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ABSTRACT

Background: The management approaches for polycystic ovary syndrome (PCOS) vary between lean and
overweight patients which led to this research investigating clinical and endocrine differences among lean
and obese/ overweight PCOS individuals. Objective was to evaluate the clinical and hormonal differences be-
tween obese/ overweight and lean phenotypes of women with PCOS.

Methods and Materials: The study executed between January 2021 and March 2022 at B M Patil Medical Col-
lege and Hospital in Vijayapur, included 77 women aged 21-35 who met the Rotterdam criteria for PCOS di-
agnosis. Participants were dichotomized as lean (<23 kg/m?) or obese/ overweight (>23 kg/m?), with the so-
ciodemographic information collected as well as clinical assessments and hormone measurements.

Results: The 77 participants comprised 33 lean and 44 obese/ overweight individuals. Lean women experi-
enced more irregular menstrual cycles, while obese/overweight women had higher rates of dysmenorrhea.
Waist-hip ratios differed significantly, with 60.6% of lean women having a ratio <0.8 and 86.4% of obese/
overweight women exceeding 0.8. Hirsutism and acne were more prevalent in obese/ overweight individuals,
with statistical significance. Lean women had higher proportion of elevated free testosterone levels
(>6.3pg/mL) at 39% compared to 22.7% of obese/overweight women had a higher proportion. Obese/ over-
weight women had a higher proportion of LH: FSH ratios 21(59.1%) compared to lean participants (45.5%).

Conclusion: The findings highlight the clinical and hormonal disparities between lean and obese/overweight
PCOS patients, underscoring the importance of BMI in PCOS management. Limitations include the small size
and lack of multivariate analysis, which may affect generalizability and control for confounding variables.

Keywords: PCOS, Obesity, Lean, Clinical Parameters, BMI, Testosterone

ARTICLE INFO

Financial Support: This work obtained support from BLDE Deemed to be University through Grant No. 439485
which was issued on 31/03/2023.

Conflict of Interest: The authors have declared that no conflict of interests exists.
Received: 14-09-2025, Accepted: 18-10-2025, Published: 01-12-2025
*Correspondence: Soujanya ] Pujar (Email: jpsoujanyal41@gmail.com)

How to cite this article: Pujar S], Patil N. Obesity-Driven Variations in Endocrine Profiles among Polycystic Ovarian Syn-
drome Phenotypes in A Cross-Sectional Epidemiologic Study: Obesity and Metabolic Variations in PCOS. Natl ] Community
Med 2025;16(12):1181-1187. DOI: 10.55489/njcm.161220256014

Copy Right: The Authors retain the copyrights of this article, with first publication rights granted to Medsci Publications.

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-Share Alike
(CC BY-SA) 4.0 License, which allows others to remix, adapt, and build upon the work commercially, as long as appropriate
credit is given, and the new creations are licensed under the identical terms.

www.njcmindia.com |pISSN: 0976-3325 | elSSN: 2229-6816 | Published by Medsci Publications

@2025 National Journal of Community Medicine | Volume 16 | Issue 12 | December 2025 Page 1181




INTRODUCTION

Polycystic ovarian syndrome (PCOS) is the one of the
most prevalent endocrinopathies, affects 6.5-8% of
women.! The association between obesity, hirsutism,
amenorrhea and polycystic ovaries was first de-
scribed by Stein and Leventhal in 1935.2

According to the 2003 consensus meeting of ESHRE
and ASRM in Rotterdam, a diagnosis of PCOS re-
quires at least two of the following three criteria- (a)
oligo/ anovulation (b) polycystic ovaries on USG, and
(c) hyperandrogenism (HA). A polycystic ovary is
currently defined as having 12 or more follicles that
are 2-9mm in size or an ovarian volume greater than
10cm.3 These criteria have since been widely adopt-
ed and validated in clinical and research settings,
forming the cornerstone of PCOS diagnosis globally.

The PCOS is an oligogenic condition with diverse
clinical and biochemical phenotypes, determined by
complex interplay of genetic and environmental fac-
tors.* Primary abnormalities in insulin resistance;
ovarian function and the hypothalamic pituitary axis
are all part of the pathogenesis of PCOS.5 Insulin re-
sistances contribute to metabolic dysfunction, while
hyperandrogenism promotes adipose tissue accumu-
lation and dysfunction, leading to oxidative stress.
This syndrome exhibits the full clinical spectrum,
combining metabolic disturbances with reproductive
and psychological dysfunctions concurrently.”

