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ABSTRACT

Introduction During the last trimester of pregnancy,

the fetal brain undergoes a rapid growth spurt

and accumulates essential nutrients including
docosahexaenoic acid (DHA). This takes place ex-utero for
infants born <29 weeks’ gestation, without the in-utero
provisions of DHA. Infants born <29 weeks’ are more likely
to experience behavioural and emotional difficulties than
their term-born counterparts. It has been hypothesised
that supplementing preterm infants with dietary DHA
may alleviate insufficiency and subsequently prevent or
minimise behavioural problems. This protocol describes

a follow-up of infants born <29 weeks gestation who
were enrolled in a randomised controlled trial (RCT) of
DHA supplementation. We aim to determine whether DHA
supplementation improves the behaviour, and general
health of these infants.

Methods and analysis Infants born <29 weeks’
gestation were enrolled in a multicentre blinded RCT of
enteral DHA supplementation. Infants were randomised to
receive an enteral emulsion that provided 60 mg/kg/day
of DHA or a control emulsion commenced within the first
3days of enteral feeding, until 36 weeks’ postmenstrual
age or discharge home, whichever occurred first. Families
of surviving children (excluding those who withdrew

from the study) from the Australian sites (up to 955) will
be invited to complete a survey. The survey will include
questions regarding child behavioural and emotional
functioning, executive functioning, respiratory health and
general health. We hypothesise that the DHA intervention
will have a benefit on the primary outcome, parent-rated
behaviour and emotional status as measured using the
Total Difficulties score of the Strengths and Difficulties
Questionnaire. Detecting a 2-point difference between
groups (small effect size of 0.25 SD) with 90% power will
require follow-up of 676 participants.

Strengths and limitations of this study

» This study will be the largest follow-up of a ran-
domised controlled trial of enteral docosahexaenoic
acid (DHA) supplementation for infants born preterm.

» This follow-up will determine the effect of enteral
DHA supplementation for infants born <29 weeks’
gestation on child behaviour and emotional state.

» This follow-up study will assess a range of gen-
eral health outcomes for infants born <29 weeks’
gestation.

» Loss to follow-up 5 years after enrolment into the
trial may contribute to risk of bias.

Ethics and dissemination The Women’s and Children
Health Network Human Research Ethics Committee
reviewed and approved the study (HREC/16/WCHN/184).
Results will be disseminated in peer-reviewed publications
and conference presentations.

Trial registration number ACTRN12612000503820.

INTRODUCTION

Docosahexaenoic acid (DHA, 22:6n-3) is an
omega-3 long-chain polyunsaturated fatty
acid (n-3 LCPUFA) that is crucial for the
developing brain. DHA is present in all cell
membranes as a structural component of the
phospholipid bilayer with an integral role
in membrane fluidity." It is concentrated in
the brain®® where it is known to be involved
in neurogenesis, signal transduction and
neurotransmission.* In the last trimester of
a normal pregnancy, it is estimated that the
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fetus acquires ~70 mg of n-3 LCPUFA per day, largely as
DHA” and this peak period of neural tissue DHA accumu-
lation coincides with the fetal brain growth spurt.’

Preterm birth can slow the fetal brain growth spurt as
well as interrupts the usual placental supply of nutrients
such as DHA. Infants born preterm typically have lower
neural tissue DHA levels than term-born infants.®” They
are more likely to experience poor neurobehavioural
outcomes compared with infants born at term.*"? The risk
of suboptimal development increases as gestational age at
birth decreases,” " **** and among those born <28 weeks’
gestational age, 52% of survivors will have some neurobe-
havioural disability.”® Behavioural problems,” ! #1719 2426
such as attention difﬁculties,9 182728 and amxiety,26 272930 49
well as executive functioning difficulties (struggling with
skills essential for undertaking goal-oriented behaviours
including inhibitory control)'****! are common issues for
children born preterm when compared with their term-
born counterparts.

Insufficient dietary DHA in the neonatal period for
preterm infants may be a modifiable contributing factor
to the increased rate of poor neurobehavioural outcomes.
Randomised controlled trials (RCTs) of infants born
preterm have compared treatment with supplemental
DHA with control to assess the impact on child develop-
ment. These have produced inconclusive results.”*** The
most promising evidence comes from two trials that supple-
mented preterm infants with a dose equivalent to in-utero
accretion of DHA (60mg/kg/day) compared with the
standard dose of DHA (20mg/kg/day present in breast-
milk and in preterm infant formula).” *® Study authors
reported benefits of higher doses of DHA supplementation
in infants born <1500g on problem solving® and atten-
tion” and, in infants born <1250g a reduction in the prev-
alence of cognitive delay.”® Follow-up assessments at 7years
in one of these trials revealed an unexpected potentially
adverse interaction effect with DHA where a few instances
of parentrated behaviour and executive functioning were
worse in girls who received extra DHA compared with girls
who received the standard dose of DHA.%®% However, these
findings were based on secondary analyses and hence were
insufficient to change clinical practice.

In N-3 Fatty Acids for Improvement in Respiratory
Outcomes (N3RO), the largest trial to date, 1273 infants
born <29 weeks’ gestation were randomised to receive
oral supplementation of DHA (60 mg/kg/day) or control
from within the 3 days of commencing enteral feeds until
36 weeks’ postmenstrual age or discharge home, which-
ever occurred first.** DHA provided no benefit and may
have increased the risk of bronchopulmonary dysplasia
(the primary outcome).*’ A similar recent study also
showed an increased risk of bronchopulmonary dysplasia
in infants born <29 weeks’, although the trial was ceased
early after interim analyses suggested poorer outcomes in
the DHA group.*” Given these recent findings we can no
longer assume safety. Equally the potential neurobehav-
ioral benefit or harm has never been adequately demon-
strated in extremely preterm infants.

The N3RO trial recruited infants at high risk of adverse
neurobehavioural outcomes® and offers a unique oppor-
tunity to determine whether DHA supplementation
improves neurobehavioural outcomes.

We aim to follow-up the N3RO trial children to eval-
uate the effect of DHA supplementation in infants born
<29 weeks’ gestation on behavioural, emotional and
executive functioning at early school age. We hypothe-
sise that infants <29 weeks’ gestation provided with oral
DHA supplements in the first months of life in amounts
resembling transplacental acquisition will have fewer
behavioural, emotional and executive function prob-
lems at byears’ corrected age compared with infants who
received the control intervention.

