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ABSTRACT

Objective (1) To assess if preterm and term small for
gestational age (SGA) or large for gestational age (LGA)
infants have more parent-reported speech problems in
early childhood compared with infants with birth weights
appropriate for gestational age (AGA). (2) To assess if
preterm and term SGA and LGA infants have more parent-
reported learning, behavioural, hearing, movement and
hand problems in early childhood compared with AGA
infants.

Design Cohort study.

Setting Wales, UK.

Participants 7004 children with neurodevelopmental
outcomes from the Respiratory and Neurological Outcomes
of Children Born Preterm Study which enrolled 7129
children, born from 23 weeks of gestation onwards, to
mothers aged 18-50 years of age were included in the
analysis.

Outcome measures Parent-reported single-answer
questionnaires were completed in 2013 to assess early
childhood neurodevelopmental outcomes. The primary
outcome was parent-reported speech problems in

early childhood adjusted for clinical and demographic
confounders in SGA and LGA infants compared with AGA
infants. Secondary outcomes measured were parent-
reported early childhood learning, behavioural, hearing,
movement and hand problems.

Results Median age at the time of study was 5 years,
range 2—10 years. Although the adjusted OR was 1.19
(0.92 to 1.55) for SGA infants and OR 1.11 (0.88 to
1.41) for LGA infants, this failed to reach statistical
significance that these subgroups were more likely

to have parent-reported speech problems in early
childhood compared with AGA infants. This study also
found parent-reported evidence suggestive of potential
learning difficulties in early childhood (OR 1.51 (1.13
to 2.02)) and behavioural problems (OR 1.35 (1.01 to
1.79)) in SGA infants.

Conclusion This study of 7004 infants in Wales
suggests that infants born SGA or LGA likely do not
have higher risks of parent-reported speech problems
in early childhood compared with infants born AGA.
To further ascertain this finding, studies with wider
population coverage and longer-term follow-up would
be needed.

,! Sarah Joanne Kotecha,? Mallinath Chakraborty © >3

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study has a relatively large sample size, al-
though this represents around 26% of all eligible
invitees to Respiratory and Neurological Outcomes
of Children Born Preterm Study (n=26722).

= Major domains of early childhood developmental
outcomes were explored.

= Potentially using parent-reported questionnaires
may introduce some degree of recall bias.

= Like most cohort studies, missing data in those en-
rolled, particularly in confounders, were present.

= Data were collected between 2003 and 2011.

INTRODUCTION

Background

Birth weight is a complex product of intrinsic
and extrinsic influences on the feto-maternal
interaction and is an important predictor of
perinatal morbidity and mortality.'™ Popu-
lation studies have shown trends that infants
are being born heavier. In England and Wales,
there was an average increase of 40 g over
26 years for all live births recorded between
1986 and 2012 with a 8%-10%increased
risk of being born with a high birth weight
during this period.* Trends for heavier birth
weights were also observed in other countries
including Canada, USA and Sweden, and the
cause for this shift is not understood.” This
drives a need to better understand predictors
of birth weight and its association with longer-
term outcomes.

Outcomes for certain subgroups such as
prematurity and small for gestational age
(SGA) have been well explored but remains
unclear for large for gestational age (LGA)
infants particularly mid-term to long-term
outcomes. LGA 1is associated with birth
complications and indirect effects persisting
into adulthood.” Around birth, larger term
infants have increased risk of shoulder
dystocia, meconium aspiration, lower 5min
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Apgar scores and death.® 7 Postnatally, they are more
likely to have polycythemia, hypoglycaemia and respira-
tory distress syndrome; all conditions associated with poor
long-term outcomes.”® In preterm births, the prognosis
for being LGA is unclear, with some literature suggesting
an advantage; reporting lower perinatal mortality in
preterm LGA infants, but with higher risks of early-onset
sepsis and intraventricular haemorrhage.’

Overall, data on the mid-term to long-term effects of
being LGA across all gestational ages are lacking, and little
is known about neurodevelopmental outcomes. A retro-
spective cohort study by Moore et al found an increased
risk of autism in term infants born SGA between 23 and
31 weeks, whereas being born large may have conferred
some protective effect.'’ In view of speech being a
dynamic product of higher function cognitive and senso-
rimotor feedback processes involving multiple cortical
and subcortical areas for planning, selecting, sequencing
and motor programming, it was selected as the primary
outcome of interest. Due to the complex interaction
between neurodevelopmental domains incuding speech,
this study also evaluated learning, behavioural, hearing,
movement and hand problems."!

Objectives

1. To assess if preterm and term SGA or LGA infants have
more parent-reported speech problems in early child-
hood compared with infants with birth weights appro-
priate for gestational age (AGA).

2. To assess if preterm and term SGA and LGA infants
have more parentreported learning, behavioural,
hearing, movement and hand problems in early child-
hood compared with AGA infants.

METHODS

Study design

This study was conducted using data collected from the
Respiratory and Neurological Outcomes of Children
Born Preterm study (RANOPS), a cross-sectional popu-
lation study conducted in Wales in 2013. This study
recruited equal numbers of preterm (n=13361) and
term-born children (n=13361) in years 2003, 2005, 2007,
2009 and 2011 to complete questionnaires on respira-
tory and neurodevelopmental outcomes if their child has
ever had any active or resolved problems (online supple-
mental files 1 and 2).