PCOS is associated with ovulatory dysfunction, men-
strual irregularities while also causing infertility and
insulin resistance. The presentation of symptoms en-
compasses acne development alongside hirsutism
and weight gain.? Progression of PCOS can is associ-
ated with long term health complications such as
obesity, Type 2 diabetes, endometrial cancer, elevat-
ed cholesterol levels and heart diseases.?

Between 25% and 70% of women with PCOS are
obese/ overweight, yet many affected individuals
have normal BMI values (<25 kg/m?). The elements
involved create intricate obstacles for developing ef-
fective diagnostic and treatment approaches.10

Although obesity is a well-established contributor to
adverse outcomes in PCOS, emerging evidence sug-
gest that South Asian women may exhibit significant
metabolic risks even at lower BMI thresholds. Wom-
en often exhibit disproportionately high levels of vis-
ceral adipose tissue even in the absence of obesity, a
condition frequently accompanied by elevated insu-
lin resistance. This distinct metabolic profile charac-
terized by excess visceral fat and impaired insulin
sensitivity despite a normal BMI significantly in-
creases their vulnerability to cardio metabolic disor-
ders such as type 2 diabetes, hypertension, and
dyslipidemia.l! This raises the possibility that lean
women with PCOS may also be prone to significant
metabolic and hormonal risks, which could be over-
looked if clinical attention focuses predominantly on
obesity.
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This cross-sectional study was designed to compare
the clinical and endocrinological profiles of lean and
obese/ overweight women with PCOS in Indian pop-
ulation. We hypothesize that BMI influences the clin-
ical and metabolic presentation of PCOS with distinct
differences between obese and lean phenotypes.
Specifically, we expect that lean PCOS women may
show higher androgen levels due to reduced adipose
tissue buffering, while overweight/ obese women
may exhibit more pronounced clinical signs of hy-
perandrogenism. Clarifying these BMI related varia-
tions is important for developing phenotype-specific
diagnostic and management strategies in PCOS par-
ticularly among the South Asian Population.

METHODOLOGY

Study design and setting: The hospital-based ob-
servational case control study was conducted at the
Gynecology OPD at B M Patil Medical College, Hospi-
tal and research Centre in Vijayapur, Karnataka, In-
dia from January 2021 and March 2022. The study
was the hospital based observational case control
study conducted over a one-year period. The study
was approved by the Institutional Ethical Committee
(IEC no. BMPRC/IEC/2020/45, dated 15/12/2020),
and informed written consent was obtained from all
participants.

Sample size calculation: The sample size was esti-
mated using the formula of comparing proportions
between two independent groups:

n=((Zi-as2 +Z1-p)* - [A(A = P11) + P (1= P)]/ (P — P)?

Where, Zi-«/2=- 1.96 standard normal deviate corre-
sponds to a 95% confidence level, an alpha of 0.05,
Zp: for 80% power, p1 and pz are based on prior study
by Carmina et al (2022)'2; p1-p2: expected difference
of 20% in prevalence of PCOS.

Based on this assumption, the minimum required
sample size was 36 participants per group. Account-
ing for an anticipated 10% dropouts, a total 77 wom-
en were included in the study.

Study participants: A total of 77 women aged 21-35
years, who attended the Gynecology OPD were the
study participants. Women who met Rotterdam cri-
teria for PCOS were eligible; those outside the age
range, unwilling to participate, or with known causes
of hyperandrogenism (HA), primary hypothalamic
amenorrhea, primary ovarian failure, thyroid disease
or prolactin disorders were excluded.

