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ABSTRACT

Objective: To identify clinical, metabolic, inflammatory, and angiogenic biomarkers associated with
subsequent development of preeclampsia among pregnant women with polycystic ovary syndrome
(PCOS).

Methods: A prospective observational cohort study of 202 women with PCOS during pregnancy.
Demographic, anthropometric, obstetric, metabolic, inflammatory, and angiogenic parameters were
evaluated at enrollment and followed until delivery. Appropriate comparative tests and logistic
regression were used to determine association with preeclampsia. Receiver operating characteristic
(ROC) analysis was used to evaluate predictive performance.

Results: In 17 (8.4%) participants, preeclampsia occurred. Women with preeclampsia also had
significantly higher BMI, blood pressure, fasting glucose, HOMA-IR, triglycerides, and hs-CRP; lower
PIGF; and higher sFlt-1 and sFlt-1/PIGF. HOMA-IR >2.5, hs-CRP >5 mg/L, lower PIGF, and higher sFlt-
1/PIGF ratio were independent predictors determined by multivariable analysis. The sFlt-1/PIGF ratio
had an AUC of 0.889. A combined model of HOMA-IR, hs-CRP, PIGF, and sFlt-1/PIGF had an AUC of
0.931, and a sensitivity and specificity of 88.2% and 88.1%, respectively.

Conclusion: Women with PCOS who presented with metabolic, inflammatory, and angiogenic
disorders had a subsequent risk of preeclampsia. A combination of biomarkers showed good predictive
performance and could help initiate earlier risk stratification and more frequent antenatal
monitoring.

Keywords: Polycystic Ovary Syndrome, Preeclampsia, Biomarker, HOMA-IR, Plgf, Sflt-1,Pregnancy.

INTRODUCTION

Polycystic ovary syndrome (PCOS) is a
multifaceted  condition of  reproductive,
metabolic, and hormonal abnormalities, and is
the most prevalent endocrine disorder in
women of reproductive age.[1] The prevalence
of PCOS is estimated at 10-13% in all
reproductive-aged women based on the current
international evidence, although it differs based
on diagnostic criteria  and population
characteristics.[2] In addition to infertility and
menstrual dysfunction, PCOS is now known to
have significant implications for pregnancy, as
insulin resistance, hyperandrogenism, obesity,
chronic low-grade inflammation, and

endothelial dysfunction can persist or become
clinically  relevant  during  gestation.[3]
Therefore, the 2023 International Evidence-
based Guideline highlights the need to provide
appropriate pregnancy-related risk
assessments to women with PCOS due to their
higher risk profile for adverse maternal and
obstetric outcomes.[4]

Preeclampsia is a complex hypertensive
pregnancy condition that is one of the most
clinically significant and commonly occurs after
20 weeks of gestation and may result in severe
maternal and fetal complications such as
eclampsia, organ dysfunction, fetal growth
restriction, preterm delivery, and perinatal
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morbidity.[5] Preeclampsia occurs in about 3-
8% of women who give birth globally, and
hypertensive disorder of pregnancy s
responsible for around 16% of maternal deaths
worldwide, which amounted to about 42,000
maternal deaths in 2023.[6] In a recent global
systematic review, the pooled prevalence of
preeclampsia was estimated to be 4.43%, and
there was significant regional variation with a
higher prevalence in low-income countries.[7]
There is a special risk of developing
hypertensive complications during pregnancy in
women with PCOS.[8] The odds ratio for
preeclampsia was about two times higher with
PCOS than among women without the
condition, according to a 2021 systematic
review and meta-analysis of 30 studies.[9]
Importantly, the association remained after
adjusting for potential confounders such as
age, body mass index and parity, indicating that
the increased risk was not simply due to obesity
or other traditional maternal factors.[10] Most
recently, a systematic review and meta-analysis
of 104 studies and 106,690 pregnancies
showed that women with PCOS had
significantly increased odds of preeclampsia
and that this association remained significant
after age- and BMI-matched analyses and also
when only high-quality and prospective studies
were included.[11]

