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Abstract
Infants born preterm miss out on the peak period of in uteroDHA accretion to the brain during the last trimester of pregnancy which is hypoth-
esised to contribute to the increased prevalence of neurodevelopmental deficits in this population. This study aimed to determine whether DHA
supplementation in infants born preterm improves attention at 18 months’ corrected age. This is a follow-up of a subset of infants who partici-
pated in the N3RO randomised controlled trial. Infants were randomised to receive an enteral emulsion of high-doseDHA (60 mg/kg per d) or no
DHA (soya oil – control) from within the first days of birth until 36 weeks’ post-menstrual age. The assessment of attention involved three tasks
requiring the child to maintain attention on toy/s in either the presence or absence of competition or a distractor. The primary outcome was the
child’s latency of distractibility when attention was focused on a toy. The primary outcomewas available for seventy-three of the 120 infants that
were eligible to participate. There was no evidence of a difference between groups in the latency of distractibility (adjusted mean difference:
0·08 s, 95 % CI –0·81, 0·97; P= 0·86). Enteral DHA supplementation did not result in improved attention in infants born preterm at 18 months’
corrected age.

Key words: Attention: Distractibility: Neurodevelopment: Early childhood: DHA: Preterm infants: Bayley Scales of Infant
Development-III

Infants born preterm (<37 weeks’ gestation), particularly those
born <29 weeks’ gestation, are known to be at higher risk of
neurodevelopmental impairments compared with infants born
at term(1-3). Higher-order cognitive skills are governed by the
frontal lobes(4) and appear to be particularly impaired in this
population(3,5). Attention is one of the higher-order cognitive
skills that is assessable in infancy and early childhood(6).
Measures of attention in infancy have been associated with
later outcomes of traditional psychometric assessments of
intelligence and language(7,8).

DHA is an n-3 long-chain PUFA (LCPUFA) that is thought to
be essential for the development of the fetal and infant brain(9).
DHA accretion into the brain occurs at the highest rate during the
last trimester of pregnancy(10), at a time of peak brain growth,
particularly of the frontal lobes(11). This region of the brain is
responsible for higher-order cognitive skills including
attention(4). Infants born preterm miss out on this critical period
of in utero accretion, and while they receive some DHA from
breast milk and/or preterm infant formula, the amount is thought
to be insufficient to match the in utero DHA accretion rates(12).

Abbreviations: LCPUFA, long-chain PUFA; NHMRC, National Health and Medical Research Council; RCT, randomised controlled trial; WCH, Women’s and
Children’s Hospital.
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Animal studies of severe n-3 fatty acid deprivation during preg-
nancy have demonstrated reduced concentration of brain
(particularly frontal lobe) DHA and deficits in offspring abilities
that reflect the functioning of the frontal lobes(13-15).

DHA deficit in infants born preterm is therefore hypothes-
ised to contribute to the poorer neurodevelopmental outcomes
common in this population, although evidence from DHA sup-
plementation randomised controlled trials (RCTs) has been
mixed. Early RCTs of DHA supplementation in stable for-
mula-fed preterm infants compared infants fed formula with
added DHA to infants fed formula devoid of DHA(16). Visual
development showed at least some improvement in infants
fed formula with added DHA(17-20) following which, DHA
was added to all commercially available preterm formula.
However, no clear benefits to neurodevelopment were
shown(16,21). Subsequent RCTs were inclusive of breast milk
feeding and preterm infants representative of the usual clinical
profile and compared standard DHA breast milk and/or for-
mula with higher DHA breast milk and/or formula(22,23).
Assessments of neurodevelopment in these later DHA RCTs
not only revealed some benefits of supplementation during
infancy(22,23) but also suggested that these benefits do not per-
sist to early childhood(24,25). It is difficult to draw clear conclu-
sions regarding the efficacy of DHA supplementation to
improve neurodevelopmental outcomes in preterm popula-
tions for a number of reasons: (1) Previous trials were under-
powered to determine an effect on the smallest and most at-
risk preterm infants; (2) DHA was provided through breast milk
(achieved through either maternal DHA supplementation(22) or
directly adding to expressed breast milk(23)) or preterm infant
formula, and therefore infants did not receive the full dose of
DHA until they were able to tolerate all enteral feeds (typically
at least 1–2 weeks or more after birth); (3) The concentration of
DHA in breast milk is dependent on maternal biological vari-
ability and compliance(26) and (4) Most previous trials assessed
neurodevelopmental outcomes using global measures, which
may limit the ability to detect differences in those specific
domains hypothesised to be most sensitive to DHA in the neo-
natal period, that is, the higher-order cognitive functions(27).
Recently in the N3RO (n-3 fatty acids for improvement of
Respiratory Outcomes) trial, infants born <29 weeks’ gestation
were supplemented with DHA or a control through an enteral
emulsion within the first days of birth to ensure direct enteral
delivery of DHA at a dose sufficient to meet the estimated in
utero accretion rate(28,29). Although the N3RO trial was
designed to assess the effect of the intervention on the inci-
dence of bronchopulmonary dysplasia, it offers an ideal oppor-
tunity to determine the effect on neurodevelopment. The aim of
this study, therefore, was to assess the early development of the
higher-order cognitive function, attention, in a subset of the
N3RO trial infants to evaluate the effect of DHA intervention
on neurodevelopment.

