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Abstract

Polyendocrine metabolic ovarian syndrome (PMOS), formerly known 
as polycystic ovary syndrome, is a chronic condition driven by genetic, 
epigenetic and lifestyle factors. The resulting endocrine changes, 
including hyperinsulinaemia and hyperandrogenism, underpin the 
clinical manifestations of PMOS and are amplified by overweight 
and obesity. Reproductive features of PMOS, including ovulatory 
disturbance, endometrial abnormalities, subfertility and an increased 
rate of pregnancy and birth complications, have long been documented 
in these patients, but awareness in clinical practice has only increased 
in the past decade. The pathophysiology of PMOS interacts with 
physiological changes in pregnancy, leading to pregnancy and birth 
complications, exacerbated by the high prevalence of pre-pregnancy 
overweight, obesity and increased gestational weight gain in PMOS. 
However, the condition is poorly recognized as an independent risk 
factor for pregnancy and birth complications in antenatal guidelines 
and clinical practice. The 2023 international evidence-based guidelines, 
supported by extensive meta-analyses, have advanced knowledge on 
PMOS and pregnancy and birth outcomes. They recommend recognition 
of ‘higher-risk’ status for individuals with PMOS in pregnancy and aim 
to improve antenatal prevention, awareness, screening and treatment. 
Here, we explore the pathophysiology of PMOS and PMOS during 
pregnancy as well as related pregnancy and birth complications. 
We also outline current guideline recommendations, implementation 
strategies and research priorities related to PMOS in pregnancy.
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fetal growth restriction, preterm birth and low birthweight13. However, 
only half of those with PMOS receive information on pregnancy risks, 
and 59% are dissatisfied with the information provided14. PMOS affects 
approximately 17 million pregnancies annually (~12% of 140 million 
pregnancies worldwide), yet routine pregnancy data capture a PMOS 
prevalence of only 2–4%1,5,6. The international guidelines3,4 call for 
improved identification, screening, monitoring and management of 
pregnancy complications in PMOS12,13,15.

Given the increased, yet under-recognized, risks in pregnancy, 
lack of awareness among health professionals, poor PMOS capture in 
antenatal care and the latest guideline recommendations, this Review 
is particularly timely. Here, we describe the pathophysiology of PMOS, 
the physiological adaptations in a normal pregnancy and the interac-
tion between PMOS and pregnancy, highlighting associated preg-
nancy and birth complications. We also outline recommendations 
to optimize pregnancy outcomes, and research priorities to address 
current knowledge gaps, and inform education, guidelines and health-
care. We acknowledge that not all people who experience PMOS or 
pregnancy identify as women, and so we have aimed to use inclusive, 
gender-neutral or gender-additive language to balance inclusivity and 
biological accuracy where possible. Where we use the term ‘women’ 
this should be considered to include women and those who identify as 
other genders as, to date, research on this condition has not adequately 
considered gender16.

Pathophysiology of PMOS
The pathophysiology of PMOS is complex, with interactions between 
genetic susceptibility, epigenetic modifications and lifestyle factors2,17–20.

Genetic susceptibility
Genetic studies, particularly genome-wide association studies 
(GWAS), have identified 19 loci associated with PMOS risk, with com-
mon variants in genes involved in gonadotropin action (for example, 
FSHB and LHCGR), androgen biosynthesis (for example, DENND1A), 
insulin signalling (for example, INSR) and follicle development (for 
example, HMGA2 and YAP1, encoding high-mobility group protein 
HMGI-C)21,22. These loci indicate that PMOS pathophysiology is driven 
by both reproductive and metabolic pathways. However, they explain 
only a fraction of heritability, underscoring the polygenic nature of 
PMOS. A large-scale, multi-ancestry GWAS published in 2025 expanded 
the number of PMOS-associated loci to over 90 (ref. 23), implicating 
pathways related to granulosa cell differentiation, metabolic regula-
tion and hypothalamic–pituitary signalling24. Rare variants in genes 
such as DENND1A, INSR and LHCGR23 also contribute, suggesting that 
both common and rare variants collectively influence PMOS through 
reproductive and metabolic pathways25.

Epigenetic modifications
Epigenetic mechanisms, such as DNA methylation, histone modifica-
tions and regulation by non-coding RNAs, contribute to the pathogen-
esis of PMOS20,26. Altered methylation in genes regulating adipogenesis 
and insulin signalling, such as INSR and PPARγ, is more pronounced 
among individuals with PMOS (especially with concurrent obesity), 
than in those without the condition27–30.

High intrauterine levels of androgens and AMH in people with 
PMOS31,32 can induce epigenetic modifications during pregnancy, 
potentially impairing placental aromatase activity31,33 and affecting 
fetal development, thereby increasing the long-term risk of reproduc-
tive, metabolic and mental health disorders in the offspring. Familial 

Key points

	• Polyendocrine metabolic ovarian syndrome (PMOS) is a common 
condition, affecting 10–13% of women (17 million pregnancies) globally 
per year, and is characterized by genetic, epigenetic, endocrine, 
metabolic, inflammatory and reproductive abnormalities.

	• These abnormalities increase the risk of adverse pregnancy and 
birth outcomes in PMOS, including gestational diabetes mellitus 
and hypertension, pre-eclampsia, fetal growth restriction, preterm 
birth and low birth weight.

	• The pregnancy-related risks of PMOS are exacerbated by the use 
of assisted reproductive technology, increased maternal weight and 
gestational weight gain.

	• Guideline recommendations need to be translated into clinical 
practice to recognize PMOS in pregnancy and optimize awareness, 
screening and treatment.

	• Research priorities relating to pregnancy in those with PMOS span 
the physiology and natural history of the condition, clinical trials with 
long-term follow-up and implementation research.

Introduction
Polyendocrine metabolic ovarian syndrome (PMOS), formerly known 
as polycystic ovary syndrome (PCOS), is a common endocrine disor-
der with reproductive, metabolic, dermatological and psychological 
features1,2 that affects 10–13% of women globally3,4. Yet it was primarily 
perceived as a reproductive condition5,6 that predominantly leads to 
menstrual irregularity and infertility. This perception was partly due 
to the name PCOS being both inaccurate and focused on the ovaries7,8, 
overlooking the multisystem nature of the condition. ‘Polycystic’ is a 
misnomer, as the condition involves arrested follicles with no increase 
in pathological cysts9. The consequences of misleading terminology 
included up to 70% of affected individuals remaining undiagnosed, 
delayed diagnosis and patient dissatisfaction; the reproductive focus 
also reinforced stigma7,8. Pregnancy5,6 and cardiometabolic risks asso-
ciated with PMOS remain under-recognized in research, education 
and clinical care3,7,8,10, further compounding the burden for affected 
women. These factors underpinned the 2012 NIH Evidence-Based Work-
shop formal recommendations for renaming11. The process involved 
22,068 survey responses from patients and health professionals across 
56 global organizations and all world regions, and PMOS emerged as the 
definitive replacement7,8. This evidence-based name accurately reflects 
the polyendocrine pathophysiology, acknowledges the metabolic 
burden and maintains recognition of the ovarian features that define 
the syndrome diagnostically.