It is thought that the biological relationship
between PCOS and preeclampsia may be
multifactorial, meaning that many factors are
involved.[12] Abnormal placentation and
maternal vascular dysfunction may occur due to
insulin resistance and compensatory
hyperinsulinemia, hyperandrogenism, oxidative
stress, systemic inflammation, abnormal lipid
metabolism, and impaired endothelial
function.[13]

Although there is a known linkage between
PCOS and adverse pregnancy outcomes, risk
assessment is carried out in most clinical
practice using conventional risk factors like
previous preeclampsia, obesity, chronic
hypertension, diabetes, and family history.
These factors may help to determine broad
classifications of women at high risk, but are
not sufficient to identify those women with
PCOS who will later develop preeclampsia. In
addition, the amount of evidence available on
individual biomarkers and predictive power
specifically in pregnant women with PCOS is
rather limited and mixed. Thus, there is a need
to develop an approach that combines both the
unique metabolic and vascular disorders

associated with PCOS with early biological
markers of preeclampsia.

The current study was designed to fill this void
by exploring the potential clinical and
biochemical biomarkers that may be linked to
subsequent development of preeclampsia in
pregnant women with PCOS. The study was
designed to provide early measurable markers
for heightened risk to enable timely risk
stratification, more  intense  antenatal
surveillance, and  targeted preventive
interventions before the onset of clinically
significant preeclampsia. Overall, enhanced
prediction in this high-risk population may lead
to earlier interventions and improved maternal
and fetal pregnancy outcomes.

METHODS

A prospective observational cohort study took
place in Department of Obstetrics and
Gynecology. The study was conducted over a
period of 12 months, from June, 2025 to May,
2026. Women who met the inclusion criteria
were recruited during the study period and
followed up prospectively from pregnancy until
delivery or diagnosis of preeclampsia.

Sample size was determined using OpenEpi
version 3.01, using the sample-size formula for
estimation of a population proportion, 4%
absolute precision, 95% confidence level. A
previous retrospective cohort study of 616
women with  PCOS during pregnancy
demonstrated a preeclampsia prevalence of
51(8.28%), which was used as the base for the
anticipated prevalence of preeclampsia among
pregnant women with PCOS.[14] With an
expected prevalence of 8.28%, a 95%
confidence level, and a% margin of error, the
minimum sample size was estimated to be
around 202 participants.

A non-probability  consecutive  sampling
technique was used. Women aged 18-40 years
with a confirmed diagnosis of PCOS who had a
viable singleton pregnancy were included in the
study. The Rotterdam criteria were used to
diagnose PCOS, which included two or three of
the following: clinical or biochemical
hyperandrogenism, oligo- or anovulation, and
polycystic ovarian morphology on
ultrasonography. Women were included only if
they had been enrolled prior to the onset of
preeclampsia and agreed to clinical and
laboratory assessments and follow-up until
delivery. Exclusion criteria included women who
had chronic hypertension diagnosed before
pregnancy or before 20 weeks' gestation,
preexisting diabetes mellitus, chronic kidney
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disease, systemic lupus erythematosus,
antiphospholipid syndrome, or other significant
cardiovascular and autoimmune diseases.
Women with multiple pregnancies, major
structural abnormalities or chromosomal
abnormalities in the fetus, molar pregnancy,
and those who had a pre-existing liver disease
were also excluded. Participants who withdrew
consent from the study, had incomplete
baseline biomarker measurements, and those
who were not able to complete the follow-up
were excluded from the final analysis.
Demographic and clinical data were collected
on a structured data collection proforma, after
giving written informed consent. Information
was collected on maternal age, parity,
gravidity, gestational age, family history of
hypertension and cardiovascular disease,
previous obstetric history, mode of conception
and assisted reproductive technology (ART).
Anthropometric assessments included
gestational weight gain, height, weight and
body mass index (BMI). After a suitable period
of rest, blood pressure was taken with a
calibrated automatic sphygmomanometer and
both systolic and diastolic blood pressure were
recorded.

