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Abstract

Background: Prenatal exposure to omega-3 long-chain polyunsaturated fatty acids (n-3 LC-PUFA) in oily fish may
prevent asthma or wheeze in childhood.

Objective: By limiting n-3 LC-PUFA capsules interventions commenced in pregnancy, this systematic review aimed
to find more clear evidence on the relationship between the supplement with n-3 LC-PUFA during pregnancy and
the risk of asthma/wheeze in offspring and to improve the life satisfaction of children with asthma.

Methods: The Cochrane library, Embase, Medline, Web of Science, and PubMed were searched from origin to March
2021 in the above-mentioned databases. Studies selection, data of characteristics extraction, and risk of bias assess-
ment were conducted by two authors, independently. A total of 3037 mother-infant pairs from eight randomized
controlled trials were ultimately analyzed. The primary outcome was the risk of “asthma and/or wheeze”, and the sec-
ondary outcome was “Allergic asthma”in this dose-response meta-analysis. Sensitivity analysis and subgroup analysis
were conducted. The robust-error meta-regression model was used for dose-response analysis.

Results: This meta-analysis showed that n-3 LC-PUFA during pregnancy did not obviously reduce the risk of asthma/
wheeze (RR 0.93;95% (1 0.82 to 1.04, p=0.21) and allergic asthma (RR 0.66, 95% Cl 0.24 to 1.86, p =0.44). The risk of
asthma/wheeze in offspring was significantly decreased in the subgroup analysis when:: (1) studies conducted in
Europe (RR 0.69; 95% Cl 0.53 to 0.89); (2) daily supplementary dose of n-3 LC-PUFA was at least 1200 mg (RR 0.69; 95%
C10.55 t0 0.88); (3) supplementation lasts from pregnancy to lactation period (RR 0.69; 95% CI 0.51 to 0.95). Further-
more, the risk of asthma/wheeze reduce 2% when daily supplemental dose of n-3 LC-PUFA was increased by 100 mg
in the linear dose-response analysis model.
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prevention.

Prevention, Asthma, Wheeze, Offspring

Conclusions: Perinatal supplementation with n-3 LC-PUFA can reduce the incidence of asthma/wheeze and allergic
asthma in children under certain conditions, and higher doses indicate better protective effects. Further studies are
required to confirm the hypothesis of an association between n-3 LC-PUFA intake and childhood asthma/wheeze

Keywords: Omega-3, Fish oils, Docosahexaenoic acids, Eicosapentaenoic acid, Randomized controlled trial,

Background

The prevalence of asthma, the most common allergic
disease in childhood, has increased rapidly over the past
20-30years [1-4]. Children with asthma have compro-
mised life satisfaction, not only in limited physical activ-
ity but also in impaired emotional and mental health
[5-9]. These negative effects create enormous burdens on
families, society, and medical care systems.

Long-chain polyunsaturated fatty acids (LC-PUFAs)
refer to fatty acids with two or more unsaturated dou-
ble bonds and a carbon chain length of at least 20 in the
molecular structure [10, 11]. LC-PUFAs typically include
omega-3 (n-3), omega-6 (n-6), and omega-9 (n-9) poly-
unsaturated fatty acids (PUFAs), whose names depend on
the position of the first unsaturated carbon double bond,
at the third, the sixth, and the ninth carbon of the methyl
end [12]. Among them, n-3 and n-6 PUFAs possess
important physiological functions [13, 14]. The change
of the n-3/n-6 LC-PUFA ratio in the diet, especially
the increased consumption of n-6 LC-PUFA and the
decreased consumption of n-3 LC-PUFA, are considered
to be linked with an increased risk of asthma or wheeze
[15-17]. In many countries, high consumption of veg-
etable oils and meat has increased the intake of n-6 LC-
PUFA and arachidonic acid (AA, 20:4, n-6), respectively.
Diets with high n-6 LC-PUFA lead to high concentra-
tions of AA in tissues. Additionally, AA produces pros-
taglandins and leukotrienes, both highly active mediators
of inflammation and allergic reactions [18]. In contrast,
n-3 LC-PUFA, mainly composed of eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA), has multi-
ple anti-inflammatory actions. For example, it can reduce
leukocyte chemotaxis, adhesion molecule expression and
leucocyte-endothelium interaction; decrease the pro-
duction of inflammatory cytokines and the reactivity of
T-cell; increase the production of eicosanoids with rela-
tively low biological potency and inflammation resolving
resolvins from EPA and docosahexaenoic acid DHA [19].

Some evidence from observational studies suggested
a beneficial effect of n-3 PUFA intake during pregnancy
on the risk of allergic diseases, especially asthma/wheeze
[20-25]. An observational study by Salam in 2005
revealed that maternal intake of oily fish during preg-
nancy might be protective against asthma in offspring

[21]. In 2007, Willer et al. reported that maternal fish
consumption during pregnancy was beneficially associ-
ated with allergic diseases, especially childhood asthma
[23]. A protective effect of maternal fish intake during
pregnancy on the risk of persistent wheeze was observed
in many studies [20, 22, 24, 25]. Since it’s well known that
fish rich in n-3 LC-PUFAs, many randomized controlled
trials (RCTs) were conducted to study the effect of daily
intake of DHA or EPA capsules on the risk of asthma/
wheeze, and different results were drawn [26-31]. In
2016, Bisgaard et al. reported a significant association
between the supplementation of n-3 LC-PUFA and the
risk of persistent wheeze or asthma through a study on
695 pregnant women and their infants [26]. In a study
published by Hansen in 2017, maternal supplementation
with n-3 LC-PUFA might have the prophylactic potential
for long-term prevention of asthma or allergic asthma in
offspring [27]. These findings, together with observations
from other clinical studies [28-31], led to a hypothesis
that n-3 LC-PUFA supplementation during pregnancy
might affect the risk of asthma/wheeze in offspring.

