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Abstract

Background: It has been suggested that prenatal exposure to n-3 long-chain fatty acids
protects against asthma and other allergy-related diseases later in childhood. The extent
to which fish intake in pregnancy protects against child asthma and rhinitis symptoms re-
mains unclear. We aimed to assess whether fish and seafood consumption in pregnancy
is associated with childhood wheeze, asthma and allergic rhinitis.

Methods: We pooled individual data from 60 774 mother-child pairs participating in 18
European and US birth cohort studies. Information on wheeze, asthma and allergic rhin-
itis prevalence was collected using validated questionnaires. The time periods of interest
were: infancy (0-2 years), preschool age (3-4 years), and school age (5-8 years). We used
multivariable generalized models to assess associations of fish and seafood (other than
fish) consumption during pregnancy with child respiratory outcomes in cohort-specific
analyses, with subsequent random-effects meta-analyses.

Results: The median fish consumption during pregnancy ranged from 0.44 times/week in
The Netherlands to 4.46 times/week in Spain. Maternal fish intake during pregnancy was
not associated with offspring wheeze symptoms in any age group nor with the risk of
child asthma [adjusted meta-analysis relative risk (RR) per 1-time/week = 1.01, 95% confi-
dence interval 0.97-1.05)] and allergic rhinitis at school age (RR=1.01, 0.99-1.03). These
results were consistently found in further analyses by type of fish and seafood consump-
tion and in sensitivity analyses.

Conclusion: We found no evidence supporting a protective association of fish and sea-
food consumption during pregnancy with offspring symptoms of wheeze, asthma and al-
lergic rhinitis from infancy to mid childhood.
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Key Messages

lergy-related diseases are inconsistent.

sessment and health outcome definitions.

ing to a common protocol.

* Findings from previous studies on the association of fish intake during pregnancy with offspring asthma and other al-

* Heterogeneity between previous findings might be partly explained by small sample sizes and differences in diet as-

* We studied the association of fish and seafood consumption in pregnancy with child asthma and rhinitis outcomes in
a combined analysis of 18 European and US birth cohorts with harmonized exposure and outcome variables accord-

* Our results do not provide evidence of a beneficial association between fish and seafood consumption in pregnancy

and development of asthma and allergic rhinitis symptoms in children up to 8 years of age.

Introduction

Asthma and allergic rhinitis are two of the most common
chronic diseases in childhood, and their prevalence rates
have increased over the past decades.! Emerging evidence
suggests that a nutritional stressor or stimulus applied in
intrauterine and early postnatal life can affect the develop-
ment and maturation of respiratory and immune systems.”
In this context, there has been a strong debate about the
role of fish intake during pregnancy in the prevention of
child asthma and other allergic diseases. Fish, and espe-
cially oily fish, is a rich source of n-3 long-chain fatty acids,
which have been suggested to decrease the risk of allergic
disease by exerting anti-inflammatory properties and mod-
ulating immune responses.” However, it is also a major
source of human exposure to harmful environmental con-
taminants, such as methylmercury, polychlorinated bi-
phenyls and dioxins.* Findings from birth cohort studies
on the association of fish intake during pregnancy with off-
spring allergy-related disease symptoms are inconsistent,
with reports of beneficial (i.e. lower incidence),’™® null’~'®
or even harmful effects.'” Likewise, prospective studies as-
sessing n-3 fatty acid intake'® or biomarker levels in preg-

nancy] 925

and trials of n-3 long-chain fatty acid
supplementation in pregnancy'®?®?” have yielded diver-
gent results.

Most previous studies relied on relatively small sample
sizes with a short duration of follow-up, and findings from
one study were not replicated across populations with dif-
ferent fish consumption patterns. In the present analysis,
we addressed these limitations by harmonizing and pooling
for the first time individual data from a large network of
cohorts in Europe and the USA, involving 60 774 pregnant
women and their children with repeated follow-ups until
the age of 8 years, to assess the strength and consistency of
the association of fish and seafood consumption during
pregnancy with the risk of childhood wheeze, asthma and

allergic rhinitis.

Methods
Study population

European birth cohort studies participating in our previous
analysis on fish intake in pregnancy and birth outcomes®
were invited to participate if information on symptoms of
asthma and rhinitis in childhood was available. From the
19 potentially eligible cohorts, 16 cohorts provided rele-
vant data for the present analysis: ABCD (The
Netherlands); DNBC (Denmark); FLEHS I (Belgium);
GASPII (Italy); Generation R study (The Netherlands);
Generation XXI study (Portugal); HUMIS (Norway);
INMA (Spain); KOALA (The Netherlands); Lifeways
Cross Generation (Ireland); LucKi (The Netherlands);
NINFEA (Italy); PELAGIE (France); PIAMA (The
Netherlands); RHEA (Greece); and SWS (UK). In addition,
the Project Viva cohort from Massachusetts and the
Bologna Birth Cohort agreed to take part in the current
analysis. All participating cohorts covered deliveries from
1996 to 2011. In all cohorts, participants’ parents or legal
guardians provided written informed consent, and ethical
approval was obtained from the local authorized institu-
tional review boards. A data transfer agreement document
was signed by each cohort study, and anonymized datasets
were transferred to the University of Crete for analysis.

Overall, the study population included 60 774 mother-
child pairs with information on fish intake during preg-
nancy, selected confounding variables and at least one of
the health outcomes studied. Characteristics of the partici-
pating cohorts are shown in the eTable 1 and eFigure 1
(available as Supplementary data at IJE online).

Fish and seafood consumption during pregnancy

The exposure of interest was the frequency (times/week) of
total fish, fatty fish, lean fish and seafood (other than fish)
intake during pregnancy derived from cohort-specific food
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frequency questionnaires or questionnaires specifically de-
signed to assess fish intake during pregnancy (eTable 1,
available as Supplementary data). Salmon, herring, mack-
erel, trout, sardines, Greenland halibut, anchovy, gurnard
and tuna were classified as fatty fishes, whereas cod, pol-
lack, plaice, flounder, garfish and similar species were clas-
sified as lean fishes. To align our analysis with the recent
United States Food
Administration and Environmental Protection Agency®’ on

advice from the and Drug
fish intake during pregnancy, and examine a potential
dose-response relationship, we categorized total fish intake
into the following categories; low: < 1 time/week, moder-

ate: > 1 but < 3 times/week and high: > 3 times/week.

Symptoms of asthma and rhinitis in childhood

Participating cohorts provided information on wheeze,
asthma and allergic rhinitis occurrence, mostly obtained by
questionnaires adapted from the International Study on
Asthma and Allergy in Childhood (ISAAC),*° up to a max-
imum follow-up of 8 years. Cohort-specific information on
outcome collection is shown in eTable 2 (available as
Supplementary data). We defined wheeze in infancy as the
presence of any episode of wheezing or whistling in the
chest during the first 2 years of life, and wheeze in pre-
school and school-age children was defined as the presence
of wheezing or whistling in the chest in the past 12 months
reported at the ages of 3-4 years and 5-8 years, respect-
ively, depending on the cohort-specific time points of as-
sessment. Persistent wheeze at preschool and school age
was defined as presence of wheeze both in infancy and the
respective time period examined.’! We defined asthma at
preschool and school age as satisfying at least two of the
three following criteria for each time period: (i) ever-
reported doctor diagnosis of asthma; (ii) presence of
wheezing or whistling in the chest in the past 12 months;
or (iii) asthma medication in the past 12 months at the
ages of 3-4 years and 5-8 years, respectively.’” Allergic
rhinitis at school age was defined as ever-reported diagno-
sis of allergic rhinitis or hay fever at the age of 5-8 years. If
participants among the cohorts had repeatedly collected
data within the same period, we used data collected at the
oldest age.

Covariates

Important covariates or effect modifiers were defined as
similarly as possible among the cohorts. Information on
maternal pre-pregnancy body mass index (BMI; in kg/m?),
maternal smoking during pregnancy (yes/no), gestational
weight gain (in kg), maternal age at delivery (in years),
birthweight (in grams), gestational age (in weeks) and child

sex (male or female) was collected by means of interviews
or self-administered questionnaires, ad hoc measurements,
birth records or medical registries. Information on parity
(primiparous or multiparous), breastfeeding (yes/no), ma-
ternal education (cohort-specific definitions of low, me-
dium or high), attendance at nursery school during infancy
(yes/no), exposure to mould or dampness at home during
infancy (yes/no) and history of parent asthma or hay fever
through
administered questionnaires.

