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ABSTRACT

Background: Fish intake in infancy has been associated with re-
duced risk of allergic disease in early childhood, but it is unknown
whether this effect remains as children grow older.

Objective: We studied the possible effect of fish consumption in
infancy on prevalent and incident allergic disease up to the age of
12 y.

Design: A total of 3285 children from a prospective Swedish birth
cohort (Children, Asthma, Milieu, Stockholm, Epidemiology) were
included in the current analyses. At 1, 2, 4, 8, and 12 y, parental
questionnaires were used to obtain information on lifestyle factors,
environmental exposures, and symptoms of allergic disease. The
frequency of fish intake in infancy was assessed in the 1-y ques-
tionnaire. Serum immunoglobulin (Ig) E concentrations associated
with common allergens were obtained at age 8 y. Generalized esti-
mating equations and multivariate logistic regression were used to
examine associations between fish consumption in infancy and
prevalent and incident allergic disease at ages 1-12 y, including
sensitization and IgE-associated disease at age 8 y.

Results: At 1y of age, 80% of the children consumed fish regularly
(ie, =2 times/mo). From 1 to 12 y of age, regular fish consumption in
infancy reduced overall risks of prevalent and incident allergic disease
[adjusted OR (95% CI) after restriction to children without early symp-
toms of allergic disease was 0.74 (0.60, 0.90) (P = 0.003) for prevalent
rhinitis and 0.78 (0.63, 0.97) (P = 0.028) for prevalent eczema.
Conclusion: Regular fish consumption in infancy may reduce risk of
allergic disease up to age 12 y. Am J Clin Nutr 2013;97:1324-30.

INTRODUCTION

Omega-3 fatty acids have been hypothesized to lower risk of
allergic disease through their immunological effect (1). In-
tervention studies have suggested that supplementation with
omega-3 fatty acids or fish oil during pregnancy might induce
immunologic changes that are transferred to the fetus, which may
have a beneficial effect on allergic disease during the first years of
life (2-4). However, supplementation studies in infancy and
childhood have shown more inconsistent results (2).

Fish is a major source of long-chain omega-3 fatty acids.
Maternal fish intake during pregnancy has been reported to re-
duce risk of allergic outcomes, including sensitization, in infants
and children (5-10). Fish consumption in infancy has been
studied as the time of introduction in some studies and as the
frequency of intake in other studies. In most studies, fish in the
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child’s diet has been associated with reduced risk of eczema,
rhinitis, wheeze, and asthma up to preschool age (11-18).
However, there have also been reports of no association with
allergic disease (19). Parents in many countries, including in the
United States and Sweden, have previously been advised to
delay the introduction of fish for infants at increased risk of
allergic disease (eg, having heredity for or early symptoms of
allergic disease) (20, 21). If such recommendations were fol-
lowed, leading to delayed introduction and, thereby, a lower
intake of fish in these children, this disease-related modification
of exposure may bias studies on fish consumption in infancy.
Therefore, most recent studies on early fish consumption have
taken the disease-related modification of exposure into account
in different ways (11, 13-18). Today, such recommendations are
not given (22, 23), and fish is considered a healthy food. In
Sweden, all children are recommended to consume fish 2-3
times/wk from the age of 1 y (24), and a Swedish national
survey showed a mean consumption of 1.7 times/wk in 8-y-olds
(25). To evaluate the effect of fish consumption in infancy on the
subsequent health of a child, it is important to take the child’s
current fish consumption into account, but to our knowledge,
this has not been done in previous studies.

The population-based birth cohort study Children, Asthma,
Milieu, Stockholm, Epidemiology (BAMSE), in which children
have been followed by repeated parental questionnaires, offered
an opportunity to evaluate the effect of fish consumption in in-
fancy and risk of allergic disease up to age 12 y, with adjustment
for the child’s fish intake at age 8 y. We previously reported that
regular fish intake in infancy was associated with reduced risk
of allergic disease at 4 y of age in this birth cohort (18). The aim
of the current analyses was to investigate the possible effect of
early fish consumption on prevalent and incident allergic disease

! From the Institute of Environmental Medicine (JM, NH, AW, EM, MW,
and AB) and Department of Clinical Science and Education, Sodersjukhuset
(IK and HR), Karolinska Institutet, Stockholm, Sweden, and the Department
of Pediatrics, Sachs’ Children’s Hospital, Stockholm, Sweden (IK, EM, and
MW).