Diagnosis in adults follows the 2023 international guideline cri-
teria and requires two of the following: hyperandrogenism (clinical or 
biochemical), ovulatory dysfunction and multiple follicles on ovarian 
morphology or an elevated level of anti-Müllerian hormone (AMH), 
excluding other causes3,4. These guidelines, and related meta-analyses, 
highlight the increased risks of miscarriage, gestational diabetes mel-
litus (GDM), gestational hypertension, pre-eclampsia, induction of 
labour and delivery by Caesarean section, independent of age and 
BMI12. Offspring born to individuals with PMOS have an increased risk of 
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studies suggest that elevated levels of androgens might be present 
in the offspring and male siblings of those with PMOS34,35, although 
findings are inconsistent across studies. Daughters of individuals with 
PMOS show markers of androgen exposure (elongated anogenital 
distance)36 and have a fivefold increased risk of developing PMOS 
themselves37–39. No well-established male PMOS phenotype exists 
in mice or humans, although early androgenetic alopecia in men has 
been proposed as a sign of hormonal and metabolic abnormalities40. 
Both the sons41–43 and the brothers44–50 of individuals with PMOS dis-
play cardiometabolic and reproductive dysfunction. Emerging evi-
dence from analysis of umbilical cord blood reveals distinct epigenetic 
signatures51, whereas animal models demonstrate transgenerational 
transmission of PMOS-like traits37–39,52, which can be mitigated by calorie 
restriction that restores DNA methylation in oocyte and sperm genes 
linked to insulin secretion52,53.

Endocrine and metabolic abnormalities
PMOS is characterized by a complex interplay of endocrine and meta-
bolic abnormalities18,20,30. Disrupted regulation of the hypothalamus, 
pituitary gland and ovaries, driven by high gonadotropin-releasing 
hormone (GnRH) pulse activity, is central to the pathophysiology of 
PMOS54. Increased GnRH pulse frequency stimulates the secretion of 
luteinizing hormone (LH)54 while reducing follicle-stimulating hor-
mone (FSH) release, resulting in an increased LH to FSH ratio55. A high 
level of LH stimulates ovarian theca cells to produce excess androgens, 
whereas a low level of FSH impairs follicular maturation, leading to 
follicular arrest and multiple follicles on ovarian morphology56–58. Fol-
licular arrest and accumulation of small antral follicles (<9 mm) drive 
granulosa cell production of AMH (elevated twofold to threefold above 
normal levels), contributing to follicular resistance to FSH and impaired 
folliculogenesis in PMOS59. Elevated AMH reduces granulosa cell sensi-
tivity to FSH and suppresses aromatase expression, further inhibiting 
follicular development59. Acting centrally, AMH also enhances GnRH 
neuron activity, perpetuating LH hypersecretion and androgen excess, 
a feedforward loop that sustains ovarian dysfunction60,61 (Fig. 1).

PMOS is strongly associated with intrinsic insulin resistance, 
independent of BMI30. This defect occurs at the post-receptor level, 
impairing insulin signalling and glucose uptake, even among lean 
individuals30. The synergistic action of excess insulin and LH amplifies 
androgen biosynthesis via increased steroid 17-α-hydroxylase/17,20-
lyase (CYP17A1) activity in theca cells62. In mice, these hormones have 
been shown to act on the hypothalamus and pituitary gland to amplify 
secretion of GnRH and LH63. Insulin also suppresses the production of 
hepatic sex hormone-binding globulin (SHBG), increasing free circu-
lating testosterone62. These mechanisms operate independently of 
obesity, but are exacerbated by increased BMI30,64, creating a vicious 
cycle of insulin resistance, hyperandrogenism and adiposity across 
the life course65,66.

Adipose tissue in those with PMOS exhibits structural and func-
tional abnormalities, including enlarged adipocytes, reduced lipid stor-
age capacity and increased release of free fatty acids67. These changes 
promote ectopic deposition of adipose tissue in skeletal muscle and 
the liver, driving lipotoxicity and worsening insulin resistance68,69. 
An altered adipokine profile, such as reduced adiponectin, further 
impairs metabolic homeostasis67,70–72. Elevated levels of androgens 
inhibit subcutaneous adipogenesis and favour visceral accumulation 
of adipose tissue, reinforcing metabolic risk73,74. These mechanisms 
contribute to a threefold increase in the risk of impaired glucose tol-
erance and type 2 diabetes mellitus, often with early onset, as well as 

cardiometabolic complications, including hypertension, metabolic 
dysfunction-associated steatotic liver disease and cardiovascular 
disease (CVD)75–80. These mechanisms are not fully explained by direct 
genetic associations81, supporting a central role for non-genetic and 
epigenetically mediated pathways in PMOS-related cardiometabolic 
risk. Longitudinal weight gain, central adiposity and obesity are all more 
prevalent in individuals with PMOS than in the general population82,83. 
Importantly, obesity exerts a strong causal effect on PMOS, whereas 
evidence for PMOS causing obesity is limited23,73,74,84.

Inflammation
PMOS is characterized by chronic low-grade inflammation, independ-
ent of excess weight. Elevated levels of markers, such as C-reactive 
protein (CRP), tumour necrosis factor (TNF) and IL-6, link systemic 
inflammation to insulin resistance and hyperandrogenism85. Experi-
mental data also suggest that high levels of androgens can modify 
immune cell populations in metabolic, reproductive and immune 
tissues, potentially linking hyperandrogenism with inflammatory 
pathways86. Adipose dysfunction increases macrophage infiltration 
and the release of pro-inflammatory cytokines, amplifying metabolic 
and reproductive abnormalities87. Oxidative stress further drives 
inflammatory responses, damaging ovarian follicles and contribut-
ing to anovulation88. In those with PMOS, the endometrium exhibits 
localized increased expression of pro-inflammatory cytokines and 
altered immune cell profiles. These alterations disrupt progesterone 
signalling, decidualization and receptivity, contributing to impaired 
embryo implantation, and increased risk of miscarriage, endometrial 
hyperplasia and endometrial cancer89–91.

