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Abstract
Background: Allergic diseases have seen a rise worldwide in the last two decades,
with children suffering the highest burden of the condition. The ω-3 Long-Chain
Poly-Unsaturated fatty Acid (LCPUFA) poses anti-inflammatory properties that could
lead to a reduction in inflammatory mediators in allergies.
Objective: A systematic review and meta-analysis of the most recent follow-ups of
randomised controlled trials (RCTs) was conducted to assess the effectiveness of ω-3
LCPUFA supplementation started during pregnancy on allergic outcomes in
offspring.
Methods: RCTs with a minimum of 1-month follow-up post gestation were eligible
for inclusion. The CENTRAL, MEDLINE, SCOPUS, WHO's International Clinical
Trials Register, E-theses and Web of Science databases were searched. Study quality
was evaluated using the Cochrane Collaboration's risk of bias tool.
Results: Ten RCTs (3,637 children), from nine unique trials examined the
effectiveness of ω-3 LCPUFA supplementation started during pregnancy on the
development of allergic outcomes in offspring. There were heterogeneities between
the trials in terms of their sample, type and duration of intervention and follow-up.
Pooled estimates showed a significant reduction in childhood “sensitisation to egg”
(Relative

Risk

(RR)=0.54,

95%

Confidence

Interval

(CI)=0.32-0.90)

and

“sensitisation to peanut” (RR=0.62, 95% CI=0.40-0.96). No statistical differences
were found for other allergic outcomes e.g. any allergies, eczema, asthma/wheeze.
Conclusion: These results suggest intake of ω-3 LCPUFA started during pregnancy
can reduce the risk of sensitisation to egg and peanut; however the evidence is limited
due to the small number of studies contributed to meta-analyses. The current evidence
on the association between supplementation with ω-3 LCPUFA started during
pregnancy and allergic outcomes is weak due to the risk of bias and heterogeneities
between studies.
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Introduction
In the last two decades allergic diseases have seen a rise worldwide with children
suffering the highest burden of the condition(1). Food allergies, eczema and asthma are
the most common allergic disorders in children(1-2). The increasing burden of allergic
conditions is an important public health concern and understanding how to prevent
the development of allergic diseases is a vital area of research.
The first 1,000 days of life is key to good health for a lifetime as the developmental
model of health and disease states exposures and incidents during this critical period
could initiate the susceptibility of many chronic diseases, including allergies(3). In this
context, the role of environmental factors such as diet and lifestyle-related behaviours
are key for primary/early prevention of chronic diseases(4-5). Factors such as maternal
diet could directly affect an infant’s health and immune system(6-7). On this basis,
interventions that aim to improve nutritional adequacy in pregnant women could, in
theory, reduce the incidence of chronic diseases including allergy.
The intake of LCPUFAs, particularly the ω-3/ω-6 ratio, has been proposed as a risk
factor for childhood allergies. Over recent decades, Western diet has shifted towards
higher intake of ω-6 by increased consumption of vegetable oils and a corresponding
decrease in intake of foods rich in ω-3 PUFAs e.g. seafood and oily fish(8-9). The
LCPUFAs family, mostly known by ω-3 and ω-6 products, is involved in immuneregulation and inflammatory pathways in foetuses(10); with ω-3 fatty acids having
anti-inflammatory, and ω-6 fatty acids pro-inflammatory effects(11). Higher
concentrations of ω-6 LCPUFAs promote the production of inflammatory mediators
such as prostaglandins (PGE2, F2α) and leukotriene (LTB4), which compete with the
synthesis of ω-3 in cellular phospholipids membranes(11). Subsequently, a diet rich in
sources of ω-3 LCPUFAs could lead to a reduction in inflammatory mediators and
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also alter the balance of TH1 to TH2(12-13), a recognised hallmark of allergic diseases.
Furthermore, observational studies summarised in a narrative systematic review(14)
have shown an association between lower levels of oily fish intake during pregnancy
and the development of allergies in children. Collectively, these data suggest that ω-3
fatty acid supplementation during pregnancy may be a strategy to reduce childhood
allergies.
The effect of exposure to an increased supply of ω-3 LCFUFA (or in combination
with ω-6) in utero and the risk of developing allergic disorders has been studied in
various trials; however these have produced inconsistent results. This systematic
review and meta-analysis aimed to assess the effectiveness of these interventions,
including the longest available follow-ups reported. This will provide an update to the
earlier systematic reviews on this topic(15-17) to include recently published trials. It
would also allow us to assess the effectiveness of ω-3 LCFUFA supplementation
commencing during pregnancy for prevention of childhood allergies, while the focus
of earlier systematic reviews on this topic has been on both the prenatal and postnatal
ω-3 LCPUFA interventions.
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Methods
Criteria for considering studies for this review
Types of studies
Randomised controlled trials (RCT), including cluster randomised controlled trials
and quasi-randomised controlled trials with a minimum follow-up of one month
postnatally were included. The review considered studies which documented allergic
outcome and/or sensitisation data. No language or country restrictions were applied.
Types of participants
Pregnant women and their offspring were considered as the target group for this
systematic review. High-risk populations were not excluded.
Types of interventions
Studies that used ω-3 LCPUFA supplementation during pregnancy, irrespective of
dose, formulation or mode of delivery and composition e.g. oil, tablet were included.
Trials were also included if the intervention(s) had been continued after pregnancy
through breast-feeding and/or supplements to the infant.
Types of outcomes measures
Trials were included if they had reported allergic outcomes and/or sensitisation in the
offspring, either as a primary or secondary endpoint. Allergic outcomes were defined
as: any allergies, asthma, wheeze, rhinitis, eczema, food allergy, positive skin prick
test (to any and/or single allergens) or elevated specific IgE. Only outcomes which
had utilised a validated method were included (as opposed to, for example, parental
report). Data from the latest follow-up of allergic outcomes by the included trials (and
cumulative prevalence where possible) were also considered.
Search strategy for identification of studies
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A comprehensive search strategy, including all the relevant synonyms for the main
concepts, was developed. Trials were identified through systematic searches within
three main electronic databases, as advised by the Cochrane collaboration(18):
a. Cochrane Library (current issue) including:


Cochrane Database of Systematic Reviews (CDSR)



CENTRAL (trials)



