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Abstract

Background: Preeclampsia is a significant pregnancy complication characterized by hypertension and
proteinuria, leading to severe maternal and fetal outcomes. The pathophysiology of preeclampsia is complex and
multifactorial, with recent studies suggesting a potential link between androgen levels, particularly serum-free
testosterone, and the development of this condition. This study aims to investigate the association between serum-
free testosterone levels and the incidence of preeclampsia in pregnant women.

Methods: A case-control study was conducted at Department of Obstetrics and Gynaecology, Patna Medical
College and Hospital, Patna, Bihar, India over 12 months. A total of 100 pregnant women were enrolled, with 50
cases of preeclampsia and 50 normotensive controls matched for gestational age. Serum-free testosterone levels
were measured in all participants during the third trimester. The primary outcome was the correlation between
serum-free testosterone levels and the presence of preeclampsia. Secondary outcomes included the assessment of
testosterone levels concerning the severity of preeclampsia and maternal and fetal outcomes.

Results: Serum-free testosterone levels were significantly higher in the preeclampsia group (mean: 4.3 + 1.1
pg/mL) compared to the control group (mean: 2.7 + 0.8 pg/mL) (p<0.01). A positive correlation was observed
between elevated testosterone levels and the severity of preeclampsia (r = 0.62, p<0.01). Additionally, higher
testosterone levels were associated with adverse maternal outcomes such as increased need for antihypertensive
therapy and higher rates of cesarean delivery, as well as adverse fetal outcomes, including lower birth weights
and higher incidence of neonatal intensive care unit (NICU) admissions.

Conclusion: Elevated serum-free testosterone levels are significantly associated with the presence and severity
of preeclampsia in pregnant women. These findings suggest that free testosterone could be a potential biomarker
for predicting the risk of preeclampsia as well as a target for therapeutic intervention. Further research is needed
to explore the mechanisms underlying this association and to evaluate the potential clinical applications of
measuring free testosterone in pregnancy.
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Introduction

which presents challenges in the prediction,

Precclampsia is a hypertensive disorder of prevention, and treatment of the condition. [1-2]

pregnancy that affects approximately 5-10% of

pregnancies worldwide and is a leading cause of
maternal and fetal morbidity and mortality.
Characterized by the development of hypertension
and proteinuria after 20 weeks of gestation,
preeclampsia can lead to severe complications,
including eclampsia, organ failure, and fetal growth
restriction. Despite extensive research, the exact
pathophysiological mechanisms underlying
preeclampsia remain incompletely understood,
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The condition's complexity is reflected in its
multifactorial etiology, where genetic,
immunological, and environmental factors intersect.
Recent evidence has brought attention to the role of
hormonal imbalances, particularly in androgens
such as testosterone, in the pathogenesis of
preeclampsia. Testosterone, the primary male sex
hormone, is also present in females and is known to
influence various physiological processes, including
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vascular function, which is critical in the context of
preeclampsia. [3]

Elevated levels of testosterone have been implicated
in several conditions related to insulin resistance,
metabolic syndrome, and cardiovascular diseases—
all of which are recognized risk factors for
preeclampsia. The role of serum-free testosterone,
the biologically active form of the hormone that is
not bound to proteins and can readily exert its effects
on target tissues, has garnered particular interest in
recent years. Previous studies have suggested that
women with preeclampsia tend to have higher levels
of circulating androgens, but the specific association
between free testosterone and preeclampsia has not
been well-established. [4-5]

This study aims to investigate the association
between serum-free testosterone levels and the
incidence of preeclampsia in pregnant women. By
comparing testosterone levels between women with
preeclampsia and normotensive controls, this
research seeks to elucidate the potential role of free
testosterone in the pathogenesis of preeclampsia and
explore its utility as a predictive biomarker.
Understanding these associations could open new
avenues for early diagnosis and intervention in
women at risk of developing preeclampsia.

Methodology:

This case-control study was conducted at
Department of Obstetrics and Gynaecology,Patna
Medical College and Hospital, Patna, Bihar, India
over 12 months. The study design adhered to the
STROBE guidelines for observational studies to
ensure rigorous and transparent reporting.