METHODS

The N3RO trial

Infants were eligible for N3RO if they were born <29
weeks’ gestation, were able to be recruited within 3 days
of their first enteral feed and had a parent or guardian
capable of providing written informed consent. Infants
were ineligible if they were participating in another fatty
acid intervention trial, if they had a major congenital
or chromosomal abnormality, if a breastfeeding mother
was taking DHA containing supplements of more than
250mg/day, or if they were receiving intravenous lipids
containing fish oil."' A total of 1273 infants were enrolled
into the N3RO trial from 13 centres in Australia, New
Zealand and Singapore between 2012 and 2015.

On enrolment, infants were randomised to receive
an enteral emulsion that provided either 60mg of DHA
per kg of body weight per day (intervention group), or a
control emulsion without DHA (control group).*' Infants
received the study emulsion from enrolment to either
discharge home or 36 weeks’ postmenstrual age, which-
ever occurred first. Intervention and control emulsions
were identical in viscosity, colour and packaging to ensure
blinding of families, clinical staff and study personnel.*!
Infants were randomised through a secure web-based
server using an independently generated randomisation
schedule stratified for gestational age at birth <27 weeks
or 27-28 weeks, sex and centre; infants from multiple
births were randomised individually.

Follow-up study procedure

This is a follow-up study of infants enrolled in the
N3RO trial from the Australian centres who had not
died or withdrawn from the trial. This follow-up was
not specified in the original N3RO trial protocol,
however at enrolment into the N3RO trial families gave
consent to be contacted in the future for follow-up
studies. Hospital records from the enrolment centres
will be checked to confirm children are not deceased
prior to contacting families. Caregivers of surviving
N3RO trial infants will be invited to complete an online
survey when their child reaches b5years’ corrected
age. Study personnel are blinded to randomisation.
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Families had the opportunity to request knowledge of
their group allocation after completion of the N3RO
trial primary outcome analyses. The number of families
who requested to be unblinded overall will be reported,
along with the number of families who were unblinded
and participated in the follow-up.

The survey comprises multiple parent-rated measures
of child behaviour, behavioural manifestations of exec-
utive functioning, health-related quality of life, symp-
toms of asthma and allergy, child general health, family
functioning, parenting style, current dietary intake of
food and supplement sources of DHA and the quality of
the social and emotional support available in the home
environment. The entire survey takes on average 40 min
(between 20 min to 60 min) to complete. The survey
can be completed online (via a personalised link sent
through email or text message), or if caregivers prefer, a
posted hard-copy or via interview over the telephone with
study staff.

Caregivers of surviving, eligible N3RO trial children
will be emailed a letter of invitation to the follow-up study
2months before their child reaches 5 years’ corrected
age, followed by a telephone call to answer any ques-
tions, clarify willingness to participate and ascertain
mode of preferred survey completion. Contact details
provided at enrolment in the N3RO trial, and updated
details provided during yearly mail-outs will be used to
contact eligible families. Age is corrected for prematu-
rity to avoid a known bias in standardised test scores for
children born preterm.” Families will be reimbursed
with an $A40 gift voucher for completing the survey.
Assessments for this follow-up study commenced 29
August 2018 and are expected to be completed by June
2021.

Participants

Children are eligible and will be invited to participate in
this follow-up if they were enrolled at any of the Austra-
lian sites; the Flinders Medical Centre (South Australia),
John Hunter Hospital (New South Wales), King Edward
Memorial Hospital (Western Australia), Liverpool
Hospital (New South Wales), Mater Mothers’ Hospital
(Queensland), Mercy Hospital for Women (Victoria),
Monash Children’s Hospital (Victoria), Royal Hospital for
Women (New South Wales), The Royal Women’s Hospital
(Victoria) and the Women’s and Children’s Hospital
(South Australia). Families will not be approached if their
child was withdrawn from the N3RO trial or if N3RO
study staff are notified that the child has died.

Outcomes and measures

For this study, all outcome measures are derived from
questionnaires (see table 1) to be completed by caregivers
using the Research Electronic Data Capture (REDCap)
software platform.** Surveys completed in hard copy or
via interview over the phone will be entered into REDCap.

Primary outcome

The primary outcome is behavioural functioning as
assessed by the Total Difficulties Score of the Strengths
and Difficulties Questionnaire (SDQ). The SDQ is a
parent-completed rating of symptoms of behavioural
problems.46 The parent-completed version of the SDQ
for children age 4-10 years will be used. Caregivers are
asked to rate their child’s behaviour and emotional
state in comparison to other children of the same age.
The SDQ has good test—retest stability (r=0.62, after 4-6
months) and internal consistency for the Total Difficul-
ties scale (0=0.82).*” Despite being a screening test, the
parentrated version of the SDQ Total Difficulties scale
has demonstrated good sensitivity and positive predictive
validity for psychiatric diagnoses in children.*”

Secondary Outcomes

Other SDQ scales

The SDQ contains 25 items, split evenly into five scale
scores; Emotional Symptoms, Conduct Problems, Hyper-
activity/Inattention, Peer Relationship Problems and
Prosocial Behaviour.*® Higher scores for all scales and
composites (excepting Prosocial Behaviour), indicate
more perceived symptoms of a behavioural problem.
Although scores on the SDQ are not standardised, they
will be categorised as normal (<14) or abnormal/indica-
tive of dysfunction (14 or higher) according to Australian
norms*®* and compared between the groups, in addition
to comparing mean scores.

Behaviour Rating Inventory of Executive Functioning-Preschool
edition

The parent version of the Behaviour Rating Inventory of
Executive Functioning-Preschool edition (BRIEF-P) will
be administered to assess behavioural manifestations of
young children’s (two to 2-5years) executive functions in
everyday settings.”’ The BRIEF-P is an important addition
to formal, performance-based assessment of executive
functioning as some elements of executive dysfunction
are only obvious in everyday situations, such as the home.
The BRIEF-P has five scales (Inhibit Scale, Emotional
Control Scale, Shift Scale, Working Memory Scale and
Plan/Organise Scale) that make up three indices (Inhib-
itory Self Control Index, Flexibility Index and Emergent
Metacognition Index) and an overall Global Executive
Composite score.

Scores are age-standardised to a mean of 50, SD=10,
and higher scores indicate more symptoms of executive
dysfunction.” Scaled scores at or above 65 are catego-
rised as dysfunctional and scores below 65 are catego-
rised as normal and will be compared between groups,
as will mean scores for each domain. Scores will be age-
standardised according to corrected age (corrected for
preterm birth) at the time of survey completion. For
children who are older than 6years’ corrected age at the
time of the survey completion, caregivers will be asked to
complete the BRIEF2 (BRIEF, Second Edition, for chil-
dren aged 6-18 years).”! The BRIEF2 has slightly different
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Characteristics (descriptive presentation)
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(age-appropriate) subscales and indices to the BRIEF-P
but has the same overall standardised Global Executive
Composite score.