Term infants were selected to be comparable with the
preterm infants, for date of birth, sex and locality. A
total of 7129 responses were received including consent
for data usage and access to health databases. Charac-
teristics between those who enrolled and those that did
not are shown in online supplemental file 3. Parents
with preterm infants were more likely to respond to the
questionnaire than those with term births (p<0.001)
and responders were less likely (39.5% vs 53.8%) to
live in the most deprived half of Wales. However, the
proportions of males (p=0.52) and those with low,

normal or high birth weights for their gestation were
similar (p=0.61).

Parentreported answers on neurodevelopmental
outcomes were collected in 2013 for all ages. For
example, ‘Does your child have any problems with their
speech?’; followed by a yes, or no, option. In the event
neither option was selected, the response was recorded
as unsure. Baseline demographics, including birth and
maternal characteristics, were collected from national
health databases.'"™"

The primary neurodevelopmental outcome was parent-
reported early childhood speech problems.'" Secondary
neurodevelopmental outcomes were parentreported
early childhood learning, behavioural, hearing, move-
ment and hand problems. For this study, all ‘unsure’
responses were re-coded as ‘no’ and included in the
primary analysis.

Study population

The eligible population were all children enrolled in
RANOPS, born from 23 weeks of gestation to mothers
from 18 to 50 years of age with available speech outcomes
(n=7004). Exposure measures were gestational age at
birth and birthweight centile by category. Birthweight
centiles were calculated for each sex and gestation (in
weeks) using the LMS Growth programme (Medical
Research Council).'"* SGA was defined as <10th centile on
the UK-WHO growth charts and >90th centile for LGA.
These are values generally accepted across England and
Wales, with Scotland using the 5th and 95th centiles.'” '
Gestational age was categorised (as per WHO definitions)
as extremely preterm (<28 weeks), very preterm (28-31
weeks) and moderate to late preterm (32-<37 weeks).17
Post-maturity was defined as gestational age at birth
greater than or equal to 42 weeks."® SGA and LGA infants
were compared with AGA infants across gestations.

Covariates

Covariates included neonatal and maternal influences
known a priori to influence birth weight in-utero.
Neonatal factors are singleton or multiple births, gesta-
tional age at birth and sex. Maternal factors accounted
for, included smoking during pregnancy, the Welsh
Index of Multiple Deprivation (WIMD) score (a measure-
ment of relative deprivation for small areas with scores
of 1-1909, 1 being the most deprived) and their age."
These overlap with potential influences on the primary
outcome, parentreported speech problems in early
childhood. While complex and multifactorial in poten-
tially influencing the primary outcome, maternal socio-
economic status was accounted for using WIMD scores.”’
Predictors of low birth weight include low birth weight,”
multiple pregnancies® and foetal sex.”” Mode of delivery
was not assumed to impact birth weight and considered
likely multifactorial due to perinatal clinical practice
surrounding estimated birth weight or centile, birth
complications and maternal preference.'” *** The deter-
minants of high birth weight are, however, less clear.
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Table 1 Neonatal and maternal birth characteristics for all including preterm-born and term-born infants
Birthweight centile

Characteristics n SGA (<10th) AGA (10th-90th) LGA (>90th) P value
Age at survey (median years) 7003 4.08 (2.67-7.67) 5.17 (2.75-7.67) 4.37 (2.75-7.67) 0.69
Neonatal factors
Male 7004 313 (48.68%) 2458 (45.50%) 450 (46.92%) 0.26
Singleton 7004 507 (78.85%) 4647 (86.02%) 904 (94.26%) <0.001
Gestation (median weeks) 7004 35 (33-38) 36 (34-39) 36 (34-38) <0.001
Preterm (<37 weeks) 7004 458 (71.23%) 3105 (57.48%) 623 (64.96%) <0.001
Post-term (=42 weeks) 7004 25 (3.89%) 99 (1.83%) 5 (0.52%) <0.001
Mode of delivery 4091 <0.001

Unassisted vaginal delivery 2037 119 (82.16%) 1659 (52.33%) 259 (47.01%)

Instrumental 406 27 (7.30%) 334 (10.54%) 45 (8.17%)

Elective caesarean section 511 66 (17.84%) 349 (11.01%) 96 (17.42%)

Emergency caesarean section 1137 158 (42.70%) 828 (26.12%) 151 (27.40%)
Maternal factors
Age (mean years)* 6225 29.85 (6.00) 30.35 (5.66) 31.15 (5.37) <0.001
WIMD score (median)t 6804 845 (428-1351) 985 (503-1447) 985 (524-1444) <0.001
WIMD decilet 6804 5(3-7) 6 (3-8) 6 (3-8) <0.001
Maternal smokingt 6725 133 (21.38%) 655 (12.65%) 75 (8.11%) <0.001

Values are n (%), mean (SD) or median (IQR) as appropriate.
Denominator between measures differs due to missing data.
*Maternal age at the time of delivery.

TWelsh Index of Multiple Deprivation/Deciles of WIMD (lower values reflecting more deprivation).

FMaternal smoking during pregnancy.

AGA, appropriate for gestational age; LGA, large for gestational age; SGA, small for gestational age; WIMD, Welsh Index of Multiple

Deprivation.

