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abstract

OBJECTIVE: We evaluated the possible association between fetal gender and long-term pediatric
neurological morbidity. METHODS: We performed a population-based retrospective cohort analysis comparing the
risk of long-term neurological morbidity (up to age 18 years) of children born during the years 1991 to 2013
according to their gender. Neurological morbidity evaluated included hospitalizations in childhood involving
pervasive developmental disorder, obstructive sleep apnea, cerebral palsy, epilepsy, and infantile spasms and
disorders of eating as recorded in the hospital files. Multiple pregnancies and fetal congenital malformations were
excluded. Kaplan-Meier survival curves were constructed to compare the cumulative neurological morbidity over
the study period. A Cox proportional hazards model was used to control for obstetrical confounders, including
gestational age at birth, birth weight, and maternal factors. RESULTS: During the study period, 240,953 newborns
were included in the long-term analysis: 51.0% (n ¼ 122,840) males and 49.0% (n ¼ 118,113) females. Hospitalizations
for neurological problems (up to age 18 years) were significantly more common in males compared with females (1.1%
vs 0.8%, respectively, odds ratio 1.31, 95% confidence interval 1.2 to 1.4, P< 0.001). Specifically, pervasive developmental
disorder and obstructive sleep apneawere found to be significantly more common in males, and cerebral palsy reached
borderline significance (0.1% vs 0.04%, odds ratio 1.39, 95% confidence interval 0.9 to 1.9, P ¼ 0.06). The Kaplan-Meier
survival curves demonstrated males to have a significantly higher cumulative incidence of total neurological morbidity
as well as of pervasive developmental disorder and obstructive sleep apnea (all log-rank test P values <0.001). In the
Cox regression model, male gender exhibited an independent associationwith long-term neurological morbidity, while
adjusting for birth weight, gestational age, and other confounding variables (adjusted hazard ratio 1.29, 95% confidence
interval 1.2 to 1.4, P < 0.001). CONCLUSION: Males are at an increased risk for pediatric neurological morbidity inde-
pendent of gestational age at birth and birth weight.
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Introduction

Genetics, inheritance, and cumulative exposures
throughout life impact one’s general health in multiple ways.
Some of these effects have been shown to originate from as
early as embryonic life.1-3 Numerous studies demonstrated
adult disease to be deeply influenced by events that occur in
the uterus. Classical examples include maternal gestational
diabetes mellitus and later offspring health,4,5 as well as fetal
growth restriction and later metabolic syndrome in adult
life.6,7 Offspring of mothers with gestational diabetes mellitus
possess a higher risk for future obesity and abnormal glucose
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metabolism during childhood, adolescence, and adulthood as
well as for neurological morbidity.4,5 Similarly, intrauterine
growth restriction is associated with the development of
obesity, hypertension, and diabetes in the offspring.6,7

Prematurity is another example of an obstetrical event
with a dramatic impact on later offspring health, with neu-
rodevelopmental handicap being a major concern.8 Preterm
infants frequently experience long-term cognitive morbidity
and exhibit lower mean IQ scores.8,9

The notion that fetal gender may affect his or her preg-
nancy course and future health has been explored in several
studies. Male gender has been shown to be an independent
risk factor for adverse pregnancy outcome such as delivery
complications (including labor dystocia, cord pathologies,
and fetal distress) and several other immediate adverse
perinatal outcomes such as lower Apgar scores and lower
umbilical pH values.10-14 Moreover, an association between
male gender and abnormal fetal heart rate patterns has also
been suggested.15-19 Another study found that male new-
borns are at an increased risk for pediatric cardiovascular
morbidity.20 A leading hypothesis for these gender differ-
ences is related to different patterns of fetal growth. Male
fetuses grow faster than female fetuses from an early stage
of gestation and perhaps even before implantation.21 This
accelerated growth is likely to make them more vulnerable
if nutrition is compromised. Thus more newborn boys
exhibit growth restriction and placental pathologies, and
perinatal mortality rates are higher comparedwith girls.11,22

As for later neurological health, there are notable gender
differences in the incidence and manifestations of virtually
all central nervous system disorders.23 Among childhood
neurological diseases, it is suggested that pervasive devel-
opment disorder cerebral palsy and obstructive sleep apnea
are more common in males,24-27 however, it is unclear
whether the association is because of the gestational age or
other confounders such as birth weight and maternal
pregnancy complications.28,29

As male gender is significantly related to several preg-
nancy and delivery complications, we sought to establish
whether long-term neurological health of the male offspring
is merely a result of these complications, or that gender itself
has a role, independent of pregnancy course and immediate
outcome. This study was designed to explore the possibility
of an independent association between fetal gender and
long-term pediatric neurologicalmorbidity while accounting
for a large set of pregnancy and delivery characteristics
including gestational age at birth, birth weight, andmaternal
pregnancy complications.

