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Abstract

Background: Polycystic ovary syndrome (PCOS) is a prevalent endocrine disorder characterized by hyperandrog-
enism, anovulation, and metabolic disturbances. Dihydrotestosterone (DHT), a potent androgen formed via the
S5a-reductase pathway, may play a role in the clinical manifestations of PCOS. This study aimed to compare serum
DHT levels in women with PCOS versus healthy controls and to evaluate its diagnostic value. Methods: In this
case-control study, women aged 18-45 years were recruited from outpatient clinics at the Maysan Specialized
Surgical Hospital (Al-Amarah, Iraq). PCOS was diagnosed according to the Rotterdam criteria, while age-matched
healthy volunteers with regular menstrual cycles served as controls. All participants underwent comprehensive
clinical assessments, including anthropometric measurements. Fasting venous blood samples were collected be-
tween 8:00 and 10:00 AM, and serum was isolated for biochemical analysis. Serum DHT concentrations were
measured using a competitive ELISA. Statistical analyses, including group comparisons and receiver operating
characteristic (ROC) curve analysis, were performed using IBM SPSS Statistics. Results: Participants with PCOS
had significantly higher serum DHT levels (4256 * 233 ng/L) compared to controls (3776 + 186 ng/L, p < 0.001).
ROC curve analysis identified an optimal DHT cutoff value of approximately 408.3 ng/L, yielding a sensitivity
of 90% and specificity of 100% for PCOS diagnosis. Conclusion: Elevated serum DHT is a key feature of PCOS and
demonstrates excellent diagnostic accuracy. These findings support the clinical utility of DHT as a reliable bio-
marker for early PCOS detection and may facilitate targeted therapeutic interventions.
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Introduction

Polycystic ovary syndrome (PCOS) is one of the most
prevalent endocrine disorders affecting women of repro-
ductive age, with a multifaceted presentation that includes
hyperandrogenism, chronic anovulation, and polycystic ovar-
ian morphology [1]. Hyperandrogenism is a central feature
in PCOS and is typically assessed by measuring serum levels
of androgens such as total testosterone and free testoster-
one. However, dihydrotestosterone (DHT), a potent androgen
metabolite of testosterone, has garnered increasing interest
due to its higher affinity for androgen receptors and its signif-
icant biological activity [2].

DHT is formed from testosterone via the catalytic action
of the 5a-reductase enzyme. This conversion is critical be-
cause DHT is approximately 2-3 times more potent than tes-
tosterone in activating androgen receptors, thereby exerting
more pronounced effects on target tissues [3]. Clinically, ele-
vated DHT levels have been linked to manifestations such as
hirsutism, acne, and androgenic alopecia — symptoms that are
commonly observed in women with PCOS [4]. Despite these
observations, the specific role and diagnostic utility of DHT
in PCOS remain underexplored compared to other androgens.

The mechanisms leading to increased DHT levels in
PCOS are multifactorial. A dysregulated gonadotropin mi-
lieu — marked by an elevated luteinizing hormone (LH) to
follicle-stimulating hormone (FSH) ratio — stimulates ovarian
theca cells to enhance androgen production [4]. Furthermore,
insulin resistance and the resultant hyperinsulinemia, which
are common in PCOS, can amplify androgen synthesis by up-
regulating the activity of key steroidogenic enzymes, including
5a-reductase [5]. This hyperinsulinemic state not only accel-
erates the conversion of testosterone to DHT but also reduces
hepatic production of sex hormone-binding globulin (SHBG),
thereby increasing the levels of free and bioactive DHT.

Previous research in PCOS has predominantly focused
on total and free testosterone measurements, often neglect-
ing the potential diagnostic significance of DHT [6]. Given
the potent androgenic properties of DHT, its measurement
might provide a more sensitive indicator of hyperandrog-
enism. Emerging evidence suggests that DHT could serve
as a reliable biomarker, offering enhanced diagnostic preci-

sion in identifying PCOS compared to traditional androgen
assays [7]. Moreover, correlations between elevated DHT lev-
els and the severity of clinical hyperandrogenic symptoms un-
derscore its potential utility in both diagnosis and in assessing
disease severity.

The present study is designed to investigate the serum
DHT levels in women diagnosed with PCOS relative to healthy
controls, and to evaluate its diagnostic performance using
receiver operating characteristic (ROC) curve analysis. By fo-
cusing on DHT, we aim to clarify its contribution to the patho-
physiology of PCOS and to establish its potential role as a di-
agnostic biomarker. This focus is particularly timely given the
clinical challenges in diagnosing PCOS and the need for more
precise and reliable biomarkers that can guide therapeutic
strategies.

