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REVIEW

Effect of maternal n-3 long-chain polyunsaturated fatty acid
supplementation during pregnancy and/or lactation on
adiposity in childhood: a systematic review and meta-analysis
of randomized controlled trials
N Stratakis1,2, M Gielen1, L Chatzi2 and MP Zeegers1
It is hypothesized that prenatal and early postnatal exposure to n-3 long-chain polyunsaturated fatty acids (LCPUFAs) is negatively
associated with adiposity later in life. We conducted a systematic review and meta-analysis to evaluate whether maternal n-3
LCPUFA supplementation in pregnancy and/or lactation exerts a beneﬁcial effect on adiposity status in childhood. We searched six
electronic databases till 20 May 2014 for randomized controlled trials (RCTs) of n-3 LCPUFA supplementation to pregnant and/or
lactating women that reported data on body mass index (BMI), waist circumference, sum of skinfold thicknesses or body fat mass in
children. Adiposity measures were grouped into three age categories: preschool children (o 5 years), school-aged children (6–12
years), and adolescents (413 years). Trial quality was assessed. We conducted ﬁxed-effect and random-effects meta-analyses to
combine study-speciﬁc estimates of differences between the supplemented and control groups. A total of 6 RCTs (9 publications)
involving 2847 participants were included. Summary estimates showed no effect of maternal supplementation on BMI in preschool
(standardized mean difference (SMD) = 0.07, 95% conﬁdence interval (CI) = − 0.22, 0.36, P = 0.65) and school-aged children
(SMD = 0.12, 95% CI = − 0.06, 0.30, P = 0.20). Because of sparse data, it was not possible to pool study results relating to other
adiposity measures. There is currently no evidence to support that n-3 LCPUFA supplementation during pregnancy and/or lactation
favourably affects child adiposity. Further high-quality trials are needed.
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INTRODUCTION
Excess adiposity in childhood represents a major health concern in
the Western world. It is estimated that approximately 30% of
children and adolescents in the United States and about 15–30%
of those in Europe can be classiﬁed as overweight or obese,
according to the body mass index (BMI) cutoffs proposed by the
International Obesity Taskforce.1,2 The obesity-associated vascular
and metabolic disurbances can be already seen at young ages,3
and accumulating evidence suggests that childhood obesity
strongly predicts adult morbidity, particularly cardiometabolic
morbidity, and premature mortality.4
Multiple factors are likely to contribute to obesity
development.5,6 An increasing body of evidence now suggests
that the nutritional environment encountered in utero and the
early postnatal life may elicit permanent alterations in adipose
tissue structure or function and, thereby, programme the
individual’s propensity to later obesity.7,8 In this context, there
has been considerable interest in the potential programming
effect of fatty acid composition of the diet of pregnant and
breastfeeding women, and particularly the ratio of n-6-to-n-3
long-chain polyunsaturated fatty acids (LCPUFAs). The composition of fatty acids in the Western diets has shifted toward an
increasing dominance of n-6 relative to n-3 LCPUFAs over the past

