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Abstract

Introduction: Several studies showed advantages in out-
comes for very-low-birth-weight (VLBW) female infants. It
has been suggested that recent advances in perinatal care
might have benefited boys relatively more than girls, mak-
ing differences disappear. Objectives: The aims of the study
were (1) to determine if sex differences in survival and sur-
vival without morbidity in VLBW infants are still present in
the context of more advanced perinatal care and (2) to know
whether these differences are consistent throughout gesta-

tional age (GA). Methods: Retrospective cohort study in sev-
en countries participating in the Spanish SEN1500 and the
South American NEOCOSUR neonatal networks. We includ-
ed VLBW infants 24-30 weeks’ GA, born alive without major
congenital anomalies (2013-2016). Major morbidity, surviv-
al, and survival without morbidity were compared between
male and female infants overall and stratified by GA. Re-
sults: 10,565 patients were included: 5,620 (53.2%) males
and 4,945 (46.8%) females. Female infants exhibited a lower
incidence rate ratio (95% Cl) of respiratory distress syn-
drome: 0.91 (0.88,0.94), necrotizing enterocolitis: 0.83 (0.74,
0.93), major brain damage: 0.79 (0.72, 0.86), moderate-se-
vere bronchopulmonary dysplasia (BPD): 0.77 (0.72, 0.83),
higher survival: 1.03 (1.01, 1.05), survival without BPD: 1.11
(1.07, 1.16), survival without major brain damage: 1.05 (1.02,
1.08), and survival without major morbidity: 1.14 (1.07, 1.21).
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Survival and survival without morbidity were almost consis-
tently favourable to females throughout GA. Conclusions:
Our findings suggest that perinatal results continue to be
favourable for VLBW female infants in the context of current
perinatology, and that they are almost consistent through-
out GA. © 2022 S. Karger AG, Basel

Introduction

During the past decades, we have witnessed techno-
logical improvement and changes in perinatal care that
have made possible the survival of increasingly more pre-
mature newborns around the world, at least in developed
countries [1-3]. Similar trends have been observed in re-
cent years in our networks, the Spanish SEN1500 and the
South American NEOCOSUR networks [4, 5]. However,
despite these global improvements, there are still differ-
ences in neonatal mortality depending on the sex of the
newborn [6]. Half a century ago, Naeye et al. [7] showed
in 2,735 consecutive newborn autopsies that there was a
near equal male to female ratio for most disorders in still-
born infants, while disorders arising after birth demon-
strated a strong male disadvantage. Nowadays, a body of
evidence has shown advantages in morbidity and mortal-
ity for very-low-birth-weight (VLBW) female infants.
However, it has been suggested that recent advances in
perinatal care might have benefited boys relatively more
than girls [8], or that differences between sexes might per-
sist in the most immature patients, decreasing with in-
creasing gestational age (GA) or weight [9, 10].

The objective of our work was to determine if differ-
ences by sex in morbidity, survival, and survival without
major morbidity in VLBW infants <30 weeks GA are still
present in the context of more advanced perinatal care.
We also aimed to determine whether these differences, if
present, vary or are consistent throughout GA. We hy-
pothesize that differences in morbidity and mortality be-
tween sexes in VLBW infants are no longer present in
current practice.

Patients and Methods

We performed a retrospective analysis of data prospectively
collected from VLBW infants, 24°-30° weeks GA, from January
2013 to December 2016, in the collaborating centres of the Span-
ish Neonatal Society (SEN1500) and the South American (NEO-
COSUR) networks. Its characteristics and a comparison between
them have been published recently [11]. Newborns who died in
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Table 1. Distribution of patients included by GA and sex

GA Males Females Total Proportion
(completed N=5620 N=4945 N=10,565 byGA %
weeks)

24 373 277 650 6.2

25 494 436 930 8.8

26 619 571 1,190 11.3

27 857 726 1,583 15.0

28 1,069 879 1,948 18.4

29 1,084 921 2,005 19.0

30 1,124 1,135 2,259 214

the delivery room, patients with major congenital anomalies, and
those with undetermined sex were excluded. GA was estimated in
complete weeks based on the date of the last menstrual period
and/or a prenatal ultrasound registered in the maternal record.
Management in the delivery room and in the neonatal intensive
care unit (NICU) was carried out according to the usual practices
in the centres. Demographic, obstetric, and perinatal variables,
delivery room and NICU interventions, and outcomes in terms of
morbidity and mortality were studied. Mortality was defined as
death after admission and before hospital discharge. Major mor-
bidity was considered the presence of major brain damage (MBD),
including severe intraventricular haemorrhage (IVH) (grade 3
IVH and/or periventricular haemorrhagic infarction) and/or
echogenic or cystic periventricular leukomalacia (PVL); moderate
or severe bronchopulmonary dysplasia (BPD), defined as oxygen
dependence or invasive or noninvasive respiratory support at 36
weeks postmenstrual age; necrotizing enterocolitis (NEC) > Bell’s
stage 2; retinopathy of prematurity (ROP) > stage 3 or need for
surgical treatment; and/or late-onset neonatal sepsis, defined as
suggestive clinical symptoms along with a positive blood culture
after 72 h of life.