Reproductive dysfunction
The neuroendocrine, metabolic and inflammatory disturbances out-
lined above underpin follicular arrest, chronic anovulation and endo-
metrial dysfunction in PMOS60,92. As noted, elevated LH and reduced 
FSH impair follicular maturation, whereas hyperinsulinaemia and 
hyperandrogenism disrupt ovarian growth factors, leading to mul-
tiple follicles on ovarian morphology93. PMOS is the leading cause of 
anovulatory infertility, with a 15-fold increase in risk compared with 
unaffected individuals94. Chronic anovulation results in luteal phase 
progesterone deficiency and prolonged unopposed exposure to oes-
trogen, increasing the risk of abnormal uterine bleeding, endometrial 
hyperplasia and endometrial cancer95. In those with PMOS, the endome-
trium shows molecular and compositional abnormalities90, including 
reduced expression of implantation-related genes and dysregulated 
immune pathways. These defects can persist even in ovulatory cycles, 
contributing to impaired endometrial receptivity, although biomarkers 
of receptivity appear to be unchanged in PMOS96.

While some with PMOS do conceive naturally, especially in the 
absence of additional risk factors, including higher age or BMI94, up to 
62% of affected individuals report undergoing infertility treatment94,97. 
Epidemiological studies suggest that individuals with PMOS might 
attempt conception at a younger age94; however, owing to infertility, 
conception occurs later on average, with a higher risk of advanced 
maternal age in those with PMOS than in those without the condition98. 
Although the likelihood of having at least one child is similar to that 
in individuals without PMOS97,98, overall, PMOS is associated with 
increased nulliparity and marginally smaller family size compared 
with those without the condition, and these effects are exacerbated 
by later PMOS diagnosis97–100. Fertility treatment introduces additional 
risks, including ovarian hyperstimulation101, multiple pregnancy and 
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Fig. 1 | Endocrine, metabolic and reproductive dysregulations in 
polyendocrine metabolic ovarian syndrome. Individuals with polyendocrine 
metabolic ovarian syndrome (PMOS) exhibit an increased gonadotropin-
releasing hormone (GnRH) pulse frequency, leading to elevated luteinizing 
hormone (LH) secretion, which stimulates androgen production by ovarian 
theca cells. An elevated level of testosterone enhances insulin secretion from 
pancreatic β-cells and suppresses hepatic production of sex hormone-binding 
globulin (SHBG), resulting in increased levels of free circulating testosterone. 
Insulin further amplifies ovarian androgen production and promotes LH 
secretion from the pituitary gland. Excess ovarian androgens contribute to 
follicular arrest, increased levels of anti-Müllerian hormone (AMH), both 

ovarian and in serum, and resistance to follicle-stimulating hormone (FSH), 
resulting in impaired folliculogenesis. AMH, together with altered levels of 
oestrogen, progesterone and androgens, disrupts the feedback regulation of 
hypothalamic GnRH neurons, exacerbating LH hypersecretion. Additionally, 
the adrenal glands contribute to hyperandrogenism via increased production of 
dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEAS), 
which are converted into more potent androgens in adipose tissue. In those with 
PMOS, adipose tissue exhibits elevated aldo–keto reductase family 1 member 
C3 (AKR1C3) activity and expression, further increasing the conversion of 
androstenedione to testosterone with enhanced local androgen activation.
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altered placental development, which can compound pregnancy and 
birth complications102. Although the mainstay of therapy is ovulation 
induction, where assisted reproductive technology is required, those 
with PMOS are also more likely than their unaffected counterparts to 
undergo programmed frozen embryo transfer cycles. The lack of a 
corpus luteum with this regimen, although not unique to those with 
PMOS, has been associated with increased rates of gestational hyper-
tension and pre-eclampsia95,103. Overall, the extent to which infertility 
treatment contributes to pregnancy and birth complications in PMOS is 
yet to be fully understood, particularly with evolving clinical practice102.

Ethnic and regional variation in PMOS
Ethnic and regional variations in the clinical presentation, metabolic 
consequences and reproductive outcomes of PMOS are increasingly 
recognized, highlighting the importance of considering ancestry, socio-
cultural context and population-specific risk profiles in both diagnosis 
and management104. Although estimates of the worldwide prevalence 
of PMOS are broadly comparable, higher rates have been reported in 
Mediterranean and South Asian regions than in other areas104. These 
differences partly reflect variations in diagnostic criteria, sampling bias 
and ascertainment methods105. Phenotypic heterogeneity is evident 
across populations104. Hyperandrogenism and hirsutism are most fre-
quently observed in people of European and Middle Eastern descent. 
‘Lean PMOS’ phenotypes (those with normal or low BMI) and mild 
hyperandrogenic features are common in East Asian individuals, with 
higher metabolic dysfunction105. Metabolic risk profiles also vary, with 
Asian and South Asian patients demonstrating increased prevalence of 
insulin resistance, dysglycaemia and type 2 diabetes mellitus at lower 
BMI thresholds. These observations are consistent with international 
guidance recommending ethnicity-specific cut-off values for BMI and 
gestational weight gain106. Regional dietary patterns, differences in body 
composition (for example, increased percentage of visceral adipose 
tissue at a lower BMI) and sociocultural influences on lifestyle contrib-
ute to these disparities107. In 2025, four distinct PMOS subtypes were 
identified (hyperandrogenic, obese, high SHBG and high LH), each of 
which has a unique reproductive, metabolic and prognostic profile108. 
These subtypes, although not identical to other subtype studies, were 
validated across ethnically diverse cohorts, highlighting the need for 
global collaboration to unravel PMOS heterogeneity and inform tailored 
clinical strategies.

Physiological adaptations in pregnancy
A normal pregnancy is a dynamic physiological state involving endo-
crine, metabolic, inflammatory and reproductive adaptations109. These 
changes occur across the maternal–fetal–placental unit to maintain 
an optimal intrauterine environment, supporting fetal growth and 
maternal health.

Endocrine and metabolic adaptations
Hormone production shifts from maternal sources to the fetoplacental 
unit in early pregnancy. Human chorionic gonadotropin (hCG) sustains 
the corpus luteum, with levels peaking at 8–10 weeks before stabiliz-
ing by 18–20 weeks110. An elevated level of hCG in the second trimes-
ter has been linked to pregnancy and birth complications, including 
miscarriage, pre-eclampsia, preterm birth and small for gestational 
age offspring111. Levels of LH and FSH decline owing to suppression by 
hCG, inhibin, oestrogens and progesterone110. Placental aromatase 
and an increased level of SHBG protect the fetus from excess andro-
gens, beginning in the first trimester and escalating later in pregnancy. 

