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Background and Objectives: Asthma, a chronic inflammatory airway disease characterized by wheezing, im-
poses a substantial global health burden on children. Given the potential of early-life omega-3 polyunsaturated
fatty acid (omega-3 PUFA) supplementation—as an anti-inflammatory intervention—to prevent childhood asth-
ma and wheezing, this meta-analysis aims to clarify its efficacy and investigate dose-dependency. Methods and
Study Design: This systematic review and meta-analysis was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Three reviewers independently evaluat-
ed the studies, extracted data, and assessed bias using the Jadad scale. The outcomes included the risk of asth-
ma/wheezing: pooled odds ratios (ORs) were calculated using fixed-effects models, along with sensitivi-
ty/subgroup analyses and dose-response meta-regression. Results: Twelve randomized controlled trials (RCTs)
involving 4,156 participants showed no overall association between omega-3 PUFA and a reduced risk of asth-
ma/wheezing (odds ratio [OR]: 1.00; 95% confidence interval [CI]: 0.84-1.18). However, high-dose supplementa-
tion (>1,200 mg/day) significantly decreased the risk (OR: 0.66; 95% CI: 0.46-0.94). Similarly, high-dose eicosa-
pentaenoic acid (EPA > 1,000 mg/day) also significantly reduced the risk (OR: 0.67; 95% CI: 0.46-0.97). Dose-
response analysis confirmed a linear relationship (p = 0.002), indicating a 26.6% reduction in risk for every 1,000
mg/day increase in dose (OR: 0.734; 95% CI: 0.602-0.896). Subgroup analyses revealed no heterogeneity with
respect to study location, allergy risk, or follow-up duration. Conclusions: Early-life omega-3 PUFA supplemen-
tation reduces childhood asthma/wheezing risk in a dose-dependent manner. High-dose regimens, particularly
those involving EPA, provide substantial protection, suggesting a potential clinical strategy for prevention, alt-
hough further validation is required.

Key Words: omega-3 polyunsaturated fatty acid, asthma or wheezing, early-life, meta-analysis, dose-response
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INTRODUCTION

Asthma ranks among the most prevalent chronic condi-
tions affecting children worldwide,' defined as a hetero-
geneous allergic inflammatory airway disease driven by
multiple pathogenic mechanisms.? According to the
Global Asthma Report, the current asthma prevalence rate
of childhood asthma is 9.1%, for adolescents it is 11.0%,
and for adults it is 6.6%.° The global prevalence of asth-
ma has risen from 238 million cases in 2005 to 260 mil-
lion in 2021.* It is notable that the global asthma preva-
lence rate is highest among children aged 5 to 9, with
approximately 37.3 million children affected by the dis-
ease.” This disease imposes a significant burden on health
and the economy, especially in severe cases, where direct

medical expenses and indirect productivity losses due to
home care are the most notable.® This has made asthma
prevention and treatment a key focus of global children's
health efforts.”

The early life stage encompasses the fetal stage and the
first two years after birth, a period of rapid growth and
development. Bush et al. believe that this window is cru-
cial for the maturation of the lungs and immune system,
indicating that the origins of childhood asthma might be
attributed to early environmental exposures.” In recent
years, nutritional intervention during early life stage has
received widespread attention as a primary prevention
strategy for childhood allergic diseases.'® !' Particular
interesting is the omega-3 polyunsaturated fatty acid
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(omega-3 PUFA), such as eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA), which are the main
components of fish oil supplements.'> These omega-3
PUFA regulate immune and inflammatory responses by
competitively inhibiting arachidonic acid metabolism,
thereby reducing the production of pro-inflammatory me-
diators such as leukotriene B4 and prostaglandin E», while
promoting the synthesis of inflammation-resolving me-
diators, including resolvins and maresins. '3

Observational studies and clinical trials have shown
that supplementation with omega-3 PUFA during preg-
nancy or infancy may reduce the risk of children develop-
ing asthma and wheezing. There is evidence supporting
this view. Bisgaard et al. found that pregnant women who
supplemented with 2.4 g of fish oil daily throughout
pregnancy significantly reduced the risk of their offspring
developing asthma or persistent wheezing.'* Moreover, a
16-year longitudinal study reported that supplementing
with omega-3 PUFA during pregnancy reduced the likeli-
hood of adolescents developing asthma.!> Despite these
encouraging findings, it must be said that the current re-
search conclusions are not consistent. It is worth noting
that Tolér et al. found that supplementing with omega-3
polyunsaturated fatty acids during the preschool stage had
no significant protective effect in preventing childhood
asthma/asthma-like symptoms.'® These different results
may be explained by a variety of factors, including differ-
ences in supplement dosage, the timing of the interven-
tion, the duration of follow-up, the baseline nutritional
status, and genetic susceptibility, etc..!”