Many systematic reviews and meta-analyses of RCTs
have been performed to obtain better clinical evidence
[32-34].. In two studies, the association between mater-
nal n-3 LC-PUFA intake and the risk of allergic diseases
in offspring was evaluated [32, 33], but asthma/wheeze
was not adequately analyzed. In a systematic review, Lin
et al. [34] found a protective effect of prenatal fish oil
replenishment on children with wheeze/asthma, while
the RCTs retrieved and included in their meta-analysis
were not comprehensive.

In this report, we conducted an updated systematic
review to further measure a possible relationship between
n-3 LC-PUFA supplementation during pregnancy and
the risk of asthma/wheeze in offspring, thereby improv-
ing the life quality of children with asthma/wheeze.

Methods

This systematic review of RCTs was performed according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [35], which
reported maternal fish oil intake during pregnancy and
asthma/wheeze in children.
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Search strategy

A structured and comprehensive literature search was
executed from origin to 31 March 2021 using the fol-
lowing databases: PubMed, Medline, Web of Science,
Embase, and the Cochrane library. We searched for rel-
evant publications using the specific search criteria for
each database based on PubMed search criteria. The
search terms in our search strategy were: ((((((((((fatty
acid) OR (omega 3 fatty acid)) OR (n-3 PUFA)) OR (n-3
fatty acid)) OR (n-3 polyunsaturated fatty acid)) OR
(docosahexaenoic acid)) OR (fish oil)) OR (fish)) AND
((((((pregnant) OR (perinatal)) OR (prenatal)) OR (ante-
natal)) OR (maternal)) OR (gestational))) AND (((((child)
OR (offspring)) OR (infant)) OR (adolescent)) OR
(youth))) AND ((((((asthma) OR (wheeze)) OR (respira-
tory)) OR (Immunoglobulin E-mediated hypersensitiv-
ity)) OR (atopic)) OR (allergic)).

Study selection
The meta-analysis included studies that met the following
criteria: (1) Design: the RCT; (2) Participants: pregnant
women and their children; (3) Experimental group: sup-
plement with capsules rich in n-3 LC-PUFA or salmon
during pregnancy; (4) Control group: supplement with
placebo (e.g., olive oil, soya bean oil, and vegetable oil);
(5) Outcomes: prevalence of asthma/wheeze and allergic
asthma.

Two authors independently assessed articles for inclu-
sion. Any discrepancies were resolved by discussion and,
if necessary, by third-party arbitration.

Outcome measures
For this review, the primary outcome was the prevalence
of asthma/wheeze, defined as a clinical diagnosis, paren-
tal report of asthma symptoms, at least three instances
of wheeze in the previous 2 years, or parental report of a
physician diagnosis of asthma.

The secondary outcome was the prevalence of allergic
asthma, defined as asthma with IgE antibodies or a posi-
tive skin-prick test.

Data extraction and Bias assessment

Data were extracted using a standardized table. Extracted
data included: first author, year of publication, study
location, study design, participants, intervention, pla-
cebo, follow-up time, and incidences of asthma/wheeze
and allergic asthma.

The quality of studies was assessed using the Cochrane
Collaboration Risk of Bias Tool [36]. Two authors inden-
pendently extracted the data from the selected studies
and assessed the quality of the articles. Any differences
or discrepancies would be settled through a third-party
discussion.
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Data synthesis and analysis

Relative risk (RR) with a 95% confidence interval (CI)
was employed to assess the effects of n-3 LC-PUFA sup-
plementation during pregnancy on asthma/wheeze or
allergic asthma in offspring. Hazard ratio (HR) and inci-
dence rate ratio (IRR) were directly regarded as the RR.
The odds ratio about allergic asthma reported by Hansen
et al. was considered the RR due to the lack of details
[27]. When RR was not reported in the article, we cal-
culated the crude RR according to the events/total of
included studies.

Additionally, /* statistics were employed for quantify-
ing the potential variability among the included studies.
When the heterogeneity was not significant (I < 50%),
the fixed-effect model was implemented to summa-
rize the results. When the heterogeneity was significant
(?>50%), the meta-analysis was performed by a random
effect model [37].

Sensitivity analysis was conducted to examine how
deletion of a study affects overall results by omitting one
trials in turn and recalculating the pooled RRs of the inci-
dence of outcomes. Dose-response data using the robust-
error meta-regression method was implemented by Stata
15.1/SE. The Egger test was conducted in this meta-anal-
ysis to evaluate potential publication bias. A funnel plot
was not executed because the studies were less than ten.

The above analyses and forest plots contained in this
review were performed by Stata 15.1/SE. The “risk of bias
graph” was created by Review Manager 5.3.

Results

Literature search

Through an online database search, 3310 publications
were initially identified from PubMed, Medline, Web of
Science, Embase, and the Cochrane library. After remov-
ing duplicate articles, 1302 publications remained. Then,
985 publications were removed after reading the titles,
and 259 publications were removed after reading the
abstracts by two independent reviewers; this process
resulted in 58 publications being read in full. In addition,
48 full-text publications were rejected for various rea-
sons, 32 articles did not report the outcomes we needed;
8 articles were observational studies rather than RCTs;
and 8 articles were not supplemented with n-3 LC-PUFA.
Finally, 10 studies included in the qualitative synthesis,
and 8 unique studies with longest follow-up of each out-
come included in meta-analysis. A flow diagram of the
study selection and progress of RCTs was elaborated in
Fig. 1.

Participants
The data of this review were from 3037 mother-infant
pairs, who completed the RCTs. A total of 1605 women
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n=3310 of records n=o of additional
identified through records identified
database searching through other
Pubmed:n=786 sources

Web of science: n=983
Embase: n=1400
Cochrane:n=141

Duplicates  records
excluded: n=2008

Titles and abstracts need
to be screened: n=1302

Records excluded after titles

n=317 of records after
titles screened

screened: n=985

Records excluded after

n=58 of full-text articles
after abstract screened

abstract screened: n=259

Full-text articles excluded:
n=48

No needed outcomes: n=32
No RCT: n=8

n=10 of studies included
in qualitative synthesis

Not n-3 LC-PUFAs: n=8

Repetitive studies: n=2

RCTs included in meta-analysis
with longest follow-up of each
outcome: n=8

controlled trial

Fig. 1 Flow diagram depicting the study selection and progress of RCTs identified in the systematic review and meta-analysis. RCT, randomized

were in the experimental group, and 1432 women were
in the control group. All participants were recruited from
clinics and hospitals. The selected studies were sourced
worldwide, with three studies in Australia [26, 38, 39],
two RCTs from North America [31, 40], and five studies
in Europe [26, 27, 29, 30, 41].

