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Abstract

Background: Advancements in neonatal care have improved survival
for premature and very low birth weight (VLBW) infants. Despite this,
differences have been reported when comparing males and females. While
the previously described concept of the “male disadvantage” asserts that there
is a higher risk of mortality and morbidity for male infants, many studies have
also found no sex differences in outcomes.

Aim: The objective of this study is to determine if the sex of VLBW
premature infants is associated with survival and neurodevelopmental
outcome in a regional Australian Neonatal Intensive Care Unit (NICU).

Methods: A retrospective cohort study was conducted for infants born at
< 37 weeks gestation with VLBW (< 1,500 g) admitted to The Townsville
Hospital NICU between 2010 and 2015. Comparisons for survival and
neurodevelopment between males and females were made with Chi-square,
Fisher’s exact test and the Independent t-test. Multivariate logistic regression
analysis was performed for the outcomes of death before NICU discharge
and developmental delay assessed by the Bayley Scales of Infant and Toddler
Development, the 3 Edition.

Results: Data were collected for 430 infants. Fifty-three infants died before
NICU discharge, with no sex difference in survival. Follow-up assessment
was completed for 84 infants from the original cohort and demonstrated no sex
differences in neurodevelopmental outcome. Male infants had a significantly
higher prevalence of chronic lung disease (p = 0.009). Neither the logistic
regression model for death by NICU discharge nor for neurodevelopmental
delay identified sex as a significant predictor of outcome.

Conclusions: Male and female VLBW premature infants did not differ in
survival or neurodevelopmental outcome at this center.
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Introduction

As a result of advancements in neonatal care
during recent decades, there has been improved
survival for premature and very low birth weight
(VLBW) infants [1-3]. However, despite the
overall increase in survival for VLBW premature
infants, a difference has been reported when
comparing males and females. The concept of the
“male disadvantage” in neonatal care asserts that
males tend to experience higher mortality than
their female counterparts [4-6]. A recent systematic
review [7] as well as many studies over the years
have supported this concept [8-10], but some have
confounded it by purporting no sex difference in
survival [11-14].

Furthermore, premature infants are at greater
risk of neurodevelopmental sequelae later in life
[15-18], which have also shown sex differences
[19-21]. Sex differences in short- and long-term
outcomes continue to be of concern in recent years
and may have clinical implications such as in
counselling parents about the risks their children
face [22]. The current study aimed to determine if
sex is relevant to survival and neurodevelopmental
outcome in an Australian regional Neonatal
Intensive Care Unit (NICU).

Methods
Population

The Townsville Hospital (TTH) is the largest
tertiary hospital in North Queensland and an
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academic institution of James Cook University
(JCU). As the only level six tertiary referral
center for newborns north of Brisbane, the TTH
NICU services a wide geographical area of
predominantly regional and rural communities,
and receives patients from many smaller
peripheral hospitals. Often, patients require
retrieval or transfer to the TTH NICU and are
later stepped-down to the hospitals that initially
referred them. Also unique to North Queensland
is the proportion of Aboriginal and Torres Strait
Islander communities, which is nearly 3 and 4
times greater compared to Queensland as a whole
and the national average, respectively [23]. There
are more than 10,000 births per year in this
region, and all high-risk pregnancies are managed
in this center. This study, therefore, represents
the demographically distinct characteristics of
neonatal healthcare in North Queensland.

This is a retrospective cohort study of VLBW
(< 1,500 g) premature infants (born at < 37
weeks gestation) admitted to TTH NICU. Data
were collected from January 2010 to January
2015, a period in line with improved record-
keeping in this unit and the establishment of a
neurodevelopmental follow-up clinic.

Infants with ambiguous genitalia were
excluded as they could not be used in sex
comparisons, as well as those with syndromic or
chromosomal abnormalities as this population
has inherently different risks.

Early readmissions were excluded, along with
outborn infants transferred to TTH late as they are
managed predominantly at the original hospital
and do not significantly reflect care delivered at
TTH.

