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Metabolic–Reproductive Crosstalk in Polycystic Ovary Syndrome: Therapeutic Implications of Dual Incretin Agonism with Tirzepatide

Abstract
Polycystic ovary syndrome (PCOS) is a heterogeneous endocrine–metabolic disorder characterized by varying constellations of ovulatory dysfunction, hyperandrogenism, and polycystic ovarian morphology alongside cardiometabolic risk factors including insulin resistance, adiposity, dysglycemia, and metabolic dysfunction–associated steatotic liver disease. Increasingly, PCOS is conceptualized not as an isolated reproductive condition but as a systems-level disorder in which metabolic and reproductive axes interact bidirectionally across the lifespan. Hyperinsulinemia amplifies ovarian androgen production and suppresses hepatic sex hormone–binding globulin, while androgen excess and neuroendocrine dysregulation can worsen adipose dysfunction, appetite regulation, and insulin sensitivity. This metabolic–reproductive crosstalk helps explain the persistence of both subfertility and long-term cardiometabolic sequelae, but it also provides a mechanistic foundation for therapies that target metabolic drivers to improve reproductive outcomes. Incretin-based pharmacotherapy has emerged as a potent metabolic strategy for weight reduction and glycemic improvement. Among incretin approaches, dual glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) receptor agonism with tirzepatide produces robust and sustained weight loss and improves insulin sensitivity and cardiometabolic parameters in populations with obesity and type 2 diabetes. Although direct clinical trials of tirzepatide in PCOS are limited or absent at present, the magnitude of its metabolic effects, along with established evidence that GLP-1 receptor agonists improve weight and metabolic parameters in women with PCOS, supports a strong translational rationale for evaluating dual incretin agonism as a disease-modifying adjunct in selected PCOS phenotypes. This review synthesizes contemporary evidence on metabolic–reproductive coupling in PCOS, examines the physiological basis of incretin signaling at the metabolism–reproduction interface, and discusses therapeutic implications, safety considerations, and research priorities for tirzepatide and related dual agonist strategies in PCOS.
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1. Introduction
1.1. Clinical and public-health importance of PCOS
Polycystic ovary syndrome (PCOS) is among the most prevalent endocrine disorders of reproductive-aged women and is clinically defined by a constellation of hyperandrogenism, ovulatory dysfunction, and polycystic ovarian morphology, with marked phenotypic heterogeneity across the life course (Azziz et al., 2016). Beyond its role as a leading cause of anovulatory infertility, PCOS is increasingly recognized as a chronic, multisystem disorder in which reproductive symptoms co-occur with metabolic dysfunction, including adiposity, insulin resistance, dysglycaemia, and heightened cardiometabolic risk (Azziz et al., 2016; Moran et al., 2010). This dual burden contributes to substantial long-term morbidity and creates a therapeutic imperative that extends beyond symptom suppression toward disease-modifying strategies that address shared upstream drivers (Azziz et al., 2016; Norman et al., 2007; Franks, 1995; McCartney & Marshall, 2016).
The population impact of PCOS is magnified by its frequent overlap with abnormal glucose metabolism. In a large systematic review and meta-analysis, women with PCOS demonstrated increased prevalence of impaired glucose tolerance, type 2 diabetes, and metabolic syndrome compared with controls, including findings that persist even when analyses account for body mass index (Moran et al., 2010). These metabolic liabilities are not merely “comorbidities” but appear entwined with core reproductive manifestations, implying that interventions capable of meaningfully improving weight trajectory, insulin sensitivity, and postprandial biology may plausibly translate into reproductive benefit. 
1.2. Pathophysiological framework: metabolic–reproductive crosstalk
A defining feature of PCOS pathophysiology is the bidirectional coupling of metabolic signals with ovarian steroidogenesis and hypothalamic–pituitary–ovarian (HPO) axis function. Insulin resistance and compensatory hyperinsulinaemia are common in PCOS and can be present independent of obesity, supporting the concept of intrinsic metabolic dysfunction in at least a substantial subset of affected women (Diamanti-Kandarakis & Dunaif, 2012; Stepto et al., 2013). Importantly, insulin is not only a metabolic hormone; it also acts at the ovary as a “co-gonadotropin,” potentiating steroidogenic responses and thereby amplifying androgen excess in susceptible biological contexts (Diamanti-Kandarakis & Dunaif, 2012). Androgen excess, in turn, may worsen insulin resistance and adipose dysfunction, reinforcing a self-perpetuating loop that links hyperandrogenism, anovulation, and metabolic risk (Diamanti-Kandarakis & Dunaif, 2012). 
This metabolic–reproductive crosstalk helps explain why weight gain and insulin resistance often track with worsening menstrual irregularity, anovulation, and hyperandrogenic symptoms, and why even modest improvements in metabolic status can yield clinically meaningful reproductive effects in some patients. Yet the same framework also clarifies why conventional reproductive-focused treatments that do not materially improve insulin resistance or adiposity may leave key drivers untouched, particularly in phenotypes characterized by prominent metabolic dysfunction. Therefore, therapeutics that directly target appetite regulation, energy balance, insulin dynamics, and postprandial hormone signaling are of growing interest as potential “bridges” between metabolic risk reduction and reproductive restoration.
1.3. Therapeutic limitations and emerging incretin-based strategies
Current PCOS management is typically organized around symptom clusters—cycle regulation and endometrial protection, hyperandrogenism, and fertility—while also emphasizing lifestyle intervention for weight and metabolic risk. However, sustained weight reduction is difficult to achieve and maintain with lifestyle measures alone in many individuals, and insulin-sensitizing approaches may provide incomplete benefit, particularly when obesity and appetite dysregulation dominate the clinical picture. These realities have sharpened interest in incretin-based pharmacotherapies that influence appetite, gastric emptying, pancreatic islet function, and downstream insulin–glucagon balance, thereby addressing mechanisms that sit upstream of both metabolic and reproductive manifestations.
Within this context, glucagon-like peptide-1 receptor agonists (GLP-1RAs) have been explored in PCOS, including randomized evidence that pharmacologically mediated weight loss and metabolic improvement can coincide with improvements in ovarian function parameters in some settings (Nylander et al., 2017). More recently, dual incretin agonism has emerged as a clinically powerful approach for obesity and type 2 diabetes, raising a biologically plausible question for PCOS: if insulin resistance and adiposity help drive hyperandrogenism and anovulation, could a therapy that substantially reduces weight and improves glycaemic physiology also recalibrate reproductive endocrinology?
Tirzepatide—a dual glucose-dependent insulinotropic polypeptide (GIP) and GLP-1 receptor agonist—has demonstrated robust metabolic efficacy in large randomized trials. In patients with type 2 diabetes, tirzepatide showed superior glycaemic control and weight reduction compared with semaglutide in a pivotal head-to-head trial (Frías et al., 2021). In adults with obesity without diabetes, tirzepatide produced substantial and sustained weight loss compared with placebo over 72 weeks (Jastreboff et al., 2022). These results are not PCOS-specific, but they establish the magnitude of metabolic leverage achievable with dual incretin agonism, which is central to the therapeutic hypothesis examined in this review. 
1.4. Scope and objectives of this review
This review synthesizes contemporary evidence on metabolic–reproductive crosstalk in PCOS, emphasizing mechanistic links among insulin resistance, adipose tissue biology, androgen excess, and HPO-axis dysregulation. Building on this framework, it evaluates the therapeutic rationale for incretin-based interventions—particularly dual GIP/GLP-1 receptor agonism with tirzepatide—as a strategy that may address shared upstream drivers of both metabolic risk and reproductive dysfunction. Specific objectives are to (i) summarize key mechanistic pathways connecting metabolic perturbations to reproductive phenotypes in PCOS; (ii) position incretin physiology and pharmacology within those pathways; (iii) appraise relevant clinical trial evidence from incretin therapies (directly in PCOS when available, and indirectly via obesity/diabetes trials when necessary for mechanistic inference); and (iv) identify translational gaps, patient-selection considerations, and research priorities for evaluating tirzepatide in PCOS with clinically meaningful reproductive and metabolic endpoints.

