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Respiratory hospitalisation of infants supplemented with
docosahexaenoic acid as preterm neonates
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Aim: To determine the effect of neonatal docosahexaenoic acid (DHA) supplementation in preterm infants on later respiratory-related
hospitalisations.
Methods: We enrolled 657 infants in a multicentre, randomised, controlled trial designed to study the long-term efficacy of higher dose dietary
DHA in infants born <33 weeks’ gestation. Treatment was with high DHA (~1%) compared with standard DHA (~0.3%) in breast milk or formula,
given from the first week of life to term equivalent. Parent-reported hospital admissions to 18 months corrected age were recorded. The
proportion of children hospitalised for lower respiratory tract (LRT) conditions and the mean number of hospitalisations per infant were
determined.
Results: Twenty-three per cent (154/657) of infants were hospitalised for LRT conditions. Seventy-three per cent (173/238) of admissions were
for bronchiolitis. There was no significant effect of higher DHA on the proportion of infants admitted for LRT conditions (high DHA 22% vs.
standard DHA 25%, adjusted relative risk 0.92, 95% confidence interval (CI) 0.68–1.24, P = 0.57) or in the mean number of admissions per infant
(high DHA 0.34, standard DHA 0.38, adjusted ratio of means 0.91, 95% CI 0.63–1.32, P = 0.62). The sexes responded differently to treatment
(interaction P = 0.046), with reduced admissions in boys given high DHA, but this was not statistically significant (high DHA 19%, standard DHA
28%, adjusted relative risk 0.69, 95% CI 0.46–1.04, P = 0.08).
Conclusions: Hospitalisation for LRT problems in the first 18 months for preterm infants was not reduced by neonatal supplementation with
1% DHA.
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What is already known on this topic

1 Babies born prematurely have more respiratory illnesses requir-
ing hospitalisation during infancy, especially those diagnosed
with chronic lung disease (CLD).

2 Neonatal CLD is an inflammatory process.
3 Omega-3 long-chain polyunsaturated fatty acids modify inflam-

mation and may reduce CLD in some subgroups.

What this paper adds

1 Twenty-three per cent of babies born before 33 weeks’ gesta-
tion were hospitalised in infancy for lower respiratory tract
conditions.

2 The majority of hospitalisations for infants born prematurely
with lower respiratory tract illness were with a diagnosis of
bronchiolitis.

3 Respiratory-related hospitalisation in the first 18 months of
babies born prematurely was not decreased by neonatal sup-
plementation with 1% docosahexaenoic acid compared with
0.3% docosahexaenoic acid.

Neonatal chronic lung disease (CLD) results from a complex
interaction of inflammatory factors in the premature lung. The
inflammatory process results in early structural maturation but
subsequently leads to the abnormal alveolarisation and arrest
of development that characterises CLD.1–3 CLD is the most
common complication of extremely premature infants.4 Many
strategies have been successful in reducing the severity of early
respiratory distress syndrome (RDS) and subsequent CLD;
however, the increased survival of very premature infants is
contributing to greater severity and numbers of infants later
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developing CLD.5 There are significant consequences for
neurodevelopment, growth, quality of life and cost of health
service provision for children with CLD.6 Prematurely born
infants, even without CLD, are at increased risk of future res-
piratory decompensation.4 For these reasons, further improve-
ment in the respiratory function of all premature infants is
highly desirable.

It is hoped that optimal nutrition for preterm infants will
improve many long-term outcomes. Long-chain polyunsatu-
rated fatty acids (LCPUFAs) have been investigated for their
role in inflammation, neurodevelopment, visual function and
growth in newborns. Some LCPUFAs are provided by breast
milk. Premature infants are at risk of deficiency and may benefit
from additional supplementation with LCPUFAs.7

The omega-3 and omega-6 LCPUFAs are required by the
body for cellular structure, function and production of chemi-
cal messengers. The most common omega-6 LCPUFA in the
body is arachidonic acid (AA). AA is converted to thrombox-
ane, prostacyclin and leukotrienes, which respectively drive
clotting, blood vessel constriction and inflammation. Con-
versely, the major omega-3 LCPUFAs, docosahexaenoic acid
(DHA) and eicosapentaenoic acid, are thought to have oppos-
ing effects.8,9 The effectiveness of omega-3 LCPUFAs in the
regulation of airway inflammation and consequent lung func-
tion is uncertain.