Approval for this study was granted by the
Human Research Ethics Committee of TTH with
reciprocal approval by the JCU Human Research
Ethics Committee.

Data sources
NICU data

Data related to the infant’s NICU admission was
extracted from a prospectively maintained NICU
database and de-identified, including gestational
age (GA), birth weight (BW), sex, outborn
status, antenatal steroid use, complications, and
survival outcome. Data missing on extraction
were followed-up by a review of original patient
records.
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Neurodevelopmental follow-up data

Ex-TTH NICU infants who survived admission
and resided in the TTH geographic catchment
attended a voluntary follow-up clinic for formal
assessment of neurodevelopmental outcome at 2
years corrected age. The assessment was completed
by a Clinical Psychologist (CD) using the Bayley
Scales of Infant and Toddler Development®
Third Edition (Bayley-III) [24]. The assessor was
not blinded to neonatal history. To account for
Bayley-III limitations of overestimation of the
child’s ability likely leading to underestimation of
developmental delay [25, 26], norm cut-off scores
generated from a Victorian cohort were used [26].
The retrospective nature of this study precluded
using locally-specific control groups. Infants were
classified with developmental delay as defined
by scoring more than 1 SD below the mean for
a domain, and moderate to severe delay as more
than 2 SD below the mean. Assessment results
were extracted from the clinic database for infants
included in the study.

Additional neurodevelopmental data were
collected to identify any cerebral palsy (CP) in
those discharged to the Townsville region who
had subsequently presented for a TTH-linked
health system follow-up. Presence of CP served
as a surrogate marker of disability for children not
assessed in the follow-up clinic, who therefore did
not have Bayley-III data.

Outcomes

The primary and secondary outcomes were
sex differences in survival to NICU discharge
and neurodevelopment measured by Bayley-III or
CP diagnosis, respectively. Birth characteristics
and complications were also examined in relation
to infant sex, such as necrotizing enterocolitis
(NEC), chronic lung disease (CLD), retinopathy
of prematurity (ROP), and intraventricular
hemorrhage (IVH).

Definitions

GA was calculated using the expected due date
based on the last menstrual period if known and/
or first-trimester ultrasound. If the expected due
date differed between the last menstrual period
and the scan by > 14 days, then the GA was based
on the scan dates. CLD was defined as oxygen
dependency at 36 weeks postconceptional age [27].
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Retinopathy of prematurity was schemed according
to the International Classification of Retinopathy
for Prematurity [28]. NEC was classified using
Bell’s staging criteria [29]. IVH was diagnosed by
locally performed ultrasound scans and graded, as
described by Papile et al. [30].

Statistical analysis

Statistical analysis was performed using
SPSS® (Release 24.0.0.0). Sex comparisons
were made using the Chi-square or Fisher’s exact
test for categorical variables and the Independent
t-test for continuous variables [31]. Parametric
methods were used without conducting tests of
normality due to the sample size acquired [32].
Multivariate logistic regression analysis was
performed for the dependent variable “death
before NICU discharge” to identify any adjusted
sex differences and other factors associated
with survival [33]. Factors were included in
the model for their clinical relevance and use
in previous models. Adjusted odds ratios with
95% confidence intervals were calculated for
each factor. Statistical significance was set at
p < 0.05 using two-tailed comparisons for all
analyses. Subgroup analysis was performed for
children that presented for follow-up using the
same univariate and logistic regression methods,
with the dependent variable set as the presence of
delay in any Bayley-III domain.

Sample size calculation

Sample size calculation for the primary outcome
of survival was based on previous research,
showing that 89 participants of each sex would
be required to reject the null hypothesis of no sex
difference with a power of 0.8 and alpha of 0.05
[34]. Similar calculations could not be done for the
secondary outcome of neurodevelopment as the
novel nature of study data meant that clinic follow-
up rates could not be predicted and there were no
comparable Australian studies with regional data
to reference identified.

