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Abstract

Background: Environmental exposures, including dietary contaminants, may influence the developing immune
system. This study assesses the association between maternal pre-parturition consumption of seafood and wheeze,
eczema, and food allergy in preschool children. Fish and shellfish were studied separately as they differ according
to their levels of omega-3 polyunsaturated fatty acids (which have anti-allergic properties) and their levels of con-
taminants.

Methods: The PELAGIE cohort included 3421 women recruited at the beginning of pregnancy. Maternal fish and
shellfish intake was measured at inclusion by a food frequency questionnaire. Wheeze, eczema, and food allergy
were evaluated by a questionnaire completed by the mother when the child was 2 years old (n = 1500).
Examination of the associations between seafood intake and outcomes took major confounders into account.
Complementary sensitivity analyses with multiple imputation enabled us to handle missing data, due mostly to
attrition.

Results: Moderate maternal pre-parturition fish intake (1 to 4 times a month) was, at borderline significance, associ-
ated with a lower risk of wheeze (adjusted OR = 0.69 (0.45-1.05)) before age 2, compared with low intake (< once/
month). This result was not, however, consistent: after multiple imputation, the adjusted OR was 0.86 (0.63-1.17).
Shellfish intake at least once a month was associated with a higher risk of food allergy before age 2 (adjusted OR =
1.62 (1.11-2.37)) compared to low or no intake (< once/month). Multiple imputation confirmed this association (ad-
justed OR = 1.52 (1.05-2.21)).

Conclusions: This study suggests that maternal pre-parturition shellfish consumption may increase the risk of food
allergy. Further large-scale epidemiologic studies are needed to corroborate these results, identify the contaminants
or components of shellfish responsible for the effects observed, determine the persistence of the associations seen
at age 2, and investigate potential associations with health effects observable at later ages, such as allergic asthma.
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Background
The developing immune system is known to be very sen-
sitive to environmental chemicals [1,2] and the antenatal
and early childhood period is an important window of
vulnerability [3]. Prenatal exposure to environmental
contaminants may increase IgE levels in cord blood [4,5]
and in early childhood [6] and may be associated with
respiratory or allergic symptoms in preschool children
(wheezing or food allergy) [7,8]. Some of these contami-
nants are present in seafood, including polychlorinated
biphenyls (PCBs), dioxins, other polychlorinated com-
pounds, perfluorinated chemicals (PFCs), and metals
[9,10]. On the other hand, seafood is a major source of
long-chain polyunsaturated fatty acids (PUFAs), espe-
cially n-3 PUFAs, gestational exposure to which is well
known to have beneficial effects on children’s subse-
quent health [11]. Moreover, there is growing evidence
that n-3 PUFAs have anti-inflammatory properties and
may modulate immune responses [12,13]. The positive
effect of these PUFAs may therefore counterbalance in
part the deleterious impact of contaminants. The levels
of n-3 PUFAs (higher in fish than shellfish) and contami-
nants (often high in shellfish) however, differ between
fish and shellfish [9,10]. Accordingly, these categories of
seafood should be assessed separately.
The PELAGIE cohort of pregnant women living in

Brittany (the western part of France surrounded by the
sea), is particularly suitable for such an assessment, as
shellfish consumption is sufficiently high to allow fish
and shellfish effects to be disentangled.
The objective of this study was to estimate the associ-

ation between fish and shellfish intake during pregnancy
on wheeze, eczema and food allergy in early childhood.

Methods
Study population
The PELAGIE mother-child cohort study, fully described
elsewhere [14,15] enrolled 3421 pregnant women before
19 weeks of gestation in three districts of Brittany
(France), from 2002 through 2006. At inclusion, women
received a questionnaire to complete at home about
family, social, and demographic characteristics, as well
as diet and lifestyle. They subsequently gave birth to
3323 liveborn singletons who were eligible for follow-up
at two years of age. Around the children’s second birth-
day, 2996 questionnaires were sent to families, excluding
those whose child (n = 6) or mother (n = 1) had died in
the meantime and the 320 children of the 2002 cohort
who were already older than 2.5 years on the date
follow-up began. The questionnaires were intended to
document the families’ socioeconomic and demographic
characteristics and provide information about the health
and lifestyle of the children and their parents. Of the
2996 eligible mothers, 770 could not be reached because
of incorrect or no-longer-valid mailing addresses. Of the
remaining 2226 mothers, 1505 (68%) mailed the com-
pleted questionnaire back to us. Maternal fish and
shellfish consumption was available for 1500 of them.
Those mothers provided informed written consent, and
the INSERM ethics committee approved the study
procedures.

Assessment of fish and shellfish intake
At inclusion, women were asked to fill out a food fre-
quency questionnaire that inquired about their usual
consumption, before pregnancy, of 18 specific categories
of food, originally selected because of their contribution
to intake of polychlorinated dibenzo-dioxins/furans in
the French population [16]. Seafood consumption was
evaluated through 4 items: saltwater fish (including sal-
mon), mollusks (oysters, mussels, etc.), large crustaceans
(crabs, spider crabs, etc.), and small crustaceans (shrimp,
etc.). For each of these 4 items, women reported their
frequency of consumption on a five-point scale. Due to
small numbers, fish intake was regrouped into 3 categor-
ies: “never or less than once a month”, “1 to 4 times a
month” and “more than 4 times a month”. Shellfish con-
sumption included mollusks and both large and small
crustaceans in 2 categories: “never or less than once a
month” and “at least once a month”.