Statistical Analysis

Continuous variables are expressed as mean or median and
95% confidence interval (95% CI). Qualitative variables are ex-
pressed as proportions and 95% CI. To minimize potential bias, we
analysed causal diagrams by means of directed acyclic graphs or
causal Bayesian networks [12]. The sex of the infant was the expo-
sure variable and the compound “morbidity and/or mortality” was
the outcome variable. Different variables were tested as potential
confounding factors or intermediate variables. For the study of the
total effect of the exposure on outcomes, true confounders, that is,
factors whose modification makes both the exposure and the result
vary, were not considered possible [13]. However, for the study of
the possible direct effect of sex on outcomes, several intermediate
variables were found for which it was necessary to adjust (figures
and codes in online suppl. Appendix 1; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000525589). The total and
direct effects of the infant’s sex on the outcomes of interest were
studied by means of Poisson regression. To know the direct effect
of sex, we adjusted for GA, birth weight, SGA, and multiple gesta-
tion, according to the directed acyclic graphs analysis results. In
both cases, robust estimation of the variance and the natural log of
the length of stay as an offset variable were used. Outcomes are
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Table 2. Patients’ characteristics, perinatal interventions, and condition at birth

Variables Males Females p value
N = 5,620 (53.2%) N = 4,945 (46.8%)
GA, weeks 27.7 (27.6,27.7) 27.8(27.7,27.8) 0.014
Birth weight, g 1,041.2 (1,034.5, 1,047.8) 1,002.7 (995.4, 1,009.9) <0.001
Small for GA 11.8(11.0,12.6) 11.1(10.2,12.0) 0.263
Head circumference, cm 25.6 (25.5,25.7) 25.2(25.2,25.3) 0.002
Multiples 27.9(26.7,29.1) 28.3(27.0,29.5) 0.654
Assisted reproductive technologies? 20.7 (19.2,22.1) 21.7 (20.2,23.3) 0.323
Prenatal care (at least one visit) 84.9 (84.0,85.9) 84.8 (83.8, 85.8) 0.877
Maternal hypertension 19.1(18.1,20.1) 23.1(21.9,24.3) <0.001
Chorioamnionitis 22.0(20.9,23.2) 22.4(21.2,23.6) 0.666
Perinatal interventions and findings
Antenatal steroids (at least one dose) 88.0 (87.1, 88.8) 89.8 (89.0, 90.6) 0.003
Antenatal steroids (full course) 71.9(70.6,73.1) 74.0(72.7,75.2) 0.020
Premature rupture of membranes 36.3(35.0,37.6) 35.1(33.7,36.5) 0.121
Latency from rupture of membranes to birth,? days 29(27,3.2) 2.6(2.4,2.9) 0.335
Intrapartum maternal antibiotics 51.3(50.0, 52.6) 49.6 (48.1,51.0) 0.081
Caesarean section 68.7 (67.5, 69.9) 70.8 (69.5,72.1) 0.017
Postnatal interventions and findings in delivery room
First minute Apgar score <3 19.5(18.5, 20.6) 16.6 (15.5,17.6) <0.001
5 min Apgar score <6 18.8(17.7,19.8) 16.8(15.8,17.8) 0.009
Oxygen in delivery room 61.7 (60.4, 62.9) 61.9 (60.5, 63.2) 0.843
Bag and mask in delivery room 70.0 (68.8,71.2) 69.6 (68.4, 70.9) 0.696
Intubation in delivery room 46.5 (45.2,47.8) 42.8(41.4,44.2) <0.001
Epinephrine and/or chest compressions 8.2(7.5,8.9) 6.8 (6.1,7.5) 0.006
Advanced neonatal resuscitation® 46.8 (45.5,48.1) 43.2 (41.8,44.5) <0.001

All values are mean or proportion (95% Cl). 2 Data only available for SEN1500 network. ®Values computed only for patients with prema-
ture rupture of membranes (1,945 males and 1,618 females). ¢ Advanced neonatal resuscitation includes intubation, chest compression,

and/or epinephrine administration.

expressed as incidence rate ratio (IRR) and adjusted IRR and 95%
CIL Due to the variability in the management of newborns and in
the results among centres [11], as a sensitivity analysis, we show in
online supplementary Table 1 the proportions of survival without
major morbidity in the different participating centres. Although
important variations can be observed from one centre to another,
in most of them, better results are observed in female infants. In
addition, to assess the potential influence of unmeasured con-
founders, we carry out the determination of the E-values for the
adjusted IRR and the limit of the CI closest to the null [14]. The
E-value has been defined as “the minimum strength of association
on the risk ratio scale that an unmeasured confounder would need
to have with both the exposure and the outcome, conditional on
the measured covariates, to fully explain away a specific exposure-
outcome association [15].” Although a “large” E-value is context-
dependent, in general, the higher the E-value, the less likely it is
that there is an unknown, unmeasured factor that could override
our best guess, given the data [16].

SPSS version 25 software (IBM Corp, Armonk, NY, USA) was
used for statistical analysis. Missing values for most variables of
interest were less than 5% (online suppl. Table 2). However, the
missing data for severe ROP in survivors was 7.1%. To account for
this, we performed both, a complete-case analysis and a multiple
imputation analysis with 50 imputations. This study follows the

Better Outcomes Seem Consistent
through GA in Female Infants

STROBE and RECORD reporting guidelines (checklist as online
suppl. Appendix 2).

