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ABSTRACT
Introduction  Docosahexaenoic acid (DHA) is an omega-3 
(n-3) fatty acid that accumulates into neural tissue 
during the last trimester of pregnancy, as the fetal brain 
is undergoing a growth spurt. Infants born <29 weeks’ 
gestation are deprived the normal in utero supply of DHA 
during this period of rapid brain development. Insufficient 
dietary DHA postnatally may contribute to the cognitive 
impairments common among this population. This follow-
up of the N-3 fatty acids for improvement in respiratory 
outcomes (N3RO) randomised controlled trial aims to 
determine if enteral DHA supplementation in infants 
born <29 weeks’ gestation during the first months of 
life improves cognitive development at 5 years of age 
corrected for prematurity.
Methods and analysis  N3RO was a randomised 
controlled trial of enteral DHA supplementation (60 mg/kg/
day) or a control emulsion (without DHA) in 1273 infants 
born <29 weeks’ gestation to determine the effect on 
bronchopulmonary dysplasia (BPD). We showed that DHA 
supplementation did not reduce the risk of BPD and may 
have increased the risk.
In this follow-up at 5 years’ corrected age, a predefined 
subset (n=655) of children from five Australian sites 
will be invited to attend a cognitive assessment with a 
psychologist. Children will be administered the Wechsler 
Preschool and Primary Scale of Intelligence (fourth edition) 
and a measure of inhibitory control (fruit stroop), while 
height, weight and head circumference will be measured.
The primary outcome is full-scale IQ. To ensure 90% 
power, a minimum of 592 children are needed to detect a 
four-point difference in IQ between the groups.
Research personnel and families remain blinded to group 
assignment.
Ethics and dissemination  The Women’s and Children 
Health Network Human Research Ethics Committee 

reviewed and approved the study (HREC/17/WCHN/187). 
Caregivers will give informed consent prior to taking 
part in this follow-up study. Findings of this study will be 
disseminated through peer-reviewed publications and 
conference presentations.
Trial registration number  ACTRN12612000503820.

INTRODUCTION
Medical and technological advances in the 
care of infants born preterm have increased 
their survival rates. However, there is a high 
risk of long-term health complications and 
neurological deficits with preterm birth,1–4 

Strengths and limitations of this study

►► This will be the first adequately powered randomised 
controlled trial to assess cognitive development fol-
lowing docosahexaenoic acid (DHA) supplementa-
tion in preterm infants born <29 weeks’ gestation.

►► This follow-up of the N-3 fatty acids for improve-
ment in respiratory outcomes (N3RO) trial will pro-
vide sound evidence for the effect of enteral DHA 
supplementation on the cognitive development of 
infants born <29 weeks’ gestation.

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

►► Partial unblinding of study group allocation permit-
ted under the primary protocol may contribute to 
risk of bias.

►► Although bronchopulmonary dysplasia was the 
primary outcome of the original N3RO trial, child-
hood respiratory functioning is not assessed in this 
follow-up
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including higher risks of cognitive deficits5 6 and 
behavioural problems3 6–11 compared with term-born 
counterparts. The risk and severity of poor outcome 
increases as gestational age decreases.4 8 12 13

Nutrition is thought to be one modifiable influence 
on neurodevelopment in preterm infants, in particular 
the omega-3 (n-3) long-chain polyunsaturated fatty acid 
(LCPUFA), docosahexaenoic acid (DHA). During the last 
trimester of pregnancy, the fetus is estimated to acquire 
~70 mg/day of n-3 LCPUFA, largely as DHA.14 Infants 
born preterm are deprived of the placental transfer of 
DHA and hence have lower neural tissue levels of DHA 
compared with infants born at term.15 It has been hypoth-
esised that providing infants born preterm with DHA may 
enhance normal neurodevelopment and the most recent 
recommendations are that the preterm infant needs 
approximately 60 mg/kg/day DHA (about 1% of total 
dietary fatty acids) to approximate the fetal accumulation 
rate.16

Several randomised controlled trials (RCTs) have 
attempted to evaluate this hypothesis, with mixed 
results.17 18 Two RCTs compared the standard dose of 
DHA in breastmilk and preterm infant formula (20 mg/
kg/day) to the estimated in utero accretion rate (60 mg/
kg/day).19 20 In one trial, the DHA group showed greater 
problem solving skills at 6 months20 and improved 
sustained attention at 20 months,21 although attrition was 
high. In the larger trial, assessment at 18 months revealed 
no difference in overall mean cognitive scores but fewer 
infants had developmental delay in the DHA group.19 
No overall differences in IQ were detected in follow-up 
of these trials at seven22 or 8 years of age.23 Interestingly, 
both trials suggested a benefit of extra DHA in infants 
born at the earliest gestations (<29 weeks or <1250 g) 
who are most vulnerable to experiencing neurodevel-
opmental deficit.19 20 While this is promising, both trials 
were significantly underpowered (with only 200 children 
in one trial19 and under 70 in the other20) to detect an 
effect in this subgroup.