decades.9,10 This shift is also reﬂected in the fatty acid composition
of breast milk.9 Evidence from animal studies suggests that the n-6
LCPUFA arachidonic acid promotes adipose tissue deposition,
whereas the n-3 LCPUFAs eicosapentaenoic acid and docosahexaenoic acid seem to exert an opposite effect. Hence it has been
hypothesized that increasing the intake of n-3 LCPUFAs during the
early development of adipose tissue may help prevent childhood
obesity.11
Some prospective cohort studies have shown a beneﬁcial effect
of prenatal or early postnatal exposure to n-3 LCPUFAs on later
adiposity,12,13 whereas others have failed to ﬁnd such an
effect.14,15 Randomized controlled trials (RCTs) of maternal n-3
LCPUFA supplementation during pregnancy and/or lactation have
also yielded conﬂicting results, and most of them had only modest
sample sizes. Two systematic reviews have attempted to evaluate
this body of literature.16,17 However, these reviews have carried
out only a qualitative assessment of trial results. Besides that, the
reviews have not included many recently published trials.18–20
A comprehensive systematic review of RCTs for which results are
quantiﬁed in a meta-analysis is needed to enhance the precision
of the estimated supplementation effect.
Thus we conducted a systematic review in accordance
with the Cochrane methodology21 to evaluate whether n-3
LCPUFA supplementation, as compared with a control regimen,
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in pregnancy and/or lactation exerts a beneﬁcial effect on
adiposity status in childhood. The primary outcome of interest
was BMI. Secondary outcomes of interest included body fat mass,
waist circumference and sum of skinfold thicknesses.
MATERIALS AND METHODS
We followed the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines22 for this review
(Supplementary Information). The protocol of this review has
not been published.
Search strategy
The Pubmed (http://www.ncbi.nlm.nih.gov/pubmed; since 1966),
EMBASE (http://www.ovid.com; since 1974), Cumulative Index to
Nursing and Allied Health Literature (CINAHL; http://www.
ebscohost.com/academic/cinahl-plus-with-full-text; since 1981),
Cochrane Central Register of Controlled Trials (CENTRAL; Issue 5,
2014), Google Scholar (http://www.scholar.google.com), and
Clinicaltrials.gov (http://www.clinicaltrials.gov) databases were
searched till 20 May 2014 for relevant articles evaluating the
association between n-3 LCPUFA supplementation in pregnancy
and/or lactation with child adiposity. Searches were tailored to
each database and combined various terms related to n-3
LCPUFAs (for example, ﬁsh oil, omega-3 fatty acids, essential fatty
acids, docosahexaenoic acid, eicosapentaenoic acid), pregnancy or
lactation (for example, intrauterine, fetus, antenatal, postnatal,
prenatal, perinatal, breastfeeding), adiposity status (for example,
fat mass, anthropometry, body mass index, skinfold thickness,
waist, obesity) and study design (for example, randomized,
placebo, clinical trial) by using controlled vocabulary and text
words. See Supplementary Information for the complete search
strategy. Furthermore, Google Scholar and the Science Citation
Index were searched in order to ﬁnd highly cited publications
relevant to the hypothesis under study. Reference lists of eligible
articles and previous reviews identiﬁed from this search were also
scanned to reveal other potentially relevant trials. No language or
publication restrictions were applied, although searches were
limited to human studies.
Study selection
Studies were eligible for inclusion if they were RCTs of
supplementation with n-3 LCPUFAs, as compared with a control
regimen, to pregnant and/or lactating women and reported data
on at least one of the outcomes of interest in healthy children. The
primary outcome of interest was BMI. Secondary outcomes of
interest included body fat mass, waist circumference and sum of
skinfold thicknessess. Trials including co-interventions were
considered only if co-interventions were balanced between the
study groups. Titles, abstracts and then full-text reports of
potentially relevant articles were assessed for inclusion independently by two review authors (NS and MG), and any discrepancies
were resolved through discussion.
Data extraction and assessment of trial quality
For each eligible study, two review authors (NS and MG)
independently extracted the following data: general information
(published/unpublished, title, authors, journal citation, contact
address, country of origin, language, year of publication, notable
conﬂicts of interest of trial authors); trial characteristics (design,
methods used for sequence generation and allocation concealment, blinding); participant characteristics (inclusion/exclusion
criteria, total number in the intervention and control groups,
age, withdrawals/losses to follow-up, comparability of groups,
intention-to-treat analysis); intervention and control regimen
(type, dose, timing of delivery, duration); and adiposity outcomes
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(means and SDs at the end of follow-up for the intervention and
control groups). Inconsistencies were checked and resolved
through discussion. Additional information was requested,23–25
and provided only from Asserhoj et al.24
Two authors (NS and MG) independently assessed the quality of
included trials by using the following criteria: randomization
technique, concealment of allocation, blinding and loss to followup for each class of outcomes.22,26,27 We categorized each
criterion as adequate, inadequate or unclear. Randomization was
considered adequate when a random process was used to
generate the sequences (for example, computer-generated
random numbers) and inadequate when any non-random process
was used (for example, case record numbers). Allocation concealment was considered adequate when the concealment process
did not allow investigators and participants to identify the
upcoming assignments (for example, sequentially number,
opaque, sealed envelopes) and inadequate when inappropriate
methods were used (for example, unsealed or non-opaque
envelopes). Blinding was considered adequate when participants
and outcome assessors were not aware of the group allocation
and inadequate when the group allocation was known to
participants or outcome assessors. Loss to follow-up was
considered adequate when missing outcome data were o 20%
or balanced between groups and inadequate when missing
outcome data were imbalanced between groups. Any disagreements were resolved through discussion or, when necessary,
through consultation with a third reviewer (MPZ).
Data synthesis and analysis
To take into account growth and maturation during childhood,
each adiposity measure (BMI, body fat mass, waist circumference
and sum of skinfold thicknesses) was assessed according to the
following age categories in children: preschool children (o 5
years), school-aged children (6–12 years), and adolescents (413
years). The effect size of maternal n-3 LCPUFA supplementation
was deﬁned as the difference in each adiposity measure at the
end of follow-up between children in the supplemented group
and those in the control group. We present effect estimates as
mean difference (MD) and as standardized mean difference (SMD)
when BMI was reported with different metrics between studies,
with their corresponding 95% CIs. Owing to the paucity of
available data, we pooled study results relating to BMI only for
preschool (o 5 years) and school-aged (6–12 y) children.
Additionally, it was not possible to combine study results relating
to the other adiposity measures, and a summary of the effect sizes
in individual studies was presented.
Heterogeneity of the effect sizes for BMI between studies was
assessed by using the Q test and I2 statistic, which indicates the
proportion of variability in the pooled estimate that is attributable
to heterogeneity.28,29 If the P-value of Q test was below 0.10, or I2
exceeded 50%, we considered heterogeneity to be substantial and
used a random-effects meta-analysis to model it; otherwise,
a ﬁxed-effect meta-analysis was used. We planned to investigate
whether there were differential effects of maternal n-3 LCPUFA
supplementation by the timing of intervention (pregnancy,
pregnancy and lactation or lactation), maternal prepregnancy or
booking BMI (underweight, normal weight, overweight, or obese),
birth weight (low, normal or high) or maturity (preterm-born or
term-born children). Because of the limited available data,
subgroup analyses were based only on the timing of intervention.
Interaction tests were used to assess subgroup differences.30 To
examine the potential effects of n-3 LCPUFA dose and age on BMI,
we performed meta-regression analysis.31 We planned to carry out
sensitivity analysis on the basis of trial quality by excluding the
trials rated as inadequate or unclear for randomization, allocation
concealment, blinding or loss to follow-up; however, all trials were
judged to be inadequate or unclear for at least one of these criteria.
© 2014 Macmillan Publishers Limited
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We examined whether any single study exerted an undue
inﬂuence on the overall pooled estimate by recalculating the
pooled estimates while omitting one study at a time (inﬂuence
analysis). The potential for publication bias was assessed with the
use of Egger’s test32 and the Duval and Tweedie nonparametric
‘trim and ﬁll’ method.33 The ‘trim and ﬁll’ method estimates the
number of hypothetical missing studies in a meta-analysis and the
effect that these studies might have had on the summary
estimate.33 Statistical analyses were performed by using STATA,
version 13.0 (StataCorp, College Station, TX, USA). Statistical
signiﬁcance was set at P o 0.05, unless otherwise stated.
RESULTS
Study selection
Figure 1 shows the study selection process. The literature search
yielded of a total of 2371 citations, 2347 of which were excluded
after titles and abstracts were screened using general criteria. The
full text of 24 articles was reviewed. One additional citation was
identiﬁed from reference lists of previously published systematic
reviews. Sixteen articles were further excluded for being a