2 Supportedby the Stockholm County Council, the Swedish Research
Council, the Swedish Research Council Formas, the Swedish Heart and
Lung Foundation, the Swedish Asthma and Allergy Association, and the
Swedish Foundation for Health Care Science and Allergy Research.

3 Address correspondence to J Magnusson, Box 210, SE-171 77 Stock-
holm, Sweden. E-mail: jessica.magnusson@ki.se.

Received June 21, 2012. Accepted for publication February 28, 2013.

First published online April 10, 2013; doi: 10.3945/ajcn.112.045377.

Am J Clin Nutr 2013;97:1324-30. Printed in USA. © American Society for Nutrition

Supplemental Material can be found at:
http://ajcn.nutrition.org/content/suppl/2013/05/13/ajcn.112.0
45377.DCSupplemental.html

¥TOZ ‘€T 1SNBNY U (T9Z9TO0-ND) USIM IUNPSIA J3P HaLolqig e B10°uonLnu’udfe woiy papeojumoq


http://ajcn.nutrition.org/
http://ajcn.nutrition.org/content/suppl/2013/05/13/ajcn.112.045377.DCSupplemental.html 
http://ajcn.nutrition.org/content/suppl/2013/05/13/ajcn.112.045377.DCSupplemental.html 

@ The American Journal of Clinical Nutrition

INFANT FISH INTAKE AND CHILDHOOD ALLERGIC DISEASE

up to the age of 12 y, with disease-related modification of
exposure and diet in school age taken into account. We were also
able to investigate the association between early fish consump-
tion and allergic disease in relation to IgE sensitization at 8 y of
age. In addition, we examined the association between fish in-
take in school age and incident allergic disease at age 12 y.

SUBJECTS AND METHODS

Study design and study population

This longitudinal study was based on the population-based,
prospective birth cohort BAMSE. A total of 4089 newborns were
recruited between February 1994 and November 1996 in a pre-
defined area of Stockholm, Sweden. The study design has been
described in detail elsewhere (26). In brief, information on
several background exposures, allergic heredity, socioeconomic
status, and other demographic data were obtained by using
a parental questionnaire when the mean age of the children was
2 mo (baseline). When children reached 1, 2, 4, and 8 y of age,
parents received a mailed questionnaire that focused on key
exposures and symptoms of asthma, rhinitis, and eczema. Re-
sponse rates were 96%, 94%, 91%, and 84%, respectively. In
2008, when the children were 12 y (age range: 11-14 y), a pa-
rental questionnaire was sent out on one occasion, which ex-
plained the diversity in age compared with previous follow-ups.
The response rate was 82% at this follow-up.

Families who answered the questionnaire at age 8 y were
invited to a clinical examination that included blood sampling.
The blood of 2470 children (60%) were analyzed for IgE anti-
bodies to 8 common inhalant (Phadiatop) and 6 common food
allergens [fx5; Thermo Fischer Scientific (formerly Phadia AB)].
All parts of the BAMSE study have been approved by the ethics
committee of Karolinska Institutet, Stockholm, Sweden.

Assessment and definition of fish consumption

Information on the frequency of fish consumption at age 1 y
was retrieved from the 1 y follow-up. The following 5 frequency
categories were predefined: never, 1 time/mo, 2-3 times/mo, 1
time/wk, and >1 time/wk. Fish intake at 8 y of age was assessed
by using a food-frequency questionnaire that contained ques-
tions about the frequency of consumption of 5 fish items, in-
cluding both fatty and lean fish. Participants were asked how
often, on average, they had consumed each item over the past
year, and the frequencies for all fish items were then added to-
gether. The food-frequency questionnaire was filled in by the
parents together with the child at the clinical examination at age

8y.

Definition of health outcomes

All health outcomes were based on parental questionnaires
despite sensitization, which was based on blood samples from 8 y
of age.