It is clear that current neonatal feeding practices are 
unable to replace the placental transfer of DHA16 and 
despite decades of research, we still do not know whether 
meeting the estimated requirement of DHA during the 
neonatal period improves cognitive outcomes in the most 
vulnerable subpopulation of preterm infants.17 19 20 22 23

The N-3 fatty acids for improvement in respiratory 
outcomes (N3RO) RCT was designed to determine the 
effect of an enteral DHA emulsion (providing 60 mg/kg/
day) on the incidence of bronchopulmonary dysplasia 
(BPD).24 The DHA intervention did not lower the inci-
dence of BPD in infants born <29 weeks’ gestation and 
may have resulted in a greater risk of BPD.24 However, the 
N3RO trial offers an ideal opportunity to resolve whether 
DHA supplementation is beneficial for the cognitive 
development of these most vulnerable preterm infants.

The N3RO trial infants are now reaching 5 years of age. 
Cognition develops rapidly across early childhood25 and 
by 5 years most cognitive domains can be reliably assessed 

using standardised psychometric tests.26 IQ tests are 
considered a robust method of estimating an individual’s 
overall cognitive ability. Executive function is an umbrella 
term referring to those skills essential for undertaking 
goal-oriented behaviours and includes inhibitory control 
which has been reported to be an area of concern for 
children born preterm.6

By assessing the cognition of the N3RO infants as they 
turn 5 years of age, we can determine whether providing 
infants born <29 weeks’ gestation with DHA emulsion 
improves cognitive development. We hypothesise that 
providing the estimated in utero provisions of DHA to 
infants born <29 weeks’ gestation will result in higher 
cognitive scores at 5 years’ corrected age compared with 
infants who received the control intervention.

METHODS AND ANALYSIS
This protocol details the methods for a follow-up at 5 years 
of age of infants enrolled in the N3RO trial. Detailed 
methods of the N3RO trial have been published previ-
ously24 and are summarised here.

The N3RO trial
A total of 1273 infants born <29 weeks’ gestation were 
enrolled into the N3RO trial within 3 days of their first 
enteral feed. Infants were recruited between June 2012 
and September 2015 from 13 centres in Australia, New 
Zealand and Singapore.24 Infants were excluded if they 
had a major congenital or chromosomal abnormality, 
were participating in another fatty acid intervention 
trial, were receiving intravenous lipids containing fish 
oil, or if a breastfeeding mother was taking greater than 
250 mg/day DHA through supplements.24 Infants were 
randomised to the intervention or control group through 
a secure web-based computer-generated schedule strati-
fied for the 13 centres, sex and gestational age at birth 
<27 weeks’ or 27 to <29 weeks’ gestation. Infants from 
multiple births were randomised individually. A statisti-
cian not otherwise involved in the N3RO trial generated 
the randomisation schedule.

The N3RO trial intervention
Infants were randomised to receive a DHA emulsion 
that provided 60 mg of DHA per kg of body weight per 
day (intervention group, n=631), or a control emulsion 
without DHA (control group, n=642).24 Infants received 
the study intervention from enrolment to 36 weeks’ post-
menstrual age or discharge home, whichever occurred 
first. The emulsion was administered three times per day, 
immediately before an enteral feed through a nasogastric 
or orogastric tube for the duration of the intervention 
period. The DHA and control emulsions were isocaloric 
and identical in viscosity, colour and packaging and fami-
lies, clinical staff and study personnel were blinded to 
group allocation.24

Five-year follow-up study procedure
This is a follow-up of a predefined subsample of the N3RO 
trial infants from five of the Australian recruiting centres. 
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No additional interventions will be administered. Eligible 
N3RO infants will be invited to attend an appointment 
with a psychologist when they are 5 years’ corrected age to 
measure child abilities on selected cognitive domains; age 
is corrected for prematurity to avoid a known bias in cogni-
tive test scores.27 Appointments will take between 45 min 
to 1.5 hours, depending on the child’s abilities and speed 
while working through the IQ test tasks, and assessments 
will be conducted by personnel blinded to group alloca-
tion. Assessments for this follow-up study commenced 29 
August 2018 and are expected to be completed on the 31 
December 2020.