Evidence suggests that active smoking is associated
with increased risk of low birth weight and preterm birth,
and prevalence of smoking is associated with socioeco-
nomic status.?® 2 There is also an increased risk of low
birth weight with younger mothers, perhaps influenced
by socioeconomic status. However, evidence surrounding
birth weight and advanced maternal age is inconsistent,
with some studies showing increased prevalence of infants
born LGA, while others showing a U-shaped trend of low
birth weight with increasing age.26 2831

Statistical analysis

Duplicates and infants with missing exposure or primary
outcome data were removed. Initially, neonatal and maternal
characteristics at birth for all infants were compared across
their birthweight centile category. Comparisons were
performed using the Kruskal-Wallis equality of populations
ranks test for birthweight centile category, gestational age and
WIMD score at birth. Sex, number of births, mode of delivery
and maternal smoking during pregnancy were compared
using the % test and maternal age at delivery using the anal-
ysis of variance test.

Next, the proportion of children with speech problems
between birthweight centile categories was compared. Using
a logistic regression model, the unadjusted and adjusted for
potential confounders, ORs for speech problems, comparing

SGA and LGA infants to those born AGA were derived. Strat-
ifying by preterm and term infants and using a logistic regres-
sion model, the ORs for speech problems were also derived
for SGA and LGA infants compared with AGA infants. In view
of a single primary outcome, p values corresponding to each
statistical test were not corrected.

Six sensitivity analyses were performed. First, we repeated
the logistic regression using a random-effects model to cluster
by week of gestational age, and second by the age of the child
at time of the survey. We then repeated using the 5th and
95th centile cut-offs, and then again removing all responders
where ‘unsure’ was coded for the primary outcome.'® The
main analysis was also repeated with an ordinal logistic regres-
sion analysis looking at the odds of an increasing number of
reported neurodevelopmental disorders. Finally, the analysis
was repeated using a missing data technique (Multiple Impu-
tation with Chain Equations (details in online supplemental
file 4)) to assess the impact of missing outcome and covariate
data on the association seen.'” Likelihood ratio tests were
used to compare models. Analysis was performed using Stata

SE V.17 (Statacorp LLC).

Patient and public involvement

Patients or the public were not involved in the design,
conduct, reporting, or dissemination plans of this
research.
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Proportion of preterm and term-born infants with early childhood speech problems
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RESULTS

Four thousand two hundred and eighty-four preterm and
2865 term infants were enrolled in RANOPS (n=7149)."?
Twenty duplicates were removed, leaving 7129 children.
Those born to mothers younger than 18 or above 50 years
of age were excluded (n=83), leaving 7046 eligible chil-
dren. Eight infants had missing birthweight centiles, and
a further 34 had missing data on the primary outcome,
early childhood speech problems, leaving a study popula-
tion of 7004 participants for the primary analysis (99.40%
of the eligible responders).

Stratifying by birthweight centile categories of SGA,
AGA and LGA infants, baseline neonatal and maternal
characteristics of the study cohortare shown in table 1. The
median age at time of the survey was 4.08-5.17 (p=0.69).
Besides the distribution of sex across birthweight centile
categories, there were significant differences in other
baseline neonatal and maternal characteristics analysed.

Distribution of early childhood speech problems in
preterm and term infants by birthweight centile is as
shown in figure 1. Figure 2 depicts the number of neurode-
velopmental disorders stratified by gestation age at birth,
birthweight centile category and deprivation measures or
WIMD category (quintile). Analysis of the distribution of
the primary outcome, parent-reported speech problems
showed a significant difference between different birth-
weight centile categories, p=0.05. There were significant
differences between birthweight centile categories and
the secondary outcomes, except for parent-reported
hearing problems (p=0.59) (table 2).

~———Preterm Infants

——Term Infants

Proportion of preterm and term infants with parent-reported speech problems in early childhood by birthweight

Logistic regression adjusted for neonatal and maternal
features of the primary outcome (parent-reported speech
problems in early childhood) showed that SGA and LGA
infants were not more likely than their AGA counterparts
to have problems, OR 1.19 (0.92 to 1.55) and OR 1.11
(0.88 to 1.41), respectively. Analysis of parentreported
secondary outcomes found evidence that SGA infants
have an increased risk of learning difficulties in early
childhood compared with those born AGA, OR 1.51 (1.13
to 2.02). There was also some evidence that SGA infants
were more likely to have early childhood behavioural
problems, OR 1.35 (1.01 to 1.79). This study did not find
that infants born SGA or LGA were more likely to have
hearing, movement or hand problems in comparison to
AGA infants (table 3).

Analysis was repeated using a random-effects regres-
sion model, stratified by preterm-born or term-born,
and the adjusted ORs did not demonstrate that preterm
infants born SGA or LGA were more likely to have parent-
reported speech-problems than infants born AGA. There
was also no evidence of interaction between the expo-
sures measured (P, . =().999) (table 4).