Participants and methods

This was a follow-up at 18 months’ corrected age of a subset of
infants who participated in the N3RO multicentre RCT(29).

Corrected age (rather than chronological age) takes into account
prematurity and is used by clinicians working with preterm
patients to accurately assess age-appropriate growth and devel-
opment(30). Corrected age is also recommended for use in
research as there is bias in cognitive test scores if they are not
corrected for prematurity(31,32). Corrected age is calculated by
subtracting the number of weeks of prematurity from the
chronological age. The N3RO trial protocol and results have
been published(28,29) as well as the protocol for this current
follow-up(33). The aim of this follow-up was to determine
whether DHA supplementation in infants born <29 weeks’ ges-
tation can improve areas of the brain associated with frontal
lobe function, namely attention and distractibility.

Initial randomised controlled trial – the N3RO trial

Between 2012 and 2015, 1273 infants born <29 weeks’ gestation
from thirteen neonatal centres in Australia, New Zealand and
Singapore were randomised, within 3 d of their first enteral feed,
to receive an enteral emulsion containing either DHA (providing
60 mg/kg per d of DHA) or no DHA (soya-oil control) until
36 weeks’ post menstrual age(28,29). Infants were excluded from
the N3RO trial if they had a major congenital or chromosomal
abnormality, were participating in another fatty acid study,
receiving intravenous lipid emulsions containing fish oil or if
their motherwas breast feeding and taking supplements contain-
ing>250 mg/d of DHA(28,29). Infants were randomised according
to a computer-generated randomisation schedule by an inde-
pendent statistician who was not otherwise involved with the
trial or data analysis. Randomisation was stratified for sex, study
centre and gestational age (<27 completed weeks and 27 to <29
completed weeks). Multiple births were randomised
individually(28,29).

Current study – follow-up of a subset of N3RO children
in early childhood

Children were eligible for this follow-up if they were enrolled in
the N3RO trial at either the Women’s and Children’s Hospital
(WCH) or the Flinders Medical Centre, Adelaide, South
Australia, and were between 15 and 30months’ corrected age
between March 2015 and June 2016(33). Children who were over
30 or under 15 months’ corrected age during the time of the
follow-up study or had a medically diagnosed major pathology
(e.g. blindness or cerebral palsy) that was likely to invalidate per-
formance on the attention assessment were excluded from the
follow-up study.

An information sheet and consent form were posted to the
parents of eligible children, and appointments scheduled via a
follow-up phone call. Parent–child pairs were invited to attend
an appointment at either the WCH or Flinders Medical Centre
when the child was 18 months’ corrected age (target window
18 ± 3 months, accepted range 15–30 months). Written informed
consent was obtained from all parents of participating children.
Participants and their families, clinicians and researchers
remained blinded to group allocation until the completion of
the attention assessments.

These children are included in routine clinical follow-up care
which includes a Bayley Scales of Infant and Toddler
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Development, third edition (Bayley-III) assessment at approxi-
mately 2 or 3 years’ corrected age. Consent also included the
consent to access the Bayley-III results from themedical records.

This study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures involv-
ing human participants were approved by the Women’s and
Children’s Health Network Human Research Ethics
Committee, Adelaide, Australia (HREC/14/WCHN/50). The
N3RO trial and this follow-up are registered on the Australia
and New Zealand Clinical Trial Registry (ANZCTR:
ACTRN12612000503820).

Outcomes

The primary outcome for this follow-up study is the average time
to be distracted when attention is focused on a toy (i.e. the main
outcome of the Distractibility task from the attention assessment
as described below). Secondary outcomes include other aspects
of attention, and (where possible) an assessment of cognition,
language and motor development with the Bayley-III.

Attention assessments

All attention tasks were completed by a single investigator and
took place in a neutrally decorated room with children seated
on their parent’s lap at a desk. Parents were asked to avoid inter-
acting with their child or influencing their behaviour during
attention tasks. Attention and distractibility assessments were
carried out according to a previously detailed method(6,33,34).
Children were given a series of toys to freely play with in three
separate tasks measuring different aspects of attention (1. Single-
object task, 2. Multiple-object task, and 3. Distractibility task)
administered in the same order for all children, while their eye
movements were recorded by a digital video recorder
(GZ-MS120; JVC) for subsequent review and data extraction(33).
The published protocol includes a supplementary manual for
conducting the attention assessment(33).

Single-object task. The child was given a single, complex toy
with multiple buttons and functions (My Discovery House,
LeapFrog) to play with freely for 5 min. The single-object task
measures the child’s ability to attend to a toy in the absence of
competition or distraction. Outcomes of the single-object task
are the proportion of time spent looking at the toy, duration
of time spent looking at a toy, number of episodes of looking
at a toy, average duration of an episode of looking at a toy
and longest duration of a look to a toy.