DARE

b. MEDLINE (EBSCOhost)
c. SCOPUS
When searching MEDLINE, the subject-specific terms were combined with the
Cochrane Highly Sensitive Search Strategy for identifying randomised trials in
MEDLINE: sensitivity-maximising version(18). We adapted the preliminary search
strategy for MEDLINE (EBSCOhost) for use in the other databases when relevant.
Searches of databases were carried out between November 2017 to January 2018.
The clinical trials registry and WHO platform were searched for ongoing and recently
completed trials. Conference proceedings were identified through the ISI Web of
Science and the British Library E-Theses Online Service was searched. No language
or publication status restrictions were imposed. References of included studies were
crosschecked for additional studies.
Data collection
Selection of studies
Two reviewers (MV, HM) screened all the search results against the eligibility criteria
and all those which were clearly irrelevant were excluded from further consideration.
Thereafter, a tailored eligibility form was used to appraise the retrieved studies,
abstract and full text for relevance against the full inclusion criteria. Where there was
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uncertainty about inclusion of a particular study, other members of the review team
were consulted and a consensus was reached about the study eligibility. All the
included studies were discussed and approved by the review team.
Data extraction and management
Data were extracted by two reviewers (MV, HM) using a tailored data extraction form
in EPPI Reviewer. Detailed information on study characteristics were recorded.
Throughout the data extraction process, any disagreements about the interventions
and outcomes were discussed and resolved within the review team. There was no
blinding of the authors’ name, institutions, journals or the outcomes of the trials
during the process.
Assessment of risk of bias in included studies
The risk of bias tool described in the Cochrane Handbook for Systematic Reviews for
Interventions was used to appraise the studies(19).
Data synthesis
Calculation of treatment effects
Dichotomous data were analysed as risk ratios or relative risk (RR) with 95% CI,
entered as events and the number of participants, and continuous data as mean
difference or standardised mean difference, with 95% CI. In trials with more than one
intervention arm, multiple pairwise comparisons of intervention groups versus
comparator were avoided. Therefore, data from different intervention arms were
pooled for an overall comparison with the control or placebo arm. The weight
assigned to the control group was considered as the total number of participants in the
comparator group versus the total number of participants in the combined intervention
arms(20).
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All the relevant reported information for the number of missing participants was
extracted and if undocumented, this was incorporated into the assessment of risk of
bias, incomplete outcome data. No imputed techniques were used for missing data.
Pooling of treatment effects
Assessment of heterogeneity
We used visual inspection of forest plots and also, the Chi2 test to measure statistical
heterogeneity between effect sizes of included studies. I2 statistics were used to
quantify the amount of possible variability in effect estimates that is due to
inconsistency rather than chance (I2<25% low heterogeneity, I250 moderate
heterogeneity, I2 ≥75 high heterogeneity). All meta-analyses were undertaken using
a random effect model and reported where heterogeneity was reported as ≤75%(18).
Assessment of reporting biases
Every effort was made to identify unpublished studies through searching abstracts and
ongoing trials databases. Small study effects was not assessed since the number of
studies included in meta-analyses were ≤10.
We used Eppi Reviewer version 4.4.3.0. for conducting meta-analyses. We reported
relative risk to describe the study effect. Due to the small number of studies and also,
large inconsistencies between studies, the reported allergic outcomes were included in
meta-analyses irrespective of IgE status.
Subgroup analysis and investigation of heterogeneity
Where possible, sub-group analyses were performed where there was large
discrepancies in the duration of follow-up between the included studies e.g. less than
and above 6 years old. Additional analyses were also conducted when level of
maternal EPA+DHA pre-treatment was reported in the trials.
Sensitivity analysis
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Influence analysis as a type of sensitivity analysis was conducted where trials were
excluded from the meta-analyses models to examine how deletion of a study affects
overall results. This was done for trials that used either a different intervention or
control group.
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Results
Electronic searches yielded a total of 1,733 results (Figure 1). After removal of
duplicates and title/abstract screening, the remaining 79 full text papers were assessed
against the eligibility criteria for this systematic review. Ten publications from nine
unique RCTs were included in the final analyses, including a total of 3,637 children(21,
28, 30, 32, 34, 38, 43, 47, 48, 50)

. In the case of one trial(29), both the reports of an earlier(28) as

well as latest follow-up data(47) were included, since some of the allergic outcomes of
interest for this systematic review were reported only in the earlier published paper of
this trial i.e. any allergic diseases. The characteristics of the included trials, their
companion papers and study population are presented in Table 1. Four studies were
conducted in Australia and Denmark (two each) and the rest in Mexico, Sweden,
Finland, United Kingdom and United States.
Study design
All the included trials were parallel RCTs. Seven trials had two parallel groups while
two trials had three parallel groups. The trial by Olsen(30) included intervention,
placebo and no oil groups and for the purpose of this review, only the intervention
and placebo arms were included in meta-analyses. The other trial by Berman(50)
included two intervention groups of EPA, DHA and placebo. For this review, the two
intervention arms were combined and compared versus the control group. In addition,
the nature of control group in the study by Noakes(34) was different from other trials
i.e. standard diet and therefore, this study was not included in meta-analyses and only
described narratively.
Participants and sample sizes
Four trials were conducted on high-risk (atopy) populations(21,

32, 34, 38)

and the

remainder(28, 30, 43, 47, 48, 50) were carried out on sample with low-risk allergies. The
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sample size of studies at randomisation were also varied, from 98(21) to 1,094(43)
pregnant women.
Intervention
Seven of the included trials used ω-3 LCPUFA (combination of EPA, DHA and/or
both)(21, 28, 32, 38, 43, 47, 48, 50), one used oily fish(34) and the other used black currant seed
oil (BCSO)(30). Six(21,

28, 34, 38, 43, 47, 50)

pregnancy and in three trials(30,

32, 48)

trials supplemented women only during

, the intervention was continued postnatally

(Table 1).
Compliance with the intervention was measured by different methods in trials,
including total number of capsules consumed, women’s self-report of oily fish intake
using food frequency questionnaire during pregnancy, telephone call reminder(s), as
well as assessing plasma concentration of LCPUFA either at birth or a few weeks
after delivery(21, 28, 32, 34, 38, 47).
Reported allergic outcomes and follow-up duration
Allergic outcomes were diagnosed by a physician or nurse in 6 trials(21, 30, 32, 34, 38, 48)
and the remainder(28,

43, 50)

used validated or semi-validated questionnaires. The

definitions and diagnosis method for each outcome included in meta-analyses are
presented in Table 2. The duration of follow-up in trials ranged from 6months(34) to 24
years(47).
The most frequently reported allergic outcomes were eczema, asthma, wheeze or
asthma/wheeze together. Also, while there was a later publication from a study
published in 2010(31), data were extracted from the 2010 report since the follow-up
paper(30) only reported pre-clinical outcomes. Furthermore, the register-based
outcomes in the study by Hansen 2016 were considered in this review. In addition,
two trials(28,

50)

were primarily conducted to measure other outcomes in pregnant
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women and, using secondary analyses, the occurrence of allergic outcomes in the
offspring were also reported. Olsen and colleagues(29) principally assessed the effect
of LCPUFA on the duration of pregnancy and reported allergic outcomes in the
offspring in the longer-term follow-ups. The trial conducted by Berman(50) initially
measured the effectiveness of ω-3 LCPUFA for prevention of antenatal and
postpartum depressive symptoms in pregnant women and reported the occurrence of
allergic outcomes in their secondary analysis.
Quality of RCTs
The methodological quality of the included trials varied as shown in Figure 2. The
risk of bias judgment is presented in Appendix 1. Only four trials(30, 34, 38, 43) had a low
risk regarding random sequence generation. Most trials had adequate allocation
concealment(21, 28, 38, 43, 47), blinding of both participants and staff(21, 30, 32, 43, 47, 48), and
outcome assessor(21, 28, 30, 32, 34, 38, 43, 47). Half of the trials were rated as high risk of bias
for the completeness of data since there was a high rate of loss to follow-up. All trials
were deemed to have a low risk of bias for the reported outcomes(21, 32, 30, 34, 50). With
the exception of one trial rated as unclear for other sources of bias(48), there were no
other potential sources of bias in other trials.
Pooled effect of interventions
The definition of the outcomes in each study, as included in meta-analyses, and their
diagnosis method are presented in Table 2.
Any allergies as outcome measure
Three trials(28,

