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Introduction

Polycystic Ovary Syndrome (PCOS) is one of the most common 
endocrine disorders affecting women of reproductive 
age and remains a leading cause of anovulatory infertility 
worldwide. Depending on the diagnostic criteria applied, its 
prevalence ranges from approximately 5%–21%, reflecting 
variations in both diagnostic definitions and population 
characteristics [1,2]. Beyond reproductive dysfunction, PCOS 
is increasingly recognized as a complex multisystem disorder 
characterized by hyperandrogenism, ovulatory dysfunction, 
insulin resistance, obesity, chronic low-grade inflammation, 
and metabolic abnormalities that may persist throughout a 
woman's lifespan [3,4]. 

Infertility is among the most clinically significant 
manifestations of PCOS. Although chronic anovulation 
has traditionally been considered the principal cause of 
subfertility, growing evidence suggests that reproductive 
dysfunction extends beyond ovulatory disturbances 
alone. Altered folliculogenesis, abnormalities within the 
follicular microenvironment, oxidative stress, mitochondrial 
dysfunction, endocrine imbalance, and impaired endometrial 
receptivity may collectively compromise fertility potential 
[5,6]. Consequently, a substantial proportion of women with 
PCOS ultimately require Assisted Reproductive Technologies 
(ART), particularly In Vitro Fertilization (IVF), to achieve 
pregnancy [7,8]. 
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Despite significant advances in ovarian stimulation protocols 
and laboratory techniques, IVF outcomes remain highly 
variable among women with PCOS. Considerable differences 
have been reported in ovarian responsiveness, oocyte 
competence, embryo development, implantation rates, 
Cumulative Live Birth Rates (CLBR), and pregnancy-related 
complications following IVF treatment [9–11]. Furthermore, 
while some patients exhibit excessive ovarian responses and 
an increased risk of OHSS others demonstrate more moderate 
treatment responses despite seemingly adequate ovarian 
reserve parameters [12,13]. These observations suggest that 
clinically relevant biological differences exist within the PCOS 
population.

The introduction of the Rotterdam criteria in 2003 expanded 
the diagnostic spectrum of PCOS and established four 
phenotypic categories: Phenotype A (hyperandrogenism 
+ ovulatory dysfunction + polycystic ovarian morphology), 
Phenotype B (hyperandrogenism + ovulatory dysfunction), 
Phenotype C (hyperandrogenism + polycystic ovarian 
morphology), and Phenotype D (ovulatory dysfunction + 
polycystic ovarian morphology) (Rotterdam ESHRE/ASRM 
Consensus, 2004). Although initially developed as diagnostic 
classifications, these phenotypes are increasingly recognized 
as biologically distinct subgroups characterized by differences 
in endocrine function, metabolic burden, ovarian reserve 
characteristics, and reproductive potential [4,12].

Recent studies suggest that phenotype-specific differences 
may influence key determinants of IVF success, including 
ovarian response to stimulation, embryo development, 
implantation potential, live birth outcomes, and treatment-
related risks [9,11,13]. Emerging evidence suggests that 
reproductive outcomes may differ across PCOS phenotypes, 
raising interest in the potential role of phenotypic 
classification in assisted reproductive treatment [10,12]. These 
findings have generated increasing interest in the potential 
role of phenotypic classification as a tool for individualized 
reproductive management.

Therefore, the aim of this review is to examine the biological 
and clinical significance of PCOS phenotypes in the context 
of assisted reproduction and to evaluate their potential 
value as predictors of IVF outcomes. By integrating current 
evidence regarding endocrine and metabolic heterogeneity, 
ovarian response patterns, embryo development, pregnancy 
outcomes, and treatment-related risks, this review proposes a 
phenotype-guided framework for personalized reproductive 
medicine in women with PCOS.

Why PCOS Phenotypes Matter in IVF

PCOS has traditionally been approached as a single clinical 
disorder. However, accumulating evidence indicates that 
women diagnosed with PCOS exhibit substantial variability 

in endocrine function, metabolic status, ovarian reserve 
characteristics, and reproductive potential. This biological 
diversity has important implications for fertility treatment, 
particularly in the context of assisted reproductive 
technologies such as in IVF [3,14].

The introduction of the Rotterdam criteria expanded the 
clinical spectrum of PCOS and led to the recognition of 
four major phenotypes. Although originally established as 
diagnostic classifications, these phenotypes differ considerably 
in hormonal profiles, ovarian reserve markers, metabolic 
characteristics, inflammatory status, and reproductive 
behavior [12]. Consequently, phenotypic classification may 
provide clinically relevant information beyond diagnosis alone 
and help explain the variability observed in IVF outcomes.

One of the most important phenotype-related differences 
concerns ovarian responsiveness during controlled ovarian 
stimulation. Hyperandrogenic phenotypes, particularly 
Phenotype A, are frequently characterized by elevated 
Anti-Müllerian Hormone (AMH) levels, increased Antral 
Follicle Count (AFC), and enhanced ovarian sensitivity to 
gonadotropins. While these characteristics may increase 
oocyte yield, they also substantially increase the risk of OHSS, 
one of the most significant complications of IVF treatment 
[12,13,15]. In contrast, other phenotypes may exhibit more 
balanced ovarian responses and lower treatment-related 
risks.

Phenotype-specific differences extend beyond ovarian 
response alone. Hyperandrogenism and insulin resistance have 
been associated with impaired follicular development, altered 
granulosa cell function, oxidative stress, and disturbances 
within the follicular microenvironment, all of which may 
influence oocyte competence and embryo development [5,7]. 
These biological differences may ultimately affect fertilization 
rates, embryo quality, implantation success, and live birth 
outcomes.

