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Neurocognitive profiling in Polyendocrine Metabolic Ovarian
Syndrome (PMOS): A minireview of current evidence

* . .
Soumen Manna , Saloni Kumari

ABSTRACT

Background: Polyendocrine metabolic ovarian syndrome (PMOS) or polycystic ovary syndrome (PCOS) is a common long-term
heterogeneous endocrine disorder characterized by hyperandrogenism, insulin resistance, and ovulatory dysfunction. Evidence suggests
that hormonal and metabolic disruptions inherent to PCOS may also impair neurocognitive functioning. Objective: This mini-review aims
to consolidate existing evidence regarding the cognitive profile of women with PCOS and the impact of hormonal treatments on these
outcomes. Methods: A comprehensive search was conducted in Web of Science, Scopus, and PubMed for studies published through
February 2026 that examined cognitive domains in patients with PCOS. Results: PCOS women demonstrated lower performance in
executive functioning, attention, visuospatial ability, and verbal memory than healthy controls. Although hypergonadism was expected
to be associated with improved male-favoring cognitive tasks, it appears "decremental” to both male- and female-favoring domains in
patients with PCOS. The results of pharmacological interventions to modulate testosterone levels in patients with PCOS and cognitive
performance are mixed. Some studies have shown significant cognitive improvement using anti-androgens or oral contraceptives,
whereas others have shown no significant cognitive gains despite reduced testosterone levels. However, neuroimaging studies have
correlated these cognitive deficits with structural and functional brain changes, including reduced brain volumes in the frontal and
parietal cortices, decreased white matter integrity, and aberrant functional connectivities. Conclusion: Significant cognitive dysfunction
is observed in patients with PCOS in addition to reproductive and endocrine problems. Hyperandrogenism and insulin resistance are
associated with impaired cognitive function. Clinical management should evolve beyond reproductive health to include the systematic

assessment and treatment of neurocognitive and mental health symptoms.
Keywords: Polycystic ovary syndrome, Polycystic ovarian syndrome, Neurocognition, Cognition, Hyperandrogenism

Indian Journal of Physiology and Allied Sciences (2026);

INTRODUCTION

Polyendocrine metabolic ovarian syndrome (PMOS), the
new internationally consensus-driven name for polycystic
ovarian syndrome (PCOS), is a long-term, heterogeneous
endocrine disorder that affects a high percentage of
women of reproductive age. The global health challenge
is intensifying, as evidenced by a dramatic 89% increase in
prevalence and an 87% rise in disability-adjusted life years
(DALYs) between 1990 and 2021." In India, current estimates
indicate a pooled prevalence of approximately 11.33% among
women of reproductive age.? The scale of the problem is
further highlighted by broader regional trends in South Asia,
which saw a 246% increase in prevalence between 1990 and
2021 and the highest increase in incidence rates globally.?

PCOS is primarily diagnosed using three major sets of criteria
that have evolved to standardize the identification of the
disorder: (1) National Institutes of Health (NIH) Criteria (1990)
was established as the first formal criteria for the syndrome.
The NIH criteria require the presence of clinical and/or
biochemical signs of hyperandrogenism and ovulatory
dysfunction in the form of irregular or absent menstruation.?
(2) The Rotterdam criteria are currently the most widely
used criteria in clinical research and diagnosis. A diagnosis
under this framework requires the presence of at least two
of the following three conditions: a) oligo-anovulation or
anovulation, b) clinical or biochemical hyperandrogenism,
and ¢) polycystic ovaries defined via ultrasonography as
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the presence of 12 or more follicles measuring 2-9 mm in
each ovary or an increased ovarian volume of more than
10 ml.* 3) The Androgen Excess Society (AES) Criteria
(2006) identifies PCOS as a predominantly hyperandrogenic
syndrome. It requires the presence of clinical or biochemical
hyperandrogenism in combination with either oligo/
anovulation or polycystic ovaries.’