2. Methods for literature selection
A focused narrative review strategy was used. Literature searches were conducted in PubMed/MEDLINE, Scopus, Web of Science, and Google Scholar for articles published between January 1, 2010 and December 31, 2025, supplemented by backward citation tracking of highly cited reviews and clinical guidelines. Search strings combined controlled vocabulary and keywords, including “polycystic ovary syndrome” OR “PCOS” with “insulin resistance,” “hyperandrogenism,” “incretin,” “GLP-1,” “GIP,” “tirzepatide,” “dual agonist,” “weight loss,” “ovulation,” “menstrual,” “fertility,” and “metabolic dysfunction associated steatotic liver disease.” Searches also included trial-identifying terms such as “randomized,” “placebo,” and “clinical trial.” Inclusion criteria prioritized human studies, clinical trials, systematic reviews/meta-analyses, and consensus guidelines in peer-reviewed journals, with preference for studies reporting metabolic outcomes (weight, glycemia, insulin resistance indices, lipids) alongside reproductive endpoints (cycle frequency, ovulation markers, androgen measures). Exclusion criteria included non-peer-reviewed commentary without primary data, studies lacking clear diagnostic criteria for PCOS, and reports without sufficient methodological detail. For tirzepatide, large phase 3 obesity/diabetes trials and relevant safety and mechanistic reviews were prioritized due to the limited PCOS-specific evidence base.
3. Metabolic–Reproductive Crosstalk in PCOS
3.1. A bidirectional “repro-metabolic” systems view
Polycystic ovary syndrome (PCOS) is often introduced through its reproductive hallmarks—hyperandrogenism, ovulatory dysfunction, and characteristic ovarian morphology—yet its clinical trajectory is frequently shaped by metabolic disturbances that both precede and reinforce ovarian dysfunction. Contemporary models therefore treat PCOS as a network disorder in which the ovary, adipose tissue, liver, skeletal muscle, and the hypothalamic–pituitary axis exchange signals that couple energy availability to reproductive capacity (Escobar-Morreale, 2018; McCartney & Marshall, 2016). In this framework, metabolic inputs do not merely “coexist” with reproductive symptoms; they modulate steroidogenesis, gonadotropin dynamics, and follicle maturation, while ovarian androgen excess feeds back on insulin action and energy partitioning, closing self-perpetuating loops.
A clinically important implication of this network view is that “metabolic” and “reproductive” phenotypes do not always track together in a simple linear manner. Women with PCOS may present across a spectrum from relatively lean, predominantly reproductive phenotypes to obesity-associated, cardiometabolic phenotypes, yet overlapping mechanisms—especially insulin resistance, compensatory hyperinsulinemia, and androgen excess—create shared causal circuitry (Diamanti-Kandarakis & Dunaif, 2012; Cassar et al., 2016). Understanding where a given patient sits within this circuitry helps explain why targeted metabolic therapies can yield reproductive benefits (e.g., improved ovulatory function), and why reproductive axis modulation can sometimes improve metabolic endpoints (e.g., reduced androgen-driven adipose dysfunction).
3.2. Insulin resistance and hyperinsulinemia as ovarian “co-gonadotropins”
Insulin resistance is highly prevalent in PCOS and can be demonstrable even when body mass index is not elevated, supporting the concept of an “intrinsic” component in at least a subset of patients (Diamanti-Kandarakis & Dunaif, 2012; Stepto et al., 2013; Cassar et al., 2016). When insulin sensitivity is reduced in muscle, liver, and adipose tissue, pancreatic compensation increases circulating insulin concentrations. This hyperinsulinemia has direct reproductive consequences because insulin signaling interfaces with ovarian steroidogenic pathways. At the ovarian level, insulin can act as a co-regulator of steroidogenesis, amplifying theca-cell androgen production and interacting with gonadotropin stimulation, thereby increasing the androgenic milieu that disrupts normal folliculogenesis (Diamanti-Kandarakis & Dunaif, 2012; McCartney & Marshall, 2016). 
Beyond ovarian effects, hyperinsulinemia also alters androgen bioavailability by suppressing hepatic sex hormone–binding globulin (SHBG) production, increasing free (biologically active) androgens for a given total androgen concentration (Diamanti-Kandarakis & Dunaif, 2012; Hossain et al., 2025). The result is a biochemical environment in which androgen excess becomes easier to sustain. Importantly, this creates a reinforcing loop: hyperinsulinemia increases ovarian androgen output and free androgen fractions, and higher androgen exposure can worsen insulin action in key metabolic tissues, maintaining hyperinsulinemia.
3.3. Androgen excess reshapes adipose biology and energy partitioning
Hyperandrogenism is not only a reproductive disruptor; it is increasingly viewed as a metabolic modifier that changes how energy is stored, mobilized, and signaled. Androgens can influence adipocyte size, adipose tissue expandability, and endocrine outputs such as adipokines, thereby shaping systemic insulin sensitivity. Recent syntheses emphasize that adipose tissue dysfunction in PCOS can be present even without marked overall adiposity, suggesting qualitative defects in adipose biology rather than purely quantitative fat excess (Bril et al., 2024). 
Adipose dysfunction contributes to repro-metabolic crosstalk through multiple routes. First, impaired adipose storage capacity may promote ectopic lipid deposition and lipotoxic signaling that aggravate insulin resistance, increasing hyperinsulinemia and its ovarian steroidogenic effects. Second, dysregulated adipokine profiles (for example, lower adiponectin in many cohorts) and low-grade inflammatory signaling can impair insulin action and potentially interact with ovarian function indirectly through systemic metabolic stress. Third, adipose-derived steroid metabolism and local androgen action can alter tissue-specific androgen exposure, potentially amplifying the systemic consequences of hyperandrogenism. Collectively, these pathways help explain why interventions that reduce androgen exposure or improve adipose function can have metabolic benefits, and why metabolic therapies that improve adipose health may lower androgenic drive by reducing hyperinsulinemia.
3.4. Neuroendocrine integration: steroid feedback resistance and gonadotropin patterning
At the level of the hypothalamus and pituitary, PCOS is characterized in many patients by altered gonadotropin dynamics, including relatively rapid GnRH/LH pulsatility and a tendency toward LH predominance. A key concept in modern neuroendocrine models is impaired negative feedback sensitivity to ovarian steroids—particularly progesterone—within the GnRH regulatory network, contributing to persistent reproductive axis activation (McCartney & Marshall, 2016; Ruddenklau & Campbell, 2019). This neuroendocrine state has direct ovarian consequences because LH stimulation promotes theca-cell androgen synthesis, while relatively insufficient FSH support can contribute to follicular arrest and anovulation, maintaining the very ovarian steroid milieu that perpetuates feedback dysregulation (Ruddenklau & Campbell, 2019). 
Metabolic cues intersect with this neuroendocrine circuitry. Insulin and adiposity-related signals (including leptin and other nutrient-sensing pathways) are part of the broader physiologic architecture that couples fertility to energy availability. In PCOS, chronic metabolic stress and hyperandrogenism may alter central signal processing such that reproductive axis activity becomes both a driver and a consequence of metabolic dysfunction. This “central-peripheral” coupling is clinically relevant because it implies that metabolic interventions (weight loss, insulin lowering, improvement in insulin sensitivity) can shift gonadotropin dynamics and ovulatory function in at least a subset of patients, while purely symptomatic reproductive treatments may leave upstream metabolic drivers untouched.
3.5. Downstream cardiometabolic risk as a reinforcing context
The repro-metabolic loops described above unfold over time within a broader cardiometabolic context. Systematic evidence indicates increased risks of impaired glucose tolerance, type 2 diabetes, and metabolic syndrome in PCOS compared with controls, reflecting the long-run consequences of insulin resistance interacting with adiposity and hormonal factors (Moran et al., 2010). These outcomes are not merely “comorbidities”; they can feed back into reproductive dysfunction via worsening insulin resistance, higher insulin exposure, and continued androgen excess. 
From a therapeutic standpoint, the significance of metabolic–reproductive crosstalk is that interrupting any major node—hyperinsulinemia, adipose dysfunction, androgen excess, or maladaptive neuroendocrine feedback—can sometimes propagate benefit across the network. This principle underlies the growing interest in treatments that simultaneously target weight, insulin dynamics, and appetite/energy balance, because these metabolic levers are tightly coupled to ovarian steroidogenesis and hypothalamic–pituitary regulation in PCOS (Bril et al., 2024; Diamanti-Kandarakis & Dunaif, 2012). Table 1 presents a gist of Metabolic–Reproductive Crosstalk in PCOS for fast reading.
Table 1: A Summary of Metabolic–Reproductive Crosstalk in PCOS
	Crosstalk node
	Metabolic driver(s)
	Reproductive consequence(s)
	Key implication
	Reference(s)