Asthma at 1 and 2 y of age was defined as =3 episodes of
wheeze in combination with inhaled steroids or signs of bron-
chial hyperreactivity without concurrent upper respiratory in-
fection. asthma at 4, 8, and 12 y of age was defined as =4
episodes of wheeze in the past 12 mo or at least one episode in
the same time period in combination with occasional or regular
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use of prescribed inhaled steroids (27). Rhinitis at 1 and 2 y of
age was defined as prolonged rhinitis symptoms for =2 mo in
the past 12 mo; rhinitis at 4, 8, and 12 y of age was defined as
prolonged sneezing or a runny or blocked nose without a com-
mon cold in the past 12 mo (27). Eczema was defined as dry skin
in combination with an itchy rash for =2 wk at typical locali-
zation (at 1, 2, and 4 y of age: face or arm/leg-extension surfaces
or arm/leg flexures or wrist/ankle flexures; at 8 and 12 y of age:
face or arm/leg flexures or wrist/ankle or neck) in the past 12 mo
or doctor’s diagnosis of eczema during the past 12 mo at 1, 2,
and 8 y or cortisone ointment during the past 12 mo at 4 y (27).
Incident disease was defined as fulfilling the diagnosis of disease
at the respective age, as previously described, without fulfill-
ing the definition at any previous follow-up. Sensitization at
8 y of age was defined as at least one allergen-specific IgE
result =0.35 kU/L against inhalant allergens (cat, dog, horse,
birch, timothy, mugwort, Dermatophagoides pteronyssinus, and
Cladosporium herbarium) or food allergens (cow milk, hen egg,
cod fish, soy bean, peanut, and wheat).

The terms IgE associated and non-IgE associated were used if
the child fulfilled the criteria of a specific allergic disease at age
8 y and was or was not sensitized to any of the tested allergens,
respectively.

Statistical analyses

Data analyses were made with STATA 11.2 software (Stata-
Corp LP). Generalized estimating equations with an unstructured
matrix were used to assess the association between fish intake at
age 1 y and specific health outcomes during childhood. The
generalized estimating equation model calculates population
average risks by taking the correlation within individuals into
account and provides estimates when missing observations are
unequally spaced (28). The model incorporates an interaction
between time and exposure to evaluate the effect of exposure over
time (28). Fish intake at age 1 y was analyzed in its 5 original
categories from the questionnaire as well as a dichotomized
variable with categories =1 time/mo (irregular) and =2-3 times/mo
(regular). Multivariate logistic regression was used to analyze
associations between fish intake at age 1 y and sensitization
outcomes at 8 y of age and fish intake at age 8 y in relation to
incident allergic disease between ages 8 and 12 y. Fish intake at
age 8y, divided into tertiles, was analyzed on the basis of re-
ported consumption. Results are presented as adjusted ORs with
95% CIls. Final models were adjusted for sex, parental history of
allergic disease (doctor diagnosis of asthma or hay fever in
combination with a reported allergy to pollen or pets in one or
both parents), and maternal smoking (=1 cigarette/d at any time
point during the pregnancy or when the child was an infant) on
the basis of a priori knowledge. Additional adjustments were
made for socioeconomic status, breastfeeding duration, maternal
age, overweight and parental smoking at age 8 y, as well as
childhood diet at age 8 y (fish, vitamin D, total energy, and use
of a dietary supplement). However, none of the factors changed
the observed ORs, and therefore, additionally tested factors were
not included in the final model. To control for possible disease-
related modification of exposure, we restricted analyses to chil-
dren without symptoms of wheeze or eczema during the first year
of life (hereafter, denoted as early symptoms of allergic disease).
To test for a possible interaction between fish consumption and
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TABLE 1

MAGNUSSON ET AL

Distribution of selected exposure characteristics in all children in the BAMSE birth cohort and children included in the

current analysesl

Selected characteristics

Total cohort (n = 4089)

Children included in the

current analyses (n = 3285)

Sex: M

Maternal age at birth: =25y

Breastfeeding: =4 mo

Parental history of allergic disease’: yes

2065 [50.5 (49.0, 52.0)]
319 [7.8 (7.0, 8.6)]

3116 [79.5 (78.2, 80.8)]
1200 [29.7 (28.3, 31.1)]
563 [13.8 (12.7, 14.8)]

1664 [50.6 (48.9, 52.4)]
231 [7.0 (6.2, 7.9)]

2644 [80.6 (79.3, 82.0)]
1007 [30.9 (28.3, 32.5)]

Maternal smoking‘i: yes
Socioeconomic status: white collar worker
Fish intake at 1 y: =2-3 times/mo

3323 [81.6 (80.4, 82.8)]
3143 [80.1 (78.9, 81.3)]

431 [13.1 (12.0, 14.3)]
2724 [83.2 (81.9, 84.5)]
2621 [79.8 (78.4, 81.2)]

" All values are n [% (95% CI)]. BAMSE, Children, Asthma, Milieu, Stockholm, Epidemiology.
2 Doctor-diagnosed asthma or hay fever in combination with reported allergy to pollen or pets in one or both parents.
#Mother smoked =1 cigarette/d at any point in time during pregnancy or when the child was an infant.

early symptoms of allergic disease and parental history of allergic
disease, Wald’s test was used. In addition, analyses were stratified
by the presence of early symptoms and parental history of allergic
disease.