Assessment of wheeze, eczema, and food allergy
At the 2-year follow-up, the child’s principal caregiver,
usually the mother (98%), completed a questionnaire
aimed at evaluating the child’s health since birth. Three
outcomes were considered: wheeze, eczema, and food
allergy.
Wheeze was identified with 5 questions. Two were

adapted from the International Study of Asthma and Al-
lergies in Childhood (ISAAC) [17] questionnaire: (1)
“Has your child ever had wheezing or whistling in the
chest at any time in the past?” and (2) “Has your child
ever had a medical diagnosis of asthma?” The three
other questions sought to complete the wheeze assess-
ment: (3) “Did your child have an asthma attack before
the age of 1 year?” (4) “Has your child had an asthma at-
tack since he or she reached the age of 1 year?” and (5)
“Has your child ever had bronchiolitis or bronchitis?”
Positive responses to at least one of the first 4 questions
classified the child in the “certain wheeze” category. The
“no wheeze” group included all children for whom all re-
sponses were negative. In France, wheeze before the age
of two is often reported as bronchiolitis, while bronchitis
does not involve wheeze symptoms. As the fifth question
mixes these two diagnoses, it did not allow us to disen-
tangle wheezing and nonwheezing children. A positive
response to this question only therefore led us to place
the child in the “probable wheeze” category.
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Eczema was identified by a positive answer to both of
the following questions (from the ISAAC questionnaire):
“Has your child ever had an itchy skin rash, which was
coming and going?” and “If yes, has this itchy rash af-
fected any of the following places - the folds of the el-
bows, behind the knees, in front of the ankles, under the
buttocks, or around the neck, ears, or eyes?” A positive
answer to the single question “Has your child ever had a
medical diagnosis of eczema?” also identified the pres-
ence of eczema.
The presence of a food allergy was identified by a posi-

tive answer to any one of the following 3 questions:
“Has your child ever had a medical diagnosis of cow’s
milk allergy?” or “Has your child ever had a medical
diagnosis of any food allergy?” or “Has your child ever
had an allergic reaction after eating food (swollen lips or
face, gastrointestinal response)?”. For the last question,
time to the allergic reaction and the type of food in-
volved were verified.

Statistical analyses
Polytomous logistic regression was used to estimate the
association between maternal pre-parturition seafood
consumption and wheeze (“certain wheeze” and “prob-
able wheeze” compared to “no wheeze”, the reference
category) before age two. Binomial logistic regression
was used for eczema and food allergy. Three models per
outcome were performed to test the specific effects of
fish or shellfish intake, separately and together. To esti-
mate the adjusted effect of seafood consumption, the fol-
lowing known or suspected risk factors were considered
for inclusion in the models: mother’s age (continuous),
maternal education (≤12 years, >12 years), prenatal ex-
posure to tobacco (0, 1 to 5 cigarettes/day, ≥5 cigarettes/
day), folic acid supplementation (yes, no), family history
of asthma/allergy (yes, no), child’s sex, cesarean delivery
(yes, no), preterm birth (<37 weeks of gestation; yes, no),
small-for-gestational age (<10th percentile of the French
birth weight distribution for gestational age and sex; yes,
no), feeding method during the first 3 months of life (ex-
clusive formula feeding, mixed, exclusive breastfeeding),
number of siblings at birth (0, 1, ≥2), contact with farm
animals (yes, no), attendance at group daycare (yes, no),
postnatal exposure to tobacco (0, 1 to 20 cigarettes/day,
≥20 cigarettes/day), dampness and/or mold at home
(yes, no), and child’s age at follow-up (continuous). A
family history of asthma/allergy and the child’s sex were
included in all models as well as other potential con-
founders that were associated with one of the two ex-
posure variables and one of the three outcome variables
with a p-value <0.2 in the univariate analysis. Interac-
tions with a family history of asthma/allergy, sex, and in-
fant feeding were tested. To handle missing data for the
covariates, a missing modality was coded.
To take attrition at follow-up into account, we verified
the stability of the results with sensitivity analyses that
used multiple imputation [18]. This simulation tech-
nique allows to replace the missing values (due mostly
to attrition: outcomes and covariates), under the missing
at random assumption, by m > 1 simulated versions. Im-
puted values of a variable are estimated conditionally on
other variables and a rich imputation model that pre-
serves a large number of associations is desirable [19].
To this end, variables recorded at inclusion and at birth
have been used to impute missing values due to attrition
(prenatal fish and shellfish intake, mother’s age, maternal
education, prenatal exposure to tobacco, folic acid sup-
plementation, child's sex, cesarean section, preterm
birth, small-for-gestational age, and number of siblings
at birth). In this study, 10 data sets were generated, with
observed values identical but various imputed values
across the data sets. We ran multivariate regressions
with the same covariates we defined in the complete-
case analysis. The results were then combined to pro-
duce estimates with standard deviations that incorpo-
rated missing-data uncertainty. Results are reported as
odds ratios (ORs) with their 95% confidence intervals.
SAS software version 9.3 (SAS institute, Inc., Cary, NC)
was used for data analysis.

Results
Compared with the 1500 participants, nonrespondents
(n = 1496) were younger at the birth of the PELAGIE
child (p < 0.001), less educated (p < 0.001), and more
likely to smoke (p < 0.001). Shellfish consumption did
not differ between respondents and nonrespondents but
the latter were less likely to eat fish (p = 0.001) (Table 1).
The mean age of participating mothers was 30.4 (SD

4.2) years, and 67% had completed high school. Over
25% reported smoking at the beginning of pregnancy.
Thirty percent of the children had a family history of
asthma and/or allergy. Most were born at term, by vagi-
nal delivery, with a normal birth weight for gestational
age. The mean age of the children at follow-up was 26.6
(SD 2.2) months (Table 2).
Overall, 252 (17%) women reported eating fish either

never or less than once a month, 815 (54%) 1 to 4 times
a month, and 433 (29%) more than 4 times a month;
496 (33%) reported eating shellfish once a month or
more. Fish and shellfish consumption were positively
correlated (p < 0.001). The median age at introduction of
fish to the child was 8 months (IQR: 7–12) and was not
associated with prenatal seafood consumption (p-value
of 0.67 and 0.58 for prenatal fish and shellfish intake
respectively).
Wheeze status was assessed in 1491 children: 299

(20%) had certainly had at least one wheezing episode
and another 656 (44%) probably had at least one.