Figure 1.

duplicate report from the same study population (n = 1), not
reporting any of the outcomes of interest (n = 7), applying an
additional treatment only in the experimental group (n = 5) or
being a review article (n = 3). Further details of the excluded
studies are presented in Table 1. A total of nine reports from six
RCTs were included in this review.18–20,23–25,34–36
Description of included trials
A summary of the characteristics of included trials is presented in
Table 2. The six trials involved a total of 2847 participants. In all
trials, randomization was performed at the individual level. Five of
the six trials were carried out in Europe. Of these, two were
conducted in Denmark,37,38 one each in Germany23 and Norway,39
and another was a multicentre trial conducted in Germany, Spain
and Hungary.40 The remaining trial41 was conducted in Mexico.
The main inclusion criteria were women with a healthy singleton
pregnancy, while three trials excluded infants born premature or
with complications requiring special attention.23,37,39 All studies
performed a per-protocol analysis.
The trials differed in the intervention period. The intervention
was provided during pregnancy in three trials, beginning in

Flow chart describing the process of study selection in the systematic review.
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Table 1.

Characteristics of the excluded studies

Study, reference
39,58

Helland et al.
Dunstan et al.59
Hauner et al.53,60
Muhlhausler et al.17
Ramakrishnan et al.61
Courville et al.62
Rodríguez et al.16
Much et al.63,64
Hauner et al.65
Escolano-Margarit et al.66
Brunner et al.67
Catalano et al.68
Parisi et al.69