Venous blood samples were collected at
enroliment to evaluate metabolic, hormonal,
inflammatory, and angiogenic parameters.
Laboratory measurements were conducted for
fasting blood glucose, fasting insulin, lipid
profile, serum creatinine, and insulin resistance,
inflammation, endothelial dysfunction, and
placental angiogenic imbalance markers.
Insulin resistance was estimated by the
homeostatic model assessment of insulin
resistance (HOMA-IR) using the fasting glucose
and insulin levels.

The participants were then followed up during
their routine antenatal check-ups. Blood
pressure, clinical signs of hypertensive disease,
proteinuria, and maternal and fetal parameters
were documented. Further investigations were
carried out where clinically indicated. The main
outcome was pregnancy-induced hypertension
(PIH), a condition known as preeclampsia. New
onset of hypertension after 20 weeks of
gestation with proteinuria or maternal organ
dysfunction, according to modern definitions.
Women with normal blood pressure throughout
pregnancy were used as the control group.
Other parameters such as pregnancy outcome
(gestational age at delivery, mode of delivery,
fetal growth, birth weight, preterm birth, and
admission to the neonatal intensive care unit)
were also recorded.

Data were entered, coded, and analysed with
IBM SPSS Statistics version 27. Normality of
continuous variables was determined by the
Shapiro-Wilk test, and results are presented as
mean value + standard deviation for normally
distributed or median and interquartile range
for non-normally  distributed variables.
Categorical variables were summarized in terms
of frequency and percentage. The independent-
samples t-test and Mann-Whitney U test were
used to compare continuous variables, and the
Pearson chi-square test and Fisher's exact test
were used to compare categorical variables
between women who developed preeclampsia
and those who did not.

The associations between individual clinical and
biochemical variables and development of
preeclampsia were initially assessed using
univariable logistic  regression.  Clinically
relevant associations and p<0.20 in the
univariable analysis were taken into
consideration for multivariable binary logistic
regression. Odds ratios (aORs) with 95%
confidence intervals were reported to
determine independent predictors  of
preeclampsia after adjustment for maternal
age, BMI, parity, family history, gestational
diabetes, and mode of conception. A diagnosis
of multicollinearity among the explanatory
variables was performed prior to building the
final regression model.

Predictive performance of each biomarker
individually and combinations of the biomarkers
was assessed using the Receiver Operating
Characteristic (ROC) curve analysis. The area
under the ROC curve (AUC) and 95%
confidence intervals were computed, and
optimal cut-off of the biomarkers were
determined by using the Youden index. The
sensitivity, specificity, positive predictive value,
and negative predictive value were determined
using clinically relevant cut-off values.
Pearson's or Spearman's correlation coefficient
was used to evaluate the correlations between
continuous biomarkers and clinical parameters,
depending on the distribution of data. A p-value
<0.05 was considered statistically significant.

RESULTS

Among the 202 pregnant women with PCOS, 17
(8.4%) developed preeclampsia. Women with
preeclampsia were significantly older, had
higher BMI, higher gestational weight gain, and
higher SBP and DBP than the normotensive
women. Women who developed preeclampsia
were also more likely to have BMI >30 kg/m?2
and a family history of hypertension (Table 1).
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The levels of fasting glucose, fasting insulin,
HOMA-IR, total cholesterol, LDL-C,
triglycerides, serum creatinine, and hs-CRP
were significantly higher in the preeclampsia
group, with lower levels of HDL-C. Differences
in angiogenic profiles were also significant, with
women who went on to develop preeclampsia
having lower levels of PIGF and higher levels of
sFlt-1 and sFlt-1/PIGF ratio compared to those
who did not develop preeclampsia (Table 2).
Women who developed preeclampsia had a
significantly higher prevalence of HOMA-IR
>2.5, fasting glucose =100 mg/dL,
hypertriglyceridemia, elevated hs-CRP, reduced
PIGF, elevated sFlt-1, and an increase in sFlt-
1/PIGF ratio. These women also had
significantly earlier deliveries, increased rates of
preterm birth and cesarean delivery, decreased
birth weight, fetal growth restriction, and NICU
admission (Table 3).

