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neurodevelopment of infants was the primary outcome; 
it was assessed using the ages and stages questionnaire 
(ASQ) at 4- and a-6  months of age. The growth of these 
infants was measured using weight, length and head cir-
cumference. The participants, the caregivers, and those 
assessing the outcomes were blind to the group assignment.
Results  Only one woman in the placebo group discontin-
ued the intervention because of persistent severe nausea. 
All 75 neonates aged 4- and a-6 months in the fish oil sup-
plementation group, along with 73 and 71 neonates aged 4 
and 6 months, respectively in the placebo group, were fol-
lowed and analysed. Although the mean scores of neurode-
velopment at the end of 4 and 6 months were higher in the 
supplemented group than in the placebo group in each ASQ 
domain, a statistically significant difference was observed 
only in the communication domain at the 4th month 
(adjusted mean difference 2.63; 95% confidence interval 
0.36–4.89). There was no significant difference in weight, 
length, or head circumference between the two groups of 
infants aged 4 and 6 months (P ≥ 0.05).
Conclusion  Based on the results, perinatal fish oil sup-
plementation is beneficial for the communication domain 
of neurodevelopment of 4-month-old infants. The study 
results relating to the supplementation effect on other 
domains are inconclusive. There ought to be further stud-
ies with up-to-date lipidomic analysis to find biochemical 
correlate compared to an intervention and developmental 
finding.
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Abstract 
Introduction  Long-chain polyunsaturated fatty acids, the 
most abundant fatty acids in the brain, are essential for the 
growth and development of the brain and the retina.
Objective  To evaluate the effect of fish oil supplementa-
tion on the development (primary outcome) and growth of 
4- and 6-month-old infants.
Methods  In this triple-blind randomized controlled trial, 
150 pregnant women aged 18–35 years, who were referred 
to healthcare centres of Tabriz-Iran, were randomly allo-
cated into two groups. One group of women consumed fish 
oil supplementation (containing 120  mg docosahexaenoic 
acid and 180  mg eicosapentaenoic acid) daily, while the 
other consumed a placebo from the 20th  week of preg-
nancy till 30  days after childbirth in a parallel design by 
a computer-generated block randomization scheme. The 
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Introduction

The growth of the foetus and small infants, especially 
their brains during the last trimester of pregnancy and the 
first year of life, is exceptionally fast and depends on the 
quality of their environment and the mother’s nutrition 
[1].

Fish oil contains a long chain of omega-3 fatty acids 
of docosahexaenoic acid (DHA) (22:6 n-3) and eicosap-
entaenoic acid (EPA) (20:5 n-3) [2]. Long-chain polyun-
saturated fatty acids (LCPUFAs) particularly DHA, are the 
most abundant fatty acids in the brain; they are essential 
for the growth and development of the brain and the retina 
[3]. The known functions of DHA are neurogenesis, neu-
rotransmission, and protection of the brain and the retina 
from oxidative agents [4]. DHA, during the second half of 
pregnancy and during the first 2 years of life, accumulates 
in the brain [5]. DHA is transferred from the mother during 
pregnancy through the placenta and after birth via breast 
milk. The maternal serum concentration of DHA is reduced 
after childbirth significantly; it is dependent on the moth-
er’s intake. Therefore, a dietary source rich in DHA guar-
antees higher levels of DHA in breast milk [6, 7]. DHA can 
also be synthesized in the body from the essential fatty acid 
(EFA) alpha-linolenic acid (ALA) in very limited amounts 
[8, 9]. Most studies estimate that the conversion of ALA 
to EPA is about 5% with less than 1% into DHA [10]. The 
omega-3 precursor (ALA) is found in some plant sources 
such as walnuts and flax seeds [11]. However, fish oil (FO) 
and marine oils derived from algae contain a longer chain 
omega-3 of DHA and EPA [2, 12].

The European Commission and the International Soci-
ety of the Study of Fatty Acids and Lipids specifically sug-
gest that pregnant and breastfeeding mothers should receive 
at least 200 mg of DHA daily [13]. During pregnancy, the 
required amount of omega-3 to support the normal develop-
ment of foetal brain and eye probably increased [14]. Those 
infants whose mothers were supplemented with 200  mg 
of DHA daily for 4  months after childbirth obtained sig-
nificantly higher Bayley psychomotor development index 
score after 30 months [6]. Some of the trials related to the 
intake of FO during pregnancy have shown that it helps 
subsequent mental development of infants and children, but 
the results were not convincing and also inconsistent [2]. 
Currently, there is insufficient evidence to support or refute 
LCPUFA supplementation for lactating mothers to promote 
child growth and development [4]. A cochrane systematic 
review concluded that the most randomized controlled tri-
als (RCTs) on prenatal FO supplementation have been 
performed in the high-income countries. Thus, the find-
ings might not be generalized to the population of low- and 
middle-income countries [2]. Therefore, this study aimed 
to evaluate the effect of perinatal FO supplementation on 

the growth and neurodevelopment of 4- and 6-month-old 
infants in Tabriz, Iran.