	Insulin resistance → hyperinsulinemia
	Reduced insulin sensitivity (muscle/liver/adipose), compensatory insulin elevation
	Amplified ovarian androgen production; increased free androgens via lower SHBG; follicular dysfunction
	Lowering insulin exposure can reduce androgenic drive and improve ovulatory biology in responsive phenotypes
	(Diamanti-Kandarakis & Dunaif, 2012; Cassar et al., 2016)

	Hyperandrogenism → metabolic worsening
	Androgen effects on adipose tissue function and energy partitioning
	Sustained hyperandrogenic milieu that impairs follicle maturation and ovulation
	Breaking androgen–insulin feedback loops may require metabolic and hormonal targeting
	(Bril et al., 2024; McCartney & Marshall, 2016)

	Neuroendocrine feedback resistance
	Steroid feedback impairment within GnRH regulatory circuits; LH predominance
	Increased LH drive to theca cells → androgen excess; reduced coordinated folliculogenesis → anovulation
	Metabolic improvements may indirectly normalize gonadotropin patterning in some patients
	(McCartney & Marshall, 2016; Ruddenklau & Campbell, 2019)

	Long-term dysglycemia risk
	Chronic insulin resistance with/without obesity
	Persistent endocrine disruption through insulin-androgen reinforcement
	Preventing diabetes/metabolic syndrome is also reproductive risk modification
	(Moran et al., 2010; Stepto et al., 2013)