Data collection and tools: The socio-demographic
survey included age, education, occupation, and resi-
dence and subsequently included a clinical examina-
tion for height, weight, and BMI. Participants were
categorized into two groups based on BMI as per
WHO Asia- Pacific Guidelines: Group [ (Obese
/overweight) with BMI >23 kg/m? and Group II
(normal weight and lean) with BMI of <23kg/m?2.13
Overweight and obese participants were analyzed as
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a combined group. Menstrual history was document-
ed. Oligo- or an ovulation was defined as a cycle
length exceeding of 35 days or less than 8 cycles per
year or absence of menstruation for more than 3
months. Dysmenorrhoea was recorded as self- re-
ported moderate to severe pelvic pain during men-
struation. Menstrual flow was classified based on
volume and pad using pictorial blood loss assess-
ment chart as follows, heavy flow was defined as
>80mL or cycle or saturation of a pad for every 1-2
hours; moderate flow as 40-80mL or cycle or satura-
tion of a pad for every 3-4 hours; and scanty flow as
<40mL or cycle or saturation of a pad for 6 hours or
longer. Waist circumference (WC) and hip circum-
ference (HC) were both measured by the researcher
using an inch tape. Waist circumference was meas-
ured in the horizontal plane between the lower mar-
gin of the last rib and the iliac crest yielding a value
to the nearest 0.1 cm. The measurement of hip cir-
cumference (HC) was taken at the widest part of the
participant’s buttocks. This standard approach was
used to minimize measurement bias. The waist to hip
ratio (WHR) was calculated by dividing WC by HC
and an abnormal ratio was accepted above 0.8. Pres-
ence of acne, hirsutism, and acanthosis nigricans
were observed as clinical signs of hyperandrogen-
ism. The diagnosis of acne was established with the
presence of comedones, papules, nodules, cysts, and
scarring. Modified Ferriman-Gallwey score was used
to grade terminal hair growth across 9 androgen
sensitive areas of the body.1* The participants with
score of = 8 were considered as clinically hirsute.

The hormonal assessment included measurement of
serum levels of LH, FSH, prolactin and free testos-
terone. Blood samples were collected in the morning
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after an overnight fast, preferably on cycle’s days 2
or 3 or on any day for ammenorrheic participants.
Hormone levels were analyzed using chemilumines-
cent immunoassay (CLIA) on the Abbott Architect
i2000SR platform. The intra-assay coefficient of vari-
ation (CV) was maintained below 5%, and inter-
assay CV below 10%, ensuring analytical precision.
Reference ranges used for interpretation were: LH
(2-12 1U/L), TSH (0.4-4.0 IU/ mL), prolactin (5-25
IU/L), and free testosterone (0.5-2.5pg/mL), con-
sistent with clinical standards.

Statistical analysis: The collected data was analysed
through SPSS version 20 and the results appeared as
frequencies as well as percentages and mean #*
standard deviation. They analyzed data using Stu-
dent’s t-test for continuous variables together with
chi-squared test for categorical data with p values
less than 0.05 deemed significant.

Approval of Institutional Ethical Review Board:
This study was done in accordance with Declaration
of Helsinki and approved by Institutional Ethical
Committee at (Ref no: BLDE (DU)/IEC/584/2021-
22) at BLDE (DU) Shri B M Patil Medical College,
Hospital, and Research Centre, Vijayapur.

RESULTS

Across all participants (n=77), the mean age was
25.27 + 2.92 years, mean BMI was 24.8 * 4.2 kg/m?,
mean waist- hip ratio was 0.84 + 0.09, and mean pro-
lactin level was 312.4 + 98.7 ng / mL 0.15, mean TSH
was 2.93 £1.08 mIU/L, 0.69, mean free testosterone
was 3.12 + 1.64 pg/mL, 0.04, and mean LH: FSH ratio
was 1.42 + 0.061, 0.03.

Table 1: The demographic profile of the study subjects

Parameters Lean (N=33) (%) Obese /overweight (N=44) (%) P value
Age in years (Mean SD) 25.33+293 2592 +292 0.88
Residence
Rural 15(45.5) 22 (50.0) 0.69
Urban 18 (54.5) 22 (50.0)
Religion
Hindu 27 (81.8) 38 (86.4) 0.86
Muslim 4(12.1) 4(9.1)
Christian 2(6.1) 2 (4.5)
Education
High school 5(15.2) 6(13.6) 0.67
Degree 25 (75.8) 31(70.5)
PG 3(9.1) 7 (15.9)
Marital status
Married 22 (66.7) 26 (59.1) 0.49
Unmarried 11 (33.3) 18 (40.9)
Type of marriage
Consanguineous 9 (27.3) 15 (34.1) 0.40
Non consanguineous 13 (39.4) 11 (25.0)
Employment
House maker 19 (57.5) 28 (63.6) 0.66
Student 7 (21.2) 9 (20.5)
Working 7 (21.2) 8(18.2)
Diet
Mixed 9 (27.3) 13 (29.5) 0.82
Vegetarian 24 (72.7) 31 (70.5)
Note: * P value less than 0.05
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Table 2: Correlation of clinical profile and BMI (lean versus obese) in women with PCOS