Materials and methods

Study design and participants

This was a triple-blind randomized placebo-controlled trial 
carried out in Tabriz, Iran. The study population included 
4- and 6-month-old infants whose mothers participated in 
the trial. The mothers’ inclusion criteria were the follow-
ing: being pregnant within the age of 18–35 years in first 
to fifth gravidity, being at the first half of gestation with 
singleton, low-risk pregnancy, having a household health 
record in recruitment healthcare centres, consent to par-
ticipate in the study, ability to read and write, and having 
a fixed cell phone number. The exclusion criteria were: his-
tory of allergy to FO or other fish products, consumption of 
fish more than two times a week, taking anticoagulants, and 
pre-pregnancy body mass index of more than 30 kg/m2.

The eligibility criteria for the infants were the following: 
alive infants at 4 and 6  months of age, absence of major 
congenital anomalies, and obvious gastrointestinal or meta-
bolic disorders.

The primary outcome measure was the infants’ neurode-
velopment status at the end of 4 and 6 months; the major 
secondary outcome parameter was the absence of neo-
nates in the treatment group. The other secondary outcome 
parameters were weight, height, and head circumference at 
birth, 4 and 6 months.

The sample size has been estimated as 75 for each 
group, considering the results of a study in Iran [15]. It 
was calculated based on the mean scores for all domains 
at 4 and 6 months, regarding m1 = 50.26 (mean develop-
ment score in fine motor domain at 6 months of age with 
highest SD), m2 = 57.79 (considering at least 15% increase 
through this intervention), SD1 = SD2 = 12.08, α = 0.05, 
β = 0.05, two-tailed test, and account for the possibility of 
up to 10% study drop out, the total sample size was calcu-
lated as 150 infants. The other domains in the study [15] 
resulted in smaller sample size.

Sampling

After obtaining the approval of the Ethics Committee of 
Research and the vice-chancellor of the Tabriz Univer-
sity of Medical Sciences (92141), and also after regis-
tering the study in the Iranian registry of clinical trials 
(IRCT2013100914957 N1), 5 out of 27 public healthcare 
centres of Tabriz which had the most referrals for pregnant 
women were selected. The written informed consent form 
was signed by all the participants.
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Randomization and intervention

The recruited women were randomly assigned into the fol-
lowing two groups: (1) FO daily supplementation capsule 
about 1000 mg fish oil containing 120 mg of DHA, 180 mg 
of EPA; (2) placebo (each capsule contained 1000 mg liq-
uid paraffin) with similar shape, size, and weight. The allo-
cation sequence was determined by a computer-generated 
randomization scheme with the block sizes of four and six 
and the allocation ratio 1:1. The stratification was done 
based on gravidity (first, second, or more) so that 1–75 
numbers were allocated to nulliparous women and 76–150 
to multiparous women. As many as 30 packages were allo-
cated to each centre with sequential numbering (15 for 
nulliparous and 15 for multiparous women). The FO and 
placebo capsules were produced by the Zahravi pharma-
ceutical company in Tabriz, Iran. The daily dose of the FO 
or placebo capsules was 1000 mg once a day, from the end 
of the 20th week of pregnancy till 30 days after birth (about 
24 weeks, 168 capsules).

The analysis of fish oil capsules’ composition has been 
given in the following: DHA: 12.15%, EPA: 18.21%, ARA: 
1.43%, myristate (14:0): 0.76%, palmitate (16:0): 28.90, 
trans palmitate (16:1t): 1.18%, cis palmitoleate (16:1c): 
9.69%, stearate (18:0): 6.72%. trans oleate (18:1t): 0.04%, 
oleate (18:1C): 16.95%, linoleate (18:2): 2.03%, arachidate 
(20:0): 1.56%, linolenate (18:3): 0.09%, CLA 9–11: 0.08%, 
CLA 10–12: 0.21%.

The cold vapour atomic absorption spectrometry (CV-
AAS) method was used to ensure the absence of mercury 
in the FO capsules; after measuring and examining three 
capsules three times, no mercury was found in the FO 
capsules.

To conceal allocation and to preserve blinding, a person 
not involved in the recruitment and data collection deter-
mined the allocation sequence and placed the FO and pla-
cebo capsules inside the packages according to the alloca-
tion sequence. The capsules were placed into two packets 
for 10 and 14  weeks of use (containing 70 and 98 cap-
sules). These two packets were placed in opaque, identical, 
and sequentially numbered packages.