General health

Child’s health status will be compared between the groups
in terms of whether they have been diagnosed (yes/no)
with a cognitive, behavioural or emotional disorder,
blindness, hearing-loss or deafness, physical disability,
autism spectrum disorder or other medical conditions by
a health professional, and whether the child has received
services of a physiotherapist, speech therapist, occu-
pational therapist, psychologist, behavioural therapist,
psychiatrist or other allied health professional. Caregivers
will be asked about any surgical procedures that the child
has undergone since discharge from hospital, as well as
any respiratory-related hospital admissions.

International Study of Asthma and Allergies in Childhood

The International Study of Asthma and Allergies in Child-
hood (ISAAC) questionnaire is a brief parent-completed
measure of the frequency and severity of allergic disease,
including respiratory symptoms in the previous 12
months.” As the primary outcome of the original N3RO
trial was bronchopulmonary dysplasia,*’ the ISAAC ques-
tionnaire will be important for providing an indication of
any effect of DHA on respiratory health.

Paediatric Quality of Life Inventory

The Paediatric Quality of Life Inventory (PedsQL) is
a parentrated measure of general well-being and the
health-related quality of life in healthy children, and in
children with acute or chronic health conditions. A total
of 23 items assess Physical Functioning, Emotional Func-
tioning, Social Functioning and School Functioning and
provide mean scores for each domain as well as an overall
score to be compared between groups.™

Background information and sample characteristics

There will be a descriptive comparison of background
characteristics and the following post-randomisation
characteristics. Socio-demographic data were collected
at enrolment into the N3RO trial (such as parental age,
education, employment) through interview with the care-
giver. Clinical characteristics of infants from baseline to
discharge home, or 40 weeks’ postmenstrual age (which-
ever occurred first) were collected from medical records
as part of the N3RO trial.

As part of this protocol, current details about the
child’s home and medical background will be recorded.
Caregivers will be asked about the child’s family structure,
whether English is the primary language spoken at home,
whether the child attends or attended pre-school or full-
time primary school. Caregivers will also be asked about
whether the child has consumed dietary DHA from DHA
containing supplements (on at least 3days per week) and
the number of fish meals (one meal=60-80g of fish) in
the last month.

The home environment

Indicators of the quality of the home environment will be
captured and descriptively compared with to check for
balance between groups as stimulation within the home,
parenting and family functioning all have an influence
on child development and behaviour.”*” The family
home environment will be assessed through three parent-
completed questionnaires. Families with more than one
child in the follow-up study will only need to complete
these questionnaires once. The 12-item General Family
Functioning scale (considered the short Family Assess-
ment Device) of the Family Assessment Device will be
administered to measure problem solving by the family
as a whole.”™ The Parental Involvement in Developmental
Advance subscale of the StimQ), will be used to assess
parental involvement in child learning activities.”

The Parenting Scale captures parenting style in different
scenarios to measure dysfunctional parenting when disci-
pline is needed.”’ The 30-item questionnaire assesses
the probability of using different disciplinary strategies.
The scale generates an overall score as well as scales for
Laxness (permissive or inconsistent style), Over-reactivity
(emotional, irritable, harsh or authoritarian style) and
Hostility (use of verbal or physical force) 0

Sample size

A total of 1028 children were randomised in the 10
Australian sites in the N3RO trial. Excluding 66 deaths
and 7 withdrawals from the original N3RO trial, 955 chil-
dren are potentially available for follow-up. A sample size
of 338 children per group (676 total, approximately 70%
of those potentially available) will provide 90% power,
two-tailed alpha 0.05, to detect a 0.25 SD mean difference
(small effect size) between groups in the Total Difficul-
ties score of the SDQ. Based on our earlier follow-up of
7-year-old children born <33 weeks’ gestation enrolled in
a DHA RCT,* we expect an effect size of 0.25 SD to corre-
spond to a mean difference in the Total Difficulties score
of approximately 2 points.

No adjustment to the sample size is needed for clus-
tering due to multiple births, since children were
randomised individually in N3RO and the design effect
for continuous outcomes is one in this case.” The sample
size calculation was performed with Stata V.15 software
(StataCorp LP) assuming a linear regression model
for analysis (equivalently a two-sample t-test with equal
variances).

Statistical analysis and data management

All analyses will be undertaken on an intention-to-treat
basis for all surviving children from eligible centres
according to a prespecified statistical analysis plan
approved by the N3RO trial Steering Committee. All data
will be identified through the study randomisation iden-
tification numbers assigned at enrolment into the N3RO
trial. Identification numbers are associated with a code to
indicate group allocation (available to the trial statistician
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only) so that data can be analysed blinded to treatment
group.

The following data will be descriptively compared
between the groups to determine comparability of
sample characteristics; baseline characteristics (such as
infant sex and maternal education), characteristics and
Syears’ corrected age (such as family structure and atten-
dance at school) and the home environment (such as the
Family Assessment Device, the StimQ) and the Parenting
Scale scores). Outcomes to be compared between rando-
misation groups are all outcomes from the SDQ), BRIEF-P,
ISAAC and the PedsQL, as well as the general health of
the children at the time of the follow-up (such as pres-
ence of neurological diagnoses).

Outcomes of intervention and control group children
will be compared using generalised linear models, with
generalised estimated equations used to account for
clustering due to multiple births within the same family.
Continuous and binary outcomes will be analysed using
linear and log binomial models, respectively, with adjust-
ment for variables used to stratify the randomisation: sex,
centre enrolled and gestational age (<27 completed weeks
or 27-28 weeks). For all outcomes, preplanned subgroup
analyses will be performed to test for evidence of effect
modification by sex and gestational age (less than 27
weeks, 27 to less than 29 weeks). Effect modification will
be assessed by including an interaction term between the
subgroup variable and treatment group into the regres-
sion model for each outcome. Estimates of the treatment
effect within each subgroup will be reported, indepen-
dent of the degree of evidence for effect modification,
since these treatment effects are a priori of interest.
No adjustment will be made for multiple preplanned
comparisons, as the single primary outcome of interest is
the SDQ Total Difficulties score and all other analyses will
be hypothesis-generating secondary outcomes.

Missing outcome data will be addressed using multiple
imputation, with imputation performed separately by
treatment group using fully conditional specification.”
Imputed data sets will include all surviving children from
the 10 included centres.

Data will be entered into a REDCap database, which
uses a MySQL database via a secure web interface with
data checks used during data entry to ensure data quality.
Data from the survey will be stored on secure servers
within the South Australian Health and Medical Research
Institute for a minimum of 30 years. Data will be acces-
sible only by study staff and investigators.