Parameters Lean (N=33) (%) Obese /overweight (N=44) (%) P value
Menstrual Regularity
Irregular 27 (81.8) 32(72.7) 0.02"
Regular 6 (18.2) 12 (27.3)
Dysmenorrhea
No 18 (54.5) 15 (34.1) 0.07
Yes 15 (45.5) 29 (65.9)
Menstrual flow pattern
Heavy 7 (21.2) 8 (18.2) 0.71
Moderate 18 (54.5) 28 (63.6)
scanty 8 (24.2) 8(18.2)
Waist Hip Ratio
=or <0.8 20(60.6) 6(13.6) 0.001*
>0.8 13 (39.4) 38 (86.4)
Hirsutism
Grade-I 21 (63.6) 28 (63.6) 0.98
Grade-II 3(9.1) 4(9.1)
Grade-I1I 5(15.2) 8 (18.2)
Grade-IV 4(12.1) 4(9.09)
Acanthosis Nigerians
No 19 (57.6) 30 (68.2) 0.34
Yes 14 (42.4) 14 (31.8)
Acne
No 17 (51.5) 12 (27.3) 0.03
Yes 16 (48.5) 32 (72.7)

Note: * P <0.05, Statistically significant

Table 3: Correlation of endocrinal profile and BMI (lean versus Obese/ Overweight) in women with

PCOS

Hormones Lean (33) (mean * SD) Obese/ Overweight (44) p- value
Prolactin (ng/mL) 287.6+112.3 3124 +98.7 0.15
TSH (mIU/L) 2.81+1.12 2.93+1.08 0.69
Free Testosterone (pg/mL) 4.21+1.76 312+ 1.64 0.04"
LH: FSH ratio 1.18 +0.52 142 +0.61 0.03*

Note: * Significant at p < 0.05; TSH- Thyroid Stimulating Hormone; LH- Luteinizing Hormone; FSH- Follicle Stimulating Hormone

Table 4: Multivariate logistic regression analysis of predictors of Obese/ Overweight status in women

with PCOS

Predictor 0dds Ratio (OR) 95% of CI P value
Age 0.97 0.85-1.11 0.65
Irregular menstrual cycle 1.42 0.55- 3.65 0.47
Dysmenorrhoea 2.18 0.89- 5.34 0.09
Waist- Hip ratio 6.75 2.45-18.6 <0.001"
Acne 2.65 1.05- 6.68 0.04"
Prolactin (ng/mL) 1.03 1.01- 1.06 0.01"
LH: FSH ratio 1.88 0.74-4.76 0.19
Free Testosterone (pg/mL) 0.72 0.28 1.85 0.49

Note: *Significant at p < 0.05; CI- Confidence Interval

Participant characteristics: A total of 77 women
with PCOS records, 33 were categorized as lean PCOS
(BMI<23 kg/m?) and 44 as obese/ overweight
(BMI>23 kg/m2). As shown in Table 1. The majority
of the participants in both groups were Hindu, col-
lege- educated, married, and homemakers, with a
balanced rural - urban distribution. None of these
demographic variables differed significantly

Correlation between clinical characteristics and
BMI (lean versus obese/ overweight) in women
with PCOS: In the current research, lean subjects
presented with a greater frequency of irregular men-
strual cycles (81.8%) than obese/ overweight sub-
jects (72.7%), with a statistically significant differ-
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ence (p = 0.02). Dysmenorrhea was more frequent in
obese/ overweight subjects (65.9%) than in lean
subjects (45.5%), although not statistically signifi-
cant (p = 0.07).