32, 38)

reported any allergies in children characterised by different

phenotypes of allergy. Moderate statistical heterogeneity was observed between the
trials (χ2=5.54, P=0.06, I2=63.9%) and the pooled results did not show an association
between prenatal supplementation with ω-3 LCPUFA and the development of any
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allergies in the offspring (RR=0.74, 95% CI=0.44-1.25) (Forest plot not shown). The
definitions of any allergies included in meta-analysis are shown in Table 2.
In the sub-group analysis, the Olsen study(28) with the longest follow-up duration was
excluded. No statistical heterogeneity was found between the included trials (I2=0%)
and the results did not significantly change (RR=0.97, 95% CI=0.79-1.19) (Forest
plot not shown).
Asthma/wheeze as outcome measure
Trials reported the outcome differently, as either asthma only, wheezing or
asthma/wheeze together. When pooling the results, we considered the outcome as
“asthma and/or wheeze” together in the meta-analysis. Moderate heterogeneity was
observed between the seven included trials (χ2=10.5; P=0.10; I2=43.1%). Metaanalysis did not show a preventative effect of prenatal intake of ω-3 LCPUFA on
childhood asthma/recurrent wheeze (RR=0.87, 95% CI=0.70-1.07) (Figure 3).
In the sub-group analysis, the study by Hansen(47) with the longest follow-up duration
was excluded. Low heterogeneity was found between the studies (I2=21.9%) and the
results did not significantly change (RR=0.93, 95% CI=0.78- 1.11) (Forest plot not
shown). Also in the study by Bisgaard(48), prevalence of asthma/wheezing in children
was also reported based on maternal lowest third of EPA+DHA pre-treatment. The
meta-analysis, including this outcome in the model showed higher heterogeneity
between trials (I2=63.8%) and the results did not significantly change (RR=0.83, 95%
CI=0.64-1.08).
Eczema as outcome measure
The outcome was reported in six trials and pooled results showed moderate statistical
heterogeneity between studies (χ2=11.2; P=0.046, I2=55.5%). The results of meta-
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analysis did not show an association between prenatal intake of ω-3 LCPUFA and the
development of childhood eczema (RR=1.01, 95% CI=0.76-1.34) (Figure 4).
Sensitivity analysis excluding the study conducted by Linnamaa(30), as the only trial to
use BCSO as the intervention, also showed moderate statistical heterogeneity between
studies (χ2= 9.08; P= 0.059; I2=56%) with no significant change in the pooled results
(RR=1.1, 95% CI=0.78-1.54) (Forest plot not shown). Two more sensitivity analyses
were conducted. In the first, the study undertaken by Berman(50) was excluded since it
reported higher rates of eczema in the intervention arms and in the second, both
Linnamaa(30) and Berman(50) studies were excluded. In both meta-analyses, moderate
heterogeneities were observed between studies and the results did not significantly
change (RR=0.952, 95% CI=0.767-1.18; RR=1.01, 95% CI=0.786-1.29, respectively)
(Forest plots not shown).
Allergic rhinitis as outcome measure
The outcome was reported in two trials(38,

47)

and in the two other trials,

“rhinoconjunctivitis” was reported(32, 50). We pooled the results from trials that only
reported allergic rhinitis where there was a moderate heterogeneity between trials
(χ2=1.37, P=0.243, I2=27%). The results of meta-analysis did not show an association
between prenatal intake of ω-3 LCPUFA and development of allergic rhinitis in
children (RR=084, 95% CI=0.65-1.1) (Forest plot not shown).
Food allergy as outcome measure
Three trials reported the outcome(21,

32, 50)

and in the pooled analysis, low

heterogeneity was found between the studies (χ2=2.32, P=0.31, I2=13.8%). The results
of meta-analysis did not show an association between prenatal intake of ω-3 LCPUFA
and development of food allergy in children (RR=0.67, 95% CI=0.34-1.35) (Forest
plot not shown).
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Sensitisation to any allergens as outcome measure:
Sensitisation to any allergens, measured by Skin Prick Test (SPT), was reported in
four trials(21, 32, 38, 48) and there was moderate heterogeneity between studies (χ2=6.03,
P=0.11, I2=50.3%). The results of meta-analysis did not show an association between
prenatal intake of ω-3 LCPUFA and childhood sensitisation to any allergens
(RR=0.91, 95% CI=0.66-1.27) (Forest plot not shown).
Sensitisation to specific individual allergens as outcome measure
The meta-analyses of sensitisation to individual allergens, measured by SPT showed
that prenatal intake of ω-3 LCPUFA significantly reduced the risk of “sensitisation to
egg” (RR=0.54, 95% CI=0.32-0.90) (Figure 5) and “sensitisation to peanut”
(RR=0.62, 95% CI=0.40-0.96) (Figure 6). No significant associations were found for
sensitisation to “cows milk” and “cat” in the conducted meta-analyses (Forest plots
not shown).
Of note, we conducted a meta-analysis on raised specific immunoglobulin E (sIgE),
reported in three studies(32, 47, 48) and the results yielded a substantial heterogeneity
(I2=77.5%) (Forest plot not shown).
Description of the outcomes reported in Noakes study(34)
This study used ‘farmed salmon portion’ (as opposed to LCPUFA supplements, as
utilised in all the other included studies) compared to ‘standard diet’ during
pregnancy for prevention of allergic disorders in offspring, and was therefore not
included in any meta-analyses. The results suggest that the use of salmon portions in
pregnant women in comparison to standard diet did not have an influence for the
prevention of atopic dermatitis (12 vs. 7, p=0.46) and wheeze (11 vs. 7; p=0.58) in the
offspring by 6 months age; however, the small sample size limits confidence in these
findings.

15 | This article is protected by copyright. All rights reserved.

Discussion
Ten RCTs were identified, with a total number of 3,637 children that started
supplementation with ω-3 LCPUFA during pregnancy and followed-up the
development of allergic diseases during childhood. Trials were heterogeneous in their
sample, reported outcomes and duration of follow-up. Random sequence generation
was deemed adequate in four of the included trials. Three trials were also judged to
have a high risk of bias for their performance bias and five trials had a high attrition
bias. The findings from this systematic review and meta-analysis did not provide
evidence that intake of ω-3 LCPUFA starting during pregnancy could protect against
the subsequent development of a number of childhood allergic diseases i.e. eczema,
asthma/wheeze, food allergy, sensitisation. However, the pooled results showed that
prenatal intake of ω-3 LCPUFA starting during pregnancy might have a protective
effect on developing sensitisation to egg and also peanuts in the offspring, as
measured by SPT. Furthermore, while no effect was observed for childhood
asthma/wheezing following ω-3 LCPUFA intake starting during pregnancy, the upper
bound was very close to 1 and could be considered borderline (RR=0.87, 95%
CI=0.70-1.07, 7 trials, 2,951 children). Overall, the results from this review need to be
considered with caution because of the heterogeneity observed between studies and
also risk of bias.
Overall completeness and applicability of evidence
There was no evidence that ω-3 LCPUFA supplementation starting during pregnancy
is effective for prevention of several allergic manifestations in the offspring. There
were no statistical heterogeneity between the included trials for the outcome of
“sensitisation to egg and peanuts, measured by SPT” (I2=0%) and however; the
number of included studies were small; the meta-analyses included 665 and 775
16 | This article is protected by copyright. All rights reserved.

