic neurotransmission by bupropion contributes to improved mood, increased energy, and reduced fatigue [68]. At the same time, the drug stimulates pro-opiomelanocortin (POMC) neurons in the arcuate hypothalamic nucleus (ARH) [12]. In these neurons, POMC is cleaved into alpha-melanocyte-stimulating hormone (α-MSH) and beta-endorphins [12,96]. α-MSH acts on melanocortin-4 receptors (MC4R), leading to the induction of satiety, reduced food intake, and increased energy expenditure [12]. In contrast, beta-endorphins bind to μ-opioid receptors (MORs) located on POMC neurons. Activation of these receptors triggers a self-inhibitory negative feedback mechanism, which limits the continued release of α-MSH [12,101]. Although bupropion is primarily used as an antidepressant, it has been observed that its administration may also contribute to weight loss, a finding that supports its investigation as a potential treatment for obesity. In an 8-week randomized, double-blind, placebo-controlled clinical trial, Gadde et al. studied 50 overweight and obese women with a BMI ranging from 28.0 to 52.6 kg/m2. Bupropion treatment was initiated at a dose of 100 mg per day and gradually increased to a maximum dose of 200 mg twice daily. In addition, all participants followed a hypocaloric diet of 1600 kcal/day, and adherence was monitored through food diaries. Women who responded to the treatment continued receiving it in a double-blind manner for an additional 16 weeks, completing a total of 24 weeks of follow-up. Participants who received bupropion showed a mean body weight loss of 6.2% ± 3.1% after 8 weeks of treatment (n = 18), which increased to 12.9% ± 1.5% after 24 weeks of treatment (n = 14) [102]. At the same time, obesity has been associated with an increased risk of developing depression and anxiety disorders [103]. Pathophysiological mechanisms such as chronic inflammation, insulin and leptin resistance, as well as hypertension, appear to contribute both to metabolic dysfunction and to the development of psychiatric disorders [103]. In addition, among women with obesity, the prevalence of depression is approximately twice as high compared to men [67]. For this reason, the antidepressant effects of bupropion may provide additional therapeutic benefit in this population [67].



Naltrexone is a synthetic, long-acting opioid receptor antagonist and is primarily used in the treatment of alcohol and opioid dependence [12,68]. Its pharmacological action is based on the blockade of μ-opioid receptors (MORs) in the brain. Through this mechanism, the pleasurable and rewarding effects associated with food intake are reduced, which contributes to appetite suppression [12,68]. The FDA has approved the use of naltrexone for the treatment of alcohol and opioid dependence, as well as for the management of severe opioid toxicity [12]. Experimental data have shown that naltrexone may contribute to reduced food intake, overall food consumption, and binge-eating episodes. However, in clinical studies conducted in humans, its use as monotherapy has not consistently produced reliable and reproducible results in terms of weight loss [104]. Ahmed et al. also described beneficial effects of naltrexone in women with PCOS. In a randomized controlled trial, 30 obese, infertile patients with hyperandrogenism and hyperinsulinemia received oral naltrexone at a dose of 50 mg daily for 6 months [100]. In cases where ovulation was not achieved after 12 weeks of monotherapy, clomiphene citrate was added (50 mg/day for 5 days, with the option to increase up to 150 mg/day in non-responders). Naltrexone treatment was associated with a significant reduction in body mass index, fasting insulin levels, the LH/FSH ratio, and androgen levels. No pregnancies were observed during monotherapy, whereas during the combination phase with clomiphene, 9 women (33.3%) achieved pregnancy [105]. In addition, Fulghesu et al. demonstrated that oral administration of naltrexone at a dose of 50 mg daily for 8 weeks may enhance the effectiveness of pulsatile GnRH (5 μg/bolus every 90 min) administration in obese women with PCOS. Specifically, this combination was associated with higher rates of ovarian response and ovulation induction (90%) compared with pulsatile GnRH administered as monotherapy (60%) [106].



The pharmaceutical formulation Contrave, which combines naltrexone and bupropion, exploits the synergistic action of the two active substances, achieving greater effectiveness in weight loss compared with the administration of each agent alone. This combination was approved by the FDA in 2014 for the pharmacological treatment of obesity [12,67,68]. This treatment is indicated for obese individuals with a body mass index (BMI) > 30 kg/m2, as well as for overweight patients with a BMI > 27 kg/m2 who present at least one obesity-related comorbidity, such as type 2 diabetes mellitus (T2DM), hypertension, or dyslipidemia [12]. At the same time, its administration is recommended to be accompanied by a hypocaloric diet and increased physical activity to enhance the overall effectiveness of the therapeutic intervention [12]. Bupropion stimulates the activity of POMC neurons in the arcuate nucleus of the hypothalamus, increasing POMC production and the release of α-MSH and β-endorphin [12,68]. α-MSH acts on MC4R receptors, causing a feeling of satiety, reduced food intake, and increased energy expenditure. However, β-endorphins, which are endogenous agonists of MORs on POMC neurons, activate negative feedback mechanisms, limiting the further secretion of α-MSH [12]. At this point, naltrexone acts by blocking MORs, thereby preventing the β-endorphin-mediated autoinhibitory feedback of POMC neurons on one hand and on the other contributing to the inhibition of reward pathways and the reduction in hedonic food intake [12,67,101] (Figure 5).



In the COR-BMOD (Behavioral Modification) study, the effectiveness of the naltrexone/bupropion combination was evaluated in conjunction with an intensive behavioral modification program. Participants who received the pharmacological treatment alongside the behavioral intervention experienced significantly greater weight loss compared with the group following the same program while receiving placebo (−11.5% ± 0.6% vs. −7.3% ± 0.9%, p < 0.001) [107]. In the randomized, double-blind, placebo-controlled COR-II clinical trial by Apovian et al., 1496 obese and overweight adults with dyslipidemia and/or hypertension participated. The participants received a combination of sustained-release (SR) naltrexone 32 mg/day and sustained-release bupropion 360 mg/day (NB32) for up to 56 weeks. Treatment with NB32 was associated with a significantly greater reduction in body weight compared with placebo (−8.2% vs. −1.4%). In addition, more pronounced improvements in cardiometabolic risk markers were observed compared with the placebo group [108]. In the COR-Diabetes study by Lee Hollander et al., overweight and obese patients with type 2 diabetes mellitus received either a combination of sustained-release naltrexone 32 mg and sustained-release bupropion 360 mg for a period of 56 weeks. The results showed that administration of the combined therapy was associated with a significantly greater reduction in body weight compared with placebo (−5.0% vs. −1.8%, p < 0.001). At the same time, a greater proportion of patients in the intervention group achieved at least 5% weight loss compared with the control group (44.5% vs. 18.9%, p < 0.001) [109]. The systematic review and meta-analysis by Liu examined data from randomized controlled clinical trials in order to evaluate the effect of bupropion, both as monotherapy and in combination with naltrexone, on body weight indices in overweight or obese adults. A total of 25 studies (33 treatment arms) were included in the analysis, involving participants aged 18 years and older. The interventions included comparisons of bupropion alone and bupropion combined with naltrexone versus placebo or other control groups. The primary outcomes concerned body weight, BMI, and waist circumference. The results showed that both bupropion and, to a greater extent, its combination with naltrexone led to a statistically significant reduction in body weight (WMD: −3.67 kg) and waist circumference (WMD: −2.98 cm) compared with the control groups, although no significant effect on BMI was observed. Subgroup analyses demonstrated greater weight loss when treatment duration exceeded 26 weeks, as well as the superiority of combination therapy over bupropion monotherapy. Finally, meta-regression analysis showed that higher doses were associated with greater reductions in body weight [110].



Administration of Contrave is carried out through gradual dose titration, aiming to improve patient tolerability and maximize therapeutic effectiveness. This gradual dose adjustment assists in the reduction in the adverse effects that may occur during the treatment [68]. The most-reported adverse effects associated with the administration of the naltrexone/bupropion combination include nausea, constipation, headache, dizziness, insomnia, dry mouth, diarrhea, and increased blood pressure [12]. The use of this combination is not recommended in individuals with a history of seizures or eating disorders such as bulimia or anorexia nervosa, while concurrent alcohol consumption is also contraindicated [12]. In addition, its concomitant use with opioids, other medications containing bupropion, or monoamine oxidase inhibitors (MAOIs) within the previous 14 days is contraindicated [68]. Additionally, Contrave is contraindicated in patients with uncontrolled hypertension, as well as during pregnancy and breastfeeding, since both naltrexone and bupropion are excreted in breast milk [12,68]. In studies conducted in pregnant rats and rabbits, oral administration of naltrexone at doses higher than the therapeutic range was associated with an increased incidence of early fetal loss [67]. According to data from the U.S. FDA, most available studies in humans and experimental animals do not demonstrate an increased risk of adverse pregnancy outcomes associated with the use of bupropion [67]. Nevertheless, some experimental data from animal studies have reported reduced fetal body weight and a higher incidence of fetal abnormalities when supratherapeutic doses were administered [67]. In addition, there are a few case reports of seizures in infants who were breastfed by mothers receiving bupropion treatment [67]. The systematic review by Goldberg et al. found no direct clinical trials evaluating the combination of bupropion and naltrexone specifically in women with polycystic ovary syndrome (PCOS) [18]. The authors described the combination as a potential future therapeutic option for obesity in PCOS, given that obesity and insulin resistance are key pathogenetic factors of the disorder. Available data from the general obese population suggests approximately 5% weight loss after 12 weeks of treatment. Since weight reduction in PCOS is associated with improvement in metabolic and reproductive parameters, the combination may theoretically benefit insulin resistance, hormonal balance, and ovulation. However, it is emphasized that specific randomized trials in PCOS are lacking, and the efficacy and safety of Contrave in this population have not been adequately established. Therefore, further high-quality clinical trials are required to evaluate its long-term metabolic, reproductive, and psychological effects [18]. Overall, the naltrexone/bupropion combination (Contrave) has primarily been studied as a treatment for obesity rather than specifically for reproductive outcomes; however, its potential effect on female reproductive function arises indirectly through significant weight loss and improvements in metabolic parameters. Weight reduction in obese women may lead to improved insulin resistance, regulation of hormonal disturbances, and restoration of ovulation, factors that are particularly important in PCOS. Data from clinical studies show that the combination achieves meaningful weight loss and improvements in cardiometabolic markers, which could theoretically support better reproductive function. In addition, bupropion may contribute to improved mood, which can positively influence sexual and psychological health. Nevertheless, there are still no specific clinical studies demonstrating a direct effect of Contrave on fertility or reproductive outcomes in women with obesity or PCOS, making the current evidence largely indirect and theoretical.





