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Educational aims

o Toreport the effect of the sex of the preterm baby on respiratory outcomes.

e To explore the short- and long-term respiratory outcomes of preterm birth.
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Does the sex of the preterm baby
affect respiratory outcomes?
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lung function in later life. As with very preterm-born children, deficits in lung function, increased
respiratory symptoms and an increased risk of respiratory infections in early life are observed in
late preterm-born children. However, the rates of respiratory symptoms are lower compared with
very preterm-born children. There is some evidence to suggest that respiratory outcomes may
be improving over time, although not all the evidence suggests improvements. Male sex appears
to increase the risk for later adverse respiratory illness. Although not all studies report that males
have worse long-term respiratory outcomes than females. It is essential that preterm-born infants
are followed up into childhood and beyond, and that appropriate treatment for any lung function
deficits and respiratory symptoms is prescribed if necessary. If these very preterm-born infants
progress to develop chronic obstructive airway disease in later life then the impact, not only on
the individuals, but also the economic impact on healthcare services, is immense.
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Preterm birth is associated with adverse long-term respiratory outcomes. Males appear to
have increased risk for later adverse respiratory illness compared to females, although not
all studies agree. http://ow.ly/bRmj30jvn4g

Introduction were estimated to be preterm. However, rates
varied from 5% to greater than 15% in different
countries [1]. In the UK, the rate of preterm birth in
2016 was 7.8% of all live births [2]. Of the 7.8%,
21% were born at <32 weeks’ gestation, often
known as “very preterm” birth; however, 79%
were born at 33-36 weeks’ gestation, often called
“late” or “moderately” preterm birth. Preterm birth,
especially very preterm birth at <32 weeks’ gestation,
is associated with long-term respiratory symptoms
and lung function deficits; especially if the preterm-
born infants had bronchopulmonary dysplasia (BPD)
or chronic lung disease in infancy (CLD) [3, 4]. CLD
or BPD is defined as dependency on supplemental
Definitions and epidemiology oxygen at 28 days of life or at 36 we'eks’ pqst—
of preterm birth mequcrual age. However, late preterm blrth, which

traditionally has been regarded as having a lower

Preterm birth is defined as birth at <37 weeks’ risk of long-term respiratory symptoms and lung ©ERS 2018

gestation. In 2010, 11.1% of all live births worldwide ~ function deficits, has recently been the focus of

Long-term outcomes, especially respiratory and
neurodevelopmental outcomes are important after
preterm birth. In this review, we shall report the
epidemiology of preterm birth and discuss issues
around changes in medical management and
survival rates. We will then explore the available
evidence on the long-term respiratory outcomes
of very and late preterm-born infants. We shall also
discuss the limited evidence on the impact of sex
on the respiratory outcomes of preterm subjects.
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research and concerns regarding the long-term
respiratory outcomes have been raised [5, 6].

Changing medical management
of preterm-born infants

One of the difficulties with reporting of the long-
term respiratory outcomes after preterm birth is that
the medical management of premature infants is
constantly progressing, e.g. the introduction of gentler
ventilation, regular use of maternally administered
antenatal corticosteroids and regular use of exogenous
surfactant. A study of nearly 35000 preterm infants
born at <28 weeks’ gestation reviewed the 20-year
trend in neonatal care between 1993 and 2012,
noting a significant increase in the use of antenatal
maternal corticosteroids administration (24% to
87%), and a significant decrease in delivery room
intubation (80% to 65%) [7]. Therefore, the longer
term outcomes may not reflect the outcomes of the
current population of preterm-born infants being
treated today.