Recently, in further analyses of data from the ‘DHA for the
Improvement of Neurodevelopmental Outcome in preterm
infants’ (DINO) trial, we reported that DHA decreased CLD in
boys and infants with birthweight under 1250 g.10 This supports
the theory that an increased amount of DHA in the enteral
nutrition of premature infants may decrease the severity of CLD
through modification of the inflammatory process. Therefore,
we postulated that children supplemented with DHA should
have greater respiratory reserve and require less hospitalisation
for respiratory illnesses later in life. Our aim was to test the
effect of supplemental enteral DHA in high dose (1% DHA)
versus standard (0.3% DHA) on the longer term respiratory
health of prematurely born babies by comparing hospitalisations
for respiratory-related conditions, using follow-up data from
the DINO trial. As there is clinical difficulty in distinguishing
between asthma, viral lower respiratory tract (LRT) infection
and exacerbation of CLD in children less than 18 months of age,
the principal outcome used was hospital admission for any LRT
condition.

Methods

The design of the DINO trial has been previously reported.11

This was a multicentre, randomised, double-blind, controlled
trial of high (1%) versus standard (0.3%) DHA supplementation
in enteral feeds of 657 premature infants recruited in Australia
in 2001–2005. The primary aim of the DINO trial was to test
whether DHA supplementation would improve neurodevelop-
mental outcomes in infants born prematurely. Ethics approval
was obtained from each institution’s review board.

Infants were eligible if born before 33 weeks’ gestation.
Infants in other trials of fatty acid supplementation, or with
major congenital or chromosomal abnormalities, or maternal
contraindication for tuna oil ingestion (allergy or coagulopathy)

were excluded. Treatment was with 900 mg of DHA contained
in six tuna oil capsules given to breastfeeding women to achieve
a breast milk concentration of ~1% DHA of total fatty acids, or
the use of a 1% DHA preterm formula until 40 weeks’ post-
menstrual age. The control group ingested six soy oil capsules
containing no additional fatty acids (if breastfeeding) or used
standard preterm formula with ~0.35% DHA if supplementary
formula required. Randomisation of treatment was by compu-
terised telephone randomisation service. Neurodevelopment
was tested at 18 months’ corrected age. Secondary outcome data
included growth measures, short-term respiratory outcomes,
duration of neonatal hospital stay and other causes of major
morbidity and mortality.10–12

The secondary data used in the present analyses were col-
lected after discharge from the initial hospitalisation. Parental
recall of subsequent hospitalisations and diagnoses were sought
at the ages of term, 4, 12 and 18 months’ corrected age. This
was translated into standard coding diagnoses (Australian Modi-
fication of the International Classification of Diseases, 10th
Revision)13 and categorised into clinically meaningful groups.
Excluded were upper respiratory tract pathologies: croup,
stridor, laryngeal spasm and upper respiratory tract infection.
Other excluded diagnoses related to infections in other loca-
tions of the body, surgical procedures, radiological, vision and
hearing investigations, seizures, injuries, haematological and
dermatological conditions, gastro-oesophageal reflux, obstruc-
tive apnoea, failure to thrive and oximetry for titration of home
oxygen. Short admissions for oximetry in CLD do not indicate
deterioration in respiratory function and were excluded from
respiratory-related reasons for admission. The researchers and
families remained blind to treatment allocation during data col-
lection, categorisation and while the choice of summary statis-
tics used in data analyses was made.

Statistical analyses

To account for the clustering of infants within the mother,
outcomes were analysed using generalised estimating equa-
tions. Proportions hospitalised for LRT conditions were com-
pared between control and high-dose DHA groups using
log-binomial generalised estimating equations, with the effect of
treatment expressed as a relative risk (RR) with 95% confidence
interval (CI). The mean number of hospitalisations per infant for
LRT conditions was compared between groups using log Poisson
generalised estimating equations, with the effect of treatment
expressed as a ratio of means with 95% CI. Adjustments for
gestational age at delivery and infant sex were made in a con-
sistent method with the original study for secondary outcomes.
Subgroup analyses by infant birthweight (<1250 vs. �1250 g)
and sex were performed using factorial models that tested the
interaction between treatment and subgroup. The a priori level
of significance used for all tests was P < 0.05. No adjustment
was made for multiple tests. All statistical analyses followed the
intention-to-treat principle and were performed using SAS
version 9.2 (SAS Institute, Inc., NC, USA).