(yes/no) was obtained interviews or self-

Statistical analysis

We used multivariable generalized linear models for binary
outcomes (modified Poisson®?) to estimate relative risks
(RRs) and their 95% confidence intervals (CIs) for the as-
sociations of maternal fish and seafood consumption dur-
ing pregnancy with offspring wheeze, asthma and allergic
rhinitis in childhood. Selection of suitable covariates for
model adjustment was based on previous knowledge and a
directed acyclic graph (DAG) approach (eFigure 2, avail-
able as Supplementary data at IJE online). The set of vari-
ables identified by the DAG were maternal education,
maternal smoking during pregnancy, parity, breastfeeding
and parent asthma or hay fever (maternal allergy for
PELAGIE). This list of variables plus maternal age and
child sex, which are considered important determinants of
child health outcomes, were the covariates included in mul-
tivariable models. For the cohort Generation XXI, the ad-
justed models did not include parent history of asthma or
hay fever, owing to a large proportion of missing informa-
tion on this variable. Further adjustment for maternal pre-
pregnancy BMI, attendance at nursery school during in-
fancy and exposure to mould or dampness at home during
infancy did not materially change estimates for fish intake
but reduced substantially the sample size; thus, we did not
to include these factors in our final models.>* Additionally,
we did not include birthweight or gestational age in our
main models, as we assumed that they are potential medi-
ators in the pathway between fish intake during pregnancy
and childhood respiratory health outcomes.*-*

We analysed associations by undertaking cohort-
specific analyses with subsequent random-effects meta-
analysis. We assessed heterogeneity between cohort-
specific effect estimates with the I statistic and »> test
from Cochran’s Q.*® We also did pooled analysis including
all participating cohorts by using mixed models with a ran-
dom cohort intercept.

We performed several sensitivity analyses. First, we as-
sessed the robustness of the results by repeating the meta-
analyses while excluding one cohort at a time. Second, we
examined the potential effect of the geographical location
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Fish consumption during pregnancy (timesiweek)

Figure 1. Frequency of fish consumption during pregnancy (times/
week) in participating cohorts. The line within the box marks the
median; the boundaries of the box indicate the 25th and 75th percen-
tiles; horizontal bars denote the variability outside the upper and lower
quartiles (i.e., within 1.5 IQR of the lower and upper quartiles); and
circles represent outliers.

of participating cohorts, based on the United Nations’ clas-
sification (Southern Europe, Western Europe, Northern
Europe and Northern America), by conducting meta-
regression analyses. Third, we made further adjustment for
gestational weight gain, used as a proxy for energy intake
during pregnancy, for cohorts with available information.
Fourth, we included birthweight and gestational age in the
multivariable models to account for potential mediating ef-
fect of fetal growth. Finally, we assessed whether the effect
estimates for wheeze in infancy and asthma in childhood
varied by parent asthma or hay fever (yes vs no), and child
sex (boy vs girl) by introducing interaction terms (one at a
time), and conducting stratified analyses.”* We performed
analyses with STATA version 13 (StataCorp) and R ver-
sion R3.1 (R Foundation).

Results

Participants’ characteristics are shown in eTables 3 to 6
(available as Supplementary data at IJE online). Mothers
had a median age of 30.4 years, were predominantly non-
smokers, gave birth mainly to normal weight neonates and
most of them breastfed their children. The ratio of boys to
girls was 1.04 (eTable 3). The median fish consumption
during pregnancy varied between cohorts and ranged from
0.44 times/week in the Generation R Study to 4.46 times/
week in the INMA study (Figure 15 eTable 4). The highest
median seafood intake was also reported in the INMA
study (0.92 times/week) (eTable 4). We observed no differ-
ences in fish consumption levels between mothers with and
without asthma or hay fever across cohorts (eTable 5).

In total, 17 518 (29.2%), 1949 (15.4%), and 3050
(13.1%) children had wheeze in infancy (0-2 years), at pre-
school (3-4 years) and school age (5-8 years), respectively
(eTable 6); 921 (9.2%) and 2479 (10.5%) children had
asthma at preschool and school age, respectively, and 1914
(5.4%) children had allergic rhinitis at school age
(eTable 6).

Maternal fish intake during pregnancy was not associ-
ated with offspring wheeze symptoms in any age group
(Figure 2 and Table 1). Also, no association was observed
for persistent wheeze at preschool or school age (eTable 7,
available as Supplementary data at IJE online). When we
examined the risk of asthma at either preschool or school
age, we observed no association with fish intake during
pregnancy [adjusted meta-analysis RR per 1-time/week
1.02 (95% CI 0.97-1.07) and 1.01 (0.97-1.05), respect-
ively; Figure 3 and Table 2]. Similarly, fish intake was not
associated with the diagnosis of allergic rhinitis among
school-age children (Table 2).

Further analysis by type of fish and seafood (other than
fish) consumption did not modify the observed associ-
ations (Tables 1 and 2). Crude and adjusted estimates did
not differ substantially (data not shown). Heterogeneity
between cohort-specific risk estimates was low for most
exposure-outcome associations (Tables 1 and 2; eTable 7),
and the combined effect estimates from random-effect
meta-analyses were broadly similar to those from the
(e€Tables 8 and 9,
Supplementary data at IJE online).

pooled analysis available as

In sensitivity analyses, omitting one cohort at a time did
not materially change the results (eTables 10 and 11, avail-
able as Supplementary data at IJE online). The risk esti-
mates also remained similar when we took into account
the geographical location of participating cohorts in meta-
regression analyses, and when additional adjustment was
made for gestational weight gain or birthweight and gesta-
tional age in multivariable models (data not shown). In
stratified analyses, we found that fish intake in pregnancy
was associated with a lower risk of asthma in preschool
children with no history of parental asthma or hay fever
[RR per 1 time/week 0.91 (95% CI 0.86-0.96)], but not in
those of parents having either of these conditions [1.04
(0.98-1.10)]; P for interaction = 0.03; eTable 12, available
as Supplementary data at IJE online). However, this inter-
action with parental history of asthma or hay fever was
not observed for associations with wheeze or with asthma
and allergic rhinitis at school age. Fish intake during preg-
nancy tended to be more protective against asthma in
school-age boys [RR per 1 time/week 0.99 (0.99-1.00)] but
not in girls [1.01 (0.99-1.03); P for interaction = 0.03),
but associations were small in magnitude and not clinically
relevant (eTable 12).


http://ije.oxfordjournals.org/lookup/suppl/doi:10.1093/ije/dyx007/-/DC1
http://ije.oxfordjournals.org/lookup/suppl/doi:10.1093/ije/dyx007/-/DC1
http://ije.oxfordjournals.org/lookup/suppl/doi:10.1093/ije/dyx007/-/DC1
http://ije.oxfordjournals.org/lookup/suppl/doi:10.1093/ije/dyx007/-/DC1
http://ije.oxfordjournals.org/lookup/suppl/doi:10.1093/ije/dyx007/-/DC1

International Journal of Epidemiology, 2017, Vol. 0, No. 0

Fish Intake During Pregnancy (times/week)

Cohort Participants

RR (95% C1) Weight %

A) Wheeze durning infancy

ABCD, NL 5029
CONER, IT 386
DNBC, DK 36154
FLEHS |, BE 120
GASPII, IT 530
Generation R Study, NL 2080
Generation XXI, PT 155
INMA, ES 1765
KOALA, NL 2499
Lifeways Cross Generation, IR 132
LucKi, NL 229
NINFEA, IT 2104
Pelagie, FR 863
PIAMA, NL 3298
Project Viva, US 1303
RHEA, GR 873
SWS, UK 2466

Overall (*=11.2%; p=0.323) 59986

- 1.02 (0.97, 1.06) 465
— 098(0.85,1.13) 051
:| 1.00(1.00,1.01)  47.90
—_— 3 1.74(1.10,2.76) 0.05

L 0.98 (0.92, 1.05) 215
L 1,00 (0.89, 1.12) 0.73
8 0.98 (0.90, 1.06) 134
3 1.01(0.99,1.03) 2002
& 1.01 (0.96, 1.07) 3.29
— 0.85(0.62,1.12) 0.4
- 0:84(057,1.22)  0.07
L 0.95 (0.88, 1.03) 155
- 1.01 (0.86, 1.19) 0.38
= 1.08 (1.00, 1.18) 1.42
=5 1.05 (0.99, 1.12) 250
L 1.03 (0.92, 1.16) 0.74
0.99(0.97,1.02)  12.57

1.00 (0.99, 1.01) 100

1.07 (0.78, 1.45) 0.66

—
——
[B 1.02(0.98,1.06)  39.49
—
4.
[

1.66 (0.72, 3.83) 0.09
0.99 (0.87, 1.13) 3.65
0.94 (0.70, 1.25) 0.74
0.99 (0.89, 1.10) 5.37

0.97 (0.84, 1.11) 3.16
1.09 (0.94, 1.25) 2.99
0.98 (0.89, 1.09) 6.24
1.28(0.95, 1.72) 0.70
1.01 (0.97, 1.05) 36.92

