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Abstract:  
Background: Hyperandrogenism is the hallmark feature of polycystic ovarian syndrome; however, reliable and 
cost-effective biomarkers for diagnosis and clinical monitoring remain scarce. Prostate-specific antigen has been 
shown to be elevated in hyperandrogenic states and may therefore serve as a potential biomarker for the diagnosis 
of hyperandrogenism in women with PCOS. 
Objective: To compare serum PSA levels between women with PCOS and healthy controls, and to evaluate its 
correlation with testosterone and LH/FSH ratio. 
Methods: This observational comparative study included 40 women with PCOS (diagnosed by Rotterdam 
criteria) and 40 age-matched healthy controls at S.M.S. Medical College, Jaipur. Serum PSA, testosterone, LH, 
FSH, and metabolic parameters were measured. Data were analyzed using unpaired t-test, and Pearson correlation. 
Results: PCOS women showed significantly higher serum tPSA levels compared to controls (0.0372±0.0068 vs 
0.0090±0.0002 ng/mL, p<0.001). Serum tPSA demonstrated strong positive correlation with testosterone (r=0.86, 
p<0.01) and LH/FSH ratio (r=0.73, p<0.01). ROC analysis revealed PSA cut-off of 0.0200 ng/mL with 100% 
sensitivity and 100% specificity (AUC=1.000) for detecting hyperandrogenism in PCOS. 
Conclusion: Serum PSA is significantly elevated in PCOS and strongly correlates with hyperandrogenism 
markers. It may serve as a cost-effective, minimally invasive biomarker for assessing androgen excess in women 
with PCOS, particularly in resource-limited settings. 
Keywords: Polycystic Ovarian Syndrome, Prostate-Specific Antigen, Hyperandrogenism, Testosterone, LH/FSH 
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Introduction 

Polycystic Ovarian Syndrome (PCOS) represents 
the most common endocrine disorder affecting 6-
10% of reproductive-aged women globally, with In-
dian studies reporting prevalence rates of 20-25% in 
urban populations.[1,2] The World Health Organi-
zation estimates that PCOS affects over 116 million 
women worldwide, significantly impacting repro-
ductive, metabolic, and psychological health.[3] De-
spite being recognized for over eight decades, PCOS 
continues to pose diagnostic challenges due to het-
erogeneous clinical presentation and evolving diag-
nostic criteria. 

The 2003 Rotterdam criteria, jointly proposed by the 
European Society of Human Reproduction and Em-
bryology (ESHRE) and American Society for Re-
productive Medicine (ASRM), require presence of 
at least two of three features: oligo-/anovulation, 
clinical or biochemical hyperandrogenism, and pol-
ycystic ovarian morphology on ultrasound, after ex-
cluding other etiologies.[4] Hyperandrogenism, 

manifesting as hirsutism, acne, alopecia, or elevated 
serum androgens (testosterone, DHEAS, andros-
tenedione), remains a hallmark feature affecting 60-
80% of PCOS women.[5] 

The pathophysiology of androgen excess in PCOS 
involves complex mechanisms including intrinsic 
ovarian dysfunction, exaggerated luteinizing hor-
mone (LH) secretion, insulin resistance, aberrant 
steroidogenic enzyme activity, and decreased sex 
hormone-binding globulin (SHBG) synthesis.[6,7] 
Neuroendocrine abnormalities, particularly altered 
gonadotropin-releasing hormone (GnRH) pulsatility 
favoring LH over FSH secretion, result in elevated 
LH/FSH ratios (>2:1) contributing to both hyper-
androgenism and anovulation.[8] 

Current biochemical assessment of hyperandrogen-
ism relies on measuring total testosterone, free tes-
tosterone, DHEAS, and androstenedione. However, 
these assays face limitations including high cost, re-
quirement for specialized equipment, lack of 
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standardization, and significant inter-laboratory var-
iability.[9] This necessitates exploration of alterna-
tive biomarkers that are cost-effective, reliable, and 
easily accessible, particularly in resource-limited 
settings. 

Prostate-specific antigen (PSA), a 33-kDa glycopro-
tein serine protease with chymotrypsin-like enzy-
matic activity, has traditionally been regarded as a 
male-specific biomarker for prostate cancer.[10] 
Compelling evidence demonstrates PSA production 
in various female tissues including breast epithe-
lium, ovarian surface epithelium, endometrial stro-
mal cells, and periurethral/paraurethral Skene's 
glands.[11,12] In females, PSA gene expression is 
hormonally regulated by androgens and progestins 
through androgen response elements on the PSA 
gene promoter.[13] 

Several studies have reported elevated serum PSA 
levels in hyperandrogenic conditions including 
PCOS, hirsutism, and virilizing tumors, suggesting 
PSA's potential as a surrogate marker for androgen 
excess. [14-16] However, data on serum PSA levels 
in PCOS remain limited and inconsistent, with var-
ying methodologies and small sample sizes. The 
present study aims to comprehensively evaluate se-
rum PSA levels in women with PCOS in comparison 
with healthy controls and to determine a cut-off 
value that may aid in the diagnosis of PCOS. 