Ethical considerations and dissemination of results

This study will be carried out in accordance with the
Australian National Statement on Ethical Conduct in
Research Involving Humans,” which builds on the ethical
codes of the Declaration of Helsinki and the Principles of
International Conference on Harmonisation® Good Clin-
ical Practice (as adopted in Australia).”” All procedures
and study materials have been reviewed and approved
by the Women’s and Children’s Health Network Human

Research Ethics Committee (HREC/16/WCHN/184),
as well as the Research Governance Offices at each site.
The N3RO Trial and this follow-up are registered on the
Australia and New Zealand Clinical Trial Registry.

Caregivers will be provided with detailed written
information about the study and will provide informed
consent for their child’s involvement in the form of either
e-consent built into the survey, or a hard-copy written
form. Data collected will be treated with confidence and
caregivers will be free to withdraw their children from the
study at any time without prejudice.

The results of this follow-up study will be presented at
academic conferences and published in peerreviewed
journals. No participants will be identified in the dissemi-
nation of study results.

Access to data

Individual participant data, including data dictionaries,
may be shared after de-identification on reasonable
request. Proposals to access the data must be scientifi-
cally and methodologically sound and must be reviewed
and approved by the N3RO trial Steering Committee and
the Women’s and Children’s Human Research Ethics
Committee. To gain access, data requestors will need
to sign a data access agreement. Proposals should be
directed to Jacqueline Gould through email (Jacqueline.
gould@sahmri.com).

Patient and public involvement

Neither caregivers or families of patients nor the public
were directly involved in the development of the research
question or design of this follow-up study. However, our
primary outcome of behaviour is based on reported
concerns over long-term developmental concerns from
parents of preterm infants.”

A Community Board, comprising parents (including
parents of a child born preterm) as well as clinicians and
researchers specialising in paediatrics will be consulted
for the dissemination of the study findings to partici-
pants, including reviewing the study results and format
of dissemination.

DISCUSSION
Approximately 15 million infants are born preterm world-
wide each year,67 with increasing survival into childhood of
infants born as early as 23 weeks’ gestation. However, the
risk of long-term behavioural and emotional difficulties in
Survivors remains high68 % and there is evidence that the
prevalence of behavioural problems is increasing.'® 70
The N3RO trial, along with another trial in breastfed
infants, showed no benefit of the DHA intervention
on bronchopulmonary dysplasia, but the effect of
DHA on childhood neurobehavioural outcomes in
this specific population—infants born <29 weeks’ gesta-
tion—is unknown.™ ** A preliminary follow-up of a small
subgroup (n<100) of the N3RO children in infancy75
detected no effect of the DHA intervention on their
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executive function, visual attention or on cognition,
motor or language abilities” although the sample was
under-powered to detect an effect on cognition, motor or
language development.” ™ Further follow-up of a larger
sample of the N3RO trial children is needed to determine
the effectiveness of the DHA intervention on behavioural
outcomes.”’

This study is the largest follow-up study after a DHA
intervention in preterm infants, and is the first early
DHA intervention study with behaviour as a main
outcome.” " In addition to behavioural and emotional
status, we will assess the effect of the DHA intervention
on the manifestations of executive functioning skills in
everyday behaviour as well as child respiratory health and
general health and well-being.

Among all preterm infants, the <29week infants such
as those recruited to the N3RO trial were at risk of
prolonged exposure to low DHA exposure and are at
particularly high-risk for problematic neurobehavioural
development. Hence, they represent an ideal sample
for evaluating whether enteral DHA supplementation
improves neurobehavioural development.”” ® A possible
limitation of the study design is that a subset of the 1273
children from the original trial from the 10 Australian
sites, of the 13 international enrolling centres, will be
invited to participate in this survey, possibly introducing
bias due to differences in populations and clinical care
between enrolling centres, although there is no evidence
of systematic differences in the intervention according
to site or country. Loss to follow-up byears after the trial
enrolment may introduce attrition bias. Parents were
able to request their group allocation after analysis of
the primary outcome, and although few families were
unblinded, knowledge of the intervention received may
introduce bias.

The result of this follow-up will contribute to the eval-
uation of the risks and benefits of providing preterm
infants with high-dose DHA during the neonatal period.
Any potential benefit detected in the course of this 5-year
follow-up study would need to be balanced against the
possible short-term adverse effect on the risk of broncho-
pulmonary dysplasia.

Author affiliations

'SAHMRI Women and Kids, South Australian Health and Medical Research Institute,
Adelaide, South Australia, Australia

2School of Psychology and Discipline of Paediatrics, Faculty of Health and Medical
Sciences, The University of Adelaide, Adelaide, South Australia, Australia

3School of Psychology, Faculty of Health and Medical Sciences, University of
Adelaide, Adelaide, South Australia, Australia

“Turner Institute for Brain and Mental Health, School of Psychological Sciences,
Monash University, Melbourne, Victoria, Australia

SDiscipline of Paediatrics, Faculty of Health and Medical Sciences, The University of
Adelaide, Adelaide, South Australia, Australia

%School of Public Health, Faculty of Health and Medical Sciences, The University of
Adelaide, Adelaide, South Australia, Australia

"School of Agriculture, Food and Wine, University of Adelaide, Waite Campus, Glen
Osmond, South Australia, Australia

®\eonatal Medicine, Women's and Children's Hospital Adelaide, North Adelaide,
South Australia, Australia

°Department Obstetrics and Gynaecology, Royal Women's Hospital, Parkville,
Victoria, Australia

'ONeonatal Services, Mercy Hospital for Women, Heidelberg, Victoria, Australia
"'Newborn Services, John Hunter Children's Hospital, New Lambton Heights, New
South Wales, Australia

"2School of Medicine and Public Health, The University of Newcastle, Newcastle,
New South Wales, Australia

"®Neonatal Medicine, Royal Women's Hospital, Parkville, Melbourne, Australia
"Neonatal Follow up, King Edward Memorial Hospital for Women Perth, Perth,
Western Australia, Australia

"SNeonatal Research, The University of Western Australia, Perth, Western Australia,
Australia

16Department of Paediatrics, Monash University, Melbourne, Victoria, Australia
Monash Children's Hospital, Clayton, New South Wales, Australia

"®paediatric Neonatal Clinic, Flinders Medical Centre, Bedford Park, South Australia,
Australia

"Newborn Care Centre, Royal Hospital for Women, Randwick, New South Wales,
Australia

ZMater Research — The Faculty of Medicine, The University of Queensland, South
Brisbane, Queensland, Australia

%Neonatal Intensive Care Unit, Liverpool Hospital, Liverpool, New South Wales,
Australia

2\\lomen and Kids, South Australian Health and Medical Research Institute, North
Adelaide, South Australia, Australia

Twitter Karen P Best @kpb2901

Acknowledgements We would like to thank the families who generously
participated in the N3RO trial and who will participate in the follow-up study, and
the N3RO Steering Committee, Investigative Team and research staff. The N3RO
follow-up Steering Committee is composed of Chair Gould, and members Collins,
Makrides, Sullivan, Gibson, McPhee and Best.