Results

A total of 438 infants with GA < 37 weeks, and
BW < 1,500 g were admitted to the TTH NICU
between January 2010 and January 2015 (Fig.
1). No infants had chromosomal or syndromic
abnormalities. One infant had indeterminate sex
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438 babies GA < 37 weeks and BW < 1,500 g
admittedto TTH Jan 2010 - Jan 2015

8 excluded (7 late transfers, 1

\ 4

430 eligible for study inclusion

indeterminate gender)

p| 53 died before NICU discharge

h 4

377 alive at NICU discharge

v v

| 27 male | | 26 female |

v

150 discharged home to Townsville region

L g 227 transferred fo other centres

66 had no Bayley-lll assessment at

A4

84 followed-up for Bayley-ll assessment at 2
years corrected

i i

36 male 48 female

2 years corrected

v v

| 33 male | 33 female |

Figure 1. Flow chart of the study population.
NICU: Neonatal Intensive Care Unit; TTH: Townsville Hospital.

while 7 were late transfers to TTH and excluded.
One-hundred sixty-six infants (38.6%) were
identified as Aboriginal or Torres Strait Islander.
The final population was 430 infants; 215 males
and 215 females.

Mortality and sex

Sex comparisons for mortality, complications,
and clinical characteristics were performed (Tab.
1). Male infants overall had a significantly higher
prevalence of CLD (p = 0.009). Neither GA
nor BW was significantly different between the
sexes. While more male than female infants were
outborn, had ROP stage 3 or 4, IVH grade 3 or
4, and mothers who received antenatal steroids,

410

differences were not significant. The number of
NEC was identical in both sexes.

Of the 430 infants admitted, 53 (12.3%) died
before discharge. There was no sex difference
in mortality (p = 0.88). The primary cause of
death was identified in all infants: 24 cases of
extreme prematurity and related complications,
7 of respiratory causes, 5 of NEC, 4 of IVH,
3 of sepsis/infection and 10 of other causes
(hypoxic-ischaemic encephalopathy, hydrops,
kidney disease, cardiorespiratory failure, multi-
organ failure, bleeding). When analyzing by
separate GA and BW groups (Tab. 2), there
was no longer a difference in CLD, and there
remained no differences in mortality or the other
morbidities.
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Table 1. Sex comparison of neonatal characteristics, mortality and complications.

Neonatal characteristics Female Male p-value
GA, weeks, mean = SD 28.1 2.8 27.7 x27 0.21
GA < 26 weeks, n (%) 45 (20.9) 58 (27.0) 0.14
GA 26-27 weeks, n (%) 60 (27.9) 55 (25.6) 0.59
GA = 28 weeks, n (%) 110 (51.2) 102 (47.4) 0.44
BW, g, mean = SD 1,020.2 £ 269.2 1,019.1 £273.9 0.97
BW < 1,000 g, n (%) 99 (46.0) 105 (48.8) 0.56
BW 1,000-1,499 g, n (%) 116 (54.0) 110 (51.2) 0.56
Outborn, n (%) 43 (20.0) 44 (20.5) 0.90
Received antenatal steroids, n (%) 185 (86.1) 192 (89.3) 0.30
Died before NICU discharge, n (%) 26 (12.1) 27 (12.6) 0.88
CLD, n (%) 47 (21.9) 71 (33.0) 0.009
NEC, n (%) 16 (7.4) 16 (7.4) 1.0
ROP stage 3 or 4, n (%) 9 (4.2) 14 (6.5) 0.28
IVH grade 3 or 4, n (%) 11 (5.1) 15 (7.0) 0.42

n (%) expressed as percentage of total for females and males separately (n females = 215: n males = 215).

Significant values are bolded.

GA: gestational age; SD: standard deviation; BW: birth weight; g: grams; NICU: Neonatal Intensive Care Unit; CLD: chronic lung disease;
NEC: necrotizing enterocolitis; ROP: retinopathy of prematurity; IVH: intraventricular hemorrhage.

Table 2. Sex comparison of mortality and morbidity by gestational age (GA) and birth weight (BW).