Table 1 Comparaison between respondents and non-
respondents to the 2-year follow-up questionnaire

Variables

Respondents Non-respondents

p-value*

n = 1500 n =1496

No (%) No (%)

Maternal factors

Fish consumption

<1 time a month 252 (16.8) 307 (20.7) 0.001

1–4 times a month 815 (54.3) 823 (55.5)

≥2 times a week 433 (28.9) 352 (23.8)

Shellfish consumption

<1 time a month 1004 (66.9) 982 (65.9) 0.57

≥1 time a month 496 (33.1) 507 (34.1)

Age (years)

<28 445 (29.7) 535 (35.8) <0.001

28 ≤ age < 32 542 (36.1) 524 (35.0)

≥32 513 (34.2) 437 (29.2)

Education

≤12 years 497 (33.2) 659 (44.2) <0.001

>12 years 1000 (66.8) 832 (55.8)

Tobacco smoke at the beginning of pregnancy

No 1126 (75.6) 992 (67.2) <0.001

Yes 364 (24.4) 484 (32.8)

Folic acid supplementation

Yes 251 (17.0) 235 (16.1) 0.50

No 1225 (83.0) 1226 (83.9)

Child/perinatal factors

Child’s sex

Male 772 (51.5) 747 (50.0) 0.40

Female 727 (48.5) 748 (50.0)

Cesarean section

Yes 255 (17.3) 258 (17.6) 0.84

No 1218 (82.7) 1208 (82.4)

Preterm birth (<37 weeks of gestation)

Yes 49 (3.3) 60 (4.0) 0.26

No 1447 (96.7) 1422 (96.0)

Small-for-gestational age (<10th percentile)

Yes 97 (6.5) 94 (6.3) 0.84

No 1401 (93.5) 1400 (93.7)

No. of siblings at birth

0 645 (43.2) 667 (44.6) 0.68

1 562 (37.6) 548 (36.7)

≥2 287 (19.2) 276 (18.5)

*Chi square test.
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Eczema status was known for 1487 children, 475 (32%)
of whom were classified positive. Among them 319
(67%) had been medically diagnosed with eczema. Food
allergy status was known for 1487 children, 136 (9%)
were classified with food allergy: 37 had a medical diag-
nosis of cow’s milk allergy, 41 a medical diagnosis of a
food allergy, and 22 of both, while 36 children had ap-
parent allergic reactions to food but no doctor’s diagno-
sis. Several children had several diagnoses, and the most
important correlation was observed between eczema and
food allergy (p < 0.001). The associations with potential
risk factors are presented in Table 2.
The change in the ORs between the crude and ad-

justed estimates did not exceed 7%. Table 3 presents the
adjusted estimates. A borderline significant association
was observed between moderate pre-parturition fish
consumption before pregnancy and a lower risk of “cer-
tain wheeze” during the first two years of life (aOR =
0.69 (0.45–1.05)). Including both types of seafood con-
sumption in the model did not change the results. Ma-
ternal seafood consumption was not associated with
eczema. Shellfish intake once a month or more was as-
sociated with a higher risk of a food allergy (aOR = 1.62
(1.11–2.37)). The association decreased slightly when
both types of seafood were included. No interactions
were observed.
After multiple imputation (n = 2981; that is, 2996 fam-

ilies eligible for follow-up minus those for whom seafood
consumption was not known), the association between
prenatal fish consumption and wheeze was no longer
significant (aOR = 0.86 (063–1.17)). On the other hand,
multiple imputation confirmed the results for eczema
and food allergy observed in the complete-case analysis
(Table 3).

Discussion
In this large, population-based birth cohort study, mod-
erate maternal pre-parturition fish consumption may be
associated with a lower risk of wheeze before age two,
and no significant association was observed with eczema
and food allergy. Shellfish consumption at least once a
month was associated with a higher risk of a food
allergy.
Shellfish consumption was four times higher in the

PELAGIE population than at the national level [14,20].
This allowed us to disentangle the effects of these differ-
ent seafoods and makes this study, to the best of our
knowledge, the first to examine the influence of mater-
nal pre-parturition shellfish consumption on food al-
lergy. Moreover, this study of this highly educated
population provided high quality questionnaire data.
Its prospective longitudinal nature enabled us to
characterize exposure long before maternal reports of
outcomes and to collect substantial data about factors



Table 2 Characteristics of the study population and frequency of wheeze, eczema and food allergy according to those
characteristics (n = 1500)

Variables
Total
No. (%)

Probable wheeze
No. (%)

Certain wheeze
No. (%) p-value*

Eczema
No. (%) p-value*

Food allergy
No. (%) p-value*

Maternal factors

Age (years)

<28 445 (29.7) 196 (44.5) 93 (21.14) 0.59 150 (33.9) 0.28 31 (7.0) 0.12

28 ≤ age < 32 542 (36.1) 236 (43.7) 114 (21.11) 176 (32.8) 50 (9.3)