1.01 (0.99, 1.04) 100

1.03 (0.94, 1.11) 8.73
1.00 (0.98,1.02)  59.58
0.45 (0.20, 1.04) 0.10
0.98(0.76, 1.27) 1.03
1.17 (0.86, 1.60) 071
1.00 (0.85, 1.19) 237
0.81(0.51, 1.28) 032
0.87(0.72, 1.04) 1.97
1.16 (0.88, 1.53) 0.90
0.84 (0.64, 1.09) 0.98
1.11 (0.90, 1.36) 1.62
1.03 (0.93, 1.13) 6.83
1.03(0.97,1.10)  14.86

[ [

e

1.01 (0.98, 1.03) 100

0.0 0.5
B) Wheeze at preschool age
CONER, IT 347
FLEHS I, BE 114
GASPII, IT 455
Generation R Study, NL 1857
Generation XXI, PT 186
INMA, ES 1442
KOALA, NL 1128
PIAMA, NL 3078
Project Viva, US 1231
RHEA, GR 576
SWS, UK 2258
Overall (*=0.0%; p=0.807) 12673
T T
0.0 05
C) Wheeze at school age
ABCD, NL 2905
DNBC, DK 8426
FLEHS I, BE 297
GASPII, IT 422
Generation R Study, NL 1744
Generation XXI, PT 138
HUMIS, NO 353
KOALA, NL 2068
NINFEA, IT 250
Pelagie, FR 867
PIAMA, NL 3094
Project Viva, US 1156
SWS, UK 1596
Overall (*=8.1%; p=0.365) 23317
r T
0.0 05

10 15 2.0

Relative Risk {95% Cl)

Figure 2. Adjusted associations of fish consumption during pregnancy (times/week) with offspring wheeze in infancy, preschool age, and school
age. Wheeze in infancy was defined as presence of any episode of wheezing or whistling in the chest during the first 2 years of life. Wheeze at pre-
school age was defined as presence of wheezing or whistling in the chest in the past 12 months at the age of 3-4 years. Wheeze at school age was
defined as presence of wheezing or whistling in the chest in the past 12 months at the age of 5-8 years. RRs (95% Cls) by cohort were obtained by
using generalized linear models for binary outcomes (modified Poisson) adjusted for maternal age, maternal education, breastfeeding, smoking
during pregnancy, parity, parent asthma or hay fever, and child sex. Combined estimates were obtained by using a random-effects meta-analysis.
The names of the cohorts and number of participants per each cohort are shown on the left. Cohort-specific RRs (95% Cls), and their weights in
meta-analysis are shown on the right. Squares represent the point estimate of each cohort, while the size of the square is proportional to the
weight with which each cohort contributed to the overall RR; horizontal lines denote 95% Cls; and diamonds represent overall estimates. RR=rela-

tive risk.

Discussion

In this study of more than 60 000 mother child pairs from
several locations in Europe and the USA with repeated
follow-up data from birth up to 8 years, we found no pro-
tective association between fish and seafood consumption
during pregnancy and risk of childhood wheeze, asthma

and allergic rhinitis. The present study is a major extension
of previous collaborative work examining fish intake dur-
ing pregnancy and child health.*®-*"

Fetal life is a critical time period for airway and immune
development, during which dietary exposures could have

irreversible long-term influences on the development of
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Fish Intake During Pregnancy (times/week)

Cohort Participants RR (95% Cl) Weight %
A) Asthma at preschool age

CONER, IT 347 —_—t 1.03 (0.74, 1.43) 231
FLEHS I, BE 62 B 1.87(0.36,9.77) 0.09
GASPII, IT 454 - 0.94 (0.82,1.09)  10.77
Generation XXI, PT 197 —— 1.26(1.02, 1.57) 5.18
INMA, ES 1202 =2} 0.99 (0.89,1.10)  19.10
KOALA, NL 1124 4= 1.02(0.89,1.18)  11.60
PIAMA, NL 3070 ~Ha— 1.10(0.93, 1.31) 8.15
Praject Viva, US 1263 R=! 0.90 (0.78 1.04) 11.55
RHEA, GR 590 —_— 1.02 (0.78, 1.34) 3.44
SWS, UK 1738 [E 1.05(0.97,1.14)  27.81
Overall (’=11.0%; p=0.341) 10046 1.02 (0.97, 1.07) 100

| P B . e |
0.0 05 1.0 15 20

B) Asthma at school age

ABCD, NL 2890 -F 0.99 (0.89,1.09)  11.09
DNBC, DK 9053 I: 0.99 (0.98,1.01)  36.99
FLEHS I, BE 296 B — 0.35(0.16, 0.75) 0.29
GASPII, IT 422 R 1.03 (0.78, 1.35) 212
Generation R Study, NL 1546 —_— 1.13(0.69, 1.84) 0.68
Generation XXI, PT 134 0.97 (0.74, 1.28) 2.20
HUMIS, NO 346 B 1.13 (0.81, 1.56) 1.51
KOALA, NL 2045 —t 0.85 (0.70, 1.03) 412
NINFEA, IT 250 —_— 1.12 (0,79, 1.59) 1.31
Pelagie, FR 793 — 0.95 (0.71, 1.27) 1.93
PIAMA, NL 3092 — 0.99 (0.80, 1.23) 3.48
Project Viva, US 1173 k= 1.04(0.94,1.14)  12.55
SWS, UK 1492 = 1.06(1.00,1.13) 2172
Overall (I’=27.11%; p=0.171) 23532 1.01 (0.97, 1.05) 100

r T T L]
0.0 0.5 10 1.5 2.0

Relative Risk (95% CI)

Figure 3. Adjusted associations of fish consumption during pregnancy (times/week) with offspring asthma atpreschool age and school age. Asthma
at preschool age (3-4 years) and school age (5-8 years) was definedas satisfying at least two of the three following criteria for each time period: (1)

ever-reported diagnosis ofasthma, (2) presence of wheezing or whistling in the chest in the past 12 months, or (3) asthma medicationin the past 12
months. RRs (95% Cls) by cohort were obtained by using generalized linear models for binary outcomes (modified Poisson) adjusted for maternal
age, maternal education, breastfeeding, smoking duringpregnancy, parity, parent asthma or hay fever, and child sex. Combined estimates were
obtained by using arandom-effects meta-analysis. The names of the cohorts and number of participants per each cohort are shown on the left.
Cohort-specific RRs (95% Cls), and their weights in meta-analysis are shown on the right. Squares represent the point estimate of each cohort, while
the size of the square is proportional to theweight with which each cohort contributed to the overall RR; horizontal lines denote 95% Cls; and dia-

mondsrepresent overall estimates. RR= relative risk.

asthma and other allergy-related diseases.*® The n-3 long-
chain fatty acids contained within fish can be transferred
across the placenta and have been proposed to exert a pro-
tective effect through involvement in several immune regu-
latory pathways. Animal and in vitro studies have shown
n-3 fatty acids to alter the expression of inflammatory
genes by modifying transcription factor activation, inhibit
T cell signalling through alteration of membrane lipid rafts
and decrease the production of proinflammatory eicosa-
noids, cytokines and reactive oxygen species, as well as to
give rise to a family of anti-inflammatory mediators termed
resolvins (reviewed in Calder et al.>®). A beneficial effect of
n-3 long-chain fatty supplementation in fetal or early life
on childhood allergic disease symptoms has been shown in
many, but not all, randomized trials.'®*®>”*% A relation
between supplementation dose and effect becomes more

apparent in the very low end of the exposure spectrum of
the n-3 long-chain fatty acids. Although fish and seafood is
the major source of preformed n-3 long-chain fatty acids in
the diet in most populations worldwide, maternal status is
also determined by endogenous conversion from dietary
alpha-linolenic acid from plant sources. A minority of the
population has a genetically determined low endogenous
conversion rate, and hence a higher dependence of pre-
formed n-3 long-chain fatty acid intake from the diet.*!
Therefore, our results do not exclude the possibility of a
protective effect of fish intake against asthma and allergy
in vulnerable subgroups.

Several birth cohort studies have examined the associ-
ation of prenatal fish intake with asthma and rhinitis
symptoms in childhood and have produced mixed results.
High fish intake during pregnancy was associated with a
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lower risk of wheeze up to the age of 6.5 years in the
Infancia y Medio Ambiente-Environment and Childhood
Project-Menorca cohort,”” and the Danish National Birth
Cohort study showed a protective effect of fish intake on
ever asthma at the age of 7 years, by using hospital admis-
sion and prescription registry data.® Other prospective
studies conducted in The Netherlands,'? Finland,'!'®
Norway,'* Spain and Greece,'® France'® and Japan™'° did
not find an association of prenatal fish consumption with
wheeze or asthma occurrence in childhood. Only few pre-
vious studies have assessed symptoms of childhood allergic
rhinitis in association with fish intake in pregnancy; one
UK study found that higher maternal intake of oily fish
was protective against hay fever at age 5 years,® whereas
the Danish National Birth Cohort study® and a Finnish
study'' found no association with allergic rhinitis up to the
age of 7 years. Heterogeneity in previous findings may
arise from differences in sample sizes, exposure assessment,
health outcome definition and adjustment for confounding
variables. In the present study, we had a large sample size
and harmonized information on exposure variables, poten-
tial confounders and child asthma and rhinitis symptoms.
We examined child outcomes at different time points from
early infancy to mid childhood, and found little evidence
for an association with fish intake during pregnancy.