Recent studies have further demonstrated variability in 
CLBR and pregnancy-related complications among PCOS 
phenotypes. Classical hyperandrogenic phenotypes generally 
appear to demonstrate diminished reproductive potential, 
whereas non-hyperandrogenic phenotypes have been 
associated with improved reproductive prognosis and higher 
CLBR [9,10]. Such findings suggest that reproductive prognosis 
may differ substantially even among women sharing the same 
overall diagnosis of PCOS.

From a clinical perspective, phenotypic classification 
may contribute to more individualized IVF management. 
Incorporating phenotype-specific endocrine and metabolic 
characteristics into treatment planning may improve risk 
stratification, facilitate selection of appropriate stimulation 
protocols, optimize OHSS prevention strategies, and support 
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more personalized patient counselling. Taken together, 
current evidence supports the concept that PCOS phenotypes 
may serve as clinically relevant predictors of ovarian response, 
reproductive success, and treatment-related complications. A 
proposed phenotype-based framework for personalized IVF 
management is presented in Figure 1 [11,12].

Biological Basis of Phenotype-Specific Reproductive 
Dysfunction

Endocrine and metabolic heterogeneity across PCOS 
phenotypes

PCOS encompasses distinct endocrine and metabolic 
phenotypes characterized by differences in hormonal 
regulation, metabolic dysfunction, inflammatory status, 
and reproductive potential. Although the Rotterdam criteria 

classify PCOS according to the presence or absence of 
hyperandrogenism, ovulatory dysfunction, and Polycystic 
Ovarian Morphology (PCOM), increasing evidence indicates 
that these phenotypes differ substantially in their underlying 
biological characteristics [12,14].

Hyperandrogenism represents one of the principal 
determinants of phenotype-specific reproductive dysfunction. 
Phenotypes A and B, characterized by both hyperandrogenism 
and ovulatory dysfunction, generally exhibit the most 
pronounced endocrine abnormalities. Elevated androgen 
concentrations impair follicular maturation, alter granulosa cell 
function, and disrupt ovarian steroidogenesis, contributing 
to chronic anovulation and reduced fertility potential [3]. In 
contrast, Phenotype D lacks significant hyperandrogenism 
and is typically associated with a milder endocrine profile and 
enhanced reproductive performance [9,10].

Figure 1. Proposed framework for phenotype-guided personalized IVF management in women with Polycystic Ovary Syndrome 
(PCOS). This schematic illustrates a phenotype-based approach to reproductive management in women with PCOS. Following classification 
according to the Rotterdam phenotypes (A–D), endocrine and metabolic characteristics—including hyperandrogenism, insulin resistance, 
anti-Müllerian hormone (AMH) levels, and inflammatory burden—contribute to differences in ovarian responsiveness, treatment-related 
risks, and reproductive outcomes. These phenotype-specific features may be integrated into individualized IVF strategies aimed at 
optimizing ovarian stimulation, minimizing complications such as ovarian Hyperstimulation Syndrome (OHSS), and improving cumulative 
live birth rates. The figure highlights the transition from conventional uniform treatment approaches toward personalized reproductive 
medicine.
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Insulin resistance is another major contributor to phenotypic 
variability. Hyperinsulinemia enhances ovarian androgen 
production through synergistic interactions with Luteinizing 
Hormone (LH) while simultaneously reducing hepatic Sex 
Hormone-Binding Globulin (SHBG) synthesis, resulting in 
increased circulating free androgen levels [16,17]. These 
metabolic disturbances are particularly evident in classical 
hyperandrogenic phenotypes and have been linked to 
impaired follicular development, altered endometrial 
receptivity, and adverse pregnancy outcomes [14].

AMH has emerged as one of the most informative 
biomarkers of phenotype-specific ovarian function. Elevated 
AMH concentrations are strongly associated with increased 
AFC, ovarian reserve characteristics, and responsiveness to 
controlled ovarian stimulation [5,18]. Phenotype A generally 
exhibits the highest AMH concentrations and ovarian reserve 
markers, whereas lower AMH levels have been reported in the 
other PCOS phenotypes, with an overall decreasing pattern of 

A > D > C > B [12,15,19]. The proposed contribution of elevated 
AMH to impaired follicular development and follicular arrest 
is illustrated in Figure 2. Nevertheless, phenotype-related 
differences in AMH should not be interpreted in isolation, as 
AMH concentrations and the broader phenotypic expression 
of PCOS may also be influenced by patient-related and 
metabolic factors. Elevated AMH levels, when considered 
alongside ultrasonographic ovarian morphology and the 
presence of hyperandrogenism identified by clinical and/
or biochemical findings, may provide supportive evidence 
for the diagnosis of PCOS [20]. However, AMH should not be 
considered a stand-alone biomarker for PCOS diagnosis or 
phenotypic assessment and should be interpreted within the 
broader clinical and diagnostic context [21].

Elevated AMH may predict a greater oocyte yield but is also 
associated with an increased risk of excessive ovarian response 
and OHSS, with serum AMH demonstrating greater predictive 
performance than conventional clinical parameters such as 

Figure 2. Phenotype-specific clinical characteristics and IVF considerations in women with Polycystic Ovary Syndrome (PCOS). 
The figure summarizes the endocrine and metabolic pathways involved in the pathogenesis of PCOS. Abnormal Gonadotropin-Releasing 
Hormone (GnRH) pulsatility leads to an increased Luteinizing Hormone (LH)/Follicle-Stimulating Hormone (FSH) ratio, promoting 
ovarian androgen production and ovulatory dysfunction. Insulin resistance and compensatory hyperinsulinemia further exacerbate 
hyperandrogenism through synergistic effects on ovarian steroidogenesis and reduced hepatic Sex Hormone-Binding Globulin (SHBG) 
synthesis. The interaction of these pathways contributes to follicular arrest, chronic anovulation, and reproductive dysfunction. The severity 
of these mechanisms varies among PCOS phenotypes and may influence fertility outcomes and response to IVF treatment.
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age and BMI [13]. In clinical practice, AMH should therefore be 
interpreted alongside complementary predictors of ovarian 
response, including age, AFC, BMI, and, when available, the 
ovarian response observed during previous stimulation cycles 
[22]. 