≥32 513 (34.2) 224 (43.8) 93 (18.0) 149 (29.3) 55 (10.9)

Education

≤12 years 497 (33.2) 225 (45.6) 107 (21.7) 0.17 157 (31.8) 0.96 39 (8.0) 0.27

>12 years 1000 (66.8) 430 (43.2) 192 (19.3) 317 (32.0) 97 (9.7))

No. of cigarettes/day at beginning of pregnancy

0 1111 (74.3) 490 (44.4) 213 (19.3) 0.56 348 (31.6) 0.69 102 (9.2) 0.93

1 to 5 205 (13.7) 85 (41.6) 50 (24.5) 64 (31.7) 19 (9.4)

>5 179 (12.0) 77 (43.0) 36 (20.1) 62 (34.8) 15 (8.4)

Folic acid supplementation

Yes 251 (17.0) 102 (40.6) 51 (20.3) 0.44 91 (36.4) 0.11 27 (10.8) 0.30

No 1225 (83.0) 543 (44.6) 245 (20.1) 378 (31.2) 106 (8.7)

Child/perinatal factors

Familial history of asthma/allergy

Yes 371 (29.4) 161 (43.6) 100 (27.1) <0.001 133 (36.3) 0.04 52 (14.1) <0.001

No 890 (70.6) 372 (42.1) 159 (18.0) 269 (30.4) 69 (7.8)

Child’s sex

Male 772 (51.5) 349 (45.6) 182 (23.8) <0.001 276 (36.0) <0.001 79 (10.3) 0.10

Female 728 (48.5) 307 (42.3) 117 (16.1) 199 (27.6) 57 (7.9)

Cesarean section

Yes 255 (17.3) 122 (48.0) 53 (20.9) 0.17 74 (29.5) 0.40 22 (8.7) 0.83

No 1218 (82.7) 523 (43.2) 236 (19.5) 389 (32.2) 110 (9.1)

Preterm birth (<37 weeks of gestation)

Yes 49 (3.3) 26 (53.1) 16 (32.6) 0.003 17 (34.7) 0.68 4 (8.3) 0.84

No 1450 (96.7) 629 (43.6) 283 (19.6) 458 (31.9) 132 (9.2)

Small-for-gestational age (<10th percentile)

Yes 97 (6.5) 46 (47.9) 22 (22.9) 0.35 40 (41.7) 0.03 8 (8.2) 0.75

No 1401 (93.5) 608 (43.6) 277 (19.9) 435 (31.3) 128 (9.2)

No. of siblings at birth

0 645 (43.2) 297 (46.5) 100 (15.6) 0.004 213 (33.3) 0.43 60 (9.4) 0.51

1 562 (37.6) 235 (42.0) 137 (24.5) 178 (32.0) 55 (9.8)

≥2 287 (19.2) 121 (42.3) 62 (21.7) 83 (29.0) 21 (7.4)

Feeding during the first 3 months

Formula 506 (34.5) 210 (41.7) 107 (21.3) 0.67 171 (34.1) 0.02 50 (10.0) 0.23

Mixed 434 (29.6) 201 (46.6) 81 (18.8) 150 (34.8) 45 (10.4)

Breast 528 (35.9) 233 (44.4) 104 (19.8) 144 (27.5) 39 (7.5)
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Table 2 Characteristics of the study population and frequency of wheeze, eczema and food allergy according to those
characteristics (n = 1500) (Continued)

Farm animal contact

Yes 463 (31.0) 201 (43.9) 87 (19.0) 0.77 155 (33.7) 0.29 41 (8.9) 0.88

No 1028 (69.0) 448 (43.7) 210 (20.5) 315 (30.9) 93 (9.1)

Collective day care attendance

Yes 154 (11.0) 72 (47.4) 38 (25.0) 0.05 59 (38.6) 0.07 20 (13.2) 0.07

No 1240 (89.0) 536 (43.5) 239 (19.4) 385 (31.3) 108 (8.7)

Mold and/or dampness at home

Yes 46 (3.2) 23 (51.1) 7 (15.6) 0.60 14 (30.4) 0.80 11 (23.9) <0.001

No 1396 (96.8) 613 (44.1) 280 (20.2) 445 (32.1) 122 (8.8)

No. of cigarettes/day smoked at home

0 880 (61.2) 392 (44.9) 161 (18.5) 0.11 285 (32.7) 0.53 82 (9.4) 0.86

1 to 20 467 (32.50) 193 (41.4) 102 (21.9) 138 (29.8) 43 (9.3)

> 20 90 (6.3) 38 (42.2) 26 (28.9) 27 (30.0) 10 (11.1)

Child’s age at follow-up (months)

22 ≤ age ≤ 24 390 (26.0) 144 (37.0) 65 (16.7) <0.001 119 (30.7) 0.03 37 (9.66) 0.48

24 < age ≤ 26 272 (18.1) 138 (50.9) 48 (17.7) 68 (25.2) 27 (10.0)

26 < age ≤ 28 445 (29.7) 192 (43.4) 101 (22.8) 152 (34.5) 44 (9.9)

>28 392 (26.1) 182 (46.9) 84 (21.6) 135 (34.8) 28 (7.2)

*Chi square test.
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known to be associated with wheeze, eczema, and food
allergy at the age of two.
A limitation of the study is the attrition at follow-up.