Infant at high risk of allergic disease means one or
more fist-degree relatives of him has a history of medi-
cally diagnosed allergic diseases. Included infants in four
RCTs [28-30, 38] had high risk of allergic diseases. Two
trials [26, 27] included pregnant women without diag-
nosed allergic problems and one trial included women
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with depression [31]. One RCT included atopic and
non-atopic mothers [40]. Pregnant women with atopic
disease in this RCT were included in the subgroup of
“high infant risk of allergic disease” for analysis. Mean-
while, non-atopic women in this study were included in
the subgroup of “non-high infant risk of allergic disease”
for analysis. Follow-up time ranged from 6months to
24 years.

Of the 10 studies included, the studies of Palmer 2013
[39] and Best 2016 [38] are from the same RCT with dif-
ferent follow-up time and the studies of Olsen 2008 [41]
and Hansen 2017 [27] are from the same population
with different follow-up time, resulting in 8 unique RCTs
included in this meta-analysis. The characteristics and
results of these RCTs are present in Table 1.

Intervention

In six of the eight unique RCTs, participants were divided
into an experimental group and a control group [26,
28-30, 38—40]. The experimental group received salmon
or fish oil, and the control group received olive oil, veg-
etable oil, corn and/or soy oils, or nothing. In two trials
[27, 31], participants were divided into three groups. In
one trial [31], an EPA-rich fish oil group, a DHA-rich fish
oil group, and a control group (soy oil) were constituted.
Another trial included [27] one experimental group (fish
oil) and two control groups (olive oil and no oil). Daily
supplementation of n-3 LC-PUFA ranged from 400 mg to
3700 mg.

In six trials, n-3 LC-PUFA supplementation was com-
menced at 12 to 30weeks of gestational ages and con-
tinued until delivery [27, 28, 30, 31, 38, 39]; in two trials,
supplementation continued into the lactation period
[26—29]. The duration of intervention was from 10 to
29 weeks after statistical calculation.

Quality of RCTs

A bias risk assessment was performed using the modified
models of the Cochrane Collaboration Risk of Bias Tool
for intervention trials for the following six aspects: selec-
tion bias, performance bias, measurement bias, attrition
bias, reporting bias, and other biases [36]. Individual
item was assessed as low-risk, high-risk, or unclear (not
given).

The generation of random sequences was assessed as
low-risk in all studies. Nine studies [26-29, 31, 38—41]
showed ample allocation concealment, and one study [30]
did not describe allocation concealment. Thus, experi-
mental subjects and researchers were unable to predict
the study results. The pregnant women and medical staff
were blinded in seven studies and unblinded in three
studies. In the unblinded studies, the pregnant women
in the control group did not receive any supplements [27,
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30, 41]. Outcome assessors, investigators, and research-
ers were blinded in all studies. Five studies clearly
explained the data, while others did not [26, 28, 30, 31,
39]. Five studies [26, 27, 38, 40, 41] showed a low risk of
reporting bias, while four showed a high risk of reporting
bias [28, 29, 31, 39]. In nine studies, there was insufficient
information to evaluate whether there were other risks of
bias or whether current problems introduced bias. Only
one study was rated as a low risk of other biases because
of no obvious biases in the report [29]. Figure 2 shows the
risk assessment of bias for all studies.

Meta-analysis results of the trials

Asthma/wheeze

In clinical practice, asthma in children is more difficult
to be explicitly diagnosed because of its strict diagnostic
criteria than wheeze [42, 43]. Therefore, the prevalence of
asthma/wheeze was chosen as the main outcome to eval-
uate the effect of fish oil intake during pregnancy. Four
reports were from two RCTs. Thus, we assessed eight
studies with relatively long follow-up times for the inci-
dence of asthma/wheeze.

Six trials did not reveal any significant differences in
asthma/wheeze between the fish oil group and the pla-
cebo group [28-31, 38, 39]. Two trials showed significant
protective effects of the intervention during pregnancy
[26, 27]. The pooled data from eight trials [26-31, 38,
39] showed that n-3 LC-PUFA intake during pregnancy
expressed no significant protective effects on asthma/
wheeze compared with placebo (RR 0.93; 95% CI 0.82 to
1.04; p=0.21) (Fig. 3-A).

Allergic asthma

In three RCTs, investigators reported the effect of n-3
LC-PUFA intake on the incidence of allergic asthma [27,
28, 38], with only one trial showing a significant associa-
tion between maternal fish oil intake and childhood aller-
gic asthma [27]. The pooled data from three trials [27,
28, 38] indicated that the prevalence of allergic asthma
in children was not reduced in the experimental group
compared with the placebo-controlled group (RR 0.66,
95% CI 0.24 to 1.86, p =0.44; Fig. 3-B).

Subgroup analysis

The outcomes were analyzed in terms of stratified study
location, dose, infant risk of allergic disease, duration of
supplementation, and age of offspring.

The risk of our main outcome endpoint in offspring,
asthma/wheeze, was significantly decreased when: (1) in
Europe; (2) the supplementaion of n-3 LC-PUFA was at
least 1200mg/d; (3) supplementation from pregnancy to
lactation. Detailed results of asthma/wheeze subgroup
analysis are shown in Table 2. We found that prenatal
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Fig. 2 Assessment of risk of bias for included RCTs
supplementation with n-3 LC-PUFA could reduce the Discussion

incidence of allergic asthma in preschool children (6 years
of age or younger). Detailed information about the age
subgroup of allergic asthma is presented in Table 3.