children respectively. Nevertheless, these are potentially important findings since
food allergies are common in children(1) and well-documented research indicates that
childhood food allergies, including to egg and peanuts, are a key risk factor for
developing sensitisation to aero-allergens and allergic respiratory diseases later in
life(54-57).
The heterogeneity between the trials limit the findings and random effect models were
used to pool the results. Heterogeneity between the included trials could have resulted
from differences in the choice of ω-3 LCPUFA and the dose, mode of administration,
timing and duration of interventions as well as duration of follow-up and small
sample size in most studies. Overall, a few trials were well-powered and high
quality(38, 43, 48) and contrasting results on childhood allergic outcomes were reported
across trials. One reason for the inconsistent results between trials could be because of
the differences in baseline ω-3 LCPUFA levels that were only considered in the
Bisgaard study(48). Children of mothers with the lowest third level of ω-3 LCPUFA
status (EPA and DHA) gained the most protection from ω-3 LCPUFA intervention.
Higher doses of ω-3 LCPUFA were also used in the trial by Bisgaard that consisted
predominantly of EPA versus DHA. It is also worth noting that in this study, a
subgroup of pregnant women concomitantly took a high dose of 2400 IU of Vitamin
D3 on a daily basis during the third trimester of pregnancy. The authors reported that
there was no significant interaction between ω-3 LCPUFA and Vitamin D3 and the
prevalence of persistent wheeze (p=0.065); however further analysis showed that the
effects of ω-3 LCPUFA was less evident in children randomised to the Vitamin D3
group(48). Furthermore, in the study by Berman(50), higher numbers of eczema cases
were reported in both intervention arms, EPA and DHA as opposed to soy oil as the
control. The authors reasoned that ω-6 LCPUFA as the predominant component in the
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soy oil might have exerted a protective effect on developing eczema in the control
group. It is important to add that none of the high quality and large trials reported a
beneficial effect for childhood eczema in their longer-term follow-up(38,

43, 47, 48)

.

Again heterogeneities in the type and dose of ω-3 LCPUFA plus differences in the
duration of follow-up could be a plausible explanation for the inconsistent results
between trials.
Quality of evidence
Overall, the trials were at moderate to high risk of bias (Figure 2). Randomisation and
allocation concealment were deemed as unclear for 50% of included studies in each
domain. High loss to follow-up was also a major concern where 50% of studies
showed a high attrition bias which might have largely biased the effect of
interventions within these trials. In addition, a limited number of trials fulfilled the
inclusion criteria for this systematic review and consequently, a small number of
studies contributed in the conducted meta-analyses for most allergic outcomes. Most
trials also used medical diagnosis of allergy, although a few tested for IgE-mediated
status of the reported allergic outcomes(38). Furthermore, since the diagnosis of asthma
is difficult at a young age, most trials reported wheeze or asthma/wheeze together and
consequently; either of these reported outcomes were included in meta-analyses. It is
acknowledged that phenotype expression of allergic diseases in children varies by
age, as more eczema and food allergy would be expected in children under 2 years of
age and more wheeze/asthma at older age. Where possible, sub-group meta-analyses
were conducted to address the age differences for the reported allergic outcomes.
Strengths and limitations
This systematic review only included trials that started intake of ω-3 LCPUFA during
pregnancy, and thus crucially, allowed the effect of prenatal intake of the
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supplementation for prevention of childhood allergies to be investigated. Following
an a priori published protocol(58), a comprehensive search strategy allowed for a
complete coverage of all the relevant literature through citation databases, trial
registries and conference proceedings with no limitation by language or publication
status. In addition, a range of allergic outcomes were considered and the most up-todate results from the trials, reported as the longest available follow-up data, were
included in the meta-analyses. As a post hoc decision, sub-group analyses were only
conducted for the duration of follow-up and not for the dose/timing/type of ω-3
LCPUFA because of the limited number of studies that could contribute in the metaanalyses. A potential limitation is also that there were a small number of studies that
met the inclusion criteria for this systematic review.
Consistency with other reviews
The two reviews published in 2011(15,

59)

included studies that administered ω-3

LCPUFA either prenatally or postnatally with the former(15) being a narrative review.
The latter(59) conducted meta-analysis on selected allergic outcomes and did not
include some trials in their review(34, 40, 43).
The two recent reviews by Gunaratne(15) and Best(16) had different approach, with first
including both prenatal and postnatal administration of ω-3 fatty acids(15) and the
other only on prenatal supplementation, but with small number of trials(16). Both
reviews have conducted their meta-analyses based on IgE status of allergic outcomes,
including point prevalence of allergies and earlier follow-up data of included trials.
Also, the trial by Linnamaa(30) that used BCSO was only included in the present
review since the composition of BCSO corresponds to the recommended optimal
dietary intake ω-3 and ω-3 fatty acids with ω-3/ω-6 ratio from 1.3 to 1.4. Due to the
differences in focus between these systematic reviews and the current review, the
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ability to make meaningful comparisons between the findings is to some extent
limited. Both reviews(15 & 16) showed a beneficial effect for atopic eczema for some
age strata; however, these analyses only included the earlier follow-up data from
included trials.
The most recent review(17) has also included both prenatal and postnatal ω-3 LCPUFA
interventions and has not identified the latest report of one trial(43) and full paper of
another trial(50). There are also differences between the current systematic review and
Garcia-Larsen in term of the approach for inclusion of trials in the conducted metaanalyses. For example, we did not include the Noakes(34) trial in the meta-analyses
since it had a different control while this study has been included in meta-analyses by
Garcia-Larsen. Also, the trial by Linnamaa has been considered as ω-6 fatty acid
intervention in the review by Garcia-Larsen and additionally, they have included
different reports of Makrides 2009 trial in the meta-analyses conducted for food
allergy e.g. Palmer 2012 in “egg sensitisation” and Best 2016 in “Peanut
sensitisation”. Nevertheless, the results from the current systematic review are
comparable with the recent review(18) where there was evidence that ω-3 LCPUFA
supplementation has been beneficial for prevention of sensitisation to egg and peanut
in children. Since the current review included ω-3 LCPUFA trials that were only
started during pregnancy, it can be concluded that the preventive effect of the
intervention on sensitisation to egg and peanut in children is related to this very early
stage in life i.e. pregnancy. We also did not find evidence that ω-3 LCPUFA could
protect against other allergic outcomes in offspring which is similar to the recent
review(17).
Authors’ conclusion
Implications for practice
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The evidence on ω-3 LCPUFA intake starting during pregnancy and prevention of
allergic outcomes in children is limited, although there appears to be an association
with reduction of childhood sensitisation to egg and peanuts. There is a need to
interpret these findings with caution as a result of risk of bias between studies,
different methods for reporting the outcome measures and variability of the ω-3
LCPUFA supplementations. Furthermore the included trials differed greatly in the
dose of ω-3 supplementation, ranging from 0.8 to 2.4g per day and contained various
percentages of EPA and DHA. The current guidelines advise an intake of 200mg of
DHA per day in pregnancy(60) and differences in the dose/ratio of DHA in the ω-3
supplementation in trials could have consequently had an impact on the overall
effectiveness of intervention.
Implications for research
Taking the quantity and quality of the available evidence into account, the effect of ω3 LCPUFA intake starting during pregnancy for prevention of childhood allergies
needs to be further investigated in well-designed and executed RCTs.
The timing of interventions have been varied in the conducted trials and the optimal
timing of ω-3 LCPUFA intervention is an essential uncertainty that needs to be
addressed more clearly in further trials. Given the anti-inflammatory properties of ω-3
LCPUFAs, it could be hypothesised that early introduction of ω-3 LCPUFA during
pregnancy could promote a beneficial immunomodulatory effect in foetuses as early
as possible by programming the immune system. Furthermore, future trials could
consider a differentiation between DHA to EPA ratios in LCPUFA supplementations
as well as baseline LCPUFA status in their sample. The dose and duration of
intervention as well as the choice of control should also be addressed in future studies.
Large multi-centre RCTs with coherent methodology and standardised measures for
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assessing the outcomes could provide stronger inferences for the efficacy of ω-3
LCPUFA intervention in pregnant women as a preventive approach for childhood
allergies. In addition, studies should aim to minimise the attrition bias in their
extended follow-ups. There is also a need for well-designed epidemiological studies
from under-reported populations, since the current evidence originates dominantly
from the developed regions.