The participants were taught how to take the capsules 
and cautioned not to forget their medication. The first 
packet was given in the second pregnancy visit (weeks 
16–20), while the second packet was given in the third 
pregnancy visit (weeks 26–30), after ensuring that the 
capsules from the previous packet had been consumed. 
Non-involved staff at the five healthcare centres (Shahidan 
Ebrahimi; Hafez; Emamieh; Seid Bavafa; Abouzar; Tabriz, 
Iran) checked out the consumed capsules sheets and daily 
recording checklist. Additionally, to follow the medication 
consumption, phone calls were made to the participants in 
24 and 34 weeks of pregnancy, and through 3–7 days after 

birth. The participants, healthcare providers, data collec-
tors, and those assessing the outcomes were blind in this 
study.

Assessment of study variables

A self-reporting questionnaire was used to collect data 
about maternal socio-demographic and fertility character-
istics. The validity of this tool that is content validity was 
confirmed by ten academic faculty members. The mothers’ 
pre-pregnancy height and weight, the newborns’ data such 
as anthropometric indices at birth, sex, gestational age, and 
mode of delivery, and the infants’ data regarding anthro-
pometric indices and breastfeeding at the end of 4 and 
6 months were obtained from healthcare records.

The neurodevelopment status of 4- and 6-month-old 
infants were evaluated by means of age and stages ques-
tionnaire (ASQ-2). The ASQ second edition is a 30-item, 
parent-completed developmental screening instrument 
with age-specific versions from 4  months to 5  years. The 
versions are organized by age into domains of communi-
cation, gross motor, fine motor, problem solving, and per-
sonal-social. Each domain was evaluated by six items. The 
parents report development of specific skills by respond-
ing ‘not yet’, ‘sometimes’, or ‘yes’ and are asked open-
ended questions regarding general concerns. The ASQ is 
considered to have failed when the score is two standard 
deviations below the mean in each area (P < 0.05). In these 
cases, the infant should be referred for more detailed fol-
low-up and evaluation [16, 17]. The sensitivity and speci-
ficity of the ASQ measured in different studies are 75 and 
95%, respectively [18]. The questionnaire was translated 
into Persian, and its validity and reliability was approved 
[19].

For measuring the serum levels of DHA, EPA, and 
ARA (Arachidonic acid) at the baseline and 35–37 weeks 
of pregnancy, 3  cc of fasting blood was taken from the 
participants. The samples were immediately centri-
fuged (Hettich, Universal 320, Germany) at 3500  rpm for 
10 min and sent to the laboratory at the Faculty of Medi-
cine, Tabriz, Iran for fatty acid analysis. The gas chroma-
tography equipment (Buck Scientific, Model 610) with a 
60 m × 0.25 mm × 0.2 μm column (Teknokroma TR-CN 
100) was applied, and the area under the curve peak was 
calculated for measurements. Data were analysed with the 
Peak Simple Chromatography Software from SRI Instru-
ments. The results were displayed as a percentage of total 
FAs.

The infants’ weight and height were assessed using 
a lever scale with a precision of 0.1  kg (Seca, Germany) 
and a stadiometer table accurate to 0.1  cm in the supine 
position without shoes and hats (Laica, Italy). The head 
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circumference (HC) was measured using a 2 m long meas-
uring tape (Laica, Italy).

Statistical analysis

The Kolmogorov–Smirnov test was used to confirm the 
normal distribution of continuous variables. General char-
acteristics were compared between two groups using the 
independent t test for continuous variables and Chi square 
and Fisher’s exact test for categorical variables. Analysis of 
covariance, repeated measures ANOVA, and binary logis-
tic regression were used for testing the differences between 
the two groups in terms of ASQ scores and anthropometric 
indices and in terms of the frequency of subnormal neu-
rodevelopmental test, respectively. Assumptions related to 
model fit consisted of independence of observations, linear-
ity, outliers, homogeneity of variances, homoscedasticity, 
and normality were assessed.

All analyses were done using the Statistical Package for 
Social Sciences version 21 and were based on the inten-
tion-to-treat approach. P < 0.05 was considered as statisti-
cally significant.