Since nonrespondents at follow-up both ate fish less
often and shared characteristics of families with a higher
prevalence of child respiratory or allergic problems [21],
their absence is likely to induce bias in the estimation of
the association between maternal fish consumption dur-
ing pregnancy and wheeze. Sensitivity analyses with mul-
tiple imputation appear to confirm this hypothesis. On
the other hand, there was no follow-up selection accord-
ing to shellfish intake, and multiple imputation endorsed
the association between maternal shellfish consumption
and food allergy. Seafood consumption was evaluated
before pregnancy, and women may have modified their
habits at the beginning of pregnancy, especially for mol-
lusk intake (because of the infectious risks). However,
the biological half-life of both fatty acids and most of
the contaminants in seafood is long, and reports of usual
diet (i.e., before pregnancy) are likely to represent expos-
ure during pregnancy. Measures of wheeze and eczema
were adapted from the ISAAC questionnaires. Although
this method has been validated for assessments of chil-
dren from the age of 7 years [17], it is widely used in
epidemiological studies of younger children [22-25]. Re-
ports of outcomes were not confirmed by clinical exam-
ination or biological markers for atopy, these
unsupervised methods might have induced non-
differential misclassification. We did not take childhood
intake of fish into account for two principal reasons.
First, the age at introduction of fish was not associated
with prenatal seafood consumption in our study and
therefore should not confound the association between
prenatal seafood consumption and outcomes. Second, al-
though some previous studies have observed that later
introduction of fish may be associated with an increased
risk of eczema or sensitization to food allergens [26,27],
others have used detailed prospective data to argue that
these associations may in fact result from reverse caus-
ation: parental suspicions of allergic reactions were likely
to influence the age at introduction of fish [28]. These
two arguments justify our decision not to take childhood
intake of fish into account in studying this association.
Some studies have examined the effect of maternal fish

intake during pregnancy on either eczema [22,23,29-31]
or asthma/wheezing [22-24,29,32] in children. Four of the
five studies that focused on eczema showed a decreased
risk with a high consumption of fish (>1/week) during
pregnancy. The study [22] that did not observe any associ-
ation was from the cohort with the lowest average fish
consumption. As in that study, the percentage of high fish
consumers is low in our population; leading to a lack of
statistical power that may explain the absence of signifi-
cant findings for this association. In our study we did not
observe a consistent association between maternal fish
consumption during pregnancy and childhood wheeze.
Two previous studies have observed a decreased risk of
asthma/wheezing [29,32] in children of women who



Table 3 Adjusted association measured between seafood
consumption and wheeze, eczema and food allergy

Probable
wheeze

Certain
wheeze

Eczema Food
allergy

OR
(95% CI)

OR
(95% CI)

OR
(95% CI)

OR
(95% CI)

Complete-case
analysis

Fish consumption* 1398 1395 1395

<1 time a month 1 1 1 1

1–4 times a month 0.83
(0.58-1.17)

0.69
(0.45-1.05)§

1.06
(0.77-1.48)

1.27
(0.72-2.24)

≥2 times a week 1.04
(0.70-1.55)

0.90
(0.56-1.44)

0.89
(0.61-1.29)

1.48
(0.80-2.76)

Shellfish consumption*

<1 time a month 1 1 1 1

≥1 time a month 1.08
(0.83-1.40)

1.08
(0.78-1.49)

1.09
(0.85-1.40)

1.62
(1.11-2.37)‡

Fish consumption**

<1 time a month 1 1 1 1

1–4 times a month 0.82
(0.57-1.17)

0.68
(0.45-1.04)§

1.04
(0.75-1.45)

1.16
(0.65-2.07)

≥2 times a week 1.02
(0.68-1.54)

0.87
(0.54-1.42)

0.85
(0.58-1.25)

1.27
(0.67-2.39)

Shellfish
consumption**

<1 time a month 1 1 1 1

≥1 time a month 1.06
(0.81-1.39)

1.08
(0.77-1.51)

1.13
(0.87-1.45)

1.57
(1.06-2.31)‡

Multiple imputation analysis

Fish consumption** 2981 2981 2981

<1 time a month 1 1 1 1

1–4 times a month 0.90
(0.69-1.17)

0.86
(0.63-1.17)

1.03
(0.76-1.39)

1.13
(0.70-1.83)

≥2 times a week 1.07
(0.78-1.47)

1.11
(0.75-1.67)

0.92
(0.58-1.46)

1.37
(0.79-2.39)

Shellfish
consumption**

<1 time a month 1 1 1 1

≥1 time a month 1.02
(0.80-1.31)

1.02
(0.81-1.30)

1.01
(0.76-1.34)

1.52
(1.05-2.21)‡

*Adjusted for: mother’s age, maternal education, folic acid supplementation,
familial history of asthma/allergy, child’s sex, small-for-gestational age, infant’s
method of feeding, day care attendance, post-natal exposure to tobacco and,
child’s age at follow-up.
**Both fish and shellfish consumption were included in the model with the
adjustment variables above.
§ p-value < 0.10; ‡ p-value < 0.05.
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consume high levels of fish. Of the five studies on this
subject, those two had the populations of pregnant
women with the highest average fish consumption and
asthma/wheezing evaluation at the oldest age (6 and
7 years), when asthma is easier to diagnose. It is
hypothesized that eating fish may reduce the risk of re-
spiratory and allergic outcomes because it is a major
source of long-chain n-3 PUFAs and micronutrients such
as selenium [11,33] that may have anti-inflammatory
properties [12,13,34]. On the other hand, fish is contami-
nated by marine pollutants, mainly PCBs, dioxins and
other polychlorinated compounds, and methylmercury
[9,10]. Previous study has reported no link between pre-
natal methylmercury exposure and asthma or atopic
dermatitis at age 7 [6]. However, two of the three epi-
demiological studies [7,8,35] that evaluated effects of pre-
natal exposure to PCBs, dioxins, or other polychlorinated
compounds at age 2 noted an increased risk of wheezes
[8] or food allergy [7] at higher levels of exposure, after
adjustment for major confounding factors. To our know-
ledge, two published studies have suggested a link between
maternal fish consumption and increased risk of allergies
[22,36]. One focused on food allergy [36]. In their popula-
tion, with a level of fish consumption similar to that in
ours, they assessed food allergen sensitization by skin
prick tests and observed that higher consumption of fish
during pregnancy was associated with a higher risk of
such sensitization. Their results must, however, be inter-
preted with caution as they were obtained in a cross-
sectional study with a retrospective assessment of prenatal
diet. The second of these studies focused on wheezing and
eczema and was based on a cohort design. The population
of this study, with its very low fish consumption, may not
benefit of simultaneous n-3 PUFAs intake [11,22].
This study (n = 2796) also observed an increased risk