22 | This article is protected by copyright. All rights reserved.

References
1. Pawankar RG, Canonica W, Holgate ST, Lockey RF, Blaiss MS. (Eds.) (2013)
White book on allergy: update 2013. U.K. World Allergy Organization
2. Asher J & Pearce N. Global burden of asthma among children. Int J Tuberc Lung
Dis. 2014; 18:1269-78.
3. Barker DJP. Developmental origins of chronic disease. Public Health. 2016; 126:
185–189.
4. Mayor RS, Finch KE, Zehr J, et al. Maternal high-fat diet is associated with
impaired fetal lung development. AJP-Lung Cellular and Molecular Physiology.
2015; 309: L360–L368.
5. Thornburg KL, & Marshall N. The placenta is the center of the chronic disease
universe. Am J of Obs & Gyn. 2015; 213: S14–S20.
6. Campbell DM, Hall MH, Barker DJP, et al. Diet in pregnancy and the offspring’s
blood pressure 40 years later. BJOG: An International Journal of Obstetrics &
Gynaecology. 1996; 103: 273–280.
7. Sausenthaler S, Heunrich J, Koletzko S for the GINIplus and LISA plus Study
Group. Early diet and the risk of allergy: what can we learn from the prospective birth
cohort studies GINIplus and LISAplus? 1-5. Am J Clin Nutr. 2011; 94(suppl): 2012S7S.
8. Blasbalg TL, Hibbeln JR, Ramsden CE, et al. Changes in consumption of omega-3
and omega-6 fatty acids in the United States during the 20th century. The Am J of
Clin Nut. 2011; 93: 950–962.
9. Meyer BJ, & Kolanu N. Australian children are not consuming enough long chain
omega-3 polyunsaturated fatty acids for optimal health. Nutrition. 2011; 27: 1136–
1140.
10. Tilley SL, Coffman TM, & Koller BH. Mixed messages: Modulation of
inflammation and immune responses by prostaglandins and thromboxanes. J Cli
Invest. 2001; 108: 15–23.
11. Calder PC. Marine omega-3 fatty acids and inflammatory processes: Effects,
mechanisms and clinical relevance. Biochimica et Biophysica Acta. 2014; 1851: 469–
484.
12. Thies F, Nebe-Von-Caron G, Powell J, et al. Dietary supplementation with
linolenic acid or fish oil decreases t lymphocyte proliferation in healthy older humans.
J Nut. 2001; 131: 1918–1927.
13. Trebble T, Wootton S, Miles E, et al. Prostaglandin E2 production and T cell
function after fishoil supplementation. Am J Clin Nutr. 2001; 78: 376–382.
14. Kremmyda LS, Vlachava M, Noakes PS, et al. Atopy risk in infants and children
in relation to early exposure to fish, oily fish, or long-chain omega-3 fatty acids: a
systematic review. Clin Rev Allergy Immunol. 2011; 41: 36–66.
15. Gunaratne AW, Makrides M, & Collins CT. Maternal prenatal and/or postnatal n3 long chain polyunsaturated fatty acids (LCPUFA) supplementation for preventing
allergies in early childhood. Cochrane Database Syst Rev. 2015; 7: Cd010085.
16. Best KP, Gold M, Kennedy D, et al. Omega-3 long-chain PUFA intake during
pregnancy and allergic disease outcomes in the offspring: a systematic review and
meta-analysis of observational studies and randomized controlled trials. Am J Clin
Nutr. 2016; 103: 128–143.
17. Garcia-Larsen V, Ierodiakonou D, Jarrold K, Cunha S, Chivinge J, Robinson Z, et
al. (2018) Diet during pregnancy and infancy and risk of allergic or autoimmune
23 | This article is protected by copyright. All rights reserved.

disease: A systematic review and meta-analysis. PLoS Med 15(2): e1002507
18. Lefebvre C, Manheimer E, Glanville J. (2011) Chapter 6: Searching for studies.
In: Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews of
Interventions Version 5.1.0 (updated March 2011). The Cochrane Collaboration.
Available from www.cochrane-handbook.org
19. Higgins JPT, Altman DG, Sterne JAC (Eds). (2011) Chapter 8: Assessing risk of
bias in included studies. In: Higgins JPT, Green S (editors). Cochrane Handbook for
Systematic Reviews of Interventions Version 5.1.0 (updated March 2011). The
Cochrane Collaboration. Available from www.cochrane-handbook.org
20. Higgins JPT, Deeks JJ, Altman DG (Eds). (2011) Chapter 16: Special topics in
statistics. In: Higgins JPT, Green S (editors), Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 (updated March 2011). The Cochrane
Collaboration. Available at www.cochrane-handbook.org
21. Dunstan JA, Mori TA, Barden A, et al. Fish oil supplementation in pregnancy
modifies neonatal allergen-specific immune responses and clinical outcomes in
infants at high risk of atopy: A randomized, controlled trial. J Allergy Clin Immun.
2003; 112: 1178–1184.
22. Dunstan JA, Mori TA, Barden A, et al. Maternal fish oil supplementation in
pregnancy reduces interleukin-13 levels in cord blood of infants at high risk of atopy.
Clin Exp Allergy. 2003; 33: 442–448.
23. Barden AE, Mori TA, Dunstan JA, et al. Fish oil supplementation in pregnancy
lowers F2-isoprostanes in neonates at high risk of atopy. Free Radic Res. 2004; 38:
233–239.
24. Denburg JA, Hatfield HM, Cyr MM, et al. Fish oil supplementation in pregnancy
modifies neonatal progenitors at birth in infants at risk of atopy. Pediatr Res. 2005;
57: 276–281.
25. Barden AE, Dunstan JA, Beilin LJ, et al. N-3 fatty acid supplementation during
pregnancy in women with allergic disease: Effects on blood pressure, and maternal
and fetal lipids. Clin Sci. 2006; 111: 289–294.
26. Prescott SL, Barden AE, Mori TA, et al. Maternal fish oil supplementation in
pregnancy modifies neonatal leukotriene production by cord-blood-derived
neutrophils. Clin Sci. 2007; 113: 409–416.
27. Meldrum SJ, D’Vaz N, Dunstan J, et al. The Infant Fish Oil Supplementation
Study (IFOS): Design and research protocol of a double-blind, randomised controlled
n-3 LCPUFA intervention trial in term infants. Contemp Clin Trials. 2011; 32: 771–
778.
28. Olsen SF, Østerdal ML, Salvig JD, et al. Fish oil intake compared with olive oil
intake in late pregnancy and asthma in the offspring: 16 y of registry-based follow-up
from a randomized controlled trial. Am J Clin Nutr. 2008; 88: 167–175.
29. Olsen SF, Sorensen JD, Secher NJ, et al. Randomised controlled trial of effect of
fish-oil on pregnancy duration. Lancet. 1992; 339: 1003-7.
30. Linnamaa P, Savolainen J, Koulu L, et al. Blackcurrant seed oil for prevention of
atopic dermatitis in newborns: a randomized, double-blind, placebo-controlled trial.
Clin Exp Allergy. 2010; 40: 1247–1255.31.
31. Linnamaa P, Nieminen K, Koulu L, et al. Black currant seed oil supplementation
of mothers enhances IFN-gamma and suppresses IL-4 production in breast milk.
Pediatr Allergy Immunol. 2013; 24: 562–566.
32. Furuhjelm C, Warstedt K, Fagerås M, et al. Allergic disease in infants up to
2years of age in relation to plasma omega-3 fatty acids and maternal fish oil
supplementation in pregnancy and lactation. Pediatr Allergy Immunol. 2011; 22: 505–
24 | This article is protected by copyright. All rights reserved.