Fish is generally considered an integral component of a
healthy diet. However, it is a complex nutritional expos-
ure. Fish is a good source of beneficial nutrients, including
n-3 long-chain fatty acids, but is also a common route of
exposure to persistent organic pollutants, such as poly-
chlorinated biphenyls and dioxins.* There is emerging evi-
dence suggesting that prenatal exposure to these chemicals
can exert adverse immunomodulatory effects and increase
the risk of developing allergic disease symptoms in child-
hood.*** Hence, it is possible that pollutants bio-accumu-
lating in fish counterbalance the effects of beneficial
nutrients, moving the association between fish intake and
child respiratory health towards the null. We did not have
the possibility to collect information on amounts of nutri-
ents and environmental chemicals contained in fish.
Although we collected information on different fish types
(fatty fish, lean fish, shellfish), we did not have enough
data to distinguish between consumption of big and small
species and fish origin, which would be relevant with re-
spect to toxicant exposure. Further analyses using bio-
marker information on both nutrients and toxicants in fish
are required to examine their interplay, as well as to disen-
tangle potential opposite effect on child outcomes.

Genetic  predisposition plays a major role in
asthma.*** A recent systematic review concluded that
family history of allergy should be considered as an im-
portant effect modifier when studying the association of

diet with the development of childhood asthma or aller-
gies.>* It has been proposed that atopic heredity is associ-

® and

ated with abnormalities in fatty acid metabolism,*
this might affect body utilization of the fatty acids con-
tained in fish. Previous studies examining a potential mod-
ifying effect of maternal history of asthma or atopy on
prenatal fish intake have produced inconsistent results.*”*
In our study, we found that, among children of parents
with no history of asthma or hay fever, prenatal fish intake
was associated with lower asthma risk at preschool age,
but not later in childhood or with wheeze or allergic rhin-
itis. Thus we treat this result with caution, as we cannot
rule out the possibility that the observed association is due
to chance. Further prospective studies incorporating gen-
etic analysis are needed to evaluate whether genetic predis-
position can modify the effect of fish intake during
pregnancy on child allergy symptoms.

As in any observational study, there is the possibility of
unmeasured residual confounding accounting for at least
part of the observed findings. We had no data available to
adjust for energy intake or dietary patterns during preg-
nancy; however, adjustment for gestational weight gain, as
a good proxy for total energy intake in pregnancy,*”*° did
not appreciably change the effect estimates. Moreover, al-
though we examined breastfeeding as a potential con-
founder, other differences in child diet or lifestyle factors
might have influenced the observed findings. However, the
absence of important heterogeneity across cohorts and the
similar effect estimates observed in the meta-analysis and
the pooled analysis provide evidence in support of more ro-
bust and generalized conclusions.

Similar to most studies assessing the health effects
of diet, we used self-reported dietary information, and we
cannot rule out the possibility of exposure measurement
error, especially in the absence of biomarkers of fish in-
take. However, most cohorts assessed fish intake using
food frequency questionnaires that were developed and
validated for use in pregnancy. Additionally, previous ana-
lyses in many participating cohorts have shown fish intake,
as assessed by questionnaires, to positively correlate with
exposure to n-3 long-chain fatty acids or environmental
pollutants commonly found in fish.”'” Any measurement
error in the assessment of fish intake itself is likely to be
non-differential with respect to the outcomes of interest,
given that fish intake levels did not differ between mothers
with and without asthma or hay fever across the cohorts,
and dietary data were collected before child respiratory
outcomes were known. Child asthma and allergic rhinitis
symptoms were ascertained by symptom-based question-
naires, which could lead to outcome misclassification.
However, most participating cohorts used questionnaires
adapted from the ISAAC study.’® To enhance asthma
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outcome accuracy, we used a definition developed by a
the the

Development of Allergy consortium®” that requires at least

panel of experts within Mechanisms  of
two conditions to be met. We assessed several asthma-
related phenotypes, raising concern about multiple testing.
However, an application of correction to take into account
multiple comparisons would be inappropriate given that
we studied outcomes that are highly correlated.”®

In conclusion, this large multicohort study found no evi-
dence supporting a protective association between fish in-
take during pregnancy and offspring symptoms of wheeze,

asthma and allergic rhinitis from infancy to mid childhood.
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eTable 1: Description of participating cohorts

Available data on respiratory Available data on fish and seafood Method of dietary ent

Cohort Recruitment outcomes® consumption during pregnancy No. of participants included®
ABCD, Amsterdam, NL 2003-2004 5830 7719 Questionnaire 5029
CONER, Bologna, IT 2004-2005 402 402 FFQ 386
DNBC, nationwide, DK 1996-2002 55674 57921 FFQ 36158
FLEHS |, Flanders, BE 2002-2004 346 1056 FFQ 337
GASPII, Rome, IT 2003-2004 530 536 FFQ 530
Generation R, Rotterdam, NL 2001-2006 2451 2677 FFQ 2161
Generation XXI, Porto, PT® 2005-2006 257 276 FFQ 231
HUMIS, regional, NO 2003-2009 1530 1569 FFQ 357
INMA, Gipuzkoa, Sabadell, Valencia, SP 2003-2008 1844 1973 FFQ 1765
KOALA, regional, NL 2000-2003 2569 2697 FFQ 2508
Lifeways Cross Generation, Dublin, IR 2001-2003 187 662 FFQ 132
LucKi, regional, NL 2006-current 377 543 Questionnaire 229
NINFEA, nationwide, IT 2005-2016 2171 2214 Questionnaire 2105
PELAGIE, regional, FR 2002-2006 931 3228 Questionnaire 869
PIAMA, nationwide, NL 1996-1997 3335 3866 Questionnaire 3300
Project Viva, Massachusetts, US 1999-2002 1630 1777 FFQ 1329
RHEA, Heraklion, GR 2007-2008 907 970 FFQ 882
SWS, Southampton, UK 1998-2007 2510 2596 FFQ 2466
Overall 83624 92831 60774

ABCD: Amsterdam Born Children and their Development study; BE: Belgium; CONER: Bologna Birth Cohort; DK: Denmark; DNBC: Danish National Birth Cohort;
FFQ: Food-frequency questionnaire; FLEHS I: Flemish Environment and Health Study I; FR: France; GASPII: Genetica e Ambiente: Studio Prospettico dell'Infanzia in
Italia; Generation R: the Generation R Study; Generation XXI: the Generation XXI Birth Cohort; GR: Greece; HUMIS: Norwegian Human Milk Study; INMA: Infancia y
Medio Ambiente-Environment and Childhood Project; IR: Ireland; IT: Italy; KOALA: Kind: Ouders en gezondheid: Aandacht voor Leefstijl en Aanleg Birth Cohort
Study; Lifeways: Lifeways Cross Generation Cohort Study; LucKi: Luchtwegklachten bij Kinderen; NINFEA: Nascita e INFanzia: gli Effetti dell’ Ambiente; NL:
Netherlands; NO: Norway; PELAGIE: Endocrine disruptors: Longitudinal study on pregnancy abnormalities, infertility, and childhood; PIAMA: Prevention and Incidence
of Asthma and Mite Allergy; Project Viva: the Project Viva study; PT: Portugal; RHEA: Mother Child Cohort in Crete; SP: Spain; SWS: Southampton Women's Survey;
UK: United Kingdom; US, United States.

? Participants with available information on at least one outcome of interest.

® Participants with full information on exposure variables, selected confounding variables, and at least one outcome of interest.