Reason for exclusion
Did not report any of our deﬁned outcomes
Did not report any of our deﬁned outcomes
Applied an additional treatment only in the intervention group
Review article
Conference abstract; reported the same population as in another study19
Did not report any of our deﬁned outcomes
Review article
Applied an additional treatment only in the intervention group; reported the same population as in another trial60
Review article
Did not report any of our deﬁned outcomes
Applied an additional treatment only in the intervention group; reported the same population as in another trial60
Did not report any of our deﬁned outcomes; measured fetal adiposity
Did not report any of our deﬁned outcomes; measured fetal adiposity

either week 2040,41 or week 3038 of gestation. In two trials, the
intervention period extended from 18 weeks39 or 21 weeks23 of
pregnancy to 3 months postpartum. Investigators in the remaining trial supplemented women during lactation only and
particularly during the ﬁrst 4 months after delivery.37
The experimental groups were supplemented with docosahexaenoic acid alone41 or in combination with EPA.23,37–40 The dose of
n-3 LCPUFAs used in trials ranged from 26023 to 2200 mg/day.38
One trial had a 2 × 2 factorial design;40 the efﬁcacy of n-3 LCPUFAs
in the meta-analysis was examined by comparing adiposity
measures in children of women supplemented with n-3 LCPUFAs
(with or without folate) with those in children of women not
supplemented with these fatty acids (folate only or placebo). In
the remainder of trials, the control group received a vegetable oil
(olive or corn oil)37–39,41 or a basic multivitamin-multimineral
supplement with or without probiotics.23
Study quality
An overview of the quality of each included trial is shown in
Table 3. All trials used independent processes for generating the
randomization sequence. The method used to conceal allocation
was adequate in three trials37,38,41 and unclear in the remaining
trials.23,39,40 All trials adequately blinded the participants and
outcome assessors, except for one, in which it was unclear
whether outcome assessors were unaware of group allocation.24
Loss to follow-up for the intervention and control groups was
described in all but one study.23 One study had a follow-up rate of
80%.18 In the remainder of studies, attrition ranged from 32.5% to
75.8%.19,20,24,25,34–36 This resulted in selective loss from the
intervention groups in four studies.20,24,25,34 Dropout rates were
similar between the intervention and control groups in three
studies; however, there was evidence of differences in sociodemographic characteristics between the groups or between
participants who were followed successfully and those who were
lost to follow-up.19,35,36
Body mass index
Four trials reported data on BMI, expressed as kg/m2 or z-score, in
preschool children (o 5 years).19,23,34,36 Our analysis showed no
signiﬁcant difference between the n-3 LCPUFA and control groups
(SMD = 0.07, 95% CI = − 0.22, 0.36, P = 0.65; n = 1038; randomeffects; Figure 2). There was evidence of signiﬁcant heterogeneity
(P-heterogeneity = 0.02, I2 = 67.9%). In subgroup analysis based on
the timing of intervention, the supplementation effect varied
between subgroups (P-interaction = 0.02). No difference in BMI
was shown between the intervention and control groups for
women supplemented either in pregnancy (SMD = 0.06, 95%
CI = − 0.15, 0.26, P = 0.57; two trials, n = 906; random-effects;
European Journal of Clinical Nutrition (2014) 1277 – 1287

P-heterogeneity = 0.19, I2 = 41.4%) or in pregnancy and lactation
(SMD = − 0.50, 95% CI = − 1.04, 0.04, P = 0.07; one trial, n = 62),
whereas n-3 LCPUFA supplementation in lactation was associated
with an increase in BMI (SMD = 0.52, 95% CI = 0.03, 1.01, P = 0.04;
one trial, n = 70; Figure 2). Meta-regression showed no association
of the n-3 LCPUFA dose and age with BMI in preschool children
(P = 0.12 and 0.50, respectively).
Four trials involving school-aged children (6–12 years) provided
data on BMI, expressed as kg/m2 or z-score.18,24,25,35 We found no
signiﬁcant difference between children from the n-3 LCPUFA
group and those from the control group (SMD = 0.12, 95%
CI = − 0.06, 0.30, P = 0.20; n = 476; Figure 3). Heterogeneity was
not signiﬁcant (P-heterogeneity = 0.97, I2 = 0%). The supplementation effect did not differ between subgroups according to the
timing of intervention (P-interaction = 0.92). No difference in BMI
between the intervention and control groups was seen, regardless
of whether the intervention took place in pregnancy (SMD = 0.14,
95% CI = − 0.18, 0.46, P = 0.38; one trial, n = 154), pregnancy and
lactation (SMD = 0.09, 95% CI = − 0.16, 0.34, P = 0.50; two trials,
n = 258; P-heterogeneity = 0.81, I2 = 0%), or lactation (SMD = 0.19,
95% CI = − 0.30, 0.69, P = 0.45; one trial, n = 64; Figure 3). In metaregression, we also found no association of the n-3 LCPUFA dose
and age with BMI in school-aged children (P = 0.46 and 0.83,
respectively).
The summary estimates for BMI in preschool (o 5 years) and
school-aged (6–12 years) children were not signiﬁcantly inﬂuenced by individual studies (Figure 4). No publication bias was
detected for either outcome by using Egger’s test (P = 0.82 for BMI
in preschool children, and P = 0.42 for BMI in school-aged
children), although the small number of studies was a limitation.
The ‘trim and ﬁll’ method added one estimate in the meta-analysis
of studies of school-aged children; however, the recalculated
summary estimate for BMI did not change signiﬁcantly (SMD =
0.11, 95% CI = − 0.06, 0.28, P = 0.22).
In one trial involving adolescents aged 19 years, n-3 LCPUFA
supplementation during pregnancy had also no effect on BMI
compared with the control regimen (MD − 0.10 kg/m2, 95% CI
− 1.20, 1.00 kg/m2, P = 0.86; n = 180).20
Other adiposity measures
In one trial of supplementation during lactation, preschool
children in the n-3 LCPUFA group had increased waist circumference (MD = 1.60 cm, 95% CI = 0.35, 2.85 cm, P = 0.01; n = 68), sum
of triceps and subscapular skinfold thicknesses (MD = 1.50 mm,
95% CI = 0.05, 2.95 mm, P = 0.04; n = 64) and body fat mass
(MD = 1.40%, 95% CI = 0.08, 2.72%, P = 0.04; n = 64) at 2.5 years
of age compared with those in the control group.34 A further
assessment at 7 years of age showed no difference between the
© 2014 Macmillan Publishers Limited