Growing evidence indicates that the health benefits of
omega-3 PUFA are dose-dependent. Jager et al. empha-
sized this concept in a review published in 2025, stating
that the Western diet typically fails to provide sufficient
amounts of such fatty acids. The authors suggested that
high-dose supplementation (> 2 g of EPA and DHA per
day) might help prevent chronic lung diseases.'® There-
fore, determining the specific dose-response relationship
is crucial for developing effective and targeted nutritional
intervention measures.

Although some meta-analyses explore the association
between omega-3 PUFA supplementation and the risk of
asthma, there is a lack of meta-analyses specifically tar-
geting early-life interventions and their dose-response
relationships. Therefore, this study, through systematic

searches and meta-analyses, comprehensively evaluated
the impact of omega-3 PUFA supplementation during
early life on the risk of childhood asthma and wheezing.
Additionally, this study also explored the dose-response
relationship to provide guidance for future clinical prac-
tice and evidence-based public health policies.

METHODS

The protocol for this systematic review and meta-analysis
was registered with PROSPERO (registration number
CRD420251157129). This study was conducted accord-
ing to the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) checklist, and using
methods stated in the Cochrane Handbook for Systematic
Reviews of Interventions.

Literature search strategy

This research adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.19 A systematic search was conducted in
PubMed, Web of Science, Embase, and the Cochrane
Library. The retrieval period spanned from the establish-
ment of the library until February 2026. Relevant publica-
tions were searched using specific search criteria for each
database, based on the PubMed search criteria. The
search strategy employed a combination of subject terms
and free words. The search terms were as follows: ((fatty
acids, omega 3) OR ((eicosapentaenoic acid) OR (do-
cosahexaenoic acids) OR (alpha linolenic acid) OR (fish)
OR (fish oils) OR (n 3 fatty acid*) OR (omega 3 fatty
acid*) OR (n 3 oil*) OR (n 3 polyunsaturated fatty acid)
OR (n 3 PUFA) OR (DHA) OR (EPA) OR (Icosapent)
OR (timnodonic acid) OR (eicosapenta*noic acid) OR
(docosahex*enoic acid*) OR (docosahexaenoate) OR
(linolenate) OR (linolenic acid))) AND ((asthma) OR
((asthma*) OR (bronchial asthma) OR (wheeze) OR
(wheezing) OR (immunoglobulin E mediated hypersensi-
tivity) OR (atopic) OR (allergic))) AND ((child) OR (in-
fant) OR (adolescent) OR (pediatrics) OR (adult) OR
(aged) OR (pregnancy) OR ((lactation) OR (breast feed-
ing)) OR ((children) OR (adolescence) OR (youth*) OR
(teen*) OR (teenager*) OR (elderly) OR (offspring) OR
(older) OR (pregnancies) OR (gestation) OR (milk secre-
tion) OR (prolonged lactation) OR (gestational) OR (pre-
natal) OR (antenatal) OR (perinatal) OR (mother*) OR
(maternal) OR (pregnant))).

Inclusion and exclusion criteria

The systematic search was formulated using the PICOS
framework, as were the inclusion and exclusion criteria,
which are presented in Table 1.

Inclusion criteria: (1) the study design was randomized
controlled trial (RCT); (2) the participants were pregnant
women and their children; (3) in the experimental group,
omega-3 polyunsaturated fatty acid supplements (in any
form) are provided during the early life stage, while in the
control group, a placebo (such as olive oil, soybean oil, or
vegetable oil) is given; (4) the outcome indicators are the
reported prevalence of asthma/wheezing.

Exclusion criteria: (1) studies lacking dose and out-
come data, or studies from which such data cannot be
obtained; (2) studies with incomplete outcome data; (3)
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Table 1. PICOS framework

Parameter Criteria

Population Included: studies where the subjects were pregnant women and their children
Excluded: studies not involving pregnant women and their children

Intervention  Included: studies using omega-3 PUFA (in any form) as the intervention measure
Excluded: studies that included other intervention measures and thus made it impossible to clearly determine the
effect of omega-3 PUFA

Comparison  Placebo (such as olive oil, soybean oil, vegetable oil)

Outcome The primary outcome indicator was the prevalence of asthma/wheezing, which is defined as: clinical diagnosis,
parental report of asthma symptoms, at least three episodes of wheezing within the past two years, or parental re-
port of a physician's diagnosis of asthma.