5. Off-Label Prescribing of Anti-Obesity Medications


5.1. Metformin


Metformin is an oral antihyperglycemic drug, derived from the plant Galega officinalis (known as “goat gall” or “French lilac”) [14]. It belongs to the biguanide class and was approved by the FDA in 1995 for the treatment of type 2 diabetes mellitus [14]. Metformin works primarily by reducing glucose production by the liver, improving the sensitivity of peripheral tissues to insulin, and reducing intestinal glucose absorption, ultimately resulting in a reduction in blood glucose levels [14,67]. This mechanism appears to be related to the inhibition of the function of complex IV of the mitochondrial respiratory chain, which alters the cytoplasmic redox balance and leads to selective inhibition of hepatic gluconeogenesis, especially that derived from glycerol [14]. At the same time, at the cellular level, metformin activates AMP-activated protein kinase (AMPK), thus contributing to further suppression of hepatic gluconeogenesis and enhancement of glucose uptake by skeletal muscles [14]. As illustrated in Figure 6, metformin exerts its glucose-lowering effects by precise molecular cascades in hepatocytes, skeletal muscle, and the intestine: In hepatocytes, the inhibition of complex IV increases the intracellular AMP/ATP ratio, which serves as the direct trigger for AMPK-mediated reductions in hepatic glucose output. In skeletal muscles, the activated AMPK induces the translocation of GLUT4 transporters to the cell membrane, facilitating enhanced peripheral glucose uptake and utilization. In the intestine, metformin enters epithelial cells via the OCT1 transporter, where it utilizes AMPK to downregulate both SGLT1 and α-glucosidase activity while suppressing GLUT2 expression, effectively minimizing postprandial glucose absorption.



At the ovarian level, available data suggest that metformin may indirectly modulate steroidogenesis by attenuating insulin-driven theca cell androgen production; however, direct in vivo evidence delineating specific ovarian cellular targets in humans remains limited [111,112]. Beyond these systemic pathways, molecular evidence indicates that metformin acts directly on granulosa cells by activating the adenosine monophosphate-activated protein kinase (AMPK) pathway [113,114]. This activation subsequently downregulates mammalian target of rapamycin (mTOR) signaling, leading to a decrease in reactive oxygen species (ROS) and a downregulation of cytochrome P450 19A1 (CYP19A1), which ultimately improves follicular development and oocyte quality [115,116]. Concurrently, within the ovarian microenvironment, metformin mitigates inflammation—demonstrated by the reduction in tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6)—while lowering oxidative stress and enhancing antioxidant defenses via the upregulation of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) to foster a favorable microenvironment for folliculogenesis [117] (Figure 7). Similarly, in the endometrium, accumulating evidence indicates that metformin may improve markers of endometrial receptivity, including vascular parameters and implantation-related gene expression, as well as reduce inflammatory signaling in PCOS populations [111,118]. At the cellular level, metformin-mediated AMPK activation suppresses nuclear factor kappa B (NF-κB) signaling, thereby decreasing inflammatory cytokines such as IL-6 and interleukin-1 beta (IL-1β) while promoting autophagy and cell survival to improve endometrial receptivity and implantation [119,120]. Within the local endometrial microenvironment, metformin additionally suppresses oxidative stress and inflammation while driving angiogenesis through increased vascular endothelial growth factor (VEGF) expression [121]. Collectively, these coordinated cellular and microenvironmental enhancements converge to deliver improved reproductive outcomes, characterized by a regulated hormonal balance, optimal endometrial receptivity, and increased fertility potential [122]. Nevertheless, the extent to which these effects reflect direct endometrial actions versus secondary improvements mediated by systemic metabolic and endocrine normalization remains incompletely understood and represents an active area of ongoing research [123] (Figure 7).



Metformin may also cause mild weight loss in overweight individuals, diabetic or not, primarily through improved insulin sensitivity, which may contribute to reduced appetite and lower energy intake [14,67]. The systematic review by Lentferink et al. (2018) [124] evaluated the efficacy of metformin in overweight and obese children and adults in the reduction in the body weight, insulin resistance, and the prevention of the progression to type 2 diabetes mellitus. The results showed that the effect of metformin on body weight and BMI is variable, with smaller reductions being observed in children compared to adults. At the same time, it was found that the use of metformin in adults is associated with a significant reduction in the risk of progression to T2DM, with percentages ranging from 7% to 31% [124]. There is also evidence that metformin may affect the composition of the intestinal microflora, contributing to body weight control [14]. However, metformin has not been officially approved as a treatment for weight loss and its use for this purpose requires careful consideration by healthcare professionals [14]. Metformin may enhance the beneficial effects of liraglutide in improving insulin sensitivity and glucose regulation. In a 12-week randomized trial by Jensterle et al. in 30 obese women with PCOS, the combination of metformin (1000 mg twice daily) and liraglutide (1.2 mg daily) was associated with significant reduction in body weight and glucose levels after a glucose tolerance test, whilst total androgens were decreased and less nausea was observed. In contrast, liraglutide monotherapy (3 mg daily) appeared to be more effective in terms of weight loss compared to the combination [125]. Metformin can also be used in other clinical conditions, such as PCOS, certain types of cancer, type 1 diabetes mellitus, and insulin resistance. In addition, its potential role in interventions related to slowing the aging process is also being investigated [14]. Metformin administration contributes to the restoration of ovarian function through the improvement of metabolic and hormonal disorders. According to Magzoub R et al. in women with polycystic ovary syndrome who are not obese, metformin is associated with a modest improvement in clinical pregnancy rates compared to placebo [15]. At the same time, it was found that its effectiveness is similar to clomiphene citrate in achieving clinical pregnancy; however, it is accompanied by an increased likelihood of miscarriage [15]. In adult women with polycystic ovary syndrome, especially those with a body mass index of 25–30 kg/m2, its effectiveness in reducing hirsutism appears to be limited compared to oral contraceptives [14]. In women with PCOS, the combination of metformin and oral contraceptives may enhance androgen regulation and improve menstrual cycles, particularly in obese patients. However, in women with normal or low body weight, it may cause adverse effects, such as decreased muscle mass and fluid retention (the “osteosarcopenic effect”) [16]. This phenomenon appears to result from a combination of the hormonal and metabolic effects of the treatment. The reduction in androgens limits the maintenance of muscle mass, while the activation of AMPK by metformin enhances catabolic processes in muscle tissue. At the same time, changes in mitochondrial function and the increase in muscle damage markers contribute to muscle loss and functional decline, leading to this phenotype. Therefore, an individualized therapeutic approach is necessary [16]. Metformin can be used as a second-line treatment in combination with gonadotropins for ovulation induction in assisted reproduction programs, such as IVF and ICSI. It acts by improving metabolic and endocrine parameters, reducing androgen levels, and enhancing ovarian response and implantation, while reducing the need for high doses of gonadotropins and preventing ovarian hyperstimulation syndrome (OHSS) [14,16]. An analysis of nine randomized trials in 816 women with polycystic ovary syndrome showed that metformin increases clinical pregnancy rates and reduces the risk of ovarian hyperstimulation syndrome. However, there was no clear evidence that it improves live birth rates (LBR) [126]. Similarly, the double-blind randomized study by Abdalmageed et al. showed that the use of metformin in overweight or obese women with PCOS undergoing IVF was associated with a lower number of oocytes at oocyte retrieval, without a clear improvement in live birth rates (LBR) [127]. Also, in the context of assisted reproduction, the available data on the effect of metformin on the risk of spontaneous abortions remain conflicting [16]. In women with PCOS, metformin has been studied in combination with clomiphene citrate, a mild nonsteroidal estrogen antagonist, for the treatment of anovulatory infertility [16]. However, the effectiveness of the combination of metformin and clomiphene citrate in inducing ovulation and improving birth rates, compared with clomiphene citrate monotherapy, remains controversial [128]. The combination of metformin and clomiphene citrate appears to be more effective in women with PCOS who have a reduced response to clomiphene citrate, severe obesity, insulin resistance, or dyslipidemia, as well as in those who respond positively to metformin [16]. Also, in women with PCOS, the combination of metformin and letrozole, which is an aromatase inhibitor used to restore the ovarian cycle and induce ovulation, appears to improve pregnancy and live birth rates compared to the combination of clomiphene citrate and metformin [16]. Agrawal et al. (2019) showed that the combination of metformin with myo-inositol, a natural sugar of the B vitamin complex, is more effective in inducing ovulation in women with polycystic ovary syndrome and infertility and is also associated with higher live birth rates [129]. In some cases of metformin use, adverse gastrointestinal effects have been reported [14,16]. The FDA recommends that, during pregnancy, women with diabetes should receive insulin, while data regarding the safety of metformin during pregnancy remain limited [67,114]. In the study by Dukhovny et al., exposure to metformin during the first trimester of pregnancy was investigated in both women with diabetes and non-diabetic women who used it for the treatment of infertility. The results showed that its use in pregnant women with diabetes was associated with an increased risk of various congenital anomalies related to diabetes. When metformin was used for the treatment of infertility, the adjusted odds ratios (aORs) for secundum atrial septal defect, anorectal malformations, and limb reduction defects were increased by 2–4 times [130]. In contrast, in the study by Notaro et al., adverse effects of metformin during pregnancy were characterized mainly as mild, with no findings linking its use to an increased likelihood of teratogenesis [131]. Overall, metformin is a widely used antihyperglycemic drug with multidimensional action on glucose metabolism, through reduction in hepatic gluconeogenesis, enhancement of insulin sensitivity and activation of AMPK. In addition to its main indication in type 2 diabetes mellitus, it has an important role in metabolic and reproductive disorders, such as PCOS, where it contributes to the regulation of androgens, improvement in ovarian function and restoration of the cycle. Despite the favorable results on indicators such as ovulation, insulin resistance and clinical pregnancy, the data on live births remain contradictory. Furthermore, its action in combination therapies (liraglutide, clomiphene, letrozole, inositol) show that its effectiveness depends on the patient’s profile. Therefore, its use requires an individualized approach and careful clinical evaluation.