Families of eligible children will be emailed a letter of 
invitation 2 months before their child reaches 5 years’ 
corrected age, followed by a telephone call to answer any 
questions and book appointments with families that wish 
to participate. Where necessary, families will be offered 
appointments at the family’s home or at a location close 
to their home such as a school or community centre.

Participants and sample selection
Children who participated in the N3RO trial and were 
recruited from the five largest recruiting centres, John 
Hunter Hospital (New South Wales), King Edward Memo-
rial Hospital (Western Australia), Mercy Hospital for 
Women (Victoria), Royal Women’s Hospital (Victoria), 
and the Women’s and Children’s Hospital (South 
Australia) in Australia will be invited to participate in 
this follow-up study. Children will not be invited if they 
have previously been withdrawn from the N3RO trial or 
have died. Of the n=702 children enrolled between the 
five centres, n=655 will be eligible to be approached for 
the 5-year follow-up once deaths (n=4) and withdrawals 
(n=43) are excluded.

Outcomes and measures
Primary outcome
The primary outcome is full-scale IQ, as assessed by the 
Wechsler Preschool and Primary Scale of Intelligence-
Fourth Edition, Australian and New Zealand (WPPSI-IV). 
The WPPSI-IV is a battery of subtests that provides an 
assessment of general cognitive ability for preschoolers 
and young children (2:6–7:7 years). The WPPSI-IV has 
strong internal consistency and test–retest stability and 
sound psychometric properties.28 The average reliability 
coefficient for the full-scale IQ is 0.95.28

Secondary outcomes
Wechsler Preschool and Primary Scale of Intelligence-Fourth 
Edition, Australian and New Zealand
Other outcomes from the WPPSI-IV will be included as 
secondary outcomes. These include Verbal Compre-
hension, Fluid Reasoning, Working Memory and the 
Processing Speed, General Ability and Cognitive Profi-
ciency Primary Index Scales.

The WPPSI-IV has Australian/New Zealand norms that 
are age standardised with a mean of 100 and SD 15. Intel-
lectual impairment will be defined as full-scale IQ <85 (ie, 

≤1 SD), and moderate-to-severe intellectual impairment 
as full-scale IQ<70 (ie, ≤2 SD). Any impairment on any of 
the WPPSI-IV Primary Index Scales will be defined as an 
Index Scale score <85 (ie, ≤1 SD).

Fruit Stroop
The fruit stroop was administered to assess two executive 
functions, inhibition and mental flexibility.29 The child 
is required to identify a the correct, natural colour of 
a series of fruits and vegetables in four 45 s trials under 
a series of conditions that increase in complexity. The 
outcome is an interference score calculated as the differ-
ence between the number of correct responses on the 
final (inhibition) trial, and predicted scores on the first 
and third trials, where lower or negative values indicate 
more interference.

Growth
Anthropometrics including child height, weight and 
head circumference will be measured at the appointment 
as measures of the nutritional well-being of the children. 
Measurements will be converted to Z (SD) scores appro-
priate for corrected age and sex.30

Background information and characteristics
At enrolment into the N3RO trial a range of sociodemo-
graphic data were collected through interview with the 
caregiver (including parental age, education and employ-
ment). As part of the N3RO trial infant medical records 
were used to determine a range of baseline and outcome 
clinical characteristics up to 40 weeks’ postmenstrual 
age or first discharge home, whichever occurred first, 
including, for example, gestational age, birth weight, sex 
and instances of intraventricular haemorrhage.

Sample size calculation
A sample size of 296 children per group (total 592) will 
provide 90% power (two-tailed alpha 0.05) to detect a 
4-point (0.27 SD) mean difference in the primary outcome 
of full-scale IQ between groups. The power calculation 
assumes a design effect due to the inclusion of multiple 
births of one, since children from a multiple birth were 
randomised individually in N3RO.31 Should enrolment 
be lower than planned, the study will have 80% power to 
detect a 4-point difference between groups provided at 
least 222 children per group (total 444) provide follow-up 
data.