Follicular microenvironment and mitochondrial 
competence

Follicular Fluid (FF), which fills the antral cavity of growing 
ovarian follicles, provides a critical microenvironment for 
oocyte development. The composition of follicular fluid in 
women with PCOS has been shown to exhibit alterations in 
the levels of hormones, growth factors, cytokines, metabolites, 
and oxidative stress markers. In particular, concentrations of 
fatty acids, insulin, estrogen, and pregnenolone are markedly 
increased, whereas progesterone (P4) levels are reduced. 
Elevated Free Fatty Acid (FFA) levels are closely associated with 
the inflammatory state of the follicular microenvironment, 
while miRNAs present in follicular fluid are thought to 
modulate steroidogenesis. Furthermore, Heparin-Binding 
Epidermal Growth Factor (EGF)-like growth factor (HB-EGF), 
which is abundant in the follicular fluid of patients with PCOS, 
together with increased Arachidonic Acid (AA) levels, may 
contribute to the induction of mitochondrial dysfunction. 
Collectively, these alterations create a disrupted follicular 
microenvironment in PCOS that may adversely affect oocyte 
maturation [23,24].

Among these alterations, dysregulation of the inflammatory 
milieu appears to be a prominent feature of the follicular 
microenvironment in PCOS. In the follicular fluid (FF) of 
women with PCOS, increased levels of pro-inflammatory 
cytokines, including Interleukin (IL)-6, IL-8, IL-18, IL-1β, and 
Tumor Necrosis Factor-alpha (TNF-α), have been reported, 
whereas levels of the anti-inflammatory cytokine IL-10 have 
been found to be reduced. This imbalance between pro- and 
anti-inflammatory mediators contributes to the establishment 
of a pro-inflammatory follicular microenvironment. Hyper-
androgenic phenotypes appear to exhibit a more pronounced 
inflammatory profile, potentially compromising reproductive 
potential [23,25]. Such an altered inflammatory milieu 
may adversely affect oocyte quality and preimplantation 
embryo development, thereby potentially compromising IVF 
outcomes in women with PCOS [24,26,27].

Chronic low-grade inflammation and oxidative stress further 
contribute to phenotype-specific differences in reproductive 
function [7]. Among PCOS phenotypes, the highest Oxidative 
Stress Index (OSI) values have been reported in phenotypes 
D and B. Increased oxidative stress may compromise DNA 
integrity, thereby adversely affecting oocyte development 
and maturation [28]. 

Excessive ROS generation within the altered follicular 

microenvironment may impair mitochondrial homeostasis 
and compromise oocyte competence [7]. Such oxidative 
stress may lead to alterations in Mitochondrial DNA 
(mtDNA) copy number, structural mitochondrial damage, 
and impaired mitochondrial function. A strong association 
between reduced mtDNA copy number and PCOS has been 
demonstrated, with decreased mtDNA copy number being 
linked to abnormal follicular development and metabolic 
disturbances in women with PCOS. Moreover, mtDNA copy 
number has been proposed as a potentially important 
biomarker for assessing oocyte maturation and fertilization 
potential [29].

Gut microbiome and metabolic–endocrine interactions

In PCOS, gut microbiota dysbiosis has been reported, 
characterized by reduced alpha diversity and alterations 
in the abundance of specific bacterial taxa associated with 
metabolic disturbances [30,31]. This reduction in alpha 
diversity has also been associated with obesity in several 
studies, and gut microbiota dysbiosis observed in PCOS 
appears to share certain compositional features with obesity-
associated microbial alterations [30]. In addition, alterations in 
the gut microbiota of women with PCOS have been proposed 
to be associated with metabolic parameters, sex hormone 
levels, and mediators of the gut–brain axis [32].

Alterations in the gut microbiome may contribute to the 
development of PCOS; however, current evidence has not 
yet established a definitive causal relationship between gut 
microbiota alterations and PCOS [33]. Furthermore, whether 
distinct PCOS phenotypes are characterized by specific 
gut microbiota profiles remains unclear, highlighting an 
important gap in our understanding of phenotype-specific 
biological heterogeneity in PCOS [30].

Environmental endocrine disruptors

Exposure to endocrine-disrupting chemicals and 
environmental toxicants during critical periods of 
development, particularly when prolonged, may predispose 
individuals to the development of PCOS and associated 
metabolic disturbances [3]. Chemicals present in pesticides, 
plastics, household cleaning products, and cosmetics may 
disrupt hormonal balance and thereby increase the risk of 
PCOS. Endocrine-Disrupting Chemicals (EDCs) commonly 
encountered in daily life, such as Bisphenol A (BPA) and 
phthalates, may interfere with estrogen and androgen 
receptor signaling, thereby disrupting hormonal homeostasis. 
These compounds have also been shown to interfere with 
normal ovarian steroidogenesis and the regulation of 
the Hypothalamic–Pituitary–Gonadal (HPG) axis [10,35]. 
However, whether the endocrine and metabolic effects of 
environmental toxicants differ across PCOS phenotypes 
remains insufficiently understood.
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Taken together, interactions among hyperandrogenism, 
insulin resistance, AMH dysregulation, inflammation, oxidative 
stress, alterations in the gut microbiome, and environmental 
exposures may contribute to the biological heterogeneity 
observed across PCOS phenotypes. These interconnected 

endocrine, metabolic, and environmental mechanisms are 
summarized in Figure 3, while the principal biological and 
reproductive characteristics of the four PCOS phenotypes are 
presented in Table 1.