Results

In this study, 652 women were assessed for eligibility; 
502 were excluded for not meeting the eligibility crite-
ria (n  =  192) or for declining to participate in the study 
(n  =  310). Finally, 150 women were randomly allocated 
into FO supplementation or placebo groups (75 per group). 
Two neonatal losses to follow-up occurred at the end of the 
4th month in the placebo group: one was because of neona-
tal death on the third day due to congenital abnormality and 
the other one was related to family relocation. Addition-
ally, two more infant losses happened at the end of the 6th 
month in the placebo group (one due to relocation and the 
other because of the inability to come to the centre). There 
was no loss of follow-up in the FO supplementation group 
(Fig. 1). There were no significant differences between the 
two groups in terms of baseline characteristics. Low birth 
weight (LBW) as a major secondary outcome was signifi-
cantly less prevalent in the supplemented group compared 
to the same in the control group [0 versus 5 (6.7%)]. The 
two study groups were similar in terms of other character-
istics and measurements at birth. The mean gestational age 
of infants at birth was 39.3 (SD:1.2) weeks (Table 1).

Fig. 1   Summary of patient flow 
diagram

Analysed at month 4 of age (n=73)
Analysed at month 6 of age (n=71)

Analysed at month 4 of age (n=75)
Analysed at month 6 of age (n=75)

Pregnant women assessed for 
eligibility at 16-20 weeks (n = 652) 

Excluded (n=502)

• Not meeting inclusion criteria 
(n=192)

• Declined to participate (n=310)

-75 Infants were available for study at 
month 4 of age

-75 Infants were available for study at 
month 6 of age  

Lost to follow-up (n=0)
Discontinued intervention (n=1)

Allocated to fish oil supplements (n=75)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

Allocated to placebo (n=75)

-73 Infants were available for study at 
month 4 of age.
• 1 neonatal death due to congenital abnormality
• 1 family relocated and changed phone number
-71 Infants were available for study at 
month 6 of age
• 1 parent couldn’t refer to center
• 1 family relocated and changed phone number

Allocation

Follow-Up

Analysis

Randomized (n= 150)

Enrollment
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About two-thirds of the women in both groups (67% in 
fish oil, 73% in placebo group) reported not consuming 
any fish in the last month. The others consumed fish or its 
products only once/twice in a week or one to two times per 
month (P = 0.68).

Maternal serum DHA, EPA, and ARA fatty acid levels

The mean (SD) maternal serum proportion of DHA fatty 
acid at 35–37 weeks significantly increased in the interven-
tion group [0.57 (0.2) versus 0.39  ±  0.2 placebo group] 
(adjusted MD  =  0.15 [95% CI 0.08–0.23]). The mean 
(SD) serum proportion of EPA and ARA fatty acids at 

35–37 weeks was not different (P = 0.12) (Table 2), as pub-
lished in previous studies [20].

Neurodevelopmental status

We examined five domains at two ages (ten endpoints) and 
found a statistically significant association at one age in one 
domain. Although the mean scores of neurodevelopment 
were higher in the supplemented group compared to that 
in the placebo group at 4 and 6 months of age, a statisti-
cally significant difference was observed only in the com-
munication domain at 4  months (adjusted MD 2.63; 95% 
CI 0.36–4.89) (Table 3).

Table 1   Baseline and 
background characteristics of 
infants by intervention groups

All numbers are given as number (percent) except those specified as Mean (SD)
Their mothers randomly assigned to receive fish oil or placebo capsules from week 20 of pregnancy to 
30 days after birth
SD standard deviation
* Analysis of covariance, adjusted for the child’s sex, mother’s gravidity
†  Independent t test
‡  Trend χ2

§  Chi-square
¥  Fisher’s exact test was used

General characteristics Fish oil (n = 75) Placebo (n = 75) P

Maternal data
 Age (years), mean (SD) 25.9 (4.8) 26.9 (4.5) 0.19†

 Education (years)
  Primary school (1–5) 14 (18.7) 15 (20.0)
  Secondary school (6–8) 23 (30.7) 14 (18.7) 0.44‡

  High school (9–12) 33 (44.0) 39 (52.0)
  University (>12) 5 (6.7) 7 (9.3)

 Occupation
  Housewife 74 (98.7) 74 (98.7) 1.00¥

 Family income
  Adequate 15 (20.0) 13 (17.3)
  Relatively adequate 44 (58.7) 50 (66.7) 0.58‡

  Non adequate 16 (21.3) 12 (16.0)
  Pre-pregnancy weight (kg), mean (SD) 60.4 (9.3) 60.4 (10.4) 0.99†

  BMI (kg/m2), mean (SD) 23.8 (3.5) 23.9 (3.7)
 Gravidity
  1 38 (50.7) 37 (49.3)
  2 28 (37.3) 27 (36) 0.96§

  3, 4 9 (12.0) 11 (14.7)
 Mode of delivery
  Vaginal delivery 44 (59.5) 42 (56.0) 0.74¥

  Cesarean section 30 (40.5) 33 (44.0)
 Newborn data
  Female sex 33 (44) 29 (38.7) 0.61¥