In univariable logistic regression analysis, age
230 years, BMI =30 kg/m2, family history of
hypertension, higher levels of SBP, fasting
glucose, HOMA-IR, triglycerides, hs-CRP, sFlt-
1, and sFIt-1/PIGF ratio were positively

associated with preeclampsia, while higher
levels of PIGF were inversely associated. HOMA-
IR >2.5, hs-CRP >5 mg/L, low PIGF, and high
sFlt-1/PIGF were still independent predictors of
preeclampsia after adjustment (Table 4).
HOMA-IR had significant and positive
relationships with adverse metabolic and blood
pressure parameters, while PIGF had significant
inverse relationships. hs-CRP, sFlt-1 and the
sFIt-1/PIGF ratio had significant positive
relationships with adverse metabolic and blood
pressure parameters, while PIGF had significant
inverse relationships. ROC analysis showed that
all evaluated biomarkers had good predictive
capacity, and the sFIt-1/PIGF ratio had the best
discriminatory capacity among individual
biomarkers. (Table 5).

The sFlt-1/PIGF ratio at a cut-off of >16.8
achieved a sensitivity of 82.4% and specificity
of 84.3%. The combined model with HOMA-IR,
hs-CRP, PIGF and sFlt-1/PIGF gave the best
predictive performance, with an AUC of 0.931,
sensitivity of 88.2% and specificity of 88.1%
(Table 6).

Table 1. Demographic, Anthropometric, Obstetric, and Clinical Characteristics of Pregnant Women with
PCOS According To Development of Preeclampsia (N=202)

Variable Overall Preeclampsia No Preeclampsia P-
(N=202) (N=17) (N=185) Value
Age (Years), Mean + SD 29.4 +£ 4.7 31.8 + 4.1 29.2 £ 4.7 0.021*
Age >30 Years, N (%) 91 (45.0) 12 (70.6) 79 (42.7) 0.032t
BMI (Kg/M2), Mean % SD 28.6 £ 4.5 31.7+£ 4.3 28.3+4.4 0.002*
BMI >30 Kg/M2, N (%) 67 (33.2) 10 (58.8) 57 (30.8) 0.023t
Nulliparous, N (%) 124 (61.4) 12 (70.6) 112 (60.5) 0.414t
Primiparous, N (%) 45 (22.3) 3(17.6) 42 (22.7)
Multiparous, N (%) 33 (16.3) 2(11.8) 31 (16.8)
Family History Of
Hypertension, N (%) 63 (31.2) 9 (52.9) 54 (29.2) 0.048t
Family History Of
Cardiovascular Disease, N 35(17.3) 5(29.4) 30 (16.2) 0.177%
(%)
Assisted Conception, N (%) 38 (18.8) 5(29.9) 33 (17.8) 0.253t
Gestational Age At
Enrollment (Weeks), Mean 128+ 2.4 129+ 2.5 128+ 2.4 0.856*
+SD
Gestational Weight Gain "
(Ka), Mean + SD 11.2 + 4.1 13.6 £ 4.2 11.0 £ 4.0 0.012
Systolic BP ('\gg‘hg)' Mean £ | 1123+ 86 119.8 £ 8.7 111.6 £ 8.1 <0.001*
Diastolic Bpi(gg“hg)' Mean | 213166 76.2 + 6.8 70.8 + 6.3 0.001*
*Independent-Samples T-Test; tPearson Chi-Square/Fisher's Exact Test.

Table 2. Metabolic, Inflammatory, Renal, Lipid, Hormonal, and Angiogenic Biomarkers According To