Patients with PCOS are characterized by hyperandrogenemia
in the form of hirsutism, acne, androgenic alopecia, or
biochemical evidence of increased testosterone and
androstenedione levels; menstrual irregularities, including
oligomenorrhea or amenorrhea; and polycystic ovaries
on ultrasonography.® In addition, a high percentage of
patients with PCOS also display insulin resistance, which
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Figure 1: Mechanistic framework linking neuroendocrine and metabolic
dysregulation to neurocognitive decline in PCOS

leads to an increased risk of diabetes mellitus (DM). This
unfavorable metabolic profile is the main pathogenic factor
responsible for hyperandrogenism, characterized by elevated
testosterone levels, slightly elevated estrogen levels, and
other metabolic manifestations observed in patients with
PCOS.%7 In addition to endocrine abnormalities, cognitive
function is impaired in patients with PCOS, partly because
of hyperandrogenism and hyperestrogenism.®*

Cognitive functioning comprises multiple domains, including
memory, executive functioning, working memory (WM)
capacity, attention, perception, and language.'® There is
abundant evidence that sex steroid hormones exert profound
effects on brain activity by interacting with receptors in
brain regions that are critical for cognitive functions.!
Sexual dimorphism in cognitive task performance has
been well documented. Women typically demonstrate
higher proficiency in verbal recall, fine motor coordination,
and perceptual precision, whereas men tend to show a
comparative advantage in visuospatial orientation and
mathematical problem-solving.'*"" Therefore, in PCOS, the
characteristic state of hyperandrogenism, often compounded
by insulin resistance, disrupts the delicate hormonal milieu
of the brain and predisposes patients with PCOS to cognitive
deficits (Figure 1).

Guoqing et al. showed that postmenopausal women with
PCOS had a significantly higher prevalence of cerebral
infarction and white matter lesions than healthy controls.'®
Another study by Rees et al. using diffusion tensor magnetic
resonance imaging (DTI) showed a widespread reduction in
axial white matter fibers in the corpus callosum in women
with PCOS compared to healthy controls.'”” Cognitive

performance was also poorer in the PCOS group than in
the control group. Using functional magnetic resonance
imaging (fMRI), Lai et al. demonstrated altered functional
connectivity in certain brain regions, such as the prefrontal
cortex, which is responsible for visuospatial working memory
and episodic memory, in patients with PCOS compared with
healthy controls.?’ Accordingly, multiple studies have shown
reduced visuospatial ability in women with PCOS compared
to healthy controls.?" 2

Castellano et al. demonstrated that women with PCOS had a
10 to 17% lower brain volume, particularly in the frontal and
parietal cortices, than that of the control group (23). These
women also had significantly lower cerebral metabolic rates
of glucose in these brain areas. However, compared to the
control group, the PCOS group did not show any significant
cognitive impairment.?® Similarly, Soleman et al. (24) showed
that women with PCOS used more neural resources during
a working memory task than those in the control group.
Using functional magnetic resonance imaging (fMRI), the
study showed increased activation of the right superior and
inferior parietal lobes in women with PCOS compared with
the control group during a working memory task. However,
task performance in terms of speed and accuracy was similar
between the PCOS and control groups.?*

Based on the aforementioned studies, it is speculated
that abnormal gonadal hormone levels and metabolic
abnormalities in PCOS may serve as precursors to altered
neurophysiology, ultimately contributing to cognitive deficits
in the patient population. Therefore, this mini-review aims
to consolidate the available information on the cognitive
profiles of women with PCOS.

METHODOLOGY

This review explored the status of cognitive function in
women with PCOS. An electronic literature search was
conducted independently by two authors using the Web
of Science, Scopus, and PubMed databases. The keywords
used in the search strategies were “polycystic ovarian
syndrome,” “polycystic ovary syndrome,” “PCOS,” “Stein-
Leventhal Syndrome,” “cognition,” “cognitive function,
“neurocognition,” “cognitive impairment,” and “cognitive
performance,” with Boolean operators to refine and broaden
the search scope. This review included all published articles
from 2005 to February 2023.

Studies were included if they explicitly examined cognitive
domains (e.g., executive function, working memory,
attention, visuospatial ability, verbal memory/fluency) or
neural correlates (e.g., fMRI, DTI, structural MRI) in women
diagnosed with PCOS. Human clinical trials, cross-sectional
studies, case-control studies, and randomized controlled
trials (RCTs) were included in the review. To filter our search
results, the exclusion criteria were: (i) studies not written in
English, (i) exclusive of animal studies, and (iii) those lacking
a clear finding related to the cognitive functions of women
with PCOS.