The Research Ethics Committees of all the participating centres
approved the data collection protocol when they joined their net-
work. The Research Ethics Committee of the principal investiga-
tor’s centre acted as a reference committee (Code 2021-261-1).
Given the retrospective and pseudonymized nature of the data, the
investigators and the Research Ethics Committee deemed not nec-
essary to obtain informed consent from the parents or legal repre-
sentatives of the patients.

Results

During the study period, 11,140 VLBW infants were
registered, 6,385 (57.3%) in SEN1500 and 4,755 (42.7%)
in NEOCOSUR. Among them, 173 (1.6%) who died in
the delivery room, 467 (4.2%) with major congenital
anomalies (74 of whom died in the delivery room), and 9
with undetermined sex were excluded. Finally, 10,565 pa-
tients were included in the study, 5,620 (53.2%) males and
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Table 3. Morbidity and interventions after admission to NICU and survival according to sex

Variables Males Females p value
N =5,620 (53.2%) N = 4,945 (46.8%)
Respiratory distress syndrome 82.8(81.8,83.8) 77.0(75.8,78.2) <0.001
Pneumothorax 6.4(5.8,7.1) 5.1(4.5,5.7) 0.003
Oxygen after admission to NICU 84.4(83.4,85.3) 81.3(80.3,82.4) <0.001
Noninvasive ventilatory support (nCPAP. biPAP and/or nIPPV) 78.1(77.0,79.2) 80.4(79.3,81.5) 0.003
Conventional invasive mechanical ventilation 69.1(67.9,70.3) 63.8 (62.4, 65.1) <0.001
High-frequency ventilation 22.8(21.7,23.9) 17.7 (16.7, 18.8) <0.001
Surfactant (at any time; includes surfactant in delivery room) 69.5 (68.3,70.7) 62.8 (61.4,64.1) <0.001
Steroids for BPD 11.1(10.3,11.9) 9.3(8.4,10.1) 0.002
Oxygen by 28 days of life 42.5(41.1,43.8) 37.5(36.1,38.9) <0.001
Oxygen by 36 weeks PMA 22.0(20.8,23.1) 17.2(16.1,18.3) <0.001
Discharge home with oxygen 9.5(8.6,10.4) 6.6 (5.8,7.4) <0.001
Prophylactic indomethacin 3.0(2.6,3.5) 2.6(2.2,3.1) 0.199
Patent Ductus Arteriosus (PDA) 445 (43.2,45.8) 449 (43.5,46.3) 0.687
Surgical closure of PDA? 9.0(7.9,10.1) 10.3(9.0,11.5) 0.151
NEC 10.9(10.1,11.7) 9.3(8.5,10.1) 0.005
Surgery for NEC® 43.6 (39.7,47.6) 41.6(37.0,46.1) 0.502
Focal gastrointestinal perforation 4.7 (4.2,5.3) 3.8(3.3,44) 0.023
Early-onset neonatal sepsis 5.8(5.2,6.4) 5.5(4.9,6.1) 0.525
LONS 31.7 (30.5, 33.0) 32.0(30.7,33.3) 0.767
Candidemia 34(2.7,4.1) 3.1(2.4,3.8) 0.545
IVH (all grades)® 34.3 (33.0, 35.6) 28.0(26.7,29.3) <0.001
Severe IVHb< 13.4(12.5,14.4) 9.5(8.6,10.3) <0.001
Cystic or echogenic PVL 9.1(8.3,9.8) 7.8(7.1,8.6) 0.033
MBD¢ 19.9(18.8,21.0) 15.9(14.8,17.0) <0.001
ROP > grade 3¢ 5.0(4.3,5.6) 5.5(4.8,6.2) 0.268
Anaemia that requires transfusion 62.4(61.1,63.7) 58.1 (56.7, 59.5) <0.001
Survival 79.1 (78.1,80.2) 83.8(82.7,84.8) <0.001
Survival without BPD 59.2 (57.9, 60.5) 68.0 (66.6, 69.3) <0.001
Survival without MBD 67.2 (66.0, 68.5) 73.0(71.7,74.2) <0.001
Survival without major morbidityf 34.1(32.8,35.4) 39.9(38.5,41.3) <0.001

Bivariate analysis. All values are proportion (95% Cl). BPD, bronchopulmonary dysplasia; PMA, postmenstrual age; PDA, patent ductus
arteriosus; IVH, intraventricular haemorrhage; PVL, periventricular leukomalacia; ROP, retinopathy of prematurity; LON, late-onset neonatal
sepsis. 2 Computed only for patients with diagnosis of PDA or NEC, in each case. P Computed only for patients with an early cerebral ultra-
sound scan performed (92.3% of patients: 5,163 males and 4,572 females). Third degree IVH and/or intraparenquimal periventricular in-
farction. 9 MBD includes severe IVH and/or PVL. ¢ Computed only for patients with a fundus eye exam (4,283 males and 3,971 females).

fMajor morbidity includes MBD, BPD, NEC, LONS, and/or severe ROP.

4,945 (46.8%) females. The distribution by sex and GA is
shown in Table 1. Table 2 shows the patients’ character-
istics, perinatal interventions, and condition at birth by
sex. GA was significantly lower in males with a mean dif-
ference (95% CI) of —0.088 (—0.158 to —0.018) weeks. The
mothers of female infants were more frequently hyper-
tensive and received more antenatal steroids and intra-
partum magnesium sulphate. Female infants had better
Apgar scores and needed less intubation, epinephrine, or
chest compression during resuscitation.