Study Included: Randomized controlled trials.

design Excluded: (1) non-RCTs; (2) studies lacking dose and quantity data, or where such data could not be obtained; (3)

studies with incomplete outcome data.

PUFA, polyunsaturated fatty acid; RCT, randomized controlled trial.

for studies involving multiple research groups and with
overlapping research subjects, except for the group with
the longest follow-up period, the other groups were ex-
cluded; (4) duplicate publications; (5) non-English litera-
ture.

Outcome measures

In this study, the primary outcome indicator was the
prevalence of asthma/wheezing, which was defined as
clinical diagnosis, parental report of asthma symptoms, at
least three episodes of wheezing in the past two years, or
parental report of a physician's diagnosis of asthma.

Data extraction and quality assessment

The data extraction was independently completed by
three investigators. To ensure accuracy, cross-checking
was conducted. In case of any discrepancies, they were
resolved through consensus discussion or arbitration by
other investigators. The following parameters were sys-
tematically collected: (1) baseline study characteristics
(first author, publication year, country, and study design);
(2) participant demographic information (sample size and
population characteristics); (3) details of the intervention
measures (types, doses, supplementation timing, and du-
ration of omega-3 PUFA); (4) outcome indicators (defini-
tions of asthma/wheezing and follow-up duration); and
(5) variables related to bias risk assessment.

The methodological quality was evaluated using the
Jadad scale.20 This scale assesses key aspects such as
random sequence generation, allocation concealment, use
of blinding, and withdrawal handling. The studies were
classified into two categories: low-quality (score: 1-3
points) or high-quality (score: 4-7 points). All 12 included
RCTs received a high-quality rating.

Statistical analysis

The effect size was presented in the form of odds ratio
(OR) and its 95% confidence interval (CI). These data
were calculated based on the number of events and the
total number of included studies. Additionally, I was
used to quantify the potential variability among the in-
cluded studies. When the heterogeneity was not signifi-
cant (I? < 50%), a fixed-effect model was used to summa-
rize the results. When the heterogeneity was significant
(P > 50%), a random-effects model was used for meta-

analysis.?! The publication bias was evaluated through
funnel plots and Peters' test. Sensitivity analysis was con-
ducted to assess the robustness of the results. After se-
quentially excluding each study, the pooled effect size
OR was recalculated. A single-stage random-effects me-
ta-regression model was used to estimate the dose-
response relationship, and the restricted maximum likeli-
hood (REML) method was applied to estimate the re-
maining heterogeneity. All statistical analyses were car-
ried out using R software (version 4.5.1), and packages
such as meta, metafor, dosresmeta, tidyverse, and ggplot2
were used.

RESULTS

Literature screening process and research characteris-
tics

In accordance with the PRISMA guidelines,'® a systemat-
ic search was conducted on PubMed, Medline, Web of
Science, Embase, and the Cochrane Library. Initially,
7,573 records were obtained. After removing duplicates,
4,550 records were finally obtained. Subsequently, the
titles and abstracts were screened, and 4,476 records were
excluded. The remaining 74 full-text articles were used
for in-depth assessment. During the full-text evaluation
process, 62 articles were further excluded due to non-
RCT design, mismatched intervention type, lack of pre-
defined outcome indicators, irrelevant study subjects, or
duplicate publication. Finally, 12 RCTs were included in
this meta-analysis. The flowchart of the study selection
process and the progress of RCTs are shown in Figure 1.

