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Maternal fish consumption during pregnancy and risks of
wheezing and eczema 1n childhood: The Generation R Study
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BACKGROUND/OBJECTIVES: Maternal fish consumption during pregnancy might influence the fetal immune system through
anti-inflammatory effects of omega-3 fatty acids, and might affect the risks of childhood asthma and atopy. In Generation R,
a prospective cohort study in the Netherlands, we examined the associations of first trimester fish consumption with childhood

wheezing and eczema in the first 4 years of life.

METHODS: In total, 2976 mothers completed a 293-item semiquantitative food frequency questionnaire covering dietary intake
in the first trimester. The occurrence of wheezing and eczema was yearly assessed by questionnaires.

RESULTS: Median weekly fish consumption was 83 (95% range 0-316) grams per week. We observed no consistent associations
of maternal total-, lean- or fatty-fish consumption during pregnancy with the risks of childhood wheezing. Maternal shellfish
consumption of 1-13 g per week was associated with overall increased risks of childhood wheezing and eczema (OR 1.20

(1.04, 1.40) and OR 1.18 (1.01, 1.37), respectively). Maternal fatty fish consumption of 35-69 g per week was associated with
increased overall risks of childhood eczema (OR 1.17 (1.00, 1.38)), but maternal total- or lean-fish consumption was not.
CONCLUSIONS: During pregnancy, shellfish consumption was associated with increased risks of wheezing and eczema, while fatty
fish consumption was associated with a higher risk of eczema only. Maternal total fish or lean fish consumption were not associated
with wheezing or eczema. Further studies are needed to replicate these findings and to explore underlying mechanisms.
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INTRODUCTION

Specific adverse fetal and infant exposures might lead to the
development of asthma and atopic disease.' Suboptimal maternal
diet during pregnancy is one of these exposures, which might
lead to fetal lung development adaptations and to fetal immune
system programming.>™ Previous studies investigating maternal
diet during pregnancy in relation with childhood asthmatic and
atopic diseases mainly focused on vitamins, allergenic foods
and fish consumption.® Fish, in particular fatty fish, contains
anti-inflammatory n-3 PUFAs, which regulate immune responses
and might be protective against atopic diseases and asthma.*® On
the other hand, contaminants of fish might counterbalance
the protective effects of n-3 PUFAs when fish consumption is
low.” Many observational and interventional studies, explored the
associations of maternal fish consumption or fish oil
supplementation during pregnancy with the risks of childhood
asthma and atopy.2* Although these studies showed a protective
effect on at least one outcome, they were not all able to adjust for
potential confounders. Also, previous intervention studies differed
in selection of participants, types of intervention and definition
of outcome measures. Thus, whether maternal fatty fish
consumption or fish oil supplementation has protective effects on
the development of atopic diseases in the offspring remains
unclear. Furthermore, fish oil supplementation may not have the
same effects as fish consumption from normal diet, especially when
fish consumption is low.

Therefore, we examined the associations of maternal first
trimester fish consumption during pregnancy with the risks of
childhood wheezing and eczema in the first 4 years of life in a
population-based prospective cohort study among 2796 Dutch
mothers and their children with a relatively low fish intake.

MATERIALS AND METHODS

Design

This study was embedded in the Generation R Study, a population-based
prospective cohort study from early fetal life onwards in Rotterdam.? All
children were born between April 2002 and January 2006. The study has
been approved by the Medical Ethical Committee of the Erasmus Medical
Center in Rotterdam (MEC 198.782/2001/31). Written informed consent
was obtained from all participants. The present study was performed in
Dutch participants only, as the food frequency questionnaire (FFQ)
was validated for assessment of dietary intake in a Dutch population. In
total, 3433 Dutch mothers were included during pregnancy and fully
participated in the postnatal phase of the study. To asses first trimester
dietary intake, we selected mothers who were enrolled in the study before
a gestational age of 25 weeks (n=3361). Information about fish
consumption during pregnancy was available in 2969 (88%) of these
mothers. We excluded twin pregnancies (n=42) to prevent bias due to
correlation. Of the remaining 2927 children, we excluded 131 (4%) children
of whom we had no information on wheezing and eczema available,
leading to a population for analysis of 2796 mothers and children
(Figure 1).
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Figure 1. Flow chart of participants included for analysis

