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ABSTRACT

Background: Hypertensive disease of pregnancy (HDOP) has a prevalence of 6.9%. The study analysed the
correlation between gender and neonatal outcomes in mothers with HDOP.

Methods: A retrospective descriptive study analysed 203 neonates born to mothers with HDOP in a tertiary care
hospital.

Results: During the study period 3259 deliveries were conducted of which 203 deliveries met our inclusion criteria
(106 male and 97 female). In 142 neonates (69.95%) mode of delivery was LSCS with male gender being
significantly higher (p<0.05). Of 203 neonates, 65 (32.02 %) needed NICU care. Respiratory distress syndrome
(61.11%) was the commonest morbidity. The mean period of gestation in male neonates was 262.17 days and 262.29
in females. The mean birth weight for male neonates was 2186.52 grams, while for female neonates was 2507.53
grams (p<0.05). Of the 203 neonates in our study, 93 were found to be small for gestational age. The mean duration
of NICU stay for neonates was 5.08 days for males and 1.55 days for females. (p<0.05). The mean duration of
hospital stay for male neonates was 13.52 days and for female neonates was 7.74 days (p<0.05). The mean placental
weight for the female gender was 386.29 g and for the male gender was 390.69 g.

Conclusions: Male gender showed statistically significant positive correlation (p<0.05) for low birth weight, mode of
delivery and duration of both NICU and Hospital stay.
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INTRODUCTION

The cardiovascular system adapts significantly
throughout pregnancy in order to support and
accommodate the growing foetus.! The persistent
variations in cardiovascular load throughout pregnancy
and/or pre-existing maternal cardiovascular impairment
are believed to be the cause of the maternal hemodynamic
abnormalities linked to hypertensive disease of pregnancy
(HDOP) Between 1990 and 2019, the incidence of HDOP
grew globally from 16.30 million to 18.08 million,
representing a total rise of 10.9% over 20 years.>® The

prevalence of HDOP among the Indian population is
6.9%.* HDOP is categorised by the American College of
Obstetricians and Gynaecologists (ACOG) into four types
of diseases, namely, gestational hypertension (GH),
chronic hypertension (CH), pre-eclampsia (PEC)
/eclampsia (EC), preeclampsia superimposed on chronic
hypertension (PEC-CH).>”’

Gestational hypertension is defined as a systolic blood
pressure of 140 mmHg or more or a diastolic blood
pressure of 90 mmHg or more or both, on two occasions
at least 4 hours apart after 20 weeks of gestation in a
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woman with a previously normal blood pressure. Women
with gestational hypertension with severe range blood
pressures (a systolic blood pressure of 160 mm Hg or
higher or diastolic blood pressure of 110 mm Hg or
higher) should be diagnosed with preeclampsia with
severe features.® Recent studies have begun to explore the
nuanced effects of foetal gender on pregnancy outcomes.
Foetal gender-based disparities in perinatal outcomes
have long been documented, with male neonates often
associated with poorer outcomes in high-risk
pregnancies.’

These differences are thought to stem from divergent
patterns of placental gene expression, immune response
and adaptation to in utero stress.'®'®* In hypertensive
disorders of pregnancy, where uteroplacental perfusion is
already compromised, such sex-specific vulnerabilities
may be further accentuated, warranting a targeted
investigation into foetal gender as a potential modulator
of neonatal morbidity.

Existing literature primarily addresses the pathogenesis
and risks associated with HDOP.!3-1 Despite the growing
body of evidence, significant gaps remain regarding the
specific impact of foetal gender on the outcomes of
neonates born to mothers with HDOP.!”"!8 Understanding
these gender-based discrepancies is crucial, as they could
aid in risk assessments for both mothers and their
newborns. This study aims to fill this knowledge gap by
investigating the correlation between foetal gender and
neonatal outcomes among mothers diagnosed with
HDOP.

METHODS

Type of study: A retrospective descriptive study from
July 2022 to August 2024 including all mothers with
HDOP who delivered a live baby at a tertiary care
teaching hospital in Western Maharashtra, India. All
clinical and demographic data were obtained from the
institutional database of a tertiary care teaching hospital
in Western Maharashtra for the period of July 2022 to
August 2024.

Inclusion criteria

All women with HDOP who delivered a live-born
neonate were included.

