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The association between fetal gender in twin pregnancies and
the risk of pediatric infectious diseases of the offspring: A
population-based cohort study with long-term follow up
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OBJECTIVE: We aimed to study the association between fetal gender in twin pregnancies and the risk for childhood infectious
morbidity of the offspring.
STUDY DESIGN: A population-based cohort analysis was performed comparing total and subtypes of infectious related pediatric
hospitalizations among males versus females offspring of twin pregnancies. The analysis included all dichorionic twins born
between the years 1991–2021. A Kaplan–Meier survival curve was used to compare the cumulative infectious morbidity incidence,
and a Cox proportional hazards model was constructed to adjust for confounders.
RESULTS: The study population included 4222 newborns (2111 males and 2111 females). Males had higher rates of infectious-
related hospitalizations using a Cox proportional hazards model, an independent association was shown between male gender and
infectious related hospitalizations of the offspring (Adjusted HR= 1.2, 95% CI: 1.1–1.4; p < 0.001).
CONCLUSION: Male gender in twin pregnancies is associated with an increased risk for long-term pediatric infectious morbidity.
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INTRODUCTION
The association between fetal gender and pregnancy course as
well as future health has been explored in several studies. It has
been well demonstrated that singleton pregnancies with male
fetuses are associated with higher rates of labor dystocia [1, 2] and
cord problems [3, 4]. Bekedam et al. [5] found higher rates of fetal
distress, low Apgar scores, and perinatal mortality among male
infants compared to female infants. Eogan et al. [6] showed
significantly higher instrumental or cesarean deliveries rates in
male infants. Sheiner et al. demonstrated that male gender was
associated with significantly higher rates of non-reassuring fetal
heart rate (NRFHR) patterns, cesarean delivery (CD) and low Apgar
scores, as well as gestational diabetes, labor dystocia, cord
prolapse, nuchal cord, proper umbilical cord knots, fetal macro-
somia and shoulder dystocia [4, 7]. In addition, the rates of CD due
to fetal distress were higher in males versus female fetuses.
Moreover, male fetuses delivered by cesarean delivery for NRFHR
had lower Apgar scores than female fetuses delivered by cesarean
delivery for the same indication [8]. Female fetuses have
significantly faster heart rates than males. Therefore, the response
to normal labor may differ between sexes.
One theory suggested is that an increased metabolic rate might

cause an increased vulnerability of male infants during critical
stages of development [5, 9, 10].
As for the long-term complications, several studies have shown

that singleton male newborns are at an increased risk for pediatric
cardiovascular, respiratory and neurological morbidity [11–13].

As to our knowledge, there are no studies demonstrating the
association between offspring gender in singleton and twin
pregnancies and long-term pediatric infectious complications. We
assume that twins share the same environment in uterus and
same maternal characteristics, as well as same period of follow up
and postnatal environmental exposures will allow us clarify
this possible association between the gender and long-term
consequences.
Therefore, we aimed to study the association between fetal

gender in twin pregnancies and long-term pediatric infectious
morbidity of the offspring.

METHODS
This population-based retrospective cohort study included all offspring of
dichorionic diamniotic twin gestations with both genders, born between
the years 1991–2021 at the Soroka University Medical Center (SUMC), the
sole tertiary medical center in the region of southern Israel.
Long-term infectious morbidity was assessed among male offspring and

was compared to female offspring of dichorionic diamniotic twin
gestations. The outcome assessed included hospitalizations with different
subtypes of infectious morbidity in the offspring up to the age of 18 years.
Infectious related morbidity included hospitalizations involving a pre-
defined set of ICD-9 codes, as recorded in the hospital computerized
medical files, detailed in the Supplementary Table.
Exclusion criteria were newborns with congenital malformations. Follow

up time was defined as time to an infectious related hospitalization (time
to an event), or until censored in case of death, age of 18 years, or end of
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study period. Only the first infectious related hospitalization for each
offspring was included in the analyses.
For the analyses two databases were cross-linked and merged: the