4. Incretin Biology at the Metabolism–Reproduction Interface
4.1. Incretin hormones as postprandial “nutrient-to-endocrine” translators
Incretin biology is classically framed around two gut-derived peptide hormones—glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP)—that coordinate postprandial insulin secretion with the rate and composition of nutrient entry into the circulation. Although both hormones were first defined through their insulinotropic “incretin effect,” contemporary evidence emphasizes that their receptors are widely expressed beyond pancreatic islets, enabling multi-organ coordination of energy intake, energy storage, and metabolic partitioning (Drucker, 2018; Muscogiuri et al., 2017). This distributed receptor biology is particularly relevant for polycystic ovary syndrome (PCOS), where modest changes in nutrient handling and adipose–liver–muscle insulin sensitivity can propagate into ovarian steroidogenesis, follicular maturation, and hypothalamic–pituitary–gonadal (HPG) axis signaling.
GLP-1 and GIP are secreted rapidly after meal ingestion and can be understood as endocrine “state signals” that inform multiple organs that energy is available. The classical pancreatic actions—enhancement of glucose-stimulated insulin secretion and modulation of glucagon secretion—reduce postprandial glycemic excursions, while extra-pancreatic actions influence gastric motility, appetite, and adipose tissue metabolism (Drucker, 2018). Because reproductive competence in females is tightly gated by energetic sufficiency and insulin–leptin–glucose sensing pathways, incretin signaling is positioned to influence reproduction both indirectly (via weight loss and improved insulin sensitivity) and potentially directly (via receptor-mediated actions within neuroendocrine and reproductive tissues) (Jensterle et al., 2019).
4.2. Central incretin circuits: linking energy balance to neuroendocrine control of fertility
The interface between metabolism and reproduction is heavily orchestrated in the brain, where reproductive pulsatility (GnRH-driven LH/FSH secretion) is modulated by nutrient availability, adiposity signals, and stress-responsive pathways. GLP-1 biology has a prominent central component: brainstem preproglucagon neurons project widely to hypothalamic and limbic regions, and GLP-1 receptor (GLP-1R) signaling contributes to satiety, food preference, and autonomic output (Muscogiuri et al., 2017; Trapp & Skoug, 2025). These same hypothalamic territories integrate reproductive cues, making them plausible loci where incretin pathways can influence the HPG axis. Importantly, central GLP-1 pathways do not simply mirror peripheral hormone levels; rather, they constitute a neural system that can shape feeding behavior and metabolic tone, which secondarily determines the permissiveness of pulsatile GnRH secretion—a key node in PCOS pathophysiology where increased LH pulse frequency can amplify ovarian androgen production.
Experimental work supports a functional bridge from GLP-1 signaling to reproductive neuroendocrine output. In rodents, GLP-1 administration has been shown to influence reproductive timing and ovulatory physiology, including synchronization of pubertal onset and enhancement of preovulatory LH surge characteristics in females—observations consistent with a neuromodulatory role in the circuitry governing the periovulatory switch (Outeiriño-Iglesias et al., 2015). Complementing these endocrine-phenotypic findings, neuroanatomical studies demonstrate physical and functional proximity between GLP-1 axons and GnRH neurons in the basal forebrain, providing a structural substrate through which GLP-1 signaling could modulate GnRH neuronal excitability or network dynamics (Vastagh et al., 2021). While translation from rodent neurocircuit mapping to human physiology must be conservative, these studies strengthen the biological plausibility that incretin signaling can interact with reproductive neuroendocrine regulation beyond nonspecific effects of weight loss.
GIP signaling has undergone a conceptual shift from being viewed as primarily “peripheral and adipose” to being recognized as a relevant central nervous system pathway. Reviews synthesizing genetic and pharmacologic data indicate that GIP receptor (GIPR) activation contributes to energy balance via brain mechanisms and can be necessary for the full weight-reducing synergy seen with combined incretin receptor engagement (Samms et al., 2021; Samms & Sloop, 2025). Mechanistic studies further reveal that GIPR-expressing neuronal populations in hypothalamus and brainstem are functionally distinct, engaging different downstream pathways to alter feeding behavior (Adriaenssens et al., 2023). From a reproductive perspective, these findings matter because hypothalamic feeding circuits overlap extensively with networks that gate GnRH/LH pulsatility under conditions of metabolic stress or excess. Thus, central GIPR biology may contribute to reproductive benefit indirectly by reshaping energy intake, adiposity, and metabolic inflammation—factors that destabilize ovulatory function in PCOS.
4.3. Peripheral incretin actions relevant to ovarian and endometrial physiology
Beyond the brain, incretin receptors in peripheral tissues can influence the reproductive system through changes in insulin dynamics, lipid flux, and inflammatory tone. In PCOS, hyperinsulinemia potentiates ovarian theca cell androgen production and suppresses hepatic sex hormone–binding globulin, thereby increasing free androgens; the resulting androgen excess disrupts folliculogenesis and oocyte competence. By improving glucose-stimulated insulin secretion efficiency, reducing glucotoxicity, and promoting clinically meaningful weight loss, incretin receptor agonism can reduce the upstream metabolic drivers that feed ovarian hyperandrogenism (Drucker, 2018; Jensterle et al., 2019).
In addition, there is accumulating discussion—supported by translational reviews—of potential direct incretin actions within reproductive tissues, including the ovary and endometrium, although the strength of evidence differs by tissue and species (Jensterle et al., 2019). Even if direct ovarian or endometrial signaling proves modest relative to systemic metabolic effects, it may still be biologically meaningful in PCOS, where small improvements in insulin–IGF signaling, oxidative stress, or local inflammation can shift follicular trajectories toward ovulation. This perspective helps explain why incretin-based therapies are being actively explored for PCOS phenotypes characterized by obesity and insulin resistance: they engage a physiology that naturally couples nutrient availability to endocrine prioritization, potentially restoring a metabolic environment permissive for cyclicity.
4.4. Why dual incretin agonism is mechanistically interesting for the metabolism–reproduction axis
Dual incretin agonism builds on the idea that GLP-1R and GIPR signaling are complementary rather than redundant. Preclinical and translational work with unimolecular dual incretin agonists demonstrates that simultaneous activation of GLP-1 and GIP receptor pathways can maximize metabolic benefits—improving glycemic control and reducing body weight more than GLP-1–selective approaches in several experimental contexts (Finan et al., 2013). Subsequent mechanistic syntheses argue that the case for GIPR agonism is bolstered by effects in pancreatic islets, adipose tissue, and the brain, including central circuitry relevant to feeding and energy expenditure (Samms & Sloop, 2025).
For PCOS, the therapeutic logic emerging from this biology is that reproductive benefit may follow when dual incretin agonism simultaneously (i) reduces energy intake and adiposity via central pathways, (ii) improves insulin dynamics and lipid handling, and (iii) dampens metabolic inflammation that disrupts ovarian function. The neuroendocrine evidence linking GLP-1 pathways to LH surge physiology and GnRH network connectivity provides an additional layer of plausibility that incretin agonism could influence reproductive hormone dynamics beyond weight loss alone (Outeiriño-Iglesias et al., 2015; Vastagh et al., 2021). Importantly, this does not imply that incretins “override” reproductive regulation; rather, they may help normalize the metabolic signals that the reproductive axis continuously interprets to decide whether ovulation is energetically viable. Collectively, the incretin system sits at a biologically coherent intersection of metabolism and reproduction, offering a mechanistic foundation for considering dual incretin agonists—such as tirzepatide—as candidates to address the intertwined metabolic and reproductive disturbances characteristic of PCOS (Jensterle et al., 2019; Samms & Sloop, 2025).
5. Tirzepatide and Dual Incretin Agonism
5.1. From dual-incretin concept to a once-weekly therapeutic
Tirzepatide is a first-in-class, single-molecule agonist designed to activate both the glucose-dependent insulinotropic polypeptide receptor (GIPR) and the glucagon-like peptide-1 receptor (GLP-1R), thereby integrating two incretin axes that physiologically coordinate postprandial insulin secretion, appetite regulation, and nutrient partitioning. The developmental rationale emerged from converging observations that GLP-1R agonism reliably improves glycemia and induces weight loss, whereas the metabolic role of GIP is context dependent and potentially amplifies adipose “buffering” of nutrients, central satiety signaling, and insulinotropic responses when paired with GLP-1R engagement. In translational work spanning receptor pharmacology, animal studies, and early clinical evaluation, the dual agonist LY3298176 (the precursor program to tirzepatide) demonstrated robust glucose lowering and clinically meaningful body-weight reduction, with a pharmacokinetic profile compatible with once-weekly administration (Coskun et al., 2018). This “unimolecular co-agonism” framework is particularly relevant to polycystic ovary syndrome (PCOS), where insulin resistance and compensatory hyperinsulinemia frequently coexist with reproductive dysfunction and hyperandrogenism; a therapy that simultaneously improves insulin action and reduces adiposity has plausible downstream benefits for ovarian steroidogenesis and hypothalamic–pituitary–ovarian signaling even before direct reproductive endpoints are studied.
Mechanistically, tirzepatide’s combined receptor activity translates into a multi-layered phenotype: augmentation of glucose-dependent insulin secretion, suppression of inappropriate glucagon secretion in hyperglycemic contexts, delay of gastric emptying early in therapy, and central appetite suppression that supports sustained negative energy balance. Importantly, the once-weekly dosing paradigm and the structured titration approach (progressive dose escalation) are not mere conveniences; they are tightly linked to tolerability, particularly gastrointestinal effects that can otherwise limit persistence and thereby blunt long-horizon cardiometabolic benefit.
5.2. Glycemic and weight efficacy in type 2 diabetes: the SURPASS program as the evidence backbone
The phase 3 SURPASS program established tirzepatide’s clinical signature: large glycemic reductions coupled with substantial, dose-related weight loss across a range of background therapies. In SURPASS-1, tirzepatide used as monotherapy in type 2 diabetes produced clinically meaningful improvements in glycemic control and body weight, supporting the concept that dual incretin agonism can drive metabolic benefit even without concomitant glucose-lowering agents (Rosenstock et al., 2021). The relevance to PCOS lies in the shared pathophysiologic substrate—insulin resistance and adiposity—despite the different primary clinical endpoints; improvements in these upstream drivers are strongly hypothesized to lessen hyperinsulinemia-mediated ovarian androgen production and to improve the metabolic milieu that contributes to anovulation.
In SURPASS-2, tirzepatide was directly compared with once-weekly semaglutide (1 mg) in individuals with type 2 diabetes receiving metformin, demonstrating that dual incretin agonism can exceed selective GLP-1R agonism for both glycemic lowering and weight reduction (Frías et al., 2021). While PCOS is not type 2 diabetes, the comparative signal is clinically informative because many patients with PCOS—particularly those with obesity—are candidates for incretin-based strategies aimed at weight loss and insulin sensitization. The implication is not that semaglutide-class therapy is insufficient, but that adding GIPR agonism may meaningfully shift the efficacy ceiling for weight and metabolic endpoints that are directly implicated in PCOS severity.
SURPASS-3 extended these findings into a pragmatic intensification setting by comparing tirzepatide with basal insulin degludec, showing superior improvements in glycemia and body weight with tirzepatide and a lower risk of clinically relevant hypoglycemia than insulin-based intensification (Ludvik et al., 2021). This comparison helps frame tirzepatide not only as a glucose-lowering agent, but as a weight-centric metabolic therapy—an orientation that aligns closely with PCOS management goals where durable adiposity reduction can be as important as glucose metrics.
5.3. Human mechanistic signals: beta-cell function, insulin sensitivity, and postprandial physiology
Beyond clinical endpoints, mechanistic human studies provide a sharper lens on how tirzepatide’s dual receptor activity may reshape the metabolic drivers that intersect with reproductive endocrinology. In detailed analyses of beta-cell function and insulin sensitivity, tirzepatide was associated with improvements in biomarkers reflective of beta-cell performance and insulin action, supporting the concept that efficacy is not solely attributable to weight loss or slowed gastric emptying (Thomas et al., 2021). Such shifts are conceptually important for PCOS because hyperinsulinemia is a central amplifier of ovarian theca-cell androgen production and can worsen follicular arrest; therapies that reduce insulin demand (via improved sensitivity) and stabilize postprandial glucose–insulin dynamics may therefore have reproductive consequences even in the absence of frank diabetes.
More recent physiologic work comparing tirzepatide and semaglutide during standardized meal testing further highlights differential effects on postprandial glucose handling and insulin sensitivity measures, reinforcing the idea that dual agonism may engage complementary pathways beyond GLP-1R agonism alone (Mather et al., 2024). For PCOS, this raises a clinically testable hypothesis: if tirzepatide produces deeper or more durable improvements in postprandial insulin exposure, it may more effectively attenuate insulin-driven hyperandrogenism and related features such as acanthosis nigricans, dyslipidemia, and hepatic steatosis that cluster in higher-risk phenotypes.
5.4. Anti-obesity efficacy and durability: implications for long-term disease modification
The most transformative aspect of tirzepatide is its magnitude of weight loss in obesity trials. In SURMOUNT-1, once-weekly tirzepatide produced substantial mean weight reduction in adults with obesity or overweight, establishing dual incretin agonism as a leading pharmacologic strategy for obesity management (Jastreboff et al., 2022). Because obesity and visceral adiposity are strongly linked to PCOS expression and severity, these results are highly relevant: adiposity reduction can improve insulin sensitivity, decrease inflammatory signaling, and reduce cardiometabolic risk—each of which can feed back into reproductive axis function.
Durability is equally critical. SURMOUNT-4, a randomized withdrawal trial, showed that continued tirzepatide is important for maintaining weight reduction; discontinuation led to significant weight regain relative to ongoing therapy (Aronne et al., 2024). For PCOS, this finding cautions against framing incretin-based pharmacotherapy as a short course. If weight regain restores insulin resistance and hyperinsulinemia, then the reproductive and metabolic gains expected from weight loss could also erode, underscoring the need to conceptualize therapy duration, adherence, and long-term lifestyle scaffolding as integral to sustained benefit.
5.5. Safety, tolerability, and practical considerations relevant to PCOS populations
Across trials, tirzepatide’s adverse-event profile is broadly consistent with incretin-based therapy, with gastrointestinal symptoms (nausea, diarrhea, vomiting, decreased appetite) most prominent during dose escalation and generally improving over time (Ludvik et al., 2021; Rosenstock et al., 2021). These tolerability dynamics matter for PCOS care because patients are often young and otherwise healthy; persistence depends heavily on anticipatory counseling, gradual titration, and supportive management of early adverse effects. Additionally, given the prevalence of reproductive planning in PCOS populations, the interaction between tirzepatide and oral hormonal contraception is clinically salient. A focused review highlighted that tirzepatide’s early and relatively pronounced delay of gastric emptying may reduce oral contraceptive exposure in a way not consistently observed with other GLP-1R agonists, aligning with manufacturer guidance to consider alternative or backup contraception around initiation and dose escalation (Skelley et al., 2024). This practical point is essential when translating tirzepatide into PCOS practice, where contraception is frequently co-prescribed for menstrual regulation and androgen-related symptoms.
Taken together, the tirzepatide evidence base supports a mechanistically grounded expectation of strong metabolic benefit, with plausible downstream reproductive implications in PCOS that now require direct testing in PCOS-specific trials and real-world cohorts. Table 2 presents a gist of Tirzepatide and dual Incretin agonism.
Table 2: Summary of Tirzepatide and Dual Incretin Agonism 
	Evidence stream
	Population / design
	Core findings most relevant to PCOS translation
	Key implication for PCOS therapeutic positioning
	Reference

