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ABSTRACT 23 

Very premature infants are at high risk of neonatal and long-term morbidity. This study will 24 

evaluate the association between the docosahexaenoic acid (DHA) intake provided to very 25 

preterm infants ≤ 29 wk gestation through breast milk and (i) occurrence of bronchopulmonary 26 

dysplasia (BPD), retinopathy of prematurity (ROP) and intraventricular haemorrhage (IVH) and 27 

(ii) growth and neurodevelopment at 18 months corrected age. Preterms (n=12) whose 28 

breastfeeding mothers received early DHA supplementation were compared to controls whose 29 

mothers did not receive DHA supplementation (n=24). Occurrence of BPD, ROP and IVH was 30 

collected at corrected age 36 wk gestation. Growth and neurodevelopment (Bayley scales) were 31 

assessed at 18 months. Rate of BPD was lower but not statistically significant in the DHA group 32 

compared to control (25% vs. 45%, p=0.10). The amount of DHA (mg/(kg·d)) provided to 33 

infants at d 49 through breast milk was associated with better Bayley cognitive scores at 18 34 

months in the control group (p=0.02), but not in the DHA group (p=0.89), suggesting a ceiling 35 

effect of DHA supplementation on cognitive development. The amount of DHA needed to 36 

reduce short and long-term morbidity in very preterm infants may vary in regards of the 37 

outcome. 38 

39 
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40 

INTRODUCTION 41 

Very premature infants born before 30 weeks (wk) of gestation are at high risk of 42 

bronchopulmonary dysplasia (BDP), retinopathy of prematurity (ROP) and intraventricular 43 

haemorrhage (IVH). Inflammation is a critical factor responsible for these neonatal adverse 44 

outcomes (1, 2). Modulation of inflammation is possible throughout nutrition such as 45 

consumption of long-chain polyunsaturated fatty acids (LCPUFA) like docosahexaenoic acid 46 

(DHA).  47 

Moreover, LCPUFA contribute to fetal growth and to child brain and retinal development (3). 48 

DHA is of particular interest because it plays a key role in the structure and function of cellular 49 

membranes. DHA has to be provided in the diet (4) because it is not efficiently synthesized from 50 

its precursor alpha-linolenic acid in humans (5). Since the third trimester is a critical period of 51 

growth and development, premature infants are at higher risk of developing DHA deficiency. 52 

Also, these babies have lower fat stocks at birth (3) and they grow faster than babies born at 53 

term. However, the Cochrane systematic review showed that current evidence is limited to 54 

support or refute the need for supplementing very preterm infants with LCPUFA in order to 55 

improve growth and development (6).   56 

Nevertheless, we previously reported that supplementing lactating mothers with DHA early after 57 

delivery resulted in a significant increase in the DHA intake provided to very preterm infants 58 

over the first 49 days (d) of life (7). Using this cohort of very preterms born ≤29 wk gestation 59 

(n=36), our objective was therefore to evaluate potential association between infant’s DHA 60 

intake at d 49 and (i) occurrence of BPD, ROP and IVH and (ii) infant’s growth and 61 

neurodevelopment at 18 months corrected age.  62 
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 63 

PATIENS AND METHODS 64 

Participants 65 

All parents of children who had been recruited in the previous study (7) were invited to 66 

participate to the follow-up study. Follow-up took place from 2009 to 2011 at the Centre Mère-67 

Enfant, Centre Hospitalier Universitaire de l’Université Laval (Laval University, Quebec City, 68 

Canada) and Hôpital Sainte-Justine (University of Montreal, Montreal, Canada). The research 69 

ethics committees of both institutions approved the study. All participants gave informed written 70 

consent for the follow-up.  71 

Primary objectives and recruitment of the cohort have been reported in details elsewhere (7). 72 

Briefly, mother-infant dyads were recruited 72 h post delivery at the neonatal unit of each 73 

participating center. Infants were eligible if born ≤ 29 wk gestation if their mothers planned to 74 

breastfeed and infants were not small for gestational age.  In the DHA group, infants (n=12) were 75 

fed with high DHA concentration breast milk following their mother’s supplementation with 76 

DHA (1200 mg/d) (DHASCO, Mead Johnson Nutrition). DHA supplementation started the first 77 

week after birth up to corrected age 36 wk gestation (7). A control group (n=24) of very preterm 78 

infants born ≤ 29 wk gestation whose mothers did not receive DHA supplementation was 79 

recruited in parallel for comparison.  80 

In both groups, the amount of total daily enteral intake (fluids including formula and breast milk) 81 

was collected from the baby’s chart during week 7 post natal. DHA was dosed in breast milk at d 82 