  Gestational age (week), mean (SD) 39.3 (1.2) 39.2 (1.3) 0.91*
  Low birth weight (<2500 g) 0 (0.0) 5 (6.7) 0.02¥
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The neurodevelopmental mean (SD) score of 4 out of 
5 LBW infants (one infant died on the first day of life) 
in communication, gross motor, fine motor, problem solv-
ing, and personal–social domains were 52.5 (8.6), 51.2 
(14.3), 52.5 (6.4), 54.8 (8.2), and 57.5 (2.9), respectively, 
at 4  months of age. They were 52.5 (6.4), 35.0 (12.9), 
53.7 (6.3), 54.7 (7.1), and 40.0 (12.9), respectively, at 
6 months.

Three (3.9%) subnormal neurodevelopment tests 
(below 2 SD less than mean scores) were observed in 
the FO-supplemented group, as opposed to the eight 
(11%) observed in the placebo group at the end of the 4th 
month, across the different domains (adjusted odds ratio 
0.33; 95% CI 0.08–1.32).

At the end of the 6th month, four (5.2%) subnormal 
neurodevelopment tests (below 2 SD less than mean 
scores) were observed in the FO-supplemented group, 
while seven (9.8%) were observed in the placebo group 
across the different domains (adjusted odds ratio 0.33; 
95% CI 0.08–1.32). However, these differences were not 
statistically significant (Table 4).

Anthropometric measures

There were no significant differences between the supple-
mented and the placebo groups in terms of mean infant 
weight (adjusted difference, 0.11; 95% CI, −0.07 to 0.28), 
infant length (adjusted difference; 0.12 95% CI, −0.52 to 
0.76), and infant head circumference (adjusted difference, 
−0.03; 95% CI, −0.38 to 0.30) (Table 5).

Exclusively breastfed infants

There were no significant differences between the supple-
mented and placebo groups in terms of the frequency of 
exclusively breastfeeding at 4  months (91% versus 99%, 
P = 0.17) and at 6 months (85 versus 94%; P = 0.22).

Side events

The reported side events were nausea in 7 (9.3%) partici-
pants and unpleasant taste in 6 (8%) women in the fish oil 
group. These frequencies were 10 (13.3%) for nausea and 

Table 2   Maternal serum DHA, EPA and ARA proportions in total fatty acids in the study groups

All numbers were given as mean (SD)
DHA Docosahexaenoic acid, EPA Eicosapentaenoic acid, ARA Arachidonic acid, P0 Independent-samples t test for between groups’ comparison 
at baseline, P1 Analysis of covariance for between groups’ comparison after intervention adjusted for baseline values, gravid and recruitment 
center

Fatty acids Fish oil Placebo P0 Adjusted MD (95% CI) P1

Baseline 35–37 weeks Baseline 35–37 weeks

DHA (22:6 n-3) 0.19 (0.1) 0.57 (0.2) 0.19 (0.1) 0.39 (0.2) 0.88 0.15 (0.08–0.23) <0.001
EPA (20:5 n-3) 0.15 (0.1) 0.25 (0.1) 0.16 (0.1) 0.23 (0.1) 0.41 0.04 (−0.01 to 0.08) 0.12
ARA (20:4 n-6) 4.61 (1.7) 4.42 (1.6) 5.23 (1.8) 5.13 (1.5) 0.05 −0.11 (−0.46 to 0.05) 0.12

Table 3   Neurodevelopmental mean scores at 4 and 6 months of age in infants by study groups

Interaction of time and group was statistically significant in communication domain: time and group effect: 0.04, time effect: 0.26
Their mothers were randomly assigned to receive fish oil or placebo capsules from week 20 of pregnancy to 30 days after birth
ASQ Ages and Stages Questionnaire, Second Edition
†  Adjusted for the child’s sex, mother’s gravidity
±  P values were calculated using repeated measures ANOVA
¥  P values were calculated using analysis of covariance for communication at month 4 and 6

ASQ-2 and domains Month 4 Month 6 Adjusted difference† (95% CI) P value±

Fish oil (n = 75) Placebo (n = 73) Fish oil (n = 75) Placebo (n = 71)

Gross motor 55.2 (7.9) 54.9 (8.7) 50.1 (10.4) 48.9 (11.2) 0.71 (−1.81 to 3.22) 0.57
Fine motor 53.2 (8.8) 52.1 (10.5) 55.8 (8.8) 54.6 (8.4) 1.13 (−1.33 to 3.59) 0.36
Problem solving 56.5 (6.0) 54.9 (9.6) 56.5 (8.2) 55.7 (6.9) 1.14 (−1.02 to 3.30) 0.29
Personal–social 54.2 (8.3) 53.1 (8.7) 52.1 (10.2) 51.3 (10.8) 0.82 (−1.56 to 3.21) 0.49
Communication4 54.8 (5.3) 52.1 (8.5) – – 2.63 (0.36–4.89) 0.02 ¥