Ramakrishnan et al.;41 Pregnant women
Inclusion criteria:
Stein et al.19
Mexico
Mother: gestational age 18–22 weeks, age
18–35 years, intention to exclusively or
predominantly breastfeed for at least
3 months
Exclusion criteria:
Mother: high-risk pregnancy, lipid
metabolism or absorption disorders,
regular intake of ﬁsh oil or DHA
supplements and chronic use of certain
medications (for example, medications for
epilepsy).
40
Pregnant women
Decsi et al.;
Escolano-Margarit
Inclusion criteria:
et al.;36 Campoy
Mother: singleton pregnancy, gestation
et al.35
o20 weeks at enrolment, age 18–41
Multicentre
years, and body weight at the time of
(Germany, Spain,
enrolment from 50 to 92 kg
Hungary)
Exclusion criteria:
Mother: serious chronic illness (for
example, diabetes, hepatitis or chronic
enteric disease), intake of ﬁsh oil
supplement since the beginning of
pregnancy and supplementation with
folate and/or B-12 vitamins since the
sixteenth weeks of gestation
38
Pregnant women
Olsen et al.;
Rytter et al.20
Exclusion criteria:
Denmark
Mother: history of placental abruption in
a previous pregnancy, serious bleeding
episode in the present pregnancy, regular
use of prostaglandin inhibitors, multiple
pregnancy, allergy to ﬁsh or regular intake
of ﬁsh oil
Pregnant/ lactating women
Lucia Bergmann
Inclusion criteria:
et al.;23
Bergmann et al.18
Mother: age at least 18 years, with
Germany
intention to breastfeed for at least
3 months
Exclusion criteria:
Mother: lactose intolerance, diabetes,
smoking, increased risk of premature
delivery or multiple pregnancy, allergy to
cow milk protein, consumption of alcohol
(420 g/week) or participation in another
study
Infant: prematurity, any major
malformations or hospitalization for
41 week

Participants

Summary of the included trials

First author, country

Table 2.
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Period: twenty-ﬁrst week of
Total N = 144
pregnancy to 3 months
n-3 LCPUFA group: 48
postpartum
Control group: 96
n-3 LCPUFA group: ﬁsh oil
(200 mg DHA and 60 mg EPA
per day) plus basic
supplement containing
vitamins and minerals along
probiotics;
Control group: basic
supplement containing
vitamins and minerals with or
without probiotics

Period: thirtieth week of
pregnancy to birth
n-3 LCPUFA group: ﬁsh oil
(920 mg DHA and 1280 mg
EPA per day);
Control group: olive oil;
Reference group: no oil

At 1.7 yearsd:
Total N = 62
n-3 LCPUFA group: 20;
Control group: 42
At 6 years:
Total N = 115
n-3 LCPUFA group: 41;
Control group: 74

1.7 years:
BMI
6 years:
zBMI,
TR+SS+SP

1.7 years: covariate-adjusted
BMI was lower in the n-3
LCPUFA group compared with
the control group
Adjusted for: child sex and age,
gestational age, breastfeeding,
maternal age, parity,
prepregnancy BMI, gestational
weight gain and maternal
education
6 years: no difference between
the groups in any adiposity
measure