Changes in survival rates and rates
of BPD for preterm-born infants

The advances in medical treatment of preterm
infants have led to improved survival rates of
preterm-born children. StoLL et al. [7] reported a
significantly increased rate of survival for infants
born at 23 weeks’ gestation (27% to 33%) and
24 weeks’ gestation (63% to 65%), with smaller
increases for infants born at 25 and 27 weeks’
gestation between 2009 and 2012. In England,
the survival of preterm-born infants who were
born at 22 to <32 weeks’ gestation and admitted
to neonatal care has also been investigated. There
was an overall increase in survival to discharge from
88% in 2008 to 91.3% in 2014 [8]. Whether the
increase in survival is associated with an increase
in BPD has also been studied. One study noted that
the rate of BPD increased from 32% in 1993 to
45% in 2000 and to 40% in 2008 for infants born
at <28 weeks’ gestation [7]. Trends for incidence of
BPD in Canada between 1980 and 2008 showed
an increase in the number of BPD cases, but lower
mortality for preterm-born infants with respiratory
distress syndrome (RDS) at <37 weeks’ gestation
suggesting that the increase in BPD is most likely
due to improved survival of extremely preterm
infants [9]. DovLE et al. [10] studied extremely
preterm-born children (<28 weeks’ gestation) in
Australia, born in the three time periods 1991/92,
1997 and 2005. Over time, there was an increase in
the use of nasal continuous positive airway pressure
from a median of 5 days in 1991/92 to 31.5 days
in 2005; however, the rate of oxygen dependency
at 36 weeks’ post-menstrual age increased from
46% in 1991/92 to 56% in 2005 [10]. It has
been observed that male, preterm-born infants
have higher mortality and morbidity in infancy.
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Figure 1 Association of sex with survival between 1 and
18 years of age for the UK population between 1993 and
2011. Reproduced from [11] with permission from the
publisher.

WAaTkINs et al. [11] reported that males born at
all birthweights had higher mortality rates up to
18 years of age than females (figure 1).

Rates of CLD and RDS were increased in male, very
low birthweight infants compared to female, very low
birthweight infants in a study from Japan [12]. The
sex difference appears to continue into childhood
and beyond. Therefore, girls have an increased rate
of survival compared with boys and a lower rate of
respiratory disease, e.g. RDS in the neonatal period.
The reasons for these differences are unknown, but
hormonal differences, among other factors, may be
important [13]. It should be borne in mind when
studying rates of BPD that male preterm-born infants
have a higher mortality rate than female infants.
CoLLAco et al. [14] studied preterm-born children
who had BPD in infancy who were attending an
outpatient clinic up to 3 years of age. More males
than females attended the clinic [14]. However,
ZvsMAN-CoLMAN et al. [9] studied trends in BPD over
three decades and reported that male sex was not
associated with the development of BPD in preterm-
born children born at <37 weeks’ gestation who
had neonatal RDS. BPD diagnosis was confirmed
using the National Institutes of Health consensus
definition. When BPD was present, male sex was
associated with increased severity of BPD in preterm-
born infants who had RDS, adjusted OR 1.51 (1.14~
2.00) [9]. RutkowskaA et al. [15] reported an OR of
3.02 (95% Cl, 1.3-7.5) for the risk factor between
male sex and severe BPD (BPD was defined as oxygen
dependency at 36 weeks’ gestation) in very preterm
infants born at <32 weeks’ gestation with RDS when
compared with females.

Conclusion

Improvements in the medical management of
preterm-born infants have led to increased survival
of very preterm-born infants, but appear to have
also increased rates of BPD. The increase in survival
rates of preterm-born infants means that a sizeable
portion of the population has been born preterm.




Even late preterm-born infants, the largest group
of preterm-born infants, should be considered
to be at risk of later complications. Female sex
is associated with more survival and less risk for
developing respiratory disease in the neonatal
period. With increasing survival of preterm infants,
a large population is at risk of respiratory disease.
The respiratory deficits of this group of survivors are
discussed in the second part of this review.

Long-term respiratory
outcomes of preterm birth

Preterm-born children are at risk of later respiratory
morbidity due to birth at an immature stage of lung
development and also medical interventions such
as mechanical ventilation. It is recognised that male
infants and young children have a higher rates of
respiratory disease than female infants even if they
are term-born [13].

Respiratory infections

There is no doubt that preterm-born infants and
children are prone to more respiratory infections
than term-born controls. Preterm-born infants
who had CLD and who had an admission to
hospital with respiratory syncytial virus (RSV), had
higher rates of healthcare usage than preterm
infants without RSV hospital admissions, up to
the age of 2 years [16]. The children who had
hospital admissions for RSV had larger deficits in
lung function at 8-10 years than children who
had hospital admissions for reasons other than
RSV [17]. Since respiratory infections in childhood
can impact on lung function in adult life [18], it is
important to identify if prematurity and infection
in infancy or both are independent risk factors for
later respiratory dysfunction. A registry-based study
from Finland reported on over 1000000 infants
born between 1991 and 2008. The infants were
classified into four groups, <32, 32-33, 34-36
and > 37 weeks’ gestation, and data on hospital
admissions for respiratory reasons up to the age
of 7 years were collated. All preterm-born groups
had higher rates of admissions to hospital for lower
respiratory tract infections and for asthma, with
hospital admissions increasing with decreasing
prematurity (figure 2) [19, 20]. In addition,
overall, boys had higher odds ratios for risk of
hospital admissions for bronchiolitis/bronchitis
and pneumonia (ORs 1.67 (1.58-1.64) and 1.13
(1.10-1.16), respectively) compared with girls up to
7 years of age. PARANJOTHY et al. [21] reached similar
conclusions stating that: “The risk of respiratory
admission during childhood decreased with each
successive week in gestation up to 40 to 42 weeks.
The increased risk is small for late preterm infants,
but the number affected is large and has an impact
on health care services”.
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In the study by CoLLAco et al. [14] more males
than females attended the BPD clinic but there
were no differences in respiratory morbidity, e.g.
hospital admissions, antibiotics and steroid use,
between males and females. By contrast, in early
childhood, boys born at <32 weeks’ gestation had
higher rates of hospital admissions between 3 and
5 years of age than girls. The most common reasons
for readmissions were respiratory infection at 3 and
4 years of life [22].