5.2. Exenatide


Exenatide is the first representative of the class of glucagon-like peptide-1 (GLP-1) receptor agonists to be introduced into clinical practice [132]. Its development was based on the study of exendin-4, a peptide isolated from the saliva of the venomous lizard Heloderma suspectum [133]. Exendin-4 shows significant structural similarity to endogenous GLP-1, which allows it to bind to GLP-1 receptors and mimic its physiological effects in the human body [134]. Through activation of these receptors, exenatide enhances glucose-dependent insulin secretion, thereby improving glycemic control with a low risk of hypoglycemia [135]. At the same time, it suppresses inappropriate glucagon secretion from pancreatic α-cells, reducing hepatic glucose production [135]. In addition, it slows gastric emptying, leading to delayed postprandial glucose absorption [136], while also exerting central effects that reduce appetite and consequently energy intake [137]. The combination of these actions makes exenatide particularly useful for both glycemic control and body weight reduction [77]. Exenatide was approved by the FDA in 2005 for the treatment of type 2 diabetes mellitus, becoming one of the first GLP-1 receptor agonists introduced into clinical practice [138]. Subsequently, as evidence accumulated regarding its beneficial effects on weight reduction, its use expanded to the management of obesity, particularly in patients with associated metabolic disorders. However, exenatide has not received formal FDA approval for obesity [139]. Exenatide is administered subcutaneously, typically initiated at a dose of 5 micrograms twice daily, which may be increased to 10 micrograms twice daily after one month if needed for glycemic control, depending on patient response and tolerability [140]. This gradual titration optimizes therapeutic efficacy while minimizing adverse effects [139]. The most frequently reported side effects of exenatide involve the gastrointestinal system. In addition, patients may experience injection-site induration, headaches, and, less commonly, hypersensitivity reactions [141]. In the study by Rosenstock et al. (2010) [142], the effect of exenatide in combination with lifestyle interventions on body weight and glucose tolerance was evaluated in obese individuals, with or without prediabetes, compared with placebo over a 24-week period. The results showed that the exenatide group achieved significantly greater weight loss (−5.1 ± 0.5 kg) compared to the placebo group (−3.3 ± 0.5 kg). In addition, favorable changes in glucose tolerance were observed, particularly in individuals with prediabetes. Overall, the study supports that exenatide, when combined with lifestyle modification, enhances weight loss and improves metabolic parameters, highlighting its role as an adjunct pharmacological intervention in the management of obesity [142]. The double-blind trial by Lundkvist et al. (2017) [143] evaluated the effects of once-weekly exenatide (2 mg) in combination with dapagliflozin (10 mg once daily) on body weight, body composition, glycemic variables, and systolic blood pressure (SBP) in obese adults without diabetes, compared with placebo, over a 24-week period. Regarding body weight, the difference in weight change between the exenatide plus dapagliflozin group and placebo was −4.13 kg. In addition, 36% of participants in the active treatment group achieved a weight loss of ≥5% of their baseline body weight, compared with only 4.2% in the placebo group, indicating clinically meaningful efficacy in weight reduction. Prediabetes was also less frequent in the active treatment group. Furthermore, the difference in change in systolic blood pressure (SBP) between the exenatide plus dapagliflozin group and placebo was −6.7 mmHg. Overall, the results suggest that the combination therapy of exenatide and dapagliflozin leads to a moderate but clear reduction in body weight in obese adults without diabetes, mainly through a reduction in fat mass, with good tolerability. In addition, favorable changes in glycemic parameters were observed, including a possible reduction in the incidence of prediabetes, as well as a decrease in systolic blood pressure [143]. In the randomized, double-blind, placebo-controlled study by Basolo et al. (2018) [144], the effect of subcutaneous administration of exenatide (10 μg twice daily) on energy expenditure, energy intake, and body weight was evaluated in obese adults without diabetes. The study duration was 24 weeks, with interim monitoring during the first 5 weeks and monthly visits until completion. The results showed that exenatide significantly reduced spontaneous energy intake (primarily in the short term), without affecting 24 h energy expenditure. Greater initial weight loss was observed (at 5 weeks), but no significant difference was found at 6 months compared to placebo. Overall, the study demonstrates that exenatide reduces food intake and limits overeating but does not substantially affect long-term energy expenditure or body weight [144]. In the study by Rui-Li Ma et al. (2021) [145], the effectiveness of the combination of exenatide (2 mg QW, once weekly) and metformin (500 mg three times a day) was evaluated in overweight or obese women with PCOS over a period of 12 weeks. The results showed that adding exenatide to metformin therapy led to a significant reduction in body weight and body mass index compared to the patients’ baseline status. Weight loss was also accompanied by improvements in metabolic parameters, suggesting an overall beneficial effect on the metabolic profile of women with PCOS. Overall, the study demonstrates that exenatide, when used in combination with metformin, may effectively contribute to weight reduction in this population group, reinforcing its therapeutic role in the management of obesity associated with PCOS [145]. In the double-blind, randomized, placebo-controlled trial by van Ruiten et al. (2022), strong evidence emerged that exenatide promotes weight reduction indirectly through central mechanisms, by modulating eating behavior [146].



Exenatide appears to exert beneficial effects on the female reproductive system, primarily by modulating the hormonal profile. Specifically, it has been associated with increased levels of FSH, which is essential for follicular development, as well as SHBG, which reduces circulating free androgen levels [77,141]. At the same time, exenatide administration has been linked to decreased serum testosterone concentrations—an important effect in women with PCOS, where hyperandrogenemia is a central pathophysiological feature [77,133]. These hormonal changes are associated with improvements in ovarian function, including increased ovulation frequency and restoration of menstrual cycle regularity [147,148]. Collectively, these findings suggest that exenatide may play a meaningful role in enhancing reproductive function in women with PCOS, likely through combined indirect mechanisms involving reduced insulin resistance and improved endocrine balance [77]. A randomized controlled trial by Renyuan Li et al. (2022) [149] further evaluated the effects of exenatide compared with metformin on fertility outcomes in overweight or obese women with PCOS. The study demonstrated that short-term preconception treatment with exenatide resulted in a significantly higher spontaneous pregnancy rate compared to metformin alone (29.2% vs. 14.7%), an effect likely driven by greater weight loss and improved insulin sensitivity. However, during longer follow-up, including the use of assisted reproductive technologies, no significant differences were observed in the overall pregnancy rates between the two groups. In addition, pregnancy outcomes, such as complications and delivery results, were comparable. In summary, exenatide appears to enhance the likelihood of natural conception in the short term, mainly through metabolic improvements, but does not seem to provide additional benefits in overall pregnancy rates or pregnancy outcomes when longer-term follow-up and assisted reproduction are considered [149]. Overall, exenatide plays a promising role in female reproductive health, particularly in women with PCOS, by improving metabolic status and modulating hormonal balance. It enhances ovulation and menstrual regularity and may increase spontaneous pregnancy rates. However, its long-term impact on overall fertility outcomes remains limited, indicating the need for further research. Additionally, most studies of GLP-1 receptor agonists are applied in women with PCOS, where GLP-1 agonists seem promising in various aspects. However, very few studies involved women without PCOS, with the findings being rather limited.




5.3. Tirzepatide


Tirzepatide is a novel therapeutic agent classified as a dual agonist of the glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) receptors, improving glycemic control in type 2 diabetes mellitus while also promoting significant weight reduction [12,14,150,151]. By concurrently stimulating both GLP-1 and GIP pathways, tirzepatide harnesses complementary and synergistic incretin effects that enhance the management of metabolic disorders [12,14,152]. These two hormones are members of the incretin system and are released from the intestinal tract in response to nutrient ingestion. GLP-1 primarily facilitates glucose-dependent insulin secretion and contributes to appetite suppression and satiety regulation, whereas GIP also promotes insulin secretion and is increasingly recognized for its involvement in lipid handling and energy homeostasis [12,14,153]. Consequently, dual incretin receptor activation is associated with improved glycemic outcomes, body weight reduction, and potential benefits in lipid metabolism [12,14]. Tirzepatide was approved by the U.S. Food and Drug Administration for the treatment of type 2 diabetes mellitus in 2022 [12]. The SURPASS-1 study conducted by Rosenstock et al. assessed the efficacy and safety of tirzepatide in individuals with type 2 diabetes mellitus who had insufficient glycemic control despite lifestyle interventions such as diet and physical activity alone. This study was designed as a randomized, double-blind, placebo-controlled phase 3 clinical trial. Participants were randomly allocated to receive once-weekly tirzepatide at doses of 5 mg, 10 mg, or 15 mg, for a total duration of 40 weeks. The main outcome measured was the change in glycated hemoglobin (HbA1c) from baseline, while additional endpoints included changes in body weight and the evaluation of safety and tolerability. The results showed that tirzepatide led to substantial and dose-dependent reductions in HbA1c, with many participants achieving near-normal glycemic levels. In addition, all treatment groups showed marked reductions in body weight, with losses ranging from approximately 7.0 to 9.5 kg, whereas the placebo group exhibited minimal change. A high proportion of patients reached target HbA1c levels (<7%), highlighting the drug’s strong glucose-lowering effect. In terms of safety, tirzepatide was generally well tolerated. The most common adverse events were gastrointestinal symptoms, such as nausea, diarrhea, and vomiting, which were mostly mild to moderate and tended to decrease over time, whilst the incidence of hypoglycemia was low. Overall, the study concluded that tirzepatide provides marked improvements in glycemic control and body weight with an acceptable safety profile, supporting its role as a promising new therapy for type 2 diabetes [142]. The SURPASS-2 trial conducted by Frías et al. compared the efficacy and safety of tirzepatide with once-weekly semaglutide in patients with type 2 diabetes mellitus inadequately controlled with metformin. This was a 40-week, randomized, open-label, phase 3 clinical trial involving multiple doses of tirzepatide (5 mg, 10 mg, and 15 mg) and semaglutide (1 mg). The primary endpoint was the change in HbA1c from baseline, with body weight reduction and safety outcomes assessed as key secondary endpoints. The results showed that tirzepatide was superior to semaglutide in reducing HbA1c across all dose levels. Additionally, tirzepatide led to significantly greater weight loss compared with semaglutide, with a clear dose-dependent effect. Regarding safety, both treatments had similar overall safety profiles. The most common adverse events were gastrointestinal (nausea, diarrhea, vomiting), which were generally mild to moderate. Hypoglycemia was uncommon in both groups. Serious adverse events occurred in approximately 5–7% of patients treated with tirzepatide, compared with about 3% among those receiving semaglutide. In summary, the study demonstrated that tirzepatide provided greater improvements in glycemic control and body weight reduction than semaglutide, supporting its potential as a more effective therapeutic option for type 2 diabetes mellitus management [154]. The post hoc analysis by Tchang et al. evaluated body weight reduction with tirzepatide in women across different reproductive stages, using data from the SURMOUNT clinical trial program. The analysis included women categorized by reproductive stage (premenopausal and postmenopausal) who received tirzepatide for obesity. The primary focus was to assess whether reproductive stage influenced the magnitude of weight loss achieved during treatment. Results showed that tirzepatide produced substantial and clinically meaningful weight reduction in women across all reproductive stages. Weight loss was consistent and dose-dependent, with higher doses associated with greater reductions in body weight. Importantly, the efficacy of tirzepatide appeared comparable between premenopausal and postmenopausal women, indicating that reproductive stage did not significantly affect treatment response. In general, the findings suggest that tirzepatide is effective for weight management in women regardless of reproductive stage, supporting its broad applicability in female patients with obesity [155].