Development of Preeclampsia
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Variable Preeclampsia No Preeclampsia P-
(N=17) (N=185) Value
Fasting G'UCOSQSBMQ/ DI), Mean + 101.4 + 14.6 94.2 £ 10.8 0.009%
Fasting 1”5”"{‘1(%%1/ MI), Median |46 6 (14.2-24.8) 13.4 (9.8-18.7) 0.003%
HOMA-IR, Median (IQR) 4.7 (3.5-6.2) 3.1 (2.2-4.4) <0.001%
Total ChO'GSte;OS'éMg/ DI), Mean 211.5 + 31.8 194.6 + 28.7 0.018*
LDL-C (Mg/DI), Mean % SD 132.7 + 25.4 119.8 + 23.1 0.028*
HDL-C (Mg/DI), Mean £ SD 42.1£7.0 46.3 £ 7.4 0.019%
T”g'yce”desil((';'%/ DI), Median 184 (151-226) 151 (122-184) 0.004%
Serum Creat'”i”géMg/ DI), Mean 0.78 £ 0.11 0.72 £ 0.09 0.011*
Hs-CRP (Mg/L), Median (IQR) 5.8 (4.1-8.2) 3.4 (2.1-5.2) 0.002%
Pigf (Pg/MI), Mean £ SD 92.4 £ 27.6 126.8 + 35.1 <0.001*
Sfit-1 (Pg/MI), Median (IQR) 2,184 (1,740-2,760) 1,386 (1,080-1,784) | <0.001%
Sfit-1/Plgf Ratio, Median (IQR) 23.8 (17.5-31.4) 11.2 (7.9-16.4) <0.001%

*Independent-Samples T-Test; ¥Mann-Whitney U Test.

Table 3. Categorical Metabolic and Biomarker Abnormalities and Pregnancy Outcomes According To

Preeclampsia Status

. Preeclampsia No Preeclampsia P-
Variable/Outcome (N=17) (N=185) Value
HOMA-IR >2.5, N (%) 14 (82.4) 101 (54.6) 0.027t

Fasting Glucose >100 Mg/DI, N (%) 8 (47.1) 39 (21.1) 0.014t
Hypertriglyceridemia, N (%) 11 (64.7) 73 (39.5) 0.048t
Hs-CRP >5 Mg/L, N (%) 10 (58.8) 47 (25.4) 0.004+
Plgf Below Cut-Off, N (%) 13 (76.5) 52 (28.1) <0.001t
Sflt-1 Above Cut-Off, N (%) 12 (70.6) 43 (23.2) <0.001t
Sflt-1/Plgf Ratio Above Cut-Off, N (%) 13 (76.5) 35 (18.9) <0.001t
Gestational Age At Delivery (Weeks), 36.1 + 2.3 38.3+ 1.5 <0.001*
Mean + SD
Preterm Birth <37 Weeks, N (%) 8 (47.1) 18 (9.7) <0.001t
Cesarean Delivery, N (%) 13 (76.5) 92 (49.7) 0.040t
Birth Weight (G), Mean + SD 2,716 + 486 3,081 + 438 0.002*
Low Birth Weight <2,500 G, N (%) 6 (35.3) 23 (12.4) 0.013t
Fetal Growth Restriction, N (%) 5(29.4) 15 (8.1) 0.012t
NICU Admission, N (%) 5294 19 (10.3) 0.032t
Eclampsia, N (%) 1(5.9) 0 (0.0) 0.084t

*Independent-Samples T-Test; tPearson Chi-Square/Fisher's Exact Test. NICU = Neonatal

Intensive Care Unit.

Table 4. Logistic Regression Analysis of Factors Associated with Development of Preeclampsia

Predictor Unadjusted OR Adjusted OR P-
(95% CI) Value (95% CI) Value
Age >30 Years 3.21 (1.07-9.64) 0.038 2.41 (0.76-7.62) 0.134
BMI >30 Kg/M2 3.20 (1.16-8.83) 0.025 2.68 (0.91-7.88) 0.074
Family History Of 2.72 (1.02-7.25) 0.046 | 2.11(0.72-6.18) | 0.173
Hypertension
Assisted Conception 1.92 (0.67-5.52) 0.224 — —
SVStO"CIBP' Per 5-Mmhg 1.34 (1.15-1.56) | <0.001 - -
ncrease
Fasting Glucose, Per 10- _ . _
Mg/DI Increase 1.28 (1.08-1.52) 0.004
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HOMA-IR >2.5 3.89 (1.28-11.84) 0.017 2.97 (1.01-8.71) 0.048
Trlglycen(Ijes, Per 10-Mg/DI 1.08 (1.02-1.14) 0.006 _ _
ncrease
Hs-CRP >5 Mg/L 4.18 (1.53-11.42) 0.005 3.14 (1.06-9.31) 0.039
Plgf, Per 10-Pg/MI Increase 0.78 (0.69-0.88) <0.001 | 0.82(0.72-0.94) 0.004
Sfit-1, Per 100-Pg/MI Increase 1.15 (1.08-1.23) <0.001 — —
Sfit-1/Pigf Ratlo, Per 3-Unit | 142 (1.22-1.66) | <0.001 | 1.35(1.13-161) | 0.001
ncrease