Multilevel regression model of SGA and LGA babies
compared with those born AGA across each gestational
age category (using child age as the clustering variable)
also showed compatible results (SGA, OR 1.19 (0.92 to
1.55); LGA, OR 1.11 (0.87 to 1.41)) with the main analysis.
When ‘unsure’ responses excluded from analysis, logistic
regression repeated showed no increased likelihood in
primary neurodevelopmental outcome, parentreported

4

Jee G, et al. BMJ Open 2023;13:€065587. doi:10.1136/bmjopen-2022-065587

“ybuAdoo Aq parosroid 1sanb Aq £20z2 ‘6 Aeln uo jwod g uadolwgy/:dny woly papeojumod ‘€202 JUdy /2 Uuo /85590-z20z-uadolwa/oeTT 0T St payslignd 1sii :uado CING


http://bmjopen.bmj.com/

Proportion of disorders (speech, hearing, behavioural, learning, movement, and hand problems) stratified by
gestation age at birth, birthweight centile category, and WIMD category (quintile)
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Figure 2 Proportion of neurodevelopmental disorders stratified by gestation age at birth, birthweight centile category and
WIMD category (quintile). AGA, appropriate for gestational age; LGA, large for gestational age; SGA, small for gestational age;

WIMD, Welsh Index of Multiple Deprivation.

early childhood speech problems in babies born SGA,
OR 1.20 (0.92 to 1.56) or LGA, OR 1.13 (0.90 to 1.44)
compared with those born AGA. Repeat of the analysis
using the 5th and 95th centiles as cut-offs for SGA showed
that babies born SGA were not more likely than babies
born AGA to have parentreported early childhood
speech problems, OR 1.5 (0.98 to 1.86)."° There was

also no evidence to suggest more parent-reported early
childhood speech problems in babies born LGA, OR 1.11
(0.84 to 1.48). Repeat of the main analysis examining
the odds of an increasing number of reported devel-
opmental disorders found results compatible with the
primary analysis (SGA, OR 1.17 (0.96 to 1.43); LGA, OR
1.11 (0.93 to 1.32)). Finally, repeating the main analysis

Table 2 Early childhood neurodevelopmental outcomes across all birthweight categories

Birthweight centile

Outcome measure n SGA (<10th), n (%) AGA (10th-90th), n (%) LGA (>90th), n (%) P value
Primary
Speech problems 7004 93 (14.46) 603 (11.16) 112 (11.68) 0.05
Secondary
Learning difficulties 6980 83 (12.95) 404 (7.50) 70 (7.34) <0.001
Behavioural problems 6963 86 (13.46) 459 (8.54) 77 (8.11) <0.001
Hearing problems 6985 49 (7.66) 371 (6.89) 73 (7.62) 0.59
Movement problems 6990 45 (7.01) 240 (4.45) 49 (5.12) 0.01
Hand problems 7000 40 (6.22) 206 (3.82) 36 (3.76) 0.01
AGA, appropriate for gestational age; LGA, large for gestational age; SGA, small for gestational age.
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Table 3 Unadjusted and adjusted ORs for early childhood neurodevelopmental outcomes in SGA and LGA infants compared
with AGA controls

Adjusted for neonatal* and

Unadjusted Adjusted for neonatal features* maternal featurest
Outcome Birthweight centile Birthweight centile Birthweight centile
measures n SGA (<10th) LGA (>90th) n SGA (<10th) LGA (>90th) n SGA (<10th) LGA (>90th)
Primary
Speech 7004 134(1.06to 1.05(0.85t0 7004 1.28(1.01to 1.01(0.82to 5935 1.19(0.92to 1.11(0.88to
problems 1.70) 1.30) 1.63) 1.26) 1.55) 41)
Secondary
Learning 6980 1.83(1.42to 0.98(0.75t0 6980 1.71(1.32to 0.92(0.71to 5894 1.51(1.13to 1.06 (0.79 to
difficulties 2.36) 1.27) 2.22) 1.21) 2.02) 1.41)
Behavioural 6963 1.67(1.30to 0.95(0.74to 6963 1.57 (1.22to 0.89 (0.69to 6963 1.35(1.01to 1.19(0.91 to
problems 2.13) 1.22) 2.02) 1.15) 1.79) 1.57)
Hearing 6985 1.12(0.82to 1.12(0.86to 6985 1.06(0.77to 1.08(0.83to 5900 1.03(0.73to 1.16(0.87 to
problems 1.53) 1.45) 1.45) 1.40) 1.47) 1.54)
Movement 6990 1.62(1.16to 1.16(0.84to0 6990 1.39(0.99to 1.08(0.78to 5901 1.43(0.98to 1.31(0.92 to
problems 2.25) 1.59) 1.94) 1.49) 2.09) 1.84)
Hand problems 7000 1.67 (1.18to 0.98 (0.69to 7000 1.56(1.09to 0.95(0.66to 5910 1.36(0.90to 1.11(0.75to
2.37) 1.41) 2.23) 1.36) 2.06) 1.64)

*Adjusted for foetal sex, singleton or multiple birth and gestational age at birth.
TAdjusted for maternal age and WIMD score at the time of birth and maternal smoking status during pregnancy.
AGA, appropriate for gestational age; LGA, large for gestational age; SGA, small for gestational age; WIMD, Welsh Index of Multiple

Deprivation.

using a multiple imputation model (n=7004) (SGA, OR
1.21 (0.95 to 1.54); LGA, OR 1.06 (0.85 to 1.32)) was also
compatible, with no clear associations seen.