Data management and analysis plan
All participants were assigned a study identification 
number at enrolment into the N3RO trial. Throughout 
the follow-up and analyses, the identification number 
will be used to identify data. Data will be entered into a 
Research Electronic Data Capture (REDCap) database, 
which uses a MySQL database via a secure web interface 
with data checks used during data entry to ensure data 
quality. REDCap includes a complete suite of features to 
support the Health Insurance Portability and Account-
ability Act of 1996 compliance, including a full audit trail, 
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user-based privileges and integration with the institu-
tional Lightweight Directory Access Protocol server.

All analyses will be conducted according to a prespeci-
fied statistical analysis plan. Analyses will not commence 
until the N3RO trial Steering Committee has approved 
the statistical analysis plan. Intervention groups will be 
dummy coded to allow analyses to be performed blinded 
to treatment group.

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 to <29 weeks’ at birth). Preplanned subgroup 
analyses will examine the effects of DHA separately for 
girls or boys (all outcomes), and for infants born at <27 
weeks’ gestation or 27 to <29 weeks’ gestation (primary 
outcome only). No adjustment will be made for multiple 
preplanned comparisons, as the single overall comparison 
of Full-Scale IQ between groups is of primary interest.

Missing outcome data will be addressed using multiple 
imputation, with imputation performed separately by 
treatment group using fully conditional specification.32 
Imputed datasets will include all surviving children from 
the five included centres. Children who are missing scores 
on psychological assessments because they were unable to 
complete the assessment for cognitive or physical reasons 
(such as blindness or cerebral palsy) will be reviewed by 
a psychologist to determine whether assigning the lowest 
possible score is appropriate.

Ethics and dissemination
This follow-up 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/17/WCHN/187), as 
well as the research governance officers at each site.

Caregivers will be provided with a detailed information 
sheet about the study and will provide informed consent 
for their child’s involvement in the study. Caregivers will 
be free to renegotiate consent for each procedure in the 
follow-up study and are able to decline any part of the 
follow-up. Caregivers will be free to withdraw their chil-
dren from the study at any time.

The results of this follow-up study will be presented at 
academic conferences and published in peer-reviewed 
journals. Participating families will receive a lay report of 
the study findings. No participants will be identified in 
the dissemination of study results and data collected will 
be treated with confidence.

Access to data
Individual participant data, including data dictionaries, 
may be shared after deidentification 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 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 IQ 
is based on reported concerns over long-term develop-
mental concerns from parents of preterm infants.33

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
This protocol details a follow-up of an RCT of a DHA 
enteral emulsion (60 mg/kg/day) compared with a 
control emulsion (no DHA), for preterm infants born 
<29 weeks’ gestation in the first months of life, to eval-
uate the effect on child cognitive ability at 5 years of 
age. Unlike previous DHA RCTs in preterm popula-
tions,17 18 our follow-up has the benefits of a population 
likely to be insufficient in DHA,34 and a robust method of 
intervention.24

We previously conducted a follow-up of a small 
subgroup of the N3RO trial infants when they were aged 
18 months’ corrected age. Children underwent an exper-
imental assessment of visual attention (considered to be 
a basic, early emergence of higher order cognitive skills 
known as the executive functions).35 Where available, 
Bayley Scales of Infant and Toddler Development-third 
edition Cognition, Motor and Language assessment 
results were collected from hospital records.35 No statis-
tically significant differences were found for attention, 
cognition, motor or language abilities.36 However, assess-
ments of cognition during infancy are considered poor 
predictors of later performance,37–41 and the sample was 
small and underpowered to detect a clinically important 
effect on cognition.35

Our sample size calculation for the primary outcome 
requires a 90% follow-up rate of the N3RO trial chil-
dren, 5 years after enrolment. More than 10% lost to 
follow-up may introduce attrition bias. After comple-
tion of the N3RO trial primary outcome analyses, fami-
lies had the opportunity to request knowledge of their 
group allocation. Although few families requested this, 
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knowledge of their randomisation group prior to the 
5 year follow-up assessment may introduce additional 
bias to the results.