Waist-hip ratios were quite different between
groups: lean subjects mostly had ratios <0.8 (60.6%),
whereas obese/ overweight subjects had ratios >0.8
(86.4%) (p <0.01). Hirsutism was also quite differ-
ent, with more severe grades more prevalent in
those with obesity (p = 0.98). Acne prevalence was
greater in obese/ overweight subjects (72.7%) com-
pared to lean subjects (48.5%) (p = 0.03). The other
factors, including menstrual flow pattern and acan-
thosis nigricans, were not significantly different.
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Correlation between endocrine profile and BMI
(lean versus obese/ overweight) in women with
PCOS: Table no 3 illustrates that the lean and obese/
overweight participant’s exhibit differences in hor-
mone levels. Mean prolactin levels were significantly
higher in obese/ overweight (312.4 + 98.7 ng/mL)
compared to lean participants (287.6 * 112.3
ng/mL) (p= 0.15). Similarly, mean TSH levels were
elevated in obese/ overweight women (2.93 + 1.08 m
IU/L) versus lean (2.81+ 1.12 m IU/L) (p= 0.69). Free
testosterone levels were significantly higher in lean
participants (4.21 * 1.76 pg/mL) compared to
obese/ overweight (3.12 + 1.64 pg/mL) (p = 0.04).
The LH ratio was also significantly higher in the
obese/ overweight group (1.42 + 0.61) than in lean
participants (1.18 * 0.52) (p = 0.03), indicating a
greater degree of hormonal imbalance.

Independent predictor of obese/ overweight sta-
tus: Table 4 presents the results of a multivariate lo-
gistic regression analysis conducted to identify inde-
pendent predictors of obese/ overweight status
among women with PCOS. After adjusting for age,
three variables emerged as statistically significant:
waist-hip ratio >0.8(OR= 6.75, 95% CI: 2.45- 18.6, p
<0.001), acne presence of acne (OR= 2.65, 95% CI:
1.05-6.68, p= 0.04), and prolactin level (OR= 1.03,
95% CI: 1.01-1.06, p= 0.01) these findings suggests
that central obesity, acne, and elevated prolactin are
independently associated with the obese/ over-
weight PCOS phenotype. Other variables such as
dysmenorrhoea, LH: FSH ratio, free testosterone,
menstrual irregularity and age did not show signifi-
cant associations in the adjusted model.

DISCUSSION

Polycystic ovary syndrome is a common endocrine
disorder affecting 5% to 15% of among women of
childbearing age. Although gynaecological expertise
is essential for the management of PCOS, polycystic
ovaries seldom correlate with typical symptoms.
While its presentation varies, this case control study
exhibited hallmark symptoms such as irregular men-
ses, hirsutism, acne, and menstrual disturbances,
particularly among obese/overweight participants.
These findings are consistent with prior reports de-
scribing the clinical spectrum of PCOS manifesta-
tions.1> Consistent with our findings, previous stud-
ies have shown obesity and a tendency toward
weight gain are prevalent even among women with
normal BMI.16

Intermittent GnRH release from the hypothalamus
influences PCOS by modulating FSH and LH release,
which causes irregular follicular function. Androgen-
secreting cysts induce virilisation in females with
symptoms such as weight gain, hirsutism, and acne.1”
Lean PCOS subjects have characteristic metabolic
and neurologic features that are different from their
obese counterparts.18

In our study, 77 women with PCOS were enrolled
over one year, with 44 (57.1%) classified as obese/
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overweight (BMI >23 kg/m?) and 33 (42.8%) as lean
(BMI <23 kg/m)Z%.This distribution aligns with previ-
ous reports by SS Lim et al and Alvarez, who ob-
served increased PCOS prevalence among obese/
overweight women.19-20 Similarly Makhija N et al?!
(2023) reported a predominance of overweight /
obese women among PCOS cases, with 60% of their
cohort falling into higher BMI category. Their find-
ings also highlighted that obese participants exhibit-
ed clinical features such as hirsutism, acne and men-
strual irregularities.

However, unlike our study, Makhija N et al?! ob-
served a higher prevalence of menstrual irregulari-
ties among lean PCOS women, whereas we found it
more common among obese/ overweight PCOS
women. This discrepancy may be attributed to dif-
ferences in population characteristics, as their study
was conducted in a tertiary care centre in the centre
India, while this study was based in a regional hospi-
tal in south India. Additionally, variations in sample
size, diagnostic criteria application and hormonal as-
say methods may have influenced the clinical pat-
terns. These contrasts underscore the importance of
considering regional, methodological and demo-
graphical factors when interpreting PCOS pheno-
types.2!