GA at birth (weeks)
Total
<26 26-27 =28
Male 0 1 4
BW 1,000-1,499 g 12
. i Female 0 1 6
Died before NICU discharge®
Male 18 3 1
BW < 1,000 g 41
Female 16 2 1
Male 0 8 11
BW 1,000-1,499 g 30
Female 0 6 5
CLD?
Male 32 17 3
BW < 1,000 g 88
Female 20 11 5
Male 0 0 1
BW 1,000-1,499 g 6
Female 0 2 3
NEC?
Male 11 2 2
BW < 1,000 g 26
Female 8 3 0
Male 0 2 0
BW 1,000-1,499 g 4
Female 0 1 1
ROP stage 3 or 42
Male 10 1 1
BW < 1,000 g 19
Female 4 2 1
Male 0 1 1
BW 1,000-1,499 g 5
Female 0 2 1
IVH grade 3 or 4°
Male 10 3 0
BW < 1,000 g 21
Female 6 2 0

2No significant difference in males vs. females for any gestation or birth weight subgroup.
GA: gestational age; NICU: Neonatal Intensive Care Unit; BW: birth weight; g: grams; CLD: chronic lung disease; NEC: necrotizing
enterocolitis; ROP: retinopathy of prematurity; IVH: intraventricular hemorrhage.

The multivariate logistic regression model
for death before NICU discharge included sex,
GA, BW, outborn status, antenatal steroid use
(included as only 3 infants had GA > 35 weeks,
the cut-off for steroid use at TTH), CLD, NEC
and IVH grade 3 or 4 as independent variables

(Tab. 3). Variables found to be significant
included CLD (p < 0.001), grade 3 or 4 IVH (p =
0.002), receiving antenatal steroids (p = 0.002),
NEC (p = 0.004) and BW (p = 0.036). Sex,
outborn status, and GA were not significant in the
model.

Sex differences in the outcome of VLBW premature infants born in a regional Australian NICU 5/10
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Table 3. Multivariate logistic regression analysis for
factors associated with death before NICU discharge.
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Table 4. Sex comparison of neurodevelopmental delay
on Bayley-lIl assessment at two year follow-up.

Significant differences are bolded.

OR: odds ratio; Cl: confidence interval; GA: gestational age;
BW: birth weight; g: grams CLD: chronic lung disease; NEC:
necrotizing enterocolitis; IVH: intraventricular hemorrhage.

Neurodevelopment and sex

Of the original NICU cohort who survived to
discharge and eligible for follow-up, 84 (56%)
children comprising 48 females and 36 males
underwent Bayley-III assessment. There were
no significant sex differences in the clinical
characteristics of this group.

Comparing the number of males and females
with delay assessed by Bayley-III, 65 children
(77.4%) had a developmental delay in at least
one domain (Tab. 4). However, overall, there
were no significant sex differences in the number
of children with delay. The multivariate logistic
regression model for the dependent variable
“delay in any Bayley-III domain” indicated that
male sex, GA, BW, antenatal steroid use, CLD,
ROP stage 3 or 4, IVH grade 3 or 4 did not predict
a neurodevelopmental delay in this cohort.

The review of TTH medical records identified
5 children as having a diagnosis of CP, all of
whom were male. The review also identified
an additional 6 children who did not attend for
Bayley-III assessment to have diagnoses of other
developmental delays, and among these 5 were
male, and 1 was female.

Discussion

This retrospective study of VLBW premature
infants is the first to examine the role of infant
sex in neonatal outcomes in a regional setting of
Queensland. The sex of neonates was compared
by survival at NICU discharge, and long-term
neurodevelopment with few differences identified,
possibly due to the lowering of the mortality rate.