¢ The cohort Generation XXI involves a total of 8647 children, but only a sub-sample followed since the first trimester of pregnancy was included in this analysis.
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eTable 2: Data collection on respiratory outcomes in the participating cohorts

Cohort

Wheeze

Asthma

Allergic rhinitis

ABCD, Netherlands

CONER, Italy

DNBC, Denmark

FLEHS 1, Belgium

GASPII, Italy

Generation R, Netherlands

Generation XXI, Portugal

HUMIS, Norway

Information collected at 3-5 months: ever presence of wheezing
Information collected at 7 years: presence of wheezing in the last
12 months

Information collected at 6 and 15 months: presence of wheezing
or whistling in the chest at least once in the previous 6 months
[from 6 to 15 months]

Information collected at 3 years: presence of presence of
wheezing or whistling in the chest at least once in the previous
12 months

Information collected at 6 months: presence of episodes of
wheezing in the first 6 months

Information collected at 1 and 7 years: presence of wheezing in
the past 12 months

Information collected at 6, 12, 18, 24, 30 and 36 months:
presence of wheezing or whistling in the chest in the past 6
months

Information collected at 4, 5. 6, 7, and 8 years: presence of
wheezing or whistling in the chest in the past 12 months

Information collected at 6 and 15 months: presence of wheezing
or whistling in the chest at least once in the first 6 months of life
[from 6 to 15 months]

Information collected at 4, 7, and 8 years: presence of wheezing
or whistling in the chest at least once since the previous follow-
up

Information collected at 1 year: presence of a whistling noise in
the chest

Information collected at 2, 4 and 6 years: presence of problems
with a wheezing chest during the last year

Information collected at 1 and 2 years: ever presence of
wheezing

Information collected at 4 and 7 years: presence of wheezing in
the last 12 months

Information collected at 5 years: ever or current presence of
obstructed/wheezing chest

Information collected at 7 years: ever experience of
wheezing/tightness in the chest after physical exercise in the last

Information collected at 7 years: ever physician-diagnosed
asthma

Information collected at 3 years:
- ever physician-diagnosed asthma
- asthma medication in the last 12 months

Information collected at 7 years:
-ever physician-diagnosed asthma
- asthma medication in the last 12 months

Information collected at 4 years: medication for wheezing,
coughing, rattling, shortness of breath or asthma in the
last 12 months

Information collected at 6 and 8 years:

- ever physician-diagnosed asthma

- asthma medication in the last 12 months

Information collected at 4, 7 and 8 years:
- ever physician-diagnosed asthma
- asthma medication in the last 12 months

Information collected at 6 years: ever physician-diagnosed
asthma

Information collected at 4 and 7 years: ever physician-
diagnosed asthma

Information collected at 5 and 7 years: ever physician-
diagnosed asthma

Information collected at 7 years: asthma medication in the
last 12 months

Information collected at 5 years: ever physician-diagnosed
hay fever or allergic rhinitis

Information collected at 8 years: ever physician-diagnosed
hay fever or allergic rhinitis

Information collected at 7 years: ever physician-diagnosed
hay fever

NA

Information collected at 4, 7 and 8 years: ever physician-
diagnosed hay fever or allergic rhinitis

Information collected at 6 years: physician-diagnosed
respiratory allergy (pollen, house dust mite, and pets)

Information collected at 4 and 7 years: ever physician-
diagnosed rhinitis

Information collected at 5 and 7 years: ever physician-
diagnosed pollen allergy
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INMA, Spain

KOALA, Netherlands

Lifeways Cross
Generation, Ireland

LucKi, Netherlands

NINFEA, Italy

PELAGIE, France

PIAMA, Netherlands

Project Viva, United States

RHEA, Greece

SWS, United Kingdom

12 months

Information collected at 1, 2 and 4 years: presence of whistling
or wheezing from the chest, but not noisy breathing from the
nose in the past 12 months

Information collected at 7 and 12 months: presence of wheezing
at any time in the past [from 7 to 12 months]

Information collected at 2, 4, 6, 8 years: presence of wheezing in
the past 12 months

Information collected at 1, and 2 years from Parent Held Child
Study Records

Information collected at 7 and 14 months: presence of wheezing
or whistling in the chest in the previous 7 months

Information collected at 6 months: presence of episodes of
wheezing or whistling in the chest in the first 6 months of life
Information collected at 18 months: presence of episodes of
wheezing or whistling in the chest from 6 to 18 months
Information collected at 7 years: presence of episodes of
wheezing in the past 12 months

Information collected at 2 years: presence of wheezing or
whistling in the chest between birth to 24 months
Information collected at 6 years: presence of wheezing or
whistling in the chest in the past 12 months

Information collected at 1, 2, 4, 6 and 8 years: presence of
wheezing or whistling in the chest during the past 12 months

Information collected at 1, 2, 3, 4, 5, 6 and 7 years: presence of
wheezing or whistling in the chest in the past 12 months

Information collected at 1 and 4 years: presence wheezing or
whistling in the chest in the past 12 months

Information collected at 1, 2, 3, and 6 years: presence of any
episodes of chestiness associated with wheezing or whistling in
the chest in the last 12 months

Information collected at 4 years: presence of asthma in the

last 12 months

Information collected at 4, 6 and 8 years:
- ever physician-diagnosed asthma
- asthma medication in the last 12 months

NA

NA

Information collected at 7 years:
- ever physician-diagnosed asthma
- asthma medication in the last 12 months

Information collected at 6 years: ever physician-diagnosed

asthma

Information collected at 4, 6, and 8 years:
- ever physician-diagnosed asthma
- asthma medication in the last 12 months

Information collected at 3, 4, 5, 6 and 7 years:
- physician diagnosis of asthma
- asthma medication in the last 12 months

Information collected at 4 years:
- ever physician-diagnosed asthma
- asthma medication in the last 12 months

Information collected at 3: ever physician-diagnosed
asthma

Information collected at 6 years:

- ever physician-diagnosed asthma

-asthma medication in the last 12 months

NA

NA

NA

NA

Information collected at 7 years: ever physician-diagnosed
allergic rhinitis

Information collected at 6 and 8 years: ever diagnosis of
hay fever

Information collected at 5, 6 and 7 years: physician
diagnosis of hay fever, seasonal allergies or allergic
rhinitis

NA

NA
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eTable 3: Description of maternal and child characteristics in participating cohorts

Maternal age Smoking during Mater nal education Parity Birth weight Breastfeeding Child sex Maternal asthma  Paternal asthma
(years) pregnancy (yes) (low/medium) (multiparous) (grams) (yes) (males) or hay fever (yes) or hay fever (yes)
Median (IQR) N (%) N (%) N (%) Median (IQR) N (%) N (%) N (%) N (%)

ABCD, Netherlands 32.0(29.0-35.0) 449 (8.9) 2646 (52.6) 2106 (41.9) 3480 (3150-3810) 4165 (82.8) 2523 (50.2) 728 (14.5) 593 (12.4)
CONER, Italy 33.0(30.0-36.0) 47 (12.2) 237 (61.4) 166 (43.0) 3360 (3030-3618) 352 (91.2) 189 (49.0) 89 (23.1) 89 (23.2)
DNBC, Denmark 30.0(27.0-33.0) 8442 (23.4) 11500 (31.8) 18767 (51.9) 3600 (3267-3950) 34001 (94.0) 18517 (51.2) 6415 (17.7) 2938 (8.2)
FLEHSI, Belgium 30.1(27.7-32.5) 33(9.8) 264 (78.3) 135 (40.0) 3400 (3115-3690) 243 (71.9) 175 (51.8) 107 (31.7) 116 (34.4)
GASPII, Italy 33.0(30.0-36.0) 66 (12.5) 335(63.2) 223 (42.1) 3350 (3020-3663) 463 (87.4) 272 (51.3) 165 (31.1) 171 (32.5)
Generation R, Netherlands 31.9(29.6-34.3) 456 (21.1) 727 (33.6) 847 (39.2) 3540 (3200-3870) 1969 (91.1) 1057 (48.9) 670 (31.2) 560 (31.4)
Generation XXI, Portugal* 30.0 (25.0-34.0) 54 (23.4) 201 (87.0) 98 (42.4) 3250 (2955-3508) 215 (93.7) 112 (48.5) 13 (18.6) 7 (18.0)
HUMIS, Norway 30.0(27.0-33.0) 24 (6.7) 96 (27.0) 213 (59.7) 3650 (3300-4050) 352 (98.6) 172 (48.2) 77 (21.6) 93 (26.1)
INMA, Spain 31.7 (29.2-34.5) 560 (31.7) 1160 (65.7) 778 (44.1) 3285 (2990-3550) 1561 (88.4) 913 (51.7) 309 (17.5) 283 (16.0)
KOALA, Netherlands 31.0(29.0-34.0) 182 (7.3) 1289 (51.4) 1405 (56.0) 3510 (3200-3820) 2121 (84.6) 1274 (50.8) 928 (36.9) 899 (36.0)
Lifeways Cross Generation, Ireland 32.9(30.4-36.2) 18 (13.6) 40 (30.3) 82 (62.1) 3605 (3233-3930) 95 (72.0) 64 (48.9) 15(11.6) 12 (14.1)
LucKi, Netherlands 30.0 (28.0-33.0) 19 (8.3 103 (45.0) 121 (52.6) 3375 (3065-3722) 157 (62.6) 110 (48.0) 88 (38.4) 74 (33.2)
NINFEA, Italy 33.0(31.0-36.0) 170 (8.1) 838 (39.8) 494 (23.5) 3250 (2970-3540) 1933 (91.8) 1072 (50.9) 380 (18.1) NA
PELAGIE, France® 30.6 (27.8-33.4) 191 (21.9) 500 (57.5) 513 (59.0) 3420 (3120-3725) 593 (68.2) 454 (52.2) NA NA
PIAMA, Netherlands 30.0 (28.0-33.0) 560 (17.0) 2099 (63.6) 1665 (50.5) 3510 (3200-3850) 2741 (83.1) 1700 (51.5) 787 (23.8) 815 (24.8)
Project Viva, United States 33.3(30.6-36.5) 132 (9.9) 369 (27.8) 683 (51.4) 3509 (3175-3827) 1165 (87.7) 669 (50.3) 161 (12.1) NA
RHEA, Greece 30.0 (26.0-33.0) 144 (16.3) 611 (69.3) 521 (59.1) 3210 (2950-3490) 751 (85.2) 448 (50.8) 215 (24.4) 163 (18.5)
SWS, United Kingdom 30.7 (27.8-33.4) 406 (16.5) 1773 (72.0) 1268 (51.4) 3468 (3170-3805) 2022 (82.0) 1286 (52.2) 556 (22.6) 459 (18.8)
Overall 30.4 (28.0-33.2) 11954 (19.7) 24788 (41.0) 30085 (49.5) 3540 (3200-3885) 54888 (90.3) 31006 (51.0) 11703 (19.6) 7272 (13.1)