Fish consumption during pregnancy

We assessed maternal first trimester dietary intake, including fish
consumption using a modified version of the validated semiquantitative
FFQ of Klipstein-Grobusch et al.>* The FFQ was administered at enrollment
in the study (median gestational age 13.4 weeks, 95% range 10.1-21.8), as
main interest was in the long-term effects of maternal diet during early
pregnancy, which might be a critical period for the fetal lung development.
The FFQ considered food intake over the prior 3 months, thereby covering
dietary intake within the first trimester of pregnancy. The FFQ consists of
293 items structured to meal patterns. Questions include consumption
frequency, portion size, preparation method and additions. Portion
sizes were estimated using Dutch household measures and colored
photographs of foods showing different portion sizes.?> To calculate
average daily nutritional values, the 2006 version of the Dutch food
composition table was used. Frequency of fish consumption was assessed
for total fish consumption and different types of fish. On the basis of the
nutrient content and information from previous studies, we assessed
consumption of different fish types by seven categories: lean fish (codfish,
plaice, catfish, sole fish, tuna, whiting and haddock), moderately fatty
fish (trout, anchovy and gurnard), fatty fish (salmon, herring, mackerel, eel,
sardines, halibut and bloater), shellfish (crab, lobster, shrimps and mussels),
processed fish (fish fingers, fish burgers, crumbed and fried fish), fish
derived from liver (haddock liver) and roe (soft and hard roe). For the
analysis of total fish, we aggregated all fish consumed, and for the analysis
of fatty fish we aggregated moderately fatty fish and fatty fish. Processed
fish, roe and fish derived from the liver were not further analyzed. On the
basis of the distribution of fish consumption and the number of subjects,
we created five categories of total fish consumption (0; 1-69; 70-139;
140-209; and >210g per week), four categories of lean fish consumption
(0; 1-34; 35-69; and>70g per week), four categories of fatty fish
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consumption (0; 1-34; 35-69; and > 70 g per week) and three categories of
shellfish consumption (0; 1-13; > 14 g per week) as previously described.?®

Wheezing and eczema symptoms

We obtained information on wheezing (no, yes) and doctor-attended
eczema (no, yes) in the last year by questionnaires, adapted from the
International Study on Asthma and Allergy in Childhood?®” at the ages of 1,
2, 3 and 4 years. Doctor-attended eczema at age 1 refers to eczema
between the ages 6 to 12 months. Response rates for the questionnaires at
the ages of 1, 2, 3 and 4 years were 71, 76, 72 and 73%, respectively.28

Covariates

Information on maternal age, parity, socio-economical status, history of
asthma or atopy, use of periconceptional folic acid supplements,
prepregnancy body mass index and pet keeping were obtained by
questionnaire, which was completed by the mother at enrollment.
Maternal vegetable intake (gram per day) was derived from the FFQ that
was administered at enrollment in the study. We used Pearson’s
correlations to assess whether other food groups were correlated with
fish intake. We found a correlation of 0.206 between fish intake and intake
of vegetables. Other food groups were not correlated with fish intake
(correlations ranged from —0.086 to 0.063). Therefore, we only added
consumption of vegetables as a covariate to the model. Socio-economic
status was assessed using the highest maternal educational level
and household income.?® We used parity as a proxy for siblings, the
correlation between those variables was high (Cohen’s Kappa=0.87,
P<0.001). Information about active maternal smoking and alcohol use
during pregnancy was obtained by postal questionnaires sent during the
first, second and third trimester of pregnancy. Information on maternal
psychological distress was obtained by postal questionnaires at 20 weeks
of gestation using the Brief Symptom Inventory.3® A global severity index
(0-100) was defined, which is a measure of current level or depth of the
symptoms of psychological distress, and denotes overall psychological
symptoms. Birth weight, gestational age at birth and sex of the children
were obtained from midwife and hospital registries at birth. Postal
questionnaires at the ages of 6 and 12 months provided information about
breastfeeding (ever vs never), daycare attendance and lower respiratory
tract infections (pertussis, bronchitis, bronchiolitis or pneumonia). Timing
of introduction of complementary feeding of the children was assessed
with a FFQ at the age of 14 months.

Statistical analysis

We used generalized estimating equations to analyze the associations
of total-, lean- and fatty fish consumption categories with the risks of
wheezing and eczema at the ages of 1, 2, 3 and 4 years. With generalized
estimating equation analyses, repeatedly measured asthma symptoms
over the time can be analyzed, taking the correlation between repeated
measurements within the same subject into account. No fish consumption
was used as the reference group for all analyses. Furthermore, we
examined longitudinal overall effects of maternal fish consumption with
wheezing and eczema in the first 4 years of life. All models were first
performed unadjusted and subsequently adjusted for potential confoun-
ders. Selection of confounders was based on previous studies and
univariate analyses. Covariates were included in the models, if the effect
estimates changed 5% or more, or if they were strongly related with the
outcomes of interest. We performed tests for trends by using consumption
of total fish, lean fish and fatty fish in grams per week as a continuous
variable in the generalized estimating equation models. As previous
studies showed differences in associations of fish consumption during
pregnancy with wheezing between children with and without a
predisposition for asthma, we tested the interaction of maternal history
of asthma or atopy with fish consumption, and stratified the analysis. The
percentages of missing values within the population for analysis were
lower or near to 10%, except for daycare attendance (17%), folic acid use
(17%) and lower respiratory tract infections (35%). To prevent bias
associated with missing data, missing values were multiple imputed based
on the correlation of the missing variables with other characteristics. Ten
imputed data sets were created and analyzed separately after, which
results were combined. The statistical analyses were performed using the
Statistical Package of Social Sciences version 17.0 for Windows (SPSS Inc.
Chicago, IL, USA) and SAS 9.2 (SAS institute, Cary, NC, USA).
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RESULTS
Population characteristics

