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Some observational studies have suggested associations of higher prenatal fish intake with 

protection against offspring asthma, attributing associations to greater exposure to marine 

n-3 long-chain polyunsaturated fatty acids (n-3 LCPUFAs). Two recent randomized clinical 

trials have tested that hypothesis. Bisgaard and colleagues1 found that supplementation with 

n-3 LCPUFAs reduced the risk of persistent wheeze or asthma and lower respiratory tract 

infections, but not allergic sensitization or eczema, in offspring followed for the first 3 years 

of life. Their report, which included a succinct review of the literature, was accompanied by 

an interactive pro-con debate about the merits of prenatal fatty acid supplementation.2 

Ramaswami cited an essentially negative trial by Palmer, Best, and colleagues,3 suggesting 

that after 6 years of follow-up evidence supporting maternal n-3 LCPUFAs supplementation 
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to protect against either allergic disease or asthma in the offspring remained weak. Levy 

countered that the Bisgaard findings made biologic sense: the n-3 LCPUFAs, mainly 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are substrates for mediators 

that resolve inflammation and infection (resolvins and protectives), specifically decreasing 

airway inflammation, mucus metaplasia, and hyperreactivity, while promoting host defense 

against respiratory infection, acting along pathways that are not directly related to allergic 

sensitization.

Allergic sensitization evolves throughout childhood and only some wheeze manifested in 

infancy persists after age 3. In Project Viva, an observational cohort followed from early 

pregnancy, we evaluated associations of maternal fish consumption as well as prenatal and 

cord blood n-3 and n-6 fatty acid (FA) levels with allergic sensitization, eczema/atopic 

dermatitis, wheeze and asthma in early childhood (median 3.3 years) as well as by mid-

childhood (median 7.7 years). Because some n-6 as well as many n-3 FAs have anti-

inflammatory properties, we hypothesized that specific n-6 as well as n-3 FAs might protect 

against sensitization and wheeze in children observed by mid-childhood. This hypothesis 

was supported by our prior observation in this cohort that higher n-3 EPA and n-6 AA levels 

were each correlated with lower cord blood lymphocyte proliferation and IFN-gamma levels 

in response to cockroach and dust mite allergen stimulation, suggesting a dampened 

response to allergens.4 Finally, we evaluated whether greater fish intake in our 

Massachusetts cohort could account for protective associations of prenatal maternal fatty 

acids with either allergic sensitization or asthma, knowing that the quantity and type of fish 

consumption may differ between cultures.

We described details about the analysis cohort (n=1356), exposures, outcomes, and 

statistical analysis in the Supplementary File. Main exposures were individual n-3 (ALA, 

EPA, DHA) and n-6 (LA, AA) long-chain polyunsaturated FA concentrations in maternal 

second trimester (n=1201) and cord (n=762) plasma and prenatal fish and shellfish intake 

(n=1356). We calculated multivariable odds ratios for allergic sensitization, atopic 

dermatitis,5 and asthma/wheeze in early and mid-childhood. We categorized all exposures 

into quartiles and adjusted all models for maternal and paternal history of atopy and child 

sex and age.

Caracteristics of the 1356 mother-child pairs and exposure distributions are shown in 

Supplementary Tables 1 and 2. In early childhood, 40% had allergen sensitization and 21% 

had parental-reported ever asthma or wheeze diagnosis. In mid-childhood, 53% had allergen 

sensitization and 18% had current asthma.

While cord blood fatty acids were not associated with early childhood allergic sensitization 

or atopic dermatitis, n-3 and n-6 FAs were inversely associated with early childhood wheeze 

symptoms (Supplementary Table 3). In mid-childhood, but not in early childhood, the odds 

of allergic sensitization and of current asthma tended to be reduced with higher levels of 

maternal second trimester n-3 and n-6 FAs (Figure 1). For example, comparing the highest 

vs. lowest quartile of EPA, the adjusted OR (95% CI) was 0.56 (0.32, 0.97) for allergic 

sensitization and 0.55 (0.31, 0.98) for current asthma.
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In contrast, the odds of childhood sensitization were increased with higher maternal 

consumption of fish or shellfish (Supplementary Table 4). Mean (SD) fish and shellfish 

consumption was 1.7 (1.4) servings/week. Comparing the highest vs. the lowest quartile of 

fish and shellfish consumption, the adjusted OR (95% CI) for allergen sensitization in mid-

childhood was 1.65 (1.07, 2.52). Fish or shellfish consumption had no association with 

wheeze or asthma, however shellfish was associated with more atopic dermatitis (36%) in 

early childhood (OR 1.47; 95% CI 1.02, 2,12).

Thus, our observational data suggest potentially protective effects of prenatal maternal 

LCPUFAs on long-term allergic sensitization and asthma, but not on atopic dermatitis. Our 

study limitations include limited allergic sensitization measures in early childhood, the 

absence of shellfish specific IgE measures as well as correlation amongst the n-3 and n-6 

FAs making it difficult to distinguish independent effects. We await the follow-up of the 

children in the Bisgaard trial to see whether the protective associations of supplementation 

with n-3 LCPUFAs with asthma endure into mid-childhood, whether new protective 

associations with allergic sensitization or allergic disease emerge, or whether, as in the Best 

and Palmer trial, the n-3 LCPUFAs supplements appear to have no long-term protective 

effects on either allergic disease or asthma.

Our data and some other observational mechanistic studies also suggest that potentially 

beneficial enduring effects may come from specific n-6 as well as n-3 LCPUFAs.6–9 

Arachidonic acid, for example, is a precursor to various prostaglandins that have complex 

relationships with lipoxin, and anti-inflammatory resolvins effects. Protective therapies with 

specific n-3 and n-6 LCPUFAs may in practice have to be personalized to effect maximal 

benefits, since maternal, placental and fetal metabolism and utilization of supplements may 

vary by phenotype or genotype.

For optimal brain development, current FDA guidelines recommend that pregnant women 

consume a minimum of two to three servings of low-mercury fish every week.10 Most US 

women consume less fish, including Project Viva mothers. Further evaluation is warranted to 

assess whether shellfish, which may be the main source of fish for many pregnant mothers, 

may contribute to the risk of allergic sensitization for some offspring. However, given that 

thinking has come full circle, suggesting potential benefits of higher maternal ingestion of 

other foods that contain allergens, such studies should be conducted thoughtfully without 

premature advice that might contradict current policy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical trial registration identifier: NCT02820402

Abbreviations used:

FA fatty acids

ALA α-linolenic acid

EPA eicosapentaenoic acid

DHA docosapentaenoic acid

LA linoleic acid

AA arachidonic acid

FFQ food frequency questionnaire

OR odds ratio
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Figure. 
Multivariable associations1 of fatty acids in second trimester maternal plasma (Quartiles 2–4 

v. Quartile 1) with allergic sensitization2 and current asthma in mid-childhood3

n-2 FA: ALA, EPA, DHA; n-6 FA: LA, AA

1Models adjusted for maternal and paternal history of atopy and child age and sex. Allergic sensitization additionally adjusted for 
parity.
2Allergen sensitization defined as ≥1 detectable allergen-specific IgE or total IgE ≥100 IU/mL.
3Current asthma defined as parental report of ever doctor diagnosis of asthma plus wheeze symptoms or use of asthma medication use 
in the past 12 months. Comparison group includes participants with no asthma, no medication, and no current wheeze.
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