514.
33. Furuhjelm C, Warstedt K, Larsson J, et al. Fish oil supplementation in pregnancy
and lactation may decrease the risk of infant allergy. Acta Paediatrica. 2009; 98:
1461–1467.
34. Noakes PS, Vlachava M, Kremmyda LS, et al. Increased intake of oily fish in
pregnancy: Effects on neonatal immune responses and on clinical outcomes in infants
at 6 mo. Am J Clin Nutr. 2012; 95: 395–404.
35. Helmersson-Karlqvist J, Miles EA, Vlachava M, et al. Enhanced prostaglandin F
2α formation in human pregnancy and the effect of increased oily fish intake: Results
from the Salmon in Pregnancy Study. Prostaglandins Leukot Essent Fatty Acids.
2012; 86: 35–38.
36. Miles EA, Noakes PS, Kremmyda LS, et al. The Salmon in Pregnancy Study:
study design, subject characteristics, maternal fish and marine n-3 fatty acid intake,
and marine n-3 fatty acid status in maternal and umbilical cord blood. Am J Clin Nutr.
2011; 94: 1986s–1992s.
37. Urwin HJ, Miles EA, Noakes PS, et al. Effect of salmon consumption during
pregnancy on maternal and infant faecal microbiota, secretory IgA and calprotectin.
Br J Nutr. 2014; 111: 773–784.
38. Best KP, Sullivan T, Palmer D, et al. Prenatal Fish Oil Supplementation and
Allergy: 6-Year Follow-up of a Randomized Controlled Trial. Pediatrics. 2016; 137:
e20154443–e20154443.
39. Makrides M, Gibson RA, McPhee AJ, et al. Neurodevelopmental Outcomes of
Preterm Infants Fed High-Dose Docosahexaenoic Acid. JAMA. 2009; 301: 175–182.
40. Makrides M, Gibson RA, McPhee AJ, et al. Effect of DHA supplementation
during pregnancy on maternal depression and neurodevelopment of young children: a
randomized controlled trial. JAMA. 2010; 304: 1675–1683.
41. Palmer DJ, Sullivan T, Gold MS, et al. Effect of n-3 long chain polyunsaturated
fatty acid supplementation in pregnancy on infants’ allergies in first year of life:
randomised controlled trial. BMJ. 2012; 344: e184–e184.
42. Palmer DJ, Sullivan T, Gold MS, et al. Randomized controlled trial of fish oil
supplementation in pregnancy on childhood allergies. Allergy. 2013; 68: 1370–1376.
43. Escamilla-Nuñez MC, Barraza-Villarreal A, Hernández-Cadena L, et al. Omega-3
fatty acid supplementation during pregnancy and respiratory symptoms in children.
Chest. 2014; 146: 373–382.
44. Ramakrishnan U, Stein AD, Parra-Cabrera S, et al. Effects of docosahexaenoic
acid supplementation during pregnancy on gestational age and size at birth:
randomized, double-blind, placebo-controlled trial in Mexico. Food Nutr Bull. 2012;
31: S108-16.
45. Imhoff-Kunsch B, Stein AD, Martorell R, et al. Prenatal docosahexaenoic acid
supplementation and infant morbidity: Randomized controlled trial. Pediatrics. 2011;
128: e505–e512.
46. Lee HS, Barraza-Villarreal A, Biessy C, et al. Dietary supplementation with
polyunsaturated fatty acid during pregnancy modulates DNA methylation at
IGF2/H19 imprinted genes and growth of infants. Physiological Genomics. 2014; 46:
851–857.
47. Hansen S, Strøm M, Maslova E, et al. Fish oil supplementation during pregnancy
and allergic respiratory disease in the adult offspring. J Allergy Clin Immunol. 2017;
139: 104–111.
48. Bisgaard H, Stokholm J, Chawes BL, et al. Fish oil-derived fatty acids in
pregnancy and wheeze and asthma in offspring. NEJM. 2016; 375: 2530–2539.
25 | This article is protected by copyright. All rights reserved.

49. Bisgaard H, Vissing NH, Carson CG, et al. Deep phenotyping of the unselected
COPSAC2010 birth cohort study. Clin Exp Allergy. 2013; 43: 1384–1394.
50. Berman D, Clinton C, Limb R. Prenatal Omega-3 Supplementation and Eczema
Risk Among Offspring at Age 36 Months. Insights in Allergy, Asthma & Bronchitis.
2016; 2: 1–9.
51. Mozurkewich DEL, Clinton C, Chilimigras MJL, et al. The Mothers, Omega-3,
and Mental Health Study: a double-blind, randomized controlled tria. Am J Obstet
Gynecol. 2014; 208: 1–18.
52. Mozurkewich E, Chilimigras J, Klemens C, et al. The mothers, Omega-3 and
mental health study. BMC Pregnancy and Childbirth. 2011; 11: 46.
53. Mozurkewich EL, Greenwood M, Clinton C, et al. Pathway Markers for Proresolving Lipid Mediators in Maternal and Umbilical Cord Blood: A Secondary
Analysis of the Mothers, Omega-3, and Mental Health Study. Frontiers in
Pharmacology. 2016; 7: 1–8.
54. Tariq SM, Mathews SM, Hakim EA. Egg allergy in infancy predicts respiratory
allergic disease by 4 years of age. Pediatr Allergy Immunol. 2000; 11: 162–167.
55. James JM. Respiratory manifestations of food allergy. Pediatr. 2003; 111: 1625–
1630.
56. Vogel NM, Katz HT, Lopez R, et al. Food allergy is associated with potentially
fatal childhood asthma. J Asthma. 2008; 45: 862–866.
57. Schroeder A, Kumar R, Pongracic JA, et al. Food allergy is associated with an
increased risk of asthma. Clin Exper Allergy. 2009; 39: 261–270.
58. Vahdaninia M, Dean T, Mackenzie H. Systematic review of maternal dietray
interventions during pregnancy and the risk of developing allergic disorders and
obesity in offspring from birth to 18 years of age. PROSPERO. 2015, available from:
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42015024397
59. Klemens CM, Berman DR, Mozurkewich EL. The effect of perinatal omega-3
fatty acid supplementation on inflammatory markers and allergic diseases: a
systematic review. BJOG. 2011; 118: 916–925.
60. Koletzko B, Lien E, Agostoni C, et al. world Association of Perinatal Medicine
Dietary Guidelines Working Group, authors. The roles of long-chain polyunsaturated
fatty acids in pregnancy, lactation and infancy: review of current knowledge and
consensus recommendations. J Perinat Med. 2008; 36: 5-14.

26 | This article is protected by copyright. All rights reserved.