Figure 3. AMH-mediated follicular arrest and impaired folliculogenesis in Polycystic Ovary Syndrome (PCOS). This schematic 
compares normal follicular development with the disrupted folliculogenesis observed in PCOS. Elevated Anti-Müllerian Hormone (AMH) 
levels inhibit Follicle-Stimulating Hormone (FSH)-dependent follicular recruitment and suppress aromatase activity, resulting in impaired 
estradiol production and failure of dominant follicle selection. Consequently, multiple follicles remain arrested at preantral and small antral 
stages, leading to anovulation and the characteristic polycystic ovarian morphology. These alterations may contribute to reduced oocyte 
competence, abnormal ovarian responsiveness, and phenotype-specific differences in reproductive outcomes.

Parameter Phenotype A Phenotype B Phenotype C Phenotype D

Hyperandrogenism +++ +++ ++ –

Ovulatory dysfunction +++ +++ – ++

AMH +++ ++ ++ +

Insulin resistance +++ ++ + +

Obesity prevalence High Moderate Moderate Low

Inflammatory burden High Moderate Moderate Low

Expected ovarian response Excessive Moderate Excessive Normal

OHSS risk High Low Moderate Low

This table summarizes the endocrine, metabolic, and reproductive features associated with the four Rotterdam phenotypes of PCOS. Differences in 
hyperandrogenism, ovulatory dysfunction, anti-Müllerian hormone (D) levels, insulin resistance, inflammatory burden, and ovarian reserve characteristics 
may contribute to phenotype-specific reproductive behavior and variability in IVF outcomes.

Abbreviations: AMH: Anti-Müllerian Hormone; AFC: Antral Follicle Count; PCOS: Polycystic Ovary Syndrome.

Table 1. Biological characteristics of PCOS phenotypes and their potential impact on IVF outcomes.
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Phenotype-Specific IVF Outcomes

The biological differences observed among PCOS phenotypes 
are reflected in clinically relevant variations during assisted 
reproductive treatment. Differences in ovarian responsiveness, 
oocyte competence, embryo development, implantation 
potential, and CLBR suggest that reproductive outcomes 
should be interpreted within the context of the underlying 
phenotype rather than the diagnosis of PCOS alone [9,12].

Recent studies have demonstrated substantial variability 
in IVF outcomes among the four Rotterdam phenotypes, 
highlighting the importance of phenotype-specific 
assessment for treatment planning, risk prediction, and 
patient counseling [9,12,14].

Phenotype A: the classical high-risk phenotype

Phenotype A, characterized by the coexistence of 
hyperandrogenism, ovulatory dysfunction, and polycystic 
ovarian morphology, is generally regarded as the most severe 
form of PCOS. Women with this phenotype frequently exhibit 
excessive ovarian responsiveness during controlled ovarian 
stimulation, resulting in the retrieval of a large number of 
oocytes but also a substantially increased risk of ovarian 
hyperstimulation syndrome (OHSS) [12,13].

Despite high oocyte yield, reproductive outcomes are 
not always proportionally improved. Several studies have 
reported lower CLBR and diminished reproductive potential 
in classical hyperandrogenic phenotypes compared with non-
hyperandrogenic forms of PCOS [9]. Consequently, Phenotype 
A represents the subgroup most likely to benefit from 
individualized stimulation protocols and OHSS prevention 
strategies.

Phenotype B: hyperandrogenic-anovulatory PCOS

Phenotype B shares the endocrine features of 
hyperandrogenism and ovulatory dysfunction but lacks 
polycystic ovarian morphology. Compared with Phenotype A, 
ovarian responsiveness is generally less pronounced, resulting 
in a more moderate response to controlled ovarian stimulation 
[12].

Although OHSS risk appears lower than in Phenotype A, 
persistent hyperandrogenism and metabolic dysfunction 
may adversely affect follicular development and reproductive 
performance. Available evidence suggests that pregnancy 
and live birth outcomes are generally intermediate between 
those observed in classical hyperandrogenic and non-
hyperandrogenic phenotypes [11].

Phenotype C: ovulatory hyperandrogenic PCOS

Phenotype C combines hyperandrogenism with polycystic 

ovarian morphology while preserving ovulatory function. 
Because spontaneous conception remains possible, women 
with this phenotype frequently present for fertility treatment 
later than those with chronic anovulation [14].

Ovarian responsiveness during stimulation may remain 
substantial; however, reproductive outcomes are generally 
better than those observed in Phenotypes A and B. Several 
studies have reported intermediate-to-high implantation 
rates, improved pregnancy outcomes, and higher CLBR in this 
subgroup [9].

Phenotype D: non-hyperandrogenic PCOS

Phenotype D is characterized by ovulatory dysfunction 
and polycystic ovarian morphology in the absence of 
hyperandrogenism. Compared with hyperandrogenic 
phenotypes, this subgroup is generally associated with a 
less adverse metabolic profile and enhanced reproductive 
potential [4,14].

Several studies have reported higher CLBR and improved 
overall reproductive outcomes in women with Phenotype 
D [9,10]. The absence of significant hyperandrogenism may 
contribute to improved follicular development, enhanced 
endometrial receptivity, and lower treatment-related 
complication rates. Current evidence suggests that Phenotype 
D represents the subgroup with the most advantageous 
reproductive profile within the PCOS spectrum [9,14].