Children were included in the analyses if information from the
baseline questionnaire, data on fish intake at age 1 y, and data on
at least one of the outcomes (asthma, rhinitis, or eczema) at age
12 y was available (n = 3285). Of these children, 2314 subjects
had information on sensitization, and 2456 subjects had in-
formation on fish intake at 8 y of age.

RESULTS

The 3285 children included in our analyses were comparable
with children in the baseline cohort (ie, the 4089 children
recruited to BAMSE at a mean age of 2 mo) regarding distri-
bution of sex, maternal age, breastfeeding duration, parental
history of allergic disease, maternal smoking, socioeconomic
status, and fish consumption at age 1 y (Table 1). In addition,
there were no differences in the prevalence of obesity and intake
of dietary supplements at age 8 y between children included in
our analyses and all children in the cohort followed up to 8 y of
age [4.4% (95% CI: 3.6%, 5.2%) obese children in the cohort
compared with 4.3% (95% CI: 3.5%, 5.0%) obese children in-
cluded in our analyses, and 42.0% (95% CI: 40.1%, 43.9%) of
the children in the cohort used supplements sometimes or reg-
ularly compared with 41.9% (95% CI: 39.9%, 43.8%) of chil-
dren included in our analyses].

The mean (*SD) age of fish introduction was 8.3 £ 2.3 mo.
At 1y of age, 80% of the children consumed fish regularly (ie, =2
times/mo), and the mean consumption was 1.0 = 0.7 times/wk.
Parental allergic disease and early onset of allergic disease de-
layed the introduction of fish in the child’s diet and predicted
lower intake at age 1 y (P < 0.001) (data not shown). The
prevalence of parental allergic disease and of eczema at age 1y
differed significantly between children with lower than higher
fish consumption at 1 y of age (see Supplemental Table 1 under
“Supplemental data” in the online issue). In addition, children with
higher fish consumption at age 1 y had a significantly higher
median intake of vitamin D at age 8 y (see Supplemental Table 1
under “Supplemental data” in the online issue). In contrast, there
were no differences in relation to other background factors tested,

including fish intake at age 8 y. At age 8 y, the mean consumption
of fish was 1.9 = 1.1 times/wk, and the median consumption was
1.6 times/wk (IQR: 1.2 times/wk).

The prevalence and incidence of asthma, rhinitis, and eczema
at different ages are presented in Table 2. The prevalence of
asthma was quite consistent over time, whereas the prevalence
of rhinitis increased, and the prevalence of eczema decreased
somewhat during school age. The incidence of the diseases
followed the same patterns. The prevalence of asthma at 12 y
was 7%, whereas the prevalence of rhinitis and eczema were
21% and 12%, respectively. The incidence of asthma, rhinitis,
and eczema at 12 y of age (defined as fulfilling the definition at
age 12 y but not at any previous time point) was 3%, 13%, and
5%, respectively, over a 4-y period.

TABLE 2
Distribution of health outcomes in children up to 12 y of age in the
BAMSE birth cohort (7 = 3285)’

Prevalent cases Incident cases

Asthma [n (%)]

1y of age 125 (4) 125 (4)
2 y of age 187 (6) 118 (4)
4y of age 213 (7) 119 (4)
8 y of age 200 (6) 94 (3)
12 y of age 218 (7) 83 (3)
Rhinitis [n (%)]
1y of age 116 (4) 116 (4)
2y of age 128 (4) 100 (3)
4y of age 353 (11) 314 (11)
8 y of age 430 (14) 245 (10)
12 y of age 681 (21) 295 (13)
Eczema [n (%)]
1y of age 504 (15) 504 (15)
2y of age 610 (19) 320 (12)
4y of age 616 (19) 214 (9)
8 y of age 397 (13) 98 (5)
12 y of age 392 (12) 94 (5)

" Prevalent cases were defined as the total number of cases at the re-
spective follow-up occasion. Incident cases were defined as the first-time
outcome in the respective age without fulfilling the definition at any previous
time point. Percentages were calculated in relation to the total number of
subjects who contributed to the analyses at the respective occasion. BAMSE,
Children, Asthma, Milieu, Stockholm, Epidemiology.
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Association between fish intake in infancy and allergic disease up to 12 y of age in the BAMSE birth cohort (overall effect

from 0 to 12 y of age)’