Table 3 shows the bivariate analysis regarding morbid-
ity and main interventions during NICU stay, as well as
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survival and survival without morbidity. Female infants
exhibited less respiratory morbidity and they received
less surfactant administration and ventilatory support.
They also exhibited less NEC, IVH, and anaemia that re-
quired transfusion. Survival and survival without mor-
bidity were significantly higher in female infants.
Finally, Tables 4 and 5 show the total and direct effects
of infant sex on morbidity, survival, and survival without
morbidity, globally (Table 4) and specifically by GA (Ta-
ble 5). Female infants showed overall advantages in respi-
ratory outcomes that were almost consistent from 26- or
27-week GA onward. They also exhibited less NEC, focal
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Table 4. Morbidity according to sex (female vs. male)

Morbidity and survival IRR 95% Cl alRR? 95% Cl E-value for E-value for the limit of
point estimate  the Cl closest to null

Respiratory distress syndrome 0.91 0.88,0.94 0.93 0.90, 0.96 1.36 1.25

Pneumothorax 0.77 0.66, 0.91 0.75 0.64, 0.89 2 1.5

Oxygen by 28 days of life 0.88 0.84,0.91 0.85 0.81,0.88 1.63 1.53

Oxygen by 36 weeks PMA 0.77 0.72,0.83 0.73 0.68,0.78 2.08 1.88

Oxygen at home discharge 0.72 0.62,0.83 0.68 0.59,0.79 23 1.85

NEC 0.83 0.74,0.93 0.78 0.70,0.88 1.88 1.53

Focal gastrointestinal perforation 0.78 0.65,0.94 0.75 0.62,0.90 2 1.46

IVH (all grades) 0.80 0.75,0.85 0.81 0.76,0.86 1.77 1.6

Severe IVHP 0.69 0.61,0.78 0.70 0.62,0.79 2.21 1.85

Cystic or echogenic PVL 0.86 0.75,0.97 0.87 0.76,0.99 1.56 1.1

MBD* 0.79 0.72,0.86 0.79 0.72,0.87 1.85 1.56

ROP > grade 3 1.13 0.95,1.36 1.04 0.87,1.24 1.24 1

Anaemia that requires transfusion 0.91 0.88,0.94 0.89 0.86, 0.93 1.5 1.36

Survival 1.03 1.01,1.05 1.06 1.04,1.08 1.31 1.24

Survival without BPD 1.1 1.07,1.16 1.16 1.12,1.20 1.59 1.49

Survival without MBD 1.05 1.02,1.08 1.09 1.06, 1.11 1.4 1.31

Survival without major morbidity? 1.14 1.07,1.21 1.21 1.14,1.27 1.71 1.54

IRR and adjusted IRR are shown together with the E-values for point estimate and Cl (sensitivity analysis). PMA, postmenstrual age; BPD,
bronchopulmonary dysplasia; IRR, incidence rate ratio; alRR, adjusted incidence rate ratio. ?IRRs adjusted for GA, birth weight, small for GA,
and multiple gestation. P Severe IVH includes grade 3 IVH and/or periventricular infarction. MBD includes severe IVH and/or PVL. ¢ Major

morbidity includes MBD, BPD, NEC, late-onset neonatal sepsis, and/or severe ROP.

gastrointestinal perforation, brain damage, and blood
transfusion requirements, but not consistently by GA
(online suppl. Table 3). Survival and the combined out-
comes of survival without BPD, survival without MBD,
and survival without major morbidity were significantly
higher for girls, and these advantages were almost consis-
tent for all GA from 25 weeks onward (Table 5). The main
cause of death was respiratory in both sexes, although it
was proportionally more frequent in females than in
males (45.7% vs. 37.2%). Other causes of death, such as
sepsis (26.0% vs. 24.0%) and brain damage (19.0% vs.
12.1%), were relatively more frequent in boys. The length
of stay was slightly shorter for surviving females, but
without significant differences by GA. There were also no
differences in age at death (online suppl. Table 4).

Discussion

Our results show that advantages in clinical outcomes
for female infants persist in the current era of more ad-
vanced perinatal care. Female infants exhibited lower
mortality and lower respiratory, gastrointestinal, and
neurological morbidity, as well as a lower need for blood
transfusions during their hospital stay compared to boys.

Better Outcomes Seem Consistent
through GA in Female Infants

Although the specific analysis by GA shows a similar
trend in favour of girls, we only found significant differ-
ences for respiratory morbidity, mainly among the most
mature patients, after 26- or 27-week GA. It is likely that
the smaller number of patients included in the younger
GAs had influenced the results, as only 15% of the pa-
tients included were born before 26 weeks of gestation.
Likewise, survival and the combined outcomes of surviv-
al without BPD, survival without MBD, and survival
without major morbidity, showed nearly consistent ad-
vantages for females from 25 weeks’ gestation onward.

Several recent studies have shown a downward trend
in morbidity and mortality in very preterm infants [17,
18]. Although the reduction in mortality seems to have
been proportionally greater in males, the reported rates
continue to show better results in females. As mentioned
above, many other studies found similar results, but GA-
specific or GA-grouped analyses are scarce [17]. Unlike
other studies that suggested that as GA increases, the dif-
ferences might disappear [8-10], our results show that
female advantages with respect to respiratory morbidity
and the combined outcomes of survival or morbidity-free
survival are nearly constant at all GAs.