Both lean and obese women participated, mostly
aged 21-25. Chi-square tests failed to show any sta-
tistically significant relationships between body type
and categorical variables among lean and obese par-
ticipants, mirroring the findings of Mohapatra
(2024).22

Irregular menstrual cycles were significantly more
frequent among lean participants (81.8%) compared
to the obese/ overweight (72.7%). McCartney and
Campbell (2020) suggest that this may reflect a dis-
tinct neuroendocrine dysfunction in lean PCOS wom-
en, where hypothalamic-pituitary axis distribution
plays a central role.23 In the absence of obesity-
related hyperinsulinemia, lean PCOS patients often
exhibit altered Gonadotrophin- Releasing Hormone
(GnRH) pulsatility, leading to increased luteinizing
hormone (LH) secretion and impaired follicular de-
velopment.2425 This dysregulation is compounded by
elevated Anti-Mullerian Hormone (AMH) level, which
have been shown to directly influence hypothalamic
neurons and further disrupt GnRH pulse genera-
tion.26 Together, these factors contribute to anovula-
tion and menstrual irregularity, particularly in lean
PCOS women where insulin mediated feedback is
less dominant. Similar findings were reported by
Liao B et al.2” The likelihood of acne occurrence was
found to be significantly related to BMI, with obese/
overweight participants being more disposed toward
these conditions (51.5% vs. 27.3%, p=.04), as ob-
served in Makhija N et al (2023).21 Further support-
ing this association, Benyaminpour and Sach-
mechi(2004) conducted a systematic review and
found that women with PCOS had a 1.6 fold in-
creased risk of acne compared to healthy controls,
with insulin resistance and hyperandrogenism iden-
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tified as key contributing factors.2® Hirsutism and
acanthosis were noticed among lean as well as
obese/ overweight PCOS subjects, with both 56
(70%) of obese/ overweight and 3 (15%) of lean
PCOS women exhibiting a WHR >0.85 (central obesi-
ty) according to Akshaya S (2016) et al.2?

The recent study suggested that obese/ overweight
PCOS women showed greater free testosterone and
LH ratio compared to lean women, validating the
findings of Kiddy DS et al3® (1990), Kumar N31
(2022), and Remsberg KE et al32 (2002). Interesting-
ly some studies have reported higher free testos-
terone levels in lean PCOS women, which may be at-
tributed to lower sex hormone- binding globulin
(SHBG) levels due to reduced peripheral conversion
of estrogens in adipose tissue, resulting in increased
bio available androgens. Additionally, obesity has
been shown to suppress LH pulsatility through lep-
tin- mediated hypothalamic feedback and chronic
low- grade inflammation, potentially altering the LH:
FSH ratio.33 Both the groups in this study showed
comparable levels of TSH and prolactin, aligning with
Nayak PK et al3* (2020). No such differences were
observed in this study.

These findings underscore the need for phenotype-
specific management strategies. Lean PCOS women
may require closer monitoring for hormonal imbal-
ances despite normal BMI, while obese /overweight
women may benefit from insulin-sensitizing thera-
pies and lifestyle interventions targeting adiposity. In
South Asian populations, where metabolic risk is ele-
vated even at lower BMI, screening lean women for
insulin resistance, lipid abnormalities, and cardio-
vascular risk is crucial.

LIMITATIONS

This study was limited its cross-sectional design,
which restricts casual inference. The sample size was
modest and drawn from a single centre, potentially
introducing selection bias. Confounding factors such
as diet, physical activity, and socioeconomic status
were not adjusted for. BMI, while widely used, dies
not capture body composition nuances such as vis-
ceral fat or lean mass.

CONCLUSION

Tailored management strategies based on BMI phe-
notypes are essential in addressing the diverse clini-
cal and hormonal presentations of PCOS. Lean wom-
en with PCOS may require more vigilant hormonal
monitoring, particularly for elevated free testos-
terone and menstrual irregularities, which may be
overlooked due to their normal BMI. Conversely,
obese /overweight women often present with more
pronounced clinical signs such as hirsutism, acne,
and dysmenorrhoea, necessitating interventions tar-
geting insulin resistance and adiposity. In South In-
dian populations, where metabolic risks manifest at
lower BMI thresholds, clinicians should adopt ethnic-
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ity- specific screening protocols to identify high risk
individuals regardless of weight status. These find-
ings support the need for phenotype- specific diag-
nostic and therapeutic approaches in PCOS, empha-
sizing the importance of individualized care beyond
BMI categorization.

FUTURE DIRECTIONS

Future research should include longitudinal studies
to tract hormonal and metabolic changes overtime,
incorporate genetic and epigenetic analysis, and use
advanced body composition metrics like DEXA, bi-
oimpedance etc. Expanding the sample to include di-
verse geographic and ethnic backgrounds will en-
hance generalizability.
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