of wheeze and eczema in children of women who ate
shellfish during pregnancy [22]. Our findings were not
significant for these associations, perhaps because of the
smaller sample size; they nonetheless suggest an in-
creased risk of food allergy. French national surveys
[9,10] have showed that on average, shellfish is less
contaminated by PCBs, dioxins or other polychlorinated
compounds, or methylmercury than fish is. Other contam-
inants have been detected in shellfish at higher concen-
trations than in fish, in particular, metals such as lead,
cadmium, arsenic (including a small proportion of inor-
ganic and methylated forms considered toxic [37]), and or-
ganic compounds such as PFCs [9,10,38]. French national
surveys [10,38] have also shown non-compliance with the
regulatory shellfish threshold for cadmium or high expos-
ure levels for cadmium and arsenic. Both metals have
demonstrated their potential developmental immunotoxi-
city [39-42]. These contaminations, which were associated
in shellfish with low concentrations of n-3 PUFAs, may
therefore explain those findings.

Conclusions
Shellfish intake was associated with a higher risk of food
allergy. In line with our previous work in the PELAGIE
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cohort showing that shellfish consumption is associated
with decreased fecundability [43] and decreased fetal
growth [14], we suggest yet another potential adverse ef-
fect. Further large-scale epidemiological studies are needed
to corroborate these results, identify the contaminants or
components of shellfish responsible for the effects ob-
served, determine the persistence of the associations seen
at age 2, and investigate potential associations with health
effects observable at later ages such as allergic asthma.

Abbreviations
aOR: Adjusted odds ratio; CI: Confidence interval; IQR: Interquartile range;
ISAAC: International study of asthma and allergies in childhood; OR: Odds
ratio; PCBs: Polychlorinated biphenyls; PFCs: Perfluorinated chemicals;
PUFAs: Polyunsaturated fatty acids; SD: Standard deviation;
SGA: Small-for-gestational age.

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

Authors’ contributions
FP conducted the statistical analyses and drafted the initial manuscript. EB
and HG took part in the statistical analyses. CM and FR were responsible for
the field study including questionnaires and medical data. LM and JFV
reviewed and revised the manuscript. SC designed the study and supervised
the overall project. She critically reviewed the manuscript. All authors read
and approved the final manuscript as submitted.

Acknowledgments
We are grateful to the families that participated in the study. We thank
Veronique Villalon for her help and Jo Ann Cahn for her careful revision of
the manuscript. The financial support from the National Institute for Public
Health Surveillance (InVS), the Ministry of Labor, and the French Agency for
Food, Environmental and Occupational Health and Safety (ANSES) is
acknowledged.

Author details
1Inserm (Institut National de la Santé et de la Recherche Médicale) UMR
1085, IRSET (Institut de Recherche Santé Environnement & Travail), Université
de Rennes 1, Rennes, Cedex F-35042, France. 2Faculté de Médecine,
Université de Rennes 1, Rennes F-35043, France. 3Centre Hospitalier
Universitaire de Rennes (CHU), Service d’Epidémiologie et de Santé Publique,
Rennes F-35033, France. 4Département de Pédiatrie, Centre Hospitalier
Universitaire de Rennes (CHU), Rennes, Rennes F-35033, France.

Received: 2 July 2013 Accepted: 27 November 2013
Published: 2 December 2013

References
1. Martino D, Prescott S: Epigenetics and prenatal influences on asthma and

allergic airways disease. Chest 2011, 139:640–647.
2. Hodgson DM, Coe CL: Role of prenatal events in the development of

allergic disease. In Perinatal Programming: Early Life Determinants of Adult
Health and Disease. Edited by Taylor & Francis Group. 2006:143–154.

3. Dietert RR, Etzel RA, Chen D, Halonen M, Holladay SD, Jarabek AM, Landreth K,
Peden DB, Pinkerton K, Smialowicz RJ, Zoetis T:Workshop to identify critical
windows of exposure for children’s health: immune and respiratory systems
work group summary. Environ Health Perspect 2000, 108(Suppl 3):483.

4. Reichrtová E, Ciznár P, Prachar V, Palkovicová L, Veningerová M: Cord serum
immunoglobulin E related to the environmental contamination of
human placentas with organochlorine compounds. Environ Health
Perspect 1999, 107:895.

5. Jedrychowski W, Perera F, Maugeri U, Miller RL, Rembiasz M, Flak E, Mroz E,
Majewska R, Zembala M: Intrauterine exposure to lead may enhance
sensitization to common inhalant allergens in early childhood: a
prospective prebirth cohort study. Environ Res 2011, 111:119–124.