Communication6 – – 55.8 (5.9) 55.4 (6.1) 0.66 (−1.28 to 2.61) 0.50¥
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10 (13.3%) for unpleasant taste in the placebo group. Vom-
iting and mild diarrhoea was reported only in 1 (1.33%) 
participant in the intervention group and stomach pain in 
1 (1.33%) in the placebo group. These events occurred 
mostly in the early use and did not prevent taking the cap-
sules in the fish oil group.

Discussion

Supplementation with fish oil significantly increased the 
serum levels of DHA. However, the increment of EPA 
serum levels was not significant.

LCPUFAs, specifically ARA and DHA, accrue rapidly 
in the grey matter of the brain during development [21–23]. 
DHA is the main component of the nervous system and 
accumulates quickly in the brain during late pregnancy and 
early postpartum period [24, 25]. ARA is involved in cell-
signalling pathways and cell division; it acts as an inflam-
matory precursor for eicosanoids [26]. Among 20 edible 
fatty acids, only omega-3 and omega-6 fatty acids cannot 
be synthesized in body [27]. Unlike omega-6, omega-3 
intake is at a less than favourable level and their ratio is 
undesirable [27–29]—this resembles the case of a previous 
study on our population where the ratio was 60:1 [20].

DHA is either taken from the diet or may be converted 
into small amounts from EPA via docosapentaenoic acid 

Table 4   Proportion of 4- and 6-month-old infants with subnormal neurodevelopmental test (below 2 SD less than mean scores) by study groups

Their mothers randomly assigned to receive fish oil or placebo capsules from week 20 of pregnancy to 30 days after birth
ASQ Ages and Stages Questionnaire, Second Edition
†  Adjusted for the child’s sex, mother’s gravidity
±  P values were calculated using binary logistic regression

Domains of ASQ Fish oil Placebo Adjusted odds ratio (95% CI) P value

Subnormal, no. 
(%)

Patients, no. Subnormal, no. 
(%)

Patients, no.

ASQ-2, 4 months
 Communication4 0 (0.0) 75 1 (1.4) 73 0.00 (0.00) 0.997
 Gross motor4 1 (1.3) 75 1 (1.4) 73 0.98 (0.06–17.32) 0.99
 Fine motor4 0 (0.0) 75 2 (2.7) 73 0.00 (0.00) 0.996
 Problem solving4 1 (1.3) 75 3 (4.1) 73 0.34 (0.03–3.46) 0.37
 Personal-social4 1 (1.3) 75 1 (1.4) 73 0.99 (0.06–16.59) 0.99
 Total 3 (3.9) 75 8 (11) 73 0.33 (0.08–1.32) 0.11

ASQ-2, 6 month
 Communication6 0 (0.0) 75 0 (0.0) 71 – –
 Gross motor6 0 (0.0) 75 0 (0.0) 71 – –
 Fine motor6 2 (2.7) 75 3 (4.2) 71 0.61 (0.10–3.83) 0.60
 Problem solving6 1 (1.3) 75 2 (2.8) 71 0.51 (0.04–5.94) 0.59
 Personal-Social6 1 (1.3) 75 2 (2.8) 71 0.49 (0.04–5.62) 0.56
 Total 4 (5.3) 75 7 (9.8) 71 0.52 (0.14–1.86) 0.31

Table 5   Growth indicators at birth, 4 and 6-month-old infants by study groups

Their mothers were randomly assigned to receive fish oil or placebo capsules from week 20 of pregnancy to 30 days after birth
HC head circumference
†  Adjusted for the child’s sex, prematurity, mother’s gravidity
±  P values were calculated using repeated measures ANOVA

Growth indicators At birth Month 4 Month 6 Adjusted difference† 
(95% CI)

P value±

Fish oil (n = 75) Placebo (n = 75) Fish oil (n = 75) Placebo (n = 73) Fish oil (n = 75) Placebo (n = 71)

Weight (kg) 3.26 (0.36) 3.23 (0.43) 6.96 (0.75) 6.84 (1.13) 7.98 (0.83) 7.84 (0.85) 0.11 (−0.07 to 0.28) 0.25
Length (m) 49.5 (2.3) 49.5 (2.4) 63.4 (2.3) 63.3 (2.3) 67.1 (2.9) 66.9 (2.4) 0.12 (−0.52 to 0.76) 0.72
HC (cm) 34.7 (1.4) 34.7 (1.5) 41.4 (1.2) 41.5 (1.4) 43.0 (1.2) 43.2 (1.5) −0.03 (−0.38 to 

0.30)
0.83
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(DPA, 22:5 ω-3) as an intermediate [30]. Using higher 
doses of fish oil supplements may increase significantly 
the serum EPA and decrease its conversion into DHA. EPA 
competes with ARA for responsible enzymes of eicosanoid 
production (cyclooxygenase, lipoxygenase) [31].