Insulin sensitivity initially increases, then declines from around 
18–24 weeks owing to the presence of placental lactogen, cortisol and 
TNF, leading to mild hyperglycaemia and compensatory hyperinsu-
linaemia. Elevated levels of androgens and reduced aromatization 
have been linked to GDM, pre-eclampsia, fetal growth restriction, low 
birthweight and stillbirth112,113. The level of AMH decreases progres-
sively during pregnancy, reflecting suppression of folliculogenesis 
and ovarian reserve adaptation114. AMH can impair placental aromatase 
and increase androgen excess32,115.

Early pregnancy favours energy storage through adipose hyper-
trophy and hyperplasia, transitioning to lipolysis in late pregnancy. 
Pregnancy-induced insulin resistance and dyslipidaemia, characterized 
by elevated levels of cholesterol and triglycerides, support placental 
steroidogenesis and fetal growth116. Blood pressure begins to fall in 
the first trimester, due to vascular remodelling and the vasodilatory 
effects of oestrogen and progesterone, rising again later in the third 
trimester117. Owing to the complex interaction between genetics, eth-
nicity, lifestyle and sociocultural factors, individuals of Asian and South 
Asian heritage have a higher metabolic risk during pregnancy than 
those of other ethnicities. This observation is reflected in the lower BMI 
cut-off for defining healthy gestational weight gain, and substantially 
higher rates of GDM and type 2 diabetes mellitus, at any given BMI in 
these populations118.

Inflammatory adaptations
A normal pregnancy alternates between pro-inflammatory and 
anti-inflammatory states. Early pregnancy involves a pro-inflammatory 
milieu for embryo implantation and placentation, whereas mid-
pregnancy transitions to a predominantly anti-inflammatory state 
driven by anti-inflammatory cytokines (IL-4 and IL-10) for immune 
tolerance, maternal adaptation to fetal antigens and growth119. Late 
pregnancy and parturition are again pro-inflammatory, a state that 
is essential for the initiation of labour119,120. Dysregulation of this 
balance contributes to pregnancy complications87, with low-grade 
inflammation (commonly observed in obesity or metabolic syndrome) 
exacerbating insulin resistance and oxidative stress and adversely 
affecting outcomes, including miscarriage, gestational hypertension, 
pre-eclampsia and fetal growth restriction119.

Reproductive adaptations
The placenta becomes the primary source of oestrogen and proges-
terone after the first trimester121, promoting uteroplacental blood 
flow, angiogenesis and immune tolerance121,122. Progesterone maintains 
endometrial receptivity and suppresses uterine contractions, whereas 
oestrogens (including oestradiol, oestriol and oestrone) support vas-
cular remodelling and fetal organ maturation121. Reduced levels of 
oestrogen and progesterone have been implicated in pre-eclampsia, 
potentially reflecting impaired placental function117. The placenta also 
has a central role in aromatization, converting maternal androgens 
into oestrogens. This process ensures optimal fetal development and 
prevents hormonal imbalances121.

Pregnancy and birth in PMOS
The pathophysiological features of PMOS, including hyperandrogen-
ism, insulin resistance, chronic inflammation and endometrial dysfunc-
tion, collectively impair key adaptations to pregnancy and underpin the 
increased risks of maternal and fetal complications, as well as long-term 
complications in the offspring of individuals with PMOS12,13 (Box 1). 
These mechanisms are often superimposed on the independent effects 
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of infertility treatment in people with PMOS, and can be exacerbated 
by the well-known risks associated with multiple pregnancy101.

Ovulation, conception and early pregnancy loss
Although many women with PMOS achieve pregnancy through natural 
conception with spontaneous ovulation, the prevalence of infertility 

treatment is high in those with PMOS94,97. Ovulation induction is the first-
line recommended medical treatment for PMOS-related anovulation. 
The heterogeneity of PMOS might contribute to the variability in ovu-
lation induction outcomes. A moderately elevated LH to FSH ratio has 
been associated with an increased incidence of clinical pregnancy and 
live birth, and a lower risk of miscarriage123, compared with a very high 
LH to FSH ratio, which is associated with more profound anovulation, 
high levels of AMH and suboptimal ovulation induction responses.

Although circulating levels of oestradiol do not tend to differ from 
the normal range in individuals with PMOS87, one study showed that 
those with PMOS undergoing in vitro fertilization (IVF) who achieved a 
clinical pregnancy tended to have lower levels of progesterone and total 
oestrogen, whereas the progesterone to oestradiol ratio was similar to 
the ratio in those who did not conceive124. In this study, greater endome-
trial thickness on the day of embryo transfer was also associated with 
successful pregnancy, underscoring the role of endometrial receptivity 
in implantation124. Emerging evidence suggests that endometrial sensi-
tivity to oestrogen might be altered in PMOS. In the proliferative phase 
endometrium of individuals with PMOS, a higher proportion of epithe-
lial cells and a lower proportion of stromal cells, with no difference in 
endometrial thickness, were observed on single-nucleus RNA sequenc-
ing analysis, along with decreased expression of oestrogen receptor-α 
(ERα) in endometrial epithelial and stromal cells and in tissue at the 
protein level125,126. Conversely, at the tissue level, studies have shown 
unchanged or higher ERα expression, and increased ER co-activators 
in the proliferative phase in PMOS with blunted progesterone action, 
and higher ERα expression in the mid-secretory phase endometrium127. 
This altered endometrial ERα expression can contribute to suboptimal 
oestrogen effects in the PMOS endometrium, with substantial clinical 
implications for conception, pregnancy and endometrial stress, and 
the potential development of endometrial hyperplasia and cancer in 
the long term125,127. Taken together, these findings suggest that in PMOS, 
qualitative alterations in oestrogen signalling, rather than absolute 
levels of hormones, can impair endometrial function, increasing the 
risk of implantation failure and miscarriage, even in the presence of 
ovulation or hormonal support.

Hyperandrogenism and placental dysfunction
Hyperandrogenaemia disrupts normal endometrial receptivity and 
impairs trophoblast invasion and spiral artery remodelling, leading to 
defective placentation, a key mechanism underpinning miscarriage, 
pre-eclampsia and fetal growth restriction128–130. In PMOS, the endome-
trium can have higher androgen receptor expression in proliferative 
and secretory phases, yet no differences at the single-nucleus RNA 
level39,90,127,130. Although the androgen receptor blocker, flutamide, 
prevents these effects in both endometrium and placenta in mice86,130, 
detailed signalling pathways remain incompletely characterized in 
humans. High levels of testosterone in those with PMOS have been 
associated with an increased risk of pre-eclampsia, and an increased 
maternal free androgen index (FAI) has been linked to increased birth-
weight in male offspring compared with non-PMOS pregnancies131. 
Furthermore, among individuals with PMOS who developed pregnancy 
complications, such as gestational hypertension or pre-eclampsia, 
or had offspring with abnormal birthweight, levels of testosterone, 
dehydroepiandrosterone sulfate and fasting insulin, homeostatic 
model assessment for insulin resistance (HOMA-IR) scores and FAI 
were higher, but levels of SHBG were lower, than in those without 
complications132. Notably, this pattern was not observed in control 
individuals without PMOS with or without pregnancy complications132.