Fish intake at age 1 y

Never (reference) 1 time/mo? 2-3 times/mo’ 1 time/wk’ >1 time/wk® P-trend
Asthma 1.00 0.61 (0.43, 0.88)  0.74 (0.55, 1.00)  0.49 (0.37, 0.65) 0.54 (0.40, 0.74) =0.001
Rhinitis 1.00 0.76 (0.59, 0.98)  0.75 (0.60, 0.94)  0.57 (0.46, 0.70)  0.53 (0.43, 0.66) =0.001
Eczema 1.00 0.59 (0.46, 0.76)  0.58 (0.47, 0.72)  0.44 (0.36, 0.54) 0.43 (0.35, 0.54) =0.001

! All values are ORs; 95% Cls in parentheses. Values were obtained by using generalized estimating equation analyses.
BAMSE, Children, Asthma, Milieu, Stockholm, Epidemiology.
2 Adjusted for parental history of allergic disease, sex, maternal smoking during pregnancy or when the child was an

infant.

Children who consumed fish at age 1 y had an overall reduced
risk of prevalent asthma, rhinitis, and eczema up to age 12 y
(Table 3). Reduced risks were dose dependent for all outcomes
(P < 0.001). Additional adjustment for fish intake at 8 y of age
did not change the observed results (data not shown). To eval-
uate the possible influence of a disease-related modification of
exposure, we restricted analyses to children without early
symptoms of allergic disease (n = 2404). After this restriction,
associations were attenuated but still significant for rhinitis
[adjusted OR (95% CI) for highest compared with lowest in-
takes: 0.63 (0.46, 0.87); P-trend < 0.001] and with borderline
significance for eczema [adjusted OR (95% CI) for highest
compared with lowest intakes: 0.74 (0.52, 1.03); P-trend =
0.008], whereas for asthma, the association became weaker
[adjusted OR (95% CI) for highest compared with lowest in-
takes: 0.81 (0.48, 1.37); P-trend = 0.303].

When fish consumption at age 1 y was classified into irregular
(=1 time/mo) or regular intake (=2-3 times/mo), children who
consumed fish regularly had overall reduced risk of prevalent
asthma (adjusted OR: 0.71; 95% CI: 0.57, 0.87; P = 0.001),
rhinitis (adjusted OR: 0.68; 95% CI: 0.59, 0.79; P < 0.001), and
eczema (adjusted OR: 0.61; 95% CI: 0.52, 0.70; P < 0.001) at
1-12 y of age (Figures 1-3). Reduced risks were consistent over
all time points; however, estimates for eczema gradually became
less significant and were nonsignificant at 12 y of age (Figure 3).
In analyses of incident allergic disease, overall significant re-
duced risks were observed for asthma (adjusted OR: 0.80; 95%
CI: 0.65, 0.98; P = 0.034), rhinitis (adjusted OR: 0.74; 95% CI:
0.63, 0.86; P < 0.001), and eczema (adjusted OR: 0.63; 95% CI:
0.55, 0.73; P < 0.001) at 1-12 y of age (Figures 1-3).

When analyses were restricted to children without early
symptoms of allergic disease [Figures 1-3, “overall(2)”’], com-
parable results were obtained for prevalent rhinitis (adjusted OR:
0.74; 95% CI: 0.60, 0.90; P = 0.003) and eczema (adjusted OR:
0.78; 95% CI: 0.63, 0.97; P = 0.028), whereas the association
became nonsignificant for asthma (adjusted OR: 0.89; 95% CI:
0.63, 1.27; P = 0.521). In analyses of incident disease, the OR
remained significant for rhinitis (adjusted OR: 0.78; 95% CI:
0.63, 0.95; P =0.017), whereas it was nonsignificant for asthma
(adjusted OR: 0.85; 95% CI: 0.61, 1.19; P = 0.348) and eczema
(adjusted OR: 0.87; 95% CI: 0.70, 1.08; P = 0.204). There was
no significant interaction between fish intake and early symp-
toms of allergic disease for any outcomes (P > 0.05 for all
outcomes). Stratification by parental history of allergic disease
did not show any large differences between strata in overall risk

reduction for asthma, rhinitis, and eczema, and P-interaction
values were nonsignificant (data not shown).