Study characteristics

Overall, a total of 12 RCTs were included, involving a
total of 4,156 participants (Supplementary Table 1).!6 222
The study by Berman et al. contributed two independent
datasets to the meta-analysis, as it evaluated two different
intervention formulations (EPA-rich and DHA-rich fish
oil) against a single placebo.?” Therefore, a total of 13
independent data sets were ultimately included. The stud-
ies covered multiple countries and regions. Among them,
5 studies were from Europe,? 26 28 3031 2 studies were
from the Americas,’* 27 and 5 studies were from Ocean-
ia.'6 2225, 29, 32 There were 7 studies on the supplementa-
tion of omega-3 PUFA during pregnancy,?* 2% 26302 stud-
ies during lactation,?> 32 2 studies during both pregnancy
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Figure 1. Prisma flow chart of the article selection process.
and lactation,?® 3! and 1 study was conducted in preschool Subgroup analysis

children.'®* Among the included studies, 5 classified the
offspring as "high allergy risk",'® 22 23 26 2% which was
defined as having a medical diagnosis of allergic diseases
in at least one first-degree relative, such as asthma, ecze-
ma, or allergic rhinitis. The other 7 studies recruited par-
ticipants from the general population without such family
predisposition.?* 25 27- 28 3032 The intervention dose of
omega-3 PUFA ranged from 185 to 3,700 mg per day.
The follow-up duration varied from 6 months to 24 years.
7 studies reported clinically diagnoses of asthma,!® 22 23
28,30-32 8 studies reported wheezing symptoms, !% 22 24-26, 29,
31 and 1 study reported asthma/wheezing outcomes.?’
There were subtle differences in the definition of the pri-
mary outcome "asthma/wheezing" among the studies,
including physician's diagnosis, parent's report, wheezing
frequency, or IgE-related asthma. For all studies, the
number of events and sample sizes of the intervention
group and control group were provided to conduct a me-
ta-analysis of effect size OR and dose-response analysis.

Meta-analysis results of trials

Pooled results from 12 RCT studies involving 4,156 in-
fants indicated that, when compared with the control
groups, fish oil supplementation was not associated with
an overall reduced risk of asthma/wheezing (OR: 1.00,
95%CI: 0.84 - 1.18, I’ =9.7%) (Figure 2).!6- 2228

The results were stratified based on study location, out-
comes, the risk of allergic disease in infants, the dose
(omega-3 PUFA, EPA, DHA), the timing of intervention,
and follow-up duration. As shown in Table 2, supplemen-
tation with high-dose omega-3 PUFA (> 1,200 mg/day)
significantly decreased the risk of asthma/wheezing (OR:
0.66, 95%CI: 0.46-0.94) (Figure 3). High-dose EPA sup-
plementation (> 1,000 mg/day) was associated with a
significantly reduced risk of childhood asthma or wheez-
ing (OR: 0.67, 95% CI: 0.46—0.97; Figure 4). In contrast,
no such significant reduction in the risk of childhood
asthma or wheezing was observed in the lower-dose sub-
groups (omega-3 PUFA < 1,200 mg/day or EPA < 1,000
mg/day). Factors such as study location, outcomes, infant
risk of allergic disease, dose of DHA, timing of interven-
tion, and follow-up duration had no significant effect on
the risk of asthma/wheezing.

Sensitivity analysis

Sensitivity analysis showed that the combined effect size
did not change significantly after excluding each study in
turn (OR: 0.95-1.07, p > 0.05), and the results were con-
sistent (Supplementary Figure 1).

Dose-response analysis

In this study, the linear dose-response regression analysis
was performed using a one-stage random-effects meta-
regression model. As illustrated in Figure 5, a consistent,
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Figure 2. Forest plot of the effect of early-life supplementation with fish oil on the risk of asthma/wheezing.

Table 2. Subgroup analysis of the included RCTs.

Subgroup classification characteristics Risk of asthma/wheezing
Number of datasets ~ Number of subjects OR (95% CI) P (%)