Sensitivity analysis

Sensitivity analysis did not show significant changes in
asthma/wheeze outcomes, with the pooled RRs ranging
from 0.87 (95% CI 0.76—1.01) to 0.98 (95% CI 0.86-1.11).
Sensitivity analysis of allergic asthma outcomes showed
the pooled RRs ranged from 0.36 (95% CI 0.13-0.95) to
1.18 (95% CI 0.83-1.68). Appendix 1-1 and Appendix
1-2 exhibit a detailed record of the sensitivity analysis.

Dose-response analysis

In this study, the RMER (robust error meta-regression)
model was used for dose-response regression analy-
sis. The p-value of the non-linear Chi-square test was
0.3212, so the linear model was chosen for dose analy-
sis. The results showed a linear dose-response relation-
ship between the daily dose of n-3 LC-PUFA supplement
during pregnancy and the incidence of asthma/wheeze.
Higher doses indicated lower incidence. Moreover, when
perinatal n-3 LC-PUFA supplementation was increased
by 100mg/d, the risk of asthma/wheeze was reduced by
2%. Details of the linear regression model of the dose-
response analysis are shown in Fig. 4, and other detailed
data and code of Stata on dose-response analysis are
shown in Appendix 2.

Publication bias

The Egger test for asthma/wheeze (p=0.54) and allergic
asthma (p =0.34) revealed no statistically significant pub-
lication bias for each outcome in this meta-analysis.

The current systematic review did not show an explicit
relationship between the prenatal intake of n-3 LC-PUFA
and the prevalence of asthma/wheeze in offspring, simi-
lar to a recent study by Vahdaninia et al. [33] and summa-
rized in a review by Best et al. [32].

The result of the subgroup analysis was interesting.
Studies in Europe showed a protective effect on wheeze/
asthma in offspring. After removing a study conducted in
Mexico, a large sample trial included in our review (the
heterogeneity decreased from 64 to 0%; Appendix 3)
maternal supplementation with fish oil during pregnancy
did not show any advantage in preventing asthma/wheeze
for children without family histories of allergic diseases
(i.e., medically diagnosed allergic diseases, e.g., eczema,
asthma, or hay fever),. We attributed those changes to
differences in ethnicity and environment. Moreover, the
association between the prevalence of asthma and race/
ethnicity has also been confirmed in other studies [44—
47]. In addition, it is speculated that the ineffective fish
oil supplementation during pregnancy in some countries
or regions may be related to the high baseline levels of
n-3 in the population. However, in current RCTs, the
reports of the baseline level of n-3 are generally lacking.
Thus further RCTs are encouraged to explore the issues.

Compared with the effective dose of 2000mg/d
reported in a previous review [34], the dose-response
curve in this study suggested that only 1200mg DHA
and/or EPA per day can significantly prevent asthma/
wheeze. The dosage of drugs is very important for treat-
ing diseases [48, 49]. Different dosages of the same drug
exert different effects, and the same is true for the sup-
plement of n-3 LC-PUFA. It is reasonable to speculate
that intake of very low doses of n-3 LC-PUFA may be
meaningless, while supplementation with high doses may
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Study %
D RR (95% Cl) Weight
Dunstan (2003) 090 (0.44,1.84) 287
Furuhjelm (2011) : 1.05(0.41,270) 164
Noakes (2012) , 1.26 (0.54,2.94) 205
Consuelo (2014) — 0.98(0.82,1.17) 46.58
Berman (2016) 0.88(0.40,194) 235
Best (2016) e 1.09(0.86,1.39) 2553
Bisgaard (2016) — 5 066 (0.47,092) 13.48
Hansen (2017) 4 - 054(0.32,091) 550
Overall (l-squared = 36.2%, p = 0.140) <;> 093(0.82,1.04)  100.00
T : T
322 1 3N
Study %
D RR (95% Cl) Weight
Furuhjelm (2011) - 059 (0.11,3.14) 2187
Best (2016) D 122(0.85,1.75) 4819
Hansen (2017) 0.27 (0.08,0.91) 29.94
Overall (I-squared = 66.2%, p = 0.052) <::> 0.66 (0.24, 1.86) 100.00

NOTE: Weights are from random effects analysis

T
.0801

the percent weight of each study

T
125

Fig. 3 Effect of n-3 LC-PUFA supplementation during pregnancy compared with placebo on the incidence of asthma and/or wheeze (A) and
allergic asthma (B) of children. The pooled estimate was obtained using a fixed-effects model depending on the heterogeneity test. Squares
represent RRs and error bars represent 95% Cls. The diamond represents the overall effect estimate. The size of the shade square is proportional to

increase the risk of fatty liver and even muscle damage
[50, 51]. Given the hazards of excessive doses of fish oil
supplements, the upper limit of fish oil supplementation
requires further investigation in depth.

Supplementation with fish oil from 22nd weeks of
gestational age to early lactation significantly reduced

the prevalence of asthma/wheeze in offspring. We
hypothesized that n-3 LC-PUFA might have different
activities in embryo development at different stages
of pregnancy because pro-inflammatory immune cell
genes are expressed in late pregnancy, and the period
of late pregnancy has a critical regulatory function in
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Table 2 Subgroup analyses of n-3 LC-PUFA supplementation during pregnancy on the incidence of asthma/wheeze

Asthma / wheeze Subgroup classification Number of RR (95% Cl) P 1 (%)
studies
Australia [28, 38] 2 07 (0.85, 1.34) 0.57 0
Study location Europe [26, 27, 29, 30] 4 0.69 (0.53,0.89) <0.01 174
North America [31, 40] 2 0.97 (0.82,1.16) 0.78 0
Dose >1200mg/d [26-29, 31] 5 0.69 (0.55,0.88) <0.01 0
<1200mg/d 30, 38, 40] 3 02 (0.89,1.18) 0.74 0
Infant risk of allergic disease® High [28-30, 38, 40] 5 01(0.85,1.21) 0.89 0
Non-high [26, 27, 31, 40] 4 0.86(0.73,1.01) 0.07 64
Duration of supplementation Pregnancy [28-29,31-32,3941)] 6 0.97(0.85,1.11) 0.69 20.8
Pregnancy and lactation [26, 29] 2 0.69(0.51,0.95) 0.02 0
Age of offsprmgb < 5years [28-31, 40] 5 0.98 (0.83,1.16) 0.83 0
—-18years [27,39,42)] 3 0.88(0.73, 1.06) 0.20 789
> 18years [27] 1 0.54(0.32,091) 0.02 /