Current evidence demonstrates substantial variation in 
reproductive prognosis across PCOS phenotypes (Figure 
4). Reproductive outcomes appear to follow a continuum 
extending from the high-risk hyperandrogenic Phenotype A to 
the non-hyperandrogenic Phenotype D, reflecting differences 
in ovarian response, embryo competence, implantation 
success, CLBR, and treatment-related complications [9,14] 
(Table 2).

Embryo morphokinetics and time-lapse imaging 

Morphokinetic assessment provides a comprehensive 
framework for understanding and evaluating in vitro embryo 
development [36]. Embryo morphokinetics may be influenced 
not only by external factors, such as in vitro culture conditions, 
but also by patient-related comorbidities. PCOS has been 
reported to adversely affect embryo morphokinetics, 
particularly by reducing the synchrony of embryonic cleavage 
events [37,38]. Altered early embryonic development has 
been reported in women with hyperandrogenic PCOS, 
characterized by accelerated development up to the morula 
stage and a higher miscarriage rate. In contrast, no significant 
differences in morphokinetic parameters have been observed 
between women with normoandrogenic PCOS and those 
without PCOS. Taken together, these findings suggest that 
hyperandrogenism may play an important role in the adverse 
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Figure 4. Phenotype-specific reproductive outcomes and clinical prognosis in women with Polycystic Ovary Syndrome (PCOS). The 
figure summarizes the reproductive characteristics associated with the four Rotterdam phenotypes of PCOS. Hyperandrogenic phenotypes 
(A and B) are generally associated with greater metabolic burden, increased Ovarian Hyperstimulation Syndrome (OHSS) risk, lower oocyte 
and embryo quality, and less favorable cumulative live birth rates. Phenotype C demonstrates intermediate reproductive characteristics, 
whereas non-hyperandrogenic Phenotype D is associated with a more favorable endocrine environment, lower complication rates, and 
improved reproductive prognosis. The progressive transition from Phenotype A to Phenotype D illustrates the spectrum of reproductive 
outcomes within PCOS and supports the concept of phenotype-guided individualized IVF management.

Outcome A B C D

Oocyte yield ↑↑↑ ↑ ↑↑ ↑

Mature oocytes ↑↑ ↑ ↑↑ ↑

Embryo quality ↓ ↓ ↔ ↑

OHSS risk ↑↑↑ ↓ ↑↑ ↓

Implantation ↓ ↓ ↔ ↑

Clinical pregnancy ↓ ↓ ↑ ↑↑

CLBR Lowest Intermediate High Highest

Pregnancy complications High Moderate Moderate Low

This table summarizes the available evidence regarding ovarian response, oocyte competence, embryo quality, implantation rates, Cumulative Live Birth 
Rates (CLBR), and pregnancy-related complications among the four Rotterdam phenotypes. Hyperandrogenic phenotypes generally demonstrate greater 
ovarian responsiveness and treatment-related risks, whereas non-hyperandrogenic phenotypes tend to exhibit more favorable reproductive outcomes.

Abbreviations: IVF: In Vitro Fertilization; OHS: Ovarian Hyperstimulation Syndrome; CLBR: Cumulative Live Birth Rate.

Table 2. Phenotype-specific IVF and pregnancy outcomes.
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effects of specific PCOS phenotypic characteristics on embryo 
morphokinetics [39,40]. In addition to hyperandrogenism, 
metabolic disturbances associated with PCOS may also 
influence oocyte and embryo competence. Abnormal 
insulin levels associated with peripheral insulin resistance 
in PCOS may disrupt metabolic homeostasis and energy-
related pathways in oocytes and developing embryos. These 
metabolic disturbances may consequently impair oocyte 
quality and reduce the likelihood of high-quality blastocyst 
formation [41].

Time-Lapse İmaging (TLI) technology enables continuous 
monitoring of preimplantation embryo development without 
disturbing culture conditions, thereby providing detailed 
and dynamic information on the temporal progression of 
embryonic development. TLI may also facilitate the assessment 
of oocyte and embryo quality and contribute to the prediction 
of implantation and pregnancy outcomes [37,42]. One of the 
developmental events assessed using TLI is Direct Unequal 
Cleavage at the first cleavage division (DUC-1), characterized 
by unequal blastomere division. The incidence of DUC-1 
has been reported to be higher in patients with PCOS and a 
high ovarian response than in non-PCOS patients with a high 
ovarian response and those with a normal ovarian response. 
However, after excluding DUC-1 embryos, the developmental 
kinetics of embryos derived from high-responding patients 
with and without PCOS were reported to be similar for the 
majority of morphokinetic parameters [43]. These findings 
suggest that the morphokinetic alterations observed in PCOS 
may be driven, at least in part, by specific abnormal cleavage 
patterns rather than by a generalized acceleration or delay in 
embryo development.

Cumulative live birth rate as a clinically relevant outcome

In women with PCOS, the number of oocytes retrieved has 
been shown to be strongly associated with the Cumulative 
Live Birth Rate (CLBR) and the proportion of surplus embryos. 
However, retrieval of an excessively high number of oocytes 
does not necessarily translate into a higher CLBR and appears 
to provide no additional benefit in terms of achieving a live 
birth [44].