In multivariate logistic regression, regular fish intake at age 1 y
was associated with reduced risk of sensitization to inhalant and/
or food allergens at 8 y of age (adjusted OR: 0.78; 95% CI: 0.63,
0.96). When the analysis was restricted to children without early
symptoms of allergic disease, the association became non-
significant (adjusted OR: 0.98; 95% CI: 0.73, 1.30; P = 0.867).
To distinguish between IgE-mediated and non-IgE-mediated
allergic disease, each allergic disease was combined with sen-
sitization. Associations between fish intake at age 1 y and al-
lergic disease IgE-associated and non-IgE-associated disease at
8 y of age compared with in children without allergic disease
and sensitization are shown in Table 4. In these analyses, the
association appeared to be stronger for IgE-associated asthma
and eczema than for non-IgE-associated asthma and eczema.
Thus, significant reduced risks of IgE-associated asthma, rhini-
tis, and eczema at age 8 y for children who consumed fish
regularly at age 1 y were seen (Table 4). In addition, there was
decreased risk of non-IgE-associated rhinitis but not for

Fish intake in infancy and prevalent and incident asthma at age 1 to 12y
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FIGURE 1. Regular fish intake in infancy (=2-3 times/mo compared
with <1 time/mo) in relation to prevalent (circles) and incident (triangles)
asthma up to 12 y of age in children in the BAMSE birth cohort (n = 3285).
ORs (95% Cls) were obtained by using generalized estimating equation
analyses and adjusted for sex, parental history of allergic disease, and maternal
smoking during pregnancy or when the child was an infant. ORs are
presented for each specific age. BAMSE, Children, Asthma, Milieu, Stockholm,
Epidemiology; overall(1), ORs for the entire time period; overall(2), analysis was
restricted to children without symptoms of wheeze or eczema during the first year
of life.
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Fish intake in infancy and prevalent and incident rhinitisat age 1 to 12y
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FIGURE 2. Regular fish intake in infancy (=2-3 times/mo compared
with <1 time/mo) in relation to prevalent (circles) and incident (triangles)
rhinitis up to 12 y of age in children in the BAMSE birth cohort (n = 3285).
ORs (95% Cls) were obtained by using generalized estimating equation
analyses and adjusted for sex, parental history of allergic disease, and
maternal smoking during pregnancy or when the child was an infant. ORs are
presented for each specific age. BAMSE, Children, Asthma, Milieu, Stockholm,
Epidemiology; overall(1), ORs for the entire time period; overall(2), analysis
was restricted to children without symptoms of wheeze or eczema during the
first year of life.

non-IgE-associated asthma or eczema. When analyses were re-
stricted to children without early symptoms of allergic disease,
associations with IgE-associated asthma, rhinitis, and eczema
became nonsignificant.

In the 2456 children with information on fish intake at age 8 y,
we examined the association with incident allergic disease at age
12 y. No significant associations were observed for asthma (highest
compared with lowest tertiles of intake: adjusted OR: 1.12; 95%
CI: 0.62, 2.05; P-trend = 0.693), rhinitis (highest compared with
lowest tertiles of intake: adjusted OR: 1.20; 95% CI: 0.85, 1.70;
P-trend = 0.302), or eczema (highest compared with lowest tertiles
of intake: adjusted OR: 0.82; 95% CI: 0.47, 1.46; P-trend = 0.500).
Additional adjustment for fish intake at age 1 y had no major
influence on the obtained results (data not shown).

DISCUSSION

For the first time to our knowledge, we were able to examine
how fish intake in infancy affects the development of allergic
disease over the first 12 y of life, both as prevalent and incident
disease. In our population-based cohort that included 3285
Swedish children born in 1994-1996 followed from birth and
onwards, we were also able to take into account the disease-
related modification of exposure as well as fish intake in school-
aged children. Children with a regular fish intake at age 1 y had
an overall reduced risk of prevalent and incident allergic disease,
in particular rhinitis and eczema, up to age 12 y. In contrast, we
observed no significant association between fish intake at age
8 y and incident allergic disease at age 12 y.

Strengths of the study included its prospective design, large
number of participants with a minor loss to follow-up, and de-
tailed and repeated assessment of outcomes through question-
naires, which made it possible to study both prevalent and
incident disease through childhood and objective measurements
of sensitization through allergen-specific IgE analyses in blood.

MAGNUSSON ET AL

Moreover, we were able to assess a large number of potential
confounders, including vitamin D and childhood diet at 8 y of
age. Despite this, we could not rule out that unmeasured factors,
such as other parts of an infant diet that contributed with omega-3
fatty acids (eg, rapeseed oil), may have affected our findings. Our
analyses were limited by the absence of information on maternal
diet, and therefore, we could not exclude the possibility that
a child’s fish intake in infancy may act as a marker for maternal
intake during pregnancy of these foods. Nevertheless, our findings
made it very unlikely that infant fish intake leads to greater risk of
childhood allergic disease, which was previously believed.