In the present study, the consumption of FO supplements 
(1000 mg/day) from week 20 of pregnancy to 30 days after 
childbirth significantly improved only the mean score of the 
communication domain in 4-month-old infants. Although 
supplementation reduced significantly the rate of LBW [0 
versus 5 (6.7%)], it is impossible to statistically compare 
the development status of LBW infants among groups in 
this study.

Fat is stored in adipose tissue during early pregnancy, 
but it is broken later in pregnancy [32], leading to higher 
levels of free fatty acids in the blood and actively trans-
fer them to the foetus [33]. Stopping this mechanism after 
delivery, accompanied with cessation of supplementation, 
may down DHA serum levels and return the newborn to its 
normal development within 2 months (month 4–6).

Only cross-sectional studies in Iran have used the ASQ 
questionnaire for screening of children’s neurodevelop-
ment. Delayed development was reported in 11.8% of the 
normal children aged 4–60  months [34]. It was reported 
to be 3.69–4.31% in other studies in the developmental 
domains—the high frequency was related to fine motor 
and personal-social skills [35], which is consistent with our 
findings in the placebo group.

Data from observational studies has indicated that 
omega-3 fatty acid consumption during pregnancy—
either in the diet or through supplements—is correlated 
to enhanced neurodevelopmental outcomes in the children 
[36–38].

However, the results of RCTs on the effect of supple-
mentation with n-3 LCPUFAs on the infant neurodevelop-
ment are contradictory.

Considering the fact that 50–60% of the dry weight of 
the adult brain is fatty acids (FAs) [39] and a large per-
centage of these are LCPUFAs, it is likely that the acces-
sibility to specific FAs during development are important 
for neurodevelopment [40]. High levels of LCPUFAs have 
been found in the basal ganglia, thalamus, hippocampus, 
and pre- and post-central cortices in neonates of rats and 
baboons, suggesting that LCPUFAs affect sensorimotor 
integration and memory [39, 41]. Recently, studies have 
suggested that relatively small reductions of DHA could 
lead to subtle performance defects that are difficult to rec-
ognize [5].

Makrides et al., in an RCT conducted in Australia, have 
concluded that the use of 800 mg/day DHA-rich FO cap-
sules during pregnancy compared to taking three 500-mg/
day vegetable oil capsules without DHA in the control 
group did not result in improved cognitive and language 

development in the offspring during early childhood [38]. 
Other researchers have evaluated the effects of DHA, 
DHA + AA, or placebo during pregnancy and lactation on 
neurodevelopment at 18 months. Maternal DHA (220 mg/
day, n = 41) or DHA + AA (220 mg/day, n = 39) supple-
mentation did not influence neurodevelopment at that age, 
although some parameters of brain development are related 
to perinatal DHA and AA status [42].

The review study of Jensen et al. has shown that DHA 
supplementation of breastfeeding mothers has resulted 
in higher scores on the Bayley psychomotor development 
index at 30 months of age, but caused no other difference 
either at or before this age [6].

The results of a meta-analysis showed no significant or 
consistent effects of supplementation with LCPUFA in the 
different areas of neurodevelopment [4].

Makrides et  al., in a review study, have assessed the 
results of two large-scale clinical trials in which equal 
dietary doses of DHA were evaluated. They concluded 
that DHA supplementation after birth appeared to be more 
effective in improving the neurodevelopmental outcome of 
preterm children, rather than supplementation with DHA 
capsules during pregnancy [43].

In another study, Auestad et al. have followed full-term 
infants for 39  months and did not observe a significant 
improvement in the results of different mental and motor 
development tests after prescription of DHA (n = 65), or 
ARA and DHA (n = 66) to 1 year of age [44].

Bouwstra et  al. have also studied healthy full-term 
infants, reporting improvement effects of formula sup-
plemented with LCPUFA on 2- or 3-month-old infants by 
measuring the quality of general movements as an indicator 
of brain function [45].

Fewtrell et al., have indicated significant positive effects 
in the mental development index component of the Bay-
ley scale of 195 formula-fed preterm infants (birth weight 
<1750 g, gestation <37 weeks), at 18 months [46].