computerized perinatal database of the Obstetrics and Gynecology
department and the computerized hospitalization database of SUMC
(“Demog-ICD9”). The Demog-ICD9 database includes demographic infor-
mation and ICD-9 codes for all medical diagnoses made during
hospitalizations at SUMC. The diagnoses were given according to records
in the hospital computerized medical files. Thus, some were made on
clinical grounds alone and some (such as bacterial or fungal) were based
on laboratory and microbiology findings. The perinatal database consists
of information recorded immediately following delivery by an obstetrician
and includes perinatal assessments, maternal morbidities and maternal
and fetal outcome and complications. Records were anonymized prior to
analysis. The study received the approval of the Institutional Review Board
Committee of the Soroka University Medical Center (IRB # 0357-19-SOR).
Statistical analysis was performed using the SPSS package 26th ed. (IBM/

SPSS, Chicago, IL). Differences in categorical data were assessed by chi-
square for general association. Paired t-test was used for comparison of
continuous variables with normal distribution. Kaplan–Meier survival
curves were used to compare cumulative infectious related hospitalization
incidences over time according to twin gender. The differences between

the two cumulative morbidity curves were assessed using the log-rank test.
A Cox proportional hazards model was used to establish an independent
association between twin gender and future infectious related hospitaliza-
tion risk, while controlling for potential confounders. All analyses were
two-sided and a p < 0.05 was considered statistically significant.

RESULTS
The study population included 4222 newborns which met the
inclusion criteria; 2111 dichorionic diamniotic twin males and 2111
dichorionic diamniotic twin females. The obstetrical and neonatal
characteristics of both groups are summarized in Table 1. Similar
rates of cesarean deliveries, NRFHR patterns and low Apgar scores
were found in both groups, as well as similar rates of mortality. Male
offspring were found to have significantly lower rates of low birth
weight (LBW) and very low birth weight (VLBW).
Long-term infectious morbidity of the offspring and the different

subgroups of infectious morbidities are presented in Table 2. Male
infants demonstrated higher risk for long- term infectious morbidity
compared to female infants [OR 1.3, 95% CI 1.1–1.5, p < 0.001].

Table 1. Pregnancy and neonatal characteristics of both study groups.

Male % (n= 2111) Female % (n= 2111) OR (95% CI) P Value

Non-reassuring fetal heart rate monitoring 2.8 (60) 2 (43) 1.4 (0.9–2.1) 0.090

IUFDa 1 (22) 0.8 (16) 1.4 (0.7–2.6) 0.328

PPDb 1.8 (39) 1.8 (38) 1.0 (0.7–1.6) 0.908

Mortality 2.9 (61) 2.6 (54) 1.1 (0.8–1.6) 0.508

% Cesarean delivery 55.5 (1172) 55.6 (1173) 1.0 (0.9–1.1) 0.975

SGAc 3.8 (81) 4.7 (99) 0.8 (0.6–1.1) 0.170

LBWd 54.8 (1157) 63.3 (1337) 0.7 (0.6–0.8) <0.001

VLBWe 6.7 (142) 8.3 (176) 0.8 (0.6–0.9) 0.047

Apgar 5min < 7 2 (42) 2.3 (47) 0.9 (0.6–1.3) 0.597

Ethnicity 1.0 (0.9–1.1) 1.000

Bedoiuns 49 (1034) 49 (1034)

Jewish 51 (1077) 51 (1077)
aIntrauterine fetal death.
bPeripartum death.
cSmall for gestational age, defined as less than the 5th centile for gestational age.
dLow birth weight, defined as birth weight ≤ 2500 gr.
eVery low birth weight, defined as birth weight ≤1500 gr.

Table 2. Long- term infectious morbidity of twins by twin gender.