Some research has tried to elucidate the biological rea-
sons underlying these advantages of the female sex. Al-
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Table 5. Morbidity according to sex (female vs. male), specific by GA (completed weeks)

Morbidity and survival RR 95% Cl aRR? 95% Cl E-value for E-value for the limit
(total and by GA) point estimate  of the Cl closest to null
Respiratory distress syndrome 0.91 0.88,0.94 0.93 0.90, 0.96 1.36 1.25
24 0.68 0.49, 0.95 0.68 0.49, 0.95 23 1.29
25 0.76 0.61,0.94 0.72 0.57,0.89 2.12 1.5
26 0.86 0.74,0.99 0.84 0.72,0.98 1.67 1.16
27 0.90 0.84, 0.96 0.90 0.84,0.96 1.46 1.25
28 0.91 0.85,0.96 0.93 0.88,0.99 1.36 1.1
29 0.92 0.86, 0.98 0.95 0.89, 1.01 1.29 1
30 0.93 0.87,1.00 0.94 0.87,1.01 1.32 1
Oxygen by 36 weeks PMA 0.77 0.72,0.83 0.73 0.68,0.78 2.08 1.88
24 0.96 0.77,1.20 0.93 0.74,1.17 1.36 1
25 0.89 0.76,1.04 0.86 0.73,1.01 1.6 1
26 0.80 0.69, 0.94 0.78 0.66, 0.91 1.88 1.43
27 0.83 0.71,0.97 0.78 0.66, 0.91 1.88 1.43
28 0.69 0.58,0.83 0.66 0.55,0.79 24 1.85
29 0.72 0.57,0.91 0.66 0.53,0.84 24 1.67
30 0.60 0.46,0.79 0.59 0.45,0.78 2.78 1.88
IVH (all grades) 0.80 0.75,0.85 0.81 0.76, 0.86 1.77 1.6
24 0.61 0.42,0.89 0.56 0.40, 0.86 297 1.6
25 0.77 0.60, 0.99 0.76 0.59,0.98 1.96 1.16
26 0.77 0.63,0.90 0.77 0.62,0.95 1.92 1.29
27 0.76 0.65,0.89 0.79 0.67,0.92 1.85 1.39
28 0.77 0.67,0.90 0.78 0.67,0.91 1.88 1.43
29 0.79 0.66, 0.95 0.81 0.67,0.97 1.77 1.21
30 0.75 0.61,0.92 0.75 0.61,0.92 2 1.39
Severe IVHP 0.69 0.61,0.78 0.70 0.62,0.79 2.21 1.85
24 0.54 0.33,0.89 0.51 0.31,0.85 333 1.63
25 0.70 0.49, 1.00 0.70 0.49, 1.00 2.21 1
26 0.79 0.61,1.03 0.80 0.61,1.06 1.81 1
27 0.53 0.39,0.72 0.55 0.40,0.76 3.04 1.96
28 0.67 0.48,0.92 0.70 0.51,0.97 2.21 1.21
29 0.78 0.53,1.19 0.76 0.50,1.16 1.96 1
30 0.54 0.32,0.91 0.49 0.29,0.84 35 1.67
Survival 1.03 1.01,1.05 1.06 1.04,1.08 1.31 1.24
24 1.05 0.94,1.19 1.08 0.97,1.21 1.37 1
25 1.07 1.01,1.14 1.11 1.05,1.18 1.46 1.28
26 1.04 0.98,1.10 1.09 1.03,1.16 1.4 1.21
27 1.00 0.96, 1.04 1.03 0.99, 1.08 1.21 1
28 1.01 0.97,1.05 1.04 1.01,1.08 1.24 1.11
29 1.02 0.98, 1.06 1.06 1.02,1.10 1.31 1.16
30 1.07 1.03,1.11 1.07 1.03,1.12 1.34 1.21
Survival without BPD 1.11 1.07,1.16 1.16 1.12,1.20 1.59 1.49
24 1.20 0.81,1.78 1.34 0.91,1.98 2.01 1
25 1.24 1.01,1.52 1.37 1.12,1.68 2.08 1.49
26 1.25 1.08,1.45 1.38 1.19,1.59 2.1 1.67
27 1.08 0.98,1.19 1.17 1.06, 1.29 1.62 1.31
28 1.11 1.03,1.20 1.18 1.10,1.26 1.64 143
29 1.06 1.00, 1.13 1.12 1.06,1.18 1.49 1.31
30 112 1.06,1.18 1.13 1.07,1.19 1.51 1.34
Survival without MBD¢ 1.05 1.02,1.08 1.09 1.06, 1.11 1.4 1.31
24 1.07 0.86, 1.34 1.08 0.86,1.34 1.37 1
25 1.14 1.01,1.30 1.19 1.04,1.35 1.67 1.24
26 1.11 1.01,1.22 1.16 1.05,1.28 1.59 1.28
27 1.02 0.95,1.08 1.05 0.98,1.13 1.28 1
28 1.01 0.95,1.07 1.05 0.99,1.12 1.28 1
29 1.02 0.96, 1.07 1.06 1.01,1.11 1.31 1.1
30 1.10 1.05,1.15 1.1 1.06,1.16 1.46 1.31
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Table 5 (continued)