Contributors Study concept and design: JFG, RMR, CTC, PJA, MM, TS. Drafting
the protocol: JFG, CTC, TS. Comment and approval of the final draft of the protocol:
JFG, CTC, RMR, TS, MM, RAG, PJA, AJM, PGD, LWD, GO, JT, JC, MS, KS, KT, SM,
KL, SB, HL, JS, KPB. Statistical expertise: TS. Obtained funding: JFG, CTC, RMR.
Administrative, technical or material support: JFG, CTC, RMR, PJA, MM, RAG, TS,
AJM, PGD, LWD, GO, JT, JC, MS, KS, KT, SM, KL, SB, HL, JS, KPB.

Funding Financial support for the submitted work was from the National Health
and Medical Research Council (NHMRC) Australia (project grants ID: 1022112 -
N3RO trial, 1146806 — 5-year follow-up), and a project grant from the Women'’s and
Children’s Hospital Foundation.

Competing interests Study product for the original trial was donated by Clover
Corporation Limited (Melbourne, Australia). MM and RAG report holding a patent
relating to methods and compositions for promoting the neurological development
for preterm infants (2009201540), owned by the South Australian Health and
Medical Research Institute and licensed to Clover Corporation Limited. MM is
supported by an Australian NHMRC Senior Research Fellowship ID: 1061704 and
CTC is supported by a NHMRC Translating Research into Practice (TRIP) Fellowship
ID 1132596. TS is supported by a NHMRC Emerging Leadership Investigator Grant
ID: 1173576. KPB is supported by a Women’s and Children’s Hospital MS McLeod
Postdoctoral Fellowship. PGD is supported by an Australian NHMRC Practitioner
Fellowship ID: 1157782. JC is supported by a MRFF Career Development Fellowship
ID: 1354. Honoraria have been paid to JFG’s institution to support conference travel
by Fonterra. MM and RAG report serving on the board for Trajan Nutrition. No other
authors reported any financial disclosures. The contents of the published material
are solely the responsibility of the authors and do not reflect the views of the
NHMRC.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

Gould JF, et al. BMJ Open 2021;11:¢044740. doi:10.1136/bmjopen-2020-044740


https://twitter.com/kpb2901
http://creativecommons.org/licenses/by-nc/4.0/

ORCID iDs

Jacqueline F Gould http://orcid.org/0000-0003-2810-6870
Lex William Doyle http://orcid.org/0000-0002-7667-7312
Jeanie L Y Cheong http://orcid.org/0000-0001-5901-0455
Peter G Davis http://orcid.org/0000-0001-6742-7314

REFERENCES

1

20

21

22

23

24

Feller SE, Gawrisch K, MacKerell AD. Polyunsaturated fatty acids in
lipid bilayers: intrinsic and environmental contributions to their unique
physical properties. J Am Chem Soc 2002;124:318-26.

Bourre JM, Francois M, Youyou A, et al. The effects of dietary alpha-
linolenic acid on the composition of nerve membranes, enzymatic
activity, amplitude of electrophysiological parameters, resistance

to poisons and performance of learning tasks in rats. J Nutr
1989;119:1880-92.

Lands WE, Morris A, Libelt B. Quantitative effects of dietary
polyunsaturated fats on the composition of fatty acids in rat tissues.
Lipids 1990;25:505-16.

Innis SM. Dietary (n-3) fatty acids and brain development. J Nutr
2007;137:855-9.

Clandinin MT, Chappell JE, Heim T, et al. Fatty acid utilization

in perinatal de novo synthesis of tissues. Early Hum Dev
1981;5:355-66.

Martinez M. Tissue levels of polyunsaturated fatty acids during early
human development. J Pediatr 1992;120:5S129-38.

Haggarty P, Page K, Abramovich DR, et al. Long-Chain
polyunsaturated fatty acid transport across the perfused human
placenta. Placenta 1997;18:635-42.

Anderson P, Doyle LW, Victorian Infant Collaborative Study

Group. Neurobehavioral outcomes of school-age children born
extremely low birth weight or very preterm in the 1990s. JAMA
2003;289:3264-72.

Bhutta AT, Cleves MA, Casey PH, et al. Cognitive and behavioral
outcomes of school-aged children who were born preterm: a meta-
analysis. JAMA 2002;288:728-37.

Aarnoudse-Moens CSH, Weisglas-Kuperus N, Duivenvoorden HJ,
et al. Executive function and 1Q predict mathematical and attention
problems in very preterm children. PLoS One 2013;8:€55994.
Allotey J, Zamora J, Cheong-See F, et al. Cognitive, motor,
behavioural and academic performances of children born preterm:
a meta-analysis and systematic review involving 64 061 children.
BJOG 2018;125:16-25.

Kerr-Wilson CO, Mackay DF, Smith GCS, et al. Meta-analysis of

the association between preterm delivery and intelligence. J Public
Health 2012;34:209-16.

Johnson S. Cognitive and behavioural outcomes following very
preterm birth. Semin Fetal Neonatal Med 2007;12:363-73.
Lindstrom K, Lindblad F, Hjern A. Preterm birth and attention-deficit/
hyperactivity disorder in schoolchildren. Pediatrics 2011;127:858-65.
Arpi E, Ferrari F. Preterm birth and behaviour problems in infants and
preschool-age children: a review of the recent literature. Dev Med
Child Neurol 2013;55:788-96.

Spittle AJ, Treyvaud K, Doyle LW, et al. Early emergence of behavior
and social-emotional problems in very preterm infants. J Am Acad
Child Adolesc Psychiatry 2009;48:909-18.

Burnett AC, Youssef G, Anderson PJ, et al. Exploring the "Preterm
Behavioral Phenotype" in Children Born Extremely Preterm. J Dev
Behav Pediatr 2019;40:200-7.

van de Weijer-Bergsma E, Wijnroks L, Jongmans MJ. Attention
development in infants and preschool children born preterm: a
review. Infant Behav Dev 2008;31:333-51.

Delobel-Ayoub M, Kaminski M, Marret S, et al. Behavioral outcome
at 3 years of age in very preterm infants: the EPIPAGE study.
Pediatrics 2006;117:1996-2005.