Results

Of the 657 infants randomised to the study (high-DHA diet 322,
standard-DHA diet 335), re-hospitalisation data were available
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for 648, 626, 615 and 611 infants at term, 4, 12 and 18 months’
corrected age, respectively, with the progressive loss reflective of
18 deaths, and 14 infants who were withdrawn from the study.
Data for each time point were available for 597 infants, a further
51 infants had various combinations of missing data, and for 9,
there were no data available. We conducted a sensitivity analy-
sis on the 597 infants for whom we had complete data, and the
conclusions were unchanged. Given this and that follow-up
data available were similar between groups, we elected for a
more conservative approach and to use as the denominator all
infants randomised to the trial, that is, 657.

One hundred fifty-four (23%) children had a total of 238
admissions for LRT conditions for the period between dis-
charge home and 18 months’ corrected age (Table 1). The most
common admission diagnosis was for bronchiolitis caused by
either the respiratory syncytial virus or an unspecified patho-
gen (73%, 173/238) (Table 1), followed by asthma (11%,
27/238). The mean number of admissions per child for LRT
conditions was 0.36 (standard deviation (SD) 0.86). In children

whose birthweight was below 1250 g, 27% (80/296) had 128
admissions for LRT conditions (mean 0.43 (SD 0.92) admis-
sions per child).

Overall, there were no statistically significant differences
detected between the high- and standard-DHA groups in pro-
portions hospitalised or in the mean number of admissions per
infant for LRT conditions. Twenty-two per cent (72/322) of
infants provided with a high-DHA diet were admitted with an
LRT condition at least once, compared with 25% (82/335) in
the standard-DHA group (adjusted RR = 0.92; 95% CI 0.68,
1.24; P = 0.57) (Table 2). There was a significant difference in
the effect of treatment between the proportion of male and
female infants hospitalised for LRT conditions (sex–treatment
interaction P = 0.046). The proportion of boys hospitalised was
reduced in the high-DHA group, but this did not reach signifi-
cance (high DHA 19% vs. standard DHA 28%; adjusted RR
0.69; 95% CI 0.46, 1.04; P = 0.08) (Table 2). There was no
interaction effect by birthweight criteria (<1250 or �1250 g,
adjusted P = 0.94).

Table 1 Proportion of admissions attributed to specific lower respiratory tract diagnoses

Diagnosis (ICD-10 code) Number of

admissions

Proportion of total

admissions (%)

Pertussis (A37.0) 3 1.3

Pneumonia (J18.9) 17 7.1

Acute bronchitis (J20.9) 3 1.3

Respiratory syncytial virus bronchiolitis (J21.0) 21 8.8

Bronchiolitis – pathogen unspecified (J21.9) 152 63.9

Lower respiratory tract infection (J22) 8 3.4

Asthma (J45.9) 27 11.3

Cough (R05) 1 0.4

Wheezing (R06.0) 3 1.3

Apnoea – excluding obstructive apnoea (R06.8) 3 1.3

Total 238 100

ICD-10, International Classification of Diseases, 10th revision.

Table 2 Proportion of infants hospitalised for lower respiratory tract conditions

Outcome High DHA Standard DHA Unadjusted Adjusted†

n (%) n (%) RR (95% CI) RR (95% CI)

One or more hospitalisations for

lower respiratory conditions

72/322 (22.4) 82/335 (24.5) 0.91 (0.67, 1.24) P = 0.56 0.92 (0.68, 1.24) P = 0.57

Birthweight <1250 g‡ 38/147 (25.9) 42/149 (28.2) 0.92 (0.62, 1.36) P = 0.69 0.92 (0.62, 1.37) P = 0.70

Birthweight >1250 g‡ 34/175 (19.4) 40/186 (21.5) 0.90 (0.58, 1.41) P = 0.65 0.90 (0.58, 1.41) P = 0.66

Male§ 33/173 (19.1) 50/182 (27.5) 0.69 (0.46, 1.05) P = 0.08 0.69 (0.46, 1.04) P = 0.08

Female§ 39/149 (26.2) 32/153 (20.9) 1.25 (0.81, 1.93) P = 0.31 1.25 (0.81, 1.94) P = 0.31