Morbidity and survival RR 95% Cl aRR? 95% Cl E-value for E-value for the limit
(total and by GA) point estimate  of the Cl closest to null
Survival without major morbidity? 1.14 1.07,1.21 1.21 1.14,1.27 1.71 1.54

24 1.00 0.34,2.92 1.44 0.51,4.10 2.24 1

25 1.02 0.65, 1.60 1.21 0.76, 1.91 1.71 1

26 1.23 0.93,1.63 1.50 1.14,1.98 237 1.54

27 1.27 0.95,1.33 1.33 1.13,1.58 1.99 1.51

28 1.19 1.05,1.34 1.28 1.14,1.44 1.88 1.54

29 1.07 0.97,1.19 1.15 1.04,1.27 1.57 1.24

30 1.16 1.07,1.26 1.18 1.08,1.28 1.64 1.37

IRR and adjusted IRR are shown together with the E-values for point estimate and Cl (sensitivity analysis). The values in bold refer to the
total number of patients between 24 and 30 weeks’ GA. PMA, postmenstrual age; BPD, bronchopulmonary dysplasia. 2 IRRs adjusted for
birth weight, small for GA, and multiple gestation, and GA when analysing the whole population (bold figures). ® Severe IVH includes grade
31VH and/or periventricular infarction. “MBD includes severe I[VH and/or PVL. “Major morbidity includes MBD, BPD, NEC, late-onset neonatal

sepsis, and/or severe ROP.

though there is no complete agreement, it has been sug-
gested that the male/female ratio at conception is 1:1 and
that total mortality during pregnancy is higher for fe-
males [19]. It could be speculated that females that sur-
vive pregnancy could be better prepared to withstand the
stress of childbirth and extrauterine life. In addition, male
foetuses have a higher risk of preterm birth and its com-
plications [20]. Special attention has been paid to genetic
and endocrine sexual differences, and differences in the
inflammatory response and in the response to oxidative
or autonomic stress.

The sexual dimorphism seems to be already present in
utero. Some studies suggest that the male placenta ap-
pears resistant to glucocorticoids since the pathways that
normally respond to cortisol, such as cytokine expres-
sion, the IGF axis, adrenal function, and growth, are not
affected in the presence of a rise in cortisol. In contrast,
in female placentas, an increase in cortisol was correlated
with changes in cortisol metabolism, cytokine mRNA ex-
pression, IGF axis, adrenal function, and growth [21]. In
the early stages of gestation, during the canalicular and
early saccular stages, the lung development of female foe-
tuses is more advanced, although these differences disap-
pear around 32 weeks of gestation. After birth, girls seem
to have better cardiovascular adaptation and better re-
sponses to stress. The onset of respiration and exposure
to higher oxygen concentrations favour the production of
reactive oxygen species. The maturation of the antioxi-
dant systems occurs late in gestation, at the same time as
surfactant. However, antioxidant activity in response to
antenatal steroids occurs significantly earlier in girls than
in boys [22]. Increased activity of antioxidant enzymes in

Better Outcomes Seem Consistent
through GA in Female Infants

girls decreases reactive oxygen species production, par-
ticularly peroxynitrites, favouring pulmonary arterial va-
sodilation and the fall of resistance. Actually, girls reach
target levels of preductal saturation earlier than boys [23].
Years ago, Greenough et al. [24] found, in asphyxiated
preterm infants, significantly higher catecholamine levels
in girls than in boys and, although not significant, these
levels were also higher in non-asphyxiated female babies,
which seems to convey a better ability to respond to stress
in the female sex. In another study, boys aged 24-28
weeks GA had greater microvascular blood flow during
the first 24 h when compared to girls or older boys, which
could lead to low systemic flow and hypotension [25],
making them need initially more ventilatory and inotro-
pic support [26].

Our study has limitations. This is a retrospective co-
hort analysis study, in which not all the factors that could
potentially influence the results are known and, therefore,
they cannot be included in the study. Furthermore, pa-
tients who died in the delivery room were excluded, which
could modify the overall results in terms of morbidity and
mortality. However, this avoids the bias of possible deci-
sions taken before birth based on national policies toward
resuscitation at the limit of viability. Online supplemen-
tary Table 5 shows the characteristics of patients who died
in DR in comparison to those admitted to NICU. On av-
erage, they had lower GA and birth weight, and they ex-
hibited congenital anomalies more frequently. On the
other hand, the wide geographic coverage could make our
results more generalizable, and the relatively short period
of time of the study could constitute a strength since it is
unlikely that relevant healthcare changes had been intro-
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duced during this time that could bias the results. Fur-
thermore, given that some outcomes are competitive with
each other, we believe that the combined outcomes of
survival without morbidity better reflect the overall qual-
ity of care.

In conclusion, in our two big neonatal networks, the
Spanish SEN1500 and the South American NEOCOSUR,
VLBW female infants, <30 weeks GA, had a lower risk of
respiratory morbidity, NEC, and brain damage, as well as
a higher likelihood of survival and survival without major
morbidity. Our data suggests that sex differences in out-
comes continue to be favourable for female infants even
with more advanced perinatal care. Advantages in respi-
ratory morbidity and in survival, survival without BPD,
survival without MBD, or survival without major mor-
bidity seem to be consistent across GA.

Acknowledgments

We are greatly indebted to all the participating hospitals and
researchers from the NEOCOSUR Network and the Spanish Neo-
natal Network SEN1500 (complete list of collaborators as online
suppl. material; Appendix 3).