The total number of embryos suitable for transfer has 
been identified as one of the most important predictors 
of cumulative live birth in women with PCOS [45]. This is 
particularly relevant in PCOS, where a high ovarian response 
may generate multiple embryos suitable for subsequent 
transfer cycles. Given the increased risk of excessive ovarian 
response and OHSS in women with PCOS, IVF success should 
not be evaluated solely on the basis of fresh embryo transfer 
outcomes. A more comprehensive assessment of treatment 
success should incorporate the outcomes of both fresh 
and frozen–thawed embryo transfer cycles. Indeed, frozen 

embryo transfer has been associated with a higher live birth 
rate and a lower risk of OHSS than fresh embryo transfer in 
infertile women with PCOS. Therefore, the CLBR represents 
an important outcome measure for evaluating the overall 
prognosis of women with PCOS undergoing IVF [46].

Personalized IVF Management According to PCOS 
Phenotype

The recognition of phenotypic diversity in PCOS has 
important implications for assisted reproductive treatment. 
Although current IVF protocols are primarily guided by age, 
ovarian reserve markers, and previous treatment history, 
these parameters do not fully reflect the endocrine and 
metabolic differences observed among PCOS phenotypes. 
Consequently, incorporating phenotypic characteristics into 
treatment planning may facilitate more individualized and 
clinically relevant management strategies [12].

Rather than applying a uniform approach to all women with 
PCOS, phenotype-based assessment may assist clinicians in 
predicting ovarian response, identifying treatment-related 
risks, and selecting appropriate stimulation protocols. Such an 
approach may improve both treatment efficiency and patient 
safety.

Phenotype A: prevention of excessive ovarian response

Among all phenotypes, Phenotype A presents the 
greatest challenge during IVF treatment. Excessive ovarian 
responsiveness places these patients at increased risk of OHSS 
and related complications. Therefore, the primary objective 
should not be maximizing oocyte yield but achieving a safe 
and effective pathway to live birth [10,12,15].

Strategies such as GnRH antagonist protocols, GnRH agonist 
triggering, individualized gonadotropin dosing, elective 
cryopreservation ("freeze-all"), and single embryo transfer may 
substantially reduce treatment-related risks while maintaining 
reproductive success [13] (Table 3).

Phenotype B: optimizing endocrine and metabolic 
conditions

Phenotype B occupies an intermediate position within 
the PCOS spectrum. Although ovarian response is 
generally less pronounced than in Phenotype A, persistent 
hyperandrogenism and metabolic dysfunction may negatively 
influence reproductive outcomes [11,12].

Tailored stimulation protocols, combined with pre-treatment 
metabolic assessment and optimization of modifiable 
metabolic factors, may improve treatment efficiency and 
reproductive outcomes in this subgroup [47,48] (Table 3).
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Phenotype C: individualized timing of reproductive 
intervention

The preservation of ovulatory function distinguishes 
Phenotype C from the other PCOS phenotypes. Because 
spontaneous conception remains possible, fertility counseling 
and appropriate timing of assisted reproductive intervention 
may be particularly important in this group [9,14].

When IVF is required, stimulation strategies should aim 
to achieve adequate ovarian response while avoiding 
unnecessary treatment intensity. Clinical decision-making 
should focus on balancing treatment effectiveness with the 
patient's remaining spontaneous reproductive potential [13] 
(Table 3).

Phenotype D: conventional IVF and enhanced 
reproductive potential

Phenotype D is generally associated with the most 
advantageous reproductive profile among the Rotterdam 
phenotypes. Reduced metabolic dysfunction and the absence 
of hyperandrogenism appear to contribute to enhanced 
reproductive potential and lower treatment-related risks [10].

Compared with hyperandrogenic phenotypes, women 
with Phenotype D generally have a lower risk of excessive 
ovarian response and OHSS. Consequently, intensive OHSS-
prevention strategies may be required less frequently in this 
subgroup. Nevertheless, ovarian stimulation protocols should 
always be individualized according to age, ovarian reserve, 
BMI, and previous treatment response [9,10].

These observations reinforce the concept that different 
PCOS phenotypes may benefit from different management 
strategies during assisted reproduction [12,14] (Table 3).

Individualization of ovarian stimulation strategies

Ovarian stimulation protocols used during IVF treatment 
may influence oocyte and embryo development in women 

with PCOS and thereby affect treatment outcomes. The GnRH 
antagonist protocol is commonly preferred in women with 
PCOS because of its shorter duration of ovarian stimulation, 
lower gonadotropin requirements, and reduced incidence 
of OHSS. GnRH antagonist protocols have been reported to 
represent a safer and more cost-effective treatment option 
than the conventional long GnRH agonist protocol, without 
compromising IVF clinical outcomes [14,46,49]. 

In addition to conventional stimulation protocols, a study 
conducted in a specific subgroup of Chinese women with PCOS 
suggested that mild ovarian stimulation may be considered as 
an alternative approach, offering potential advantages such as 
better control of the number of oocytes retrieved and reduced 
overall treatment costs [44]. 

In women with PCOS, a lower initial Follicle-Stimulating 
Hormone (FSH) dose has been associated with a lower 
number of oocytes retrieved, whereas a higher starting FSH 
dose may significantly increase the risk of excessive ovarian 
response and OHSS. Patients receiving higher starting doses of 
gonadotropins have also been reported to have lower CLBRs 
than those receiving lower doses. Therefore, the initial FSH 
dose should be individualized according to patient-specific 
clinical characteristics and parameters such as Body Mass 
İndex (BMI), basal FSH (bFSH), basal LH (bLH), AMH levels, 
and AFC. Such an individualized approach may contribute 
to improving the clinical outcomes of IVF treatment [25,46]. 
Therefore, individualized selection of the stimulation protocol 
and gonadotropin starting dose according to patient-specific 
clinical and ovarian reserve characteristics may contribute 
to optimizing ovarian response while improving treatment 
safety and cost-effectiveness in women with PCOS.