The available data on the influence of tirzepatide on ovulation, menstrual regularity, conception rates, and fertility treatment outcomes remain limited. However, the significant weight loss and metabolic improvements observed in the SURMOUNT clinical trial program suggest a potentially meaningful impact on reproductive physiology [146,147]. Tirzepatide may contribute to improved ovarian function and fertility through several interrelated mechanisms. First, better glycemic control—driven by increased insulin sensitivity, lower fasting insulin concentrations, and reduced hyperinsulinemia—can mitigate ovarian androgen overproduction, which is a key feature of PCOS. Second, clinically meaningful weight reduction is associated with improvements in both metabolic status and reproductive outcomes in women affected by obesity-related endocrine dysfunction. Third, tirzepatide-induced metabolic changes may promote a less inflammatory internal environment by modulating adipokine secretion, including decreased leptin levels, increased adiponectin concentrations, and reductions in pro-inflammatory cytokines such as IL-1β, IL-6, and TNF-α [12,13,17]. Evidence regarding the use of tirzepatide during pregnancy and breastfeeding remains very limited. Current knowledge is primarily derived from animal studies and indirect data from other GLP-1 receptor agonists rather than controlled human trials. Preclinical findings suggest that exposure to GLP-1-based therapies during pregnancy may be associated with adverse fetal outcomes, including reduced fetal weight and potential developmental effects, particularly when exposure occurs during early gestation [156,157]. As a result, tirzepatide is not recommended during pregnancy, and discontinuation prior to conception is generally advised. Data on tirzepatide excretion into human breast milk and its effects on breastfed infants are currently insufficient. Limited pharmacokinetic evidence suggests that milk concentrations are negligible or undetectable; however, due to the absence of robust infant outcome data, most regulatory guidance recommends caution and individualized risk–benefit assessment during lactation [158].



Overall, tirzepatide represents a promising therapeutic breakthrough for obese women by targeting the dual pathways of GIP and GLP-1 receptors to drive profound weight loss and metabolic restoration. By mitigating insulin resistance, reducing systemic inflammation, and normalizing metabolic homeostasis, tirzepatide plays a pivotal role in restoring hypothalamic–pituitary–gonadal axis function. Clinical and real-world evidence increasingly suggests that these metabolic improvements can significantly enhance reproductive health outcomes, particularly by restoring ovulatory cycles and improving fertility in obese women suffering from conditions like Polycystic Ovary Syndrome (PCOS). However, given the mechanism of rapid weight loss and potential teratogenic risks, future clinical trials must prioritize evaluating its long-term safety, optimal washout periods before conception, and direct impact on obstetric outcomes to safely integrate tirzepatide into pre-pregnancy care pathways.



Figure 8 summarizes the principal pharmacological characteristics of tirzepatide. As a dual GIP/GLP-1 receptor agonist, tirzepatide exerts complementary actions on glucose homeostasis, appetite regulation, and energy metabolism, resulting in substantial and sustained weight loss together with marked improvements in glycemic control and insulin sensitivity. These metabolic improvements are accompanied by attenuation of obesity-associated inflammation and may indirectly enhance reproductive function, particularly in women with obesity and PCOS, although evidence for direct ovarian or endometrial effects remains limited. Figure 8 also highlights the recommended once-weekly dosing regimen, the predominantly gastrointestinal adverse-event profile, and the current recommendations to avoid tirzepatide during pregnancy and breastfeeding due to insufficient human safety data.





6. Integrating Mechanistic Knowledge into Personalized Therapy


The interplay between obesity and female reproductive dysfunction is recognized as one of the most complex challenges in the field of reproductive endocrinology. Traditionally, obesity management relied primarily on lifestyle modifications, although long-term adherence has generally been poor. The introduction of modern anti-obesity pharmacotherapy has substantially expanded therapeutic options by targeting the metabolic abnormalities that underlie reproductive dysfunction [159]. Importantly, current evidence suggests that improvements in fertility are mediated predominantly through systemic metabolic restoration rather than direct pharmacological effects on ovarian tissues [125]. This section presents an integrated framework for translating mechanistic knowledge into personalized reproductive care. It reviews the molecular and cellular mechanisms linking anti-obesity pharmacotherapy with ovarian and endometrial function, discusses phenotype-driven therapeutic selection, examines the emerging clinical complexities surrounding incretin-based therapies, and identifies critical gaps that will shape future research and clinical practice.



6.1. Molecular and Cellular Characterization of the Ovarian Microenvironment, Endometrial Receptivity, and Embryo Implantation


A mechanistic understanding of obesity-associated reproductive dysfunction requires integration of systemic metabolic disturbances with local ovarian and endometrial microenvironmental alterations. The metabolic abnormalities associated with obesity—including insulin resistance (IR), persistent low-grade inflammation, and altered lipid metabolism—collectively impair hypothalamic–pituitary–gonadal (HPG) axis function and contribute to ovarian dysfunction [5,55]. These systemic abnormalities are associated with altered gonadotropin dynamics, increased ovarian androgen production, and impaired follicular development [20,42], although the relative contribution of central versus peripheral mechanisms remains incompletely defined.



Metformin represents the most established pharmacological intervention targeting insulin resistance in this context. Through activation of AMPK and modulation of hepatic gluconeogenesis, metformin improves systemic insulin sensitivity and reduces circulating insulin concentrations [14,160]. In women with insulin-resistant reproductive phenotypes, such as PCOS, these metabolic effects are associated with reductions in androgen excess and improvements in ovulatory function [13,155,156]. These changes are thought to be mediated indirectly through normalization of insulin–theca cell interactions and downstream steroidogenic activity, including modulation of CYP17A1 expression [161,162,163].



Glucagon-like peptide-1 receptor agonists (GLP-1RAs), including semaglutide and liraglutide, improve reproductive outcomes primarily through systemic metabolic effects, including substantial weight loss, enhanced insulin sensitivity, and attenuation of chronic low-grade inflammation [12,164]. Although GLP-1-related signaling pathways have been identified in reproductive tissues, their physiological relevance within the human ovary and endometrium remains incompletely understood [165]. Accordingly, the beneficial reproductive effects observed in women with obesity are currently considered to result predominantly from restoration of metabolic homeostasis rather than from direct receptor-mediated actions within ovarian or endometrial tissues [165,166].



Obesity is characterized by profound alterations in the follicular microenvironment, including elevated concentrations of free fatty acids—particularly palmitic and stearic acid—in follicular fluid [167]. These lipotoxic changes promote endoplasmic reticulum stress, mitochondrial dysfunction, and oxidative damage within the oocyte, thereby compromising oocyte competence, early embryonic development, and overall reproductive efficiency [168,169]. By improving systemic metabolic status and reducing lipotoxicity and inflammation, GLP-1 receptor agonists may indirectly ameliorate these obesity-associated alterations, although convincing evidence for direct tissue-specific effects remains limited [170]. While inflammatory pathways such as NF-κB are increasingly recognized in the pathophysiology of obesity-related reproductive dysfunction [171], direct human evidence supporting GLP-1-mediated regulation of intra-follicular inflammatory cytokine signaling remains limited [165]. Accordingly, any potential protective effects on the ovarian [172] and endometrial microenvironments [173] are currently considered to be indirect and largely secondary to improvements in systemic metabolic homeostasis.



Dual GLP-1/GIP receptor agonists, such as tirzepatide, demonstrate greater metabolic efficacy than selective GLP-1 receptor agonists, producing superior weight loss and glycemic control while also influencing adipose tissue lipid handling through GIP receptor signaling, which may reduce circulating lipid substrates [12,174,175]. It remains uncertain whether these enhanced systemic metabolic effects confer measurable advantages at the level of ovarian or endometrial tissue, and this represents an ongoing area of active investigation [13].



Orlistat acts via a distinct gastrointestinal mechanism by inhibiting dietary fat absorption, thereby reducing postprandial lipid exposure and circulating triglyceride levels [12,71,176]. While this may contribute to improved systemic lipid profiles, its direct effects on ovarian physiology are not well established and are presumed to be indirect [177,178].



Centrally acting agents such as the combination of naltrexone and bupropion primarily modulate hypothalamic appetite and reward pathways [12]. Any reproductive benefits observed in patients treated with these agents are likely secondary to weight loss and improved systemic metabolic status rather than direct endocrine effects on the reproductive axis [179,180,181].



Collectively, current evidence suggests that anti-obesity pharmacotherapies may improve reproductive function primarily through systemic metabolic and inflammatory modulation rather than direct ovarian or endometrial targeting [8]. However, the precise contribution of local tissue-level mechanisms, particularly within the follicular and endometrial microenvironments, remains insufficiently characterized and warrants further mechanistic and clinical investigation [8]. Table 1 summarizes the principal molecular targets and mechanisms of action and their potential implications for ovarian function, endometrial receptivity, implantation, and female reproductive outcomes.




6.2. Phenotype-Based Personalization of Anti-Obesity Pharmacotherapy


The clinical heterogeneity of obesity-associated reproductive dysfunction underscores the limitations of a uniform “one-size-fits-all” therapeutic paradigm [182,183,184]. Patients present with diverse metabolic, behavioral, and reproductive characteristics that may differentially influence responsiveness to pharmacological interventions [182,183,184]. In this context, a phenotype-stratified framework may offer a useful conceptual approach to guide individualized therapy, although prospective validation remains necessary [182,183,184].



Phenotype 1 (Metabolic/PCOS) represents the classical intersection of metabolic dysfunction and reproductive endocrine disturbance. These patients are characterized by severe insulin resistance (IR), clinical or biochemical hyperandrogenism, central adiposity, and associated clinical features such as acanthosis nigricans [185,186]. In this subgroup, therapeutic strategies primarily aim to improve insulin sensitivity and reduce hyperinsulinemia, thereby ameliorating downstream reproductive endocrine dysregulation [187]. Combination therapy with incretin-based agents (such as GLP-1 receptor agonists or dual GLP-1/GIP receptor agonists) and metformin has been proposed as a potentially complementary approach [188,189]. GLP-1-based therapies induce substantial weight loss and improve systemic insulin sensitivity, while metformin exerts additional effects on hepatic glucose production and peripheral insulin action [179,180]. Emerging evidence suggests that these metabolic improvements may be associated with normalization of ovulatory function and reductions in androgen excess, although direct ovarian effects remain incompletely defined [188].