49. Thus, the mean total intake of DHA (mg/(kg·d)) at d 49 was calculated using the DHA 83 

concentrations of the fluids, the total fluid intake and the mean body weight during the week .As 84 

previously reported, the infants in the DHA group received significantly more DHA at d 49 than 85 
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the infants in the control group (55 ± 38 mg/(kg·d) versus 7 ± 11 mg/(kg·d) respectively, 86 

p<0.001) (7). This difference in enteral DHA intake reflects the impact of the regular DHA 87 

supplementation of the lactating mothers since birth.  88 

Neonatal outcomes  89 

Neonatal outcomes were collected from the Canadian Neonatal Network Database (CNN), a 90 

national database used to follow neonatal outcomes and updated by neonatologists (8). The CNN 91 

data of four infants were not available and were collected from their medical charts using the 92 

same criteria. Outcome assessors were blinded of the group assigned to the participants. 93 

Bronchopulmonary dysplasia was defined as oxygen dependence at corrected age 36 wk 94 

gestation after an attempt to withdrawal oxygen (9). Intraventricular haemorrhage was defined 95 

according to the international classification of disease based on echographic data (10). 96 

Retinopathy of prematurity was defined according to the International Classification of 97 

Retinopathy of Prematurity (ICROP) (11) based on the worst clinical ophthalmologist exam after 98 

corrected age 32 wk gestation. Infants with the diagnostic of ROP at any time before corrected 99 

age 36 wk gestation were recorded as positive for ROP.   100 

Outcomes at 18 months 101 

All the infants included in this study were invited to the follow up visit at 18 months corrected 102 

age. An experienced interdisciplinary team evaluated each child. A nurse and a trained research 103 

assistant assessed anthropometric measurements such as head circumference, length and weight. 104 

Skin folds (biceps, triceps, scapular, iliac) were measured with a Harpenden calliper. A 105 

psychologist filled out the Bayley Scale of Infant and Toddler Development, Third Edition (12) 106 

which was used to assess cognitive, language, motor and global development. Outcome assessors 107 

were blinded of the group assigned to the participants. 108 
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Data analysis 109 

The Fisher’s exact test was used to examine the association between group and dichotomic 110 

outcomes (BPD, ROP, IVH). These associations were tested into logistic regression models 111 

(PROC LOGISTIC) before and after adjustment for age and sex. The associations between 112 

dichotomic outcomes and mean DHA amounts provided to the infants at d 49 were tested into 113 

logistic regression models (PROC GLIMMIX) including group and interaction between group 114 

and the DHA parameter. If the interaction was positive, a p-value stratified analysis was 115 

provided for each group. Means of continuous outcomes (weight, length, head circumference, 116 

Bayley scores) were compared between groups using non-parametric Wilcoxon-Mann-Whitney 117 

tests, and then separately tested into generalized linear models (PROC GLM) adjusted for age 118 

and sex. The association between continuous outcomes and DHA intake at d 49 was also tested 119 

into generalized linear regression models including group and the interaction between group and 120 

DHA intake at d 49. If the interaction was positive, a stratified analysis was provided for each 121 

group. All analyses were done with the SAS 9.2 software.  122 

 123 

RESULTS 124 

Children characteristics  125 

Neonatal characteristics (Table 1) were reported for infants in the DHA supplemented group 126 

(n=12) and in control group (n = 24). No significant difference was observed in participant 127 

characteristics. In the DHA group, 10 infants attended the follow up visit at 18 months corrected 128 

age. Reasons for drop out were geographical (n=1) and administrative (n=1) reasons. In the 129 

control group (n=24), 4 infants did not attend the 18 months corrected age follow up visit. Two 130 

children dropped out due to geographical reasons and the two others died in the neonatal period, 131 
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one of pulmonary and cerebral haemorrhage at day 3 (n=1) and the other of severe sepsis at d 29 132 

(n=1). Age of patients at the follow up visit was similar in both groups (18.5 ± 1.2 months).  133 

Neonatal outcomes  134 

The proportions of BPD were 3/12 (25%) and 10/22 (45%) in the DHA and control groups 135 

respectively (p = 0.10 after adjustment for gestational age and sex) (Table 2). The occurrence of 136 

BPD was not associated with the amount of DHA intake (mg/(kg·d)) provided through maternal 137 

breast milk to the infant at d 49 postnatal. Furthermore, the difference in proportions of IVH and 138 

ROP were not statistically significant (Table 2).  139 

Growth at 18 months 140 

Weight, height, head circumference and skinfolds at 18 months corrected age were similar in 141 

both groups (Table 3). Stratified analyses for groups suggested a negative association between 142 

DHA intake at d 49 (mg/(kg·d)) and weight at 18 months in the control group (Table 4). No 143 

association was found between the intake of DHA (mg/(kg·d)) provided through maternal breast 144 

milk to the infant at d 49 postnatal and head circumference, length or skin folds.  145 

Neurodevelopment at 18 months 146 

The Bayley cognitive, motor and language scores at 18 months corrected age in the DHA group 147 

were not statistically different from the control group even after adjustment for sex and age 148 