Multiple-object task. The child was given five toys (squeaky
rubber frog, airplane with wheels and a button for sound, turtle
with see-through shell containing beads, alligator with rattle and
three stackable Fisher-Price blocks) to play with freely for 5 min.
The multiple-object task measures the child’s ability to sustain
attention to a single toy in the presence of four other toys com-
peting for the child’s attention. Outcomes of the multiple-object
task are the number of times the child shifted their attention
between toys, duration of time spent looking at toys, number
of episodes of looking away from toys, average duration of

looking at toys, proportion of time spent looking at toys and
longest look duration to the toys.

Distractibility task. The child is provided with four toys (plastic
turtle with four detachable mini turtles, set of stackable rings,
shape sorter and plastic train with buttons and removable
blocks), one at a time, to play with for 3 min each in the presence
of a distractor. A television (SONIQ E23Z13AT2 23-inch HD LED
LCD TVwith integrated DVD player) positioned about 1 m away
at a 45° viewing angle played a DVD consisting of 7 s distractor
segments (segments of various children’s programmes) with
pseudorandom 5–25 s intervals of blank screen. The child’s state
of attention at the onset of each distractor segment was coded as
focused (looking at the toy and engaged in active learning), cas-
ual (looking at the toy but not engaged in active learning) or
other (not looking at the toy) on the basis of the child’s facial
expression and behaviour(6). Children were excluded from the
data analysis of the latency to turn to the distractor outcome if
there was not at least one episode each of casual and/or focused
attention during the entire task. A zero value could not be
assigned to these cases as it would depict that the children turned
to the distractor instantly, thus giving rise to a different average
time of latency to turn to the distractor.

The main outcome of the Distractibility task is the average
latency to turn to the distractor when the child’s attention was
focused on the toy (i.e. how long the child takes to look at
the television if a distractor segment started when the child’s
attention was focused on the toy, averaged across the four toys)
and this forms the primary outcome for the study.

Other outcomes from the distractibility task are the propor-
tion of turns to the distractor when the child’s attention was
focused, latency to turn to a distractor when the child’s attention
was casual, proportion of turns to the distractor when the child’s
attention was casual, and duration of looking to the distractor
when the TV was on, and when the TV was off.

Data extraction. Video recordings of each task were
viewed with a built-in timer and a shuttle jog (Contour
ShuttleXpress) for frame-by-frame (twenty-five frames per sec-
ond) viewing to determine the exact timing of the child’s eye
movements(33). Any episode of looking at the toy or looking
away from the toy was coded as attention or inattention,
respectively. An episode of attention or inattention was only
included in the single-object task if it was >1 s in duration(6,33),
and only included in the multiple-object task if it was >0·5 s in
duration(33,34). Any episodes of interruptions that may have
influenced the child’s behaviour during free-play were coded
as interference and excluded from the assessment data.

In order to ensure the reliability of the results, 25 % of the
assessments were coded independently by a second investiga-
tor. The data extracted by the two investigators were closely cor-
related (r≥ 0·99), and there were no differences in the values
obtained by the two coders for any of the attention outcomes.

Bayley-III

The Bayley-III is administered as part of the routine clinical
follow-up of infants born very preterm at many neonatal units
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and provided an opportunity for an exploratory investigation of
the effect of the enteral DHA emulsion on global neurodevelop-
ment. At the WCH, children are assessed at 2 years’ corrected
age, and at the Flinders Medical Centre, children are assessed
at 3 years’ corrected age. Results of the Bayley-III assessment
were accessed by study personnel upon consent from parents.
The Bayley-III is a psychometric global developmental test for
infants with cognitive, motor and language scale scores that
are age standardised (according to corrected age for infants born
preterm) to a mean of 100 (SD 15)(35). Scores less than 85 are
indicative of developmental delay.

Sociodemographic, clinical and baseline information.
Sociodemographic and baseline clinical data (including sex,
birth weight and gestational age) were collected for infants
and their families at the time of enrolment into the N3RO
trial(28,29).

Baseline heel prick blood samples from newborns were col-
lected for fatty acid analysis on specialised dried blood spots
(PUFAcoatTM) with superior ability for stabilising
LCPUFA(28,29,36). According to a modified Folch method, total lip-
ids from blood spots were extracted using chloroform–methanol
(2:1, v/v), transmethylated to fatty acid methyl ester with 1 % sul-
phuric acid in methanol at 70°C for 3 h and extracted with hep-
tane for analysis by GC (Hewlett-Packard)(37).

Information regarding the breast/formula feeding within the
first 12 months’ age, type of infant formula used and the con-
sumption of DHA-rich foods or supplements by the child during
the previous week were collected at the time of the attention
assessment. Parents were also asked to complete the Home
Screening Questionnaire for children aged 0–3 years, which
assesses the child’s home environment including parental
involvement and responsivity, availability of stimulating play
materials, educational stimulation and provision of opportunities
for exploration, as well as the length of time the television is on in
the home and length of time the child typically spends watching
television(38).

All assessments and procedures were conducted in accor-
dance with the study protocol(33).