Phenotype 2 (Behavioral/Central Obesity) is characterized predominantly by dysregulated eating behavior, including emotional eating, binge eating tendencies, or hyperphagia, often accompanied by central adiposity and comparatively modest baseline metabolic impairment [190,191]. In such patients, interventions targeting central appetite regulation and reward circuitry may be particularly relevant. The combination of naltrexone and bupropion acts on hypothalamic melanocortin signaling while modulating mesolimbic reward pathways, thereby reducing hedonic eating behavior and caloric intake [12,190,191]. Although sustained weight loss has been associated with improvements in reproductive function in obese populations more broadly, direct evidence linking this pharmacological combination to restoration of ovulatory function remains limited [180,192]. Any reproductive benefits are therefore likely indirect, mediated through reductions in adiposity and systemic inflammatory burden [180].



Phenotype 3 (Early Intervention Before ART) comprises women with class I obesity (BMI 30–34.9 kg/m2) and mild or intermittent ovulatory dysfunction who are being managed before the initiation of assisted reproductive technology (ART). In this population, early weight-loss interventions aim to optimize metabolic health, improve reproductive function, and reduce obesity-related pregnancy complications. Although weight reduction before ART improves metabolic parameters and may increase the likelihood of spontaneous conception, current meta-analyses indicate that pre-treatment weight loss does not significantly improve live birth rates following ART in women with obesity [193]. Nevertheless, achieving a 5–10% reduction in body weight before conception is recommended to improve overall health and reduce the risk of adverse maternal and pregnancy outcomes [193]. Short-acting GLP-1 receptor agonists, such as liraglutide, offer a favorable pharmacokinetic profile for short-term weight-reduction strategies. Their relatively rapid onset and reversibility may facilitate preconception weight optimization within a defined treatment window, followed by discontinuation prior to ovarian stimulation in accordance with current safety recommendations [194,195]. However, optimal timing of discontinuation and its impact on subsequent reproductive outcomes remain areas of ongoing investigation.



Phenotype 4 (Gastrointestinal/Lipid-Driven) is characterized by pronounced dyslipidemia and dietary lipid excess or by intolerance or contraindications to incretin-based therapies [196]. In such patients, non-systemic approaches such as orlistat may represent an alternative therapeutic option. Orlistat reduces intestinal fat absorption, thereby lowering circulating triglyceride and free fatty acid levels [12]. While improvements in systemic lipid profiles may plausibly contribute to a more favorable metabolic environment for reproduction, direct effects on follicular physiology and oocyte quality remain largely theoretical and require further investigation.



Overall, this phenotype-based framework highlights the potential for aligning anti-obesity pharmacotherapy with dominant metabolic and behavioral characteristics in women of reproductive age. However, current evidence remains insufficient to support definitive therapeutic stratification. Future prospective studies are required to determine whether such phenotype-guided approaches translate into clinically meaningful improvements in ovulatory function, ART outcomes, and live birth rates. Table 2 summarizes the proposed phenotype-based pharmacological approach, highlighting the principal clinical characteristics, preferred therapeutic options, mechanisms of action, and expected reproductive benefits for women of reproductive age with obesity.




6.3. Navigating the Incretin Fertility Paradox


The integration of GLP-1 receptor agonists (GLP-1RAs) and dual GLP-1/GIP receptor agonists into reproductive medicine has introduced a clinically relevant tension between metabolic optimization and reproductive timing, herein conceptualized as the incretin fertility paradox. On one hand, these agents represent among the most effective non-surgical interventions for obesity, with robust evidence demonstrating substantial weight reduction and improvement in metabolic parameters, including insulin sensitivity [168,174]. In women with obesity-associated anovulation, particularly in the context of PCOS, such metabolic improvements have been associated with resumption of more regular ovulatory cycles in a proportion of patients, likely mediated through systemic reductions in IR and improvements in endocrine–metabolic homeostasis [8,186,197,198]. However, direct mechanistic effects on ovarian function and intra-follicular metabolic environments remain incompletely characterized [13,165,173]. On the other hand, the reproductive use of these agents is constrained by limited pregnancy safety data and signals of reproductive toxicity observed in preclinical studies. As a result, current regulatory guidance advises discontinuation prior to conception, with recommended washout periods varying by compound and formulation [199]. This creates a clinically relevant temporal mismatch between metabolic benefit and reproductive intent, particularly in patients pursuing time-sensitive fertility treatments. During the discontinuation phase, clinical studies have demonstrated a tendency toward weight regain and partial reversal of metabolic improvements, which may adversely affect reproductive parameters in susceptible individuals [200,201]. Nevertheless, the extent to which such metabolic fluctuations directly influence oocyte competence and endometrial receptivity in humans remains an active area of investigation [202].



To address this challenge, a structured clinical approach has been proposed, encompassing sequential phases of metabolic optimization, treatment discontinuation, conception planning, and early gestational care (Table 3).



During Phase 1 (Metabolic and Weight Optimization), pharmacological therapy is typically combined with lifestyle interventions and appropriate contraceptive measures, in line with current clinical recommendations for reproductive-age women receiving anti-obesity pharmacotherapy. Oral contraceptives are unreliable in this phase due to the delayed gastric emptying induced by incretins, which compromises the pharmacokinetics and absorption of oral steroidal hormones [54,203,204].



In Phase 2 (The Mandated Washout Period), anti-obesity pharmacotherapy is discontinued [205], and patients are transitioned to pregnancy-compatible metabolic strategies, including low-to-moderate-dose metformin where clinically appropriate, combined with structured dietary and behavioral interventions designed to mitigate weight regain [186].



Phase 3 (The Active Conception Window) represents a period of dynamic metabolic readjustment, during which ovulatory function may improve in parallel with changes in weight and insulin sensitivity. However, robust data describing patterns such as ovulatory variability following treatment cessation are currently lacking, and claims regarding systematic reproductive “rebound” phenomena remain speculative [102].



Finally, Phase 4 (Gestational Surveillance) management focuses on minimizing metabolic risk through non-teratogenic strategies, including lifestyle modification and selected pharmacological agents with established safety profiles, in order to reduce the risk of gestational metabolic complications such as gestational diabetes and hypertensive disorders [205].
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	Phase
	Duration/Timing
	Physiological and Therapeutic Goals
	Teratogenic Risks and Safety Concerns
	Clinical Strategies and Action Plan





	Phase 1:

Metabolic and Weight Optimization
	Approximately 3–6 months or individualized according to weight-loss goals.
	Achieve clinically meaningful weight loss (≥5–10%), improve insulin sensitivity, reduce hyperandrogenism, and restore ovulatory function [168,186].
	GLP-1 receptor agonists are contraindicated during pregnancy. Effective contraception should be used during treatment. Tirzepatide may reduce oral contraceptive absorption during dose escalation because of delayed gastric emptying [54,203,204].
	Initiate GLP-1 receptor agonist therapy when indicated; provide structured lifestyle intervention; ensure reliable contraception; monitor weight, menstrual regularity and ovulatory function.



	Phase 2:

Washout Before Conception
	Follow product-specific recommendations; for semaglutide, discontinue at least 2 months before planned conception.
	Allow adequate drug elimination before conception [205,206] while maintaining metabolic improvements through lifestyle interventions [194].
	Weight regain and deterioration of insulin resistance (IR) may occur after treatment discontinuation [200,201].
	Discontinue GLP-1-based therapy before conception; continue nutritional counseling and physical activity; metformin may be continued in women with PCOS [186].



	Phase 3:

The Active Conception Window
	After completion of the recommended washout period until spontaneous conception or ART.
	Preserve metabolic benefits while optimizing ovulation, endometrial function and embryo development [194].
	Anti-obesity medications remain contraindicated throughout conception attempts and pregnancy. Evidence for “ovulatory rebound” or increased multiple pregnancy risk is currently lacking.
	Confirm discontinuation of GLP-1 therapy before ovarian stimulation or conception; optimize nutrition, physical activity and glycemic control; continue pregnancy-compatible therapies when indicated.



	Phase 4:

Gestational Surveillance
	Throughout pregnancy.
	Maintain maternal metabolic health and minimize obesity-related obstetric complications [205].
	Anti-obesity medications should not be restarted during pregnancy. Obesity increases the risk of gestational diabetes, hypertensive disorders and cesarean delivery [206].
	Manage weight through nutrition, physical activity and routine obstetric care; insulin remains the preferred treatment when pharmacologic glycemic control is required during pregnancy [207].







(ART, assisted reproductive technology).












6.4. Current Knowledge Gaps and Future Research Directions


As anti-obesity medications become more widely incorporated into reproductive medicine, important gaps in both mechanistic knowledge and clinical evidence continue to limit their evidence-based application. Although existing research has demonstrated promising therapeutic potential, several unresolved questions remain regarding their biological effects, long-term safety, and optimal clinical use in reproductive populations. Instead of making broad recommendations for additional investigation, this section highlights three major areas of uncertainty that are expected to shape future translational and clinical research in this evolving field. (Table 4).



The first major gap concerns transgenerational epigenomic effects. Maternal obesity is strongly associated with persistent epigenetic alterations in the oocyte, including changes in DNA methylation and histone modifications, which have been implicated in the intergenerational transmission of metabolic and cardiovascular risk [208,209]. Although anti-obesity pharmacotherapies, particularly GLP-1 receptor agonists, effectively normalize systemic metabolic parameters, their impact on the oocyte microenvironment remains insufficiently characterized [210]. It remains unclear whether the rapid mobilization of adipose tissue during intensive weight loss transiently modifies the circulating lipid and one-carbon metabolite milieu reaching the follicular microenvironment, thereby influencing peroxisomal phospholipid metabolism and methyl donor availability. In light of recent evidence demonstrating that maternal obesity disrupts epigenetic reprogramming through peroxisome-dependent phospholipid–methyl uncoupling during zygotic genome activation, an important unanswered question is whether the metabolic remodeling induced by anti-obesity therapies similarly affects epigenetic programming in the oocyte and early embryo, either transiently or persistently [178]. Conversely, it is equally plausible that sustained metabolic normalization may partially reverse obesity-associated epigenetic signatures [211]. Addressing this uncertainty will require prospective longitudinal cohort studies incorporating follicular fluid multi-omics profiling (including cfDNA, transcriptomics, and metabolomics) alongside long-term follow-up of offspring health outcomes [212].



The second gap relates to the optimization of assisted reproductive technology (ART) outcomes in the context of anti-obesity pharmacotherapy. At present, there is no consensus regarding the optimal timing for discontinuation of anti-obesity medications prior to ovarian stimulation or embryo transfer [186,194]. Clinical decision-making requires careful balancing of competing risks, as extended pharmacotherapy may postpone fertility treatment in women with reduced ovarian reserve [8,197], while early discontinuation can lead to rapid weight regain and metabolic destabilization during the IVF cycle [197]. There is a pressing need for well-designed randomized controlled trials comparing different discontinuation strategies, including early cessation following clinically meaningful weight loss versus continuation until the recommended preconception washout period. Key reproductive endpoints should include oocyte yield, blastocyst quality, implantation rates, and live birth outcomes.