Mothers were enrolled in our study at a mean age of 31.8 years
(s.d. 4.0) and median pregnancy duration at intake of 13.4 weeks
(95% range 10.1-21.8) (Table 1). Average total fish intake was 83 g
per week (95% range 0-316). Of all mothers, 523 (18.7%) did not
consume any type of fish during pregnancy. In total, 7.0% of the
mothers had a weekly total fish consumption of more than 210g,
which is ~1,5 servings per week. Average lean fish intake was
289 per week (95% range 0-149), average fatty fish intake
was 32 g per week (95% range 0-150) and average shellfish intake
was 0g per week (95% range 0-35). Mean total energy intake was
2147 kcal per day (s.d. 498) (Table 1). The prevalence of wheezing
declined from 30% at the age of 1 year, to 11% at the age of
4 years, and the prevalence of eczema declined from 23% at the
age of 1 year, to 12% at the age of 4 years.

Maternal fish consumption and childhood wheezing

We observed no associations of maternal total fish consumption
during pregnancy with childhood wheezing at the ages of
1-4 years (Table 2). Also, we did not observe consistent
associations of maternal lean fish consumption with the overall
risk of childhood wheezing. At the age of 3 years, we observed an
inverse association of higher lean fish intake with wheezing (P for
trend <0.01). We did not observe any association between
maternal fatty fish consumption during pregnancy with overall
and yearly risks of childhood wheezing. Shellfish consumption of
1-13g per week was associated with an increased risk of
wheezing (overall OR 1.20 (95% Cl 1.04, 1.40). Results of the
unadjusted analysis are shown in Supplementary Table S1. We
additionally stratified the analysis for maternal history of atopy or
asthma, but results did not differ between the two groups. Also, P-
value for an interactive effect of fish intake and maternal history of
atopy or asthma on childhood wheezing was nonsignificant (data
not shown).

Maternal fish consumption and childhood eczema

We did not observe associations of maternal total- or lean fish
consumption during pregnancy with childhood eczema (Table 3).
As compared with no fatty fish consumption, maternal fatty fish
consumption of 35-69 g fatty fish per week increased the overall
risk of childhood eczema (OR 1.17 (95% Cl 1.00, 1.38)). The highest
category of fatty fish consumption (>70g per week) was not
associated with eczema (OR 1.06 (95% ClI 0.88, 1.38)) and P for
trend was 0.68. Shellfish consumption of 1-13g per week was
associated with an increased risk of wheezing (overall OR 1.18
(95% CI 1.01, 1.37). Results from the fully adjusted models were
similar to the results from the unadjusted analysis (Supplementary
Table S2). We additionally stratified the analysis for maternal
history of atopy or asthma and the effect estimates did not
change, although they were no longer statistically significant.
P-value for an interactive effect of fish intake and maternal history
of atopy or asthma on childhood eczema was nonsignificant
(data not shown).

DISCUSSION

In this population-based prospective cohort study of Dutch
pregnant women, maternal first trimester total-, lean- and fatty
fish consumption were not associated with the risks of childhood
wheezing. Also, maternal first trimester total fish and leanfish
consumption were not associated with the risks of childhood
eczema. Maternal first trimester fatty fish consumption was
associated with an increased risk of childhood eczema. We did
not find evidence for an interactive effect of maternal history of
atopy or asthma and fish intake on wheezing or eczema.
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Table 1.

Characteristics of the mothers and their children (n =2796)

Maternal characteristics

Observed data set

Imputed data set

Age (years)

Gestational age at enrollment
(weeks)?

Prepregnancy body mass index

Parity (%)
Nullipara
Multipara
Missing
Household income (%)
<2000 euro per month
>2000 euro per month
Missing
Highest education finished (%)
Primary or secondary
Higher
Missing
Distress during pregnancy (global
severity index)?
History of asthma or atopy (%)

31.8 (4.0)
13.4 (10.1-21.8)

23.1 3.7)

60.5 (1 691)
39.4 (1 102)
0.1 (3)

15.3 (400)
84.7 (2 220)
6.3 (176)

34.9 (971)
65.1 (1 810)
0.5 (15)

0.12 (0.00-0.71)

31.8 (4.0)
13.4 (10.1-21.8)

23.1 (3.7)

60.6 (1 693)
39.4 (1 103)

16.0 (446)
84.0 (2 350)

35.0 (978)
65.0 (1 818)

0.12 (0.00-0.71)