(Table 3). However, stratified analyses showed that the intake of DHA (mg/(kg·d)) provided 149 

through maternal breast milk to the preterm at d 49 was positively associated (β = 0.35) with the 150 

Bayley cognitive score at 18 months corrected age in the control group (p = 0.02), but not in the 151 

DHA group (p=0.89) (Table 4 and Figure 1). This association was not significant for the Bayley 152 

language or motor scores (Table 4).  153 

 154 
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DISCUSSION 155 

This study evaluated the association between DHA intake provided through beast milk to very 156 

preterm infants at d 49 and (i) occurrence of bronchopulmonary dysplasia (BPD), retinopathy of 157 

prematurity (ROP) and intraventricular haemorrhage (IVH) and (ii) infant’s growth and 158 

neurodevelopment at 18 months corrected age.  159 

Our study showed a potential reduction of BPD in very premature infants receiving high DHA 160 

doses through breast milk from DHA-supplemented mothers. This outcome is very important 161 

since infants discharged with BPD have an increased risk of respiratory morbidity requiring 162 

more medical resources in the preschool years (13). Therefore, preventing BPD in very preterm 163 

infants is of critical importance. Moreover, our results are consistent with those of the DINO 164 

clinical trial since they reported a decrease in the need for oxygen treatment at corrected age 36 165 

wk gestation in a DHA supplemented preterm group with birth weight < 1250 g compared to a 166 

non-supplemented control group (34% in DHA supplemented vs. 47% in control, p=0.04) (14). 167 

Development of BPD is highly depending on inflammation due to oxygen, mechanical 168 

ventilation and infection (2). DHA is an anti-inflammatory precursor (15) to the inflammatory 169 

cascade supporting why its role in BPD is important to investigate considering our finding (16). 170 

In animal models, DHA supplementation reduces the expression of inflammatory cytokines in 171 

response to endotoxin exposure in rats (17). Also, omega-3 LCPUFA have been shown to reduce 172 

inflammation following neonatal hypoxic-ischemic brain injuries in newborn mice (1). In 173 

addition, high DHA intake increases the production of dipalmatylphosphatidylcholine, the major 174 

surfactant lipid in the foetal and neonatal lung of newborn mice exposed to hyperoxia (18). 175 

Altogether, it is therefore possible that DHA intake reduces neonatal morbidity due to BPD 176 



 

 9

because of its role in reducing inflammation. Therefore, this link needs further primary clinical 177 

investigations since BPD is a multifactorial disease.  178 

Our results also showed that DHA did not reduce incidence of retinopathy of prematurity and 179 

this is in line with the results from the Cochrane systematic review (6). However, this review, 180 

studied only the impact of enteral DHA supplementation on neonatal outcomes. Pawlik et al 181 

hypothesizes that the dose and the mode of administration of DHA (intravenous vs dietary) could 182 

lead to different effects on the incidence and severity of ROP. Indeed, they report that 183 

intravenous fish-oil fat emulsion supplementation may reduce the risk of severe ROP in very low 184 

birth weight infants (<1250g) (19).  185 

In agreement with other studies, no adverse effect was shown on growth (20). Moreover, DHA 186 

effect on neurodevelopment of preterm is still debated (21, 22). However, our data suggests that 187 

long-term outcomes are associated with the total enteral intake of DHA. From our results, DHA 188 

intake at d 49 was significantly associated with cognitive development at 18 months but only in 189 

the control group. This result suggested that very premature infants receiving between 20-40 190 

mg/(kg·d) of DHA at d 49 have a better Bayley cognitive score. But at higher DHA doses such as 191 

the children in the DHA group, the scores were not significantly improved. However, this result 192 

has to be interpreted with caution because the limited number of children and because the diet of 193 

the babies between d 49 and 18 months was not recorded. Therefore, the diet of the babies in the 194 

DHA-group may not have been enriched in DHA between d 49 and 18 months of age such that 195 

the diet of the DHA-supplemented babies was similar to that of the control-diet babies. This is a 196 

limitation to the study because during this period, the brain continues to grow and there is a need 197 

for DHA. Therefore, our results suggest a role for DHA in neurodevelopment but at levels that 198 

may be reached without high DHA-supplementation of the mothers. The threshold of DHA 199 
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intake that the mother needs to take for optimal neurodevelopment of the babies seems to be 200 

lower than 1200 mg/d. We also speculate that neurodevelopment in babies may reach a plateau 201 

after reaching an optimal DHA intake. 202 

This study had limitations due to the small number of participants limiting the statistical 203 

significance of the results. Although the patients were not randomised, both our groups had were 204 

similar. Furthermore, the strength of the study is that DHA intake at d 49 was quantified based 205 

on the real amount of milk provided to the infants, which is thought to reflect the nutritional 206 

status of the preterm. By contrast with previous studies, all infants received supplementation 207 

through breastfeeding and both groups received a high percentage of breast milk intake up to d 208 