The third gap involves the comparative reproductive effects of single versus dual incretin receptor agonism. While dual GLP-1/GIP receptor agonists such as tirzepatide demonstrate superior weight loss and glycemic control compared with selective GLP-1 receptor agonists, it remains uncertain whether these macro-metabolic advantages translate into differential reproductive benefits [154]. Emerging experimental data suggest that GLP-1 receptors have been identified in several reproductive tissues, including the endometrium, while incretin receptors are also expressed in vascular endothelium [213]. Although direct human evidence remains limited, these findings raise the possibility that incretin signaling may influence endometrial perfusion, receptivity, and decidualization. However, whether dual agonism confers specific advantages in terms of endometrial receptivity, immune modulation at the maternal–fetal interface, or implantation success remains speculative. Resolving this question will require head-to-head mechanistic and clinical studies incorporating endometrial transcriptomic profiling, implantation biomarkers, and cycle-specific reproductive outcomes during the window of implantation.
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	Major Research Area
	Specific Unresolved Research Question
	Current Knowledge Gap
	Proposed Methodological Approach/Study Design
	Potential Clinical and Translational Impact





	Transgenerational Epigenomics
	Does rapid weight loss via GLP-1 receptor agonists affect the epigenetic profile of the oocyte and the long-term health of the offspring?
	Although metabolic improvement is beneficial, the effects of GLP-1RA-induced weight loss on oocyte DNA methylation, histone modifications and embryonic developmental programming remain largely unexplored [178,208,209,210].
	Prospective longitudinal cohorts evaluating follicular-fluid biomarkers, granulosa-cell transcriptomics, and long-term follow-up of offspring after maternal preconception GLP-1RA exposure.
	Clarifying whether pharmacological metabolic optimization before conception improves reproductive outcomes without adversely affecting developmental programming.



	ART Outcome Optimization
	What is the ideal BMI target and optimal kinetic threshold for discontinuing anti-obesity medications before starting an in vitro fertilization (IVF) cycle?
	Current reproductive and obesity guidelines provide no evidence-based recommendations regarding BMI targets, percentage weight loss, or optimal discontinuation interval before ovarian stimulation [186,194].
	Multicenter prospective studies and randomized controlled trials comparing different discontinuation strategies before IVF treatment.
	Development of standardized preconception protocols aimed at maximizing oocyte competence, embryo quality and live birth while minimizing unnecessary treatment interruption.



	Incretin Comparative Superiority
	Does tirzepatide (dual GLP-1/GIP receptor agonist) outperform semaglutide (selective GLP-1RA) in directly improving endometrial receptivity?
	Whether tirzepatide exerts direct ovarian or endometrial effects independent of its profound metabolic and weight-loss effects remains unknown, as mechanistic studies evaluating its actions on reproductive tissues are currently lacking [8].
	Head-to-head mechanistic clinical trials including endometrial transcriptomics (RNA-seq), follicular-fluid metabolomics and reproductive outcomes.
	Identification of drug-specific reproductive effects that could support precision medicine approaches for women with obesity undergoing fertility treatment.







(ART, assisted reproductive technology; BMI, body mass index; DNA, deoxyribonucleic acid; GIP, glucose-dependent insulinotropic polypeptide; GLP-1, glucagon-like peptide-1; GLP-1RA, glucagon-like peptide-1 receptor agonist; IVF, in vitro fertilization; RNA-seq, RNA sequencing;).













7. Conclusions and Clinical Implications


Obesity is a chronic, multifactorial metabolic disease with profound implications for female reproductive health. The evidence synthesized in this review highlights that adiposity is not merely a condition of energy imbalance but a complex endocrine and inflammatory disorder that disrupts multiple levels of the HPG axis. In women of reproductive age, obesity is strongly associated with menstrual irregularities, anovulation, subfertility, and adverse pregnancy outcomes. These effects are particularly pronounced in conditions such as PCOS, where insulin resistance, hyperinsulinemia, and hyperandrogenism create a self-perpetuating cycle of metabolic and reproductive dysfunction.



A central conclusion emerging from the reviewed literature is that pharmacological weight-loss interventions may play an increasingly important role not only in the management of obesity itself but also in the restoration of reproductive function. Anti-obesity medications exert their effects through diverse mechanisms, including modulation of appetite, insulin sensitivity, energy expenditure, and gastrointestinal motility. Importantly, many of these mechanisms intersect directly or indirectly with reproductive endocrine pathways, suggesting that improvements in metabolic health may translate into clinically meaningful benefits in fertility and menstrual function.



Among the most established pharmacological agents, metformin has long been used in the management of type 2 diabetes mellitus and has been widely adopted in reproductive endocrinology, particularly in PCOS. Its primary mechanisms—reduction in hepatic gluconeogenesis, enhancement of peripheral insulin sensitivity, and activation of AMPK—result in improved glycemic control and modest weight reduction. Beyond its metabolic effects, metformin has demonstrated beneficial actions on ovarian function, including improved ovulation rates, restoration of menstrual cyclicity, and partial reduction in androgen levels. However, its impact on clinically definitive reproductive outcomes such as live birth rates remains inconsistent across studies. Some evidence suggests improved pregnancy rates, particularly in insulin-resistant or obese women, while other data highlight limited or no superiority compared to alternative ovulation induction strategies. Furthermore, concerns regarding potential adverse effects during pregnancy, although not conclusively established, underscore the need for careful patient selection and monitoring.



GLP-1 receptor agonists, such as liraglutide, semaglutide and exenatide, represent a newer and rapidly expanding class of anti-obesity agents with significant metabolic and potential reproductive benefits. These drugs enhance glucose-dependent insulin secretion, suppress glucagon release, delay gastric emptying, and reduce appetite through central nervous system pathways. Collectively, these mechanisms lead to clinically meaningful weight loss and improved glycemic control. Importantly, in women with PCOS, GLP-1 receptor agonists have been associated with improved hormonal profiles, including reductions in serum testosterone, increases in SHBG, and improved follicular development. These changes translate into improved ovulatory function and menstrual regularity. Some studies also suggest enhanced spontaneous pregnancy rates following short-term preconception treatment, although long-term fertility outcomes remain less clear. The overall evidence indicates that GLP-1 receptor agonists may offer dual benefits in metabolic and reproductive domains, particularly in obese women with PCOS, but their reproductive indications remain indirect and not formally established.



The emergence of tirzepatide, a dual GLP-1/GIP receptor agonist, represents a significant advancement in the pharmacotherapy of obesity. The dual incretin mechanism provides synergistic effects on insulin secretion, appetite regulation, and lipid metabolism, resulting in substantial improvements in metabolic health. Although direct evidence regarding reproductive outcomes is still limited, the metabolic improvements observed—particularly reductions in insulin resistance, systemic inflammation, and adipokine dysregulation—suggest a biologically plausible beneficial effect on ovarian function. In women with obesity-related reproductive dysfunction, particularly PCOS, tirzepatide may therefore hold future therapeutic potential, although this remains speculative at present.



A key overarching finding from this review is that improvements in reproductive function following anti-obesity pharmacotherapy are likely mediated primarily through metabolic normalization rather than direct gonadal effects. Weight loss leads to decreased insulin resistance and hyperinsulinemia, which in turn reduces ovarian androgen production. Additionally, reductions in adipose-derived inflammatory cytokines such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and leptin, along with increases in adiponectin, contribute to a more favorable endocrine environment for ovulation and implantation. These interconnected pathways emphasize the central role of metabolic health in reproductive physiology.



However, it must be stressed that direct clinical evidence in women remains limited, and many of the proposed reproductive benefits are derived from small clinical studies, indirect metabolic effects, or preclinical data. Therefore, these expected outcomes should be interpreted with caution until confirmed by large, well-designed randomized clinical trials with reproductive endpoints. Tirzepatide achieves unprecedented weight loss, but case reports suggest potential sexual side effects, whilst naltrexone/bupropion may benefit sexual desire through mood improvement, and phentermine/topiramate primarily enhances psychological well-being [214]. Furthermore, due to other causes, some patients are prone to stopping the therapy for various reasons, and health disparities may arise [215]. Across all drug classes, sexual endpoints were typically secondary outcomes in clinical trials rendering the export of safe conclusion arduous, whilst many other factors such as age may be important in personalizing the therapeutic regimens, since such medications have shown to offer significant benefits but with particular safety considerations for each age group [216]. To these factors affecting the effect of anti-obesity treatments should also be added the compliance of the patients, which, due to high costs (as is the case with GLP-1 and GIP agonists) or side effects, results in real-world results that do not align with those of the clinical trials [217,218].



Thus, several limitations in the current evidence base must be acknowledged. First, many studies are short-term and focus primarily on surrogate outcomes such as weight loss, hormonal changes, or ovulation rates, rather than definitive reproductive endpoints like live birth rates or long-term fertility outcomes. Second, heterogeneity in study design, patient populations, and intervention protocols limits the comparability of results across trials. Third, most data derive from populations with PCOS or metabolic syndrome, and therefore may not be generalizable to all women with obesity-related reproductive dysfunction. Finally, long-term safety data, particularly in relation to pregnancy and lactation, remains insufficient for newer agents such as GLP-1 receptor agonists and dual incretin therapies. Future perspectives in this field should focus on several key directions. There is a critical need for large-scale, long-term randomized controlled trials evaluating the direct effects of anti-obesity medications on fertility outcomes, including ovulation rates, time to conception, pregnancy maintenance, and live birth rates. Such studies should also stratify participants based on metabolic phenotype, degree of insulin resistance, and presence or absence of PCOS, in order to identify subgroups most likely to benefit from specific therapies. Also, mechanistic studies are required to further elucidate the pathways linking pharmacologically induced weight loss to reproductive recovery. While insulin and androgen modulation are well established, the roles of gut hormones, adipokines, mitochondrial function, and hypothalamic regulation remain incompletely understood. In particular, the emerging concept of the gut–brain–ovary axis may provide a novel framework for understanding how metabolic interventions influence reproductive endocrinology. In addition, the safety of anti-obesity medications in the context of conception, pregnancy, and lactation must be rigorously evaluated. Given the increasing use of GLP-1 receptor agonists and dual incretin therapies in women of reproductive age, clear guidelines are needed regarding treatment discontinuation prior to conception and risk assessment during early pregnancy. Current evidence suggests potential risks based on animal studies and limited human data, reinforcing the need for pharmacovigilance and prospective registries. Moreover, personalized medicine approaches should be integrated into future clinical practice. Not all women with obesity-related reproductive dysfunction respond similarly to pharmacological interventions. Factors such as baseline BMI, insulin resistance severity, androgen levels, and ovarian reserve may influence treatment response. Therefore, individualized therapeutic strategies combining pharmacological agents with lifestyle interventions, insulin sensitizers, or ovulation induction agents may offer the most effective outcomes. Finally, the concept of off-label use of anti-obesity medications in reproductive medicine requires careful ethical and clinical consideration. While emerging evidence suggests potential benefits, particularly in PCOS-related infertility, such use should be guided by robust clinical evidence and multidisciplinary decision-making involving endocrinologists, reproductive specialists, and primary care providers.