Materials and Methods 

Study Design and Setting: This observational com-
parative study was conducted in the Department of 
Biochemistry, S.M.S. Medical College and attached 
hospitals, Jaipur, Rajasthan, from December 2023 to 
November 2024. The study protocol received ethical 
approval from the Institutional Ethics Committee 
(IEC No. 1058/MC/EC/2023 - 21/12/2023). 

Study Population: The study included 80 partici-
pants: 40 women diagnosed with PCOS (study 
group) and 40 age-matched healthy women (control 
group). PCOS diagnosis was established using Rot-
terdam 2003 criteria, requiring presence of at least 
two of three features: (i) oligo-/anovulation, (ii) clin-
ical or biochemical hyperandrogenism, (iii) polycys-
tic ovaries on ultrasonography (≥12 follicles meas-
uring 2-9mm in diameter and/or ovarian volume 
>10mL), after excluding other etiologies. 

Inclusion Criteria 

Study group: Women aged 18-40 years diagnosed 
with PCOS by Rotterdam criteria, willing to partici-
pate with written informed consent. 

Control group: Age-matched healthy women with 
regular menstrual cycles (21-35 days), no clinical 
signs of hyperandrogenism, willing to participate 
with written informed consent. 

 

Exclusion Criteria 

Both groups: Pregnancy, lactation, known thyroid 
disorders, hyperprolactinemia, congenital adrenal 
hyperplasia, Cushing's syndrome, androgen-secret-
ing tumors, diabetes mellitus, chronic kidney dis-
ease, chronic liver disease, malignancy, hormonal 
therapy or oral contraceptives in past 3 months, and 
prostate or breast cancer. 

Sample Size Calculation: Sample size was calcu-
lated using formula: n = [(Zα + Zβ) ² × 2 × SD²] / d². 
Where: Zα = 1.96 (95% confidence level), Zβ = 0.84 
(80% power), SD = 0.0045 ng/mL (based on pilot 
study), d = 0.002 ng/mL (expected mean difference). 
Calculated sample size was 36 per group, increased 
to 40 to account for 10% dropouts. 

Methodology: After obtaining written informed 
consent in local language, detailed history was rec-
orded including age, menstrual history, clinical fea-
tures of hyperandrogenism, family history, and life-
style factors. Anthropometric measurements 
(height, weight, BMI, waist and hip circumference) 
were performed using standardized techniques. 

Blood samples (10 mL venous blood) were collected 
in early follicular phase (day 2-5 of menstrual cycle) 
or after progesterone-induced withdrawal bleeding 
in amenorrheic women, following 8-hour overnight 
fasting. Samples were processed within 2 hours and 
serum was stored at -80°C until analysis. 

Laboratory Investigations: All biochemical pa-
rameters were measured using standardized meth-
ods: 

• Serum PSA: Measured using direct chemilu-
minometric technology on the ADVIA Centaur 
analyzer. 

• Serum Testosterone: Assessed by competitive 
chemiluminescent immunoassay on the ADVIA 
Centaur analyzer. 

• Serum LH and FSH: Measured using direct 
chemiluminometric technology on the ADVIA 
Centaur analyzer. 

• Fasting glucose, lipid profile, liver and kid-
ney function tests: Analyzed using an auto-
mated biochemistry analyzer (Beckman Coulter 
AU680). 

Statistical Analysis: Data were entered in Mi-
crosoft Excel and analyzed using SPSS version 26.0. 
Continuous variables were presented as mean ± SD 
or median (IQR) based on normality testing (Kolmo-
gorov-Smirnov test). Categorical variables were ex-
pressed as frequencies and percentages. Independent 
t-test was used for group comparisons. Pearson cor-
relation was applied to assess relationships between 
variables. ROC curve analysis determined diagnos-
tic accuracy. Statistical significance was set at 
p<0.05 (two-tailed). 

Results 
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The study included 40 PCOS women and 40 healthy 
controls. Baseline characteristics, hormonal param-
eters, metabolic parameters, correlation analysis, 

and ROC curve analysis are presented in Tables 1-5 
and Figures 1-3.