For this follow-up, we have carefully selected a robust 
assessment of general cognitive abilities, including exec-
utive functioning (both of which domains are likely to be 
adversely affected by very preterm birth)42–44 to be admin-
istered at an age when cognitive domains can be reli-
ably assessed,26 45 as well as ensuring a large, adequately 
powered sample. As per the recommendations of a 
consortium of parents and clinicians caring for high-risk 
preterm infants, we are assessing general cognitive ability 
using a Wechsler scale, which is considered the gold stan-
dard, and have included an assessment of growth.46 Assess-
ments of respiratory functioning are unreliable in early 
childhood and hence were not included in this follow-up. 
It is important that the long-term respiratory effects of 
DHA supplementation in infants born <29 weeks’ gesta-
tion is addressed when the N3RO trial children reach an 
appropriate age.

This project has global significance, with over one 
million infants born  <29 weeks’ gestation each year, 
and the number rising.47 The potential benefit of DHA 
on cognitive performance has never been adequately 
demonstrated in this population. However, because of 
the N3RO primary results it is extremely unlikely that 
such a trial will be repeated. The N3RO cohort may repre-
sent the only children in which the longer-term cognitive 
and behavioural effects of DHA supplementation in these 
infants can be assessed.

Author affiliations
1Women and Kids, South Australian Health and Medical Research Institute, Adelaide, 
South Australia, Australia
2School of Psychology & Discipline of Paediatrics, Faculty of Health and Medical 
Sciences, University of Adelaide, Adelaide, South Australia, Australia
3Discipline of Paediatrics, Faculty of Health and Medical Sciences, University of 
Adelaide, Adelaide, South Australia, Australia
4School of Public Health, Faculty of Health and Medical Sciences, University of 
Adelaide, Adelaide, South Australia, Australia
5Turner Institute for Brain and Mental Health, School of Psychological Sciences, 
Monash University, Melbourne, Victoria, Australia
6School of Agriculture, Food and Wine, University of Adelaide, Adelaide, South 
Australia, Australia
7Neonatal Medicine, Women's and Children's Hospital Adelaide, North Adelaide, 
South Australia, Australia
8Obstetrics and Gynaecology, Royal Women's Hospital, Parkville, Victoria, Australia
9Neonatal Services, Mercy Hospital for Women, Melbourne, Victoria, Australia
10Newborn Services, John Hunter Children’s Hospital, Newcastle, New South Wales, 
Australia
11Newborn Research, Royal Women's Hospital, Parkville, Victoria, Australia
12Obstetrics and Gynaecology, University of Melbourne, Parkville, Victoria, Australia
13Newborn Research, The Royal Women's Hospital, Melbourne, Victoria, Australia
14King Edward Memorial Hospital for Women Perth, Subiaco, Western Australia, 
Australia
15Neonatal Research, The University of Western Australia, Perth, Western 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.

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

Funding  Financial support for the submitted work was from the National Health 
and Medical Research Council (NHMRC) Australia (ID: 1022112 - N3RO trial, 
1146806–5-year follow-up) and Clover Corporation (Melbourne, Australia).

Disclaimer  The contents of the published material are solely the responsibility of 
the authors and do not reflect the views of the NHMRC.

Competing interests  Study product for the original trial was donated by Clover 
(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 CC is supported 
by an NHMRC Translating Research into Practice (TRIP) Fellowship ID 1132596. TS 
is supported by an 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 an MRFF Career Development Fellowship ID: 
1141354. Honoraria have been paid to Dr 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.

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/.

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

REFERENCES
	 1	 Aylward GP. Cognitive and neuropsychological outcomes: more than 

IQ scores. Ment Retard Dev Disabil Res Rev 2002;8:234–40.
	 2	 Wilson-Costello D, Friedman H, Minich N, et al. Improved 

neurodevelopmental outcomes for extremely low birth weight infants 
in 2000-2002. Pediatrics 2007;119:37–45.

	 3	 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: Int J Obstet Gy 2018;125:16–25.

	 4	 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.

	 5	 Aarnoudse-Moens CSH, Smidts DP, Oosterlaan J, et al. Executive 
function in very preterm children at early school age. J Abnorm Child 
Psychol 2009;37:981–93.

	 6	 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.

	 7	 Johnson S. Cognitive and behavioural outcomes following very 
preterm birth. Semin Fetal Neonatal Med 2007;12:363–73.

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

	 9	 Lindstrom K, Lindblad F, Hjern A. Preterm birth and attention-deficit/
hyperactivity disorder in schoolchildren. Pediatrics 2011;127:858–65.