A misclassification of exposure is a possible source of bias in
epidemiologic studies (29). However, in our study, parents were
asked, when the child was aged 1 y, how often the child consumed
fish at the same age, which minimized risk of misclassification
of exposure. One limitation with our exposure assessment is that
we could not distinguish between types of fish consumed. Such
analyses would have been interesting because lean and fatty fish
have different contents of fatty acids and might affect risk of allergic
disease differently.

A more important concern is risk of disease-related modifi-
cation of exposure, which is an important factor to consider in
epidemiologic studies (30, 31). In our analyses, we observed that
early symptoms of allergic disease in the child and parental
history of allergic disease affected fish consumption at 1 y of age.
We tried to take such bias into account by restricting the analyses
to children without symptoms of wheeze or eczema during the
first year of life. Although these analyses showed that the disease-
related modification of exposure affected our results to some
extent, the consumption of fish in infancy also reduced risk of
rhinitis and eczema during childhood in the restricted analyses. In
addition, after stratification by parental history of allergic disease,
no major differences were seen between strata, which indicated
an independent effect of infant fish consumption on the sub-
sequent development of allergic disease.

Fish intake in infancy and prevalent and incident eczema at age 1 to 12y
® Prevalent 4 Incident

3.0

} s it

ly 2y 4y 8y 12y

Odds ratio (95% CI) for regular vs irregular intake

overall(1)  overall(2)

FIGURE 3. Regular fish intake in infancy (=2-3 times/mo compared
with <1 time/mo) in relation to prevalent (circles) and incident (triangles)
eczema up to 12y of age in children in the BAMSE birth cohort (n = 3285).
ORs (95% Cls) were obtained by using generalized estimating equation
analyses and adjusted for sex, parental history of allergic disease, and
maternal smoking during pregnancy or when the child was an infant. ORs
are presented for each specific age. BAMSE, Children, Asthma, Milieu,
Stockholm, Epidemiology; overall(1), ORs for the entire time period;
overall(2), analysis was restricted to children without symptoms of wheeze
or eczema during the first year of life.
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Association between fish intake in infancy and allergic disease associated with sensitization at 8 y of age before and after
restriction to children without early symptoms of allergic disease in the BAMSE birth cohort (n = 2314)’

Fish intake at age 1y

=1 time/mo

=2-3 times/mo

n/N Adjusted OR (95% CI)*

Adjusted OR (95% CIy’

n/N Reference
Asthma and no sensitization 12/457 1.00 42/1845
Asthma and sensitization® 38/457 1.00 75/1845
Rhinitis and no sensitization ~ 31/459 1.00 74/1849
Rhinitis and sensitization? 61/459 1.00 185/1849
Eczema and no sensitization — 40/446 1.00 129/1811
Eczema and sensitization” 45/446 1.00 99/1811

0.82 (0.41, 1.62)
0.51 (0.33, 0.78)
0.50 (0.32, 0.79)
0.70 (0.50, 0.97)
0.70 (0.47, 1.03)
0.51 (0.34, 0.75)

0.57 (0.24, 1.37)
0.73 (0.35, 1.50)
0.36 (0.21, 0.63)
0.98 (0.58, 1.67)
0.74 (0.47, 1.24)
0.84 (0.41, 1.71)

ORs (95% Cls) were obtained by using logistic regression analyses. BAMSE, Children, Asthma, Milieu, Stockholm,
Epidemiology; n, number of children with the outcome in the exposure category; N, total number of children in the

exposure category.

2 Adjusted for parental history of allergic disease, sex, and maternal smoking during pregnancy or when the child was

an infant

3 Restricted to children without wheeze or eczema during the first year of life (n = 2404). Adjusted for parental history
of allergic disease, sex, and maternal smoking during pregnancy or when the child was an infant.
“ Sensitization was classified as the occurrence of IgE antibodies to any of 8 inhalant or 6 food allergens at 8 y of age.

In line with our findings of reduced risk of allergic disease for
infants with regular fish consumption, a protective effect of weekly
fish intake at age 1 y on eczema at age 2 y, which remained after the
exclusion of children with an onset of eczema at <1 y of age, was
reported in a Norwegian study (17). In a cohort from Western
Sweden, an association was observed between fish intake in in-
fancy and reduced risk of eczema at 1 y of age and of allergic
rhinitis and recurrent wheeze at 4.5 y of age (11-13). In addition,
in other studies, fish intake in infancy was also shown to decrease
risk of allergic disease in preschool ages (14-16). In the Dutch
birth cohort Prevention and Incidence of Asthma and Mite Allergy,
no association was observed between weekly fish intake at 2 y of
age and differences in asthma or wheeze prevalence at age 3 y in
univariate analyses (19). Differences in results might have been
due to the amount of different types of fish consumed, definitions
of outcomes, and the advice given to parents regarding fish con-
sumption in infancy may have differed depending on which
country the different cohorts took place in and the birth years of
participating children.