No 61.8 (1 518) 61.8 (1 728)
Yes 38.2 (939) 38.2 (1 068)
Missing 12.1 (339)
Smoking during pregnancy (%)
No 78.1 (1 998) 77.5 (2 168)
Until pregnancy was known 9.3 (238) 9.8 (274)
Continued 12.6 (323) 12.7 (354)
Missing 8.5 (237)
Alcohol use during pregnancy (%)
No 48.0 (1 204) 47.6 (1 331)
Until pregnancy was known 12.8 (322) 13.4 (374)
Continued 39.1 (981) 39.0 (1 091)
Missing 10.3 (289)
Folic acid supplementation use (%)
None 8.3 (192) 8.8 (247)
Postconception start 32.0 (739) 32.1 (898)
Preconception start 59.7 (1 379) 59.1 (1 652)
Missing 17.4 (486)
Total daily energy intake (kcal) 2 147 (498) 2 147 (498)
Total fish intake (grams/week)? 83 (0-316) 83 (0-316)
Fatty fish intake (grams/week)? 32 (0-150) 32 (0-150)
Lean fish intake (grams/week)? 28 (0-149) 28 (0-149)
Shellfish intake (grams/week)? 0 (0-35) 0 (0-35)
Vegetables intake (grams/day)? 149 (54-305) 149 (54-305)
Pet keeping (%)
No 58.5 (1 479) 58.3 (1 630)
Yes 41.5 (1 049) 41.7 (1 166)
Missing 9.6 (268)
Children’s characteristics
Sex (%)
Boy 50.1 (1 401) 50.1 (1 401)
Girl 49.9 (1 395) 49.9 (1 395)
Gestational age at birth (weeks)® 40.3 (36.0-42.4) 40.3 (36.0-42.4)
Birth weight (grams) 3 513 (544) 3 513 (544)
Breastfeeding (%)
No 9.0 (248) 9.3 (261)
Yes 91.0 (2 494) 90.7 (2 535)
Missing 1.9 (54)
Daycare attendance 1st year (%)
No 30.2 (704) 31.9 (891)
Yes 69.8 (1 626) 68.1 (1 905)
Missing 16.7 (466)
Lower respiratory tract infections in the 1st year (%)
No 80.4 (1 466) 78.8 (2 202)
Yes 19.6 (358) 21.2 (594)
Missing 34.8 (972)
Timing of introduction of complementary feeding (%)
0-3 months 4.4 (80) 7.7 (216)
3-6 months 56.3 (1 030) 54.9 (1508)
After 6 months 39.3 (719) 38.3 (1072)
Missing 34.6 (967)

Values are means (s.d.) or valid percentages (absolute numbers). Missings were

13.6% (379) for prepregnancy BMI and 9.4% (264) for global severity index.

“Medians (95% range).
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Table 2. Maternal fish consumption and risks of wheezing

Odds ratios (95% confidence interval) of wheezing (n = 2796)

Ntotal Age 1, Negses =852 Age 2, Negses =513 Age 3, Negses = 342 Age 4, Negses =321 Overall
Total fish consumption (gram/week)
0 523 Reference Reference Reference Reference Reference
1-69 728 0.97 (0.74, 1.26) 0.89 (0.65, 1.25) 0.88 (0.57, 1.37) 0.87 (0.56, 1.34) 0.92 (0.77, 1.09)
70-139 908 0.92 (0.71, 1.19) 0.97 (0.72, 1.30) 0.86 (0.59, 1.24) 0.87 (0.56, 1.35) 0.91 (0.77, 1.08)
140-209 442 0.90 (0.65, 1.25) 0.89 (0.61, 1.28) 0.70 (0.45, 1.10) 0.87 (0.55, 1.39) 0.86 (0.70, 1.06)
>210 195 1.02 (0.66, 1.57) 0.63 (0.38, 1.03) 0.65 (0.34, 1.27) 0.90 (0.43, 1.88) 0.83 (0.62, 1.12)
P for trend® P=0.77 P=0.14 P=0.20 P=0.74 P=0.22
Lean fish consumption (gram/week)
0 980 Reference Reference Reference Reference Reference
1-34 728 1.22 (0.97, 1.53) 0.97 (0.74, 1.26) 0.86 (0.62, 1.18) 0.82 (0.58, 1.17) 1.02 (0.88, 1.19)
35-69 721 1.04 (0.80, 1.35) 0.79 (0.59, 1.06) 0.67 (0.49, 0.92)* 0.73 (0.52, 1.03) 0.86 (0.73, 1.02)
>70 367 1.28 (0.92, 1.79) 0.89 (0.62, 1.27) 0.60 (0.39, 0.92)* 0.92 (0.61, 1.39) 0.99 (0.80, 1.23)
P for trend” P=0.12 P=0.40 P<0.01 P=0.35 P=0.22
Fatty fish consumption (gram/week)
0 886 Reference Reference Reference Reference Reference
1-34 604 0.92 (0.72, 1.17) 1.14 (0.84, 1.55) 1.04 (0.73, 1.49) 1.08 (0.72, 1.63) 1.02 (0.86, 1.19)
35-69 795 0.86 (0.67, 1.12) 1.00 (0.76, 1.33) 0.94 (0.68, 1.29) 0.89 (0.60, 1.31) 0.91 (0.77, 1.08)
>70 511 0.96 (0.73, 1.26) 0.99 (0.73, 1.35) 0.85 (0.57, 1.25) 0.95 (0.61, 1.48) 0.94 (0.78, 1.15)
P for trend® P=0.46 P=0.40 P=0.27 P=0.56 P=0.18
Shellfish consumption (gram/week)
0 1686 Reference Reference Reference Reference Reference
1-13 513 1.19 (0.94, 1.51) 1.26 (0.97, 1.70) 1.22 (0.87, 1.70) 1.11 (0.80, 1.55) 1.20 (1.04, 1.40)*
>14 597 1.06 (0.85, 1.33) 1.19 (0.90, 1.57) 0.92 (0.65, 1.31) 0.96 (0.70, 1.32) 1.06 (0.92, 1.22)
P for trend® P=0.47 P=0.23 P=0.62 P=0.74 P=0.28