Exclusion criteria

Stillbirth or intrauterine death were excluded.

Definitions

Gestational hypertension

Gestational hypertension is persistent de novo

hypertension that develops at or after 20 weeks’ gestation
in the absence of features of pre-eclampsia.

Pre-eclampsia

Pre-eclampsia is gestational hypertension accompanied
by one or more of the following new-onset conditions at
or after 20 weeks’ gestation proteinuria, other maternal
organ dysfunction, including: Acute kidney injury (AKI)
(creatinine >90 umol/l, 1 mg/dL) liver involvement
(elevated transaminases e.g., ALT or AST>40 IU/1 (with
or without right upper quadrant or epigastric abdominal
pain), neurological complications (examples include
eclampsia, altered mental status, blindness, stroke,
clonus, severe headaches, persistent visual scotomata),
haematological ~ complications  (thrombocytopenia—
platelet count below 150,000/ul, DIC, haemolysis).
Uteroplacental dysfunction (such as foetal growth
restriction, abnormal umbilical artery doppler wave form
analysis, or stillbirth).

Eclampsia

A severe form of preeclampsia associated with
generalized tonic-clonic seizures.

HELLP syndrome

A severe form of preeclampsia characterized by
haemolysis, elevated liver enzymes and low platelets
"HELLP, haemolysis, elevated liver enzymes and low
platelets and >300 mg proteinuria in 24-hour urine
test. 1920

In the study, gender was correlated with neonatal
morbidity outcomes like mode of delivery, birth weight,
placental weight, total NICU stay, neonatal complication
and the overall duration of stay in the hospital.

Sample size calculation

A total of 3259 deliveries were conducted during our
period of study of which 203 deliveries met our inclusion
criteria and formed the study group.

Statistical analysis

Patient characteristics were reported as mean or counts
and percentages for categorical variables. Shapiro Wilk
Test was done and it showed that All p values <0.05. This
tells us that the entire data is not normally distributed.
The association between the Neonates Gender and Mode
of delivery was assessed by Fischer’s exact test (2 sided).
Similarly, Fischer’s exact test (2 sided) was done for the
binary outcomes of gestational age (Preterm/Term) and
appropriateness for gestational age (SGA/AGA) with
neonatal gender. The association of neonatal gender with
non-normally distributed continuous variables such as
Birth Weight, NICU length of Stay and Total hospital
Stay was assessed using Mann Whitney U Test. A p-
value of <0.05 was considered significant for all
statistical tests. All data analyses were performed using
IBM SPSS Statistics for Windows, version 21.0.

International Journal of Contemporary Pediatrics | March 2026 | Vol 13 | Issue 3 Page 421



Mathias OJ et al. Int J Contemp Pediatr. 2026 Mar,13(3):420-425

Ethical approval

An institutional database was used for the collection of
data after obtaining written approval from the
Institutional Ethics Committee.

RESULTS

During the study period 3259 deliveries were conducted
of which 203 deliveries met our inclusion criteria. Of
these 106 (52.2%) were male and 97 (47.8%) were
female. There was no association of gender with any
specific cause for HDOP. Mode of delivery was LSCS In
142 neonates (69.95%) and vaginal in 61(30.05%) (Table
1). Figure 1 presents the distribution of mothers
according to gestational age. The classification of
mothers by parity is provided in Figure 2.

® <32weeks @ 32-37weeks @ >37weeks

Figure 1: Distribution of mothers by gestational age.

100 92 92

75

50

NO: OF MOTHERS

25 16

PARITY

Figure 2: Distribution of mothers by parity.
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Figure 3: Distribution of mothers by age group.

Figure 3 outlines the distribution of mothers across
different age groups. In babies delivered by LSCS 83
(58.45%) were male and 59 (41.5%) were female. The
gender difference was statistically significant (p=0.004)
in babies born by LSCS with male preponderance (Refer
Table 1).