NA, not available.

For the cohort PELAGIE, information on maternal allergy was provided for 869 participants, 94 (10.8%) of whom had allergy.
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eTable 4: Distribution of fish and seafood consumption in participating cohorts

Total fish consumption

Fatty fish consumption

L ean fish consumption

Seafood consumption (other than fish)

(times/week) (times/week) (times/week) (times/week)

Median (IQR) Median (IQR) Median (IQR) Median (IQR)
ABCD, Netherlands 1.00 (0.50-1.50) NA NA NA
CONER, Italy 1.36 (0.92-2.00) 0.12 (0.00-0.34) 0.41 (0.12-0.75) 0.23(0.1-0.48)
DNBC, Denmark 1.91 (1.10-3.56) 0.71 (0.29-1.46) 1.09 (0.56-1.89) 0.09 (0.00-0.25)
FLEHSI, Belgium 0.50 (0.25-1.00) NA NA 0.00 (0.00-0.25)
GASPII, Italy 2.23(1.48-3.24) 1.00 (0.47-1.39) 0.50 (0.20-0.90) 0.38(0.11-0.7)
Generation R, Netherlands 0.44 (0.15-0.74) NA NA NA
Generation XXI, Portugal 4.00 (2.50-6.00) 1.00 (0.50-3.00) 2.00 (1.50-4.00) 0.50 (0.00-1.00)
HUMIS, Norway 1.77 (1.06-2.49) 0.37 (0.14-0.75) 1.23(0.69-1.85) 0.17 (0.06-0.31)
INMA, Spain 4.46 (3.00-6.46) 0.92 (0.00-1.46) 3.46 (2.00-4.46) 0.92 (0.46-1.46)
KOALA, Netherlands 0.98 (0.49-1.96) 0.49 (0.00-0.49) 0.98 (0.49-0.98) 0.00 (0.00-0.00)
Lifeways Cross Generation, Ireland 1.00 (0.50-1.50) 0.50 (0.00-1.00) 0.50 (0.00-0.50) 0.00 (0.00-0.00)
LucKi, Netherlands 1.00 (0.50-1.50) 0.50 (0.00-1.00) 0.50 (0.00-1.00) 0.00 (0.00-0.50)
NINFEA, Italy 1.50 (0.50-1.50) NA NA 0.00 (0.00-0.50)
PELAGIE, France 0.67 (0.67-2.35) NA NA 0.35(0.35-0.9)
PIAMA, Netherlands 0.50 (0.00-0.50) NA NA NA
Project Viva, United States 0.98 (0.49-1.47) 0.49 (0.00-0.98) 0.49 (0.00-0.49) 0.49 (0.00-0.49)
RHEA, Greece 1.00 (0.46-1.37) 0.46 (0.00-1.00) 0.31 (0.08-0.69) 0.00 (0.00-0.23)
SWS, United Kingdom 1.77 (0.75-3.00) 0.50 (0.10-1.50) 1.00 (0.50-1.85) 0.00 (0.00-0.25)
Overdll 1.50 (0.69-2.80) 0.64 (0.25-1.39) 1.00 (0.49-1.87) 0.08 (0.00-0.31)

NA, not available.
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eTable 5: Distribution of fish consumption levels among mothers with and without asthma or hayfever in
participating cohorts

Mothers without asthma or hayfever Mothers with asthma or hayfever
Total fish consumption in times/week Total fish consumption in times/week P value fog
Median (IQR) Median (IQR) difference
ABCD, Netherlands 1.00 (0.50-1.50) 1.00 (0.50-1.62) 0.36
CONER, ltaly 1.40 (0.93-2.00) 1.18 (0.66-1.88) 0.06
DNBC, Denmark 1.91 (1.11-3.57) 1.88 (1.07-3.54) 0.04
FLEHS 1, Belgium 0.50 (0.25-1.00) 0.50 (0.25-1.00) 0.54
GASPII, Italy 2.19(1.47-3.18) 2.29(1.53-3.37) 0.72
Generation R, Netherlands 0.43 (0.15-0.77) 0.44 (0.15-0.80) 0.20
Generation XXI, Portugal 4.50 (3.00-6.00) 3.00 (2.00-6.50) 0.35
HUMIS, Norway 1.79 (1.02-2.51) 1.67 (1.14-2.25) 0.52
INMA, Spain 4.46 (3.00-6.46) 4.46 (3.00-6.89) 0.79
KOALA, Netherlands 0.98 (0.49-1.96) 1.47 (0.49-1.96) 0.17
Lifeways Cross Generation, Ireland 1.00 (0.50-1.50) 1.00 (0.50-1.00) 0.96
LucKi, Netherlands 1.00 (0.50-2.00) 1.00 (0.50-1.62) 0.82
NINFEA, Italy 1.50 (0.50-1.50) 1.50 (0.50-1.50) 0.38
PELAGIE, France 0.67 (0.67-2.35) 0.67 (0.67-2.35) 0.10
PIAMA, Netherlands 0.50 (0.00-0.50) 0.50 (0.00-1.00) 0.10
Project Viva, United States 0.98 (0.49-1.47) 0.98 (0.49-1.47) 0.28
RHEA, Greece 1.00 (0.46-1.34) 1.00 (0.46-1.46) 0.23
SWS, United Kingdom 1.75 (0.75-3.00) 1.85 (0.75-3.00) 0.69

P values for difference were estimated using the Mann-Whitney U test.



Supplementary material

eTable 6: Distribution of respiratory outcomes in participating cohorts

Wheeze (yes)® Persistent wheeze (yes)” Asthma (yes)° Allergicrhinitis

Infancy Preschool age School age Preschool age  School age Preschool age School age at school age (yes)®

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
ABCD, Netherlands 536 (10.7) NA 186 (6.4) NA 33(1.3) NA 179 (6.2) 54 (1.5)
CONER, Italy 129 (33.4) 42 (12.1) NA 23 (9.7) NA 42 (12.1) NA 8(5.1)
DNBC, Denmark 10955 (30.3) NA 1771 (21.0) NA 893 (20.9) NA 1376 (15.2) 1185 (4.8)
FLEHSI, Belgium 44 (36.7) 14 (12.3) 18(6.1) 9(11.5) 3(5.5) 8(12.9) 21(7.1) NA
GASPII, Italy 211 (39.8) 84 (18.5) 36 (8.5) 51(17.5) 23 (8.9) 79 (17.4) 30(7.1) 36 (8.6)
Generation R, Netherlands 713 (34.3) 187 (10.1) 140 (8.0) 116 (9.4) 82(7.2) NA 55 (3.6) 144 (7.7)
Generation XXI, Portugal 62 (40.0) 42 (22.6) 25(18.1) 18 (20.7) 14 (20.3) 7(35) 9(6.7) 12(8.8)
HUMIS, Norway NA NA 17 (4.8) NA NA NA 23(6.7) 29(8.1)
INMA, Spain 766 (43.4) 266 (18.5) NA 186 (20.6) NA 35(2.9) NA NA
KOALA, Netherlands 757 (30.3) 124 (10.9) 139 (6.7) 74 (8.8) 82 (5.6) 101 (9.0) 114 (5.6) NA
Lifeways Cross Generation, Ireland 27 (20.5) NA NA NA NA NA NA NA
LucKi, Netherlands 43(18.9) NA NA NA NA NA NA NA
NINFEA, Italy 473 (22.5) NA 14 (5.6) NA 6(3.2) NA 6(2.4) 15(6.1)
PELAGIE, France 146 (16.9) NA 78(9.0) NA 32 (4.6) NA 53 (6.7) NA
PIAMA, Netherlands 955 (29.0) 360 (11.7) 205 (6.6) 235(10.2) 114 (5.1) 271 (8.8) 229 (7.4) 160 (5.2)
Project Viva, United States 388 (29.8) 258 (21.0) 194 (16.8) 155(17.2) 108 (13.1) 202 (16.0) 220 (18.8) 271(23.0)
RHEA, Greece 226 (25.9) 26 (4.5) NA 10 (2.5) NA 48(8.1) NA NA
SWS, United Kingdom 1087 (44.0) 546 (24.2) 227 (14.2) 351 (24.8) 135 (14.2) 128 (7.4) 164 (11.0) NA
Overall 17518 (29.2) 1949 (15.4) 3050 (13.1) 1228 (14.1) 1525 (10.4) 921 (9.2) 2479 (10.5) 1914 (5.4)

NA, not available.