Study Population: A total of 100 pregnant women
in their third trimester were enrolled in the study.
The participants were divided into two groups:

Preeclampsia Group (n=50):

Women diagnosed with preeclampsia based on the
American  College of  Obstetricians  and
Gynecologists (ACOQG) criteria, which include
hypertension (systolic blood pressure >140 mmHg
or diastolic blood pressure >90 mmHg on two
occasions at least 4 hours apart) and proteinuria
(=300 mg in a 24-hour urine collection).

Control Group (n=50):

Normotensive pregnant women matched for
gestational age with no history of hypertension or
proteinuria.

Inclusion and Exclusion Criteria:

Inclusion Criteria:  Singleton pregnancies,
gestational age between 28 and 40 weeks, no history
of chronic hypertension or endocrine disorders.
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Exclusion Criteria: Multiple pregnancies, history
of diabetes mellitus, chronic kidney disease, or
polycystic ovary syndrome (PCOS), and use of
androgenic or anti-androgenic medications during
pregnancy.

Data Collection:

Data were collected through a combination of
medical record reviews and direct patient
interviews. The following variables were recorded:

Demographic Information: Age, BMI, parity,
gestational age at enrollment.

Clinical History: Previous obstetric history, family
history of preeclampsia, and any comorbid
conditions.

Serum-Free Testosterone Measurement: Blood
samples were collected in the third trimester and
analyzed using a validated enzyme-linked
immunosorbent assay (ELISA) method. Free
testosterone levels were expressed in picograms per
milliliter (pg/mL).

Outcome Measures:

The primary outcome was the association between
serum-free testosterone levels and the incidence of
preeclampsia. Secondary outcomes included the
correlation of testosterone levels with the severity of
preeclampsia and associated maternal and fetal
outcomes such as the need for antihypertensive
therapy, mode of delivery, birth weight, and NICU
admissions.

Statistical Analysis:

Data were analyzed using SPSS version 25.0.
Continuous variables were summarized as means
and standard deviations, while categorical variables
were presented as frequencies and percentages. The
differences between the preeclampsia and control
groups were compared using the independent t-test
for continuous variables and the chi-square test for
categorical  variables.  Pearson's  correlation
coefficient was used to assess the relationship
between serum-free testosterone levels and the
severity of preeclampsia. Multivariate logistic
regression analysis was conducted to identify
independent predictors of preeclampsia. A p-value
of <0.05 was considered statistically significant.

Results:

A total of 100 pregnant women were included in the
study, with 50 cases of preeclampsia and 50
normotensive controls. The baseline characteristics
of the study population are summarized below.
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Table 1: Baseline Characteristics of Study Participants

Characteristic Preeclampsia Group (n=50) | Control Group (n=50) | p-value
Age (years) 29.2+5.0 28.7+4.7 0.52
BMI (kg/m?) 304+£6.2 283+54 0.06
Parity 19+1.0 1.8+0.9 0.72
Gestational Age (weeks) 343+2.1 346+24 0.65
Family History of Preeclampsia | 15 (30.0%) 7 (14.0%) 0.04*

Table 2: Serum-Free Testosterone Levels

QOutcome Preeclampsia Group (n=50) | Control Group (n=50) | p-value
Serum Free Testosterone (pg/mL) | 4.3+ 1.1 2.7+£0.8 <0.01*
Table 3: Maternal and Fetal Qutcomes
QOutcome Preeclampsia Group (n=50) | Control Group (n=50) | p-value
Need for Antihypertensive Therapy | 23 (46.0%) 4 (8.0%) <0.01*
Cesarean Delivery 32 (64.0%) 16 (32.0%) <0.01*
Birth Weight (g) 2450 + 480 3150 + 460 <0.01*

NICU Admissions 11 (22.0%) 3 (6.0%) 0.02*

Table 4: Correlation of Serum Free Testosterone with Severity of Preeclampsia

QOutcome Correlation Coefficient (r) | p-value
Blood Pressure 0.62 <0.01*
Proteinuria 0.55 <0.01*
Need for Antihypertensive Therapy | 0.57 <0.01*
Duration of Hospital Stay 0.52 <0.01*

Table 5: Multivariate Logistic Regression Analysis for Predictors of Preeclampsia

Risk Factor Odds Ratio (OR) | 95% Confidence Interval (CI) | p-value
Elevated Free Testosterone (>4.0 pg/mL) | 3.3 1.7-5.8 <0.01*
Family History of Preeclampsia 2.2 1.1-3.7 0.03*
BMI (>30 kg/m?) 1.6 0.8-2.5 0.07
Gestational Age at Diagnosis (<34 weeks) | 1.7 1.0-3.0 0.04*