Table 5. Correlation and Receiver Operating Characteristic Analysis of Biomarkers for Prediction of

Preeclampsia
- . . Correlation N
Analysis Biomarker/Variable Coefficient/AUC 95% CI P-Value
Correlation HOMA-IR Vs BMI R=0.41 <0.001
Correlation HOMA-IR Vs Systolic BP R=0.29 <0.001
Correlation HOMA-IR Vs Hs-CRP R=0.27 <0.001
Correlation Hs-CRP Vs BMI R=0.34 <0.001
Correlation Hs-CRP Vs Systolic BP R=0.25 <0.001
Correlation Plgf Vs Systolic BP R=-0.31 <0.001
Correlation Plgf Vs HOMA-IR R=-0.18 0.011
Correlation Sflt-1 Vs Systolic BP R=0.39 <0.001
Correlation Sflt-1 Vs HOMA-IR R=0.21 0.003
Correlation Sflt-1/Plgf Vs Systolic BP R=0.46 <0.001
Correlation Sflt-1/Plgf Vs HOMA-IR R=0.24 0.001
ROC HOMA-IR AUC=0.742 0.644-0.840 | <0.001
ROC Hs-CRP AUC=0.731 0.628-0.834 | <0.001
ROC Plgf AUC=0.823 0.748-0.898 | <0.001
ROC Sfit-1 AUC=0.846 0.777-0.915 | <0.001
ROC Sflt-1/Plgf Ratio AUC=0.889 0.837-0.941 | <0.001
Table 6. Diagnostic Performance and Combined Biomarker Model for Prediction of Preeclampsia
. g Sensitivity | Specificity | PPV NPV o
Biomarker/Model | Cut-Off (%) (%) (%) (%) AUC (95% CI)
0.742
HOMA-IR >3.6 76.5 68.1 18.5 96.8 (0.644-0.840)
>4.9 0.731
Hs-CRP Mg/L 70.6 72.4 19.1 96.4 (0.628-0.834)
<108 0.823
Plgf Pg/MI 76.5 78.4 24.1 97.0 (0.748-0.898)
>1,690 0.846
Sfit-1 Pg/MI 82.4 76.8 24.8 98.0 (0.777-0.915)
. 0.889
Sflt-1/Plgf Ratio >16.8 82.4 84.3 32.6 97.9 (0.837-0.941)
Combined 0.931
Biomarker Model* — 88.2 88.1 40.5 | 983 | 4890 0.972)

DISCUSSION

This prospective cohort study aimed to assess
the clinical, metabolic, inflammatory, and
angiogenic markers as early predictors of
preeclampsia in pregnant women with PCOS.
Among 202 participants, 17 (8.4%) developed
preeclampsia. Women who  developed
preeclampsia were older; preeclampsia had
been associated with higher baseline blood
pressure, BMI, and gestational weight gain. The

results are in line with the overall findings that
PCOS pregnancy is an obstetric high-risk
population. In a meta-analysis of 30 studies,
Pan et al. (2021) found that PCOS is associated
with about a 2-fold increase in the risk of
developing preeclampsia, which remained
significant after adjusting for age, BMI, and
nulliparity.[15]