6. Grandjean P, Poulsen LK, Heilmann C, Steuerwald U, Weihe P: Allergy and
sensitization during childhood associated with prenatal and lactational
exposure to marine pollutants. Environ Health Perspect 2010, 118:1429–1433.
7. Miyashita C, Sasaki S, Saijo Y, Washino N, Okada E, Kobayashi S, Konishi K, Kajiwara J,
Todaka T, Kishi R: Effects of prenatal exposure to dioxin-like compounds on
allergies and infections during infancy. Environ Res 2011, 111:551–558.

8. Stølevik SB, Nygaard UC, Namork E, Haugen M, Kvalem HE, Meltzer HM,
Alexander J, Van Delft JHM, Van Loveren H, Løvik M, Granum B: Prenatal
exposure to polychlorinated biphenyls and dioxins is associated with
increased risk of wheeze and infections in infants. Food Chem Toxicol
2011, 49:1843–1848.

9. ANSES: CALIPSO, Étude des consommations alimentaires de produits de la mer
et imprégnation aux éléments traces, polluants et oméga 3. 2002
[http://www.afssa.fr/Documents/PASER-Ra-Calipso.pdf]

10. ANSES: Étude de l’alimentation totale française 2 (EAT 2). Tome 1.
Contaminants inorganiques, minéraux, polluants organiques persistants,
mycotoxines, phyto-estrogènes. 2011 [http://www.anses.fr/Documents/
PASER2006sa0361Ra1.pdf]

11. Genuis SJ: To sea or not to sea: benefits and risks of gestational fish
consumption. Reprod Toxicol 2008, 26:81–85.

12. Prescott SL, Dunstan JA: Prenatal fatty acid status and immune
development: the pathways and the evidence. Lipids 2007, 42:801–810.

13. Prescott SL, Clifton V: Asthma and pregnancy: emerging evidence of
epigenetic interactions in utero. Curr Opin Allergy Clin Immunol 2009, 9:417–426.

14. Guldner L, Monfort C, Rouget F, Garlantezec R, Cordier S: Maternal fish and
shellfish intake and pregnancy outcomes. A prospective cohort study in
Brittany, France. Environ Health 2007, 24:6–33.

15. Garlantezec R, Monfort C, Rouget F, Cordier S: Maternal occupational
exposure to solvents and congenital malformations: a prospective study
in the general population. Occup Environ Med 2009, 66:456–463.

16. AFSSA, CSHPF: Dioxines: données de contamination de la population
française. 2000 [http://www.ladocumentationfrancaise.fr/var/storage/
rapports-publics/004001610/0000.pdf]

17. ISAAC: The International Study of Asthma and Allergies in Childhood: Phase one
manual. [http://isaac.auckland.ac.nz/phases/phaseone/phaseonemanual.pdf]

18. Kristman VL, Manno M, Côté P: Methods to account for attrition in
longitudinal data: Do they work? A simulation study. Eur J Epidemiol 2005,
20:657–662.

19. Schafer JL, Olsen MK: Multiple imputation for multivariate missing-data
problems: a data analyst’s perspective. Mult Behav Res 1998, 33:545–571.

20. ANSES: Etude Individuelle Nationale des Consommations Alimentaires 2
(INCA2). 2002–2006. [http://www.anses.fr/Documents/PASER-Ra-INCA2.pdf]

21. Herr M, Just J, Nikasinovic L, Foucault C, Le Marec AM, Giordanella JP,
Momas I: Risk factors and characteristics of respiratory and allergic
phenotypes in early childhood. J Allergy Clin Immunol 2012, 130:389–396.

22. Leermakers ETM, Voort AMM S-V d, Heppe DHM, De Jongste JC, Moll HA,
Franco A, Hofman OH, Jaddoe VWV, Duijts L: Maternal fish consumption
during pregnancy and risks of wheezing and eczema in childhood: the
generation r study. Eur J Clin Nutr 2013, 67:353–359.

23. Willers SM, Devereux G, Craig LCA, McNeill G, Wijga AH, Abou El-Magd W,
Turner SW, Helms PJ, Seaton A: Maternal food consumption during
pregnancy and asthma, respiratory and atopic symptoms in 5-year-old
children. Thorax 2007, 62:773–779.

24. Erkkola M, Nwaru BI, Kaila M, Kronberg-Kippila¨ C, Ilonen J, Simell O, Veijola R,
Knip M, Virtanen SM: Risk of asthma and allergic outcomes in the offspring
in relation to maternal food consumption during pregnancy: a finnish birth
cohort study. Pediatr Allergy Immunol 2012, 23:186–194.

25. Okada E, Sasaki S, Saijo Y, Washino N, Miyashita C, Kobayashi S, Konishi K,
Ito YM, Ito R, Nakata A, Iwasaki Y, Saito K, Nakazawa H, Kishi R: Prenatal
exposure to perfluorinated chemicals and relationship with allergies and
infectious diseases in infants. Environ Res 2012, 112:118–125.

26. Alm B, Aberg N, Erdes L, Möllborg P, Pettersson R, Norvenius SG, Goksör E,
Wennergren G: Early introduction of fish decreases the risk of eczema in
infants. Arch Dis Child 2009, 94:11–15.

27. Nwaru BI, Takkinen HM, Niemelä O, Kaila M, Erkkola M, Ahonen S, Tuomi H,
Haapala AM, Kenward MG, Pekkanen J, Lahesmaa R, Kere J, Simell O, Veijola R,
Ilonen J, Hyöty H, Knip M, Virtanen SM: Introduction of complementary foods
in infancy and atopic sensitization at the age of 5 years: timing and food
diversity in a finnish birth cohort. Allergy 2013, 68:507–516.

28. Niinivirta K, Isolauri E, Nermes M, Laitinen K: Timing of complementary
feeding and the risk of atopic eczema. Acta Paediatr. In press.