Discussion:

The findings of this study provide significant
insights into the association between -elevated
serum-free testosterone levels and the development
of preeclampsia in pregnant women. The results
demonstrate that women with preeclampsia have
significantly higher levels of serum-free testosterone
compared to normotensive controls, supporting the
hypothesis that androgen excess may play a role in
the pathophysiology of preeclampsia. [6-7]

Elevated Testosterone and Preeclampsia:

The elevated serum-free testosterone levels
observed in the preeclampsia group align with
existing literature that suggests androgen
imbalances are involved in the development of
hypertensive  disorders  during  pregnancy.
Testosterone is known to influence vascular
resistance and endothelial function, both of which
are critical factors in the pathogenesis of
preeclampsia. The positive correlation between
serum-free testosterone levels and the severity of
preeclampsia further supports the idea that
androgens may  exacerbate the  clinical
manifestations of this condition. [8-9]
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The study's findings also suggest that elevated free
testosterone levels could be used as a potential
biomarker for identifying women at higher risk of
developing preeclampsia. This is particularly
important given the condition's serious implications
for both maternal and fetal health. The ability to
identify at-risk women early in pregnancy could
allow for closer monitoring and the implementation
of preventive measures, potentially improving
outcomes. [10]

Maternal and Fetal Outcomes:

The study highlights the impact of elevated serum-
free testosterone on both maternal and fetal
outcomes. Women with higher testosterone levels
were more likely to require antihypertensive therapy
and to undergo cesarean delivery, indicating a more
severe clinical course. Furthermore, higher
testosterone levels were associated with lower birth
weights and an increased likelihood of NICU
admissions, suggesting that androgen excess may
contribute to adverse fetal outcomes in
preeclampsia. [11]

These findings underscore the importance of
considering serum-free testosterone levels when
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assessing the risk and managing the care of pregnant
women. The association between elevated
testosterone and adverse outcomes further
emphasizes the need for early detection and
intervention to mitigate the risks associated with
preeclampsia.

Potential Mechanisms:

The mechanisms by which elevated testosterone
contributes to preeclampsia are not yet fully
understood, but several pathways may be involved.
Testosterone has been shown to increase oxidative
stress and promote inflammation, both of which are
implicated in the development of preeclampsia.
Additionally, testosterone may modulate the renin-
angiotensin system, leading to increased blood
pressure and impaired placental function. The
interplay  between testosterone and insulin
resistance, another risk factor for preeclampsia, may
also contribute to the condition's progression. [12]

Further research is needed to explore these
mechanisms in more detail and to determine whether
therapeutic interventions targeting androgen levels
could be beneficial in preventing or managing
preeclampsia.

Strengths and Limitations:

The strengths of this study include its case-control
design, which allowed for a clear comparison
between women  with  preeclampsia  and
normotensive controls, and the use of a well-
validated assay for measuring serum-free
testosterone levels. The study's findings are further
supported by robust statistical analysis, which
identified elevated testosterone as an independent
predictor of preeclampsia.

However, the study also has limitations. The sample
size, while sufficient for detecting significant
differences in testosterone levels, may not be large
enough to fully explore the relationship between
testosterone and less common adverse outcomes.
Additionally, the study was conducted at a single
tertiary care center, which may limit the
generalizability of the findings to other populations.
Future studies should include larger, more diverse
populations and consider longitudinal designs to
assess changes in testosterone levels throughout
pregnancy. [13]

Conclusion:

This study provides compelling evidence that
elevated serum-free testosterone levels are
significantly associated with the development and
severity of preeclampsia in pregnant women. The
findings suggest that free testosterone could serve as
a valuable biomarker for predicting the risk of
preeclampsia and identifying women who may
benefit from closer monitoring and early
intervention. Given the serious maternal and fetal
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outcomes associated with elevated testosterone
levels, further research is needed to elucidate the
underlying mechanisms of this association and to
explore the potential for therapeutic interventions
targeting androgen levels in pregnancy.

In conclusion, measuring serum-free testosterone
during pregnancy may provide critical information
for the early identification and management of
women at risk for preeclampsia, ultimately
contributing to better maternal and fetal health
outcomes.
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