Sample size and statistical analysis

A sample size of seventy-two children (thirty-six per group) was
required to detect a difference of 0·8 (SD 1) s, with 85 % power,
between treatment groups in the mean child’s latency to turn to
the distractor during focused attention. The calculation includes
a 19 % inflation factor for clustering due tomultiple births accord-
ing to a previous study in a similar population(22). As the clinical
meaning of performance on this assessment is currently
unknown, the effect size is an estimate based on a previous study
that found an average difference of 1·1 (SD 0·7–1·7) s in latency at
12 and 18months of age in a term sample dichotomised into high
and lowmaternal DHA level at birth(6). In the present sample, we
expected a lower difference in latency as the age at assessment
was more homogenous and analysis was conducted according
to randomised allocation of DHA.

The baseline characteristics of the subset of N3RO trial partic-
ipants who participated in this study, as well as home and dietary

characteristics collected at 18 months’ corrected age, were com-
pared between the DHA and control groups using independent t
tests, Mann–Whitney U tests or χ2 tests. Group differences in
baseline variables were tested for the follow-up participants as
only a small subset of the N3RO trial cohort was included.
The baseline characteristics of children who participated in
the follow-up study were also compared with those who were
eligible but did not participate in the follow-up study, as well
as to the remaining infants in the N3RO trial cohort who were
not eligible.

Analyses followed a pre-specified statistical analysis plan and
were performed on an intention-to-treat basis according to the
infant’s allocation to the treatment or control intervention. Un-
blinding of the follow-up study investigators only occurred after
all analyses were completed. The primary analysis was per-
formed using linear regression models. Generalised estimating
equations with an independent working correlation structure
were used to account for clustering due to multiple births.
Both unadjusted and adjusted analyses were performed, with
adjustment for the stratification variables of the original N3RO
trial (sex, gestational age category and study centre). For out-
comes that did not follow a normal distribution, analyses relied
on the central limit theorem and post hoc sensitivity analyses
were performed to compare the treatment groups using
Wilcoxon rank sum tests.

As smoking and parental education have been shown to be
associated with neurodevelopment(39,40), additional post hoc
sensitivity analyses were performed using the same method as
for the primary analysis, with additional adjustment for smoking
during pregnancy and maternal tertiary education. The post hoc
sensitivity analyses were also adjusted for the concentration of
EPA in infants’ whole blood, due to the baseline differences
between intervention groups in the subset of N3RO trial infants
in the follow-up study. Due to thewide age range of infants at the
time of the follow-up study assessment, further post hoc sensitiv-
ity analyseswere conducted for the attention outcomes using the
same method as the primary analysis, additionally adjusting for
corrected age of child at assessment. This adjustment was not
required for the Bayley-III outcomes, as these are age
standardised.

Baseline comparisons were conducted using IBM SPSS
Statistics version 24, and all other statistical analyses were con-
ducted using SAS version 9.3. A P≤ 0·05 was considered sta-
tistically significant in all analyses. No adjustment was made
for multiple comparisons as the study has two treatment groups
and a single primary outcome.

Results

Participants

A total of 192 infants were randomised to the initial N3RO trial at
the included neonatal centres (WCH n 133, Flinders Medical
Centre n 59), and although 120 were eligible to participate in
the current follow-up study (Fig. 1), recruitment ceased once
the sample size needed for statistical power was reached. A total
of seventy-seven children completed the assessment, thirty-
seven from the DHA group and forty from the control group.
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Adequate data for analysis of the primary outcome (the average
latency to turn to the distractor when the child’s attention was
focused on the toy) were available for seventy-three participants
(95 %). A similar number of families from the DHA (n 19) and the
control groups (n 19) did not participate in the follow-up study.
Some participants declined to participate (n 25) due to the diffi-
culty attending the appointment or being too busy. There were
thirteen potentially eligible participants who were not contacted
about the follow-up study at the request of clinicians undertak-
ing the routine follow-up of these children.

Of the seventy-seven childrenwho participated in this follow-
up study, sixty-seven had parental consent to access their
Bayley-III assessment results. At the time of completing this
study, fifty-six of these children had completed their Bayley-III
assessment (twenty-seven in the DHA group and twenty-nine
in the control group), and one child in the DHA group did not
have a language score.

Baseline characteristics. The majority of the baseline socio-
demographic characteristics in the subset of N3RO families
who participated in this follow-up were similar between the
DHA and control group. There were small but statistically signifi-
cant differences in maternal age with mothers of children in the
DHA group being older (32·5 (SD 4·5) v. 30·2 (SD 5·3) years,
P= 0·04) (Table 1) and infant blood EPA concentration higher
in the DHA group (0·6 (SD 0·4) v. 0·3 (SD 0·2) %, P= 0·008) at
the time of enrolment into the N3RO trial (Table 1).