*Wheeze in infancy was defined as presence of any episode of wheezing or whistling in the chest during the first 2 years of life, while wheeze at preschool age (3-4 years)
and school age (5-8 years) were defined as presence of wheezing or whistling in the chest in the past 12 months.

® Persistent wheeze at preschool (3-4 years) and school age (5-8 years) was defined as presence of any episode of wheezing or whistling in the chest during the first 2 years
of life, and wheezing or whistling in the chest in the past 12 months at the respective time period examined.

¢ Asthma at preschool age (3-4 years) and school age (5-8 years) was defined as satisfying at least two of the three following criteria for each time period: (1) ever-reported
diagnosis of asthma, (2) presence of wheezing or whistling in the chest in the past 12 months, or (3) asthma medication in the past 12 months.

¢ Allergic rhinitis at school age was defined as ever-reported diagnosis of allergic rhinitis or hay fever at the age of 5-8 years.
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eTable 7: Adjusted combined associations® of fish and seafood (other than fish) consumption in pregnancy with childhood persistent wheeze

Persistent wheeze
Pre-school age” School age*
Cohorts Participants RR (95% CI) I*(p heter)’ Cohorts Participants RR (95% CI) I*(p heter)’

Fish consumption (times/week) 11 8708 1.02 (0.98-1.05) 0.0 (0.90) 11 14595 1.01 (0.99-1.03) 0.0 (0.88)
Fish consumption categories®

>1 but <3 times/week 10 2221 1.00 (0.87-1.14) 0.0 (0.70) 9 4892 1.00 (0.88-1.15) 6.9 (0.39)

>3 times/week 8 1290 0.97 (0.79-1.20) 4.0 (0.40) 6 1755 1.08 (0.94-1.24) 0.0 (0.96)
Type of fish consumption (times/week)

Fatty fish 8 5088 0.99 (0.94-1.05) 0.0 (0.97) 6 7849 0.99 (0.95-1.03) 0.0 (0.98)

Lean fish 8 5088 1.04 (0.98-1.10) 13.1(0.33) 6 7849 1.03 (0.99-1.05) 0.0 (0.83)
Seafood consumption (times/week) 9 5166 1.04 (0.97-1.12) 0.0 (0.65) 8 8738 1.12 (0.98-1.28) 13.1(0.33)

* Relative risks (95% Cls) were estimated by random-effects meta-analysis by cohort. Generalized linear models for binary outcomes
(modified Poisson) were adjusted for maternal age, maternal education, breastfeeding, smoking during pregnancy, parity, parent asthma or hay

fever, and child sex.

® Persistent wheeze at preschool age was defined as presence of any episode of wheezing or whistling in the chest during the first 2 years of

life, and wheezing or whistling in the chest in the past 12 months at the age of 3-4 years.

¢ Persistent wheeze at school age was defined as presence of any episode of wheezing or whistling in the chest during the first 2 years of life,

and wheezing or whistling in the chest in the past 12 months at the age of 5-8 years.
¢ I? statistic and p value for heterogeneity estimated by the x* test from Cochran’s Q.
¢ Reference category: <I time/week.
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eTable 8: Adjusted combined associations (pooled analysis)” of fish and seafood (other than fish) consumption in pregnancy with childhood wheeze

Wheeze
Infancy” Preschool age* School age*
Cohorts Participants RR (95% CI) Cohorts Participants RR (95% CI) Cohorts  Participants RR (95% CI)

Fish consumption (times/week) 17 59889 1.00 (0.99-1.00) 11 12572 1.01 (1.00-1.03) 13 23230 1.00 (0.99-1.01)
Fish consumption categories®

>1 but <3 times/week 17 25110 0.99 (0.97-1.01) 11 3271 0.98 (0.87-1.12) 13 8346 1.02 (0.96-1.09)

>3 times/week 17 13266 0.99 (0.97-1.01) 11 1987 0.97 (0.87-1.08) 13 3433 1.04 (1.01-1.08)
Type of fish consumption (times/week)

Fatty fish 11 46395 1.00 (0.99-1.00) 8 7522 1.00 (0.96-1.03) 7 14069 0.99 (0.98-1.00)

Lean fish 11 46395 1.01 (1.00-1.01) 8 7522 1.03 (1.01-1.05) 7 14069 1.01 (1.00-1.02)
Seafood consumption (times/week) 14 49482 1.00 (0.97-1.03) 9 7636 1.02 (0.97-1.06) 10 15485 1.06 (0.96-1.17)

*Pooled relative risks (95% CIs) were estimated by using multilevel mixed-effects generalized linear models for binary outcomes (modified Poisson) with a
random cohort intercept adjusted for maternal age, maternal education, breastfeeding, smoking during pregnancy, parity, parent asthma or hay fever, and child

SEX.

® Wheeze in infancy was defined as presence of any episode of wheezing or whistling in the chest during the first 2 years of life.

¢ Wheeze at preschool age was defined as presence of wheezing or whistling in the chest in the past 12 months at the age of 3-4 years.

4 Wheeze at school age was defined as presence of wheezing or whistling in the chest in the past 12 months at the age of 5-8 years.
¢ Reference category: <I time/week.

10



Supplementary material

eTable 9: Adjusted combined associations (pooled analysis)” of fish and seafood (other than fish) consumption in pregnancy with asthma and allergic rhinitis in
childhood

Asthma® Allergic rhinitis
Preschool age School age at school age®
Cohorts Participants RR (95% CI) Cohorts Participants RR (95% CI) Cohorts  Participants RR (95% CI)

Fish consumption (times/week) 10 9940 0.99 (0.94-1.04) 13 23442 1.00 (0.99-1.01) 10 35703 1.01 (1.00-1.02)
Fish consumption categories*

>1 but <3 times/week 10 2748 0.90 (0.74-1.11) 14 8499 1.02 (0.91-1.14) 10 14745 1.03 (0.98-1.08)

>3 times/week 10 1709 0.88 (0.63-1.24) 14 3629 1.05 (0.97-1.15) 10 7801 1.02 (0.96-1.09)
Type of fish consumption (times/week)

Fatty fish 8 6808 0.94 (0.84-1.05) 7 14571 0.99 (0.98-1.01) 6 26767 1.02 (1.01-1.02)

Lean fish 8 6808 1.04 (1.00-1.07) 7 14571 1.00 (0.98-1.03) 6 26767 1.01 (1.00-1.01)
Seafood consumption (times/week) 9 6870 0.94 (0.79-1.13) 10 15912 1.03 (0.93-1.13) 7 27015 1.00 (0.87-1.15)

*Pooled relative risks (95% Cls) were estimated by using multilevel mixed-effects generalized linear models for binary outcomes (modified Poisson) with a random
cohort intercept adjusted for maternal age, maternal education, breastfeeding, smoking during pregnancy, parity, parent asthma or hay fever, and child sex.

> Asthma at preschool age (3-4 years) and school age (5-8 years) was defined as satisfying at least two of the three following criteria for each time period: (1) ever-
reported diagnosis of asthma, (2) presence of wheezing or whistling in the chest in the past 12 months, or (3) asthma medication in the past 12 months.

¢ Allergic rhinitis at school age (5-8 years) was defined as ever-reported diagnosis of allergic rhinitis or hay fever.