In the review study, the effect of LCPUFA supplemen-
tation on children’s neurodevelopment has been studied in 
full-term infants who received supplemented formula after 
birth. Included studies indicated a positive effect of LCP-
UFA on neurodevelopment in early infancy, but its positive 
effects at a later stage have not been observed [47]. There 
is no accessible data on the long-term neurodevelopmental 
effects. It is possible that, the effects of LCPUFA supple-
mentation re-emerge at school age, much like the effect of 
breastfeeding on children’s development [42].

It appears that maternal and infant supplementation 
might be more effective on enhancing the neurodevelop-
ment outcomes in vulnerable individuals such as preterm 
infants [46]. The various regions of the brain differ in terms 
of fatty acid composition. Thus, it may fail to influence the 
domains’ outcomes of the developmental tests [48].
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The mothers and infants with suboptimal baseline sta-
tus of LCPUFA, especially DHA, benefit more than others 
from supplementation. The beneficial effects of DHA in 
maternal supplementation studies are mainly found in tod-
dlers and older infants, and their effects do not seem to be 
dose-dependent [49, 50].

The Cochrane systematic review, based on limited evi-
dence, reports that LCPUFA supplements for breastfeeding 
mothers do not appear to improve the neurological develop-
ment of term born children [4].

A high variety of developmental tests was used in the 
different studies; these tests may not be sensitive or consist-
ent enough.

The results of our study showed no significant differ-
ences between the two groups in terms of anthropometric 
measures (weight, length, or head circumference).

Gonzalez–Casanova, in accordance with our study, 
observed that prenatal DHA supplementation did not affect 
height, weight, or BMI during 60 months of age [51].

Rogers et al. found that DHA supplementation does not 
appear to affect the growth of infants [39], although a few 
studies have shown benefits for preterm infants [52, 53].

The Cochrane systematic review evaluated the effect 
of LCPUFA supplementation of breastfeeding mothers on 
improving child growth and development. They indicated 
that no significant differences were found for children’s 
weight at the short- and long-term follow ups. Supplemen-
tation with LCPUFA had not shown a significant effect 
on children at short (up to 12 months) and middle terms. 
There were significant differences in favour of the control 
group for long-term data. Supplementation with LCPUFA 
has not showed a significant effect on the head circumfer-
ence of children in the short-term. For the long-term data, 
significant differences were found in one study in favour of 
the experimental group [4].

According to the results of present study, the maternal 
serum composition of DHA and EPA was very low in com-
parison to the European and USA studies [20]. The PUFA 
status of the developing foetus depends on the maternal 
PUFA status [54]. Therefore, Fish oil supplementation 
along with presenting dietary recommendations about 
proper intake of fish products by health care providers 
seems beneficial during pregnancy especially in the women 
with low consumption of these products.

We evaluated the short-term effects of FO supplementa-
tion on the neurodevelopment and growth of infants, with 
the use of ASQ questionnaire as a parent-reported instru-
ment in early ages. The pregnant women referred to the 
healthcare centres with low-risk pregnancies were recruited 
in our study. Therefore, the scope of generalization of the 
results might be limited. It is suggested that further studies 
be conducted with a larger sample size of people represent-
ative of the whole community, with short- and long-term 

follow-up especially in the settings where there is low con-
sumption of fish. The gold standard research testing along 
with ASQ should ideally be used for such studies. Further-
more, it is proposed to evaluate the impact of FO supple-
mentation on neurodevelopment and growth measures of 
preterm compared to term infants.

Another limitation of this study was not measuring the 
omega-3 fatty acid in the breast milk and the plasma lipid 
fractions of the offspring.

This study has several strong points: it is well designed 
with random assignment of participants, triple blinded and 
nearly complete follow-up. Pregnant women were equally 
allocated into two groups according to parity using the 
stratification method. To ensure the safety of the medica-
tions, the levels of mercury were re-investigated in the FO 
capsules.

Conclusion

The main concern of our research was to determine if DHA 
consumption in women of child-bearing age in Iran, espe-
cially in Azerbaijan province, has an impact on optimal 
neurodevelopment. Based upon the study results, fish oil 
supplementation can be concluded to be beneficial only for 
the communication domain of neurodevelopment among 
4-month-old infants. In this study, the results related to the 
supplementation effect on the other domains were incon-
clusive, but establish a need for further research in this 
field, with up-to-date lipidomic analysis to find biochemical 
correlate relative to intervention and developmental find-
ings. Although N-3 LCPUFAs are important for children’s 
development, multiple studies have not supported this con-
clusion. There may be several reasons: most trials have 
been short studies of supplementation after birth, perhaps 
the endpoints selected have not been sensitive enough to 
detect changes, and the dosage may have been inadequate.
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