DISCUSSION

The literature supports that parents’ perceptions on their
child’s development have shown significant consistency
with standardised developmental objective measures in
preterm-born and term-born infants, and are increasingly
used in developmental screening for at risk infants.”* ™’
Example of such is the validated PARCA-R (Parent
Report of Children’s Abilities) for very-preterm infants at
2 years.*! Although some studies have reported variation
between parental estimates and objective measures of

speech development, parentreported speech outcomes
especially speech intelligibility still remains widely used
in clinical practice.”* While the absolute numbers
reported here are large, they do only represent a rela-
tively low proportion of those invited to enrol in the
study; although they had similar low or high birthweigths
compared with those who did not enrol. However, they
also appeared to come from less deprived areas than
the wider population, and interpretation of our findings
should consider this.

The production of speech is complex, relying on not
only intact cognitive, motor and sensory functions but
also complicated by hearing loss, particularly the child’s
age at time of hearing loss.” *> Reassuringly, in this work,

Table 4 Unadjusted and adjusted ORs for primary neurodevelopmental outcome of early childhood speech problems
stratified by preterm or term in SGA and LGA infants compared with AGA controls

Birthweight Unadjusted (n=7004)

Adjusted for neonatal
features* (n=7004)

Adjusted for neonatal* and
maternal featurest (n=5935)

OR (95% Cl)

interaction interaction

Gestation category OR (95%Cl) ‘teraction OR (95% Cl)

Preterm (<37 SGA (<10th) 1.27 (0.98 to 1.66) 0.864 1.30 (0.99 to 1.71)
weeks) LGA (>90th) 1.04 (0.81 to 1.33) 1.05 (0.82 to 1.35)
Term (37  SGA (<10th) 1.16 (0.69 to 1.96) 1.21 (0.71 to 2.05)
weeks) LGA (>90th)  0.92 (0.60 to 1.42) 0.91 (0.59 to 1.41)

*Adjusted for foetal sex, singleton or multiple birth.

0.844 1.19(0.88 to 1.61

1.12 (0.85t0 1.47

1.19 (0.69 to 2.07
(

1.10 (0.71 to 1.72

0.999

— | = |~ [—

TAdjusted for maternal age and WIMD score at time of birth and maternal smoking status during pregnancy.
AGA, appropriate for gestational age; LGA, large for gestational age; SGA, small for gestational age; WIMD, Welsh Index of Multiple

Deprivation.
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we were unable to identify clear associations between
SGA, or LGA, infants and adverse parent-reported speech
outcomes in early childhood; in either the unadjusted
or adjusted models, as well as in the analysis of hearing
problems. Also reassuringly, this study also did not find
an increased risk of adverse parentreported behavioural
and hand problems in SGA and LGA infants, movement
problems in SGA infants and learning difficulties in LGA
infants. However, Cls are relatively wide and important
increases in morbidity cannot be excluded and more
work with precise estimate may be warranted.

Evidence from this study suggest that SGA infants may
have higher risks of parent-reported learning difficulties
and behavioural problems in early childhood but not
hearing, movement or hand problems. A single-centre
cohort study of term infants in Australia born to women
presenting antenatally between 1981 and 1984 showed
that children born SGA had significantly more learning
difficulties when followed up at 14 years of age using a
parentreported survey and academic achievement test.
This study reported a comparable 19.8% and 20.5% inci-
dence for those who completed psychometric testing
and behavioural questionnaires, respectively. This study
also demonstrated long-term attention difficulties in
extremely SGA (3rd centile and below) term-born female
adolescents.*® Similar findings of poorer attention, exec-
utive function and memory were reported in a small
cohort study of SGA preterm-born and term-born young
adults who underwent neuropsychological assessment.*
Similarly, a cross-sectional study of 5181 childrens’
behaviour, between ages 4 and 15 years in England, using
avalidated parentreported questionnaire and stratifying
for sociodemographic factors, suggested an association
between birth weight and behavioural problems in chil-
dren.®*

We also saw that the proportion of all parent-reported
early childhood disorders showed a strong relationship
with gestational age at birth (seen in figure 2). This
appears consistent with the wider literature,”! and this
work was designed to adjusted, in part, for this by using
birthweight centiles. Alternatively, this may, in part, reflect
the complexities and co-dependency of many of these
outcomes as gestational age lowers, and further work is
currently underway to look at the phenotypes and inter-
actions of challenges these infants demonstrate.

Analysis of baseline characteristics noted a significant
difference in maternal age, and demographics at birth
between birthweight centile categories. While this study
was not designed to explore the relationship between
maternal age and birthweight centile categories, previous
studies have reported significant findings of higher
maternal age in LGA infants.”*”' In addition, the associ-
ation between maternal smoking, deprivation and birth-
weight centile categories was sobering, with 20% of SGA
infants exposed to in-utero smoking. In this work, more
than 1 in 5 mothers smoked during pregnancy, identi-
fying an important public health focus on a modifiable
risk factor for low birth weight to address,*® with even first

trimester cessation of smoking having substantial bene-
fits 265253

There was also a significant difference in the mode of
delivery across birthweight centile categories likely due
to clinical practice managing high-risk pregnancies.'”***
This may include singleton or multiple pregnancies, gesta-
tional age and estimated birth weight or centile at time of
birth. Sex was not associated with SGA or LGA, compat-
ible with findings of a large cohort study in Netherlands.*