The comparative evidence summarized in Table 5 highlights the considerable heterogeneity among currently available anti-obesity pharmacotherapies with respect to reproductive outcomes. While GLP-1 receptor agonists, particularly liraglutide, semaglutide, and exenatide, consistently demonstrate favorable effects on weight reduction, insulin sensitivity, menstrual regularity, ovulation, and, in selected studies, pregnancy outcomes, the overall evidence remains uneven across drug classes. For several agents, reproductive benefits are supported primarily by improvements in metabolic health rather than by robust fertility-specific endpoints, emphasizing the need for adequately powered randomized trials evaluating live birth, reproductive safety, and long-term maternal and offspring outcomes.



In conclusion, anti-obesity pharmacotherapy represents a promising and rapidly evolving therapeutic approach with important implications for female reproductive health. Beyond achieving clinically meaningful weight loss, several FDA-approved and off-label agents, including metformin, exenatide, GLP-1 receptor agonists, and tirzepatide, improve insulin sensitivity, reduce hyperandrogenism, restore menstrual regularity, and promote ovulation, particularly in women with obesity and polycystic ovary syndrome. These metabolic and endocrine benefits support a shift from weight management alone toward a more integrated strategy of metabolic and reproductive rehabilitation. However, current evidence remains insufficient to establish anti-obesity medications as primary fertility treatments, and important uncertainties persist regarding reproductive safety, optimal preconception discontinuation, assisted reproductive technology outcomes, and long-term maternal and offspring health. Therefore, treatment should be individualized according to metabolic phenotype, reproductive goals, and pregnancy planning. Future large, well-designed randomized clinical trials integrating mechanistic biomarkers with fertility outcomes are essential to define the optimal role of these therapies within precision reproductive medicine.





 





Table 5. Evidence from clinical trials of anti-obesity pharmacotherapies and their effects on female reproductive outcomes.
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Drug/Class

	
Study

	
Study Design

	
Sample Size

	
Population

	
Drug and Dose

	
Duration

	
Weight-Loss Outcomes

	
Reproductive Outcomes

	
Major Limitations






	
Orlistat

	
XENDOS (Torgerson et al., 2004) [69]

	
RCT

	
3305

	
Adults with obesity

	
Orlistat 120 mg TID

	
4 years

	
Mean weight loss 2.4%; improved insulin sensitivity and cardiometabolic profile

	
Reproductive outcomes not evaluated.

	
Not fertility-focused; mixed-sex population




	
Vosnakis et al., 2013 [70]

	
Prospective study

	
61 PCOS and 20 controls

	
Obese women with PCOS

	
Orlistat 120 mg TID

	
24 weeks

	
Significant weight and

BMI reduction

	
↑ SHBG, ↑ LH,

↓ testosterone,

↑ AMH.

	
Small sample; no pregnancy endpoint




	
Kumar et al., 2014 [71]

	
RCT

	
90

	
Women with PCOS

	
Orlistat 120 mg BID

	
3 months

	
~7.8 kg weight loss

	
Pregnancy rate 40%; ovulation 33.3%.

	
Short follow-up




	
Tong et al., 2022 [72]

	
Controlled study

	
58

	
Women undergoing embryo transfer

	
Orlistat

	
IVF cycles

	
Not primary endpoint

	
Higher clinical pregnancy; no live birth benefit.

	
Small IVF cohort




	
Wang et al., 2021 [74]

	
Double-blind RCT

	
877

	
Overweight/obese infertile women before IVF

	
Orlistat

	
4–12 weeks

	
Greater weight loss than placebo

	
No improvement in live birth or pregnancy rates.

	
Short intervention




	
FIT-PLESE (Legro et al., 2022) [75]

	
RCT

	
379

	
Women with obesity and unexplained infertility

	
Lifestyle and orlistat

	
Preconception

	
Greater weight loss

	
No increase in live birth rate.

	
Multifactorial intervention




	
Liraglutide (GLP-1 RA)

	
SCALE (Pi-Sunyer et al., 2015) [79]

	
RCT

	
3731

	
Adults with obesity

	
Liraglutide 3.0 mg/day

	
56 weeks

	
63% lost ≥5%; 33% lost ≥10% body weight

	
Reproductive outcomes not evaluated.

	
General obesity trial




	
Nylander et al., 2017 [80]

	
Double-blind RCT

	
72

	
Overweight women with PCOS

	
Liraglutide 1.8 mg/day

	
26 weeks

	
Mean weight loss 5.2 kg

	
Improved menstrual regularity, ↓ ovarian volume, ↑ SHBG,

↓ testosterone.

	
Small study




	
Salamun et al., 2018 [81]

	
Open-label RCT

	
28

	
Infertile obese women with PCOS

	
Metformin ± liraglutide 1.2 mg/day

	
12 weeks

	
Similar weight loss in both groups

	
Pregnancy per embryo transfer 85.7% vs. 28.6%; higher cumulative pregnancy rate.

	
Small sample; combination therapy.




	
Semaglutide (GLP-1 RA)

	
STEP 1 (Wilding et al., 2021) [164]

	
RCT

	
1961

	
Adults with obesity or overweight without diabetes

	
Semaglutide 2.4 mg once weekly

	
68 weeks

	
Approximately 15% body weight reduction

	
Reproductive outcomes not assessed.

	
Obesity trial; fertility endpoints not evaluated.




	
OASIS 1 (Knop et al., 2023) [89]

	
RCT

	
667

	
Adults with obesity or overweight

	
Oral semaglutide 50 mg daily

	
68 weeks

	
Mean weight loss 15.1%

	
Reproductive outcomes not assessed.

	
General obesity population




	
Carmina and Longo, 2023 [93]

	
Prospective observational study unresponsive to lifestyle intervention

	
27

	
Obese women with PCOS

	
Semaglutide 0.5 mg weekly

	
6 months

	
Significant weight reduction (approximately 11.5 kg)

	
Normalization of menstrual cycles in most responders.

	
Small sample size; no control group




	
Chen et al., 2025 [94]

	
RCT

	
120

	
Overweight/obese PCOS

	
Semaglutide

1 mg weekly + metformin 1000 mg BID

	
16 weeks

	
Greater weight loss than metformin alone

	
Improved menstrual regularity, ovulatory function and higher natural pregnancy rate (35% vs. 15%).

	
Single-center study; relatively short follow-up




	
Phentermine/Topiramate

	
Khera et al. 2016 [100]

	
Systematic review & meta-analysis of RCTs

	
29,018

	
Adults with obesity

	
Standard approved doses

	
~1 year

	
Greatest weight loss (~8.8 kg) among approved medications

	
No direct fertility outcomes.

	
No reproductive endpoints; pregnancy contraindicated




	
Naltrexone/Bupropion

	
Greenway et al. (COR-I), 2010 [180]

	
RCT

	
1742

	
Adults with obesity or overweight with comorbidities

	
Naltrexone SR 32 mg and bupropion SR 360 mg daily

	
56 weeks

	
Mean weight loss 6.1% vs. 1.3% with placebo

	
No reproductive outcomes evaluated.

	
Not designed to assess fertility




	
Apovian et al. (COR-II), 2013 [108]

	
RCT

	
1496

	
Adults with obesity or overweight

	
Naltrexone SR 32 mg and bupropion SR 360 mg daily

	
56 weeks

	
Significant weight loss compared with placebo

	
No reproductive or hormonal outcomes reported.

	
General obesity population




	
Metformin

	
Legro et al., 2007 [219]

	
RCT

	
626

	
Infertile women with PCOS

	
Metformin 1000 mg twice daily

	
~6 months

	
Modest weight reduction

	
Improved ovulation but lower live birth rate than clomiphene; combination therapy most effective.

	
Weight loss modest




	
Exenatide (GLP-1 RA)

	
Elkind-Hirsch et al., 2008 [220]

	
RCT

	
60

	
Women with obesity and PCOS

	
Exenatide 10 μg BID vs. metformin

	
24 weeks

	
Greater weight loss than metformin

	
Improved menstrual cyclicity and ovulation.

	
Small sample size




	
Ye et al., 2023 [148].

	
Systematic review and meta-analysis

	
9 RCTs (785 women)

	
Overweight/obese women with PCOS

	
Exenatide 5–10 μg twice daily

	
12–24 weeks

	
Exenatide significantly reduced body weight and BMI compared with metformin

	
Exenatide was associated with higher spontaneous pregnancy rates, improved ovulation rates and improved menstrual regularity compared with metformin.

	
Based mainly on relatively small RCTs




	
Tirzepatide (Dual GIP/GLP-1 Receptor Agonist)

	
SURMOUNT-1 (Jastreboff et al., 2022) [174]

	
RCT

	
2539

	
Adults with obesity or overweight without diabetes

	
Tirzepatide 5, 10 or 15 mg once weekly

	
72 weeks

	
Mean weight loss 15–21% depending on dose

	
Reproductive outcomes not assessed.

	
Fertility not evaluated




	

	
SURMOUNT-3 (Wadden et al., 2023) [221]

	
RCT

	
806

	
Adults with obesity following intensive lifestyle intervention

	
Tirzepatide 10–15 mg weekly

	
72 weeks

	
Additional mean weight loss of 18.4% after lifestyle intervention

	
No reproductive outcomes assessed.

	
Obesity study only




	

	
SURMOUNT-4 (Aronne et al., 2024) [222].

	
RCT

	
783

	
Adults with obesity or overweight

	
Tirzepatide 10–15 mg weekly

	
88 weeks

	
Sustained weight loss; withdrawal resulted in weight regain

	
Reproductive outcomes not evaluated.