Respiratory symptoms

The largest systematic review, thus far, by BEEN
et al. [4] investigated respiratory symptoms resulting
after preterm birth. Preterm-born children had
an increased risk of wheezing disorders with
an unadjusted OR of 1.71 (95% Cl 1.57-1.87)
compared with term-born children. Very preterm-
born children <32 weeks’ gestation had an
unadjusted OR of 3.00 (95% Cl 2.61-3.44). Asthma
is traditionally regarded as being associated with
atopy. However, there is debate as to whether or not
preterm-born children have higher rates of atopy.
One study reported that preterm-born children had
lower rates of atopy than term-born children [23].
Interestingly, in atopic preterm-born children,
prematurity had a strong association with asthma
(adjusted OR 4.7, 95% Cl 1.5-14.3); however,
this association was not observed in non-atopic
preterm-born children [24]. By contrast, EDWARDs
et al.[25] noted that respiratory symptoms increased
with increasing prematurity, but the risk of wheeze
in preterm-born subjects was independent of family
history of atopy. These observations suggest that
symptoms in preterm-born subjects are likely to be
a separate disease entity to asthma.

Late-preterm born infants were traditionally
regarded as having no greater risk of long-term
lung function deficits than term-born infants,
despite having an increased incidence of respiratory
conditions in the neonatal period [26]; thus, longer
term outcomes have not been well studied in this
group. However, recently, increasing numbers of
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studies are examining the longer term respiratory
outcomes of late preterm-born children. The
systematic review by BEeN et al. [4], which
investigated the respiratory symptom outcomes
after preterm birth, also separately reported that
preterm-born children born at 32-36 weeks’
gestation had an increased risk of wheezing with
an unadjusted OR 1.49 (95% Cl, 1.34-1.66)
compared with term-born children. Harju et al. [27]
also noted that late preterm-born children, born
at 33-36 weeks’ gestation, had a higher adjusted
OR 1.7 (95% Cl 1.4-2.0) of developing asthma
compared with children born at 39-40 weeks’
gestation. In a large, UK population study, BoyLE
et al. [28] studied 3- and 5-year-old children born
at 32-33 and 34-36 weeks’ gestation and reported
that they had an increased odds ratio of wheezing
or whistling in the chest in the past 12 months
compared with children born at 39-41 weeks’
gestation. In addition, at 5 years of age children
born at 32-33 and 34-36 weeks’ gestation had
increased odds ratios of being prescribed asthma
drugs [28]. EDWARDSs et al. [25] also confirmed there
was a gradient of increasing rates of wheezing at
any time in the child’s life with decreasing length
of gestation in preterm born children; the children
born at 33-34 and 35-36 weeks’ gestation had
higher rates of wheezing at any time compared with
term-born children.

At 8-11 years of age, male sex was a significant
risk factor for the development of asthma in preterm-
born children born at <37 weeks’ gestation [29].
In a follow-up of their longitudinal cohort study,
VRIJLANDT et al. [30] specifically investigated sex
differences in respiratory symptoms in preterm-born
subjects born at <32 weeks’ gestation at 19 years
of age. Asthma, wheezing and dyspnoea during
exercise were noted to be higher in ex-preterms
when compared with term-born controls; however,
the effects were more pronounced in women.
The rates of asthma were higher in preterm-born
females compared with term-born female controls,
13% versus 5% (p<0.001), respectively; the rate for
preterm-born males versus controls was 9% versus
4% (p=0.007). Preterm-born women with BPD had
an even higher rate of asthma than controls (24%
versus 5%; p<0.001). Rates for preterm-born men
with BPD compared with controls were 8% and 4%,
respectively (p=0.28) [30].