RR Risk ratio, C/ Confidential interval. P is for statistical significance of the subgroup results. I is for statistical heterogeneity within studies

2The subgroup analysis of “Infant risk of allergic disease*” included 8 studies. Pregnant women with atopic disease in Escamilla-Nufiez [40] were included in the
subgroup of “high infant risk of allergic disease” for analysis. Meanwhile, non-atopic women in this study [40] were included in the subgroup of “non-high infant risk of

allergic disease” for analysis

®The subgroup analysis of “Age of offspring”included 9 studies from 8 unique RCTs. The subgroup of “Age of offspring” included nine studies, and two of them were
from the same RCT, with result in 16 [41] and 24 years [27] followed up. The study with 16 years follow-up by Olsen [41] were included in the subgroup of “5-18 years”
for analysis. Meanwhile, the study with 24 years follow-up by Hansen [27] were included in the subgroup of “> 18 years” for analysis. Therefore, this subgroup included

9 studies from 8 unique RCTs

Table 3 Subgroup analyses of n-3 LC-PUFAs supplementation
during pregnancy on the incidence of allergic asthma

allergic Subgroup Number RR(95%Cl) P 12 (%)
asthma classification of
studies
< Syears 2 043 (0.19, 0047 0O
0.99)
Age of off- 5-18years 2 0.45 (0.05, 047 877
spring* 3.99)
> 18years 1 0.27 (0.08, 004 /
0.91)

RR Risk ratio, C/ Confidential interval, P is for statistical significance of the
subgroup results. |2 is for statistical heterogeneity within studies

inflammatory and immune system development [52,
53]. The immune system of a newborn is highly mallea-
ble. If the immune system does not receive appropriate
signals, newborns will be susceptible to allergic dis-
eases [54—56]. Therefore, we speculated that there is a
“window of opportunity” in early life during which the
immune system may be influenced by fish oil to limit
susceptibility to allergic diseases.

Atopic march was considered as a progression and
accumulation of atopic conditions an individual (usu-
ally a child) gets older, characterized by the onset and
resolving of symptoms of allergic disease over time
[57]. Asthma symptoms among adults may originate in
childhood [58]. Phenotypes of asthma in children are

1.40+

1.204

1.004

0.80
0.60
0.40+
T T T T T T T T
0 500 1000 1500 2000 2500 3000 3500
dose

Fig. 4 Dose-response regression analysis between daily dose of n-3
LC-PUFA supplement and the risk of asthma/wheeze

commonly associated with allergy, and the incidence
of allergic asthma declines with age [59-61]. Studies
have suggested that early-onset asthma can be attrib-
uted to genetic, epigenetic and atopic factors, while
late-onset asthma may be related to environmental
risk factors [58, 62]. The subgroup analysis revealed
that fish oil supplementation reduced the prevalence of
allergic asthma in preschool children (< 6years). How-
ever, underlying molecular mechanisms for the asso-
ciations remain unclear. More studies are needed to
measure the relationship between the maternal fish oil
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supplement and allergic asthma in childhood through
both laboratory and epidemiological cohort studies.

Our meta-analysis exhibits several advantages. All
included studies are recent RCTs with large sample sizes.
The subgroup analysis and sensitivity analysis have been
performed to assess potential confounding factors and
the stability of the outcomes. The main strength of this
systematic review lies in that the most precise and broad-
est definitions of asthma --"allergic asthma” and “asthma/
wheeze” are used as our outcome variables. However,
our systematic review has some limitations. The extrap-
olation of the conclusion needs to be further verified
because of the unavoidable risk of multiple analysis and
chance finding. The primary studies have different pro-
tocols, which may affect our findings. For example, the
baseline characteristics of pregnant women, the dosage of
intervention, and the diagnosis of outcomes are different.

The hypothesis linking maternal n—-3 LC-PUFA intake
to protection against childhood asthma/wheeze or aller-
gic asthma cannot be absolutely accepted or rejected due
to the lack of new and large-sized RCTs, possible con-
founding factors, and potential bias.

The race, dosage, susceptibility of n-3 LC-PUFA, and
supplementation time should be assessed in the future.
Large-sample and multi-center RCTs are required to
better comprehend the efficacy of supplementation with
n-3 LC-PUFA during pregnancy for protecting against
asthma/wheeze or other relevant allergic diseases.

Conclusion

The results showed that prenatal supplementation with
n-3 LC-PUFA may reduce the incidence of asthma/
wheeze or allergic asthma in offspring under certain
conditions. According to the dose-response analysis,
higher doses suggest stronger protective effects. Fur-
ther high-quality RCTs with large sample sizes should be
performed, especially for different races and regions, to
examine the effects of reasonable doses of prenatal n-3
PUFA intake and asthma/wheeze in offspring.

Abbreviations

N-3 LC-PUFA: Omega-3 long-chain polyunsaturated fatty acids; EPA: Eicosa-
pentaenoic acid; DHA: Docosahexaenoic acid; RCTs: Randomized controlled
trials; PRISMA: Systematic Reviews and Meta-Analyses; RR: Relative risk; Cl:
Confidence interval; HR: Hazard ratio; IRR: Incidence rate ratio.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512887-022-03421-z.

Additional file 1 Appendix 1-1. Sensitivity analyses of the effect of n-3
PUFA supplementation during pregnancy on the incidence of asthma/
wheeze. Appendix 1-2. Sensitivity analyses of the effect of n-3 PUFA sup-
plementation during pregnancy on the incidence of allergic asthma.

Page 12 of 14

Additional file 2 Appendix 2. Data of dose-response analysis on perina-
tal supplementation of n-3 PUFA and risk of asthma/wheeze.