	
No fertility-specific endpoints








(AMH, anti-Müllerian hormone; BID, twice daily; BMI, body mass index; GLP-1 RA, glucagon-like peptide-1 receptor agonist; GIP, glucose-dependent insulinotropic polypeptide; IVF, in vitro fertilization; LH, luteinizing hormone; PCOS, polycystic ovary syndrome; RCT, randomized controlled trial; SHBG, sex hormone-binding globulin; SR, sustained release; TID, three times daily).
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Figure 1. Schematic illustration of the mechanisms by which obesity is related to female infertility. Obesity disrupts female reproductive function through hormonal, metabolic, and inflammatory mechanisms. Hyperleptinemia, insulin resistance (IR), and hyperinsulinemia impair hypothalamic–pituitary–ovarian (HPO) axis function, decrease SHBG levels, alter estrogen and androgen homeostasis, and promote follicular atresia, anovulation, poor endometrial receptivity, impaired embryo implantation, and infertility. 
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Figure 2. Mechanisms of action and metabolic and reproductive effects of orlistat in obese women. 
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Figure 3. Mechanisms of action and metabolic and reproductive effects of liraglutide in obese women. 
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Figure 4. Mechanisms of action, dose escalation, contraindications and reproductive effects of semaglutide in obese women. 
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Figure 5. Mechanism of action of the bupropion/naltrexone combination in the hypothalamic melanocortin system through activation of POMC neurons and enhancement of satiety. Bupropion is a selective catecholamine reuptake inhibitor that primarily targets norepinephrine and dopamine, enhancing dopaminergic and noradrenergic neurotransmission. This mechanism contributes to improved mood, increased energy, and reduced fatigue. In parallel, bupropion exerts anorexigenic effects by stimulating pro-opiomelanocortin (POMC) neurons in the arcuate hypothalamic nucleus (ARH). Within these neurons, POMC is cleaved into α-melanocyte-stimulating hormone (α-MSH) and β-endorphin. α-MSH activates melanocortin-4 receptors (MC4R), promoting satiety, reducing food intake, and increasing energy expenditure. Conversely, β-endorphin binds to MORs on POMC neurons, triggering an autoinhibitory negative feedback mechanism that limits further α-MSH release and leads to reward deficiency and reduced appetite (α-MSH: alpha-melanocyte-stimulating hormone; MC4R: melanocortin-4 receptor; POMC: pro-opiomelanocortin; MOR: μ-opioid receptor). 
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Figure 6. Illustration of the mechanisms by which metformin acts in hepatocytes, skeletal muscles and the intestine and reduces blood glucose levels (GLUT2: Glucose Transporter 2; GLUT4: Glucose Transporter 4; OCT1: Organic Cation Transporter 1; SGLT1: sodium-glucose cotransporter 1). 
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Figure 7. Schematic representation of the molecular mechanisms and microenvironmental modulations of metformin in the ovary and endometrium leading to improved reproductive outcomes (AMPK: adenosine monophosphate-activated protein kinase; CAT: catalase; CYP19A1: cytochrome P450 family 19 subfamily A member 1 (aromatase); GPx: glutathione peroxidase; IL-1β: interleukin-1 beta; IL-6: interleukin-6; mTOR: mammalian target of rapamycin; NF-κB: nuclear factor kappa B; ROS: reactive oxygen species; SOD: superoxide dismutase; TNF-α: tumor necrosis factor-alpha; VEGF: vascular endothelial growth factor). 
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Figure 8. Overview of the mechanisms of action, metabolic and reproductive effects, dosing, safety profile, and use during pregnancy and breastfeeding of tirzepatide. Tirzepatide is a first-in-class dual glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) receptor agonist. By simultaneously activating both incretin pathways, it improves insulin sensitivity, glycemic control, and body weight while reducing obesity-associated inflammation. These metabolic benefits may contribute to improved reproductive function in women with obesity and polycystic ovary syndrome (PCOS). The figure also summarizes recommended maintenance dosing, common adverse effects, and current recommendations regarding pregnancy and breastfeeding (ART: assisted reproductive technology; GIP: glucose-dependent insulinotropic polypeptide; GLP-1: glucagon-like peptide-1; HbA1c: glycated hemoglobin; IL-1β, interleukin-1 beta; IL-6: interleukin-6; PCOS: polycystic ovary syndrome; TNF-α, tumor necrosis factor-alpha). 






Figure 8. Overview of the mechanisms of action, metabolic and reproductive effects, dosing, safety profile, and use during pregnancy and breastfeeding of tirzepatide. Tirzepatide is a first-in-class dual glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) receptor agonist. By simultaneously activating both incretin pathways, it improves insulin sensitivity, glycemic control, and body weight while reducing obesity-associated inflammation. These metabolic benefits may contribute to improved reproductive function in women with obesity and polycystic ovary syndrome (PCOS). The figure also summarizes recommended maintenance dosing, common adverse effects, and current recommendations regarding pregnancy and breastfeeding (ART: assisted reproductive technology; GIP: glucose-dependent insulinotropic polypeptide; GLP-1: glucagon-like peptide-1; HbA1c: glycated hemoglobin; IL-1β, interleukin-1 beta; IL-6: interleukin-6; PCOS: polycystic ovary syndrome; TNF-α, tumor necrosis factor-alpha).



[image: Medicina 62 01445 g008]







 





Table 1. Target mechanism of anti-obesity drugs on the ovarian microenvironment and endometrial receptivity and embryo implantation.
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	Drug Class/Agent
	Primary Molecular Targets
	Effects on Follicular Fluid and Oocyte Quality
	Impact on Granulosa and Theca Cells
	Endometrial Receptivity and Embryo Implantation





	Metformin

(Biguanide)
	AMPK activation; inhibition of mitochondrial complex I [14].
	May indirectly improve the follicular microenvironment by reducing hyperinsulinemia, oxidative stress, and metabolic dysfunction associated with obesity and insulin resistance [161,162,163].
	Reduces ovarian androgen production by normalizing insulin–theca cell interactions and modulating steroidogenesis, including CYP17A1 expression, thereby improving ovulatory function [14,16,111,112,161,162,163].
	May indirectly improve endometrial function through restoration of systemic metabolic homeostasis and insulin sensitivity [111,118,163]; evidence for direct effects on implantation remains limited [123,163].



	GLP-1RAs

(Semaglutide, Liraglutide, Exenatide)
	GLP-1 receptor agonism; systemic improvement of insulin sensitivity, body weight and inflammatory status [170,171,172,173].
	May indirectly reduce follicular lipotoxicity, oxidative stress and mitochondrial dysfunction through metabolic improvement [167,168,169]; evidence for direct ovarian effects is limited [170].
	May indirectly improve follicular function by reducing hyperinsulinemia and systemic inflammation [171]; direct regulation of granulosa-cell apoptosis or intra-follicular cytokine signaling in humans remains unconfirmed [165].
	May indirectly enhance endometrial receptivity through improved metabolic homeostasis and reduced systemic inflammation; direct endometrial effects remain insufficiently established [173].



	Dual GLP-1/GIP Agonists

(Tirzepatide)
	Synergistic GLP-1 and GIP receptor activation; enhancement of systemic metabolic regulation and adipose tissue lipid handling [13,174,175].
	May indirectly improve the follicular microenvironment by reducing lipotoxicity and metabolic dysfunction secondary to marked weight loss and improved glycemic control [174,175]; direct ovarian effects remain unconfirmed [13].
	Improves insulin resistance and may indirectly reduce ovarian hyperandrogenism through systemic metabolic improvement [174,175]; direct effects on granulosa or theca cells have not been established [13].
	Whether the enhanced metabolic effects of tirzepatide translate into improved endometrial receptivity or implantation remains uncertain, and direct reproductive evidence is currently lacking [13].



	Orlistat

(Gastric & Pancreatic Lipase Inhibitor)
	Reversible inhibition of gastrointestinal lipases, reducing dietary fat absorption, postprandial lipid exposure, and circulating triglyceride levels [67].
	May indirectly improve the ovarian metabolic environment by reducing systemic lipid exposure; direct effects on ovarian physiology remain unestablished [177,178].
	Νo established direct cellular mechanisms [177,178].
	Indirect improvement through metabolic control and weight reduction; no direct evidence for implantation effects [179].



	Naltrexone/Bupropion
	μ-opioid receptor antagonism; POMC neuron activation [12].
	Indirect improvement through weight loss [12,180]; no demonstrated direct ovarian effects [181].
	No convincing evidence of direct effects on granulosa or theca cells [181].
	No direct evidence regarding endometrial receptivity; benefits are presumed secondary to weight reduction [68].







(AMPK, adenosine monophosphate-activated protein kinase; CYP17A1, cytochrome P450 family 17 subfamily A member 1; GIP, glucose-dependent insulinotropic polypeptide; GLP-1, glucagon-like peptide-1; GLP-1RA, glucagon-like peptide-1 receptor agonist).













 





Table 2. Phenotype-based pharmacological approach for reproductive-aged women with obesity.
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	Patient Phenotype
	Clinical and Metabolic

Characteristics
	Primary Mechanism of Reproductive Dysfunction
	Proposed

Pharmacotherapy
	Clinical Rationale and Therapeutic Goals





	Phenotype 1

(Metabolic/PCOS)
	PCOS; severe insulin resistance; clinical or biochemical hyperandrogenism; central adiposity; acanthosis nigricans [185,186].
	Severe insulin resistance and hyperinsulinemia reduce hepatic SHBG synthesis, increase ovarian androgen production, and contribute to chronic anovulation [187].
	GLP-1 receptor agonist (e.g., semaglutide) or dual GLP-1/GIP receptor agonist (e.g., tirzepatide) + metformin (off-label combination) [188,189].
	Maximizes insulin sensitization and promotes weight loss, reduces hyperandrogenism, and may improve ovulatory function, although its direct effects on the ovary remain incompletely understood [163,186,190].



	Phenotype 2

(Behavioral/Central Obesity)
	Central adiposity; binge or emotional eating; mild metabolic impairment [191].
	Chronic low-grade inflammation and neuroendocrine dysregulation affecting the hypothalamic–pituitary–ovarian axis [192].
	Naltrexone/bupropion [191].
	Improves appetite regulation and food craving; reproductive benefits are expected to occur indirectly through sustained weight loss [180].



	Phenotype 3

(Early Intervention before ART)
	BMI 30–35 kg/m2; intermittent anovulation; planned IVF/ART cycles [193].
	Obesity-associated impairment of oocyte competence and endometrial function [194].
	Liraglutide [195].
	Facilitates preconception weight reduction before ART. Treatment should be discontinued before attempting conception [195].



	Phenotype 4

(Lipid-Driven Obesity)
	Dyslipidemia; high dietary fat intake; contraindications or intolerance to GLP-1RAs [196]
	Lipotoxicity and oxidative stress within the ovarian microenvironment [197].
	Orlistat [196].
	Reduces dietary fat absorption and promotes weight loss, potentially decreasing systemic lipotoxicity [196]; evidence for direct ovarian effects remains limited.







(ART, assisted reproductive technology; BMI, body mass index; GLP-1RAs, glucagon-like peptide-1 receptor agonists; IVF, in vitro fertilization; PCOS, polycystic ovary syndrome; SHBG, sex hormone-binding globulin).
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