Aylward GP. Neurodevelopmental outcomes of infants born
prematurely. J Dev Behav Pediatr 2005;26:427-40.

Bolisetty S, Tiwari M, Sutton L, et al. Neurodevelopmental outcomes
of extremely preterm infants in New South Wales and the Australian
Capital Territory. J Paediatr Child Health 2019;55:956-961.

Bourke J, Wong K, Srinivasjois R, et al. Predicting long-term
survival without major disability for infants born preterm. J Pediatr
2019;215:90-7.

Blencowe H, Cousens S, Oestergaard MZ, et al. National, regional,
and worldwide estimates of preterm birth rates in the year 2010 with
time trends since 1990 for selected countries: a systematic analysis
and implications. Lancet 2012;379:2162-72.

Aarnoudse-Moens CSH, Weisglas-Kuperus N, van Goudoever JB,
et al. Meta-analysis of neurobehavioral outcomes in very preterm
and/or very low birth weight children. Pediatrics 2009;124:717-28.

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Doyle LW, Anderson PJ. Pulmonary and neurological follow-up of
extremely preterm infants. Neonatology 2010;97:388-94.

Johnson S, Marlow N. Growing up after extremely preterm birth:
lifespan mental health outcomes. Semin Fetal Neonatal Med
2014;19:97-104.

Johnson S, Hollis C, Kochhar P, et al. Psychiatric disorders in
extremely preterm children: longitudinal finding at age 11 years

in the EPICure study. J Am Acad Child Adolesc Psychiatry
2010;49:453-63.

Johnson S, Hollis C, Kochhar P, et al. Autism spectrum disorders in
extremely preterm children. J Pediatr 2010;156:525-31.

Johnson S, Marlow N. Preterm birth and childhood psychiatric
disorders. Pediatr Res 2011;69()::11R-18. 5.

Johnson S, Marlow N. Early and long-term outcome of infants born
extremely preterm. Arch Dis Child 2017;102:97-102.

Gathercole SE, Pickering SJ, Ambridge B, et al. The structure

of working memory from 4 to 15 years of age. Dev Psychol
2004;40:177-90.

Moon K, Rao SC, Schulzke SM, et al. Longchain polyunsaturated
fatty acid supplementation in preterm infants. Cochrane Database
Syst Rev 2016;12:Cd000375.

Schulzke SM, Patole SK, Simmer K. Long-Chain polyunsaturated
fatty acid supplementation in preterm infants. Cochrane Database
Syst Rev 2011;2:CD000375.

Smithers LG, Gibson RA, McPhee A, et al. Effect of long-chain
polyunsaturated fatty acid supplementation of preterm infants

on disease risk and neurodevelopment: a systematic review of
randomized controlled trials. Am J Clin Nutr 2008;87:912-20.
Henriksen C, Haugholt K, Lindgren M, et al. Improved cognitive
development among preterm infants attributable to early
supplementation of human milk with docosahexaenoic acid and
arachidonic acid. Pedlatrics 2008;121:1137-45.

Makrides M, Gibson RA, McPhee AJ, et al. Neurodevelopmental
outcomes of preterm infants fed high-dose docosahexaenoic acid: a
randomized controlled trial. JAMA 2009;301:175-82.

Westerberg AC, Schei R, Henriksen C, et al. Attention among

very low birth weight infants following early supplementation

with docosahexaenoic and arachidonic acid. Acta Paediatr
2011;100:47-52.

Collins CT, Gibson RA, Anderson PJ. Neurodevelopmental outcomes
at 7 years’ corrected age in preterm infants who were fed high-
dose docosahexaenoic acid to term equivalent: a follow-up of a
randomised controlled trial. Br Med J-Open 2015;5:e007314.
Almaas AN, Tamnes CK, Nakstad B. Long-Chain polyunsaturated
fatty acids and cognition in VLBW infants at 8 years: an RCT. Pediatr
2015;135:972-80.

Collins CT, Gibson RA, Makrides M, et al. The N3RO trial: a
randomised controlled trial of docosahexaenoic acid to reduce
bronchopulmonary dysplasia in preterm infants <29 weeks'
gestation. BMC Pediatr 2016;16:72.

Collins CT, Makrides M, McPhee AJ, et al. Docosahexaenoic acid
and bronchopulmonary dysplasia in preterm infants. N Engl J Med
2017;376:1245-55.

Marc |, Piedboeuf B, Lacaze-Masmonteil T, et al. Effect of maternal
docosahexaenoic acid supplementation on bronchopulmonary
Dysplasia-Free survival in breastfed preterm infants: a randomized
clinical trial. JAMA 2020;324:157-67.

Wilson-Ching M, Pascoe L, Doyle LW, et al. Effects of correcting for
prematurity on cognitive test scores in childhood. J Paediatr Child
Health 2014;50:182-8.

Harris PA, Taylor R, Thielke R, et al. Research electronic data capture
(REDCap)--a metadata-driven methodology and workflow process
for providing translational research informatics support. J Biomed
Inform 2009;42:377-81.

Harris PA, Taylor R, Minor BL, et al. The REDCap Consortium:
building an international community of software platform partners. J
Biomed Inform 2019;95:103208.

Goodman R. The strengths and difficulties questionnaire: a research
note. J Child Psychol Psychiatry 1997;38:581-6.

Goodman R. Psychometric properties of the strengths and
difficulties questionnaire. J Am Acad Child Adolesc Psychiatry
2001;40:1337-45.

Kremer P, de Silva A, Cleary J, et al. Normative data for the strengths
and difficulties questionnaire for young children in Australia. J
Paediatr Child Health 2015;51:970-5.

Hawes DJ, Dadds MR. Australian data and psychometric properties
of the strengths and difficulties questionnaire. Aust N Z J Psychiatry
2004;38:644-51.

Gioia GA, Espy KA, Isquith PK. The behaviour rating of executive
function - preschool version. Odessa, FL: Psychological Assessment
Resources, 2003.