Box 1 | Physiological adaptations to 
pregnancy and interactions with PMOS
 

Physiological adaptations to pregnancy
Endocrine and reproductive adaptations
Changes in levels of:

	• Human chorionic gonadotropin (maintains the corpus luteum)
	• Placental oestrogens and progesterone
	• Androgens
	• Sex hormone-binding globulin and placental aromatase
	• Anti-Müllerian hormone

Metabolic adaptations
Changes in:

	• Insulin sensitivity and insulin levels
	• Glycaemia
	• Compensatory hyperinsulinaemia
	• Lipolysis
	• Lipid profile
	• Nutrient availability

Inflammatory adaptations
	• Early pregnancy: pro-inflammatory mediators
	• Mid-pregnancy: anti-inflammatory mediators
	• Late pregnancy: pro-inflammatory mediators

Pregnancy in PMOS
PMOS is associated with an up to threefold increase in the risk of:

	• Increased levels of androgens leading to decreased endometrial 
receptivity

	• Increased level of anti-Müllerian hormone
	• Increased insulin resistance and glucose intolerance
	• Maternal weight gain and adiposity leading to lipotoxicity and 
oxidative stress

	• Chronic low-grade inflammation
	• Reduced placental function

Adverse pregnancy and birth outcomes
	• Miscarriage
	• Gestational diabetes mellitus
	• Gestational hypertension
	• Pre-eclampsia
	• Preterm birth
	• Fetal growth restriction
	• Low birthweight
	• Induction of labour
	• Caesarean section
	• Post-partum haemorrhage

PMOS, polyendocrine metabolic ovarian syndrome.
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Overall, levels of androgens seem to affect placental development 
and related metabolic adaptations, contributing to pregnancy and birth 
complications. In one study, only patients with hyperandrogenic PMOS 
had an increased risk of preterm birth or pre-eclampsia compared with 
control individuals133. By contrast, levels of androgens do not seem to 
increase the risk of small for gestational age birth134 or miscarriage, 
or to decrease the rate of live births, in those with PMOS135. Treatment 
of hyperandrogenism with ethinyloestradiol and cyproterone ace-
tate before pregnancy seems to reduce the risk of GDM, gestational 
hypertension and premature delivery associated with PMOS136.

Insulin resistance and adiposity
PMOS and concurrent hyperandrogenism interfere with the metabolic 
flexibility required for pregnancy, aggravating glucose intolerance and 
increasing the risk of GDM137,138. A low preconception level of SHBG, 
which reflects insulin resistance and androgen bioavailability, has 
been identified as a predictor of GDM in those with PMOS, independ-
ent of BMI, waist circumference and insulin resistance139. However, 
the precise molecular pathways underlying these effects in human 
pregnancy remain incompletely defined. Individuals with PMOS and 
increased insulin resistance also have an increased risk of develop-
ing pre-eclampsia140. In parallel, greater maternal adiposity in PMOS 
increases the risk of pregnancy complications through hyperandro-
genism, insulin resistance, lipotoxicity, oxidative stress, low-grade 
systemic inflammation and increased levels of free fatty acids, all of 
which impair placental development and function128,129.

Lipid metabolism and fetal growth outcomes
Lipid profiles are important to pregnancy outcomes in PMOS. Levels 
of specific serum triglycerides, defined by their fatty acyl chain com-
position, such as C20:4_C34:3 and C18:2_C38:6, were significant pre-
dictors of low birthweight in individuals with PMOS when compared 
with control individuals matched for age, BMI and gestational age141. 
Additionally, lipid metabolites, such as hexosyl ceramide d18:2/24:0 
and ceramide d18:1/24:0, have been associated with low birthweight, 
potentially mediated through maternal insulin resistance and related 
lipotoxic effects142. Ceramides are known to impair insulin signalling, 
promote cellular stress responses and alter placental lipid transport, 
offering plausible pathways through which these metabolites might 
influence fetal growth143,144. Elevated levels of hexosyl ceramides have 
previously been linked to lipotoxicity driven by insulin resistance in 
those with PMOS. Supporting this finding, animal studies have shown 
that high levels of stearoyl ceramides and oleoyl ceramides in skeletal 
muscle correlate with increased insulin resistance145. Increased mater-
nal levels of serine observed in mothers of neonates of lower gestational 
age at birth might reflect the interplay between insulin resistance, 
obesity and altered glucose metabolism. Whether serine itself is an inde-
pendent predictor of low birthweight, or simply a marker of metabolic 
dysregulation, is unclear. However, the association between elevated 
levels of serine, insulin resistance and hyperandrogenism suggests a 
potential common mechanism141, and demonstrates the complexity 
of the endocrine and metabolic physiology of PMOS and pregnancy. 
Altered serine metabolism might contribute to ceramide synthesis and 
mitochondrial stress, providing a plausible link to insulin resistance, 
although mechanistic data in PMOS pregnancies are scarce143,144.

Endometrial dysfunction and immune dysregulation
Aberrant endometrial epithelial proliferation and stromal cell decidual-
ization90, dysregulated progesterone signalling and altered immune cell 

profiles (for example, uterine natural killer cells and macrophages) 
have been identified in individuals with PMOS, suggesting potential 
impairment of the maternal–fetal interface, with implications for 
embryo implantation and early pregnancy loss127,146–148. During preg-
nancy, individuals with PMOS exhibit strong early, low-grade immune 
mobilization with broad cytokine activation, including inflammation, 
and PMOS-specific immune mobilization, which continues through-
out the pregnancy149. Compared with healthy control individuals, 
these patients have elevated levels of CRP, cytokines, ferritin and 
white blood cells, and an increased risk of pregnancy complications, 
including GDM, pre-eclampsia and fetal growth restriction149,150. Many 
of the inflammatory, endocrine and metabolic abnormalities manifest 
via placental dysfunction, contributing to complications, including 
preterm birth, gestational hypertension, pre-eclampsia and altered 
fetal programming127.