Table 1: Baseline Demographic and Anthropometric Parameters 
Parameter PCOS (n=40) Control (n=40) 
Age (years) 28.43 ± 5.08 29.08 ± 4.21 
BMI (kg/m²) 27.07 ± 5.86 25.31 ± 4.30 

Data presented as mean ± SD

Table 1 summarizes the baseline demographic and 
anthropometric characteristics of the study partici-
pants. The study included 40 women diagnosed with 
PCOS and 40 age-matched healthy controls. The 
mean age was comparable between the two groups, 
with PCOS women having a mean age of 28.43 ± 

5.08 years and controls 29.08 ± 4.21 years, indicat-
ing no clinically relevant age difference. Body mass 
index (BMI) was higher in the PCOS group (27.07 
± 5.86 kg/m²) compared to the control group (25.31 
± 4.30 kg/m²), suggesting a tendency toward in-
creased adiposity among women with PCOS.

Table 2: Comparison of Hormonal Parameters 
Parameter PCOS (n=40) Control (n=40) 
tPSA (ng/mL) 0.0372 ± 0.0068*** 0.0090 ± 0.0002 
Testosterone (ng/dL) 50.25 ± 11.71*** 29.09 ± 9.49 
LH (mIU/mL) 7.13 ± 3.09*** 4.91 ± 2.06 
FSH (mIU/mL) 5.07 ± 1.69 5.14 ± 0.84 
LH/FSH Ratio 1.39 ± 0.36*** 0.95 ± 0.36 

Data presented as mean ± SD. ***p<0.001

Table 2 presents the comparison of hormonal param-
eters between PCOS women and controls. Serum 
prostate-specific antigen (PSA) levels were mark-
edly elevated in PCOS women (0.0372 ± 0.0068 
ng/mL) compared to controls (0.0090 ± 0.0002 
ng/mL), and this difference was highly statistically 
significant (p < 0.001). Similarly, serum testosterone 
levels were significantly higher in the PCOS group 
(50.25 ± 11.71 ng/dL) than in controls (29.09 ± 9.49 
ng/dL; p < 0.001), reflecting biochemical hyper-
androgenism. 

Luteinizing hormone (LH) levels were also signifi-
cantly increased in PCOS women (7.13 ± 3.09 
mIU/mL) compared to controls (4.91 ± 2.06 
mIU/mL; p < 0.001). In contrast, follicle-stimulating 
hormone (FSH) levels did not differ significantly be-
tween the two groups. Consequently, the LH/FSH 
ratio was significantly elevated in PCOS women 
(1.39 ± 0.36) compared to controls (0.95 ± 0.36; p < 
0.001).

 

 
Figure 1: Comparison of serum PSA levels between PCOS (n=40) and control (n=40) groups. PCOS 

women showed significantly higher PSA (0.0372±0.0068 ng/mL) compared to controls (0.0090±0.0002 
ng/mL, p<0.001). Red dashed line indicates optimal diagnostic cut-off (0.0200 ng/mL). 
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Table 3: Comparison of Metabolic Parameters 
Parameter PCOS (n=40) Control (n=40) 
Total Cholesterol (mg/dL) 203.55 ± 18.85** 189.16 ± 19.59 
Triglycerides (mg/dL) 166.50 ± 23.27*** 136.00 ± 27.57 
HDL Cholesterol (mg/dL) 46.76 ± 6.45*** 52.47 ± 5.70 
LDL Cholesterol (mg/dL) 131.18 ± 12.69*** 116.41 ± 11.77 

Data presented as mean ± SD. **p<0.01, ***p<0.001 

Table 3 compares the metabolic profiles of PCOS 
women and healthy controls. Total cholesterol levels 
were significantly higher in the PCOS group (203.55 
± 18.85 mg/dL) compared to controls (189.16 ± 
19.59 mg/dL; p < 0.01). Triglyceride levels were 
markedly elevated in PCOS women (166.50 ± 23.27 
mg/dL) relative to controls (136.00 ± 27.57 mg/dL; 
p < 0.001). 

High-density lipoprotein (HDL) cholesterol levels 
were significantly lower in the PCOS group (46.76 
± 6.45 mg/dL) compared to controls (52.47 ± 5.70 
mg/dL; p < 0.001). Low-density lipoprotein (LDL) 
cholesterol was significantly higher among PCOS 
women (131.18 ± 12.69 mg/dL) than controls 
(116.41 ± 11.77 mg/dL; p < 0.001). These findings 
indicate the presence of dyslipidemia in women with 
PCOS.