In our study the most common morbidity resulting in
NICU admission was RDS in 33 neonates (61.11%) (20
male, 13 female). Other morbidities included
hypoglycaemia 08 (Male: 3, Female 5), Meconium
Stained Liquor (MSL) 6 (Male:2, Female: 4), tachypnoea
02 (Male: 2, Female: 0), Grunting 02 (Male: 2, Female:
0), Low birth weight (LBW) 07 (Male:3, Female: 4),
Intrauterine growth retardation (IUGR) 4 (Male:3,
Female:1) and Birth Asphyxia (BA) 02 (Male:l,
Female:1). The mean period of gestation (POG) in male
neonates was 262.17 days and 262.29 days in females.
The difference in POG between genders was not found to
be statistically significant (Table 1). The mean birth
weight for male neonates was 2186.52 grams, while for
female neonates was 2507.53 grams (p=0.000 i.e.,
p<0.05). The males in our study were born with a lower
birth weight as compared with females and this was
statistically significant (Table 1). Of the 203 neonates in
our study, 93(45.81%) were seen to be SGA while 110
(54.18%) were found to be AGA. In the male gender 52
(25.62%) were SGA while the female gender had 41
(20.20%) SGA. The AGA group had 54 (26.60%) males
and 56 (27.59%) females. Shapiro Wilk Test was done
and it showed that All p values <0.05. This tells us that
the entire data is not normally distributed. The
association between the neonatal gender and mode of
delivery was assessed by Fischer’s exact test (2 sided)
which was found statistically significant with a p value of
0.006. Similarly, Fischer’s exact test (2 sided) was done
for the Dbinary outcomes of gestational age
(Preterm/Term) and appropriateness for gestational age
(SGA/AGA) with Neonatal Gender. This was found to be
not statistically significant. In the study gender was not
found to be statistically significant in the SGA and AGA
distribution (Table 1). In the study of the 203 babies 65
(32.02%) babies required NICU admission while 138
(67.98%) did not need NICU admission. Of the 65 babies
admitted to NICU 43 (66.15%) were male and 22
(33.85%) were female. The association of neonatal
gender, in babies born to mothers with HDOP, with
Birthweight was found to be statistically significant
(p=0.000) using the Mann Whitney U test.

Statistically significant association was confirmed
between NICU length of stay and Neonatal gender
(p=0.001) as also Total hospital stay with Neonatal
gender (p=0.000) as assessed by Mann Whitney U test.
The number of male neonates admitted to NICU was
more than female neonates but the number was not
statistically significant. Thus, gender did not affect the
probability for NICU admission in a statistically
significant manner in study. The mean placental weight
for female gender was 386.29 gm and for male gender

International Journal of Contemporary Pediatrics | March 2026 | Vol 13 | Issue 3 Page 422



Mathias OJ et al. Int J Contemp Pediatr. 2026 Mar;13(3):420-425

was 390.69 gm Although the mean placental weight for
female gender was less it was not found to be statistically
significant (Refer Table 1). The mean duration of NICU
stay for male neonates was 5.08 days and female
neonates was 1.55 days (p=0.001). The difference in
duration of stay was statistically significant with males

requiring longer NICU care (Refer Table 2). The mean
duration of hospital stay for male neonates was 13.52
days and for female neonates was 7.74 days (p=0.000 i.e.,
p<0.05). The overall hospital stay was significantly more
for the male gender (Table 2).

Table 1: Neonatal gender stratified comparison of gestational age, mode of delivery, placental weight, SGA/AGA
status and birth weight.

Gender (n=203)

| Variable Male (n=106) Female (n=97) Mean P value
Mean period of gestation (in days) 262.17 262.29 262.23 0.62
Mode of delivery and weight of placenta
Vaginal 23 38 61
LSCS 83 59 142 0.004*
Weight of placenta (mean weight in grams) 390.69 386.29 388.59 0.815
Growth as per gestational age
SGA 52 (25.62%) 41 (20.20%) 93 (45.81%) 0.335
AGA 54 (26.60%) 56 (27.59%) 110 (54.18%) )
Mean neonatal birth weight (in grams) 2186.52 2507.53 2339.91 0.000*

*Statistically significant at p<0.05.

Table 2: Correlation of gender with duration of NICU and hospital stay.