in the first year, lower respiratory tract infections in the first year.

Values are odds ratios (with 95% confidence interval) and reflect the associations of fish consumption during pregnancy with wheezing in the offspring,
compared with women with no fish consumption, based on generalized estimating equation models. *P-value. <0.05. All models were adjusted for maternal
age, parity, highest completed education level, household income, history of asthma or atopy, use of periconceptional folic acid supplements, prepregnancy
body mass index, pet keeping, smoking and alcohol use during pregnancy, total daily energy intake, vegetable intake, distress during pregnancy, gestational
age at enrollment and child’s birth weight, gestational age at birth, sex, breastfeeding, timing of introduction of complementary feeding, daycare attendance

*Tests for trend were based on generalized estimating equation models with fish consumption (gram/week) as a continuous variable.

A major strength of the present study is the population-based,
prospective cohort design, the detailed information about fish
intake, the repeatedly over time measured outcomes, and
extensive information on a large number of potential confoun-
ders, which were taken into account. The response rate for the
Generation R Study was~61% with a loss to follow up
percentage <10% during the first 4 years.*® The nonresponse
would lead to biased effect estimates if the associations would be
different between those included and not included in the
analyses. However, this seems unlikely because biased estimates
in large cohort studies mainly arise from loss to follow up rather
than from nonresponse at baseline.>' We prospectively collected
detailed information on consumption of different types of fish,
which enabled us to separately analyze the effect of total-, lean-
and fatty fish. Nondifferential misclassification of fish consumption
might have occurred. However, as mothers were not aware of this
specific research question,”® we do not expect that selective
reporting had biased our results. We measured the main
respiratory symptom outcome in our study using International
Study on Asthma and Allergy in Childhood questionnaires.
Although this method is validated from the age of 7 years, it is
widely accepted in epidemiological studies among younger
children®**, and reliably reflects the incidence of asthma
symptoms in young children® An earlier Dutch birth cohort
study used identical International Study on Asthma and Allergy in
Childhood questions, and observed similar prevalences of
wheezing based on the International Study on Asthma and
Allergy in Childhood questionnaires as in our study.>? In preschool
children, a diagnosis of asthma is based on symptoms. Objective
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tests, including spirometry or bronchial hyper responsiveness, are
difficult to perform in young children and have limited
applicability. We did not have objective measurements of atopy
such as specific Immunoglobulin E blood or skin prick test
measurements. However, we were able to use maternal history of
atopy or asthma as a proxy for atopy of the child.

Fish, in particular fatty fish, contains anti-inflammatory n-3
PUFAs, which regulate immune responses and might be
protective against atopic diseases and asthma.*® In our study,
we did not observe consistent associations of maternal fish
consumption during pregnancy with the risks of childhood
wheezing. Furthermore, we observed no associations of
maternal total- or lean fish consumption during pregnancy with
risks of eczema in the offspring. Surprisingly, we found that some
categories of fatty fish consumption increased the risks of
childhood eczema. These observations are in contrast to results
from previous studies, which mainly, but not consistent, suggest
that maternal fish intake during pregnancy protects against the
development of childhood asthma and atopy.® Observational
studies in large cohorts observed lower incidence of eczema in
offspring of mothers with the highest fish consumption during
pregnancy,'®?' but not lower incidences of wheezing or asthma.
In the Netherlands, fish consumption is relatively low, which can
explain the differences in the observations. The effects found in
the other observational studies where among pregnant women
with a fish consumption of at least once a week. In our population,
only 7% of the mothers had a weekly total fish consumption of
more than 210g, which is ~1,5 servings per week. A previous
study in the Netherlands, with similar levels of fish consumption,