	Mechanistic development and early translational proof
	Preclinical + early human PK/PD program for dual GIPR/GLP-1R agonism
	Dual agonism produced meaningful glucose and weight effects with a profile compatible with once-weekly dosing
	Supports the biological plausibility of combining appetite/weight effects with improved insulin dynamics—central drivers in many PCOS phenotypes
	(Coskun et al., 2018)

	SURPASS-1
	Type 2 diabetes; tirzepatide monotherapy
	Significant glycemic improvement with weight loss
	Demonstrates metabolic potency independent of combination therapy—relevant to PCOS patients without diabetes but with insulin resistance
	(Rosenstock et al., 2021)

	SURPASS-2
	Type 2 diabetes on metformin; head-to-head vs semaglutide 1 mg weekly
	Greater glycemic and weight benefits than selective GLP-1R agonism
	Suggests dual agonism may raise the efficacy ceiling for weight/insulin endpoints that are mechanistically linked to PCOS severity
	(Frías et al., 2021)

	SURPASS-3
	Type 2 diabetes; comparison vs insulin degludec
	Superior glycemia and weight outcomes with lower hypoglycemia risk vs basal insulin
	Frames tirzepatide as a weight-forward metabolic therapy rather than a glucose-only intensification tool—aligned with PCOS goals
	(Ludvik et al., 2021)

	Beta-cell function & insulin sensitivity analyses
	Type 2 diabetes; mechanistic biomarker analyses
	Improvements in beta-cell function and insulin sensitivity metrics
	Strengthens the rationale that benefits may extend beyond weight loss alone, potentially reducing hyperinsulinemia-linked androgen excess
	(Thomas et al., 2021)

	Meal-test physiology vs semaglutide
	Controlled meal test comparisons
	Distinct effects on postprandial physiology and insulin sensitivity measures
	Supports hypothesis that dual agonism may better attenuate postprandial hyperinsulinemia—a key PCOS amplifier
	(Mather et al., 2024)

	SURMOUNT-1
	Obesity/overweight; weight-loss efficacy
	Large mean weight reduction
	Directly relevant to obesity-associated PCOS; weight loss is a key lever for improving insulin resistance and metabolic risk
	(Jastreboff et al., 2022)