Materials and Methods

A retrospective cohort analysis was performed comparing the risk for
long-term neurological diagnoses (up to age 18 years) according to the
offspring’s gender. Deliveries occurred during the years of 1991 to 2013.
The study was conducted at the Soroka University Medical Center (SUMC).
This center is the sole hospital in the Negev (southern Israel), which
occupies 60% of the land of Israel, and is serving the entire population of
the region (14.4% of Israel’s population, totaling over one million
inhabitants30). Thus the study is based on nonselective population data.
The institutional review board (in accordance with the Helsinki declara-
tion) approved the study (#0438-15-SOR approved on March, 2016).

Multiple pregnancies and fetuses with major congenital malforma-
tions were excluded from the analysis. Perinatal deaths (intrauterine

fetal death, intrapartum death, and postpartum death) were excluded
from the long-term analysis. A comparison of outcomes between males
and females was performed. Outcomes assessed included pregnancy
characteristics and adverse perinatal outcome, as well as hospitalizations
up to age 18 years involving a predefined set of pediatric
neurological morbidities. The different neurological morbidities assessed
are detailed in the Supplementary Table. Follow-up time was defined as
time to an event (first hospitalization with any of the diagnoses listed in
the Supplementary Table), or until censored. Censoring occurred in case
of death (during hospitalization, other than neurologically related) or at
age 18 years (which was calculated for each child based on the date of
birth). The relevant neurological diagnoses were given based on an
evaluation performed on admission to the hospital and may have been
new or based on the patient’s history. It may have been the main reason
for admission or a background disorder. Only the first hospitalization
involving a neurological condition was counted for each child and
included in the analyses. All affected children in our cohort were diag-
nosed either before or during their first hospitalization.

Data were collected from two databases that were cross-linked and
merged: the computerized hospitalization database of SUMC (“Demog-
ICD9”) and the computerized perinatal database of the obstetrics and
gynecology department. The Demog-ICD9 database includes de-
mographic information and ICD-9 codes for all medical diagnoses made
during encounters with SUMC.

The perinatal database consists of information recorded immediately
after delivery by an obstetrician. Experienced medical secretaries
routinely review the information before entering it into the database to
ensure its maximal completeness and accuracy. Coding is performed
after assessing medical and perinatal records as well as routine hospital
documents.

Statistical analysis

Statistical analysis was performed using the SPSS package 23 version
(SPSS, Chicago, IL). Categorical data were assessed by the chi-square test
for general association. The Student t test was used for differences in
continuous variables. Kaplan-Meier survival curves were used to
compare neurological morbidity incidences over time. The differences
between the curves were assessed using the log-rank test.

A Cox proportional hazard model was used with time from delivery to
event or censoring (i.e., age 18 years or emigration) as the time-dependent
variable and controlled for maternal age at delivery, gestational age and
birthweight, parity,maternal diabetesmellitus, and hypertensive disorders.
Adjusted hazard ratios (aHRs) are presented with their 95% confidence
intervals (CIs). A P value of <0.05 was considered statistically significant.

Results

During the study period, 240,953 singleton deliveries
met the inclusion criteria. Of them, 50.9% (n ¼ 122,840)
were male newborns and 49.1% (n ¼ 118,113) were females.
Maternal characteristics and immediate pregnancy out-
comes subdivided male versus female newborns are pre-
sented in Table 1. Male newborns were slightly more likely
to have been born preterm, both before 37 weeks and
before 34 weeks of gestation. Maternal diabetes was more
common in the male group as was small for gestational age
birth weight (Table 1).

Long-term neurological morbidity, as evident by hospi-
talizations of the offspring up to age 18 years, is presented
(in total and in subcategories) in Table 2. Total pediatric
neurological morbidity was significantly more common in
boys compared with girls (1.1% vs 0.8% respectively, odds
ratio 1.31, CI 1.2 to 1.4, P < 0.001). Specifically, pervasive
developmental disorder and obstructive sleep apnea were
each significantly more common in boys (0.02% vs 0.007%,
P ¼ 0.01 and 0.7% vs 0.4%, P ¼ 0.001, respectively).
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