Materials and methods

Study design and ethical considerations

This case-control study was conducted at the Maysan
Child and Birth Hospital (Al-Amarah, Iraq) between Octo-
ber 8%, 2024 and January 31%, 2025. The study protocol was
approved by the Institutional Review Board (7-37-4480) and
adhered to the ethical principles outlined in the Declaration
of Helsinki [8]. All participants provided written informed con-
sent prior to enroliment.

Participant recruitment and election

Participants were recruited from the outpatient endo-
crinology and gynecology clinics at Maysan Child and Birth
Hospital. Women aged 18-45 years were considered for in-
clusion. PCOS diagnosis was made according to the Rotter-
dam criteria [9], which require the presence of at least two
of the following: oligo/anovulation, clinical and/or biochem-
ical hyperandrogenism, and polycystic ovarian morphology
on ultrasound. Controls were healthy volunteers with regular
menstrual cycles and no clinical signs of hyperandrogenism.
Exclusion criteria for all participants included the use of hor-
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monal medications within the preceding three months, preg-
nancy, and any diagnosed endocrine disorders (e.g. thyroid
dysfunction, hyperprolactinemia).

Clinical assessment and anthropometry

Participants underwent a detailed clinical evaluation that
included a structured interview and physical examination.
Anthropometric measurements were recorded following
standard protocols (Lohman et al., 1988) [10]. Height was
measured to the nearest 0.1 cm using a calibrated stadiome-
ter (Cat. No. ST-100, Seca GmbH, Germany), and body weight
was assessed using a digital scale (Cat. No. DS-200, Tanita Cor-
poration, Japan) to the nearest 0.1 kg. Body mass index (BMI)
was calculated as weight in kilograms divided by the square
of height in meters (kg/m?).

Sample collection and processing

Venous blood samples were collected between 8:00 and
10:00 AM after an overnight fast. Blood was drawn into plain
serum separator tubes (Vacutainer®, BD Biosciences, USA)
and allowed to clot at room temperature for 30 minutes.
Samples were then centrifuged at 3 000 rpm for 10 minutes,
and the serum was aliquoted into polypropylene tubes (Cat.
No. PP-500, Eppendorf, Germany). The serum samples were
immediately stored at —80°C until further analysis.

Biochemical measurements

Fasting blood glucose (FBG) was measured using the
glucose oxidase method on an automated analyzer (Bio Re-
search for Medical Diagnostics, Jordan). Serum insulin was
quantified via emiluminescent fluorescence immunoassay
on an automated analyzer (A. Menarini Diagnostics S.r.l., Italy),
and insulin resistance was evaluated using the Homeostatic
Model Assessment of Insulin Resistance (HOMA-IR) formula:

fasting insulin (ulU/ml) x fasting glucose (mg/dl)
405

Reproductive hormones (LH, FSH, testosterone, estradiol,
and progesterone) were measured by AFIAS-10 automated
fluorescence immunoassay system, on an automated ana-
lyzer (AFIAS-10, A. Menarini Diagnostics S.r.l., Italy), ensuring
intra- and inter-assay variability below 8% and 10%, respec-
tively. Serum epiregulin levels were quantified using a Human
Epiregulin ELISA Kit (R&D Systems, USA), following standard
ELISA procedures, with optical density measured at 450 nm
using a microplate reader (BioTek ELx800, Agilent, USA). Assay
sensitivity and variability were maintained as per manufactur-
er specifications and all samples were analyzed in duplicate,
with necessary dilutions for values exceeding the assay’s dy-
namic range.
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Statistical analysis

Data were analyzed using IBM SPSS Statistics version 25.0
(IBM Corp., USA). Continuous variables are reported as mean
+ standard deviation (SD), whereas the categorical variables
as frequencies and percentages. The normality of continuous
data was evaluated using the Shapiro-Wilk test. For normally
distributed data, group comparisons were performed using
the Student’s t-test; otherwise, the Mann-Whitney U test
was applied. Categorical data were compared using the Chi-
square test (x?). Receiver operating characteristic (ROC) curve
analysis was employed to assess the diagnostic performance
of serum DHT, with sensitivity, specificity, and the area under
the curve (AUC) reported. A p-value < 0.05 was considered
statistically significant.