	SURMOUNT-4
	Obesity/overweight; randomized withdrawal
	Discontinuation led to substantial weight regain vs continuation
	Highlights chronic-disease framing: sustained therapy may be needed to maintain metabolic (and potentially reproductive) gains in PCOS
	(Aronne et al., 2024)

	Contraception interaction synthesis
	Pharmacotherapy + oral hormonal contraception
	Tirzepatide may reduce oral contraceptive exposure early via gastric emptying effects
	Critical safety/practice consideration in reproductive-age PCOS populations
	(Skelley et al., 2024)





6. Therapeutic Implications of Tirzepatide for PCOS
6.1 Re-positioning pharmacotherapy in PCOS: from symptom control to disease modification
Polycystic ovary syndrome (PCOS) is frequently managed through a reproductive-symptom lens—regulating menses, treating hyperandrogenic features, and supporting fertility—yet a large proportion of long-term morbidity is mediated through metabolic risk pathways. Contemporary practice guidance emphasizes that assessment and treatment should explicitly address weight status, insulin resistance, dysglycemia, and cardiometabolic risk alongside reproductive goals, because these domains interact bidirectionally across the life course (Legro et al., 2013). In this context, incretin-based therapies (and, specifically, dual incretin agonism) are best conceptualized as potentially “disease-modifying” adjuncts rather than solely weight-loss agents: by substantially shifting adiposity, insulin dynamics, and ectopic fat burden, they may reduce upstream metabolic drivers that amplify ovarian androgen excess and ovulatory dysfunction.
Tirzepatide, a dual glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) receptor agonist, has not yet been established as a standard-of-care therapy in PCOS-specific guidelines, and any use in PCOS should be regarded as off-label and evidence-translational rather than evidence-definitive. Nevertheless, the clinical logic for considering tirzepatide in selected PCOS phenotypes is increasingly clear: PCOS commonly clusters with obesity and impaired glucose regulation, and weight reduction plus improved insulin sensitivity are repeatedly associated with improvements in both metabolic parameters and reproductive function, creating a plausible pathway through which potent anti-obesity pharmacotherapy might indirectly normalize reproductive physiology (Legro et al., 2013). 
6.2 Direct PCOS evidence from incretin-based therapy: what outcomes are already modifiable
While tirzepatide-specific randomized trials in PCOS remain limited in the peer-reviewed literature, multiple studies using selective GLP-1 receptor agonists provide proof-of-concept that incretin pharmacotherapy can improve PCOS-relevant endpoints. Meta-analytic evidence focused on liraglutide suggests clinically meaningful reductions in body weight and improvements across metabolic markers in overweight/obese patients with PCOS (Ge et al., 2022). Importantly, these effects are not merely cosmetic. Weight reduction and improved insulin sensitivity are mechanistically linked to lower ovarian androgen production, higher sex hormone–binding globulin concentrations, and improved follicular maturation dynamics—changes that can translate into better menstrual regularity and ovulatory potential in at least a subset of patients.
Beyond overall weight, ectopic fat biology may be a particularly relevant “metabolic bridge” to reproductive dysfunction in PCOS. In a randomized clinical trial, liraglutide was shown to reduce ectopic fat parameters in women with PCOS, including liver fat content and visceral adipose tissue—features that often track with insulin resistance and systemic inflammation (Frøssing et al., 2018). From a therapeutic standpoint, this matters because ectopic fat and visceral adiposity may be disproportionately pathogenic in PCOS compared with equivalent changes in subcutaneous fat, and they are not reliably reversed by modest lifestyle interventions in all patients. The implication is that incretin-based agents could be strategically valuable when PCOS presents with clear markers of metabolic severity: central obesity, dysglycemia, suspected fatty liver disease, or a history of unsuccessful weight-loss attempts.
More recent PCOS-specific interventional evidence has also begun to emerge for semaglutide-based approaches. In a prospective randomized controlled open-label trial in overweight/obese women with PCOS, combined metformin and semaglutide therapy was associated with improvements in body weight and multiple metabolic parameters, with accompanying reproductive outcome measures incorporated into the study design (Chen et al., 2025). Although details of reproductive endpoint magnitude and durability require careful interpretation (including the open-label structure and the need to contextualize effects against background lifestyle change), such studies strengthen the argument that incretin-enabled metabolic remodeling can be paired with traditional insulin sensitization strategies in PCOS rather than positioned as a competing approach.
6.3 Translating tirzepatide’s obesity efficacy into PCOS care goals
The strongest peer-reviewed evidence base for tirzepatide currently lies in obesity trials rather than PCOS cohorts. In the SURMOUNT-4 randomized clinical trial, adults with obesity or overweight (without diabetes) underwent an initial tirzepatide lead-in and then randomization to continue tirzepatide or switch to placebo; continued treatment maintained and augmented weight reduction, while withdrawal led to clinically significant weight regain (Aronne et al., 2024). This is directly relevant to PCOS because sustained weight maintenance—not only initial weight loss—is often what determines whether metabolic improvements persist long enough to influence reproductive outcomes, fertility plans, or long-term cardiometabolic risk trajectories.
For many PCOS patients, clinical targets are pragmatic and time-bound: improving cycle regularity and ovulatory function over months, reducing glycemic risk over years, or preparing for pregnancy with a safer metabolic baseline. Tirzepatide’s weight-loss magnitude in obesity populations suggests it could move some individuals past “threshold effects” where modest loss is insufficient—particularly in severe obesity or high insulin resistance—thereby potentially enabling downstream improvements in androgen excess and ovulatory dysfunction that are hard to achieve with lifestyle change alone. At the same time, extrapolation must be cautious: PCOS is heterogeneous, and a purely weight-centric approach will not address all phenotypes (e.g., lean PCOS, predominant hyperandrogenism without marked insulin resistance). Thus, the most rational translational use-case is the PCOS phenotype characterized by obesity, metabolic syndrome traits, or prediabetes risk, where the upstream metabolic driver burden is high and where weight loss is itself a core therapeutic objective consistent with endocrine practice guidance (Legro et al., 2013). 
6.4 Integrating tirzepatide into multimodal PCOS management pathways
If tirzepatide is considered for PCOS in real-world practice, it should be integrated into a multimodal plan rather than used as a stand-alone replacement for established therapies. Metformin remains a commonly used insulin-sensitizing agent in PCOS management and is explicitly discussed in endocrine guidance as part of treatment for metabolic features and, in some contexts, reproductive features (Legro et al., 2013; Zafar et al., 2019). The emerging semaglutide-plus-metformin trial evidence suggests that combining incretin therapy with metformin can be feasible and may produce additive benefits in selected overweight/obese PCOS populations (Chen et al., 2025). By analogy, tirzepatide could plausibly be positioned similarly—particularly when dysglycemia risk is high—while monitoring gastrointestinal tolerability and ensuring that lifestyle counseling remains active rather than displaced.
In reproductive care pathways, tirzepatide should be seen primarily as a metabolic optimization tool that can support fertility-related goals indirectly. For patients planning pregnancy, this may translate into a structured “metabolic preparation phase” where weight reduction, glycemic stabilization, and improvement in ectopic fat are pursued prior to initiating ovulation induction, potentially lowering obstetric risk and improving response to standard fertility treatments. For patients not seeking pregnancy, the same metabolic optimization could reduce long-term cardiometabolic burden while symptom-directed therapies (for example, cycle regulation strategies and antiandrogen approaches) manage quality-of-life outcomes. The key clinical implication is sequencing: tirzepatide may be most impactful when introduced early enough to shift the metabolic set-point, but coordinated with reproductive timelines so that patients do not lose months of fertility opportunity without a clear plan for transition to ovulation induction or assisted reproduction if needed.
6.5 Safety, durability, and the reproductive life-course: what must be addressed explicitly
A major lesson from obesity pharmacotherapy is that discontinuation commonly produces weight regain, which can reintroduce insulin resistance and reverse endocrine improvements—especially in PCOS where the metabolic–reproductive feedback loops are tightly coupled. SURMOUNT-4 provides direct randomized evidence that continuing tirzepatide maintains weight reduction whereas stopping it results in substantial regain, underscoring that long-term maintenance planning is not optional (Aronne et al., 2024). In PCOS, this durability issue is particularly important because reproductive benefit is often evaluated over limited windows (months), but metabolic benefit and cardiometabolic prevention are long-horizon goals (years to decades). Therefore, a realistic therapeutic framing is that tirzepatide may require sustained use for sustained benefit, with clearly defined stopping rules, monitoring plans, and an understanding of what substitute strategies will maintain gains if discontinuation occurs.
From a reproductive-life-course perspective, clinicians must also address how incretin-based therapy intersects with pregnancy intentions. Even without tirzepatide-specific PCOS trials, the broader incretin literature and PCOS pharmacotherapy norms converge on a cautious approach: most incretin-based agents are not intended for use during pregnancy, and the practical implication is that preconception planning must include discontinuation and timing strategies rather than abrupt cessation after conception. Meta-analytic PCOS literature on GLP-1 receptor agonists explicitly highlights the need for careful planning around pregnancy and washout considerations as part of safe administration in reproductive-age populations (Ge et al., 2022). The therapeutic implication for tirzepatide is that its greatest utility in PCOS may be in preconception metabolic optimization or long-term metabolic risk management in those not immediately attempting conception—while ensuring that patients with changing pregnancy plans can transition safely.
6.6 Research priorities to make tirzepatide “PCOS-ready”
To move from translational plausibility to evidence-based prescribing in PCOS, the field needs PCOS-specific randomized trials of tirzepatide with endpoints that reflect the syndrome’s dual nature. Metabolic endpoints should include not only weight and glycemia but also visceral/ectopic fat measures and cardiometabolic biomarkers, given the relevance of ectopic fat modulation observed in incretin-treated PCOS cohorts (Frøssing et al., 2018). Reproductive endpoints should include ovulatory function, menstrual cyclicity, biochemical hyperandrogenism, and fertility-relevant outcomes stratified by baseline phenotype (obese vs non-obese; insulin resistant vs insulin sensitive). Comparative effectiveness designs will be particularly informative: tirzepatide versus selective GLP-1 receptor agonists, tirzepatide plus metformin versus metformin alone, and tirzepatide as a preconception intervention preceding standardized ovulation induction. Without such data, the strongest current implication remains strategic and phenotype-specific: tirzepatide is best viewed as a high-potency metabolic intervention with plausible downstream reproductive benefits, not as a first-line reproductive drug. In table 3 a gist of therapeutic implications of Tirzepatide for PCOS is presented. 
Table 3: A summary of Therapeutic Implications of Tirzepatide for PCOS
	Therapeutic domain
	PCOS-relevant target
	What tirzepatide could plausibly improve (translational inference)
	Closest peer-reviewed supporting evidence base