Records identified through database
searches (n=1732)
Medline: n=138, SCOPUS: n=1213,
Cochrane (trials only): n=381

Additional records identified through
other sources
(n=1)

Titles and abstracts screened
(1733)

Duplicates removed
(n=1308)

Abstracts selected for further screening
(n=425)

Abstracts excluded (n=346):
Reviews/different
intervention /different
outcome/after birth

Full-text articles assessed for eligibility
(n=79)

Full-text papers excluded
(n=48)
Non-randomised: 17
Different outcome: 31

Citations included: 31
Primary articles included in quantitative
syntheses (meta-analyses): n=10
Companion papers: 21

Figure 1: Study flow diagram, following PRISMA criteria
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Table 1. Characteristics of included trials and study population for fatty acids and prevention of allergic and/or respiratory outcomes in
offspring
Companion
articles*

Country,
enrolmen
t period

Participants
receiving
intervention

Age
at last
F-U

Intake of
Int.
From/until

Duration
of Int.
(months)

No. at
randomis
**
ation

No. at last
Followup

Fatty
acid
product

Placebo

Total
daily
dose

Outcomes reported

1yr

Sample:
high
risk of
Atopy
Yes

Dunstan,
et al.,
2003a
(21)

References
22-27

Australia
19992001

Prenatally in
mothers

20wks to
delivery

4.5-5

98

83 (40 vs.
43)

ω-3
PUFA

Olive oil

1-g,
4 a day

Prenatally in
mothers

16yrs

No

30wks to
delivery

2-2.5

No

8-16wks to
2yrs.
postnatal

30-32

Olive
oil & no
oil
Olive oil

1-g,
4 a day

2yrs.

528 (263
vs. 129 vs.
136)
177
(85 vs. 92)

Fish oil

Prenatally in
mothers &
postnatally in
mothers &
infants (2-yrs
after birth)
Pre &
postnatally in
mothers (3.5
months after
birth)

533: 266
vs. 131 vs.
136
322: 151
vs. 162

-Asthma
-Recurrent wheeze
-Eczema
-SPT (any+); (egg)
(peanut) (HDM)
(cows milk) (CAT)
-Food Allergy
-Anaphylaxis
-Angioedema
-Chronic cough
-SCORAD >=25
-Any Allergic
disease(s)
-Asthma
-Eczema
-SPT (egg)
-SCORAD
-Any IgE (mean)

Olsen et
al., 2008
(28)
Linnamaa
et al.,
2010 (30)

Reference
29

Denmark
1989-90

Reference
31

Finland
2004-08

Furuhjelm
et al.,
2011 (32)

Reference
33

Sweden
2003-05

2yrs

Yes

25wks to
3.5months
postnatal

7 to 7.5

145: 70
vs. 75

116
(53 vs. 63)

ω-3
group

Mainly
the
omega-6
PUFA
LA

500-mg,
nine a
day

Noakes et

References

UK.

Prenatally in

6mont

Yes

20wks to

4.5-5

123: 62

86 (48 vs.

Salmon

Standar

2
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Blackcu
rrant
seed oil

3 g/day,
6
capsules
, oil
drops in
infants

-Eczema
-Asthma
-SPT (any+) (egg)
(milk) (food) (wheat)
-Specific IgE
-Food Allergy
-Allergic
Rhinoconjunctivitis
-SCORAD
-IgE (any+) (egg)
(milk) (wheat) (food)
-Wheeze

29

al., 2012
(34)

35-37

No
reported

mothers

hs

Best et al.,
2016 (38)

References
39-42

Australia
2006-08

Prenatally in
mothers

6yrs

delivery

Yes

21wks to
delivery

4-5

vs. 61

38)

portions

d diet

portions
per
week

700: 363
vs. 337

603 (313
vs. 290)

ω-3 LCPUFA

Vegetab
le oil

500 mg,
3 per
day

Included
in the ITT
analysis:
367 vs.
336

EscamillaNuñez et
al., 2014
(43)

References
44-46

Mexico
2005-07

Prenatally in
mothers

1.5yrs.

No

18-22wks
until
delivery

4.5-5.5

1094: 547
vs. 547

869 (429
vs. 440)

Docosah
exaenoi
c acid
(DHA)

A
mixture
of corn
and soy
oil

400 mg,
twice
per day

Hansen

References

Denmark

Prenatally in

24yrs

No

30wks to

2-2.5

533: 266

396 (262

Fish oil

Olive

1-g,

29 | This article is protected by copyright. All rights reserved.

-Eczema
-SPT (any+) (egg)
(cows milk) (CAT)
(Cod) (grass) (Dog)
-Sensitisation
-Chest infection
-Pneumonia/
bronchiolitis
-SCORAD
-SPT (Derp-1)
-Any IgE
-Itchy skin
-Dry skin
-Allergic disease(s)
with sensitisation
-Eczema with
sensitisation
-Wheeze with
sensitisation
-Rhinitis with
sensitisation
-Rhino-conjunctivitis
with sensitisation
-Sensitisation (any)
-Sensitisation (any+)
(hen’s egg) (peanut)
(cashew) (ryegrass)
(olive tree pollen) (D.
pteronyssinus)
(D.farinae) (Cat hair)
(Alternaria tenius)
(dog hair)
-Wheezing
-Cough
-Breathing Difficulty
-Phlegm & Nasal
-Discharge
-Fever
-Asthma, discharge

30

2017 (47)

28-29

1989-90

mothers

delivery

Bisgaard
2017 (48)

Reference
49

Denmark
Copenhag
en &
Zealand
20082010

Prenatally and
postnatally in
mothers (1week after
birth)

5yrs.

No

at week 24
of
pregnancy
to one week
after
delivery

Berman
2016 (50)

References
51-53

US,
Southeastern
Michigan
20082011

Prenatally in
mothers

3yrs

No

Between 1220 gestation
wks.

vs. 131 vs.
136

vs. 134)

1517weeks

738: not
specified
per group

695 (346
vs. 349)

20-28
wks.

118: 39
vs. 38 vs.
41

84 (31 vs.
26 vs. 27)

*
Published data and conference presentations, no unique data were extracted from conference abstracts
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**

ω-3
LCPUFA
(55%
EPA
and
37%
DHA)
in
triacylgl
ycerol
form
EPArich fish
oil and
DHArich fish
oil

oil

4 a day

Olive oil

2.4 g
per day

Soy oil

1060mg
EPA +
274mg
DHA
and
900mg
DHA
plus 180
mg EPA

-Asthma medication
-Allergic rhinitis
-sIgE
-Asthma/persistent
wheeze (3-5yrs, birth
to 5yrs),
-Eczema
-Sensitisation (SPT,
sIgE) at 6 or
18months
-Risk of lower
respiratory infection
-Risk of asthma
exacerbations
-Eczema
-Food allergies
Asthma/wheezing

Indicates the number at randomisation, where recruitment has occurred prenatally

31

Table 2. Definition of outcomes included in the meta-analyses and their diagnostic criteria in individual studies
Any allergies
Diagnosis
*
Berman 2016, 3 years follow-up (PPA)
Maternal report in phone interviews, using questions validated from the 2011 NHIS:
Asthma/persistent wheezing (at 3 years)
-Chronic long-lasting inflammation of the airways
Eczema/Skin (at 3 years)
-Redness, itching, outbreak of lesions
-Abnormal response to food resulting in itching or swelling in mouth, vomiting, diarrhea, abdominal pain
Food allergies (at 3 years)
**
Allergic symptoms were recorded using ISAAC questionnaire by nurses at clinic. Sensitisation was
Best 2016, 6 years follow-up (ITT)
assessed to at least one of the aeroallergens tested
-Eczema, wheeze, rhinitis, rhino-conjunctivitis with a positive SPT to ≥1 allergen extracts (sensitisation)
-History of wheezing and/or whistling in the chest within the past 12 months with sensitisation
-Chronic, itchy rash distributed to the facial, flexural or extensor surface of the skin
-History of sneezing or a runny or blocked nose (in the absence of cold or flu) in the past 12 months
-Positive SPT with a wheal size ≥3mm to foods (hen’s egg, peanut, cashew), airborne allergens (ryegrass
pollen, olive tree pollen, alternaria tenius, cat, dog and 2 species of house dust mite
-Positive SPT with a wheal size ≥3mm to hen’s egg
-Positive SPT with a wheal size ≥3mm to peanut