49 (7).  209 

 210 

CONCLUSION 211 

High DHA supplementation of breastfeeding mothers early after delivery of a very preterm 212 

infant (≤29 wk of gestation) is potentially associated with lower risk of BPD.  More studies are 213 

needed to determine the optimal amount of DHA needed by the very preterm infants to decrease 214 

short and long-term morbidity.   215 
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FIGURE LEGENDS 284 

 285 

Figure 1. Association between DHA intake provided to the preterm at d 49 and Bayley cognitive 286 

score at 18 months corrected age according to the group.  ∆DHA group, Control group. 287 
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Table 1. Children characteristics  

Characteristicsa 
 

DHA (n = 12) 
 

 
Control (n = 24) 

 
 
 
Gestational age, wk 
 
Birth weight, g 
 
Birth height, cm 
 
Birth head circumferenceb, cm 
 
Female, n (%) 
  
Respiratory distress syndrome, n (%) 
 
Received antenatal corticosteroidsc, n (%) 
 
Received surfactant in the first day, n (%) 
 
Patent ductus arteriosus, n (%)  
 
Necrotizing enterocolitis, n (%) 
 
Suspected maternal infectiond, n (%) 
 
Suspected secondary infection, n (%)  
 
Death, n (%) 

27.6 ± 1.5 
 

1013 ± 301 
 

36.6 ± 3.8 
 

25.6 ± 1.6 
 

6 (50) 
 

11 (92) 
 

11 (100) 
 

9 (75) 
 

6 (50) 
 

1 (8) 
 

8 (73) 
 

4 (33) 
 

0 (0) 

27.7 ± 1.1 
 

1046 ± 195 
 

36.2 ± 2.1 
 

26.1 ± 3.5 
 

15 (63) 
 

19 (79) 
 

17 (85) 
 

18 (75) 
 

16 (67) 
 

3 (13) 
 

16 (67) 
 

10 (42) 
 

2 (8) 

aValues are Mean ± SD or n (%) 
bInformation missing for n = 3 (DHA) and n = 4 (control) 
cInformation missing for n = 1 (DHA) and n = 4 (control) 
dInformation missing for n = 1 (DHA) 
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Table 2. Neonatal outcomes at corrected age 36 wk gestation according to the dietary group of 
very preterm infants 
 

Outcomes 
DHA 

(n = 12)
Control 

(n = 24)
OR (95% CI) * p* 

 

 
Bronchopulmonary dysplasiaa, n (%)  
  

 3 (25)  10 (45) 0.10 (0.01-1.52) 0.10

Intraventricular haemorrhage, n (%) 2 (17) 8  (33) 0.27 (0.04-1.83) 0.18

Retinopathy of prematurity a, n (%) 6 (50) 12 (55) 0.75 (0.13-4.27) 0.74

*Adjusted for gestational age and sex 
a 2 infants died in before 36 wk gestation in control group 
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Table 3. Growth and Bayley neurodevelopment scores at 18 months corrected age according to 
the dietary group of very preterm infants 
 

Outcomes DHA (n = 10) Control  
(n = 20) 

p*

 
 
Weight, kg 
 
Height, cm 
 
Head circumference, cm 
 
Skinfolds, mm 
   Biceps 
   Triceps 
   Scapulary 
   Iliac 
 
Bayley cognitive score  
 
Bayley language score  
 
Bayley motor score 
 

 

10.3 ± 0.8

80.4 ± 3.2

47.3 ± 1.8

6.3 ± 1.7
10.0 ± 3.0
6.9 ± 2.8
9.0 ± 4.9

103.0 ± 7.1

98 ±12.0

95.6 ± 7.3

 

11.0 ± 1.6

81.5 ± 2.7

47.0 ± 1.1

5.7 ± 2.1
9.2 ± 3.1
5.1 ± 1.8
 7.7 ± 3.2

102.0 ±7.7

89.8 ± 16.3

93.0 ± 8.4

0.41
 

0.62

0.28

0.64
0.75
0.14
0.91

 
0.85

0.22

0.42

*Adjusted for gestational age and sex 
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Table 4. Association between DHA intake (mg/(kg.d)) provided to the infant at d 49 and 
outcomes at 18 months corrected age stratified for the group 
 

Outcomes β (95% CI) p 

 
Weight, kg 
   DHA group 
   Control group 
 
Bayley’s cognitive score 
   DHA group 
   Control group 
 
 

 
 

0.01 (-0.01-0.02) 
-0.07 (-0.13-0) 

 
 

0.01 (-0.14-0.16) 
0.35 (0.06-0.65) 

 
 

 
 

0.76 
0.05 

 
 

0.87 
0.02 
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