Gould JF, et al. BMJ Open 2021;11:¢044740. doi:10.1136/bmjopen-2020-044740


http://orcid.org/0000-0003-2810-6870
http://orcid.org/0000-0002-7667-7312
http://orcid.org/0000-0001-5901-0455
http://orcid.org/0000-0001-6742-7314
http://dx.doi.org/10.1021/ja0118340
http://dx.doi.org/10.1093/jn/119.12.1880
http://dx.doi.org/10.1007/BF02537156
http://dx.doi.org/10.1093/jn/137.4.855
http://dx.doi.org/10.1016/0378-3782(81)90016-5
http://dx.doi.org/10.1016/s0022-3476(05)81247-8
http://dx.doi.org/10.1016/s0143-4004(97)90004-7
http://dx.doi.org/10.1001/jama.289.24.3264
http://dx.doi.org/10.1001/jama.288.6.728
http://dx.doi.org/10.1371/journal.pone.0055994
http://dx.doi.org/10.1111/1471-0528.14832
http://dx.doi.org/10.1093/pubmed/fdr024
http://dx.doi.org/10.1093/pubmed/fdr024
http://dx.doi.org/10.1016/j.siny.2007.05.004
http://dx.doi.org/10.1542/peds.2010-1279
http://dx.doi.org/10.1111/dmcn.12142
http://dx.doi.org/10.1111/dmcn.12142
http://dx.doi.org/10.1097/CHI.0b013e3181af8235
http://dx.doi.org/10.1097/CHI.0b013e3181af8235
http://dx.doi.org/10.1097/DBP.0000000000000646
http://dx.doi.org/10.1097/DBP.0000000000000646
http://dx.doi.org/10.1016/j.infbeh.2007.12.003
http://dx.doi.org/10.1542/peds.2005-2310
http://dx.doi.org/10.1097/00004703-200512000-00008
http://dx.doi.org/10.1111/jpc.14323
http://dx.doi.org/10.1016/j.jpeds.2019.07.056
http://dx.doi.org/10.1016/S0140-6736(12)60820-4
http://dx.doi.org/10.1542/peds.2008-2816
http://dx.doi.org/10.1159/000297771
http://dx.doi.org/10.1016/j.siny.2013.11.004
http://www.ncbi.nlm.nih.gov/pubmed/20431465
http://dx.doi.org/10.1016/j.jpeds.2009.10.041
http://dx.doi.org/10.1203/PDR.0b013e318212faa0
http://dx.doi.org/10.1136/archdischild-2015-309581
http://dx.doi.org/10.1037/0012-1649.40.2.177
http://dx.doi.org/10.1002/14651858.CD000375.pub5
http://dx.doi.org/10.1002/14651858.CD000375.pub5
http://dx.doi.org/10.1002/14651858.CD000375.pub4
http://dx.doi.org/10.1002/14651858.CD000375.pub4
http://dx.doi.org/10.1093/ajcn/87.4.912
http://dx.doi.org/10.1542/peds.2007-1511
http://dx.doi.org/10.1001/jama.2008.945
http://dx.doi.org/10.1111/j.1651-2227.2010.01946.x
http://dx.doi.org/10.1186/s12887-016-0611-0
http://dx.doi.org/10.1056/NEJMoa1611942
http://dx.doi.org/10.1001/jama.2020.8896
http://dx.doi.org/10.1111/jpc.12475
http://dx.doi.org/10.1111/jpc.12475
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1111/j.1469-7610.1997.tb01545.x
http://dx.doi.org/10.1097/00004583-200111000-00015
http://dx.doi.org/10.1111/jpc.12897
http://dx.doi.org/10.1111/jpc.12897
http://dx.doi.org/10.1080/j.1440-1614.2004.01427.x

51 Gioia G A, Isquith PK, Guy SC. BRIEF2 behavior rating inventory of 69 Wilson-Costello D, Friedman H, Minich N, et al. Improved
executive function. Second Edition. Florida, U.S.A: Psychological neurodevelopmental outcomes for extremely low birth weight infants
Assessment Resources, 2015. in 2000-2002. Pediatrics 2007;119:37-45.

52 Asher M, Keil U, Anderson HR, et al. International study of asthma 70 Nordhov SM, Renning JA, Ulvund SE, et al. Early intervention
and allergies in childhood (Isaac): rationale and methods. Eur Respir improves behavioral outcomes for preterm infants: randomized
J 1995;8:483-91. controlled trial. Pediatrics 2012;129:e9-16.

53 Varni JW, Seid M, Kurtin PS. PedsQL 4.0: reliability and validity of the 71 Johnson S, Whitelaw A, Glazebrook C, et al. Randomized trial of a
pediatric quality of life inventory version 4.0 generic core scales in parenting intervention for very preterm infants: outcome at 2 years. J
healthy and patient populations. Med Care 2001;39:800-12. Pediatr 2009;155:488-94.

54 Treyvaud K, Anderson VA, Howard K, et al. Parenting behavior is 72 Peters KL, Rosychuk RJ, Hendson L, et al. Improvement of short-
associated with the early neurobehavioral development of very and long-term outcomes for very low birth weight infants: Edmonton
preterm children. Pediatrics 2009;123:555-61. NIDCAP trial. Pediatrics 2009;124:1009-20.

55 Treyvaud K, Inder TE, Lee KJ, et al. Can the home environment 73 Wu Y-C, Leng C-H, Hsieh W-S, et al. A randomized controlled trial
promote resilience for children born very preterm in the context of of clinic-based and home-based interventions in comparison with
social and medical risk? J Exp Child Psychol 2012;112:326-37. usual care for preterm infants: effects and mediators. Res Dev Disabil

56 Treyvaud K, Doyle LW, Lee KJ, et al. Parenting behavior at 2 years 2014;35:2384-93.
predicts school-age performance at 7 years in very preterm children. 74 Kaaresen PI, Renning JA, Tunby J, et al. A randomized controlled
J Child Psychol Psychiatry 2016;57:814-21. trial of an early intervention program in low birth weight children:

57 McMahon GE, Spencer-Smith MM, Pace CC, et al. Influence of outcome at 2 years. Early Hum Dev 2008;84:201-9.
fathers' early parenting on the development of children born very 75 Gould JF, Colombo J, Collins CT, et al. Assessing whether early
preterm and full term. J Pediatr 2019;205:195-201. attention of very preterm infants can be improved by an omega-3

58 Nea E, Baldwin L M, Bishop DS. The McMaster family assessment long-chain polyunsaturated fatty acid intervention: a follow-up of a
device. J Marit Fam Ther 1983;9:171-80. randomised controlled trial. BMJ Open 2018;8:020043.

59 Mendelsohn A, Dreyer BP, Tamis-LeMonda CS, et al. NYW Langone 76 Hewawasam E, Collins CT, Muhlhausler BS, et al. Dha
health. New York UniversityNYU School of Medicine. Available: supplementation in infants born preterm and the effect on attention
https://med.nyu.edu/pediatrics/developmental/research/belle- at 18 months' corrected age: follow-up of a subset of the N3RO
project/stimg-cognitive-home-environment [Accessed February randomised controlled trial. Br J Nutr 2021;125:420-431.