© 2013 Macmillan Publishers Limited
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Table 3. Maternal fish consumption and risks of eczema
Odds ratios (95% confidence interval) of eczema (n = 2796)
N¢otal Age 1, Negses = 643 Age 2, Negses =373 Age 3, Negses =254 Age 4, N¢gses =240 Overall
Total fish consumption (gram/week)
0 523 Reference Reference Reference Reference Reference
1-69 728 1.06 (0.79, 1.42) 1.08 (0.75, 1.56) 0.89 (0.60, 1.33) 1.01 (0.66, 1.56) 1.03 (0.85, 1.25)
70-139 908 1.16 (0.86, 1.57) 1.12 (0.78, 1.61) 0.84 (0.57, 1.24) 0.89 (0.59, 1.35) 1.06 (0.88, 1.27)
140-209 442 1.03 (0.74, 1.45) 1.17 (0.79, 1.73) 0.79 (0.48, 1.31) 0.88 (0.53, 1.48) 0.96 (0.73, 1.28)
>210 195 1.02 (0.66, 1.57) 0.95 (0.51, 1.75) 0.91 (0.47, 1.78) 0.88 (0.48, 1.63) 0.96 (0.73, 1.28)
P for trend® P=0.87 P=0.96 P=0.84 P=0.51 P=0.73
Lean fish consumption (gram/week)
0 980 Reference Reference Reference Reference Reference
1-34 728 1.03 (0.76, 1.40) 1.08 (0.80, 1.46) 1.08 (0.76, 1.59) 1.13 (0.79, 1.61) 1.06 (0.89, 1.27)
35-69 721 1.05 (0.82, 1.36) 1.17 (0.86, 1.58) 0.85 (0.57, 1.26) 0.98 (0.66, 1.46) 1.04 (0.89, 1.22)
>70 367 1.03 (0.73, 1.46) 1.10 (0.76, 1.59) 0.97 (0.60, 1.57) 0.73 (0.44, 1.21) 0.99 (0.79, 1.24)
P for trend® P=0.49 P=0.73 P=0.67 P=0.31 P=0.67
Fatty fish consumption (gram/week)
0 886 Reference Reference Reference Reference Reference
1-34 604 1.13 (0.87, 1.46) 1.25 (0.89, 1.77) 1.10 (0.74, 1.61) 1.24 (0.82, 1.87) 1.17 (0.99, 1.38)
35-69 795 1.26 (0.97, 1.64) 1.22 (0.89, 1.66) 1.10 (0.75, 1.61) 0.93 (0.64, 1.35) 1.17 (1.00, 1.38)*
>70 511 1.02 (0.75, 1.40) 1.21 (0.82, 1.77) 0.95 (0.63, 1.45) 1.04 (0.65, 1.68) 1.06 (0.88, 1.27)
P for trend® P=0.85 P=0.58 P=0.98 P=0.79 P=0.68
Shellfish consumption (gram/week)
0 1686 Reference Reference Reference Reference Reference
1-13 513 1.11 (0.85, 1.44) 1.26 (0.93, 1.70) 1.08 (0.75, 1.55) 1.38 (0.96, 2.00) 1.18 (1.01, 1.37)*
>14 597 1.06 (0.82, 1.37) 1.11 (0.82, 1.51) 0.81 (0.53, 1.23) 0.94 (0.66, 1.36) 1.02 (0.86, 1.21)
P for trend® P=0.82 P=0.46 P=0.92 P=0.92 P=0.64
Values are odds ratios (with 95% confidence interval) and reflect the associations of fish consumption during pregnancy with czema in the offspring,
compared with women with no fish consumption, based on generalized estimating equation models. *P-value. <0.05. All models were adjusted for maternal
age, parity, highest completed education level, household income, history of asthma or atopy, use of periconceptional folic acid supplements, prepregnancy
body mass index, pet keeping, smoking and alcohol use during pregnancy, total daily energy intake, vegetable intake, distress during pregnancy, gestational
age at enrollment and child’s birth weight, gestational age at birth, sex, breastfeeding, timing of introduction of complementary feeding, daycare attendance
in the first year, lower respiratory tract infections in the first year.
“Tests for trend were based on generalized estimating equation models with fish consumption (gram/week) as a continuous variable.

also found no effect of maternal fish consumption during the
pregnancy on wheezing or asthma.?? It is difficult to determine
whether the suggested beneficial effects that were observed in
previous observational studies were due to fish consumption and
not to other aspects from maternal diet or lifestyle. None of the
previous studies that found an association of maternal fish
consumption during pregnancy with childhood asthma did take
maternal body mass index, folic acid supplement use, alcohol use
and distress during pregnancy into account. In our study,
adjustment for these potential confounders changed the effect
estimates with more than 5%. Randomized intervention studies
using fish oil supplementation during pregnancy can avoid
the risk of bias due to confounding. To our knowledge, five
interventional studies were performed, which addressed this
research question. Sample sizes ranged from 65 to 533 pregnant
women. Although differences in immunological outcomes in cord
blood or infant plasma between those with and without fish oil
supplementation were promising, studies were not convincing for
differences in clinical outcomes, including asthma or eczema. Only
three studies assessed clinical outcomes, of which one study
found a protective effect of fish oil supplementation on eczema,
but not on asthma,?® and another study found no effect at all.”
Only one trial, performed in Denmark, observed a lower risk for
both asthma and eczema if mothers received fish oil supplementat-
ion during pregnancy.'® Thus, previous intervention studies did not
provide consistent evidence for beneficial effects of maternal fish
consumption or fish oil supplementation on clinical outcomes,
such as asthma or atopic symptoms. Furthermore, due to the

© 2013 Macmillan Publishers Limited

selection of specific participants, such as atopic pregnant women,
translating the results to a general population should be done very
carefully.