CONCLUSIONS

Findings from this work, on a subset of 7004 infants in
Wales suggest that infants born SGA or LGA may not
have higher risks of speech problems in early childhood
when compared with AGA infants. While enrolment
was achieved on only a subset of less deprived infants,
important differences may still exist, and we found that
some infants being born SGA may have increased parent-
reported learning difficulties and behavioural prob-
lems compared with AGA infants. Further longer-term
studies on infants born SGA and LGA would be of value
to better understand the association of birth weight on
neurodevelopment.
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1. Background:

Babies born late preterm, between 33 and 36 weeks gestation (6-7% of all UK births), have a
greater risk of developing breathing problems than previously appreciated. Our research group has
recently shown that late preterm born 8-9 year olds have worse lung function than similarly aged
children born at term but their lung function improves by 14-17 years of age
(http:/ / www bbc.co.uk/ news/ uk-wales-south-east-wales-15071922)."In 2009 in England and Wales
therewere 706,248 live-births and over 42,000 were born late preterm.2.3 This group of children
born late preterm tends to be treated the same as children born full term however there may be a
need to monitor this group of children more closely.

Definition of terms:

Gestational groups - <32 weeks gestation = extremely preterm
- 33-36 weeks gestation = late preterm
- 237 weeks gestation = term

1.1 Research Question

We hypothesise that children born extremely preterm (23-32 weeks gestation) and late
preterm (33 to 36 weeks gestation):

(a) haveincreased respiratory symptoms and disease,

(b) have increased neurodevelopmental problems,

(c) have increased health care utilisation, mainly due to respiratory morbidity
in infancy, in the pre-school and early school years, when compared to age-matched term-born
children (control group).
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1.2 Methods

5th November 2012

Study Design: The morbidity and health utilisation of late preterm infants

In Wales, the average number of live-born deliveries over thelast 5 yearsis 34,464 per
annum.2 Approximately 2,000 each year are born prematurely with 500 born extremely preterm and
1,500 late preterm 2

AWPSdata: Total number of survivors at 1 year of age per year of birth and gestational age in Wales
Year of birth 2003 2005 2007 2009 2010 2011
Gestational age
23-32 weeks 436 507 503 471 513 492
33-36 weeks 1781 1719 1976 1980 1926 1913
37-43 weeks 26448 30063 31545 31933 33277 32819
Other/ unknown 2303 226 279 323 171 334
Total 30968 32515 34303 34707 35887 35558

For late preterm infants, we will address:

(a) respiratory morbidity,

(b) neurodevelopmental problems and

(c) health care utilisation, especially due to respiratory reasons, via a questionnaire study and
also thewell-linked health databases in Waleswith the collaboration of local neonatologists.

Thedatawill be compared to term born and extremely preterm-born groups. Our team,
including Professor John Henderson as well as Professor Frank Dunstan, has great expertisein
questionnaire studies assessing health of children and adults#*5 A modified ISAAC questionnaire
focussing on respiratory symptoms (rather than allergy) will be used to assess respiratory health
including wheezing, drug usage and physical activity as well as visits to hospitals and general
practitionersin school-aged children®and a validated questionnaire by Powell et al will be used for
preschool children .”:8 The questionnaires will be used to assess respiratory health and for any
neurodevelopmental difficulties in a cross-sectional survey of children aged 1,2,3,5,7 and 9 years.
The questionnaires will allow us to assess the impact of late preterm birth on respiratory outcomes,
developmental delay and health service utilisation. The questionnaires will be age-appropriate (one
for <5 years of age and another for 5-9 years of age). Thetwo age-appropriate questionnaires are
based on previous extensively validated questionnaires for both respiratory symptoms and
neurodevelopmental outcomesin both preschool and school-aged children 8-

We shall send 2,000 questionnaires with an invitation letter and parent information sheet for
each age-group for the preterm groups (including 1,500 late preterm- and 500 extremely preterm-
born children) together with asimilar number for age-matched term controls. The matching of the
term controls will be based on sex, place of birth and chronological age (DOB), although in the analysis
of the data, the corrected postnatal age (thisisthe age apremature baby would beif born at term) of
the preterm infants will be taken into account as a potential confounding factor. The total of 24,000
questionnaire packs will be sent viathe NHSWales Informatics Service (NWIS), which have expertise
for identifying subjects from the NHSadministrative register and then providing DST, the mailing
house with adatabase to send out the questionnaires. Furthermore, children who have moved from
the areaor havedied areidentified and excluded, by using datafrom the All Wales Perinatal Survey
(AWPS) which is directed by Professor Sailesh Kotechawith Professor Frank Dunstan a member of
the steering committee2 AWPS maintains data on children who die before their first birthday, and this
datawill be used along with the Welsh Demographics Service, which also holdsinformation on
children who have passed away.
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Prior to any reminder packs being sent out to the families, NWISwill be up-dated of all families
who have returned aquestionnaire pack. NWISwill then up-date the contact data base and also
repeat the safe guard of who has died, and then send the new data base of contact information to DST,
who will send out the reminder packs (1t after 1 month from the initial mailing date and 2" after 3-4
months).