6/10

. 0, -
Variable OR (95% CI) p-value Female Male p-value
Male sex 1.26 (0.62-2.57) 0.518 Delay in any Bayley-li
Outborn 0.74 (0.31-1.75) 0.492 domain, n (%) 38(79.2) 27 (75.0) 0.65
BRI ] 0.20 (0.08-0.55) | 0.002 Cognitive, n (%)
steroids

Developmental delay,
GA (weeks) 0.80 (0.63-1.00) 0.057 <1SD . v 10 (20.8) 8(22.2) 0.88
BW (g) 0.998 (0.995-0.999) | 0.036 Moderate-severe
CLD 0.11 (0.04-0.30) < 0.001 developmental delay, 2(4.2) 3(8.3) 0.65
NEC 4.27 (1.58-11.51) 0.004 S
IVH grade 3 or 4 5.28 (1.83-15.28) 0.002 Total cognitive delay 12/48 (25.0) | 11/36 (30.6) NA

Language, n (%)?

Developmental delay,

<1SD 17 (35.4) 12 (33.3) 0.92
Moderate-severe

developmental delay, 7 (14.6) 4 (11.1) 0.75
<2SD

Total language delay | 24/48 (50.0) | 16/35 (45.7) NA

Motor, n (%)

Developmental delay,

<1SD 34 (70.8) 21 (58.3) 0.23
Moderate-severe

developmental delay, 3 (6.3) 4 (11.1) 0.46
<2SD

Total motor delay 37/48 (77.1) | 25/36 (69.4) NA

n (%) expressed as percentage of total for females and males
separately (n females = 48, n males = 36).

@ Language assessment not completed for 1 child due to
exhaustion and inattentiveness.

SD: standard deviation; NA: not applicable.

Although clinically notable that more male infants
died before discharge and a smaller proportion of
male children experienced a neurodevelopmental
delay, these differences were not statistically
significant. The predictors of survival identified
are consistent with other researches [22, 35-39].
Infant’s sex did not influence either survival or
neurodevelopment.

Survival at NICU discharge was not influenced
by sex in this study, and this observation has
been noted elsewhere [11, 13, 14, 40-42]. With
the abundance of literature highlighting the male
disadvantage, this study raises questions about
the sex difference in survival concerning what
factors may be conducive to the appearance of
a sex difference and what factors may mask or
eliminate it. One thought in the literature is that the
sex difference becomes irrelevant at certain GA
and BW. Numerous studies have found that sex
differences in survival disappear after certain GA
or BW ranges have been reached [22, 43, 44]. These
patterns might be explained by the idea that there
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are sex differences in maturation at certain stages
of gestation [11, 45]. After these maturation points,
there might be a catch-up of male development,
thereby reducing the constitutional differences
contributing to the sex gap in survival overall. In
this study, there were wide GA inclusion criteria,
and the initial univariate analysis of the whole
cohort did not detect a sex difference in survival.
Perhaps the combination of low-GA high-risk
and high-GA low-risk infants in the same cohort
clouded the sex differences that might have only
occurred for the highest risk infants.

Further analysis by separate GA and BW
categories then found no sex difference in survival
for any gestation or weight. Itis therefore arguable
that, contrary to the idea above, maturational
discrepancies were minimal in this cohort. The
lack of a sex difference might also be attributed
to the actual mortality rate recorded in this
study being lower than that used in the sample
size calculation. While low mortality represents
positive outcomes for this center, a larger sample
size may have been required to demonstrate a sex
difference in survival. It is also debatable whether
the absence of a male disadvantage reflects an
attenuation of the sex difference in survival by
the routine administration of maternal steroids
and postnatal surfactant [21].

There were no sex differences in the number
of children with developmental delay as assessed
by Bayley-IlI. While many studies of ex-
premature infants have indicated poorer male
neurodevelopment [17, 19, 21, 22, 46, 47], this is
not the only one to lack sex differences in Bayley-
III, whether in some or all developmental domains
[48-50]. The absence of a sex difference in this
cohort may in part reflect the reduced sample
size acquired at the follow-up clinic. Follow-up
was a significant challenge, as many in the study
population were transferred or discharged home
to sites outside of Townsville. In this regional
population characterized by many inter-hospital
transfers within the large referral catchment area
for Townsville Hospital, complete follow-up is a
difficult barrier to overcome.