I/ ”
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The initial screening was performed by evaluating the titles
and abstracts of the studies to eliminate duplicates and
irrelevant literature. Subsequently, a full-text screening was
conducted based on the inclusion and exclusion criteria of
this review. Based on the above criteria, 11 unique primary
articles met the specific keywords, search parameters, and
eligibility boundaries.

The findings of the selected studies were organized to provide
an overview of the existing evidence. This organization
includes an analysis of patterns and discrepancies in results
to understand the current status of cognition in patients
with PCOS.

Hormones and PCOS

PCOS is a disease with a complex pathophysiology and
unknown etiology. The three primary hormones most
strongly linked to the development of PCOS are elevated
androgen, estrogen, and anti-Miillerian hormone (AMH).?
Hyperandrogenism (higher testosterone) is often driven by
a disruption in the hypothalamus—pituitary—ovarian axis
signaling process and abnormal gonadotropin-releasing
hormone (GnRH) regulation. This leads to abnormal GnRH
pulsatility and an elevated LH-to-FSH ratio, ultimately
stimulating the ovaries to overproduce testosterone (Figure
1). Abnormalities in reproductive hormones, such as LH and
FSH, with an increased ratio of LH and FSH, and decreased
FSH production, are key features in patients with PCOS.%6
Another cause could be the intrinsic dysfunction of theca
cells or diminished cortisol secretion. Increased LH drives
theca cells in the ovaries to produce androgens; however,
decreased FSH concentrations and insufficient conversion of
androgens to estradiol result in failure to select a dominant
follicle and chronic anovulation. This phenomenon typically
results in polycystic morphology in the ovaries.?’” This is due
to decreased cortisol hypothalamic adrenocorticotropic
hormone levels, stimulation of adrenal steroidogenesis, and
adrenal hyperandrogenism.?

Anti-Mullerian hormone (AMH) levels are higher in patients
with newly diagnosed PCOS than in healthy women of the
same age.?® Although elevated AMH levels correlate with
the presence of positive preantral and small antral follicles
in the ovaries, the exact etiology of higher AMH levels in
PCOS remains unknown. However, in patients with PCOS, a
positive correlation exists between androgen levels and AMH
expression, suggesting that high testosterone levels may
drive excessive follicle production, which is a characteristic
of this syndrome.?*

Insulin resistance and hyperglycemia are other important
players in the pathogenesis of PCOS, particularly in obesity-
associated PCOS. Regardless of the degree of obesity or
androgen levels, women with PCOS exhibit intrinsic insulin
resistance. Due to insulin resistance, increased pancreatic
insulin secretion directly stimulates the pituitary gland to
release excess luteinizing hormone (LH). This surge in LH,
combined with insulin’s effect on the ovaries, drives excess

androgen secretion and affects folliculogenesis in the ovaries.
Elevated insulin and androgen (testosterone) levels inhibit
the secretion of sex hormone-binding globulin (SHBG).
This decrease in SHBG increases the levels of bioactive free
androgens, which are key hormones in the pathophysiology
of PCOS.”’

Neurocognition in PCOS: Current Evidence

Women with PCOS demonstrate significantly lower cognitive
performance in areas such as executive functioning,
attention, and visual-spatial ability compared to healthy
women without PCOS (Table 1).2° Recent evidence has shown
that women with PCOS are less accurate in facial emotion
recognition, particularly fear and disgust, than women
without PCOS.*!

Barnard et al. (8) conducted a large internet-based study on
right-handed women with PCOS (no anti-androgen group, n
=112; age, 30 £ 6.4 years, and anti-androgen therapy group,
n =109; age, 19 + 5.6 years) and demonstrated that women
with PCOS had impaired performance in comparison to
the control group on various male-favoring visuo-spatial
tasks, especially in speed and accuracy on word recognition
tasks.® In addition, they did not find any differences in the
mental rotation test and spatial location tasks between
the PCOS and control groups. Therefore, this study did not
support the hypothesis that women with PCOS would excel
at sexually dimorphic ‘male-favoring’ cognitive functioning
tasks because of hyperandrogenism in PCOS. Sukhapure
et al. (32) also demonstrated that higher free testosterone
levels in women with PCOS (n =81, age 18.7 + 7.4 years) were
significantly correlated with impaired cognitive function,
specifically in the domains of psychomotor speed and
visuospatial learning.3? Surprisingly, this finding did not
support the notion that the PCOS group would outperform
the control group in male-favoring tasks. A substantial
threshold shift in testosterone levels may be required to
exert a measurable impact on spatial cognition in women
of reproductive age.>?