No difference between the
groups in any adiposity
measure

4 and 6.5 years: no difference
between groups

BMIc
At 4 yearsa,:
Total N = 167
n-3 LCPUFA group: 43;
n-3 LCPUFA+folate
group: 37;
Folate group: 40;
Control group: 47
At 6.5 yearsb:
Total N = 154
n-3 LCPUFA group: 37;
n-3 LCPUFA+folate
group: 37;
Folate group: 35;
Control group: 45
Total N = 533
At 19 years:
BMI, WC
n-3 LCPUFA group: 266 Total N = 243
Control group: 136
n-3 LCPUFA group: 108;
Reference group: 131 Control group: 72;
Reference group: 63
Total N = 311
n-3 LCPUFA group: 77
n-3 LCPUFA+folate
group: 77
Folate group: 77
Control group: 80

Period: twentieth week of
pregnancy to birth
n-3 LCPUFA group: ﬁsh oil
(500 mg DHA and 150 mg EPA
per day)
Folate group: 400 μg folate
Control group: placebo

Outcome (s) Results
No difference between the
groups

No. of children available
for analysis of adiposity

Total N = 1094
At 1.5 years:
zBMI
n-3 LCPUFA group: 547 Total N = 739
Control group: 547
n-3 LCPUFA group: 369;
Control group: 370

No. of participants
enrolled

Period: twentieth week of
pregnancy to birth
n-3 LCPUFA group: algal oil
(400 mg DHA per day)
Control group: olive oil

Intervention and control
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Pregnant/ lactating women
Inclusion criteria:
Mother: healthy, singleton pregnancy,
nulliparity or primiparity, age 19–35 years,
intention to breast feed and no
supplementation with n-3 LCPUFAs earlier
during pregnancy
Exclusion criteria:
Infant: premature birth, birth asphyxia,
general infections and anomalies in the
infants that required special attention
Lactating women with low ﬁsh intake
Inclusion criteria:
Mother: uncomplicated pregnancy,
prepregnancy BMI o30 kg/m2, absence of
metabolic disorders and intention to
breast feed for at least 4 months
Infant: healthy (no admission to neonatal
department), term, singleton, weight
adequate for gestational age, and
Apgar47 at 5 min.

Helland et al.;39
Helland et al.25
Norway

No. of participants
enrolled

Period: ﬁrst 4 months
postpartum
n-3 LCPUFA group: ﬁsh oil
(790 mg DHA and 620 mg EPA
per day);
Control group: olive oil;
Reference group: high ﬁsh
intake

Total N = 175
n-3 LCPUFA group: 62;
Control group: 60;
Reference group: 53

Period: eighteenth week of
Total N = 590
pregnancy to 3 months
n-3 LCPUFA group: 301;
postpartum
Control group: 289
n-3 LCPUFA group: cod liver
oil (1183 mg DHA and 803 mg
EPA per day);
Control group: corn oil

Intervention and control

At 2.5 years:
Total N = 101
n-3 LCPUFA-group: 42;
Control group: 29;
Reference group: 29
At 7 years:
Total N = 98
n-3 LCPUFA group: 36;
control group: 28;
Reference group: 34

At 7 years:
Total N = 143
n-3 LCPUFA group: 82;
Control group: 61

No. of children available
for analysis of adiposity

BMI, WC,
TR+SS
FMe

BMI

2.5 years: adiposity measures
were higher in the n-3 LCPUFA
group compared with the
control group
7 years: no difference in any
adiposity measure between the
groups

No difference between the
groups

Outcome (s) Results

Abbreviations: BMI, body mass index (in kg/m2); DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; FM, body fat mass (in %); LCPUFA, long-chain polyunsaturated fatty acid; TR+SS+SP, sum of triceps,
subscapular and suprailiac skinfold thicknesses (in mm); TR+SS, sum of triceps and subscapular skinfold thicknesses (in mm); WC, waist circumference (in cm); zBMI, body mass index z-score. aThe ﬁrst citation
represents the ﬁrst author and publication year of the ﬁrst full report of the trial. bComparison of the n-3 LCPUFA and n-3 LCPUFA+folate groups with the control+folate only groups in meta-analyses. cBody mass
index was not an outcome of interest in this trial. dIn meta-analysis, the number of children per group and data relating to unadjusted means for BMI z-score were obtained from Bergmann et al.18 In the main
trial,23 group allocation is unclear and information is provided only for covariate-adjusted means. eUnpublished data obtained from the investigators.

Lauritzen et al.;37
Lauritzen et al.;34
Asserhoj et al.24
Denmark

Participants

(Continued )

First author, country

Table. 2.
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Table 3.