Additional file 3 Appendix 3. Sensitivity analyses of non-high risk studies
on the incidence of asthma/wheeze.

Acknowledgements
The authors are very grateful to professor Huili Wang and Haili Jiang for their
guidance.

Authors’ contributions

Literature retrieval and conceptualisation: HW and HJ. Methodology:YJ and YH.
Data collection and conducted the dose-response meta analysis: YJ, HJ and
YH. Write the first draft of the manuscript: YJ. Supervision: HW. All authors read
and approved the final submitted manuscript.

Funding
No funding was obtained for this study.

Availability of data and materials
The datasets analyzed in this study are available from the corresponding
author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 19 July 2021 Accepted: 20 May 2022
Published online: 16 July 2022

References

1. Pawankar R. Allergic diseases and asthma: a global public health concern
and a call to action. World Allergy Organ J. 2014;7(1):12.

2. Peters RL, Koplin JJ, Gurrin LC, Dharmage SC, Wake M, Ponsonby AL, et al.
The prevalence of food allergy and other allergic diseases in early child-
hood in a population-based study: health nuts age 4-year follow-up. J
Allergy Clin Immunol. 2017;140(1):145-53.

3. ShuW, Li ML, Li ZA, Hu Y. Meta-analysis of asthma prevalence of
children aged 0-14 in surveillance cities of China. Chin J Prev Med.
2020;54(8):875-83.

4. Barraza-Villarreal A, Hernandez-Cadena L, Moreno-Macias H, Ramirez-
Aguilar M, Romieu I. Trends in the prevalence of asthma and other
allergic diseases in schoolchildren from Cuernavaca, Mexico [J]. Allergy &
Asthma Proceedings. 2007;28(3):368-74.

5. Haanpaéa L, Af Ursin P, Nermes M, Kaljonen A, Isolauri E. Association of
allergic diseases with children’s life satisfaction: population-based study
in Finland. BMJ Open. 2018;8(3):e019281.

6. Merikallio VJ, Mustalahti K, Remes ST, Valovirta EJ, Kaila M. Comparison
of quality of life between asthmatic and healthy school children. Pediatr
Allergy Immunol. 2005;16(4):332-40.

7. Glazebrook C, McPherson AC, Macdonald IA, Swift JA, Ramsay C,
Newbould R, et al. Asthma as a barrier to children’s physical activ-
ity: implications for body mass index and mental health. Pediatrics.
2006;118(6):2443-9.

8. Chia-Feng Yang, Chen-Chang Yang, I-Jen Wang. Association between
allergic diseases, allergic sensitization and attentiondeficit/hyperactivity
disorder in children: a large-scale, population-based study. J Chinese Med
Assoc. 2018;81(3):277-83.

9. Everhart RS, Fiese BH. Asthma severity and child quality of life in pediatric
asthma: a systematic review. Patient Educ Couns. 2009;75(2):162-8.


https://doi.org/10.1186/s12887-022-03421-z
https://doi.org/10.1186/s12887-022-03421-z

Jia et al. BMC Pediatrics

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2022) 22:422

Miles EA, Childs CE, Calder PC. Long-Chain Polyunsaturated Fatty Acids
(LCPUFAs) and the Developing Immune System: A Narrative Review.
Nutrients. 2021;13(1):247. https://doi.org/10.3390/nu13010247.

. Hoppenbrouwers T, Cveji¢ Hogervorst JH, Garssen J, Wichers HJ, Wil-

lemsen L. Long Chain Polyunsaturated Fatty Acids (LCPUFAS) in the
Prevention of Food Allergy. Front Immunol. 2019;10:1118. https://doi.org/
10.3389/fimmu.2019.01118.

Carlsson JA, Wold AE, Sandberg AS, Ostman SM. The Polyunsaturated
Fatty Acids Arachidonic Acid and Docosahexaenoic Acid Induce Mouse
Dendritic Cells Maturation but Reduce T-Cell Responses In Vitro. PLoS
One. 2015;10(11):20143741. https://doi.org/10.1371/journal.pone.01437
41

. Willemsen LEM. Dietary n-3 long chain polyunsaturated fatty acids in

allergy prevention and asthma treatment. Eur J Pharmacol. 2016;785:174—
86. https://doi.org/10.1016/j.ejphar.2016.03.062.

Trikamjee T, Comberiati P, D'Auria E, Peroni D, Zuccotti GV. Nutritional
factors in the prevention of atopic dermatitis in children. Front Pediatr.
2021;8(577413):12. https://doi.org/10.3389/fped.2020.577413.

Cayrol C, Duval A, Schmitt P, Roga S, Camus M, Stella A, et al. Environmen-
tal allergens induce allergic inflammation through proteolytic maturation
of IL-33. Nat Immunol. 2018;19(4):375-85.

Kitz R, Rose MA, Schubert R, Beermann C, Kaufmann A, Bohles HJ,

et al. Omega-3 polyunsaturated fatty acids and bronchial inflam-

mation in grass pollen allergy after allergen challenge. Respir Med.
2010;104(12):1793-8.

Talaei M, Sdona E, Calder PC, Jones LR, Emmett PM, Granell R, et al. Intake
of n-3 polyunsaturated fatty acids in childhood, FADS genotype and inci-
dent asthma. Eur Respir J. 2021;58(3):2003633. Published 2021. https://
doi.org/10.1183/13993003.03633-2020.

Kumar A, Mastana SS, Lindley MR. N-3 fatty acids and asthma. Nutr Res
Rev. 2016;29(1):1-16. https://doi.org/10.1017/S0954422415000116.
Calder PC. Dietary modification of inflammation with lipids. Proc Nutr
Soc. 2002,61(3):345-58.

Romieu |, Torrent M, Garcia-Esteban R, Ferrer C, Ribas-Fitd N, Antd JM,

et al. Maternal fish intake during pregnancy and atopy and asthma in
infancy, Clinical and experimental allergy. J British Soc All Clin Immun.
2007;37(4):518-25.