Baseline characteristics of children included in the follow-up
study were somewhat different to the remainder of the N3RO
trial cohort (online Supplementary Table S1). Similarly, the base-
line characteristics differed between eligible N3RO children
who did and did not participate in the 18-month assessment
(online Supplementary Table S2). For instance, the parents of
children who participated in the follow-up study were more
educated, and mothers were less likely to have smoked during

Fig. 1. Flow of children in the N3RO (n-3 fatty acids for improvement of Respiratory Outcomes) trial through the attention follow-up study at 18months’ corrected age
(CA). * Children did not turn 15months’ age during the time period of the follow-up study. † Participants were not contacted due to rural location as requested by the
Growth and Development Unit of the hospital. ‡ Children excluded due to the lack of an episode of focused attention during distractor onset.
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Table 1. Characteristics of children and their parents at birth, randomisation and 18-month assessment
(Mean values and standard deviations; numbers and percentages; medians and interquartile ranges (IQR))

Characteristics

DHA (n 37) Control (n 40)

PMean SD Mean SD

Maternal characteristics
Maternal age (years) 32·5 4·5 30·2 5·3 0·04
Caucasian maternal race/ethnicity*

n 31 33 0·92
% 83·8 84·6

Maternal education
Completed secondary school†
n 33 31 0·50
% 89·2 83·8

Completed tertiary education (postgraduate or undergraduate degree, diploma and/or certificate)‡
n 30 28 0·28
% 85·7 75·7

Full-time education (years) 14·7 2·1 14·5 2·7 0·78
Consumed LCPUFA supplements during pregnancy§

n 11 13 0·93
% 32·4 33·3

Smoked cigarettes during pregnancy||
n 4 2 0·32
% 11·8 5·3

Birth mode
Vaginal
n 9 17 0·09
% 24·3 42·5

Caesarean
n 28 23
% 75·7 57·5

Antenatal corticosteroids (any given)¶
n 35 36 0·21
% 97·2 90·0

Chorioamnionitis*
n 15 17 0·79
% 40·5 43·6

Paternal education
Completed secondary school**

n 26 25 0·94
% 72·2 71·4

Completed tertiary education (postgraduate or undergraduate degree, diploma and/or certificate)††
n 27 26 0·95
% 77·1 76·5

Full-time education‡‡ (years) 14·8 2·6 14·5 3·0 0·58
Infant at birth
Sex-female

n 15 18 0·69
% 40·5 45·0

Gestational age <27 weeks category
n 20 28 0·15
% 54·1 70·0

Singleton
n 28 28 0·58
% 75·7 70·0

Birth weight (g) 927·8 244·8 905·3 179·6 0·64
Birth length (cm) 34·4 2·8 34·9 2·4 0·42
Birth head circumference (cm) 24·6 2·0 24·3 1·7 0·49
Apgar score ≥7*

n 29 27 0·37
% 78·4 69·2

CRIB score
Median 10·0 10·5 0·35
IQR 8·0–12·0 9·0–12·0

Infant at randomisation
Age (d)

Median 3·0 3·5 0·83
IQR 2·0–4·5 2·0–4·0

First enteral feed (d)
Median 2·0 1·0 0·49
IQR 1·0–2·0 1·0–2·0
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pregnancy compared with parents of eligible children who did
not participate.

Participant characteristics at 18months’ corrected age. The
majority of child characteristics at the time of the 18-month atten-
tion assessment, such as age, Home Screening Questionnaire
score (including average time per d spent watching TV), were
similar between the DHA and control groups (Table 1).
However, reported fish consumption in the week prior to the
attention assessment was lower (54·1 v. 77·5 %, P= 0·03) in
the DHA group compared with the control group (Table 1).

Attention

There was no evidence of a difference between the DHA and
control groups in the primary outcome latency to turn to the

distractor when the child’s attention was focused on the toy
during the distractibility task (adjusted mean difference 0·08 s,
95 % CI –0·81, 0·97; P= 0·86, Table 2). The proportion of time
the children spent looking at the toy in the single-object task
(adjusted mean difference –0·02, 95 % CI –0·08, 0·04; P= 0·51)
and the number of times children shifted attention between toys
in the multiple-object task (adjusted mean difference 3·16,
95 % CI –1·97, 8·30; P= 0·23) did not significantly differ between
groups. There were also no significant differences in any other
attention outcomes assessed in the three tasks between the DHA
and control group, in either unadjusted or adjusted analyses.

Nor was there evidence of a difference in the majority of the
attention outcomes between the DHA and control groups in the
post hoc sensitivity analyses adjusting for maternal smoking dur-
ing pregnancy, maternal further education and concentration of

Table 1. (Continued )

Characteristics

DHA (n 37) Control (n 40)

PMean SD Mean SD

Type of first enteral feed-breast milk
n 36 38 0·60
% 97·3 95·0

α-Linolenic acid (%)¶ 0·4 0·3 0·5 0·3 0·16
DHA (%)¶ 3·3 0·8 3·0 0·9 0·22
EPA (%)¶ 0·6 0·4 0·3 0·2 0·008
Linoleic acid (%)¶ 8·1 2·5 8·8 3·3 0·26
Arachidonic acid (%)¶ 11·6 2·3 11·6 2·7 0·97
Age first dose of study emulsion (d)