Study location

America 3 945 1.05 (0.71, 1.54) 0.0%

Oceania 5 1,909 1.12 (0.89, 1.40) 0.0%

Europe 5 1,302 0.70 (0.49, 1.02) 0.0%
Outcomes

Asthma 7 2,321 0.86 (0.60, 1.22) 40.0%

Wheeze 8 3,089 1.11(0.92, 1.32) 0.0%

Asthma/wheezing 2 111 0.83 (0.35, 1.98) 0.0%
Infant risk of allergic disease

High allergic risk’ 5 1,301 1.09 (0.81, 1.46) 0.0%

Non-high allergic risk 8 2,855 0.92 (0.69, 1.23) 26.0%
Dose of fish oil

<1,200 mg/d 7 2,796 1.13(0.93, 1.37) 0.0%

>1,200 mg/d 6 1,360 0.66 (0.46, 0.94) 0.0%
Dose of EPA

<1,000 mg/d 8 3,059 1.11(0.92, 1.35) 0.0%

>1,000 mg/d 5 1,097 0.67 (0.46, 0.97) 0.0%
Dose of DHA

<800 mg/d 5 1,666 1.25 (0.96, 1.64) 0.0%

>800 mg/d 8 2,490 0.84 (0.67, 1.06) 8.4%
Timing of intervention

Pregnancy 8 2,514 0.85(0. 67,1.08) 9.7%

Lactation 2 810 1.17 (0.85, 1.61) 0.0%

Pregnancy and lactation 2 382 0.83(0.34,2.05) 0.0%

Preschool period (6 months—5 years) 1 450 1.32 (0.84, 2.06) -
Follow-up duration

<3 years 8 1,734 1.07 (0.79, 1.43) 0.0%

>3 years 5 2,422 0.92 (0.68, 1.25) 48.2%

OR: 0dds ratio; CI: confidence interval; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid; /7 is for statistical heterogeneity within
studies.

T“High allergic risk” was defined as having a medical diagnosis of allergic diseases in at least one first-degree relative, such as asthma,
eczema, or allergic rhinitis.

linear trend was observed: supplementation with higher plementation of 1,000 mg omega-3 PUFA corresponded
doses of omega-3 PUFA during early-life was positively to a significant 26.6% reduction in the risk (OR: 0.734;
correlated with a gradual reduction in the risk of child- 95% CI: 0.602-0.896).

hood asthma/wheezing. This protective effect emerged at

lower doses (e.g., 400-500 mg/day) and seemed to peak Publication bias

within a range of approximately 2,400-2,700 mg/day. The funnel plot exhibited good symmetry, and the Peters'
Overall, this analysis confirmed a significant negative test indicated no significant publication bias (p = 0.614)
linear relationship between omega-3 PUFA and the risk (Supplementary Figure 2).

of asthma/wheezing (p = 0.002). Specifically, daily sup-
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Figure 3. Forest plot of the effect of fish oil dose (> 1,200mg/day) on the risk of asthma/wheezing.
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Figure 4. Forest plot of the effect of EPA dose (> 1,000mg/day) on the risk of asthma/wheezing.
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Figure 5. Dose-response meta-analysis between fish oil dose and the risk of asthma/wheezing.

DISCUSSION

In this meta-analysis of RCTs, there was no overall asso-
ciation between early-life supplementation with fish oil
and the risk of childhood asthma/wheezing. However,
subgroup analyses revealed that the high-dose regimen
(total intake of omega-3 PUFA >1,200 mg/day or EPA
intake >1,000 mg/day) significantly reduced the incidence
of asthma/wheezing. In contrast, low-dose supplementa-
tion did not show any protective effect. It is noteworthy
that the observed benefits were not affected by the infants'
allergy risk status, the timing of intervention, or follow-
up duration. Similarly, Jia et al*® based on the European
cohort also pointed out that supplementing with high dos-
es of fish oil in early life can reduce the risk of clinical

asthma diagnosis. Unlike Jia et al., our meta-analysis in-
cluded studies from a broader region including the Amer-
icas, Oceania, and Europe.

The dose-response analysis further showed a signifi-
cant negative linear relationship within a specific dose
range. Specifically, for every 1,000 mg/day increase in
omega-3 PUFA intake, the risk of asthma/wheezing de-
creased by 26.6% (OR: 0.734; 95% CI: 0.602-0.896).
Collectively, these findings suggest that early supplemen-
tation with high-dose omega-3 PUFA may provide clini-
cal protective effects in preventing the occurrence of
children asthma. Consistent with the findings of Lin et
al.,>* they reported that daily supplementation of omega-3
PUFA at a dose of >2,000 mg during pregnancy signifi-



Early high-dose omega-3 reduces child asthma risk 629

cantly reduced the risk of childhood asthma/asthmatic
wheezing. Our stratified analysis, however, identified a
protective effect at a lower threshold (1,200 mg per day).