Salam MT, Li YF, Langholz B, Gilliland FD. Maternal fish consump-

tion during pregnancy and risk of early childhood asthma. J Asthma.
2005;42(6):513-8.

Sausenthaler S, Koletzko S, Schaaf B, Lehmann |, Borte M, Herbarth

O, et al. Maternal diet during pregnancy in relation to eczema and
allergic sensitization in the offspring at 2 y of age. Am J Clin Nutr.
2007,85(2):530-7.

Willers SM, Devereux G, Craig LC, McNeill G, Wijga AH, EI-Magd A, et al.
Maternal food consumption during pregnancy and asthma, respiratory
and atopic symptoms in 5-year-old children. Thorax. 2007;62(9):773-9.
Chatzi L, Torrent M, Romieu |, Garcia-Esteban R, Ferrer C, Vioque J, et al.
Mediterranean diet in pregnancy is protective for wheeze and atopy in
childhood. Thorax. 2008;63(6):507-13.

Miyake Y, Sasaki S, Tanaka K, Ohfuji S, Hirota Y. Maternal fat consumption
during pregnancy and risk of wheeze and eczema in Japanese infants
aged 16-24 months: the Osaka maternal and child health study. Thorax.
2009;64(9):815-21.

Bisgaard H, Stokholm J, Chawes BL, Vissing NH, Bjarnadéttir E, Schoos AM,
et al. Fish oil-derived fatty acids in pregnancy and wheeze and asthma in
offspring. N Engl J Med. 2016;375(26):2530-9.

Hansen S, Stram M, Maslova E, Dahl R, Hoffmann HJ, Rytter D, et al. Fish
oil supplementation during pregnancy and allergic respiratory disease in
the adult offspring. J Allergy Clin Immunol. 2017;139(1):104-11.

Dunstan JA, Mori TA, Barden A, Beilin LJ, Taylor AL, Holt PG, 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 Immunol.
2003;112(6):1178-84.

Furuhjelm C, Warstedt K, Fageras M, Falth-Magnusson K, Larsson J, Fre-
driksson M, et al. Allergic disease in infants up to 2 years of age in relation
to plasma omega-3 fatty acids and maternal fish oil supplementation in
pregnancy and lactation. Pediatr Allergy Immunol. 2011;22(5):505-14.
Noakes PS, Vlachava M, Kremmyda LS, Diaper ND, Miles EA, Erlewyn-
Lajeunesse M, et al. Increased intake of oily fish in pregnancy: effects on

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Page 13 of 14

neonatal immune responses and on clinical outcomes in infants at 6 mo.
Am J Clin Nutr. 2012;95(2):395-404.

Berman D, Clinton C, Limb R, Somers EC, Romero V, Mozurkewich E.
Prenatal Omega-3 supplementation and eczema risk among offspring at
age 36 months. Insights All, Asthma Bronchitis. 2016;2(1):1-9.

Best KP, Gold M, Kennedy D, Martin J, Makrides M. 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(1):128-43.
Vahdaninia M, Mackenzie H, Dean T, Helps S. w-3 LCPUFA supplementa-
tion during pregnancy and risk of allergic outcomes or sensitization in
offspring: a systematic review and meta-analysis. Ann Allergy Asthma
Immunol. 2019;122(3):302-13.

Lin J, Zhang Y, Zhu X, Wang D, Dai J. Effects of supplementation with
omega-3 fatty acids during pregnancy on asthma or wheeze of children:
a systematic review and meta-analysis. J Matern Fetal Neonatal Med.
2020;33(10):1792-801.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JP, et al.
The PRISMA statement for reporting systematic reviews and Meta-anal-
yses of studies that evaluate health care interventions: explanation and
elaboration. PLoS Med. 2009;6(7):e1000100.

Higgins JP, Altman DG, Gatzsche PC, Jini P, Moher D, Oxman AD, et al.
The Cochrane Collaboration’s tool for assessing risk of bias in randomised
trials. BMJ (Clinical research ed). 2011;343:d5928.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency
in meta-analyses. BMJ (Clinical research ed). 2003;327(7414):557-60.

Best KP, Sullivan T, Palmer D, Gold M, Kennedy DJ, Martin J, et al. Prenatal
fish oil supplementation and allergy: 6-year follow-up of a randomized
controlled trial. Pediatrics. 2016;137(6):e20154443.

Palmer DJ, Sullivan T, Gold MS, Prescott SL, Heddle R, Gibson RA, et al.
Randomized controlled trial of fish oil supplementation in pregnancy on
childhood allergies. Allergy. 2013;68(11):1370-6.

Escamilla-Nunez MC, Barraza-Villarreal A, Herndndez-Cadena L,
Navarro-Olivos E, Sly PD, Romieu I. Omega-3 fatty acid supplementa-
tion during pregnancy and respiratory symptoms in children. Chest.
2014,146(2):373-82.

Olsen SF, @sterdal ML, Salvig JD, Mortensen LM, Rytter D, Secher NJ,

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 rand-
omized controlled trial. Am J Clin Nutr. 2008;88(1):167-75.

Ellis KC. The differential diagnosis and management of asthma in the
preschool-aged child. J Am Acad Nurse Pract. 2009;21(9):463-73.

Cave AJ, Atkinson LL. Asthma in preschool children: a review of the
diagnostic challenges. J Am Board Fam Med: JABFM. 2014;27(4):538-48.
Grossman NL, Ortega VE, King TS, Bleecker ER, Ampleford EA, Bacharier
LB, et al. Exacerbation-prone asthma in the context of race and ancestry
in asthma clinical research network trials. J Allergy Clin Immunol.
2019;144(6):1524-33.

Hakanen E, Lehtimaki J, Salmela E, Tiira K, Anturaniemi J, Hielm-Bjérkman
A, et al. Urban environment predisposes dogs and their owners to allergic
symptoms. Sci Rep. 2018;8(1):1585.

Sheikh SI, Pitts J, Ryan-Wenger NA, McCoy KS, Hayes D Jr. Environmental
exposures and family history of asthma. J Asthma: official journal of the
Association for the Care of Asthma. 2016;53(5):465-70.