Allergic diseases symptoms with sensitisation
Wheeze with sensitisation
Eczema with sensitisation
Rhinitis with sensitisation
Sensitisation (any)
Hens’ egg sensitisation
Peanut sensitisation
Bisgaard 2016, 3, 5, 0-5 years follow-up Clinical visits by pediatricians, additional visits for acute care (lung symptoms, any allergy, skin)
(ITT)
Persistent wheeze/asthma (0-5 years)
-Diary recordings of five episodes of troublesome lung symptoms, within the preceding 6months,
each lasting for at least 3 consecutive days, symptoms typical of asthma, the rescue use of inhaled
beta2-agonist, response to a 3months course of inhaled glucocorticoids following by relapse after
the end of treatment. The diagnosis termed as persistent wheeze by child 3yrs old and asthma
afterwards.
Eczema (0-5 years)
-Based on the criteria defined by Hanifin and Rajka
Sensitisation (6 and 18 months of age), SPT
-A wheal >2mm in response to any SPT to milk, egg, dog or cat allergens
Sensitisation (6 and 18 months of age), sIgE
-Specific IgE level of ≥0.35 ku/lit to milk, egg, dog or cat allergens
Dunstan 2003, 1 year follow-up (PPA)
Clinical evaluations by pediatricians, taking a detailed history and examination:
Recurrent wheeze
-More than 2 episodes of wheezing, at least 1 confirmed by a pediatrician or general practitioner
Atopic eczema
-Typical skin lesions or physician-diagnosed eczema responsive to topical steroids
Food allergy
-Undefined
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Sensitisation
Sensitisation to egg
Sensitisation to peanut
Escamila-Nunez 2014, 1.5 years follow-up
(PPA)
Wheezing (maternal atopy and non-atopy)
Furuhjelm 2011, 2 years follow-up (PPA)
Any allergic disease
Any asthma (cum. incidence 0–24months)
Any eczema (cum. incidence 0-24 months)
Any food reactions

-Using a standardised technique (≥2mm) to allergens as egg, milk, peanut, house dust mite, cat
-Positive SPT with a wheal size ≥2mm to egg
-Positive SPT with a wheal size ≥2mm to peanut

Regular follow-ups using a clinical questionnaire, including ISAAC:

-Symptomatic episode of wheeze as a sign lasting ≥3 days and at least one respiratory symptom
Examination by pediatrician at 24mon and validated allergy questionnaires completed by families
-Symptoms of eczema, food reaction, asthma or rhinoconjunctivitis
-Doctor diagnosed wheezing at least three times during the first 2 years of life
-Reoccurring and itching eczematous, lichenified or nummular dermatitis (Seymour criteria 1987)
-Gastrointestinal symptoms, hives, aggravated eczema/wheezing following the ingestion of a
certain food with recovery after food elimination, reoccurrence of symptoms after re-ingestion
Sensitisation
-Wheal diameter ≥3 mm to milk, egg, wheat and cat, timothy and birch
Sensitisation to egg
-Wheal diameter ≥3 mm to egg
Hansen 2016, 24 years follow-up (ITT)
Information collected from the national prescription register
Asthma medication
-Using a modified validated definition: filled ≥2 prescription for B2-agonist or steroids, ≥1
prescriptions for leukotriene receptor antagonist
Allergic rhinitis
-Filled ≥2 prescriptions including: eye drops, nasal decongestants, oral antihistamines
Sensitisation, measured by sIgE (at 18-19yrs -Positive test result of ≥0.35 ku/l to at least 1 of the 12 allergens
follow-up, in 243(46%) subjects)
Linnamaa 2011, 1 year follow-up (PPA)
Clinical evaluation of skin by dermatologist at each visit
Atopic eczema
-Chronic or relapsing itchy dermatitis with a characteristic morphology and distribution, based on
the Hanifin criteria
Olsen 2008, 16 years follow-up (PPA)
Information extracted from National Patient Registry, a mandatory national hospital discharge
Any allergies
-Allergic asthma, atopic dermatitis or allergic rhinitis
*

Per-Protocol Analysis

**

Intention-to-treat analysis
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Figure 2. Risk of bias assessment figure in the included trials
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Figure 3. Forest plot for prenatal intake of fatty acid vs. placebo for prevention
of asthma/wheeze in offspring
Heterogeneity: Q = 10.5; df = 6; p = 0.104; I-squared = 43.1%; tau-squared = 0.0292
Random effects model: 0.872 (0.709, 1.07)

Outcome: Asthma/Wheeze
Berman 2016
Best 2016
Bisgaard 2016
Dunstan 2003
Escamila-Nunez 2014
Furuhjelm 2011
Hansen 2016
Total children: 2,951

Fatty acid n/N
13/57
60/367
60/346
10/40
252/429
7/54
31/262
1,555

Placebo n/N
7/27
45/336
87/349
12/43
262/440
8/65
28/136
1,396

Study sample
Unselected
Atopic
Unselected
Atopic
Unselected
Atopic
Unselected
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Figure 4. Forest plot for prenatal intake of fatty acid vs. placebo for prevention
of eczema in offspring
Heterogeneity: Q = 11.2; df = 5; p = 0.0467; I-squared = 55.5%; tau-squared = 0.0599
Random effects model: 1.01 (0.768, 1.34)

Outcome: Eczema
Berman 2016
Best 2016
Bisgaard 2016
Dunstan 2003
Furuhjelm 2011
Linnamaa 2010
Total children: 1,861

Fatty acid n/N
23/57
36/367
114/346
18/40
11/54
33/85
949

Placebo n/N
3/27
36/336
98/349
13/43
21/65
45/92
912
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Figure 5: Forest plot for prenatal intake of fatty acid vs. placebo for prevention
of sensitisation to egg, measured by SPT in offspring
Heterogeneity: Q = 1.84; df = 2; p = 0.399; I-squared = 0%; tau-squared = 0
Random effect model: 0.542 (0.323, 0.908)

Outcome: Sensitisation
to egg (SPT)
Best 2016
Dunstan 2003
Furuhjelm 2011
Total children: 665

Fatty acid n/N

Placebo n/N

Study sample

6/248
9/35
7/52
335

5/232
14/37
18/61
330

Atopic
Atopic
Atopic
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Figure 6: Forest plot for prenatal intake of fatty acid vs. placebo for prevention
of sensitisation to peanut, measured by SPT in offspring
Heterogeneity: Q = 0.0658; df = 1; p = 0.798; I-squared = 0%; tau-squared = 0
Random effect model: 0.621 (0.4, 0.964)

Outcome: Sensitisation
to peanut (SPT)
Best 2016
Dunstan 2003
Total children: 775

Fatty acid n/N

Placebo n/N

Study sample

27/367
3/35
402

39/336
6/37
373

Atopic
Atopic
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