	Weight and adiposity
	Obesity-driven insulin resistance and endocrine disruption
	Larger, more durable weight loss could shift insulin-androgen dynamics and reduce metabolic drivers of anovulation
	Durable weight-loss maintenance and continued reduction with ongoing tirzepatide in obesity cohorts (Aronne et al., 2024) 

	Visceral/ectopic fat
	NAFLD risk phenotype; cardiometabolic risk amplification
	Greater improvement in ectopic fat burden may reduce insulin resistance and inflammatory signaling relevant to ovarian dysfunction
	GLP-1RA reduced ectopic fat parameters in PCOS (liraglutide trial) (Frøssing et al., 2018) 

	Metabolic control in PCOS pathways
	Dysglycemia risk and metabolic syndrome clustering
	Stronger insulin sensitization via weight loss may complement metformin and lifestyle programs
	Semaglutide + metformin improved weight/metabolic parameters with reproductive outcomes assessed in overweight/obese PCOS (Chen et al., 2025) 

	Hyperandrogenism and reproductive dysfunction (indirect)
	Androgen excess and ovulatory disturbance linked to metabolic severity
	Downstream reductions in androgen excess may occur as insulin resistance and adiposity improve
	Liraglutide meta-analysis in overweight/obese PCOS demonstrates metabolic benefit and supports broader incretin utility (Ge et al., 2022) 

	Care-model integration
	Long-term syndrome management across life course
	Supports a “metabolic-first plus symptom-directed” framework (rather than reproductive-only care)
	Endocrine practice guidance emphasizes metabolic assessment/treatment as core to PCOS care (Legro et al., 2013) 