Statement of Ethics

The Research Ethics Committees of all the participating centres
approved the data collection protocol when they joined the corre-
sponding network. The Research Ethics Committee of the princi-
pal investigator’s centre acted as a reference committee (Code

References

1 Shah PS, Sankaran K, Aziz K, Allen AC, Ses-

2021-261-1). Given the retrospective and pseudonymized nature
of the data, the investigators and the Research Ethics Committee
deemed not necessary to obtain informed consent from the par-
ents or legal representatives of the patients.

Conflict of Interest Statement

The authors declare no conflict of interest for the present work.

Funding Sources

The publication of this work has been financed by the Spanish
Society of Neonatology (SENeo).

Author Contributions

Drs. Vento, Tapia, Fabres, and D’ Apremont established the ini-
tial agreement collaboration protocol between both networks. Drs.
Garcia-Mufioz Rodrigo, Vento, D’Apremont, Fabres, and Tapia
conceptualized the study and carried out the standardization of the
variables between both networks. Dr. Garcfa-Mufioz Rodrigo car-
ried out the statistical analysis and wrote the initial draft. Drs. Zo-
zaya Nieto, San Feliciano, Figueras-Aloy, Saenz de Pipaon, and
Genes de Lovera contributed to data collection and literature re-
view. All the authors approved the final version.

Data Availability Statement

Data available on request from the corresponding author.

hia M, Ohlsson A, et al. Outcomes of preterm
infants <29 weeks gestation over 10-year pe-
riod in Canada: a cause for concern? | Perina-
tol. 2012;32(2):132-8.

Stoll BJ, Hansen NI, Bell EF, Walsh MC, Car-
lo WA, Shankaran S, et al. Trends in care
practices, morbidity, and mortality of ex-
tremely preterm neonates, 1993-2012. JAMA.
2015;314(10):1039-51.

Santhakumaran S, Statnikov Y, Gray D, Bat-
tersby C, Ashby D, Modi N, et al. Survival of
very preterm infants admitted to neonatal
care in England 2008-2014: time trends and
regional variation. Arch Dis Child Fetal Neo-
natal Ed. 2018;103(3):F208-15.
Garcfa-Mufioz Rodrigo F, Losada Martinez
A, Elorza Fernandez MD, Moreno Hernando
], Figueras Aloy ], Vento Torres M. The bur-
den of respiratory disease in very-low-birth-
weight infants: changes in perinatal care and

outcomes in a decade in Spain. Neonatology.
2017;112(1):30-9.

D’Apremont I, Marshall G, Musalem C, Mar-
iani G, Musante G, Bancalari A, et al. Trends
in perinatal practices and neonatal outcomes
of very low birth weight infants during a 16-
year period at NEOCOSUR centers. ] Pediatr.
2020;225:44-50.el.

Vu HD, Dickinson C, Kandasamy Y. Sex dif-
ference in mortality for premature and low
birth weight neonates: a systematic review.
Am | Perinatol. 2018;35(08):707-15.

Naeye RL, Burt LS, Wright DL, Blanc WA,
Tatter D. Neonatal mortality, the male disad-
vantage. Pediatrics. 1971;48:902-6.

Bhaumik U, Aitken I, Kawachi I, Ringer S,
Orav ], Lieberman E. Narrowing of sex differ-
ences in infant mortality in Massachusetts. ]
Perinatol. 2004;24(2):94-9.

Kent AL, Wright IMR, Abdel-Latif ME; New
South Wales and Australian Capital Territory

Neonatology
DOI: 10.1159/000525589

10

11

12

13

Neonatal Intensive Care Units Audit Group.
Mortality and adverse neurologic outcomes
are greater in preterm male infants. Pediat-
rics. 2012;129(1):124-31.

Jones HP, Karuri S, Cronin CM, Ohlsson A,
Peliowski A, Synnes A, et al. Actuarial surviv-
al of a large Canadian cohort of preterm in-
fants. BMC Pediatr. 2005;5(1):40.
Garcia-Mufoz Rodrigo F, Fabres ], Tapia JL,
D’Apremont I, San Feliciano L, Zozaya Nieto C,
et al. Factors associated with survival and sur-
vival without major morbidity in very preterm
infants in two neonatal networks: SEN1500 and
NEOCOSUR. Neonatology. 2021;25:1-8.
Textor ], van der Zander B, Gilthorpe MS,
Liskiewicz M, Ellison GT. Robust causal in-
ference using directed acyclic graphs: the R
package “dagitty”. Int ] Epidemiol. 2016;
45(6):1887-94.

Pearl J. An introduction to causal inference.
Int J Biostat. 2010 Feb 26;6(2): Article 7.

Garcia-Muifioz Rodrigo et al.