Clinical implications of phenotype-guided IVF 
management

Phenotypic classification may provide clinically relevant 
information beyond traditional ovarian reserve markers 
alone by capturing endocrine, metabolic, and reproductive 

Table 3. Personalized IVF strategies according to PCOS phenotype.

Phenotype Major Risk IVF Strategy Expected Benefit

A OHSS GnRH antagonist + agonist trigger + freeze-all Reduced OHSS

B Suboptimal response Individualized gonadotropin dosing Improved oocyte yield

C Delayed treatment Early fertility counselling Optimized timing

D Mild phenotype Standard IVF protocols High cumulative live birth rate

This table proposes phenotype-guided reproductive management strategies based on the endocrine and metabolic characteristics of each PCOS phenotype. 
Suggested approaches include individualized ovarian stimulation protocols, OHSS prevention strategies, metabolic optimization, and fertility counseling. The 
recommendations are intended to illustrate how phenotypic classification may contribute to personalized reproductive medicine and improved treatment 
outcomes.

Abbreviations: IVF: In Vitro Fertilization; OHSS: Ovarian Hyperstimulation Syndrome; GnRH: Gonadotropin-Releasing Hormone.
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heterogeneity among women with PCOS [50]. Integrating 
endocrine and metabolic characteristics into treatment 
planning may improve risk stratification, facilitate protocol 
selection, and support more individualized patient counseling 
[12,14].

Importantly, phenotype-guided management should be 
viewed as a complementary clinical framework rather than a 
replacement for established predictors such as ovarian reserve 
markers, age, and previous treatment response. Current clinical 
decision-making should continue to incorporate established 
prognostic factors while recognizing that phenotypic 
differences may provide additional information regarding 
ovarian responsiveness, metabolic risk, and treatment-related 
complications [9,50]. Nevertheless, current evidence suggests 
that consideration of phenotypic differences during IVF 
planning may contribute to improved risk assessment, more 
individualized treatment selection, and ultimately safer and 
more efficient reproductive care [9,12,14].

Future prospective studies are warranted to validate 
phenotype-guided treatment algorithms and determine 
whether integrating clinical phenotypes with molecular 
biomarkers and AI-assisted predictive models can further 
improve reproductive outcomes in women with PCOS [50,51].

Emerging Biomarkers, Evolving Concepts, and 
Future Directions

The growing recognition of phenotype-specific reproductive 
behavior in women with PCOS has highlighted the need 
for more refined approaches to patient stratification and 
treatment planning. Although ovarian reserve markers such 
as AMH, AFC, age, and BMI remain central components of 
fertility assessment, these parameters alone do not fully 
explain the substantial variability in ovarian response and 
reproductive outcomes observed among women with PCOS 
[12,13]. Consequently, increasing attention has focused on 
the identification of novel biomarkers capable of supporting a 
more individualized approach to reproductive management.

Among currently available biomarkers, AMH remains one of 
the most clinically valuable predictors of ovarian reserve and 
ovarian responsiveness during controlled ovarian stimulation. 
However, emerging evidence suggests that its predictive 
value may be influenced by the underlying PCOS phenotype 
and associated metabolic characteristics. Integrating AMH 
measurements with phenotypic classification may therefore 
improve assessment of ovarian response and treatment-
related risk, particularly in women with hyperandrogenic 
phenotypes [13,18].

Beyond conventional ovarian reserve markers, increasing 
interest has focused on the follicular microenvironment. 
Alterations in follicular fluid composition, including 

inflammatory cytokines, oxidative stress markers, metabolites, 
growth factors, and lipid mediators, have been associated with 
differences in oocyte competence and embryo development 
in women with PCOS [5,7]. These emerging biomarkers may 
provide additional insight into reproductive potential and 
could eventually complement traditional predictors used in 
IVF practice.

Advances in molecular medicine have further expanded 
interest in genetic, epigenetic, transcriptomic, proteomic, and 
metabolomic profiling. Such approaches have the potential 
to identify biological signatures associated with ovarian 
responsiveness, embryo development, implantation success, 
and pregnancy outcomes. Future classification systems may 
therefore extend beyond clinical phenotypes and incorporate 
molecular characteristics capable of improving prediction of 
treatment response [51].

Artificial intelligence (AI) and machine-learning technologies 
are expected to play an increasingly important role in 
reproductive medicine. By integrating clinical, hormonal, 
ultrasonographic, metabolic, and molecular data, AI-
driven models may facilitate more accurate prediction of 
ovarian response, treatment-related complications, embryo 
competence, and live birth probability. Such approaches 
have the potential to improve patient stratification, optimize 
treatment selection, and support individualized reproductive 
care [51]. In this context, current phenotype-based approaches 
may serve as an important foundation for future precision 
reproductive medicine strategies.

Beyond technological advances, evolving biological insights 
are also reshaping how PCOS is conceptualized and classified. 
The increasing recognition of endocrine, metabolic, and 
reproductive heterogeneity among women diagnosed with 
PCOS has challenged the traditional view of the syndrome 
as a single clinical entity. The 2023 International Evidence-
Based Guideline emphasized that PCOS encompasses a 
broad spectrum of phenotypes characterized by substantial 
differences in metabolic risk, reproductive function, and 
long-term health outcomes, highlighting the importance of 
individualized assessment and management [50].