We observed that children from mothers with low fatty fish
consumption during pregnancy had higher risks of eczema,
compared with women with no fish consumption. The highest
category of maternal fatty fish consumption was also not
associated with an increased risk of childhood eczema. The
association of high maternal fatty fish consumption during
pregnancy with higher risks of childhood eczema has not been
previously reported. Therefore, replication is needed and any
biological explanation is speculative. However, our observations
are consistent with the hypothesis that the beneficial effects of n-3
PUFAs may be counterbalanced in part by the harmful impact of
pollution of seafood.” Concentration of contaminants is higher in
fatty fish and in shellfish than in lean fish, which might explain
that the observed associations differ depending on the type of
fish. A meta-analysis that compared benefits and risks of fish
consumption showed that 15g per day is a common benefit
threshold for several endpoints” The increased risks that
we observed were among women who had a weekly fish
consumption below this threshold. Contaminants found in
fish include mercury and polychlorinated biphenyls. Regular
fatty fish consumption has been associated with increased
maternal plasma concentrations of polychlorinated biphenyls,
and a previous cross-sectional study among adults have showed
that higher mercury blood levels were associated with higher risks
of eczema.’’ To our knowledge, the association of maternal
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mercury levels in pregnancy and the risk childhood eczema has
not been reported yet.

Another possible explanation might be reverse causation, in
case fish consumption is higher among mothers of whom the
children are at high risk of eczema. However, fish consumption
was only slightly higher among mothers with a history of atopy or
asthma. Finally, mothers who frequently consume fish might be
more health conscious and report eczema symptoms more
frequently. As we did not find similar results for wheezing
symptoms, this explanation seems unlikely. Although our results
are consistent at the different ages of the child and results
reached statistically significant levels of P<0.01, our observations
could still be considered a chance finding. Further research is
necessary to explore if the observed associations can be
replicated.

CONCLUSION

Our results suggest that in a healthy Dutch population, with a
relatively low fish intake, first trimester maternal total fish or lean
fish consumption is not associated with childhood wheezing or
eczema in the first 4 years of life. Maternal fatty fish consumption
was associated with a higher risk of eczema, but not with
wheezing. Shellfish consumption was associated with increased
risks of both wheezing and eczema. Further studies are needed to
replicate these findings and to explore underlying mechanisms.
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Supplementary Table S1. Materna fish consumption and risks of wheezing (crude analysis)

Oddsratios (95% confidenceinterval) of wheezing (n=2796)

Miota ncf;ffslsz nf;?ﬁszls nczifiz nc:gff;zl Overall
Total fish consumption
(gram/week)
0 523 Reference Reference Reference Reference Reference
1-69 728 0.99 (0.77, 1.28) 0.92 (0.69, 1.24) 0.93 (0.65, 1.31) 0.91 (0.61, 1.34) 0.95 (0.82, 1.11)
70-139 908 0.89 (0.69, 1.14) 0.95 (0.72, 1.26) 0.85(0.59, 1.22) 0.92 (0.63, 1.34) 0.90 (0.78, 1.05)
140- 209 442 0.89 (0.67, 1.18) 0.85 (0.60, 1.21) 0.65 (0.41, 1.02) 0.91 (0.59, 1.38) 0.85 (0.70, 1.02)
>210 195 1.04 (0.71, 1.52) 0.67 (0.41, 1.11) 0.64 (0.35, 1.17) 0.87 (0.48, 1.56) 0.86 (0.67, 1.10)
p for trend p=0.67 p=0.24 p=0.07 p=0.82 p=0.14
L ean fish consumption
(gram/week)
0 980 Reference Reference Reference Reference Reference
1-34 728 1.23(0.99, 1.53) 1.02 (0.79, 1.31) 0.88 (0.63, 1.23) 0.88 (0.64, 1.21) 1.07 (0.94, 1.22)
35-69 721 0.99 (0.79, 1.24) 0.77(0.59,1.01)  0.61 (0.43, 0.87)** 0.76 (0.52, 1.09) 0.84 (0.73, 0.97)*
>70 367 1.25 (0.95, 1.65) 0.89 (0.65, 1.23) 0.65 (0.43, 1.00) 0.99 (0.67, 1.46) 1.02 (0.86, 1.20)
p for trend" p=0.59 p=0.06 p=0.01 p=0.52 p=0.15




Fatty fish consumption

(gram/week)

0 886 Reference Reference Reference Reference Reference
1-34 604 0.96 (0.76, 1.21) 1.20 (0.91, 1.57) 1.12 (0.81, 1.55) 1.09 (0.77, 1.55) 1.06 (0.92, 1.22)
35-69 795 0.84 (0.68, 1.04) 0.98 (0.75, 1.28) 0.88(0.62, 1.27) 0.91 (0.64, 1.30) 0.89 (0.78, 1.02)
>70 511 0.97 (0.75, 1.24) 0.98 (0.72, 1.33) 0.81 (0.55, 1.18) 0.95 (0.66, 1.39) 0.95 (0.81, 1.11)
p for trend* p=0.50 p=0.57 p=0.15 p=0.63 p=0.18
Shellfish consumption