Median 4·0 5·0 0·41
IQR 3·0–6·0 3·0–6·0

Compliance of study emulsion*
Median 91·7 91·8 0·84
IQR 85·2–96·0 87·0–95·3

Days to full enteral feeds (d)
Median 17·0 19·0 0·45
IQR 12·0–25·5 13·0–27·8

Follow-up study at 18months’ corrected age
Age of attention assessment (months) 21·1 3·5 21·6 3·9 0·58
Fed breast milk or LCPUFA supplemented formula in the first 12 months’ age¶

n 31 36 0·73
% 86·1 90·0

Home screening score 35·2 4·0 35·6 2·4 0·90
Time watching television per d (h) 1·2 0·9 1·2 1·2 0·91
DHA containing food consumption in the previous week

Milk
n 12 8 0·21
% 32·4 20·0

Fish
n 20 31 0·03
% 54·1 77·5

Other
n 3 5 0·53
% 8·1 12·5

Taking supplements containing DHA
n 3 1 0·27
% 8·1 2·5

LCPUFA, long-chain PUFA; Apgar, Appearance, Pulse, Grimace, Activity and Respiration score; CRIB, clinical risk index for babies.
* Data missing for one child in the control group.
† Data missing for three children in the control group.
‡ Data missing for two children in the DHA group and three in the control group.
§ Data missing for three children in the DHA group and one in the control group.
|| Data missing for three children in the DHA group and two in the control group.
¶ Data missing for one child in the DHA group.
** Data missing for one child in the DHA group and five in the control group.
†† Data missing for two participants in the DHA group and six in the control group.
‡‡ Data missing for six children in the DHA group and seven in the control group.
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Table 2. Outcomes of assessments of attention (18months’ corrected age) and Bayley-III scores (2–3 years’ corrected age) by treatment groups
(Mean values and standard deviations; 95% confidence intervals)

Outcome

DHA (n 37) Control (n 40) Unadjusted

P

Adjusted*

PMean SD Mean SD Mean difference 95% CI Mean difference 95% CI

Attention
Single object
Proportion of time spent looking at a toy 0·85 0·15 0·87 0·12 –0·02 –0·09, 0·04 0·44 –0·02 –0·08, 0·04 0·51
Duration of time spent looking at a toy (s) 238·60 61·72 251·42 39·40 –12·80 –36·46, 10·81 0·29 –11·40 –35·69, 12·88 0·36
Number of episodes of looking at a toy 9·70 4·53 9·48 5·73 0·23 –2·14, 2·60 0·85 0·06 –2·23, 2·36 0·96
Average duration of looking at a toy (s) 38·36 48·78 38·42 25·66 –0·07 –17·67, 17·54 0·99 –0·59 –17·13, 15·95 0·94
Longest look duration to a toy (s) 94·24 62·47 91·79 41·90 2·45 –20·58, 25·47 0·83 3·93 –19·40, 27·26 0·74

Multiple object
Number of shifts in attention between toys 41·14 14·80 38·93 13·84 2·21 –3·29, 7·71 0·43 3·16 –1·97, 8·30 0·23
Duration of time spent looking at toys (s) 229·98 54·90 234·75 54·03 –4·77 –27·76, 18·23 0·68 –1·75 –25·28, 21·77 0·88
Number of episodes of looking away from toys 10·49 4·98 9·00 5·65 1·49 –1·04, 4·01 0·25 1·02 –1·53, 3·56 0·43
Average duration of looking at toys (s) 4·86 1·12 5·46 1·88 –0·60 –1·3, 0·09 0·09 –0·6 –1·3, 0·09 0·09
Proportion of time spent looking at toys 0·87 0·11 0·89 0·10 –0·03 –0·07, 0·02 0·27 –0·02 –0·06, 0·03 0·39
Longest look duration to the toys (s) 32·67 13·30 33·14 16·85 –0·47 –7·57, 6·63 0·90 –0·01 –6·91, 6·89 1·00

Distractibility
Latency to turn to a distractor when the child’s attention was focused (s)†‡ 4·54 2·03 4·41 1·83 0·13 –0·72, 0·97 0·77 0·08 –0·81, 0·97 0·86
Proportion of turns to the distractor when the child’s attention was focused‡ 0·53 0·35 0·54 0·32 –0·01 –0·16, 0·14 0·92 –0·01 –0·17, 0·15 0·91
Latency to turn to a distractor when the child’s attention was casual (s) 2·06 1·40 2·05 1·37 0·00 –0·63, 0·63 0·99 0·07 –0·55, 0·70 0·81
Proportion of turns to the distractor when the child’s attention was casual 0·85 0·19 0·85 0·21 0·01 –0·08, 0·09 0·90 –0·01 –0·10, 0·08 0·85
Duration of looking to the distractor when ON (s) 95·68 43·83 83·15 48·36 12·54 –8·28, 33·35 0·24 12·34 –7·56, 32·24 0·22
Duration of looking to the distractor when OFF (s) 42·54 22·55 37·74 30·36 4·79 –6·97, 16·55 0·42 2·58 –9·55, 14·71 0·68