In comparison to previous meta-analyses, our study has
made significant improvement in methodology. First, we
carried out a comprehensive literature search up to Febru-
ary 2026. By applying pre-defined criteria, we aimed to
address potential biases that might arise from duplicate
publications in overlapping cohorts. Specifically, for mul-
tiple published trials, only the data sets with the longest
follow-up period and the most comprehensive reporting
were included, thereby avoiding the duplicate participant
data. This rigorous screening process ultimately resulted
in 12 independent RCTs involving 4,156 participants.
Secondly, sensitivity analysis verified the robustness of
our findings; after eliminating individual studies one by
one, the overall effect estimates did not show any signifi-
cant change. Finally, the dose-response relationship be-
tween omega-3 polyunsaturated fatty acids and asth-
ma/asthmatic symptoms was also analyzed. The dose-
response model further confirmed the existence of a posi-
tive gradient within a specific range, indicating that the
higher the intake, the more significant the protective ef-
fect. These stratified analyses enhanced the clinical sig-
nificance of our research findings.

However, several limitations of this study should be
acknowledged. Although the dose—response analysis con-
firmed a significant linear protective association between
early-life omega-3 PUFA intake and the risk of childhood
asthma/wheezing, the number of original studies in the
high-dose subgroup was relatively limited. Therefore, the
stability of the dose-dependent conclusion needs to be
further validated by future research. Moreover, this meta-
analysis could not determine the optimal intervention
threshold and critical window for preventing childhood
asthma/wheezing. In addition, the analysis did not explore
effect modification by genetic susceptibility. More large-
scale, high-quality randomized controlled trials are war-
ranted to identify the optimal regimen and support the
development of personalized preventive strategies.

Notably, regarding clinical translation, the safety pro-
file of high-dose interventions warrants careful considera-
tion. Existing evidence from broader cardiovascular liter-
ature indicates that high-dose omega-3 PUFA intake may
be associated with increased risks of atrial fibrillation,
bleeding events, and gastrointestinal symptoms.®> 36
Therefore, when implementing high-dose omega-3 PUFA
intervention in the future, a careful benefit-risk assess-
ment is required.

Conclusion

In summary, this updated meta-analysis demonstrates that
high-dose fish oil supplementation (>1,200 mg/day) and
EPA (>1,000 mg/day) during early-life period is associat-
ed with a reduced risk of asthma/wheezing, and a statisti-
cally significant dose-response relationship was observed.
Low-dose supplementation did not confer a significant
protective effect. This association remained robust across
various subgroups and was not affected by geographical
region, allergic background, intervention timing, or fol-
low-up duration. Although high-dose supplementation
may carry potential risks of adverse events, the results of

this study support the exploration of the potential value of
high-dose omega-3 PUFA supplementation in the primary
prevention of childhood asthma. Future large-scale, long-
term, and high-quality RCTs are still needed to determine
the optimal dose, safety, and long-term effects, thereby
providing more accurate evidence-based medical basis for
individualized primary prevention of childhood asthma.

ACKNOWLEDGEMENTS

The authors wish to express their sincere gratitude to the School
of Public Health, Health Science Center, Ningbo University,
Zhejiang Key Laboratory of Pathophysiology for providing the
essential literature resources and statistical analysis tools that
supported this research.

DISCLOSURE ON THE USE OF Al AND AI-ASSISTED
TECHNOLOGIES

No artificial intelligence-assisted technology was used in the
article.

CONFLICT OF INTEREST AND FUNDING DISCLO-
SURES

The authors declare that the research was conducted in the ab-
sence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

This work was supported by the National Natural Science
Foundation of China (No. 82273621, 82404257), the Ningbo
Municipal Public Welfare Research Plan (No. 2024S039), the
Ningbo Natural Science Foundation (No. 2023J162, 2025J080),
the Municipal Key R&D Program of Ningbo (No. 2023Z185),
and the K. C. Wong Magna Fund in Ningbo.

REFERENCES

1. Porsbjerg C, Melén E, Lehtiméki L, Shaw D. Asthma. Lan-
cet. 2023;401:858-73. doi: 10.1016/s0140-6736(22)02125-0.

2. Stern J, Pier J, Litonjua AA. Asthma epidemiology and risk
factors. Semin Immunopathol. 2020;42:5-15. doi:
10.1007/s00281-020-00785-1.

3. The Global Asthma Report 2022. Int J Tuberc Lung Dis.
2022;26:1-104. doi: 10.5588/ijtld.22.1010.

4. GBD 2021 Asthma and Allergic Diseases Collaborators.
Global, regional, and national burden of asthma and atopic
dermatitis, 1990-2021, and projections to 2050: a systematic
analysis of the Global Burden of Disease Study 2021. Lan-
cet Respir Med. 2025;13:425-46. doi: 10.1016/s2213-
2600(25)00003-7.