7. Future Directions and Research Priorities
7.1. PCOS-specific clinical trials: moving from metabolic extrapolation to reproductive efficacy
Although tirzepatide has demonstrated substantial and sustained weight reduction and broad cardiometabolic improvements in large phase 3 obesity trials, translating these benefits into PCOS care requires PCOS-specific randomized controlled trials (RCTs) designed around reproductive and androgen-related outcomes rather than relying on indirect inference from obesity populations (Jastreboff et al., 2022). The central priority is to determine whether dual incretin agonism improves ovulatory dysfunction, hyperandrogenism, and patient-centered symptom burden beyond what would be expected from weight loss alone. This is particularly important in PCOS, where clinical expression is heterogeneous, and where improvements in insulin resistance and adiposity may decouple from normalization of gonadotropin pulsatility, ovarian steroidogenesis, and follicular dynamics in some phenotypes (Teede et al., 2018; Teede et al., 2023). Future trials should therefore prespecify phenotypic stratification—at minimum by BMI class, baseline insulin resistance or dysglycemia, and hyperandrogenism severity—to test effect modification and avoid “average treatment effects” that obscure meaningful subgroup responses (Teede et al., 2018; Teede et al., 2023).
7.2. Endpoint harmonization: aligning metabolic, reproductive, and patient-reported outcomes
A second research priority is rigorous endpoint harmonization, using internationally accepted PCOS guideline constructs to strengthen comparability across trials and support meta-analytic synthesis (Teede et al., 2018; Teede et al., 2023). For tirzepatide studies, reproductive endpoints should extend beyond menstrual regularity to include objective ovulatory assessment over adequate time horizons, while androgen-related outcomes should combine biochemical indices with clinically meaningful changes in hirsutism and acne trajectories. Equally, PCOS trials must treat patient-reported outcomes as core endpoints rather than secondary add-ons, because lived symptom burden and quality of life often drive treatment preference and adherence (Teede et al., 2023). Metabolic endpoints should incorporate not only weight and waist measures, but also markers that better represent PCOS cardiometabolic risk biology, including postprandial and dynamic glycemic measures when feasible, given the incretin mechanism (Jastreboff et al., 2022; Teede et al., 2023). A practical implication is that trial duration must be long enough to capture both reproductive cyclicity stabilization and sustained metabolic adaptation, rather than short windows that may overestimate early benefits and miss rebound phenomena.
7.3. Durability, discontinuation, and maintenance: learning from withdrawal designs
Long-term maintenance and discontinuation effects are especially relevant in PCOS because treatment courses are often interrupted for pregnancy planning, adverse effects, access barriers, or patient preference. Randomized withdrawal evidence in obesity indicates that stopping tirzepatide after substantial initial loss is commonly followed by clinically significant weight regain and partial reversal of cardiometabolic improvements, supporting the framing of obesity—and likely obesity-associated PCOS phenotypes—as chronic conditions that may require ongoing therapy in many patients (Aronne et al., 2024). Translating this to PCOS, future studies should explicitly evaluate strategies for maintaining reproductive and metabolic gains during dose de-escalation or cessation, including structured lifestyle intensification, step-down to alternative agents, or cycling approaches timed to reproductive goals. Such designs would be more clinically informative than conventional “start-stop” efficacy trials because they mirror real-world care pathways in which medication persistence is rarely linear (Aronne et al., 2024; Teede et al., 2023).
7.4. Mechanistic substudies: connecting dual incretin signaling to ovarian and neuroendocrine function
Mechanistic research should run in parallel with efficacy trials to clarify whether tirzepatide’s benefits in PCOS are mediated solely through weight loss and insulin sensitization or also through direct effects on neuroendocrine and ovarian pathways. Foundational work on dual incretin co-agonism supports the plausibility of synergistic metabolic actions compared with single-pathway incretin agonism, providing a mechanistic rationale for studying broader endocrine consequences (Finan et al., 2013). In PCOS, priority substudies include endocrine profiling of LH pulsatility and ovarian steroidogenic patterns, imaging-based assessment of ectopic fat compartments, and integrated analyses of inflammation and adipokine signaling that may link adipose remodeling to ovarian function. A key methodological point is that mechanistic endpoints should be prespecified and adequately powered in nested cohorts; otherwise, trials risk producing “signal-rich but inference-poor” exploratory findings that do not meaningfully advance pathophysiology or clinical decision-making.
7.5. Comorbidity-focused outcomes and life-course safety: liver disease, pregnancy planning, and long-term surveillance
PCOS is increasingly recognized as a life-course cardiometabolic condition, and future tirzepatide research should incorporate comorbidity outcomes that matter for long-term health trajectories. One example is metabolic dysfunction–associated steatohepatitis (MASH), which clusters with insulin resistance and central adiposity—features highly prevalent in many PCOS populations. Evidence that tirzepatide can improve liver histologic outcomes in MASH with fibrosis strengthens the rationale for evaluating hepatic endpoints in PCOS trials where fatty liver disease is suspected or documented (Loomba et al., 2024). In addition, safety priorities in PCOS must explicitly address reproductive life planning: the timing of discontinuation before conception attempts, the metabolic consequences of stopping therapy, and the need for prospective pharmacovigilance registries to capture pregnancy exposure scenarios and postpartum outcomes. These questions are not peripheral; they determine whether tirzepatide can be positioned as a sustainable disease-modifying strategy or only as a time-limited metabolic bridge (Aronne et al., 2024; Teede et al., 2023). Table 4 presents a fast-reading gist of PCOS-specific research directions and priorities.

Table 4: A summary PCOS-specific research directions and priorities
	Research priority
	What to study next in PCOS
	Why it matters
	Key references

	PCOS-specific efficacy trials
	RCTs of tirzepatide with reproductive primary endpoints and phenotype stratification
	Prevents over-extrapolation from obesity trials; identifies responders/non-responders
	Jastreboff et al., 2022; Teede et al., 2018; Teede et al., 2023

	Endpoint harmonization
	Standardized ovulation, androgen, metabolic, and QoL endpoints with adequate duration
	Enables comparability and higher-confidence synthesis across studies
	Teede et al., 2018; Teede et al., 2023

	Durability and discontinuation
	Withdrawal/de-escalation designs and maintenance strategies aligned to pregnancy planning
	Addresses real-world stopping and rebound risk; informs long-term care pathways
	Aronne et al., 2024; Teede et al., 2023

	Mechanistic substudies
	Neuroendocrine, ovarian steroidogenic, adipose-inflammatory, and ectopic-fat endpoints
	Clarifies whether effects are weight-mediated vs pathway-specific; improves precision therapy
	Finan et al., 2013; Teede et al., 2023

	Comorbidity outcomes and surveillance
	Liver and cardiometabolic outcomes; long-term safety registries, including reproductive life-course
	Expands benefit assessment beyond weight; strengthens safety evidence
	Loomba et al., 2024; Aronne et al., 2024



8. Conclusions
1. Polycystic ovary syndrome is best understood as a coupled metabolic–reproductive network in which insulin resistance, adipose dysfunction, and neuroendocrine dysregulation jointly sustain hyperandrogenism and ovulatory disturbance.
2. Hyperinsulinemia is a key amplifier of ovarian androgen excess and reduced sex hormone–binding globulin, making upstream metabolic correction a rational route to downstream reproductive improvement in metabolically driven phenotypes.
3. Incretin biology provides a physiologic bridge between nutrient intake and endocrine regulation through coordinated effects on appetite, gastric emptying, and pancreatic islet function, with indirect implications for restoring ovulatory competence via improved metabolic status.
4. Dual incretin agonism with tirzepatide offers an especially potent metabolic lever because it produces large, durable weight loss and substantial improvements in glycemic control and insulin dynamics in obesity and type 2 diabetes populations.
5. By reducing adiposity, visceral/ectopic fat burden, and insulin exposure, tirzepatide has strong mechanistic plausibility to attenuate androgen excess and improve menstrual cyclicity and ovulatory function in selected PCOS patients, particularly those with obesity and insulin resistance.
6. Real-world therapeutic value will depend on phenotype-informed patient selection, integration with established PCOS care (lifestyle support, insulin sensitizers, and symptom-directed reproductive therapies), and proactive counseling regarding reproductive planning and contraception.
7. The sustainability of benefits is a central clinical issue, as weight regain after discontinuation may reactivate the metabolic–reproductive amplification loops that drive PCOS expression.
8. Definitive clinical positioning requires PCOS-specific randomized trials with harmonized metabolic and reproductive endpoints, adequate duration, and rigorous safety evaluation across the reproductive life course.

9. Limitations
1. This narrative review does not follow a fully systematic search, screening, and bias-assessment workflow, so the evidence synthesis may not be exhaustive and may reflect selection emphasis.
2. PCOS-specific clinical evidence for tirzepatide is currently sparse; several therapeutic inferences therefore rely on translational logic from obesity and type 2 diabetes trials rather than direct reproductive outcome trials in PCOS.
3. Marked heterogeneity in PCOS phenotypes, diagnostic criteria, and baseline metabolic status across studies limits generalizability and complicates phenotype-specific conclusions.
4. Many incretin studies in PCOS prioritize weight and metabolic endpoints, while reproductive endpoints (especially objectively confirmed ovulation) are inconsistently defined, measured, or followed long enough to assess durability.
5. Long-term safety and practical implementation questions—maintenance strategies, rebound after discontinuation, and alignment with fertility planning—remain insufficiently characterized for dual incretin agonism in routine PCOS care.
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