Additionally, the cohort followed-up may
not have represented the high-risk group for the
developmental delay; only one-fifth of all children
who had CLD as infants attended this clinic while
over 60% of attendees were born at lower risk
gestations > 28 weeks. Logistic regression analysis
for predictors of Bayley-11I delay found none of the
neonatal factors, including sex, to be significant,
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suggesting that the factors available in this
cohort did not influence the neurodevelopmental
outcome. The regression model should be viewed
with caution and may serve as an example of the
ongoing importance and challenge of identifying
key predictors for childhood neurodevelopmental
delay [47, 51]. Indeed, studies report that
many neonatal factors may not be significant
in predicting the neurodevelopmental outcome,
instead of pointing towards an inherent role of
male physiology [19, 21, 44]. There have also
been reports of differential effects whereby a
factor influences neurodevelopment differently in
each sex [52, 53]. For example, sepsis and multiple
gestations have been associated with poorer
neurodevelopment in males but not females,
whereas CLD and lower education in the child’s
caregiver have shown the opposite [19].

Among those with CP identified from the
TTH database, all were male. The identification
of more children with CP in this study is limited
by the search being restricted to data available in
the TTH records, the reliability of such on-site
data, as well as clinical hesitation or delay in
making a CP diagnosis. Still, in those for whom
data were obtained, there was the suggestion
of a trend towards a male disadvantage in CP.
Male disadvantage in CP has been reported [54],
and a recent Victorian paper reported a male
excess in CP, emphasizing that there appeared
a gestation-specific association between sex and
CP [55].

Male infants in this cohort had a significantly
higher prevalence of CLD overall. Studies have
demonstrated a sex difference in CLD with
female infants generally experiencing less CLD
than males [9, 43, 52, 56], although there are
some exceptions [41, 57]. Avoiding hyperoxia
in neonates is associated with decreased risk
of CLD, while higher oxygenation targets and
long-term ventilation increase the risk [58, 59].
A study exploring this showed that when oxygen
saturation targets were reduced, female infants
responded significantly better, as evidenced by a
greater decrease in CLD than males [60]. The
increased CLD in males of the current study
may be related to this, as it may be possible that
because of inherently reduced tolerance to lower
oxygenation targets [56] males required more
intensive oxygenation. It is important to further
clarify reasons for the sex difference in CLD,
as this condition has long-term implications for
surviving infants [47, 61].

Sex differences in the outcome of VLBW premature infants born in a regional Australian NICU 710
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This study is not without limitations. Incomplete
follow-up of children at 2 years reduced study
power for the secondary outcome. The frequency of
follow-up found in this study, though, can be used
to inform and power future similar research. Further
investigation in this region with improved sample
size is recommended and may demonstrate a male
disadvantage in line with other national research.
Additionally, CP status in children was determined
by using the general TTH database, so information
was reliant on there being subsequent TTH-linked
follow-ups or admissions. These issues relate to
the ongoing complexities of a regional population
and mean that records of infants discharged to sites
outside Townsville or followed-up outside the public
system could not be accessed. A larger prospective
scale study with improved resources may assist in
accessing follow-up data of those infants treated in
this NICU and not captured in the Townsville clinic.
Although Australian reference data were used for
Bayley-III analyses, the data were generated from a
Victorian cohort and may not reflect a population of
infants in North Queensland entirely.

Conclusion

This study concludes that in this specific NICU
setting and regional population, sex had a limited role
in the survival and neurodevelopmental outcome.
No significant sex difference in survival for VLBW
premature infants nor in neurodevelopmental
delay was identified. More males were identified
with CP, and this may tentatively suggest a slight
trend towards male disadvantage. While low power
restricted further conclusions, the strength of this
study is in demonstrating the evolving trends of
neonatal outcomes within a modern, regional,
population-based cohort and providing a new study
group for further elucidation of sex differences
in survival and neurodevelopmental outcome in
similar settings. Future studies in this region should
consider prospective analysis with local control
cohorts to enhance results.
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