Joseph CL, Williams LK, Ownby DR, Saltzgaber J, Johnson CC. Applying
epidemiologic concepts of primary, secondary, and tertiary prevention
to the elimination of racial disparities in asthma. J Allergy Clin Immunol.
2006;117(2):233-42.

Li XL, Qian L, Bittner ML, Dougherty ER. Characterization of drug efficacy
regions based on dosage and frequency schedules. IEEE Trans Biomed
Eng. 2011;58(3):488-98. https//doi.org/10.1109/TBME.2010.2090660.
Markota NP, Markota |, Tomic M, Zelenika A. Inappropriate drug

dosage adjustments in patients with renal impairment. J Nephrol.
2009;22(4):497-501.

Jakeman JR, Lambrick DM, Wooley B, Babraj JA, Faulkner JA. Effect of

an acute dose of omega-3 fish oil following exercise-induced muscle
damage. Eur J Appl Physiol. 2017;117(3):575-82. https://doi.org/10.1007/
500421-017-3543-y.

Kobori M, Akimoto Y, Takahashi Y, Kimura T. Combined effect of quercetin
and fish oil on oxidative stress in the liver of mice fed a Western-style diet.


https://doi.org/10.3390/nu13010247
https://doi.org/10.3389/fimmu.2019.01118
https://doi.org/10.3389/fimmu.2019.01118
https://doi.org/10.1371/journal.pone.0143741
https://doi.org/10.1371/journal.pone.0143741
https://doi.org/10.1016/j.ejphar.2016.03.062
https://doi.org/10.3389/fped.2020.577413
https://doi.org/10.1183/13993003.03633-2020
https://doi.org/10.1183/13993003.03633-2020
https://doi.org/10.1017/S0954422415000116
https://doi.org/10.1109/TBME.2010.2090660
https://doi.org/10.1007/s00421-017-3543-y
https://doi.org/10.1007/s00421-017-3543-y

Jia et al. BMC Pediatrics

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

(2022) 22:422

J Agric Food Chem. 2020;68(46):13267-75. https://doi.org/10.1021/acs.
jafc.0c02984.

Ross KM, Carroll JE, Dunkel Schetter C, Hobel C, Cole SW. Pro-inflam-
matory immune cell gene expression during the third trimester of
pregnancy is associated with shorter gestational length and lower
birthweight. J Am J Reproduct Immun. 2019;82(6):e13190.

Jiang X, Bar HY, Yan J, West AA, Perry CA, Malysheva OV, et al. Pregnancy
induces transcriptional activation of the peripheral innate immune sys-
tem and increases oxidative DNA damage among healthy third trimester
pregnant women. J Plos One. 2012;7(11):e46736.

Gensollen T, Blumberg RS. Correlation between early-life regulation of the
immune system by microbiota and allergy development. J Allergy Clin
Immunol. 2017;139(4):1084-91.

Lynch SV, Wood RA, Boushey H, Bacharier LB, Bloomberg GR, Kat-

tan M, et al. Effects of early-life exposure to allergens and bacteria on
recurrent wheeze and atopy in urban children. J Allergy Clin Immunol.
2014;134(3):593-601.e12.

Perzanowski MS, Chew GL, Divjan A, Jung KH, Ridder R, Tang D, et al.
Early-life cockroach allergen and polycyclic aromatic hydrocarbon expo-
sures predict cockroach sensitization among inner-city children. J Allergy
Clin Immunol. 2013;131(3):886-93.

Hill DA, Spergel JM. The atopic march: critical evidence and clinical
relevance published correction appears in Ann allergy asthma Immunol.
Allergy Asthma Immunol. 2018;120(2):131-7. https://doi.org/10.1016/j.
anai.2017.10.037.

Fuchs O, Bahmer T, Rabe KF, von Mutius E. Asthma transition from child-
hood into adulthood. Lancet Respir Med. 2017;5(3):224-34. https://doi.
0rg/10.1016/52213-2600(16)30187-4.

Miranda C, Busacker A, Balzar S, Trudeau J, Wenzel SE. Distinguishing
severe asthma phenotypes: role of age at onset and eosinophilic inflam-
mation. J Allergy Clin Immunol. 2004;113(1):101-8.

Rackemann FM. A working classification of asthma. J Am J Med.
1947;3(5):601-6.

Pakkasela J, llmarinen P, Honkamaki J, Tuomisto LE, Andersén H, Piirila

P, et al. Age-specific incidence of allergic and on-allergic asthma. BMC
Pulmonary Med. 2020;20(1):9.

Tan DJ, Walters EH, Perret JL, Lodge CJ, Lowe AJ, Matheson MC, et al.
Age-of-asthma onset as a determinant of different asthma phenotypes in
adults: a systematic review and meta-analysis of the literature. Expert Rev
Respir Med. 2015;9(1):109-23. https://doi.org/10.1586/17476348.2015.
1000311.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 14 of 14

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1021/acs.jafc.0c02984
https://doi.org/10.1021/acs.jafc.0c02984
https://doi.org/10.1016/j.anai.2017.10.037
https://doi.org/10.1016/j.anai.2017.10.037
https://doi.org/10.1016/S2213-2600(16)30187-4
https://doi.org/10.1016/S2213-2600(16)30187-4
https://doi.org/10.1586/17476348.2015.1000311
https://doi.org/10.1586/17476348.2015.1000311

	A dose-response meta-analysis of the association between the maternal omega-3 long-chain polyunsaturated fatty acids supplement and risk of asthmawheeze in offspring
	Abstract 
	Background: 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Search strategy
	Study selection
	Outcome measures
	Data extraction and Bias assessment
	Data synthesis and analysis

	Results
	Literature search
	Participants
	Intervention
	Quality of RCTs
	Meta-analysis results of the trials
	Asthmawheeze
	Allergic asthma
	Subgroup analysis

	Sensitivity analysis
	Dose-response analysis
	Publication bias

	Discussion
	Conclusion
	Acknowledgements
	References