†Adjusted for gestational age at delivery and sex as per other DINO analyses. ‡For one or more hospitalisations for lower respiratory conditions ¥ birthweight

interaction; P = 0.96 unadjusted, P = 0.94 adjusted. §For one or more hospitalisations for lower respiratory conditions ¥ sex interaction; P = 0.048

unadjusted, P = 0.046 adjusted. CI, confidence interval; DHA, docosahexaenoic acid; DINO, DHA for the Improvement of Neurodevelopmental Outcome of

preterm infants.
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Similarly, the mean number of LRT admissions per infant was
no different overall between high- and standard-DHA groups,
with 0.34 (SD 0.84) and 0.38 (SD 0.88) admissions per infant,
respectively (adjusted ratio of means = 0.91; 95% CI 0.63, 1.32;
P = 0.62) (Table 3). There was no interaction effect by birth-
weight criteria or sex for the mean number of LRT-related
admissions per infant.

Discussion

The DINO trial was one of the first to provide high-dose DHA
(~1%) to preterm infants, irrespective of the mode of feeding
in a randomised, double-blind, controlled trial.11 It is also the
largest study of DHA supplementation in preterm infants to
report respiratory sequelae up to 18 months’ corrected age.
One-third of infants born weighing less than 1250 g were
affected by LRT hospitalisation, which indicates reduced respi-
ratory reserve and impacts on family life and health-care costs.
The results are likely to be directly applicable to clinical practice,
as they included a representative population of Australian
neonates. There were considerable strengths in the study
design, resulting in robust and useful long-term data acquisition
in multiple measures of outcome from a large number of
infants. This enabled our analysis of secondary data to test the
effects of DHA on respiratory health in early childhood.

Our analyses benefit from the combination of all causes of
LRT illness as an outcome measure. This removes the difficulty
in obtaining a specific, accurate diagnosis from parents and
clinicians while maintaining clinical relevance. However, limi-
tations of this analysis were the use of secondary data from a
study powered to test the effects of DHA on neurodevelopment
and reliance on parental report of hospitalisation and diagnosis.
Parents were contacted several times over the 18 months, which
attempted to improve accuracy of recall. Bias should be mini-
mised by use of blinded data.

Neither the proportion of infants hospitalised nor the mean
number of hospitalisations for LRT illnesses was significantly
improved with the 1% DHA provision. However, boys
responded differently to girls. A decreased proportion of boys
were admitted in the high-DHA group, but this did not reach

statistical significance. Manley et al., using the short-term respi-
ratory outcomes from the DINO data, reported a reduction in
CLD incidence only in the subgroups of males and smallest
babies, but not overall.10 Differential effects of DHA on the sexes
were also found on neurodevelopmental outcomes in this
cohort,11 with physiological plausibility possibly related to meta-
bolic differences in fatty acid metabolism.14

There are several possibilities for the lack of consistent
improvement in respiratory outcomes with DHA supplementa-
tion so far. DHA dose and timing of intervention may need to be
optimised. Very low birthweight babies have difficulty in estab-
lishing enteral feeds, and standard parenteral nutrition does not
usually contain long-chain omega-3 fatty acids. Animal studies
suggest that DHA increases surfactant production,15,16 and there-
fore, adequate provision may decrease the initial RDS. In addi-
tion, the inflammatory cascade contributing to CLD starts in the
first month of life when minimal DHA is provided. Calculations
suggest that 1% DHA enterally equates to placental accretion.11

However, more may be required to compensate for the defi-
ciency developed before enteral nutrition can be established,
estimated at 1.5% DHA.7 The ratio of DHA to AA may also prove
to be an important factor, as this determines cytokine release in
alveolar cell studies.17 Future research is required to test the
effect of increased provision of DHA from the time of birth by
parenteral nutrition, continuation with higher enteral supple-
mentation, or the use of altered ratio of DHA relative to AA.