However, Schattmann and Sherwin (33) found no statistically
significant differences in performance between the PCOS (n =
22,age 27.7 £ 5.5 years) and control groups (n =29, age 26.0
+ 6.0 years) in males, favoring visuospatial tasks such as the
mental rotation task (p = 0.04), although the performance of
the PCOS group was worse than that of the control group.>
However, they also found a statistically significant differencein
performance between the PCOS and control groups (p < 0.05)
on the backward portion of the Block Tapping task, which is
a male-favoring task in the working memory domain.?*
Moreover, they found that elevated free testosterone levels
in PCOS are also detrimental to female-favoring tasks, such
as verbal fluency, verbal memory, and manual dexterity, as
shown by multiple previous studies.>* Mehrabadi et al. (30)
assessed cognitive performance using the Montreal Cognitive
Assessment (MoCA) and demonstrated that women with
PCOS (n = 53, age 28.4 + 6.2 years) had significantly poorer
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cognitive performance in executive function, attention, and
visual-spatial abilities compared to healthy controls (n = 50,
age 29.9 + 6.2years).>°

To investigate the effect of pharmacological manipulation
of free testosterone on cognition in women with PCOS,
Schattmann and Sherwin (35) conducted a randomized
placebo-controlled trial on 19 women with PCOS. The women
were randomly allocated to the hormone group (HRM) and
placebo (PL) group (HRM; n = 8, with cyproterone acetate +
estrogen and PL; n = 11) groups.> However, the study found
that although hormonal treatment (cyproterone acetate +
estrogen) in the HRM group (age 29.3 + 5.6 years) caused
a substantial decline in unbound testosterone levels, it did
not affect cognitive performance, suggesting that changes
in free testosterone did not impact cognitive performance
in patients with PCOS. However, Franik et al. reported that
higher free testosterone levels were correlated with better
verbal psychomotor speed in women with PCOS (n = 55,
age 17-30). However, they also noted a positive correlation
between androstenedione and worse executive functioning
scores in women with PCOS.®

In a recent study, Sukhapure et al. showed that when women
with PCOS (mean age = 29.2 years) were treated with various
medications, predominantly spironolactone (n =22) and oral
contraceptives (n = 16), there was a significant improvement
in depression and anxiety symptomes, although the cognitive
function improvement was not significant in comparison to
the control group.’” However, a previous study by Soleman
et al. (24) demonstrated that treatment with cyproterone
acetate + estrogen in patients with PCOS (n = 14,age 29.3 +
5.6 years) caused a significant reduction in free testosterone
levels, and this reduction was associated with improved
performance in comparison to the control group (n = 20,
age 25.6 + 6.2 years).2* Similarly, Dinsdale et al. reported that
women with PCOS (n =123, age 26.8 + 4.6 years) treated with
antiandrogens (spironolactone) showed higher Reading the
Eyes in the Mind Task (RMET) scores than their unmedicated
counterparts, suggesting that hormonal treatment influences
social cognition.3®

In our recent study, we demonstrated that women with
PCOS (n = 35, age 21.1 + 4.2 years) treated with a combined
oral contraceptive (COC) containing levonorgestrel + ethinyl
estradiol showed significantly improved performance in
multiple cognitive domains, including working memory,
executive functions, and attention.3® However, the lack
of a control group in this study restricted our ability to
definitively attribute the observed cognitive differences to
the pathophysiology of PCOS alone.