Bayley-III
Cognitive score§ 100·30 13·76 99·45 11·31 0·85 –5·83, 7·52 0·80 –0·93 –7·13, 5·28 0·77
Language score|| 96·65 12·97 93·24 14·89 3·41 –4·23, 11·06 0·38 2·76 –5·09, 10·62 0·49
Motor score§ 98·85 8·88 95·90 10·27 2·96 –2·33, 8·24 0·27 1·71 –3·35, 6·77 0·51

* Adjusted for stratification variables of the N3RO trial (sex, gestational age category (<27 weeks or 27 to <29 weeks) and centre (Flinders Medical Centre and Women’s and Children’s Hospital)).
† Primary outcome of the attention assessment.
‡ Data missing for two children in each group.
§ Data missing for ten children in the DHA group and eleven children in the control group.
|| Data missing for eleven children in each group.
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EPA in infants’ blood at baseline (online Supplementary Tables
S3 and S4). The exception was that the children in the control
group had a higher average duration of look at the toys during
themultiple object task comparedwith the DHA group (adjusted
mean difference –0·93 s, 95 % CI –1·66, –0·19; P= 0·01).
Attention outcomes were similar between the groups in the post
hoc sensitivity analyses adjusting for corrected age of child at
assessment (online Supplementary Table S3).

Bayley-III

The cognitive score in the Bayley-III assessment did not signifi-
cantly differ between the DHA and control groups (adjusted
mean difference −0·93, 95 % CI −7·13, 5·28; P= 0·77)
(Table 2). Similarly, the motor and language scores did not sig-
nificantly differ between the treatment groups in either unad-
justed or adjusted analyses. Impaired performance (composite
score< 85) on the cognitive scale was present in four (out of
fifty-six, DHA n 2, control n 2), whilst impaired language perfor-
mance was present in ten (out of fifty-five, DHA n 4, control n 6)
and impaired motor performance was detectable in six children
(out of fifty-six, DHA n 1, control n 5). Two children in the
control group had language scores <70, suggesting delayed
language development.

Discussion

We followed up a subset of infants who participated in the N3RO
RCT to determine the effect on attention at 18 months’ corrected
age of a DHA intervention v. control. The intervention was
administered via an enteral emulsion to maximise control over
the dose and timing in preterm infants born <29 weeks’ gesta-
tion. The results obtained from the primary outcomes of the
N3RO trial were contrary to the hypothesis that DHA supple-
mentation would reduce the incidence of bronchopulmonary
dysplasia at 36 weeks’ corrected age(29). In fact, the results of
the N3RO trial showed a small but significant increase in the inci-
dence of bronchopulmonary dysplasia in the DHA supple-
mented group(29). In the present follow-up, we used a
specialised measure of early childhood attention, considered
to provide a more sensitive indicator of higher-order cognitive
functioning and frontal lobe development than global neurode-
velopment assessments(27). We found no evidence of benefit of
the DHA intervention on attention in at 18 months’ cor-
rected age.

The assessment measure we used is an experimental mea-
sure and is currently without standardised administration, calcu-
lated outcomes or clinical interpretation. Whilst infant measures
of attention have previously been linked to later intelligence and
language abilities(7,8), the validity of the assessment is yet to be
established. However, it is one of very few published tools avail-
able for assessing attention in early childhood and is capable of
detecting differences in performance between two groups.
Variations of the assessment have been applied in several obser-
vational and nutritional intervention studies(41-47). In an earlier
RCT in very low birth weight infants (<1500 g) fed DHA (mean
daily intake of 59 mg/kg per d in the intervention group and
32mg/kg per d in the control group) and arachidonic acid (mean

daily intake of 47 mg/kg per d in the intervention group and
22mg/kg per d in the control group) supplemented human milk
from 1week after birth until discharge from hospital (9 weeks on
average) and then underwent a variation of the attention assess-
ment at 20 months chronological age(47). As with our study, the
majority of the group comparisons of attention were null,
although the supplemented group had an improved ability to
sustain attention towards the toys at 1 min (but not at 2 or
3 min)(47).

Other studies that have used another variation of the special-
ised measure of attention to determine efficacy of nutritional
interventions have hadmixed results. In one study, the trajectory
of the development of attention between 12 and 18months of
age in healthy term children was positively associated with
maternal blood DHA levels at delivery(6,34). However, a RCT
of DHA supplementation in pregnancy found no group
differences using the same attention measure at 27 months in
healthy term children, and no association between attention
and cord blood DHA at delivery(41). A small RCT supplementing
preterm infants with sphingomyelin (a lipid found in high abun-
dance in neural membranes) found improved attention at
18 months’ corrected age compared with control infants(45). It
is difficult to directly compare the performance of our sample
on the attention assessment with the performance in other stud-
ies due to differences in the attention assessment procedure,
assessed outcomes and ages of the samples. Our sample appears
to have wide standard deviations for the attention outcomes,
suggesting that there is considerable variation in outcomes of
the attention measure within extremely preterm samples.