Results and discussion

The demographic characteristics of the control and study
groups are summarized in Table 1. There was no statistically
significant difference between the PCOS and control groups
in terms of age or BMI. As shown in Table 2, menstrual
irregularity was significantly more prevalent among PCOS
patients, while marital status and history of PCOS showed
no significant difference between groups (Table 2). The hor-
monal profile comparisons significantly elevated levels of
LH, FSH, and prolactin in the PCOS group (Table 3). Notably, LH
levels were approximately threefold higher in PCOS patients.
Serum dihydrotestosterone (DHT) levels were significantly el-
evated in PCOS participants compared to controls (Table 4).
The diagnostic performance of DHT is presented in Table 5.
ROC analysis demonstrated a high sensitivity (86%) and per-
fect specificity (100%) at a DHT cutoff value of > 4084.3 ng/L.
The ROC curve shows excellent diagnostic accuracy (AUC =
93%, p < 0.001) (Figure 1).

In this study we aimed to evaluate the hormonal profile
of women with polycystic ovary syndrome (PCOS) compared
to controls and to evaluate the diagnostic utility of serum
dihydrotestosterone (DHT) in this population. Our findings
confirm the well-documented hyperandrogenic state in PCOS
and offer compelling evidence for the use of serum DHT
as a diagnostic biomarker.

Our demographic analysis revealed that the control and
PCOS groups were well-matched in terms of age and body
mass index (BMI), with mean values of 28.8 + 7.8 years versus
25.3 + 4.5 years and 27.4 + 3.6 kg/m? versus 28.1 + 4.8 kg/
m?, respectively. These findings are in line with previous re-
search that has shown minimal demographic differences be-
tween PCOS and non-PCOS cohorts when stringent inclusion
criteria are applied. However, the markedly higher prevalence
of menstrual irregularity in the PCOS group — where only 13%
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Table 1. Demographic characteristics of the control and PCOS groups

Control
n = 60

Characteristic

Age (years)

Mean £SD 28.8 £ 7.8 25.3 £ 4.5 0.09 (I, NS)

Range 18 - 45 18 - 36

BMI (kg/m?2)

Mean +SD 27.4 £ 3.6 28.1 + 4.8 0.43 (I, NS)

Range 20 - 36.7 22 - 46

| —independent samples t-test; NS — not significant; SD — standard deviation.
Statistical significance was indicated by ***p < 0.001.

Table 2. Menstrual cycle regularity, marital status and PCOS history in control and PCOS groups

Characteristic

Menstrual cycle

Regular, n (%) 51 (85%) 8 (13%) 61.6 < 0.001%*x*

Irregular, n (%) 9 (15%) 52 (87%)

Marital Status

Married, n (%) 37 (62%) 41 (68%) 0.5 0.4nNs

Not married, n (%) 23 (38%) 19 (32%)

History of PCOS

Positive, n (%) 16 (27%) 21 (35%) 0.97 0.3

Negative, n (%) 44 (73%) 39 (65%)

| —independent samples t-test; SD — standard deviation.
Statistical significance was indicated by ***p < 0.001.
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Table 3. Mean hormone levels in control and PCOS groups

Control

Characteristic n = 60

LH (mIU/ml)

Mean +SD 3.9 +1.09 11.8+ 5.8 < 0.001 (I¥**)

Range 1.9-6.3 1.5-36

FSH (mIU/ml)

Mean +SD 5.11 + 1.4 6.09 £ 2.2 0.03 (I*)

Range 2.2-7.8 1.5-12.1

Prolactin (ng/ml)

Mean = SD 17.6 £ 6.4 23.9 £ 7.7 0.002 (I**)

Range 7.8 - 34 12 - 47

| —independent samples t-test; SD — standard deviation.
Statistical significance was indicated by ***p < 0.001.

Table 4. Serum dihydrotestosterone levels in control and PCOS groups

Control

Characteristic n = 60

Dihydrotestosterone (ng/L)

Mean = SD 3776 + 186 4256 + 233 < 0.001 (I***)

Range 3443 - 4092 3744 - 4657

| —independent samples t-test; SD — standard deviation.
Statistical significance was indicated by ***p < 0.001.

Table 5. ROC curve analysis for serum dihydrotestosterone in PCOS diagnosis

P-value

A - * %0, o
Variables Cut-off value Sens**9%) NPV | AUC% (AUC = 0.05)
Dihydrotestosterone

> 4084.3 86 100 100 78 93 < 0.001%**
(ng/L) ‘

AUC — area under curve; NPV — negative predictive value; PPV — positive predictive value; Sens — Sensitivity; Spec — Specificity
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Figure 1. ROC curve analysis for serum dihydrotestosterone in
PCOS diagnosis
AUC - area under the curve

of patients reported regular cycles compared to 85% of con-
trols — confirms the clinical phenotype associated with PCOS
as reported by Panidis et al. [11].