The exact pathophysiology of cognitive impairment in
patients with PCOS remains unexplored. A recent study using
MRI revealed that resting-state brain activity and functional
connectivity in women with PCOS were aberrant compared
tothosein the control group, suggesting that these changes
might be linked to cognitive dysfunction.*® A decreased
amplitude of low-frequency fluctuation (ALFF) of the left

middle frontal gyrus (MFG) was related to poor executive
functions in patients with PCOS, and increased functional
connectivity between the left MFG and left inferior frontal
gyrus was positively correlated with serum testosterone
levels. The decrease in ALFF value in the left MFG might be a
neuropathological mechanism underlying impaired working
memory function in patients with PCOS.*°

DISCUSSION

Over the past decade, data have shown that patients with
PCOS have a high risk of cognitive dysfunction and mental
health conditions, particularly depression and anxiety, and
decreased quality of life (QoL). Standard clinical guidelines
primarily focus on oral contraceptive treatment (OCT) as
a first-line therapy for regulating hormonal imbalances.*'
However, OCT alone does not address cognitive impairment
or the mental health challenges faced by these patients.
Young women with PCOS continue to report mild-to-
moderate anxiety, psychological distress, and cognitive
difficulties that traditional pharmacological baseline
treatments fail to resolve.

The characteristic state of hyperandrogenism and insulin
resistance disrupts the brain’s delicate hormonal environment
in women with PCOS, and studies suggest that elevated free
testosterone levels may be detrimental to female-favoring
cognitive tasks, such as verbal memory and manual dexterity.
Imaging has revealed reduced brain volume in the frontal
and parietal cortices, widespread reductions in white
matter fiber density, and aberrant resting-state functional
connectivity associated with impaired executive function
in patients with PCOS. Obesity, which affects a substantial
subset of patients with PCOS, fundamentally amplifies their
metabolic and cognitive vulnerabilities. Excess visceral
adipose tissue undergoes structural remodeling, promoting
chronic, low-grade systemic inflammation characterized by
elevated circulating levels of pro-inflammatory cytokines.*
These peripheral inflammatory mediators can compromise
BBB integrity,** which is highly consistent with neuroimaging
studies demonstrating widespread white matter lesions and
reduced frontal-parietal volumes in metabolic-heavy PCOS
phenotypes.

While some studies have shown that anti-androgen
treatment or COC can improve cognitive domains, such
as working memory, attention, and social cognition, other
trials have found that reducing testosterone levels does
not always lead to measurable cognitive improvements.
Finally, while the exact pathophysiology remains under
investigation, the management of PCOS must evolve beyond
reproductive health to include the assessment and treatment
of neurocognitive and mental health symptoms of PCOS.
The existing data suffer from heterogeneity due to varying
cognitive assessment tools (e.g.,, MoCA, computer-based
tasks, Internet-based testing), heterogeneous diagnostic
criteria for PCOS, and small sample sizes. Future research
must employ long-term longitudinal tracking of adolescent
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and young adult PCOS cohorts from the initial diagnosis
onward. Moreover, establishing a standardized, consensus-
based neurocognitive battery tailored to endocrine-driven
phenotypes is essential to enable cross-study comparisons
and meta-analyses. Given the mixed cognitive outcomes
observed with traditional oral contraceptive therapies and
anti-androgens, future RCTs must be rigorously designed
with cognitive performance as a primary or secondary
endpoint. Patients should be stratified by distinct PCOS
phenotypes (e.g., hyperandrogenic vs. metabolic/insulin-
resistant) to evaluate whether insulin-sensitizing agents
yield superior neurocognitive recovery compared to or in
combination with anti-androgen regimens.

CONCLUSION

Accumulating evidence established over the past decade
confirms that PCOS is a complex, multi-system disorder
whose manifestations extend far beyond traditional
reproductive and metabolic boundaries into the domain
of neurocognitive health. Women with PCOS consistently
demonstrate significantly lower performance across vital
cognitive domains, including executive functioning,
attention, visuospatial ability, working memory, and
verbal memory. Rather than conferring a “male-favoring”
cognitive advantage due to hyperandrogenism, the
disruption of the central hormonal and metabolic milieu by
elevated free testosterone and intrinsic insulin resistance
acts as a distinct neuropathological stressor in women
with PCOS. While therapeutic interventions such as COC
and anti-androgens successfully downregulate circulating
free testosterone, their ability to reverse cognitive
deficits remains inconsistent and mixed across clinical
trials. Consequently, standard clinical paradigms must
rapidly evolve beyond an exclusive focus on metabolic
and reproductive health to systematically incorporate
neurocognitive and psychological assessments.
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