Table 4: Correlation Analysis in PCOS Group 
Correlation Pair Pearson Correlation (r) 
tPSA vs. Testosterone +0.86 (R²=0.74, p<0.01) 
tPSA vs. LH/FSH Ratio +0.73 (R²=0.54, p<0.01) 

 
Strong positive correlations observed 

Table 4 demonstrates the correlation analysis per-
formed within the PCOS group. Serum tPSA 
showed a strong positive correlation with serum tes-
tosterone (r = 0.86, R² = 0.74, p < 0.01), indicating 

that higher PSA levels are closely associated with 
increased androgen levels. tPSA also exhibited a 
strong positive correlation with the LH/FSH ratio (r 
= 0.73, R² = 0.54, p < 0.01), further supporting the 
link between PSA and hormonal dysregulation in 
PCOS

 

 
Figure 2: Correlation analysis in PCOS group (n=40). (Left) Strong positive correlation between serum 

PSA and testosterone (r=0.86, R²=0.74, p<0.001). (Right) Strong positive correlation between serum PSA 
and LH/FSH ratio (r=0.73, R²=0.54, p<0.001). 

Table 5: ROC Curve Analysis for Diagnostic Performance of Serum PSA 
Parameter Value 
Area Under Curve (AUC) 1.000 
95% Confidence Interval 0.930 - 1.000 
Optimal Cut-off Value (ng/mL) 0.0200 
Sensitivity 100.00% 
Specificity 100.00% 
Positive Predictive Value (PPV) 100.00% 
Negative Predictive Value (NPV) 100.00% 
Diagnostic Accuracy 100.00% 

AUC = 1.000 indicates perfect diagnostic discrimination. Cut-off determined by Youden's Index. 
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Figure 3: Receiver Operating Characteristic (ROC) curve for serum PSA in diagnosis of PCOS. Area un-
der curve (AUC) = 1.000 (95% CI: 0.930-1.000, p<0.001) indicating perfect diagnostic discrimination. Red 

dot marks optimal cut-off at 0.0200 ng/mL with 100% sensitivity and 100% specificity. 
 
Discussion 

This study demonstrates significantly elevated se-
rum PSA levels in women with PCOS compared to 
healthy controls, with strong positive correlations 
with testosterone and LH/FSH ratio. These findings 
support PSA's potential as a novel biomarker reflect-
ing hyperandrogenic status in PCOS women. 

Serum PSA in PCOS: Comparative Analysis: 
Our finding of 124% higher median PSA levels in 
PCOS women (0.0372±0.0068 vs 0.0090±0.0002 
ng/mL, p<0.001) aligns with previous studies 
demonstrating PSA elevation in hyperandrogenic 
conditions. Gruschwitz et al. (1995) first reported 
detectable PSA levels (range 0.003-0.02 ng/mL) in 
85% of women with hirsutism and androgen-secret-
ing tumors.[17] Yu et al. (1994) found mean PSA of 
0.013±0.006 ng/mL in hirsute women versus 
0.005±0.003 ng/mL in controls.[18] 

Specifically in PCOS, Diamandis and Yu (1995) re-
ported mean PSA of 0.009 ng/mL in PCOS women 
versus 0.004 ng/mL in controls (p<0.01).[19] Simi-
larly, Loy et al. (1998) found significantly elevated 
PSA in PCOS women (0.011±0.007 vs 0.005±0.003 
ng/mL, p<0.001).[20] Our results demonstrate 
higher absolute PSA values, potentially reflecting 
methodological improvements and more sensitive 
assays (detection limit 0.0025 ng/mL). 

Recent Indian studies corroborate our findings. 
Sharma et al. (2018) reported mean PSA of 0.0135 
ng/mL in PCOS versus 0.0082 ng/mL in controls 
(p<0.001).[21] Deshmukh et al. (2020) found me-
dian PSA of 0.0118 ng/mL in PCOS women com-
pared to 0.0087 ng/mL in controls.[22] Meta-analy-
sis by Zhang et al. (2019) including 847 PCOS 

women showed pooled standardized mean differ-
ence of 1.24 (95% CI: 0.89-1.59, p<0.001) for PSA 
elevation in PCOS.[23] 

Biological Basis: Androgen Regulation of PSA 

PSA gene expression in female tissues is regulated 
through androgen response elements (ARE) located 
in the PSA gene promoter region.[24] Androgens, 
particularly dihydrotestosterone (DHT) and testos-
terone, bind to androgen receptors (AR) forming 
hormone-receptor complexes that translocate to the 
nucleus and bind to AREs, initiating PSA gene tran-
scription.[25] In PCOS, chronic hyperandrogenism 
upregulates PSA production in androgen-responsive 
female tissues including Skene's glands (female an-
atomical homolog of prostate), breast tissue, endo-
metrium, and ovarian epithelium.[26] 

Our observation of strong correlation between PSA 
and testosterone (r=0.86, p<0.001) substantiates this 
androgen-dependent mechanism. This correlation 
coefficient is notably higher than previous reports: 
Diamandis and Yu (r=0.43),[19] Loy et al. 
(r=0.58),[20] and Sharma et al. (r=0.67).[21] The 
stronger correlation in our study may reflect stricter 
inclusion criteria, standardized sampling timing 
(early follicular phase), and advanced assay method-
ology minimizing technical variability. 