Infectious disease Male (n= 2111) Female (n= 2111) OR (95% CI) P value

Bacteremia 0.9% (20) 0.9% (19) 1.1 (0.6–2.0) 0.872

Bacterial infections 2.2% (46) 1.3% (27) 1.7 (1.1–2.8) 0.025

Fungal infections 0.1% (3) 0 (1) 3.0 (0.3–28.9) 0.317

Viral infections 4.3% (90) 3.3% (69) 1.3 (0.9–1.8) 0.090

Neonatal infections 1.6% (33) 1.3% (28) 1.2 (0.7–2.0) 0.519

Nosocomial infections 0.1% (2) 0 (0) 1.0 (1.0–1.0) 0.157

CNS infections 0.9% (18) 0.3% (7) 2.6 (1.1–6.2) 0.027

ENT infections 7.2% (153) 5.6% (118) 1.3 (1.1–1.7) 0.028

GI infections 3.6% (77) 3.3% (70) 1.1 (0.8–1.5) 0.557

Ophthalmic infections 1.9% (41) 1.6% (33) 1.2 (0.8–2.0) 0.348

Orthopedic infections 0.1% (3) 0.2% (4) 0.7 (0.2–3.3) 0.705

Respiratory infections 17.3% (366) 12.6% (275) 1.5 (1.2–1.7) <0.001

Skin infections 2.1% (45) 2.1% (44) 1.0 (0.7–1.6) 0.915

Urological infections 0.1% (2) 0 (0) 1.0 (1.0–1.0) 0.157

Infectious hospitalizations, total 27.8% (587) 23.1% (488) 1.3 (1.1–1.5) <0.001
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Specifically, male infants had higher risk for ear nose and throat
(ENT), central nervous system (CNS) and respiratory infections.
Likewise, in the Kaplan–Meier survival curve males had a
significantly higher cumulative hazard of infectious morbidity as
compared with females (Fig. 1, log-rank p < 0.001).
An independent association was shown between male gender

and infectious related hospitalizations also after controlling for birth
weight and birth order in the Cox proportional hazard regression
model (Adjusted HR= 1.2, 95% CI: 1.1–1.4; p < 0.001, Table 3).

DISCUSSION
In this large retrospective cohort study of dichorionic diamniotic
twins followed up to 18 years, males were found to be at
increased risk for pediatric infectious-related hospitalizations. The
association remained significant while controlling for important
confounders, such as birth weight and birth order. Since the study
was based on matched twin pregnancies, maternal age and
comorbidities as well as other significant obstetrical covariates
such as gestational age, were similar. Also, the period of follow-up
and environmental exposures were similar. This allows us better
to understand the association between gender and long-term
outcome. This is the first study suggesting a possible association

between gender in twin pregnancies and long-term pediatric
morbidities to the best of our knowledge.
Despite advances in intensive care medicine and the use of

antibiotics, pediatric infectious diseases are a significant cause of
morbidity and mortality. It is estimated that over 1 million
neonates die annually worldwide due to infections [14]. The innate
immune system is the immediate first line of defense from
invading pathogens, which matures during fetal life. As the innate
immune system is weakened at birth, newborns are relatively
susceptible to infections. Additionally, the efficiency of the
adaptive immune system is impaired in newborns compared with
adults [15, 16].
One of the suggested theories is the “predictive adaptive

response” theory proposed in 2006 by Glickman et al. [17], of fetal
programming directed by intrauterine cues that may optimize the
structure and function of organs in the uterine environment on
the one hand and contribute to childhood and adulthood disease
if these adaptions are mismatched with later environments on the
other hand. Epigenetic mechanisms, which allow for physiological
plasticity and expression of different phenotypes from a given
genotype, serve as possible underlying bases of the predictive
adaptive response [18, 19]. Nevertheless, as the two compared
groups shared the same intra-uterine environment, differences in
fetal programming may not exclusively explain the differences in
long-term infectious morbidity seen between the groups.
Previous studies have associated different maternal conditions

with offspring long-term infectious morbidity, such as maternal
urinary tract infections [20] or other conditions like smoking or
obesity [21, 22]. Nevertheless, other studies failed to demonstrate
such an association [23]. We hypothesized that the communal
intrauterine environment in twins would result in similar immune
responses of the twins in their future, and no differences would be
seen in childhood infectious-related morbidity between the paired
twins. The association between male- co-twin and long-term
infectious morbidity of the offspring seen in our study despite

Fig. 1 Red- Males Blue- Females. A Kaplan–Meier cumulative hazard function of infectious morbidity in both groups. Log rank p < 0.001.

Table 3. Cox proportional hazards model for the association between
twin gender and total infectious morbidity.