4 Reference category: <1 time/week.
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eTable 10: Adjusted combined association” of fish consumption during pregnancy (times/week) with
childhood wheeze after omitting one cohort at a time

Wheeze
Infancy” Preschool age* School age*
RR (95% CI) RR (95% CI) RR (95% CI)

Overall 1.00 (0.99-1.01) 1.01 (0.99-1.04) 1.01 (0.98-1.03)
Cohort omitted

ABCD, NL 1.00 (0.99-1.01) NA 1.00 (0.97-1.04)
CONER, IT 1.00 (0.99-1.01) 1.01 (0.99-1.04) NA
DNBC, DK 1.00 (0.99-1.02) NA 1.01 (0.97-1.06)
FLEHS I, BE 1.00 (1.00-1.01) 1.01 (0.99-1.04) 1.00 (0.99-1.02)
GASPIL IT 1.00 (0.99-1.01) 1.01 (0.99-1.04) 1.01 (0.98-1.04)

Generation R Study, NL
Generation XXI, PT

1.00 (0.99-1.01)
1.00 (0.99-1.01)

1.01 (0.99-1.04)
1.01 (0.99-1.04)

1.00 (0.98-1.03)
1.01 (0.98-1.04)

HUMIS, NO NA NA 1.01 (0.98-1.03)
INMA, ES 1.00 (0.99-1.02) 1.01 (0.97-1.04) NA
KOALA, NL 1.00 (0.99-1.01) 1.01 (0.99-1.04) 1.00 (0.99-1.02)
Lifeways Cross Generation, IR 1.00 (0.99-1.01) NA NA
LucKi, NL 1.00 (0.99-1.01) NA NA
NINFEA, IT 1.00 (0.99-1.01) NA 1.00 (0.98-1.03)
PELAGIE, FR 1.00 (0.99-1.01) NA 1.00 (0.98-1.02)
PIAMA, NL 1.00 (1.00-1.01) 1.01 (0.98-1.03) 1.00 (0.98-1.03)
Project Viva, US 1.00 (0.99-1.01) 1.01 (0.99-1.04) 1.01 (0.97-1.04)
RHEA, GR 1.00 (0.99-1.01) 1.01 (0.98-1.03) NA
SWS, UK 1.01 (0.99-1.02) 1.01 (0.98-1.05) 1.00 (0.97-1.04)

* All effect estimates correspond to an increase of 1 time/week in fish consumption in pregnancy.
Relative risks (95% Cls) were estimated by random-effects meta-analysis by cohort. Generalized linear
models for binary outcomes (modified Poisson) were adjusted for maternal age, maternal education,
breastfeeding, smoking during pregnancy, parity, parent asthma or hay fever, and child sex.

P Wheeze in infancy was defined as presence of any episode of wheezing or whistling in the chest
during the first 2 years of life.

¢ Wheeze at preschool age was defined as presence of wheezing or whistling in the chest in the past 12
months at the age of 3-4 years.

¢ Wheeze at school age was defined as presence of wheezing or whistling in the chest in the past 12
months at the age of 5-8 years.
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eTable 11: Adjusted combined association” of fish consumption during pregnancy (times/week) with
asthma and allergic rhinitis in childhood after omitting one cohort at a time

Asthma”

Preschool age

School age

Allergic rhinitis
at school age*

RR (95% CI)

RR (95% CI)

RR (95% CI)

Overall 1.02 (0.97-1.07) 1.01 (0.97-1.05) 1.01 (0.99-1.03)
Cohort omitted

ABCD, NL NA 1.01 (0.96-1.06) 1.02 (0.98-1.06)
CONER, IT 1.02 (0.96-1.08) NA 1.01 (0.97-1.05)
DNBC, DK NA 1.01 (0.95-1.07) 1.02 (0.95-1.09)
FLEHS 1, BE 1.02 (0.97-1.07) 1.00 (0.98-1.02) NA
GASPIL IT 1.03 (0.97-1.08) 1.01 (0.96-1.05) 1.01 (0.99-1.03)
Generation R Study, NL NA 1.01 (0.96-1.05) 1.01 (0.99-1.03)
Generation XXI, PT 1.01 (0.96-1.06) 1.01 (0.96-1.05) 1.01 (0.97-1.05)
HUMIS, NO NA 1.01 (0.96-1.05) 1.01 (0.98-1.05)
INMA, ES 1.03 (0.96-1.09) NA NA
KOALA, NL 1.02 (0.96-1.08) 1.01 (0.98-1.05) NA
Lifeways Cross Generation, IR NA NA NA
NINFEA, IT NA 1.01 (0.96-1.05) 1.01 (0.99-1.03)
PELAGIE, FR NA 1.01 (0.97-1.05) NA
PIAMA, NL 1.01 (0.96-1.07) 1.01 (0.96-1.05) 1.01 (0.98-1.04)
Project Viva, US 1.03 (0.99-1.09) 1.00 (0.96-1.05) 1.01 (0.96-1.06)
RHEA, GR 1.02 (0.96-1.08) NA NA

SWS, UK 1.01 (0.95-1.07) 0.99 (0.96-1.03) NA

* All effect estimates correspond to an increase of 1 time/week in fish consumption in pregnancy. Relative
risks (95% Cls) were estimated by random-effects meta-analysis by cohort. Generalized linear models for
binary outcomes (modified Poisson) were adjusted for maternal age, maternal education, breastfeeding,
smoking during pregnancy, parity, parent asthma or hay fever, and child sex.

> Asthma at preschool age (3-4 years) and school age (5-8 years) was defined as satisfying at least two of
the three following criteria for each time period: (1) ever-reported diagnosis of asthma, (2) presence of
wheezing or whistling in the chest in the past 12 months, or (3) asthma medication in the past 12 months.

¢ Allergic rhinitis at school age (5-8 years) was defined as ever-reported diagnosis of allergic rhinitis or hay
fever.
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eTable 12: Adjusted combined associations (pooled analysis)” of fish consumption in pregnancy (times/week)
with wheeze in infancy and asthma in childhood by parent asthma or hay fever, and child sex

Wheeze Asthma®
in infancy” Preschool age School age
N RR (95% CI) N RR (95% CI) N RR (95% CI)
Parent asthma or hay fever
No 43069  1.00 (0.99-1.00) 6114 0.91 (0.86-0.96) 15783 0.99 (0.98-1.01)
Yes 16820  1.00 (1.00-1.01) 3826 1.04 (0.98-1.10) 7659 1.01 (1.00-1.02)
P-interaction? 0.67 0.03 0.11
Child sex
Male 30585 1.00 (1.00-1.01) 5084 0.97 (0.89-1.06) 12352 0.99 (0.99-1.00)
Female 29304  1.00(0.99-1.00) 4856 1.00 (0.95-1.06) 11090 1.01 (0.99-1.03)
P-interaction* 0.84 0.71 0.03

* All effect estimates correspond to an increase of 1 time/week in fish consumption in pregnancy. Pooled relative
risks (95% Cls) were estimated by using multilevel mixed-effects generalized linear models for binary outcomes
(modified Poisson) with a random cohort intercept adjusted for maternal age, maternal education, breastfeeding,
smoking during pregnancy, parity, parent asthma or hay fever (except for the models run separately by parent
asthma or hay fever), and child sex (except for the models run separately by child sex).

" Wheeze in infancy was defined as presence of any episode of wheezing or whistling in the chest during the first 2
years of life.

¢ Asthma at preschool age (3-4 years) and school age (5-8 years) was defined as satisfying at least two of the three
following criteria for each time period: (1) ever-reported diagnosis of asthma, (2) presence of wheezing or whistling
in the chest in the past 12 months, or (3) asthma medication in the past 12 months. ¢ P-interaction was estimated by
Wald test.
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eFigure 1. Location of participating birth cohorts. The size of the square is indicative of the cohort size. ABCD:
Amsterdam Born Children and their Development study; CONER: Bologna Birth Cohort; DNBC: Danish National
Birth Cohort; FLEHS I: Flemish Environment and Health Study I; GASPII: Genetica e Ambiente: Studio
Prospettico dell'Infanzia in Italia; Generation R: the Generation R Study; Generation XXI: the Generation XXI Birth
Cohort; HUMIS: Norwegian Human Milk Study; INMA: Infancia y Medio Ambiente-Environment and Childhood
Project; IR: Ireland; KOALA: Kind: Ouders en gezondheid: Aandacht voor Leefstijl en Aanleg Birth Cohort Study;
Lifeways: Lifeways Cross Generation Cohort Study; LucKi: Luchtwegklachten bij Kinderen; NINFEA: Nascita e
INFanzia: gli Effetti dell’ Ambiente; PELAGIE: Endocrine disruptors: Longitudinal study on pregnancy
abnormalities, infertility, and childhood; PIAMA: Prevention and Incidence of Asthma and Mite Allergy; Project
Viva: the Project Viva study; RHEA: Mother Child Cohort in Crete; SWS: Southampton Women's Survey.
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eFigure 2: Directed acyclic graph for the association of fish consumption during pregnancy with child asthma
or rhinitis symptoms
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