Outcome data
Maternal risks. A meta-analysis of over 100 studies and 106,690 preg-
nancies indicated that individuals with well-defined PMOS have sig-
nificantly increased odds of pregnancy complications12. Overall, these 
include miscarriage (OR 1.49, 95% CI 1.20–1.85), GDM (OR 2.41, 95% CI 
1.95–2.99), gestational hypertension (OR 2.20, 95% CI 1.82–2.67), pre-
eclampsia (OR 2.30, 95% CI 1.88–2.82), induction of labour (OR 1.69, 
95% CI 1.01–2.85) and Caesarean section (OR 1.23, 95% CI 1.06–1.43). The 
incidence of instrumental deliveries was not increased (Table 1). Treat-
ment with metformin can partially reverse aberrant endometrial epi-
thelial and stromal cell transcriptional signatures, including immune 
cell composition and progesterone-responsive pathways90. However, a 
sensitivity analysis, in which studies that included metformin use were 

Table 1 | Pregnancy risks in those with polyendocrine 
metabolic ovarian syndrome

Pregnancy outcome Overall Independent 
of age

Independent 
of BMI

Gestational weight gain ↑ = ?

Miscarriage ↑ ? ?

GDM ↑ ↑ ↑

Gestational hypertension ↑ ? ?

Pre-eclampsia ↑ ? ↑

Eclampsia ? ? ?

Induction of labour ↑ ? ?

Instrumental delivery = ? ?

Caesarean section ↑ ↑ ↑

Perinatal depression ↑ ? ?

Preterm birth ↑ ↑ ↑

Fetal growth restriction ↑ ? ?

Low birthweight ↑ ? ?

Small for gestational age = = ?

Macrosomia = = =

Large for gestational age = = =

The table shows the risks of various pregnancy outcomes (↑, increased risk; =, similar risk; 
?, uncertain association) associated with polyendocrine metabolic ovarian syndrome and for 
which the risk has been shown to persist in studies including age-matched and BMI-matched 
individuals12,13. GDM, gestational diabetes mellitus.
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excluded, showed similar results8. Notably, GDM in the second trimes-
ter in PMOS-affected pregnancies does not seem to further increase the 
risk of other pregnancy complications in this already high-risk cohort151.

Determining the effect of PMOS on pregnancy-related outcomes 
independent of age, BMI and gestational weight gain is challenging, 
as confounders cannot be addressed in meta-analyses of aggregated 
data. Individuals with PMOS are reported to conceive at a higher BMI 
(mean difference (MD) 1.76 kg/m2, 95% CI 1.44–2.08 kg/m2) and have 
greater gestational weight gain (MD 0.96 kg, 95% CI 0.01–1.90 kg)3,12,13 
than those without PMOS. Given that most of the available data are 
from fertility treatment cohorts, these individuals also conceive at a 
younger age than the non-PMOS population3,12,13. Nonetheless, studies 
including age-matched and BMI-matched groups of individuals3,12,13 
have consistently shown an increased rate of maternal complications 
in those with PMOS. These findings demonstrate that PMOS confers 
an independent risk of pregnancy and birth complications, which 
can be further amplified in the presence of advanced maternal age, 
high BMI or both.

Neonate risks. A meta-analysis of 73 studies, including 92,881 off-
spring, identified distinct risk patterns in the infants of mothers with 
PMOS13. Overall, PMOS pregnancies were associated with an increased 
risk of fetal growth restriction (OR 1.84, 95% CI 1.09–3.10), preterm 
birth (OR 1.53, 95% CI 1.33–1.75) and low birthweight (OR 1.28, 95% CI 
1.04–1.59). These risks were preserved in studies in which those with 
metformin use were excluded3,13. Neonates born to mothers with PMOS 
also have a shorter length and smaller head circumference at birth than 
neonates born to mothers without PMOS9, and these growth restric-
tions are exacerbated when PMOS coexists with obesity152. In addition 
to growth abnormalities, complications in neonates born to moth-
ers with PMOS include increased incidence of stillbirth (adjusted OR 
1.50, 95% CI 1.28–1.77)153, perinatal mortality (OR 3.07, 95% CI 1.03–9.21 
(ref. 154); OR 1.83, 95% CI 1.06–3.16 (ref. 155)) and neonatal intensive 
care unit admission (OR 2.31, 95% CI 1.25–4.26 (ref. 154); OR 2.32, 95% 
CI 1.40–3.85 (ref. 156)) as reported in separate meta-analyses154–156.

Maternal hyperinsulinaemia, GDM, adiposity and excess gesta-
tional weight gain are all known to contribute to excessive fetal growth 
in pregnancies unrelated to PMOS. However, neither the risk of fetal 
macrosomia (OR 1.16, 95% CI 0.97–1.39) nor the risk of neonates who are 
large for gestational age (OR 1.16, 95% CI 0.99–1.35) were increased in 
meta-analyses of pregnancies in individuals with PMOS12,13. Increased 
BMI, excess gestational weight gain and increased GDM prevalence in 
individuals with PMOS12 would typically be expected to increase the 
risk of excess fetal growth; instead, a pattern of growth restriction is 
evident13,67. This paradox is likely to reflect underlying placental dys-
function in individuals with PMOS, which could limit nutrient transfer 
despite maternal drivers of fetal overgrowth. Further research is needed 
to delineate the maternal–placental factors determining whether 
pregnancies complicated by PMOS result in large-for-gestational-age 
or growth-restricted infants.

Long-term risks in offspring. Prior to puberty, the offspring of those 
with PMOS are more likely to be hospitalized for any reason, including 
allergies, asthma, infections and conditions related to the respiratory, 
metabolic, gastrointestinal and central nervous systems, and ophthal-
mological and otological disorders157,158. Moreover, an increased preva-
lence of psychiatric, neurodevelopmental and emotional disorders98,159, 
including autism spectrum disorder155, has also been shown in the 
offspring of individuals with PMOS100,160. Maternal obesity has been 

shown to exacerbate this risk in analyses in which BMI stratification 
was included100.

Preterm or small for gestational age birth are associated with sub-
sequent insulin resistance in childhood161,162 and glucose intolerance and 
high blood pressure in young adulthood161,162, independent of maternal 
conditions and smoking status during pregnancy159,163. Although these 
risks seem to be further increased in the offspring of individuals with 
PMOS, to what extent this risk is attributable to PMOS per se, independ-
ent of BMI, gestational weight gain, GDM, gestational hypertension or 
pre-eclampsia, is unclear. Evidence exists for an increased prevalence 
of high BMI and obesity in both the female100,164,165 and the male100,166 
offspring of individuals with PMOS, as well as hypertension, type 2 
diabetes mellitus and CVD163,167.