Secondly, using linked databases (including the Patient Episode Database for Wales, PEDW and
the National Community Child Health Database, NCCHD and the Welsh Demographics Service, WDS)
for hospital episodes, we will identify the general health service usage of these children. For those
children with areturned, signed (consented) questionnaire we will be able to link the hospital datato
their completed questionnaireto allow for more accurate analysis. Theinformation gathered from
PEDW, NCCHD and WDSwill also contain data on all children less than 10 years of agein Wales
(anonymised) and this will allow us to determine the representativeness of the sample returning
questionnaires. The social status of afamily will be determined by location using the welsh index for
multiple deprivation child index score 2011 (taken from WDS).

Thelinked cross sectional data at 5 age pointswill be summarised in terms of rates of
wheezing, rates of hospital admissions, etc. The exploration of the data will be hypothesis led to
investigate if being born late preterm has an effect on the health outcome of children when compared
to term born controls. The health outcomeswill include hospital admissions, visits to GP, wheezing
episodes, use of prescribed medication, doctor diagnosed conditions,long term disability and activity
levels. The formal analysiswill use general linear models to compare rates between different
gestational age groups adjusting for confounders such as social class, maternal smoking during
pregnancy, birth weight, gender etc.

Sample size: For aquestion with binary response (e.g. symptom present or absent), assuming a50-
60% responserateto the questionnaire,we will have 95% power for identifying a difference between
the preterm- and term-born children if the true symptom rateis 15% in preterm and 10% in term
children. We have estimated the response rates based on previous similar studiesin Wales.* 12

2.NWIScollaboration

We have already liaised with NWISand shall ask their team to identify children born between
1/01/2003 to 31/12/2011. NWISwill identify all preterm infants (<37 weeks of gestation at birth)
for each age group (1,2,3,5,7 & 9 years of age) using the national database (NCCHD and WDS). NWIS
will then select the term controls by identifying gender matched children born on the same day and in
the same area (hospital or midwifery led unit) as each preterm infant. So there will be approximately
2,000 term controls for each age group. For each age (1,2,3,5,7 and 9 years of age) there will be three
groups; children born at full term (37-43 weeks of gestation), children born late preterm (33-36
weeks of gestation) and children born extremely preterm (<32 weeks of gestation). Each child will be
assigned a study number based on their DOB/ gestational age/ a unique reference number.

Theinformation obtained from the health databases (WDS, NCCHD and PEDW) for each child
will include the child’s name, current address, gestational age, DOB, birth weight, breast feeding at
birth and at 8 weeks of age, welsh index deprivation score, hospital admissions of the last year and
discharge diagnosis. The postcode for the current address will be used to identify the local health
board (so that the appropriate local Pl isidentified on theinvitation letter being sent to the family).
Thisinformation will need to be checked to remove any children that have died via AWPSand the
WDSdatabase. Thiswill involve AWPSsending datato NWISwith the name, DOB and address of each
child that has passed away over thelast 10 years (1/1/03to 31/12/12). None of this data will be
made available to the research team. NWISwill supply DST,the mailing house with a study

3
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database split into two sections (> 5 years of age and > 5 years of age). The database will contain the
study ID number, name, address and local health board of each study participant. Datawill be
transferred between NWISand DST via File Transfer Protocol Secure (FTPS).

DST will divide each data set into 7 sections according to the local health board in which the
child resides. DST will then print the individual questionnaires (including study ID numbers),
invitation lettersincluding the family address and signed with the appropriate LHB with details of the
local Pl, and information sheets and place these in envelopes with windows that allow the letter to
show the family address, and these packs will then be sent by royal mail to the families. Stamped
addressed envelopes (to our research department) will be included within the study pack. DST also
provide afurther data health check, informing us of any duplicates and of families who may have
moved, thus avoiding unnecessary/ inappropriate mailing. No personal data will be released by
NWISto the research team at this stage.

NWISwill send study ID numberswith the child’s gestational age to the research team, so that
when questionnaires are returned the correct gestational age for the child can be confirmed. Families
will be given 4-8 weeks to return the questionnaires. A list of familieswho have returned
questionnaires (by study ID numbers) will be sent to NWISand they will send further information on
each child that has asigned (consented) questionnaires, to include birth weight, antenatal details,
hospital of birth, hospital admissions and discharge diagnosis over thelast 12 months.

NWIS, following are-check of the health data base for any deaths, will create alist of any
families that have not returned a questionnaire. This up-dated study database will be given to DST
and the first reminder pack will be sent to these families at 1 month after the initial pack was sent out.
If theresponserateremainslow then this process will be repeated with a second remainder pack
being sent after 3-4 months, when the research team will give NWISalist of all families who have
returned questionnaires and NWISwill collate an up-dated list, having removed any familieswhere a
child has died in the interim period since last checking. This up-dated study database will be given to
DST and the second reminder pack will be sent to those familieswho have not yet responded.