Children born to women with PCOS have been reported 
to be at an increased risk of adverse health outcomes. In 
particular, higher risks of preterm birth, Low Birth Weight 
(LBW), and Fetal Growth Restriction (FGR) have been observed 
among offspring of women with PCOS [52]. Furthermore, 
evidence suggests mildly impaired cardiometabolic health 
in the offspring of women with PCOS, with these alterations 
appearing to be more pronounced in female offspring [53]. 
The hyperandrogenic and hyperinsulinemic intrauterine 
environment associated with maternal PCOS may contribute 
to abnormal fetal growth, preterm birth, and an increased 
risk of diabetes, all of which may subsequently increase the 
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risk of cardiovascular disease later in life [54]. The potential 
consequences of maternal PCOS in offspring may extend 
beyond metabolic disturbances, with evidence suggesting 
possible long-term effects on neurodevelopmental and 
psychiatric health. Children exposed to maternal PCOS have 
been reported to have an increased risk of Autism Spectrum 
Disorder (ASD), Attention-Deficit/Hyperactivity Disorder 
(ADHD), Chronic Tic Disorders (CTDs), anxiety disorders, 
other behavioral and emotional disorders, and neurological 
malformations [55].

As understanding of the disorder has expanded, concerns 
have emerged regarding whether the term polycystic ovary 
syndrome adequately reflects its biological complexity. The 
designation “polycystic” is increasingly considered misleading 
because the ovarian structures observed in affected women 
represent arrested follicles rather than true pathological 
cysts. Furthermore, the condition extends far beyond 
ovarian morphology, encompassing endocrine dysfunction, 
metabolic abnormalities, reproductive impairment, and long-
term cardiometabolic consequences [50].

Reflecting these concerns, an international multidisciplinary 
initiative led by Teede and colleagues proposed replacing the 
term PCOS with Polyendocrine Metabolic Ovarian Syndrome 
(PMOS). This nomenclature was introduced to better capture 
the multisystem nature of the disorder and to acknowledge 
that the condition represents a complex endocrine–metabolic 
syndrome with heterogeneous reproductive manifestations 
rather than a disorder defined primarily by ovarian morphology 
[56].

Importantly, this evolving conceptual framework aligns 
closely with the growing emphasis on phenotype-guided 
reproductive medicine. Viewing PCOS/PMOS as a spectrum of 
biologically distinct reproductive and metabolic phenotypes 
reinforces the rationale for individualized IVF management. 
Future approaches are likely to integrate clinical phenotypes 
with endocrine markers, metabolic characteristics, molecular 
profiling, and AI-assisted predictive models, enabling more 
accurate patient stratification, improved treatment selection, 

and ultimately better reproductive outcomes [50,51] (Table 
4).

Taken together, these developments suggest that the future 
of reproductive medicine in PCOS/PMOS will depend on 
integrating clinical phenotypes with endocrine, metabolic, 
molecular, and computational biomarkers. Such an approach 
may facilitate more accurate patient stratification, improve 
treatment selection, reduce treatment-related complications, 
and ultimately enhance reproductive outcomes. While many of 
these emerging tools remain investigational, they collectively 
support a transition from conventional IVF management 
toward increasingly individualized reproductive care.

Conclusion

PCOS is increasingly recognized as a spectrum of biologically 
distinct reproductive and metabolic phenotypes rather 
than a single homogeneous disorder. Accumulating 
evidence indicates that these phenotypes differ in 
endocrine characteristics, metabolic characteristics, ovarian 
responsiveness, and reproductive potential, resulting in 
meaningful variations in IVF outcomes.

The available literature suggests that phenotype-specific 
differences influence key determinants of reproductive 
success, including ovarian response to stimulation, oocyte 
competence, embryo development, implantation potential, 
CLBR, and treatment-related complications. Hyperandrogenic 
phenotypes generally demonstrate diminished reproductive 
potential and greater treatment-related risks, whereas non-
hyperandrogenic phenotypes tend to exhibit improved 
reproductive outcomes.

Importantly, phenotypic classification may provide clinically 
relevant information that complements conventional 
predictors such as age, ovarian reserve markers, and previous 
treatment history. Incorporating phenotype-specific 
characteristics into reproductive planning may improve risk 
stratification, facilitate individualized treatment selection, and 
support more effective patient counselling.

Table 4. Proposed phenotype-guided clinical decision framework for women with PCOS undergoing IVF.

Clinical Finding Suggested Evaluation Clinical Action

AMH > X OHSS risk assessment Low-dose stimulation

Hyperandrogenism Metabolic screening Pre-IVF optimization

Obesity Weight management Lifestyle intervention

Phenotype A Intensive monitoring Freeze-all strategy

Phenotype D Standard protocol Conventional transfer

This table summarizes current and emerging biomarkers with potential applications in phenotype-guided reproductive medicine. These markers include 
ovarian reserve indicators, follicular fluid biomarkers, inflammatory mediators, oxidative stress markers, and molecular signatures that may contribute to 
improved prediction of ovarian response, embryo competence, implantation potential, and reproductive outcomes in women with PCOS.

Abbreviations: AMH: Anti-Müllerian Hormone: AFC: Antral Follicle Count; ROS: Reactive Oxygen Species; IVF: In Vitro Fertilization.
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Although phenotype-guided management has not yet 
become a universally accepted standard of care, current 
evidence supports its potential value as a practical framework 
for individualized IVF management. Future integration of 
clinical phenotypes with emerging biomarkers, molecular 
profiling, and advanced predictive technologies may further 
refine patient stratification and optimize reproductive 
outcomes.

In conclusion, PCOS phenotypes should be viewed not 
only as diagnostic classifications but also as clinically 
meaningful indicators of reproductive behavior. Recognizing 
and integrating phenotype-specific differences into IVF 
management may represent an important step toward more 
individualized, safer, and more effective reproductive care for 
women with PCOS.
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