5. Yuan L, Tao J, Wang J, et al. Global, regional, national bur-
den of asthma from 1990 to 2021, with projections of inci-
dence to 2050: a systematic analysis of the global burden of
disease study 2021. EClinicalMedicine. 2025;80:103051.
doi: 10.1016/j.eclinm.2024.103051.

6. Pijnenburg MW, Fleming L. Advances in understanding and
reducing the burden of severe asthma in children. Lancet
Respir Med. 2020;8:1032-44. doi: 10.1016/s2213-
2600(20)30399-4.

7. Shipp CL, Gergen PJ, Gern JE, Matsui EC, Guilbert TW.
Asthma management in children. J Allergy Clin Immunol
Pract. 2023;11:9-18. doi: 10.1016/j.jaip.2022.10.031.

8. Romero-Tapia SJ, Garcia-Marcos L. Global burden of pedi-
atric asthma and rhinitis - what we have recently learned
from epidemiology. Curr Opin Allergy Clin Immunol.
2024;24:177-81. doi: 10.1097/aci.0000000000000975.

9. Bush A. Impact of early life exposures on respiratory dis-
ease. Paediatr Respir Rev. 2021;40:24-32.  doi:
10.1016/j.prrv.2021.05.006.

10. Fleischer DM, Spergel JM, Assa'ad AH, Pongracic JA. Pri-
mary prevention of allergic disease through nutritional in-


https://pubmed.ncbi.nlm.nih.gov/?term=GBD+2021+Asthma+and+Allergic+Diseases+Collaborators%5BCorporate+Author%5D

630

S Cai, X Ji, Y He, Y Zhou, S Ge, M Gu, et al.

11.

12.

13.

14

15.

16.

17.

18.

19

20.

21.

22.

23.

24.

terventions. J Allergy Clin Immunol Pract. 2013;1:29-36.
doi: 10.1016/j.jaip.2012.09.003.

Ferrante G, Carta M, Montante C, Notarbartolo V, Corsello
G, Giuffré¢ M. Current insights on early life nutrition and
prevention of allergy. Front Pediatr. 2020;8:448. doi:
10.3389/fped.2020.00448.

Calder PC. Omega-3 fatty acids and inflammatory process-
es: from molecules to man. Biochem Soc Trans.
2017;45:1105-15. doi: 10.1042/bst20160474.

Duvall MG, Levy BD. DHA- and EPA-derived resolvins,
protectins, and maresins in airway inflammation. Eur J
Pharmacol. 2016;785:144-55. doi:
10.1016/j.ejphar.2015.11.001.

. Bisgaard H, Stokholm J, Chawes BL, et al. Fish oil-derived

fatty acids in pregnancy and wheeze and asthma in off-
springg. N Engl J Med 2016;375:2530-9. doi:
10.1056/NEJMoal503734.

Olsen SF, Osterdal 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-
75. doi: 10.1093/ajcn/88.1.167.

Toelle BG, Ng KK, Crisafulli D, et al. Eight-year outcomes
of the Childhood Asthma Prevention Study. Journal of aller-
gy and clinical immunology. 2010;126:388-9.e1-3. doi:
10.1016/j.jaci.2010.04.031.

Gutiérrez-Delgado RI, Barraza-Villarreal A, Escamilla-
Nuiiez C, et al. Effect of omega-3 fatty acids supplementa-
tion during pregnancy on lung function in preschoolers: a
clinical trial. J Asthma. 2019;56:296-302. doi:
10.1080/02770903.2018.1452934.

Yaeger MJ, Leuenberger L, Shaikh SR, Gowdy KM. Ome-
ga-3 fatty acids and chronic lung diseases: a narrative re-
view of impacts from womb to tomb. J Nutr. 2025;155:453-
64. doi: 10.1016/j.tjnut.2024.10.028.

. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA

statement for reporting systematic reviews and meta-
analyses of studies that evaluate health care interventions:
explanation and elaboration. PLoS Med. 2009;6:¢1000100.
doi: 10.1371/journal.pmed.1000100.

Jadad AR, Moore RA, Carroll D, et al. Assessing the quality
of reports of randomized clinical trials: is blinding neces-
sary? Control Clin Trials. 1996;17:1-12. doi: 10.1016/0197-
2456(95)00134-4.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measur-
ing inconsistency in meta-analyses. Bmj. 2003;327:557-60.
doi: 10.1136/bmj.327.7414.557.