Overview of quality of each included triala

Trial, references

Helland et al.25,39
Olsen et al.20,38
Ramakrishnan et al.19,41
Lucia Bergmann et al.18,23
Decsi et al.35,36,40
Lauritzen et al.24,34,37

Randomization

+
+
+
+
+
+

Allocation
Blinding
concealment
?
+
+
?
?
+

Loss to follow-up (preschool
children (o 5 years))

Loss to follow-up (school-aged
children (6–12 years))

Loss to follow-up
(adolescents
(413 years))

NA
NA
−
?
−
−

−
NA
NA
+
−
−

NA
−
NA
NA
NA
NA

+
+
+
+
+
?

a

+, adequate; − , inadequate; ?, unclear; NA, not applicable.

Figure 2. Meta-analysis forest plot for the effect of maternal n-3 LCPUFA supplementation on BMI (in kg/m2 or as z-score) in preschool children
( o5 years). Subgroup analysis was based on the timing of intervention. Horizontal lines denote 95% CIs; solid diamonds represent the point
estimate of each study. Open diamonds represent pooled estimates, and the dashed line denotes the point estimate of the overall result from
a random-effects meta-analysis. The I2 and P-values for heterogeneity are shown.

groups (MDs = 0.55 cm, 95% CI = − 1.47, 2.57 cm, P = 0.59; n = 64 for
waist circumference, − 0.08 mm, 95% CI = − 2.59, 2.43 mm, P = 0.95;
n = 64 for the sum of two skinfold thicknesses and − 0.14%, 95%
CI = − 2.22, 1.94%, P = 0.89; n = 64 for body fat mass).24
In another trial, there was no difference between children of
women supplemented with n-3 LCPUFAs during pregnancy and
lactation and those of women from the control group in the sum
of triceps, subscapular and suprailiac skinfold thicknesses at 6
years of age (MD = 2.10 mm, 95% CI = − 0.48, 4.68 mm, P = 0.11;
n = 115).18
No signiﬁcant effect of n-3 LCPUFAs supplementation during
pregnancy was also found on waist circumference in 19-year-old
adolescents (MD = − 0.30 cm, 95% CI = − 3.23, 2.63 cm, P = 0.84;
n = 180) in one trial.20
DISCUSSION
In the present review, we summarized ﬁnding of RCTs to evaluate
whether maternal n-3 LCPUFA supplementation during pregnancy
and/or lactation favourably affects child adiposity. To the best of
our knowledge, this is the ﬁrst meta-analysis to combine results
from individual studies on the impact of n-3 LCPUFA
© 2014 Macmillan Publishers Limited

administration in pregnancy and/or lactation on childhood BMI.
Overall, no effect of supplementation was found on BMI in
preschool (o 5 years) and school-aged (6–12 years) children. In
the subgroup analyses, supplementation during lactation was
associated with increased BMI in preschool children in one small
trial with methodological limitations. There was also no evidence
to support a beneﬁt of n-3 LCPUFA supplementation in the other
adiposity measures in individual studies.
An large body of evidence demonstrates that increased
adiposity, once established in childhood, tends to track into
adulthood.42 Many studies have shown that even children o 2
years with a high BMI are at increased risk of developing obesity
later in life.43 It has been argued that efforts to prevent obesity
should begin in the early years and even before birth.44,45
Adipocyte development and fat deposition increases with
gestational age; body fat is estimated to contribute approximately
2% of body weight in a 1000-g preterm infant to upwards of 20%
of body weight in a 3500-g term infant.46 In the postnatal period,
there is a marked increase in the number and size of adipocytes
during the ﬁrst year of life.47,48 The acquisition of fat cells early in
life appears to be an irreversible process.49 Evidence from cell
culture and animal studies suggests that early exposure to n-3
European Journal of Clinical Nutrition (2014) 1277 – 1287
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Figure 3. Meta-analysis forest plot for the effect of maternal n-3 LCPUFA supplementation on BMI (in kg/m2 or as z-score) in school-aged
children (6–12 years). Subgroup analysis was based on the timing of intervention. Horizontal lines denote 95% CIs; solid diamonds represent
the point estimate of each study. Open diamonds represent pooled estimates, and the dashed line denotes the point estimate of the overall
result from a ﬁxed-effect meta-analysis. The I2 and P-values for heterogeneity are shown.