Individuals with PMOS are less likely to breastfeed than those 
without this condition168, primarily mediated by increased BMI169. 
Among individuals with high BMI, those with PMOS breastfeed less 
exclusively, implying that PMOS status exerts an additional adverse 
effect on breastfeeding beyond that of BMI alone170. Breastfeeding can 
also be affected by pregnancy and birth complications and delivery by 
Caesarean section171. These factors can contribute to long-term health 
implications for both individuals with PMOS and their offspring172. 
Overall, long-term health-related outcomes in the offspring of indi-
viduals with PMOS, following complications in pregnancy and birth, 
remain inadequately understood.

Clinical implications and recommendations
Preconception
The 2023 international PMOS guidelines emphasize the importance 
of appropriate preconception screening (metabolic, cardiovascular, 
reproductive and psychological risk assessment), support and opti-
mization of lifestyle and health behaviours in people with PMOS3,4. 
Potential benefits of these interventions include reduced hyperandro-
genism, insulin resistance and inflammation, as well as improvements 
in metabolic factors, such as body weight, distribution of abdominal 
adipose tissue and lipid profile173. Reproductive outcomes, including 
ovulation and fertility, might also improve173. Standard preconcep-
tion care includes optimization of diet and exercise, BMI, sleep, psy-
chological, emotional and sexual health, cessation of smoking and 
alcohol consumption. These measures are particularly important in 
individuals with PMOS given the elevated risks in pregnancy15. Stand-
ard national guideline recommendations on preconception vaccina-
tions and micronutrient supplementation also apply to individuals 
with PMOS3,4. The guidelines also recommend that blood pressure 
measurement and an oral glucose tolerance test (OGTT) should be 
performed in all individuals with PMOS when planning pregnancy, 
given their increased risk of GDM, gestational hypertension48 and 
pre-eclampsia3,4. Appropriate management of chronic conditions, 
including diabetes mellitus, high blood pressure, anxiety, depression 
and other mental health disorders, before conception is also important 
in those with PMOS3. These preconception strategies are important 
to improve fertility, response to fertility treatment, pregnancy and 
birth outcomes and long-term health. Indeed, optimizing lifestyle 
before conception in those with obesity and infertility, including 
PMOS, undergoing fertility treatment, is associated with reduced 
rates of GDM, pre-eclampsia and preterm birth174,175. To minimize the 
pregnancy-related risk in patients with PMOS undergoing fertility 
treatment, protocols targeting ovulation induction prior to IVF, use of 
GnRH antagonists and single-embryo transfer should be prioritized3. 
With frozen embryo transfer, natural or modified natural cycles are 
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preferred over programmed cycles to obtain a corpus luteum to opti-
mize the endometrial lining and placentation, thereby mitigating the 
risk of gestational hypertension and pre-eclampsia176.

Importantly, pre-pregnancy treatment with metformin is rec-
ommended in the guidelines, as it improves pregnancy and live birth 
rates in those with PMOS3,4,177,178. Metformin and lifestyle interventions 
in those with PMOS partially reverse endometrial disease-specific 
and cell type-specific molecular signatures with potential to enhance 
fertility outcomes90. For those with PMOS taking metformin, levels 
of vitamin B12 should be monitored. Inositol supplementation has 
not been shown to improve rates of pregnancy or live birth and is not 
currently recommended179. Weight-lowering medications, including 
glucagon-like peptide 1 (GLP1) receptor agonists and dual gastric inhibi-
tory polypeptide (also known as glucose-dependent insulinotropic 
polypeptide)–GLP1 receptor agonists, are increasingly used in PMOS. 
However, evidence from patients of reproductive age, and safety data 
in pregnancy, are scarce180,181. The limited available data suggest no 
major birth defects or pregnancy-related complications with exposure 
to GLP1 receptor agonists in early pregnancy180,181. Nevertheless, cur-
rent guidance is to discontinue these agents several months before 
conception and manage potential rebound weight gain, despite the 
lack of clear evidence on optimal strategies to do so182. Bariatric sur-
gery is increasingly being used in patients with PMOS and obesity183. 
The 52-week randomized controlled BAMBINI trial184 demonstrated 
improvements in weight, metabolic parameters, ovulatory function 
and quality of life in these patients. However, the sample size was insuf-
ficient to assess pregnancy outcomes184. In the general population, 
bariatric surgery is associated with reduced metabolic risk between 
pregnancies, but also with an increased risk of small for gestational age 
infants and stillbirth185. Accordingly, in those with PMOS, pregnancy 
should be delayed until post-bariatric surgery nutritional stability 
is achieved (typically 1 year), and careful monitoring is required in 
pregnancy3. This area of research is a priority (Box 2) identified in the 
international research roadmap10.

Ultimately, we must recognize that individuals in high income 
and, increasingly, low-income and middle-income nations186, are living 
in an environment predisposed to excess energy intake and subopti-
mal diet and physical activity187, driven by ecosocial factors including 
socioeconomic status188. While rising BMI is often framed as depend-
ent on individual behaviours, evidence indicates that structural and 
environmental drivers have a major role. Reducing stigma and shifting 
towards systematic, population-level approaches, such as a sugar tax, 
is therefore essential189.

Pregnancy
The 2023 international guidelines recommend that PMOS status be rec-
ognized and that these individuals be identified as having ‘higher-risk’ 
pregnancies3,4. Awareness of pregnancy and birth complications in 
PMOS has increased over the past decade (by 33% among individuals 
with PMOS and 50% among health professionals)8. Nevertheless, PMOS 
status is still often overlooked in antenatal care5,6, highlighting key 
gaps in awareness, prioritization, clinical identification and capture 
of a PMOS diagnosis. Addressing these issues will facilitate effective 
screening, risk stratification, monitoring, prevention and management 
of pregnancy complications. Screening for hyperglycaemia (OGTT) is 
recommended in those with PMOS, independent of age and BMI, during 
the first trimester and, if negative, again at 24–28 weeks3,4. Although 
monitoring of gestational weight gain, blood pressure, fetal growth 
and mental health status are part of routine antenatal care, enhanced 

surveillance among individuals with PMOS is warranted due to the 
increased risk of gestational complications.