Lung function outcomes

Many studies have investigated the short- and long-
term lung function outcomes of preterm birth in
studies of varying sizes over a number of decades.
In addition, there is disparity in the demographics of
the preterm-born infants studied and the reporting
of respiratory outcomes.
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Figure 3 Lung function adjusted for body length and gestational age in male and female premature infants. Data are
presented as the meantsp. FVC: forced vital capacity; FEVo.5: forced expiratory volume in 0.5 s; FEF50: forced expiratory
flow at 50% of FVC; FEF25-75: forced expiratory flow at 25-75% of FVC; HCA: histological chorioamnionitis. *: p<0.05;
**: p<0.01. Reproduced from [33] with permission from the publisher.
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Stocks et al. [31] reported the effect of sex on
lung function in infancy. The results suggested
that male sex led to lower lung function in healthy
preterm-born infants born at <37 weeks’ gestation
when compared with healthy preterm-born female
infants [31]. In agreement, BENTSEN et al. [32] also
reported that male sex was associated with lower
lung function at discharge or term equivalent age in
extremely preterm-born infants born at <28 weeks’
gestation. Lung function in the first year of life has
also been studied in preterm-born infants whose
mothers did and did not have chorioamnionitis.
Overall, female infants had higher lung function
results compared with male infants. However,
female infants had a significant reduction of
their lung function if they had been exposed to
chorioamnionitis compared with female infants
who were not exposed to chorioamnionitis. This
was not the case for male infants where the findings
were similar, irrespective of chorioaminionitis
(figure 3) [33]. This is interesting as there is a
suggestion that exposure to chorioaminionitis leads
to greater respiratory morbidity [34].

The EPICure study of extremely preterm-born
infants at <26 weeks’ gestation concluded that at
11 years of age the preterm-born children have
significantly lower lung function than term-born
controls. The preterm-born children who had BPD
had the worst lung function results [35]. DovLE
et al. [36] reported that extremely preterm-born
children have airway obstruction at 8 and 18 years
of age compared with term-born controls and
that the airway obstruction increases with age. At
particular risk, were young preterm-born adults who
smoked or who had BPD in infancy [36].

We have collated all the available evidence
in the most comprehensive systematic review,
to date, to identify deficits in forced expiratory
volume in 1s (FEV1) in both preterm-born
subjects with and without BPD in comparison
to term-born subjects [3]. The mean difference
(95% Cl) for predicted per cent FEV1 (%FEV1)
deficits observed was —7.2% (-8.7% to —5.6%) for
the preterm-born group without BPD in infancy
when compared with term-born controls. For the
preterm-born subjects with BPD, defined as either
supplemental oxygen dependency at 28 days or as
supplemental oxygen dependency at 36 weeks’
post-menstrual age, the differences for %FEV1 were
-16.2% (-19.9% to —12.4%) and —18.9% (-21.1%
to —16.7%), respectively. Perhaps of most interest
was the data showing that preterm-born survivors
with BPD (supplemental oxygen dependency at
28 days) had improvement in %FEV1 over the
decades (figure 4). In agreement, VOLLSAETER
et al. [37] reported that 11-year-old children born
at <28 weeks’ gestation or <1000 g in two separate
cohorts, one in the early 1990s and one in the late
1990s to early 2000s, had deficits in lung function
in both cohorts, but the deficits in general were
lower in the more recent cohort especially for
preterm-born children with BPD. By contrast, DoyLE
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Figure 4 Effect of year of birth on percentage predicted FEV1 for the BPD group with supple-
mental oxygen dependency at 28 days (closed circles) and the term control group (open circles).
Reproduced from [3] with permission from the publisher.

etal. [10] studied extremely preterm-born children
at 8 years of age born in the three time periods
1991792, 1997, and 2005 in Australia. Despite
the changes in medical management over time,
there were no significant improvements in lung

Self-evaluation questions

1. All-cause mortality over the first 18 years of life is:
a) Is higher in females than males
b) Is no different between the sexes
o) Is higher in males than females
d) Is higher in males than females, but differences attenuate over time
2. Which of the following is/are correct concerning preterm-born males
during infancy?
a) They have a higher rate of mortality and morbidity than preterm-
born females
b) They are more prone to hospital readmissions than preterm-born
females
c) They have a lower rate of respiratory distress syndrome than
preterm-born females
3. Regarding respiratory symptoms experienced by preterm-born
children, which of the following is/are correct?
a) These are increased in the most immature of preterm-born infants
only
b) Rates are higher in males than females
c) The symptoms are independent of atopy
4. Regarding respiratory and lung function outcomes of preterm-born
subjects, which of the following is/are correct?
a) Sex differences are not evident in the first years of life
b) Contemporary cohorts have lower deficits in lung function when
compared with historic cohorts
c) One explanation for higher prevalence of symptoms in males is
differential growth in lung tissue when compared to airway size
d) There is strong evidence that the sex divide persists through into
adulthood
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function [10]. There is need for longitudinal studies to
report the respiratory outcomes of cohorts of preterm-
born subjects from infancy through to later life.