~ Gender (n=203)
Male (n=106)

| Mean duration of NICU stays (in days)

P value

Female (n=97)

5.08

1.55 3.39 0.001*

I Mean duration of hospital stay (in days) 13.52

7.74 10.76 0.000*

*Statistically significant at p<0.05.
DISCUSSION

Existing literature primarily addresses the pathogenesis
and risks associated with HDOP, with less focus on how
foetal gender may modulate these risks in the perinatal
period for the neonate.?! A similar type of study was done
by Cidade-Rodrigues et al where it was found that male
neonates born to mothers with gestational diabetes had a
26% higher risk of neonatal hypoglycaemia, 29% higher
risk of NICU admission, 35% higher risk of respiratory
distress syndrome (RDS) and nearly double the risk of
macrosomia compared to female neonates.’> The study
was aimed to fill this knowledge gap by analyzing the
relation between fetal gender and neonatal outcomes
among mothers diagnosed with HDOP.

During the study period 3259 deliveries were conducted
of which 203 deliveries met the inclusion criteria and
formed our study population. The study did not reveal
any association of gender with any specific cause for
HDOP. Similar conclusions were found in a study done
by Shah et al.?* Of the 203 neonates included in the study,
106 (52.2%) were male and 97(47.8%) were female.
Obsa et al in their study found 62.7% cases were male.?*
In babies delivered by LSCS 83 (58.45%) were male and
59 (41.5%) were female. The gender difference was
statistically significant (p=0.007) in babies born by LSCS
with male preponderance. Similar male preponderance

was also seen for LSCS in mothers with HDOP in other
studies.?*?* Mode of delivery was LSCS In 142 neonates
(69.95%) and vaginal in 61(30.05%). In a study by
Moura et al caesarean delivery was the most common
mode of delivery in 68.5% of hypertensive
pregnancies.?’?8

Placental weight

The mean placental weight for female gender was 386.29
gm and for male gender was 390.69 gm Although the
mean placental weight for female gender was less it was
not found to be statistically significant. Lower placental
weight in HDOP is an established outcome. This was also
seen in a study by Jain et al where mean placental weight
was found to be significantly lower in hypertensive
pregnancies.?’ The mean period of gestation (POG) in
male neonates was 262.17 days and 262.29 days in
females. The difference in POG between genders was not
found to be statistically significant. Callias et al in their
study also did not find any correlation between gender
and period of gestation in mothers with HDOP.3® The
mean birth weight for male neonates was 2186.52 grams,
while for female neonates was 2507.53 grams (p=0.000
i.e., p<0.05). The males in our study were born with a
lower birth weight as compared with females and this
was statistically significant. In the study of the 203 babies
65 (32.02%) babies required NICU admission while 138

International Journal of Contemporary Pediatrics | March 2026 | Vol 13 | Issue 3 Page 423



Mathias OJ et al. Int J Contemp Pediatr. 2026 Mar,13(3):420-425

(67.98%) did not need NICU admission. The risk of
NICU admissions was found to be higher in mothers with
HDOP by Bromfeld et al.'?

Of the 65 babies admitted to NICU 43 (66.15%) were
male and 22 (33.85%) were female. The number of male
neonates admitted to NICU was more than female
neonates but the number was not statistically significant.
Thus, gender did not affect the probability for NICU
admission in a statistically significant manner in our
study. Callais et al in their study also found that NICU
admission rates were similar among both gender
groups.’® The mean duration of NICU stay for male
neonates was 5.08 days and female neonates was 1.55
days (p=0.001 i.e., p<0.05). The difference in duration of
stay was statistically significant with males requiring
longer NICU care. Callais et al in their study found that
NICU admission rates were similar among both gender
groups for duration of NICU stay.>

In the study the most common morbidity resulting in
NICU admission was RDS in 33 neonates (61.11%) (20
male, 13 female). Other morbidities included
Hypoglycaemia, Meconium-Stained Liquor), Tachypnoea
Grunting, Low birth weight (LBW) Intrauterine growth
retardation and Birth Asphyxia. Bromfeld et al also had
similar morbidity patterns in their study.'> The mean
duration of hospital stay for male neonates was 13.52
days and for female neonates was 7.74 days (p=0.000 i.e.,
p<0.05). The overall hospital stay was significantly more
for the male gender. The increased duration of hospital
stays overall for male gender maybe due to the increased
NICU admissions for male gender and lower birth weight
(Table 1).

CONCLUSION

Male gender showed statistically significant positive
correlation (p<0.05) for low birth weight, mode of
delivery (LSCS) and duration of both NICU and total
hospital stay. Thus, gender significantly impacts neonatal
outcomes in babies born to mothers with HDOP.
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