LCPUFAs has the potential to limit adipose tissue deposition
mainly by attenuating the production of the arachidonic acid
metabolite prostacyclin, which has been shown to enhance
adipogenesis.50
Human evidence on the effects of maternal intake of n-3
LCPUFAs on somatic growth is limited. Few prospective birth
cohort studies have examined the potential programming effect
of n-3 LCPUFAs and yielded discrepant ﬁndings.12–15,51 Our
ﬁndings extend and expand those of a recent Cochrane review
demonstrating no effect of maternal n-3 LCPUFA supplementation
on child growth.52
Given the antagonistic roles of n-3 and n-6 LCPUFAs, it can be
argued that maternal intake of n-6 LCPUFAs should also be taken
into consideration and that a high intake of n-3 relative to n-6
LCPUFAs may have a more substantial effect on adipose tissue
development. A US cohort study reported that a higher ratio of
n-6: n-3 LCPUFAs in the prenatal period was associated with a
higher sum of two skinfold thicknesses and increased odds of
obesity in 3-year-old children, whereas no association was found
between prenatal n-6 LCPUFA status and child adiposity.12
A German cohort study also demonstrated no association
between n-6 LC-PUFA levels in cord blood and later BMI, but
reported a signiﬁcant interaction between the n-6: n-3 LCPUFA
ratio and BMI over time; there was a negative effect at 2 years, no
effect at 6 years and a positive effect at 10 years.51 A cohort study
conducted in the UK showed the n-6 LCPUFA concentration, but
not the n-3: n-6 ratio, in maternal plasma during pregnancy to
predict child adiposity at 4 and 6 years of age.14 In another study,
no association was shown between the n-6: n-3 ratio in breast milk
and BMI between the age of 2 and 7 years of age.13 Hauner et al.53
randomized women to n-3 LCPUFA supplementation with an
concomitant advice on reducing dietary arachidonic acid intake
during pregnancy and lactation in a small open label trial and
found no signiﬁcant differences in body fat mass, as assessed
by skinfold thickness and abdominal ultrasonography, in the
European Journal of Clinical Nutrition (2014) 1277 – 1287

offspring during the ﬁrst year of life. Hence no ﬁrm conclusions
can be drawn from the existing data regarding the potential role
of n-3: n-6 ratio in the perinatal period in inﬂuencing adipose
tissue growth.
We found a high degree of heterogeneity between studies
assessing BMI in preschool children. However, the timing of
intervention may partially account for the observed heterogeneity.
Owing to the limited available information, we were not able to
carry out other prespeciﬁed subgroup analyses based on maternal
prepregnancy or booking BMI, birth weight or maturity (that is,
term birth vs preterm birth) to further explore other potential
sources of heterogeneity or effect modiﬁcation.54–56 Most trials
used ﬁsh oil as a source of n-3 LCPUFAs. The dose of n-3 LCPUFAs
administered was high enough to cover the recommendations for
docosahexaenoic acid intake in pregnancy and lactation
(⩾200 mg/day)57 but varied considerably between trials (up to
2200 mg/day). There was no evidence for an association between
n-3 LCPUFA dose and childhood BMI.
Compared with previous qualitative reviews,16,17 our review was
conducted in accordance with well-established methods for
performing and reporting systematic reviews,21,22 evaluated
updated long-term ﬁndings from many trials18–20 and added
results from two studies (n = 321) that were not primarily focused
on adiposity but nevertheless reported relevant outcomes.35,36
Additional information was also obtained from the investigators of
one trial.34 Thus our review provides the most comprehensive
view of the literature to date regarding the impact of n-3 LCPUFA
supplementation in the perinatal period on childhood adiposity.
Several limitations should be taken into account during
interpretation of the ﬁndings of this review. There were a few
available studies, and most of them had relatively small sample
sizes (n o 90 per group), which might have resulted to loss of
statistical power. Consequently, the results, especially those of
subanalyses, should be viewed with caution. Furthermore, the
majority of studies suffered from selective attrition. This is likely to
© 2014 Macmillan Publishers Limited
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Figure 4. Pooled SMDs with their 95% CIs for BMI (in kg/m2 or as z-score) in preschool children ( o5 years) (a) and school-aged children (6–12
years) (b) by omitting one study at a time.

have affected the initial randomization schedule, decreasing the
possibility that familial—that is, environmental and genetic—
inﬂuences on adiposity are equally distributed between groups
and do not confound trial outcomes. It should also be noted that
the control regimen used in most of the trials might not be
appropriate. Olive and corn oils have been shown to inﬂuence
fatty acid proﬁle and metabolism in healthy adults and, thus,
might have induced physiological responses exerting an effect on
the outcome measures.17 We found no inﬂuence of publication
bias, but this bias is difﬁcult to ascertain with a small number of
studies.
In conclusion, there is currently no evidence to support that
maternal n-3 LCPUFA supplementation during pregnancy and/or
lactation exerts a favourable programming effect on adiposity
status in childhood. However, our systematic review highlights
that most of the trials reviewed were prone to methodological
limitations. Further evidence from high-quality trials is needed to
establish whether n-3 LCPUFA supplementation in the perinatal
period affects adiposity in children. The results from such trials will
provide valuable information on the potential of a modiﬁcation of
dietary fat intake in pregnancy and lactation to assist in reducing
the burden of childhood obesity.
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