The prevalence of preeclampsia in our cohort
was 8.4%, which is very similar to that of Jiang
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et al. (2024), who had a retrospective cohort of
616 pregnant women with PCOS with an 8.28%
prevalence of preeclampsia. Their study also
revealed that there was a significantly higher
incidence of preeclampsia in PCOS pregnancies
as compared to non-PCOS pregnancies, and
certain factors such as hyperandrogenism in
mothers, an elevated pre-pregnancy BM],
assisted reproductive technology, and family
history of cardiovascular disease were found to
be significant predictors. The higher BMI and
family history of hypertension were also found
to be important clinical risk factors, with
assisted conception not being statistically
significant in our cohort. These differences may
reflect differences in population characteristics,
PCOS phenotypes, sample size, and the
variables included in multivariable models.[14]
The findings on BMI and metabolic
abnormalities are biologically plausible because
insulin resistance is a key metabolic
abnormality in PCOS and could be linked to
endothelial  dysfunction and  abnormal
placentation. Fasting glucose, fasting insulin,
HOMA-IR, triglycerides, total and LDL
cholesterol were significantly higher in women
who developed preeclampsia from our cohort,
whereas HDL cholesterol was lower. HOMA-IR
level 22.5 was an independent predictor even
after multivariable adjustment. This is
confirmed by other research in PCOS
pregnancies, which has linked insulin resistance
with poor pregnancy outcomes. In a recent
2021 study, age, BMI, HOMA-IR, fasting insulin
level, testosterone level, androstenedione, and
SHBG were important metabolic or endocrine
risk factors for adverse pregnancy outcomes in
women with PCOS.[16]

More recent evidence also has highlighted the
role of insulin resistance. In 2026, a secondary
analysis of the multicenter randomized PPCOS
II study of 746 women with PCOS revealed that
insulin resistance just before conception was
significantly linked to having gestational
diabetes and other obstetric issues, and that
improvement in insulin resistance during
treatment was associated with lower
preeclampsia risk. That study assessed insulin
resistance prior to pregnancy, not during, but
the results add to our observation that HOMA-
IR might be a clinically valuable tool for
recognizing women with PCOS who would
benefit from more intensive monitoring during
pregnancy.[17]

The angiogenic results were the most
significant results obtained in our study. PIGF
was significantly decreased, and sFlt-1 and sFlt-

1/PIGF were significantly elevated in women
who developed preeclampsia. In multivariable
analysis, the sFlt-1/ PIGF ratio was the
strongest independent predictor, and had an
AUC of 0.889, 82.4% sensitivity, and 84.3%
specificity. This is in line with evidence of
angiogenic imbalance as an important factor in
the pathogenesis of preeclampsia. Based on the
available data from the INSPIRE trial, Kifle et al.
(2022) focused specifically on the role of sFlt-1,
PIGF, and their ratio for predicting preeclampsia
and underscored the prognostic importance of
these angiogenic markers.[18]

Our results corroborate Binder et al. (2023),
who showed that using a longitudinal approach
to measure angiogenic markers, specifically the
sFIt-1/PIGF ratio, is clinically useful in predicting
adverse outcomes in preeclampsia. The study
provides further evidence of the biological
relevance of angiogenic imbalance and the
importance of the use of sFlt-1/PIGF
assessment, as both groups had women with
established preeclampsia, not women with
PCOS, but before clinical disease. We have
tested this idea in a specific high-risk population
and have shown that women with PCOS may
show abnormal angiogenic profile, which can
be used earlier, before the onset of overt
preeclampsia.[19]

There is also direct evidence that a relationship
exists between PCOS and angiogenic
dysfunction. The serum level of prokineticin-1
was measured in 264 pregnant women with
PCOS in two prospective randomized placebo-
controlled trials that were originally designed to
assess the effects of insulin-sensitizing drugs on
PCOS in women with normal BMI in 2023. The
association of serum prokineticin-1 with
preeclampsia, fetal growth restriction, and
preterm delivery was examined and a
correlation was performed with fasting insulin,
HOMA-IR, and androgenic parameters. Our
observation is that metabolic and angiogenic
abnormalities can act in concert to predict
pregnancy complications in PCOS, and not as
separate pathways.[20]

The findings from our study also showed that
preeclampsia was linked to poor pregnancy
outcomes such as early delivery, preterm birth,
low birth weight, FGR and NICU admission. In
line with the findings of the 2024 systematic
review and meta-analysis by Khomami et al.
that combined 104 studies and 106,690
pregnancies, women with PCOS have a higher
risk of adverse pregnancy outcomes, including
preeclampsia, gestational hypertension,
cesarean delivery, and other complications. It is
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important to note that the increased risk
persisted even after matching for age and BMI,
indicating that the risk associated with PCOS is
not limited to the wusual anthropometric
variables.[11]