Dunstan JA, Mori TA, Barden A, et al. Fish oil supplemen-
tation in pregnancy modifies neonatal allergen-specific im-
mune responses and clinical outcomes in infants at high risk
of atopy: a randomized, controlled trial. J Allergy Clin Im-
munol. 2003;112:1178-84. doi: 10.1016/j.jaci.2003.09.009.
Furuhjelm C, Warstedt K, Fageras 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 preg-
nancy and lactation. Pediatr Allergy Immunol. 2011;22:505-
14. doi: 10.1111/.1399-3038.2010.01096.x.

Imhoff-Kunsch B, Stein AD, Martorell R, Parra-Cabrera S,
Romieu I, Ramakrishnan U. Prenatal docosahexaenoic acid
supplementation and infant morbidity: randomized con-

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

trolled  trial.  Pediatrics. doi:
10.1542/peds.2010-1386.

D'Vaz N, Meldrum SJ, Dunstan JA, et al. Postnatal fish oil
supplementation in high-risk infants to prevent allergy:
Randomized controlled trial. Pediatrics. 2012;130:674-82.
doi: 10.1542/peds.2011-3104.

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. doi: 10.3945/ajcn.111.022954.
Berman D, Clinton C, Limb R, Somers EC, Romero V, Mo-
zurkewich E. Prenatal omega-3 supplementation and eczema
risk among offspring at age 36 months. Insights Allergy
Asthma  Bronchitis. 2016;2:1. doi:  10.21767/2471-
304x.100014.

Hansen S, Strom M, Maslova E, et al. Fish oil supplementa-
tion during pregnancy and allergic respiratory disease in the
adult offspring. Journal of Allergy and Clinical Immunolo-
gy. 2017;139:104-11.e4. doi: 10.1016/j.jaci.2016.02.042.
Best KP, Sullivan TR, Palmer DJ, et al. Prenatal omega-3
LCPUFA and symptoms of allergic disease and sensitization
throughout early childhood - a longitudinal analysis of long-
term follow-up of a randomized controlled trial. World Al-
lergy Organ J. 2018;11:10. doi: 10.1186/s40413-018-0190-
7.

Bisgaard H, Mikkelsen M, Rasmussen MA, et al. Atopic and
non-atopic effects of fish oil supplementation during preg-
nancy. Thorax. 2023;78:1168-74. doi: 10.1136/thorax-2022-
219725.

Komulainen M, Saros L, Vahlberg T, Nermes M, Jartti T,
Laitinen K. Maternal fish oil and/or probiotics intervention:
allergic diseases in children up to two years old. Pediatr Al-
lergy Immunol. 2023;34:e14004. doi: 10.1111/pai.14004.
Gunaratne AW, Makrides M, Collins CT, et al. Docosahex-
aenoic acid supplementation of preterm infants and parent-
reported symptoms of allergic disease at 7 years corrected
age: follow-up of a randomized controlled trial. American
Journal of Clinical Nutrition. 2019;109:1600-10. doi:
10.1093/ajcn/ngz010.

Jia Y, Huang Y, Wang H, Jiang H. A dose-response me-
ta-analysis of the association between the maternal omega-3
long-chain polyunsaturated fatty acids supplement and risk
of asthma/wheeze in offspring. BMC Pediatr. 2022;22:422.
doi: 10.1186/s12887-022-03421-z.

Lin J, Zhang Y, Zhu X, Wang D, Dai J. Effects of supple-
mentation with omega-3 fatty acids during pregnancy on
asthma or wheeze of children: a systematic review and me-
ta-analysis. J Matern Fetal Neonatal Med. 2020;33:1792-
801. doi: 10.1080/14767058.2018.1529161.

Yan J, Liu M, Yang D, Zhang Y, An F. Efficacy and safety
of omega-3 fatty acids in the prevention of cardiovascular
disease: a systematic review and meta-analysis. Cardiovasc
Drugs Ther. 2024;38:799-817. doi: 10.1007/s10557-022-
07379-z.

Lombardi M, Chiabrando JG, Vescovo GM, et al. Impact of
different doses of omega-3 fatty acids on cardiovascular
outcomes: a pairwise and network meta-analysis. Curr Ath-
eroscler Rep. 2020;22:45. doi: 10.1007/s11883-020-00865-
5.

2011;128:e505-12.