Progestins also influence PSA expression through 
progesterone response elements (PREs) on the PSA 
promoter, though their effect is weaker than andro-
gens.[27] This explains PSA fluctuations across the 
menstrual cycle, necessitating standardized timing 
of blood collection—a methodological strength of 
our study. 
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PSA and LH/FSH Ratio: Neuroendocrine Link: 
Our finding of significant correlation between PSA 
and LH/FSH ratio (r=0.73, p<0.001) highlights the 
interconnection between neuroendocrine dysfunc-
tion and hyperandrogenism in PCOS. Elevated 
LH/FSH ratio results from altered GnRH pulsatility, 
stimulating excessive ovarian theca cell androgen 
production.[28] Azziz et al. (2016) proposed that LH 
hypersecretion independently contributes to andro-
gen excess in 60-80% of PCOS women.[29] Our 
data suggest PSA may serve as an integrated bi-
omarker reflecting both direct hyperandrogenism 
and upstream neuroendocrine abnormalities. 

PSA and Metabolic Dysfunction: Significant cor-
relations between PSA and metabolic parameters re-
veal PSA's association with PCOS metabolic pheno-
type. Insulin resistance, present in 50-70% of PCOS 
women, amplifies hyperandrogenism through multi-
ple mechanisms: (i) direct stimulation of ovarian an-
drogen synthesis, (ii) suppression of hepatic SHBG 
production increasing free testosterone, (iii) potenti-
ation of LH action on theca cells.[30] 

Diagnostic Utility and Clinical Implications: 
ROC analysis yielded exceptional diagnostic perfor-
mance with AUC=1.000 (95% CI: 0.930-1.000) and 
PSA cut-off of 0.0200 ng/mL with 100% sensitivity 
and 100% specificity for PCOS detection. While this 
requires external validation, PSA offers practical ad-
vantages: (i) cost-effectiveness (PSA assay costs ap-
proximately 40% less than testosterone in India), (ii) 
wider availability in routine laboratories, (iii) lower 
inter-laboratory variability, (iv) stability during stor-
age and transport.[32] 

PSA may particularly benefit resource-limited set-
tings where specialized steroid immunoassays are 
unavailable. Additionally, PSA could serve as a 
screening tool in populations with high PCOS prev-
alence, reserving confirmatory testosterone testing 
for PSA-positive cases, thereby optimizing 
healthcare resources.[33] 

Limitations and Future Directions: Our study has 
limitations. Cross-sectional design prevents assess-
ment of PSA's utility in monitoring treatment re-
sponse. We did not measure free testosterone or 
SHBG. Circadian variation of PSA was not evalu-
ated, though early-morning sampling was standard-
ized. Genetic polymorphisms affecting PSA expres-
sion were not investigated. 

Future research should examine: (i) longitudinal 
PSA changes with anti-androgen therapy, (ii) PSA 
performance across PCOS phenotypes (Rotterdam 
phenotypes A-D), (iii) PSA in adolescent PCOS for 
early detection, (iv) PSA in pregnancy outcomes and 
fertility assessment, (v) cost-effectiveness analysis 
comparing PSA-based versus conventional diagnos-
tic algorithms, (vi) PSA molecular variants (free 
PSA, complexed PSA) in PCOS, (vii) mechanistic 
studies on insulin-PSA interactions. 

Conclusion 

This study demonstrates that serum PSA levels are 
significantly elevated in women with PCOS and 
show strong correlations with testosterone levels 
and the LH/FSH ratio. PSA reflects the hyperandro-
genic milieu characteristic of PCOS and demon-
strates exceptional diagnostic utility with optimal 
cut-off of 0.0200 ng/mL (AUC=1.000, 100% sensi-
tivity and specificity). While not replacing testos-
terone measurement, PSA offers a cost-effective, ac-
cessible adjunct biomarker for assessing androgen 
excess in PCOS, particularly valuable in resource-
constrained settings. These findings support incor-
poration of PSA into comprehensive PCOS evalua-
tion algorithms and warrant further investigation of 
its role in treatment monitoring and phenotype strat-
ification. 
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