The relationship between the PCOS phenotype
and preeclampsia might also be clinically
relevant. A 2024 systematic review and meta-
analysis, exploring the relationship between the
hyperandrogenic and non-hyperandrogenic
phenotypes of PCOS and preeclampsia, found
that hyperandrogenic PCOS increased the odds
of preeclampsia by around 2-fold (OR 2.04,
95% CI 1.02—4.08). That androgen levels were
not included in our final predictive model does
not mean that they were not measured,
however, this is an explanation for the variation
in preeclampsia risk found across different
subgroups of PCOS and reinforces the idea that
future prediction models should account for
PCOS phenotype as well as metabolic and
angiogenic markers.[21]

However, not all studies have shown a direct
relationship between PCOS and preeclampsia.
In a retrospective case-control study of 435
women with preeclampsia and 435 controls,
Joshi et al. (2022) observed no statistically
significant  association of PCOS  with
preeclampsia after controlling for maternal age
and race/ethnicity.[12] Likewise, in 2024, a
Mendelian randomization study concluded that
there was no genetic evidence to support the
causal link between PCOS and preeclampsia or
other HDP. The results are relevant as they
indicate that the increased risk demonstrated in
traditional observational studies may be more
strongly associated with women with other
metabolic, vascular, or reproductive risk factors
than with women having a different PCOS
phenotype. = The identification of a
subpopulation with an extremely high risk,
based on BMI, HOMA-IR, inflammation, and
angiogenic abnormalities, is in line with this
more complex understanding.[22]

Overall, the findings indicate that PCOS is not a
simple exposure that is likely to fully account
for the increased risk of preeclampsia among
women with PCOS. Rather, the association of
obesity, insulin resistance, systemic
inflammation and placental angiogenic
dysfunction seems to be how risk arises. This
interpretation is consistent with the higher risk
observed in the large observational meta-
analyses, but is inconsistent with the findings of
several studies that have suggested no direct
causal association between PCOS and
preeclampsia. The present study thus provides

clinically relevant evidence by extending the
identification of PCOS as a risk factor and
showing that a combination of biomarkers may
aid in early risk stratification.

Strengths and Implications

The prospective design, assessment of
biomarkers before the development of clinically
diagnosed  preeclampsia, and use of
multivariable regression and ROC analysis were
important strengths of the study. Metabolic,
inflammatory, and angiogenic markers were
added to assess complementary mechanisms
and resulted in a more powerful predictive
model than each marker alone. However, the
limited number of women who developed
preeclampsia makes regression estimates less
precise and may have the potential for model
overfitting. These results do need to be
confirmed in larger, multi-center populations
before they are routinely used in the clinic.

Limitations

There were some limitations in this study. First,
it was carried out in a single tertiary-care
center, which may restrict the generalizability
of the results to other populations and
healthcare settings. Second, the sample size
was relatively small, and there were only 17
cases of preeclampsia, so there is limited
statistical power for multivariable modeling.
Thirdly, due to the consecutive non-probability
sampling used in the study, selection bias may
have been introduced. Fourth, biomarker
measurements were done at baseline and thus
did not assess changes over time in pregnancy.
Finally, the model combining biomarkers was
internally tested without external validation;
thus, its predictive accuracy should be taken
with caution and validated in larger multicenter
prospective cohorts.

Conclusion

The study showed that pregnant women with
PCOS who developed preeclampsia exhibited
higher levels of metabolic dysfunction, systemic
inflammation and angiogenic imbalance. The
combination of biomarkers had the highest
discriminatory ability, with HOMA-IR, hs-CRP,
reduced PIGF and increased sFlt-1/PIGF
independently associated with preeclampsia.
The authors concluded that the findings
indicated that the combination of metabolic,
inflammatory, and angiogenic markers might
enable better detection of PCOS pregnancies at
higher risk of PE and may aid in closer
antepartum monitoring and prompt preventive
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measures. It will take external validation in
larger, more diverse populations before it can
be used in the clinic.
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