	10	 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.

copyright.
 on June 9, 2021 at U

niversity of A
delaide. P

rotected by
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-041597 on 5 F

ebruary 2021. D
ow

nloaded from
 

https://twitter.com/kpb2901
http://creativecommons.org/licenses/by-nc/4.0/
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/10.1002/mrdd.10043
http://dx.doi.org/10.1542/peds.2006-1416
http://dx.doi.org/10.1111/1471-0528.14832
http://dx.doi.org/10.1016/j.jpeds.2019.07.056
http://dx.doi.org/10.1007/s10802-009-9327-z
http://dx.doi.org/10.1007/s10802-009-9327-z
http://dx.doi.org/10.1542/peds.2008-2816
http://dx.doi.org/10.1016/j.siny.2007.05.004
http://dx.doi.org/10.1001/jama.288.6.728
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://bmjopen.bmj.com/


6 Gould JF, et al. BMJ Open 2021;11:e041597. doi:10.1136/bmjopen-2020-041597

Open access�

	11	 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.

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

	13	 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;55:956–61.

	14	 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.

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

	16	 Lapillonne A, Groh-Wargo S, Gonzalez CHL, et al. Lipid needs 
of preterm infants: updated recommendations. J Pediatr 
2013;162:S37–47.

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

	18	 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.

	19	 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.

	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. Pediatrics 2008;121:1137–45.

	21	 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.

	22	 Collins CT, Gibson RA, Anderson PJ, et al. 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. BMJ Open 2015;5:e007314.

	23	 Almaas AN, Tamnes CK, Nakstad B, et al. Long-Chain 
polyunsaturated fatty acids and cognition in VLBW infants at 8 years: 
an RCT. Pediatrics 2015;135:972–80.

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

	25	 Anderson V, Northam E, Hendy J. Developmental neuropsychology – 
a clinical approach. Psychology Press: East Sussex, 2001.

	26	 Baron IS. Neuropsychological evaluation of the child. New York: 
Oxford University Press, 2004.

	27	 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.

	28	 Wechsler D, Brown F, Joshua N. Wechsler preschool and primary 
scale of intelligence. 4th edn. Australia and New Zealand Sydney: 
New South Whales PsychCorp, 2012.

	29	 Archibald SJ, Kerns KA. Identification and description of new 
tests of executive functioning in children. Child Neuropsychology 
1999;5:115–29.

	30	 de Onis Met al. Development of a who growth reference for 
school-aged children and adolescents. Bull World Health Organ 
2007;85:660–7.

	31	 Yelland LN, Sullivan TR, Price DJ, et al. Sample size calculations for 
randomised trials including both independent and paired data. Stat 
Med 2017;36:1227–39.

	32	 Sullivan TR, White IR, Salter AB, et al. Should multiple imputation be 
the method of choice for handling missing data in randomized trials? 
Stat Methods Med Res 2018;27:2610–26.

	33	 Kynø NM, Ravn IH, Lindemann R, et al. Parents of preterm-born 
children; sources of stress and worry and experiences with an early 
intervention programme – a qualitative study. BMC Nurs 2013;12:28.

	34	 Lapillonne A, Eleni dit Trolli S, Kermorvant-Duchemin E. Postnatal 
docosahexaenoic acid deficiency is an inevitable consequence 
of current recommendations and practice in preterm infants. 
Neonatology 2010;98:397–403.

	35	 Gould JF, Colombo J, Collins CT, et al. Assessing whether early 
attention of very preterm infants can be improved by an omega-3 
long-chain polyunsaturated fatty acid intervention: a follow-up of a 
randomised controlled trial. BMJ Open 2018;8:e020043.

	36	 Hewawasam E, Collins CT, Muhlhausler BS, et al. Dha 
supplementation in infants born preterm and the effect on attention 
at 18 months' corrected age: follow-up of a subset of the N3RO 
randomised controlled trial. Br J Nutr. In Press 2021;125:420–31.

	37	 Doyle LW, Davis PG, Schmidt B, et al. Cognitive outcome at 
24months is more predictive than at 18months for IQ at 8–9years in 
extremely low birth weight children. Early Hum Dev 2012;88:95–8.

	38	 Anderson V. Prediction of cognitive abilities at the age of 5  years 
using developmental follow-up assessments at the age of 2 
and 3  years in very preterm children. Dev Med Child Neurol 
2012;54:202–3.

	39	 Luttikhuizen dos Santos ES, de Kieviet JF, Königs M, et al. Predictive 
value of the Bayley scales of infant development on development of 
very preterm/very low birth weight children: a meta-analysis. Early 
Hum Dev 2013;89:487–96.