(gram/week)

0 1 686 Reference Reference Reference Reference Reference
1-13 513 1.24 (1.00, 1.54) 1.34 (1.03, 1.75)* 1.33 (0.99, 1.80) 1.17(0.84,1.63)  1.27 (1.11, 1.45)***
>14 597 1.04 (0.83, 1.30) 1.16 (0.89, 1.51) 0.87 (0.63, 1.22) 0.90 (0.65, 1.23) 1.03 (0.90, 1.19)
p for trend" p=0.59 p=0.25 p=0.52 p=0.82 p=0.43

Vaues are odds ratios (with 95% confidence interval) and reflect the associations of fish consumption during pregnancy with wheezing in the

offspring, compared to women with no fish consumption, generalized estimating equation models.

Tests for trend were based on generalized estimating equation models with fish consumption (gram/week) as a continuous variable.

*P-value <0.05; **P-value <0.01, *** P-value <0.001



Supplementary Table S2. Materna fish consumption and risks of eczema (crude analysis)

Oddsratios (95% confidenceinterval) of eczema (n=2796)

Neora Agel Age?2 Age3 Age4 Overall
Neases—643 Neases=3 73 Neases=254 Neases=240

Total fish consumption
(gram/week)
0 523 Reference Reference Reference Reference Reference
1-69 728 0.99 (0.77, 1.28) 0.92 (0.69, 1.24) 0.93 (0.65, 1.31) 0.91 (0.61, 1.34) 0.95 (0.82, 1.11)
70-139 908 0.89 (0.69, 1.14) 0.95 (0.72, 1.26) 0.85(0.59, 1.22) 0.92 (0.63, 1.34) 0.90 (0.78, 1.05)
140- 209 442 0.89 (0.67, 1.18) 0.85 (0.60, 1.21) 0.65 (0.41, 1.02) 0.91 (0.59, 1.38) 0.85 (0.70, 1.02)
>210 195 1.04 (0.71, 1.52) 0.67 (0.41, 1.11) 0.64 (0.35, 1.17) 0.87 (0.48, 1.56) 0.86 (0.67, 1.10)
p for trend p=0.67 p=0.24 p=0.06 p=0.82 p=0.14
L ean fish consumption
(gram/week)
0 980 Reference Reference Reference Reference Reference
1-34 728 1.23(0.99, 1.53) 1.02 (0.79, 1.31) 0.88 (0.63, 1.23) 0.88 (0.64, 1.21) 1.07 (0.94, 1.23)
35-69 721 0.99 (0.79, 1.24) 0.77 (0.59, 1.01) 0.61 (0.43, 0.87) 0.76 (0.52, 1.09) 0.84 (0.73, 0.97)*
>70 367 1.25 (0.95, 1.65) 0.89 (0.65, 1.23) 0.65 (0.43, 1.00) 0.99 (0.67, 1.46) 1.02 (0.86, 1.20)
p for trend" p=0.59 p=0.06 p=0.01 p=0.52 p=0.15




Fatty fish consumption

(gram/week)

0 886 Reference Reference Reference Reference Reference
1-34 604 0.96 (0.76, 1.21) 1.20 (0.91, 1.57) 1.12 (0.81, 1.55) 1.09 (0.77, 1.55) 1.06 (0.92, 1.22)
35-69 795 0.84 (0.68, 1.04) 0.98 (0.75, 1.28) 0.88(0.62, 1.27) 0.91 (0.64, 1.30) 0.89 (0.78, 1.02)
>70 511 0.97 (0.75, 1.24) 0.98 (0.72, 1.33) 0.81 (0.55, 1.18) 0.95 (0.66, 1.39) 0.95 (0.81, 1.11)
p for trend* p=0.50 p=0.57 p=0.15 p=0.63 p=0.18
Shellfish consumption

(gram/week)

0 1 686 Reference Reference Reference Reference Reference
1-13 513 1.24 (1.00, 1.54) 1.34 (1.03, 1.75) 1.33 (0.99, 1.80) 1.17 (0.84, 1.63) 1.27 (1.11, 1.45)*
>14 597 1.04 (0.83, 1.30) 1.16 (0.89, 1.51) 0.87 (0.63, 1.22) 0.90 (0.65, 1.23) 1.03 (0.90, 1.19)
p for trend" p=0.59 p=0.25 p=0.53 p=0.82 p=0.43

Vaues are odds ratios (with 95% confidence interval) and reflect the associations of fish consumption during pregnancy with eczemain the

offspring, compared to women with no fish consumption, based on generalized estimating equation models.

Tests for trend were based on generalized estimating equation models with fish consumption (gram/week) as a continuous variable.
*P-value <0.05; **P-value <0.01
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