Downloaded by:

Pontificia Universidad Catolica de Chile

146.155.157.158 - 7/12/2022 3:21:51 PM


https://www.karger.com/Article/FullText/525589?ref=1#ref1
https://www.karger.com/Article/FullText/525589?ref=1#ref1
https://www.karger.com/Article/FullText/525589?ref=2#ref2
https://www.karger.com/Article/FullText/525589?ref=3#ref3
https://www.karger.com/Article/FullText/525589?ref=3#ref3
https://www.karger.com/Article/FullText/525589?ref=4#ref4
https://www.karger.com/Article/FullText/525589?ref=5#ref5
https://www.karger.com/Article/FullText/525589?ref=6#ref6
https://www.karger.com/Article/FullText/525589?ref=7#ref7
https://www.karger.com/Article/FullText/525589?ref=8#ref8
https://www.karger.com/Article/FullText/525589?ref=8#ref8
https://www.karger.com/Article/FullText/525589?ref=9#ref9
https://www.karger.com/Article/FullText/525589?ref=9#ref9
https://www.karger.com/Article/FullText/525589?ref=10#ref10
https://www.karger.com/Article/FullText/525589?ref=11#ref11
https://www.karger.com/Article/FullText/525589?ref=12#ref12
https://www.karger.com/Article/FullText/525589?ref=13#ref13

14

15

16

17

18

Mathur MB, Ding P, Riddell CA, Vander-
Weele TJ. Web site and R package for com-
puting E-values. Epidemiology. 2018 Sep;
29(5):e45-7.

VanderWeele TJ, Ding P. Sensitivity analysis
in observational research: introducing the E-
value. Ann Intern Med. 2017 Aug 15;167(4):
268.

VanderWeele TJ, Ding P, Mathur M. Techni-
cal considerations in the use of the E-value. |
Causal Inference. 2019;7(2):20180007.
Boghossian NS, Geraci M, Edwards EM, Hor-
bar JD. Sex differences in mortality and mor-
bidity of infants born at less than 30 weeks’
gestation. Pediatrics. 2018;142(6):e20182352.
Garfinkle J, Yoon EW, Alvaro R, Nwaesei C,
Claveau M, Lee SK, et al. Trends in sex-specif-
ic differences in outcomes in extreme pre-
terms: progress or natural barriers? Arch Dis
Child Fetal Neonatal Ed. 2020;105(2):158-63.

Better Outcomes Seem Consistent

through GA in Female Infants

19

20

21

22

Orzack SH, Stubblefield JW, Akmaev VR,
Colls P, Munné S, Scholl T, et al. The human
sex ratio from conception to birth. Proc Natl
Acad Sci U S A. 2015;112(16):E2102-11.
Brettell R, Yeh PS, Impey LW. Examination of
the association between male gender and pre-
term delivery. Eur J Obstet Gynecol Reprod
Biol. 2008;141(2):123-6.

Clifton VL. Review: sex and the human pla-
centa: mediating differential strategies of fetal
growth and survival. Placenta. 2010;31 Suppl:
§33-9.

Vento M, Aguar M, Escobar J, Arduini A, Es-
crig R, Brugada M, et al. Antenatal steroids
and antioxidant enzyme activity in preterm
infants: influence of gender and timing. Anti-
oxid Redox Signal. 2009;11(12):2945-55.

23

24

25

26

Vento M, Cubells E, Escobar JJ, Escrig R,
Aguar M, Brugada M, et al. Oxygen saturation
after birth in preterm infants treated with
continuous positive airway pressure and air:
assessment of gender differences and com-
parison with a published nomogram. Arch
Dis Child Fetal Neonatal Ed. 2013;98(3):
F228-32.

Greenough A, Lagercrantz H, Pool ], Dahlin
1. Plasma catecholamine levels in preterm in-
fants. Effect of birth asphyxia and Apgar
score. Acta Paediatr. 1987;76(1):54-9.

Stark MJ, Clifton VL, Wright IMR. Sex-spe-
cific differences in peripheral microvascular
blood flow in preterm infants. Pediatr Res.
2008;63(4):415-9.

Elsmén E, Pupp IH, Hellstrom-Westas L. Pre-
term male infants need more initial respira-
tory and circulatory support than female in-
fants. Acta Paediatr. 2004;93(4):529-33.

Neonatology

DOI: 10.1159/000525589

Downloaded by:

Pontificia Universidad Catolica de Chile

146.155.157.158 - 7/12/2022 3:21:51 PM


https://www.karger.com/Article/FullText/525589?ref=14#ref14
https://www.karger.com/Article/FullText/525589?ref=15#ref15
https://www.karger.com/Article/FullText/525589?ref=16#ref16
https://www.karger.com/Article/FullText/525589?ref=16#ref16
https://www.karger.com/Article/FullText/525589?ref=17#ref17
https://www.karger.com/Article/FullText/525589?ref=18#ref18
https://www.karger.com/Article/FullText/525589?ref=18#ref18
https://www.karger.com/Article/FullText/525589?ref=19#ref19
https://www.karger.com/Article/FullText/525589?ref=19#ref19
https://www.karger.com/Article/FullText/525589?ref=20#ref20
https://www.karger.com/Article/FullText/525589?ref=20#ref20
https://www.karger.com/Article/FullText/525589?ref=21#ref21
https://www.karger.com/Article/FullText/525589?ref=22#ref22
https://www.karger.com/Article/FullText/525589?ref=22#ref22
https://www.karger.com/Article/FullText/525589?ref=23#ref23
https://www.karger.com/Article/FullText/525589?ref=23#ref23
https://www.karger.com/Article/FullText/525589?ref=24#ref24
https://www.karger.com/Article/FullText/525589?ref=25#ref25
https://www.karger.com/Article/FullText/525589?ref=26#ref26

	startTableBody
	startTableBody
	startTableBody
	startTableBody
	startTableBody