2015]. 77 Gould JF, Roberts RM, Makrides M. The influence of omega-3 long-

60 Arnold DS, O'Leary SG, Wolff LS, et al. The parenting scale: a chain polyunsaturated fatty acid, docosahexaenoic acid, on child
measure of dysfunctional parenting in discipline situations. Psychol behavioral functioning: a review of randomized controlled trials of
Assess 1993;5:137-44. DHA supplementation in pregnancy, the neonatal period and infancy.

61 Yelland LN, Sullivan TR, Price DJ, et al. Sample size calculations for Nutrients 2021;13. doi:10.3390/nu13020415. [Epub ahead of print:
randomised trials including both independent and paired data. Stat 28 Jan 2021].

Med 2017;36:1227-39. 78 Middleton P, Gomersall JC, Gould JF, et al. Omega-3 fatty

62 Sullivan TR, White IR, Salter AB, et al. Should multiple imputation be acid addition during pregnancy. Cochrane Database Syst Rev
the method of choice for handling missing data in randomized trials? 2018;11:Cd003402.

Stat Methods Med Res 2018;27:2610-26. 79 Delgado-Noguera MF, Calvache JA, Bonfill Cosp X, Cosp B X,

63 National Health and Medical Research Council, Australian Research et al. Supplementation with long chain polyunsaturated fatty acids
Council, Universities Australia. The National statement on ethical (LCPUFA) to breastfeeding mothers for improving child growth and
conduct in human research 2007 (updated 2018) Australian development. Cochrane Database Syst Rev 2015;7:CD007901.
government 2018. 80 Jasani B, Simmer K, Patole SK, et al. Long chain polyunsaturated

64 International Council for Harmonisation of Technical Requirements fatty acid supplementation in infants born at term. Cochrane
for Pharmaceuticals for Human Use (ICH). ICH Harmonised guideline; Database Syst Rev 2017;3:Cd000376.
integrated addendum to ICHE6 (R1): guideline for good clinical 81 Gould JF, Feeding C. Micronutrients and developmental outcomes
practice E6 (R2): international Council for harmonisation of technical of children. In: Black RE, Makrides M, Ong K, eds. Complementary
requirements for Pharmeceuticals for human use (ICH) 2016. feeding: building the foundations for a healthy life (Nestle nutrition

65 Therapeutic Goods Administration. Australian clinical trial handbook: Institute workshop series 87). Switzerland: Karger, 2017.

Guidance on conducting clinical trials in Australia using ‘unapproved’ 82 Gould JF, Smithers LG. Chapter 6 - prenatal n-3 long-chain
therapeutic goods. In: Health Do, ed. Canberra: Australian polyunsaturated fatty acids and children’s executive functions.
Government, 2018. In: Watson RR, Preedy VR, eds. Omega fatty acids in brain and

66 Kyneo NM, Ravn IH, Lindemann R, et al. Parents of preterm-born neurological health. Second Edition. Cambridge, Massachusetts:
children; sources of stress and worry and experiences with an early Academic Press, 2019: 83-105.
intervention programme - a qualitative study. BMC Nurs 2013;12:28. 83 Gould JF, Makrides M, Sullivan TR, et al. Protocol for assessing

67 World Health Organisation (WHO). Born too soon: the global action whether cognition of preterm infants <29 weeks' gestation can
report on preterm birth. Geneva: World Health Organisation, 2012. be improved by an intervention with the omega-3 long-chain

68 Aylward GP. Cognitive and neuropsychological outcomes: more than polyunsaturated fatty acid docosahexaenoic acid (DHA): a follow-up
1Q scores. Ment Retard Dev Disabil Res Rev 2002;8:234-40. of a randomised controlled trial. BMJ Open 2021;11:€041597.

10 Gould JF, et al. BMJ Open 2021;11:€044740. doi:10.1136/bmjopen-2020-044740


http://dx.doi.org/10.1183/09031936.95.08030483
http://dx.doi.org/10.1183/09031936.95.08030483
http://dx.doi.org/10.1097/00005650-200108000-00006
http://dx.doi.org/10.1542/peds.2008-0477
http://dx.doi.org/10.1016/j.jecp.2012.02.009
http://dx.doi.org/10.1111/jcpp.12489
http://dx.doi.org/10.1016/j.jpeds.2018.09.073
https://med.nyu.edu/pediatrics/developmental/research/belle-project/stimq-cognitive-home-environment
https://med.nyu.edu/pediatrics/developmental/research/belle-project/stimq-cognitive-home-environment
http://dx.doi.org/10.1037/1040-3590.5.2.137
http://dx.doi.org/10.1037/1040-3590.5.2.137
http://dx.doi.org/10.1002/sim.7201
http://dx.doi.org/10.1002/sim.7201
http://dx.doi.org/10.1177/0962280216683570
http://dx.doi.org/10.1186/1472-6955-12-28
http://dx.doi.org/10.1002/mrdd.10043
http://dx.doi.org/10.1542/peds.2006-1416
http://dx.doi.org/10.1542/peds.2011-0248
http://dx.doi.org/10.1016/j.jpeds.2009.04.013
http://dx.doi.org/10.1016/j.jpeds.2009.04.013
http://dx.doi.org/10.1542/peds.2008-3808
http://dx.doi.org/10.1016/j.ridd.2014.06.009
http://dx.doi.org/10.1016/j.earlhumdev.2007.07.003
http://dx.doi.org/10.1136/bmjopen-2017-020043
http://dx.doi.org/10.1017/S0007114520002500
http://dx.doi.org/10.3390/nu13020415
http://dx.doi.org/10.1002/14651858.CD003402.pub3
http://dx.doi.org/10.1002/14651858.CD007901.pub3
http://dx.doi.org/10.1002/14651858.CD000376.pub4
http://dx.doi.org/10.1002/14651858.CD000376.pub4
http://dx.doi.org/10.1136/bmjopen-2020-041597

	Protocol for assessing if behavioural functioning of infants born <29 weeks’ gestation is improved by omega-3 long-­chain polyunsaturated fatty acids: follow-­up of a randomised controlled trial
	Abstract
	Introduction﻿﻿
	Methods
	The N3RO trial
	Follow-up study procedure
	Participants
	Outcomes and measures
	Primary outcome
	Secondary Outcomes
	Other SDQ scales
	Behaviour Rating Inventory of Executive Functioning-Preschool edition
	General health
	International Study of Asthma and Allergies in Childhood
	Paediatric Quality of Life Inventory
	Background information and sample characteristics
	The home environment

	Sample size
	Statistical analysis and data management
	Ethical considerations and dissemination of results
	Access to data
	Patient and public involvement

	Discussion
	References