The ideal balance or degree of inflammation required to
enable early lung function and prevent later CLD is not known.
While early inflammation triggers lung maturation, persisting
proinflammatory conditions are thought to lead to respiratory
impairment through prevention of lung development.1,3 The
effects of DHA could help reduce ongoing inflammation and
subsequent CLD. LCPUFAs have been found to alter multiple
aspects of the immune system of infants.18 Alterations of gene
expression, cellular signalling, membrane organisation as well
as leukotriene metabolism have all been described.9,19 The
diverse mechanisms of action found may explain why the
effects of omega-3 LCPUFAs on hyperinflammatory or allergic
respiratory conditions are varied. A review of studies concluded
there may be benefit in childhood asthma, but no benefit in

Table 3 Mean number of admissions per infant for lower respiratory tract conditions

Outcome High DHA Standard DHA Unadjusted Adjusted†

Mean (SD) Mean (SD) Ratio of means (95% CI) Ratio of means (95% CI)

Mean number of hospitalisations for

lower respiratory conditions per infant

0.34 (0.84) 0.38 (0.88) 0.91 (0.63, 1.32) P = 0.62 0.91 (0.63, 1.32) P = 0.62

Birthweight <1250 g‡ 0.44 (1.01) 0.42 (0.82) 1.05 (0.64, 1.70) P = 0.86 1.05 (0.64, 1.71) P = 0.85

Birthweight >1250 g‡ 0.26 (0.66) 0.34 (0.93) 0.76 (0.44, 1.32) P = 0.33 0.77 (0.44, 1.33) P = 0.34

Male§ 0.32 (0.82) 0.38 (0.73) 0.84 (0.52, 1.36) P = 0.48 0.83 (0.51, 1.34) P = 0.45

Female§ 0.38 (0.87) 0.38 (1.03) 0.99 (0.56, 1.75) P = 0.98 1.00 (0.56, 1.77) P = 1.00

†Adjusted for gestational age and sex as per other DINO analyses. ‡For the mean number of hospitalisations for lower respiratory conditions ¥ birthweight

interaction; P = 0.40 unadjusted, P = 0.40 adjusted. §For the mean number of hospitalisations for lower respiratory conditions ¥ sex interaction; P = 0.66

unadjusted, P = 0.63 adjusted. CI, confidence interval; DHA, docosahexaenoic acid; DINO, DHA for the Improvement of Neurodevelopmental Outcome of

preterm infants; SD, standard deviation.
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adults with asthma.9 Advantage was suggested in a mouse
model in which increased lung omega-3 PUFAs lessened allergic
airway response.20 Furthermore, DHA reduced cytokine expres-
sion and antigen presenting cell maturation in cellular models21

and reduced the cytokine response to a common allergen in
formula-fed infants.22 Mixed outcomes were found in a mouse
model of RDS treated with DHA, as lung leukocyte numbers
were lower in response to hyperoxic damage, but other inflam-
matory mediators and survival were not altered.23 The 80 adults
included in a phase II trial for acute respiratory distress syn-
drome (ARDS) did not improve with omega-3 lipids,24 despite
promising immediate responses seen in cytokine levels in a
smaller study of adults with ARDS.25 There also is a suggestion
that the timing of DHA supplementation may determine the
subsequent maturation and polarisation of the immune system
to avoid atopy and autoimmunity.18

Inflammation can be functional or damaging, depending on
the situation. While we have not shown the benefit with DHA
supplementation, we have not shown harm in this vulnerable
population, and indeed, there is a suggestion of benefit in
boys. Studies show immunosuppressive effects of omega-3
PUFAs on T cells and antigen presentation,19 which may
explain the protection against autoimmunity, but interestingly,
the majority of studies show improved immune response to
infection, for example, infants who were given formula con-
taining LCPUFAs, which had a greater response to anti-
gens,22,26,27 or the suggestion of faster immune maturation.28

DHA was found to protect against bronchiolitis in infants
under 1 year of age in an unblinded, non-randomised study.29

This is significant, as preterm babies have reduced cellular
immunity, coinciding with lower levels of AA in immune
cells.30 However, there were similar rates of sepsis and necro-
tising enterocolitis in both arms of the DINO study11 and in an
earlier systematic review of premature infants supplemented
with DHA.31 These comparisons were limited due to low rates
of these outcomes. Our analysis did not find an adverse effect
on later respiratory illnesses.

Premature babies continue to require hospital admission fre-
quently in infancy for respiratory causes. Our analysis does not
support a significant effect of early DHA supplementation on
respiratory inflammation either through alteration of childhood
consequences of CLD, avoidance of later infections or asthma as
measured by admission to hospital. Further understanding of
the inflammatory process involved in CLD may help devise and
direct therapies to prevent CLD; such therapies may involve a
higher dose of DHA or manipulation of the ratio of DHA to AA.
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