The endocrine profile of our PCOS cohort further under-
scored the syndrome’s characteristic hormonal imbalances.
Significantly elevated luteinizing hormone (LH) levels (11.8 +
5.8 mlU/ml vs. 3.9 + 1.09 mlU/ml, p < 0.001) and increased
follicle-stimulating hormone (FSH) and prolactin levels were
observed, which corroborate earlier findings. For example,
Legro et al. (1999) reported mean LH levels in PCOS patients
of approximately 12.5 + 5.0 mIU/ml, a value strikingly simi-
lar to our results. The modest yet significant increase in FSH
(6.09 £ 2.2 miU/ml vs. 5.11 + 1.4 mIU/ml, p = 0.03) and prol-
actin (23.9 £ 7.7 ng/ml vs. 17.6 £ 6.4 ng/ml, p = 0.002) further
supports the presence of an altered gonadotropin milieu in
PCOS, although the degree of alteration may vary between
populations [12].

Of particular note in our study is the substantial increase
in serum DHT levels among PCOS patients (4256 + 233 ng/L)
compared to controls (3776 186 ng/L, p < 0.001). We found
that women with polycystic ovary syndrome (PCOS) exhibited
significantly higher serum DHT levels (4256 + 233 ng/L) com-
pared to controls (3776 + 186 ng/L, p < 0.001), reaffirming the
hyperandrogenic state characteristic of PCOS. DHT, a potent
androgen derived from testosterone through the action of the
S5a-reductase enzyme, is increasingly recognized as a key me-
diator of the clinical manifestations of PCOS, such as hirsutism
and acne [13].

The mechanism driving the elevation of DHT in PCOS ap-
pears to be multifactorial. One of the central factors is the

increased activity of 5a-reductase, which converts testoster-
one into DHT. In PCOS, ovarian theca cells are hyperstimulat-
ed (primarily by elevated LH levels) which upregulates the
expression and activity of steroidogenic enzymes, including
5a-reductase [14]. Additionally, insulin resistance (a common
feature in PCOS) leads to compensatory hyperinsulinemia.
Elevated insulin levels are known to enhance ovarian andro-
gen synthesis by stimulating the activity of enzymes such as
CYP17A1 and 5a-reductase, while concurrently reducing he-
patic synthesis of sex hormone-binding globulin (SHBG) [15].
This dual action not only boosts the production of androgens
but also increases the proportion of free, bioactive androgens
available to exert their effects.

Our findings are consistent with previous studies report-
ing hyperandrogenism in PCOS. For instance, Zeng et al. doc-
umented elevated androgen levels in PCOS patients, although
most investigations have focused on total testosterone rath-
er than DHT specifically [16]. By concentrating on DHT, our
study provides novel insights into the hyperandrogenic profile
of PCOS, suggesting that increased 5a-reductase activity and
the resultant DHT accumulation may be more directly linked
to the clinical severity of the syndrome.

At the molecular level, hyperinsulinemia plays a crucial
role by upregulating genes encoding steroidogenic enzymes.
This promotes an enhanced conversion of testosterone to
DHT, which may further exacerbate the metabolic and re-
productive disturbances observed in PCOS [17]. Moreover,
the strong correlation between DHT levels and the clinical
markers of hyperandrogenism in our cohort underscores the
potential of DHT as a reliable biomarker for disease diagnosis
and progression.

Clinically, the strong diagnostic performance of serum
DHT, as evidenced by our ROC curve analysis (with an optimal
cutoff yielding 90% sensitivity and 100% specificity), highlights
its utility as a non-invasive diagnostic tool for PCOS. Early
detection of hyperandrogenism using DHT measurements
could facilitate timely intervention, potentially mitigating long-
term complications such as metabolic syndrome and infertility.
Furthermore, our study suggests that targeting insulin resist-
ance (through lifestyle interventions or pharmacotherapy) may
reduce DHT levels and ameliorate hyperandrogenic symptoms,
thereby offering a promising therapeutic avenue. The novelty
of our study lies in the focused evaluation of DHT, rather than
the more commonly assessed total testosterone, providing
additional insight into the androgenic profile of PCOS.

Despite its strengths, this study has several limitations.
The case-control design precludes any inference of causality.
The sample size, while adequate for initial comparisons, may
limit the generalizability of our findings. Furthermore, immu-
noassays for DHT quantification are practical, yet may be less
precise than liquid chromatography-tandem mass spectrom-
etry (LC-MS/MS) [18]. Future studies should include longitu-
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dinal design and larger, more diverse populations to validate this research. We are also grateful to the medical and nursing
these findings. staff for their invaluable support in patient recruitment and
sample collection.
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