Questionnaires will bereturned to the Department of Child Health at Cardiff University and
processed by automated scanners and specialised software (Remark Office OMR8). The
questionnaires will be coded by the software, which also identifies any problems such as missing
information. Any problems detected by the software will be reviewed by the research team. This will
form part of the data quality control checks. Anonymised datawill be available for the whole cohort
to allow usto determine the representativeness of the responders. Thereturned questionnaires will
be processed by Dr Martin Edwards and all data stored securely in the research office at the
Department of Child Health based at the University Hospital of Wales, Heath Park, Cardiff. By
returning the completed questionnairesit will be assumed that the family is consenting to take part in
the study. If the questionnaire form is signed the family will be consenting to be contacted with
regardsto clarifying any issues with the returned questionnaire; contacted in the future to take part in
further research in this area; and for access to patient identifiable information in the health databases
to link hospital admission and GP records information with that gathered from the questionnaires. It
isclearly stated in theinformation leaflet what will happen with the data collected.

3. Ethical approval

The project has ethical and R&D approval from within Wales. The global governance check reference
isIRAS91349 and the Ethics reference is 12/WA/0155. The sponsor for the project is Cardiff
University (SPON1038-11).
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4.Timescale

We aim to mail the questionnaires between January and February 2013. We shall allow the families 6
—8 weeks to respond initially and send a second mailing of questionnaires between April and May
2013 and if necessary athird mailing of questionnairesin between July and August 2013, dependent
upon theresponserate. Our expectation isto reach a50 —60% response rate as has been achieved in
many recent questionnaire studies4 12-14

5. Resources
The study is currently funded by Departmental funds and research grant funding is being sought from
several charities that support medical research —decision expected Jan/ Feb 2013.

6. Documents
i. Letter of invitation to parents—1 side of A4 paper
ii.  Questionnaire for preschool children (<5 years old) —4 sides of A4 paper
iii. Questionnairefor school aged children (5-9 years old) — 4 sides of A4 paper
iv. Information sheet for families — 2 sides of A4 paper
v. Flow diagram of research protocol
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Health questionnaire for preschool children (<5 years old)

Today’s date 2012

Person completing the questionnaire:

Date of birth of child: / /

Mother
Father
Other

Usinig 3« PENCIL fill inthe circles Lk this
O — e

DO NOT tick o oss the drdes.

g =

Ar eraser cam be used to rectify mictakies,

O
O
O

1. Has your child ever had wheezing or whistling in their chest at any time in their life?

Yes O No O Unsure

IF YOU HAVE ANSWERED “NO” PLEASE GO TO QUESTION 4.

2. In the last three months, during the day time (i.e. when awake) does your child:
most days  every day

Not at all a few days

a. Wheeze: O O
b. Cough: O O
c. Shortofbreath: O O
d. Rattly chest: O O
e. Snuffly: O O

some days

O
O
O
O
O

O000O0

ONONONONG

3. In the last three months, during the night time (i.e. when asleep) does your child:
some nights most nights every night

Notatall  afew nights
a. Wheeze:
b. Cough:
c. Short of breath:
d. Rattly chest:

ONONONONG
ONONONONG

e. Snore:

O
®,
O
O
O

ONONONONG

4. How many colds has your child had in the last three months?

ONONONONG

alwayshasacold O

most colds  every cold

None O 1to3 O more than3 O
5. When my child has had a cold in the last three months, s/he has a:
Not at all a few colds some colds
a. Wheeze: O O O
b. Cough: O O O
c. Shortofbreath: O O O
d. Rattly chest: O O O

Pre-school age (<5) Questionnaire Version 1.0

[EEN

ONONONG;

ONONONG;

Date: 01/05/12
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e. Snuffly: O O O O O
6. When my child does NOT have a cold, in the last three months, s/he has a:
Not at all a few days some days  most days every day
a. Wheeze: O O O O O
b. Cough: O O O O O
c. Shortofbreath: O O O O O
d. Rattly chest: O O O O O
e. Snuffly: O O O O O
7. When my child has been more active (e.g. crawling, walking or when excited), in the last three
months, s/he has a:
Not at all a few days some days most days every day
a. Wheeze: O O O O O
b. Cough: O O O O O
c. Shortofbreath: O O O O O
d. Rattly chest: O O O O O
8. Has your child ever been diagnosed with asthma by a doctor?

10.

Yes O No O
Is there a family history of
Yes No
a. Asthma O O
b. Eczema O O
c. Hayfever O O
d. Allergies O O

In the last 12 months, has your child ever used any regular asthma inhalers (pumps) or
medicines?

Yes O No O

If yes, please provide the name (or colour of the pump) with details of how often used:

11. In the last 12 months, has your child had any chest infections?
Yes O No O
12. In the last 12 months, how many chest infections has your child had?
2
Pre-school age (<5) Questionnaire Version 1.0 Date: 01/05/12
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None O 1to3 O 4t0 10 O more than 10 O
13. In the last 12 months, how many courses of antibiotics has your child had?
None O 1to3 O 4to0 10 O more than 10 O
14. In the last 12 months, how many admissions (overnight or longer) has your child had to
hospital for breathing problems?
None O 1to3 O 41010 O more than 10 O
14a. Does the child’s mother smoke cigarettes? Yes O No O
If yes, how many per day? 1to 10 O 11to 20 O more than 20 O
If the child’s mother smokes did she smoke during the pregnancy? Yes O No O
14b. Does the child’s father smoke cigarettes? Yes O No O
If yes, how many per day? 1to 10 O 11to20 O more than 20 O

No O

15. Do any other househol<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>