29. Romieu I, Torrent M, Garcia-Esteban R, Ferrer C, Ribas-Fito N, Anto JM,
Sunyer J: Maternal fish intake during pregnancy and atopy and asthma
in infancy. Clin Exp Allergy 2007, 37:518–525.

http://www.afssa.fr/Documents/PASER-Ra-Calipso.pdf
http://www.anses.fr/Documents/PASER2006sa0361Ra1.pdf
http://www.anses.fr/Documents/PASER2006sa0361Ra1.pdf
http://www.ladocumentationfrancaise.fr/var/storage/rapports-publics/004001610/0000.pdf
http://www.ladocumentationfrancaise.fr/var/storage/rapports-publics/004001610/0000.pdf
http://isaac.auckland.ac.nz/phases/phaseone/phaseonemanual.pdf
http://www.anses.fr/Documents/PASER-Ra-INCA2.pdf


Pelé et al. Environmental Health 2013, 12:102 Page 9 of 9
http://www.ehjournal.net/content/12/1/102
30. Sausenthaler S, Koletzko S, Schaaf B, Lehmann I, Borte M, Herbarth O,
Von Berg A, Wichmann HE, Heinrich J: Maternal diet during pregnancy in
relation to eczema and allergic sensitization in the offspring at 2 y of
age. Am J Clin Nut 2007, 85:530–537.

31. Jedrychowski W, Perera F, Maugeri U, Mrozek-Budzyn D, Miller RL, Flak E,
Mroz E, Jacek R, Spengler JD: Effects of prenatal and perinatal exposure to
fine air pollutants and maternal fish consumption on the occurrence of
infantile eczema. Int Arch Allergy Immunol 2011, 155:275–281.

32. Maslova E, Strøm M, Oken E, Campos H, Lange C, Gold D, Olsen SF: Fish
intake during pregnancy and the risk of child asthma and allergic
rhinitis - longitudinal evidence from the Danish national birth cohort.
Br J Nut 2013. In press.

33. ANSES: Consommation des poissons, mollusques et crustacés: aspects
nutritionnels et sanitaires pour l’Homme. 2010 [http://www.anses.fr/
Documents/NUT2006sa0035Ra.pdf]

34. Rayman MP: Selenium and human health. Lancet 2012, 31:1256–1268.
35. Gascon M, Vrijheid M, Martinez D, Ballester F, Basterrechea M, Blarduni E,

Esplugues A, Vizcaino E, Grimalt JO, Morales E, Sunyer J: Pre-natal exposure
to dichlorodiphenyldichloroethylene and infant lower respiratory tract
infections and wheeze. Eur Respir J 2011, 39:1188–1196.

36. Calvani M, Alessandri C, Sopo SM, Panetta V, Pingitore G, Tripodi S, Zappalà D,
Zicari AM, Lazio Association of Pediatric Allergology (APAL) Study Group:
Consumption of fish, butter and margarine during pregnancy and
development of allergic sensitizations in the offspring: role of maternal
atopy. Pediatr Allergy Immunol 2006, 17:94–102.

37. Sirot V, Guérin T, Volatier JL, Leblanc JC: Dietary exposure and biomarkers
of arsenic in consumers of fish and shellfish from France. Sci Total
Environ. 2009, 407:1875–1885.

38. Guéguen M, Amiard J-C, Arnich N, Badot PM, Claisse D, Guérin T, Vernoux JP:
Shellfish and residual chemical contaminants: hazards, monitoring, and
health risk assessment along French coasts. Rev Environ Contam Toxicol 2011,
213:55–111.

39. Holásková I, Elliott M, Hanson ML, Schafer R, Barnett JB: Prenatal cadmium
exposure produces persistent changes to thymus and spleen cell
phenotypic repertoire as well as the acquired immune response.
Toxicol Appl Pharmaco 2012, 265:181–189.

40. Hanson ML, Holásková I, Elliott M, Brundage KM, Schafer R, Barnett JB:
Prenatal cadmium exposure alters postnatal immune cell development
and function. Toxicol Appl Pharmaco 2012, 261:196–203.

41. Ahmed S, Ahsan KB, Kippler M, Mily A, Wagatsuma Y, Hoque AM, Ngong PT,
El Arifeen S, Raqib R, Vahter M: In utero arsenic exposure is associated
with impaired thymic function in newborns possibly via oxidative stress
and apoptosis. Toxicol Sci 2012, 129:305–314.

42. Raqib R, Ahmed S, Sultana R, Wagatsuma Y, Mondal D, Hoque AMW,
Nermell B, Yunus M, Roy S, Persson LA, El Arifeen S, Moore S, Vahter M:
Effects of in utero arsenic exposure on child immunity and morbidity in
rural Bangladesh. Toxicol Lett 2009, 185:197–202.

43. Chevrier C, Warembourg C, Gaudreau E, Christine Monfort C, Alain Le Blanc
A, Laurence Guldner L, Cordier S: Organochlorine pesticides,
polychlorinated biphenyls, seafood consumption, and time-to-
pregnancy. Epidemiology 2013, 24:251–260.

doi:10.1186/1476-069X-12-102
Cite this article as: Pelé et al.: Maternal fish and shellfish consumption
and wheeze, eczema and food allergy at age two: a prospective cohort
study in Brittany, France. Environmental Health 2013 12:102.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.anses.fr/Documents/NUT2006sa0035Ra.pdf
http://www.anses.fr/Documents/NUT2006sa0035Ra.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Assessment of fish and shellfish intake
	Assessment of wheeze, eczema, and food allergy
	Statistical analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References