Deficits in lung function have been observed
in late preterm-born children from infancy to
adolescence. At term equivalent age, late preterm
infants, born at 33-36 weeks’ gestation, were
compared to term controls and lower respiratory
compliance and expiratory flow ratio were
noted [38]. Er et al. [39], using impulse oscillometry,
concluded that 3-7-year-old children born at
34-36 weeks’ gestation have evidence of peripheral
airway obstruction when compared with term-
born controls. Tobisco et al. [40] studied children,
aged 11.6 years, who were born at 34-36 weeks’
gestation and who were not ventilated and did not
have RDS in the neonatal period. Residual volume
and residual volume/total lung capacity in the late
preterm-born children were significantly increased
when compared with their term-born siblings [40].
We reported that children, of 8-9 years of age,
born at 33-34 weeks’ gestation have similar lung
function deficits to children born at <32 weeks’
gestation, but improvements were seen in the
lung function of the 33-34 weeks’ gestation
group by 14-17 years of age [6]. By contrast,
THUNQUVIST et al. [41], studied children who were
born at 32-36 weeks’ gestation at eight and again
at 16 years of age concluding that there was no
improvement in lung function between the two
ages. Interestingly, deficits were observed in FEV1 at
8 years of age in preterm-born girls when compared
to term-born girls, but not between preterm-born
boys and term-born boys. However, deficits in FEV1
were seen in both boys and girls at 16 years of age
in comparison to term-born controls [41].

Conclusion

Male sex appears to increase the risk (due to
greater hospital admissions for respiratory
reasons, greater incidence of BPD, etc.) for later
adverse respiratory illness. The physiological basis
is unclear, but has somewhat been explained
through comparison of airway growth between the
sexes and the phenomenon known as dysynapsis.
In boys, growth of the airways lags behind that of
the lung parenchyma and introduces a disparity
between airway calibre and lung size relative to
girls. However, not all studies report that males
have worse long-term respiratory outcomes than
females. Puberty may be one contributing factor
in the observed changes in lung function and

symptomology during the teenage years, when
females appear to fare worse.

Summary

In conclusion, being born very preterm is associated
with later deficits in lung function, and those who
had BPD in infancy have larger deficits in their lung
function in later life. Respiratory symptoms are
also increased after preterm birth compared with
term-born children, the odds ratios of symptoms
increase with increasing prematurity. The rates
of early respiratory infections are higher in very
preterm-born subjects, which may independently
lead to deficits in lung function in later life. As with
very preterm-born children, deficits in lung function,
increased respiratory symptoms and an increased
risk of respiratory infections in early life are observed
in late preterm-born children. However, the rates of
respiratory symptoms are lower compared with very
preterm-born children. Nonetheless, late-preterm
born children should be regarded as being at risk
of long-term respiratory symptoms and deficits in
lung function. There is some evidence to suggest
that respiratory outcomes may be improving
over time, although not all the evidence suggests
improvements. Most of these children and adults
are not followed up routinely, and worryingly, most
physicians treating adults with respiratory illnesses
do not routinely ask about early life factors, such
as prematurity and neonatal admissions, which
may impact on later outcomes [42]. Male sex
appears to increase the risk (due to greater hospital
admissions for respiratory reasons, greater incidence
of BPD, etc.) for later adverse respiratory illness. The
physiological basis is unclear, but has somewhat
been explained through comparison of airway
growth between sexes and the phenomenon known
as dysynapsis. However, not all studies report that
males have worse long-term respiratory outcomes
than females. It is essential that preterm-born
infants are followed up into childhood and beyond,
and that appropriate treatment of any lung function
deficits and respiratory symptoms is prescribed if
necessary. If these, very preterm-born infants,
progress to develop chronic obstructive airway
disease in later life then the impact, not only on
the individuals, but also the economic impact on
healthcare services, isimmense. In view of the larger
number of late preterm-born infants born every year,
this is a concern as they will place an unrecognised
burden on health services throughout the world.
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