	40	 Spencer-Smith MM, Spittle AJ, Lee KJ, et al. Bayley-III cognitive and 
language scales in preterm children. Pediatrics 2015;135:e1258–65.

	41	 García-Martínez MP, Sánchez-Caravaca J, Montealegre-Ramón MP. 
Predictive value of the Bayley scales applied to a group of preterm 
infants, on their results on the Wechsler scales at 10 years of age. 
Annals of Psychology 2019;35:95–105.

	42	 Anderson PJ. Neuropsychological outcomes of children born very 
preterm. Semin Fetal Neonatal Med 2014;19:90–6.

	43	 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.

	44	 Blencowe H, Lee ACC, Cousens S, et al. Preterm birth–associated 
neurodevelopmental impairment estimates at regional and global 
levels for 2010. Pediatr Res 2013;74:17–34.

	45	 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.

	46	 Doyle LW, Anderson PJ, Battin M, et al. Long term follow up of high 
risk children: who, why and how? BMC Pediatr 2014;14:279.

	47	 Blencowe H, Vos T, Lee ACC, et al. Estimates of neonatal morbidities 
and disabilities at regional and global levels for 2010: introduction, 
methods overview, and relevant findings from the global burden of 
disease study. Pediatr Res 2013;74:4–16.

copyright.
 on June 9, 2021 at U

niversity of A
delaide. P

rotected by
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-041597 on 5 F

ebruary 2021. D
ow

nloaded from
 

http://dx.doi.org/10.1097/CHI.0b013e3181af8235
http://dx.doi.org/10.1097/CHI.0b013e3181af8235
http://dx.doi.org/10.1097/00004703-200512000-00008
http://dx.doi.org/10.1111/jpc.14323
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/j.jpeds.2012.11.052
http://dx.doi.org/10.1002/14651858.CD000375.pub5
http://dx.doi.org/10.1002/14651858.CD000375.pub5
http://dx.doi.org/10.1093/ajcn/87.4.912
http://dx.doi.org/10.1001/jama.2008.945
http://dx.doi.org/10.1542/peds.2007-1511
http://dx.doi.org/10.1111/j.1651-2227.2010.01946.x
http://dx.doi.org/10.1136/bmjopen-2014-007314
http://dx.doi.org/10.1542/peds.2014-4094
http://dx.doi.org/10.1056/NEJMoa1611942
http://dx.doi.org/10.1111/jpc.12475
http://dx.doi.org/10.1111/jpc.12475
http://dx.doi.org/10.1076/chin.5.2.115.3167
http://dx.doi.org/10.2471/BLT.07.043497
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/10.1159/000320159
http://dx.doi.org/10.1136/bmjopen-2017-020043
http://dx.doi.org/10.1017/S0007114520002500
http://dx.doi.org/10.1016/j.earlhumdev.2011.07.013
http://dx.doi.org/10.1111/j.1469-8749.2011.04212.x
http://dx.doi.org/10.1016/j.earlhumdev.2013.03.008
http://dx.doi.org/10.1016/j.earlhumdev.2013.03.008
http://dx.doi.org/10.1542/peds.2014-3039
http://dx.doi.org/10.1016/j.siny.2013.11.012
http://dx.doi.org/10.1093/pubmed/fdr024
http://dx.doi.org/10.1093/pubmed/fdr024
http://dx.doi.org/10.1038/pr.2013.204
http://dx.doi.org/10.1037/0012-1649.40.2.177
http://dx.doi.org/10.1186/1471-2431-14-279
http://dx.doi.org/10.1038/pr.2013.203
http://bmjopen.bmj.com/

	Protocol for assessing whether cognition of preterm infants <29 weeks’ gestation can be improved by an intervention with the omega-3 long-­chain polyunsaturated fatty acid docosahexaenoic acid (DHA): a follow-­up of a randomised controlled trial
	A﻿bstract﻿
	Introduction﻿﻿
	Methods and analysis
	The N3RO trial
	The N3RO trial intervention
	Five-year follow-up study procedure
	Participants and sample selection
	Outcomes and measures
	Primary outcome
	Secondary outcomes
	Wechsler Preschool and Primary Scale of Intelligence-Fourth Edition, Australian and New Zealand
	Fruit Stroop
	Growth
	Background information and characteristics


	Sample size calculation
	Data management and analysis plan
	Ethics and dissemination
	Access to data
	Patient and public involvement

	Discussion
	References