Variable Adjusted HR
(95% CI)

P value

Gender (male versus female) 1.2 (1.1–1.4) <0.001

Birth order (first versus second) 0.9 (0.8–1.0) 0.217

Birth weight (small for gestational
age versus non-small for
gestational age)

1.0 (0.7–1.4) 0.840
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the same environment in uterus and postpartum elucidate the
influence of gender on long-term consequences.
Consistent with previous studies [7], our study also demon-

strated significant differences in immediate perinatal outcomes
between the groups, such as higher rates of LBW and VLBW seen
among female infants than male infants. Male fetuses grow faster
than female fetuses from an early conception and present an
increased metabolic rate [9]. The higher metabolic demands and
accelerated growth in male fetuses might increase vulnerability to
subtle disruptions of fetal oxygenation and compromised blood
flow in fetal life and during labor. Additionally, hypoxemia and
acidemia during labor contribute to neonatal infections’ suscept-
ibility by disrupting immunologic responses [10]. It is plausible
that this susceptibility in uterus and during labor may also
manifest later in life. Another mechanism may relate to the impact
of sex hormones on the T-helper 1/T-helper 2 cytokine balance
proposed by Muenchhoff [24] to explain the higher incidence and
severity of infectious diseases in males.
Specifically, male infants had a higher risk for ear, nose, and throat

(ENT), central nervous system (CNS), and respiratory infections.
Previous studies have shown that singleton male newborns are
at an increased risk for pediatric respiratory and neurological
morbidity [12, 13].
Significant differences were demonstrated between male and

female neurons grown separately in cell cultures, suggesting that
differences in the fetal or neonatal period result from intrinsic
differences in cell death pathways between genders [25]. It was
also suggested that cerebral cortical electrical activity matures
earlier in males than in female term neonates, making male CNS
more vulnerable [26]. In addition, male gender was shown to be a
risk factor for respiratory morbidities of the newborn [27, 28]. Two
leading theories endorse sex hormones’ influence on lung
development and maturation and anatomic differences in lung
development during fetal life as contributing factors [29]. Airway
growth in females is proportional to lung parenchyma growth in
the pre-pubertal period, while the growth of the airways in males
lags behind that of the lung parenchyma, causing a discrepancy
between airway and lung size. These anatomic changes might
cause the respiratory system in males to be more vulnerable to
infections throughout life [30]. Suggested underlying mechanisms
specifically responsible for the observed increase in pediatric ENT
infectious morbidity in males are yet to be fully elucidated.
The main strength of our study is its large cohort size.

Furthermore, the study was based on matched twin pregnancies;
thus, maternal and obstetrical covariates and the follow-up period
and postnatal environmental exposures were similar. This allows us
to establish the association between gender and long-term
outcome better. In addition, SUMC is the sole tertiary hospital in
the entire Negev region in an area characterized by positive
immigration, resulting in probable minimal loss to follow-up and
selection bias. Nevertheless, this study has few disadvantages. The
main limitation lies within its retrospective design. This study can
provide evidence only of association and not of causation. However,
there is biological plausibility for the observed association, as
mentioned above. Also, using patient data enabled us to create a
large cohort and include less frequent infectious diseases in the
analysis. In addition, several potentially relevant covariates were not
available for analysis, such as childhood exposures, breastfeeding,
placental pathology examination and antibiotic use after delivery.
These essential points remain to be investigated in future studies.
The study population included two different ethnic groups:

Jewish and Bedouins, who differ in their economic status, and
levels of education [31]. Most Bedouins women do not work
outside the house and about half of them have less then
elementary level of education. Most men have less than high-
school level of education, many are unemployed or hold low
paying jobs [32]. However, there were no ethnical differences
between groups of study as shown in Table 1. Since the study was

based on matched twin pregnancies, we assumed maternal
educational status or environmental exposures were similar.
In conclusion, our results suggest an increased risk of pediatric

infectious morbidities in male dichorionic diamniotic twins than
their co- female twin. This observation should not lead to a
change in the obstetric management of patients based on the
gender of the fetus alone. Further research is needed to clarify the
impact of gender on birth outcome and long-term adverse effects.
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Data is available to review upon request.
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