Prevention of excess gestational weight gain can be achieved 
through antenatal lifestyle interventions, which have been shown to 
reduce the incidence of GDM, gestational hypertension, pre-eclampsia 
and preterm birth in the general population, and are cost-effective190–192. 
Clinically, metformin use during pregnancy, including in those with 
PMOS, reduces gestational weight gain and preterm birth, but does not 
prevent miscarriage, pre-eclampsia or GDM, or affect birthweight3,193,194. 
As such, the 2023 guidelines recommend that metformin should be 
used prior to conception, but not routinely during pregnancy, in those 
with PMOS3,4. The prophylactic use of low-dose aspirin to reduce the 
risk of pre-eclampsia in individuals at high risk of this complication is 
well established, but there is no evidence on this strategy in PMOS. Data 
on the effectiveness of nutritional supplements during pregnancy in 
individuals with PMOS are scarce, but one randomized controlled trial 
on the use of myo-inositol did not show any benefits179. Management 
of pregnancy-related complications, such as the use of exogenous 
insulin for hyperglycaemia, might have additional implications in 
those with PMOS. Experimental data suggest that insulin can increase 
androgen production62–64, raising the possibility of downstream effects 
on pregnancy physiology, although this requires further investigation.

Box 2 | Research priorities for 
pathophysiology and outcomes 
of PMOS in pregnancy
 

Key areas
	• Optimizing lifestyle interventions before conception and during 
pregnancy to improve fertility, maternal health and pregnancy 
outcomes

	• Association between the pathophysiology of PMOS and adverse 
pregnancy outcomes

	• Effects of demographic and anthropometric factors on adverse 
pregnancy outcomes

	• Identification of PMOS and subsequent risk assessment and 
monitoring in antenatal care

	• Effective management strategies for PMOS during antenatal care
	• Role of metformin, aspirin and insulin intake during pregnancy in 
improving pregnancy outcomes

Methods
	• Human mechanistic studies integrated into clinical trials and 
biobanks

	• Population-based cohort studies and individual patient data 
meta-analyses across diverse populations

	• Randomized controlled trials of treatments
	• Implementation and translational research

Considerations
	• Collaboration between patients and health professionals across 
all stages of research (design, conduct and implementation), 
reflecting strong patient and public involvement

	• Clear, predefined and harmonized outcome measures

PMOS, polyendocrine metabolic ovarian syndrome.
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Research priorities
Research priorities relating to pregnancy in those with PMOS are rec-
ognized in the context of the 2023 international guidelines clinical 
research priorities roadmap, which was co-designed with end-users10 
(Box 2). Human studies on physiological interactions between PMOS 
and pregnancy are needed to identify potential therapeutic targets. 
Further research is required to explore endocrine (including the role 
of AMH, androgens and insulin), metabolic and inflammatory factors. 
Mechanistic research is underway, including nested cohort studies 
within large randomized controlled trials, such as the Bump2Baby 
and Me190,195 and Treatment of Booking Gestational Diabetes Melli-
tus (TOBOGM)191,195 studies, and global individual participant data 
meta-analyses in pregnancy, including the Metformin in Pregnancy 
Study (MiPS)194. In these studies, hormonal, metabolic and inflamma-
tory pathways and biomarker signatures, including androgen and insu-
lin signalling markers and AMH-related profiles, are being examined 
to elucidate mechanisms and identify potential therapeutic targets195.

Although systematic reviews and meta-analyses have synthe-
sized the evidence on PMOS-related pregnancy and birth outcomes12,13 
in the context of the 2023 guidelines3,4, important limitations and 
knowledge gaps have been highlighted. For example, many of the 
studies included in meta-analyses had a moderate to high risk of bias, 
provided incomplete or inconsistent definitions for complications 
and failed to explore the effects of potential confounders, such as 
age, BMI, gestational weight gain and infertility treatments12,13,196,197. 
Furthermore, despite potential effects on neuroendocrine factors, 
inflammatory mediators and maternal mental health outcomes198,199, 
studies on the association between PMOS and perinatal psychological 
health remain scarce12,13. Improved identification of PMOS status, and 
large-scale cohort studies with harmonized outcomes, are important 
to understand short-term (for example, miscarriage, GDM, gestational 
hypertension, pre-eclampsia, psychological health, growth abnormali-
ties and birth outcomes) and long-term (for example, metabolic, repro-
ductive, psychological and neurodevelopmental) pregnancy-related 
outcomes in individuals with PMOS.

Implementation research (that is, the application of clinical evi-
dence to routine practice to support uptake in real-world healthcare 
settings) is important to increase the identification of PMOS, enhance 
recognition of increased risks in pregnancy and to promote optimal 
screening and monitoring. The development of tools for risk stratifica-
tion, such as checklists or electronic prompts, and the implementation 
of clear clinical pathways that support identification, prevention and 
management of PMOS-related complications, are vitally important. 
Clinical research priorities include optimizing the timing and precise 
nature of preconception care and lifestyle modifications in those with 
PMOS. The role of metformin in the prevention of complications, includ-
ing GDM and preterm birth, is being explored in a large-scale, individual 
patient data meta-analysis, including those with PMOS194. Further inves-
tigation of the potential role of aspirin in preventing pre-eclampsia and 
preterm birth in patients with PMOS is warranted200, particularly to 
determine whether PMOS status should be considered in identifying 
candidates for prophylaxis. In addition, the role of insulin therapy dur-
ing pregnancy should be explored in individuals with PMOS, to deter-
mine whether subsequent androgen production62–64 indirectly increases 
adverse metabolic effects in both the mother and the offspring.

Conclusions
PMOS is a common condition, affecting 10–13% of women globally, 
underpinned by genetic, epigenetic, endocrine and inflammatory 

abnormalities. These defects contribute to a broad spectrum of met-
abolic, dermatological, psychological and reproductive features. 
Interactions between abnormal physiology in PMOS and gestational 
physiology substantially increase pregnancy and birth complications. 
The 2023 international guidelines3,4 highlighted elevated risks in the 
preconception period and during pregnancy and birth, including 
GDM, gestational hypertension, pre-eclampsia, Caesarean section, 
fetal growth restriction, preterm birth, low birthweight and small for 
gestational age infants. The underlying mechanisms and clinical risks 
are exacerbated by high maternal BMI and excess gestational weight 
gain as well as fertility treatment. In addition, long-term health out-
comes are detrimentally affected in those with PMOS and their off-
spring. However, PMOS remains under-recognized in routine perinatal 
care. The international guidelines3,4 recommend improving awareness 
among health professionals and patients, alongside timely screening, 
monitoring, prevention and management strategies. Increased focus 
on the optimization of lifestyle and weight management is needed. 
Future research should prioritize elucidating the pathophysiology 
of PMOS in pregnancy, understanding the natural history of PMOS, 
identifying new therapeutic targets, developing and testing prevention 
and treatment strategies, and implementing evidence-based guideline 
recommendations in perinatal care.
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