Other (age-appropriate) assessments of attention after DHA
interventions in preterm samples have been administered to
school-age children. In one of the earlier trials comparing preterm
infant formula devoid of DHA to formula supplemented with DHA
(0·5% total fatty acids, about 30mg/kg per d), there were no
differences in attention, as assessed with the Test of Everyday
Attention for Children, at 10 years’ corrected age(48). Similarly, in
a larger more recent RCT, preterm infants receiving high-dose
DHA (about 1% total fatty acids, approximately 50mg/kg per d)
did not display any benefits on the Test of Everyday Attention
for Children at 7 years’ corrected age when compared with infants
receiving the standard (low) dose of DHA (about 0·3% total fatty
acids, approximately 20mg/kgper d)(25). Although there are impor-
tant differences in the type of intervention, dose of DHA, assess-
ment of attention and age of the children, these studies suggest
there is no long-term benefit of DHA supplementation for the
development of attention in children born preterm.

The majority of RCTs involving DHA supplementation in pre-
term infants which have undertaken neurodevelopment assess-
ments have used global measures, such as the Bayley-II or III
cognitive score to assess the effects of the intervention. In the
current study, the global assessment did not suggest an effect
of DHA on this outcome, although the sample was considerably
underpowered to detect a clinically meaningful effect. Meta-
analyses of global assessments in previous trials have shown lit-
tle evidence of benefit(16,21), although two RCTs that have com-
pared standard (low) dose DHA (about 0·3 % total fatty acids,
approximately 20 mg/kg per d) to high-dose DHA (about 1 %
total fatty acids, approximately 50 mg/kg per d) have shown
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some short-term neurodevelopmental benefits to infants born
preterm assessed using Bayley-II at 18 months’ corrected age
and Ages and Stages Questionnaire at 6 months of age (parental
reported screen of developmental milestones)(22,23). Subsequent
assessments of the same children in early childhood show that
these benefits do not persist long-term(24,25). This is may be
due to an overwhelming effect of the family and environment
on neurodevelopmental outcomes, and as a result any benefits
of DHA seen at a younger age may wane as the child grows
older(49). Overall, there is little evidence to suggest DHA supple-
mentation benefits neurodevelopment in preterm samples,
although it is still unclear whether DHA can improve outcomes
in infants born extremely preterm.

Performance on the Bayley-III was within the normal (aver-
age) range for the majority of the children in our study, with
<10 % scoring lower than 1 SD below the mean. While this
may reflect an underestimation of delay by the Bayley-III(50),
our preterm sample performed similarly in cognitive, motor
and language abilities to other preterm samples(50,51).

Strengths of this study include the use of high-dose DHA
(60mg/kg per d) to match the estimated in utero accretion dur-
ing the last trimester of pregnancy(12) that was delivered directly
to infants within the first few days after birth, ensuring that infants
received the full DHA dose as early as possible. This study
was conducted in a subset of preterm infants who would be
expected to be at high risk of DHA deficit in the early postnatal
period, and at risk of deficits such as developmental delay in
childhood(1,50,52,53). Thus, the N3RO trial sample offers an ideal
opportunity to detect an effect of DHA on early attention, if there
is one. In addition, the attention measure used is considered to
be sensitive to subtle changes in development as a result of a
nutritional intervention(6,54).

One key limitation of the study is the potential selection bias,
as the baseline characteristics of the follow-up study children
were different to the original N3RO trial cohort. The families
who participated were largely restricted to those residing in met-
ropolitan Adelaide, since the nature of the assessmentmeant that
it was not possible to offer home visits. The socio-economic sta-
tus of the families who participated in the follow-up study was
higher than those who were eligible but did not participate. It
is therefore possible that the findings of the study would have
been different had it been undertaken in families of lower edu-
cation and, if home visits were feasible, possible attrition bias
could have been reduced. It is also possible that the parents
of children without developmental deficits were more likely to
participate in our follow-up assessments. Bayley-III scores were
accessed opportunistically, and group comparisons were not
powered to detect a difference in scores. There was a wide win-
dow for outcome assessments, although this is unlikely to have
significantly impacted on results of the assessment given the sta-
bility of the development of attention and distractibility across
this stage of development(55) and the Bayley-III is age standar-
dised. Results of supplementary analyses adjusted for age at
assessment did not differ. There may be some infants who
respond differently to supplementation or who benefit from
the intervention more than others, such as those with low
DHA status at birth. Future studies with appropriately large sam-
ples should consider exploring this. DHA intake after term may

be beneficial for ongoing brain development but was not cap-
tured in sufficient depth to ascertain DHA from other dietary
sources, such as breast milk. A higher fish consumption was
noted in the control group compared with the DHA group prior
to the follow-up assessment; however, this is unlikely to have
influenced the findings as there is very limited evidence of an
effect of DHA intake during infancy and accumulation in neural
tissue. Additionally, a recent Cochrane review has found no neu-
rodevelopmental benefits of feeding LCPUFA-rich infant formula
to term infants during infancy compared with formula without
LCPUFA(56). In conclusion, DHA supplementation in infants born
<29 weeks’ gestation had no effect on early development of
attention. However, it will be important to follow-up the
N3RO children at older ages to assess whether there are any
longer-term effects of DHA supplementation on neurodevelop-
mental outcomes.
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