To our knowledge, regular fish consumption in infancy and
allergic disease associated with IgE sensitization in school age
has not been studied before. In our analyses, regular fish intake in
infancy was associated with decreased risk of IgE-associated
asthma, rhinitis, and eczema at 8 y of age. However, when
analyses were restricted to children without early symptoms of
allergic disease, reduced risk of IgE-associated asthma, rhinitis,
and eczema became nonsignificant. Despite this, it is biologically
plausible that the effect was seen mainly for IgE-associated
disease because fish is a major source of omega-3 fatty acids,
which have an inhibitory effect on prostaglandin E, which leads
to a decreased formation of IgE (1). Because of their immuno-
logical effect, omega-3 fatty acids have been hypothesized to
lower risk of allergic diseases (1). In intervention studies, it has
been observed that omega-3 fatty acids and fish-oil supple-
mentation during pregnancy may have induced immunologic
changes in cord blood and in the fetus and also seemed to have
a beneficial effect on allergic disease during the child’s first

years of life (2—4). However, supplementation studies in infancy
and childhood have shown inconsistent results (2). Few epide-
miologic studies in children have been able to distinguish be-
tween the consumption of fatty and lean fish, and results have
been inconclusive (12, 17, 32). Explanations for the discrepancy
in interventions and observational studies might be the differing
amounts of omega-3 ingested or the quantities of omega-3 in-
take in relation to intakes of other fatty acids (eg, omega-6).
Alternatively, compounds other than the fatty acids in fish, such
as certain proteins or vitamins, might explain the association
with allergic disease. Moreover, regular fish intake may be
a proxy for a generally healthy lifestyle that may protect from
allergic disease. However, when fish intake at age 8 y was taken
into account, it did not affect reduced risks we observed for fish
intake at 1 y of age on allergic disease up to age 12 y. If our
results reflect a biologic mechanism that relates infant fish intake
to the development of allergic disease, it seems likely that the
mechanism would apply to multiple populations.

In conclusion, our analyses of 3285 Swedish children in-
dicates that regular fish consumption early in life may reduce
overall risk of allergic disease up to 12 y of age, particularly
risks of rhinitis and eczema.

We thank all children and parents participating in the BAMSE cohort as
well as Eva Hallner, André Lauber, and the rest of the staff involved in the
study.

The authors’ responsibilities were as follows—MW: initiated the BAMSE
project; JM, IK, and AB: designed the study; IK: supervised the data col-
lection; JM: conducted statistical analyses and wrote the manuscript; IK,
HR, NH, AW, EM, MW, and AB: provided comments on the manuscript;
and all authors: interpreted data and approved the final manuscript. None of
the authors had a conflict of interest.

REFERENCES
1. Black PN, Sharpe S. Dietary fat and asthma: is there a connection? Eur
Respir J 1997;10:6-12.
2. Kremmyda LS, Vlachava M, Noakes PS, Diaper ND, Miles EA, Calder
PC. Atopy risk in infants and children in relation to early exposure to

¥TOZ ‘€T 1SNBNY U (T9Z9TO0-ND) USIM IUNPSIA J3P HaLolqig e B10°uonLnu’udfe woiy papeojumoq


http://ajcn.nutrition.org/

@ The American Journal of Clinical Nutrition

1330

11.

12.

13.

fish, oily fish, or long-chain omega-3 fatty acids: a systematic review.
Clin Rev Allergy Immunol 2011;41:36-66.

. Klemens CM, Berman DR, Mozurkewich EL. The effect of perinatal

omega-3 fatty acid supplementation on inflammatory markers and al-
lergic diseases: a systematic review. BJOG 2011;118:916-25.

. Furuhjelm C, Warstedt K, Fageras M, Falth-Magnusson K, Larsson J,

Fredriksson M, Duchen K. Allergic disease in infants up to 2 years of
age in relation to plasma omega-3 fatty acids and maternal fish oil
supplementation in pregnancy and lactation. Pediatr Allergy Immunol
2011;22:505-14.

. Salam MT, Li YF, Langholz B, Gilliland FD. Maternal fish con-

sumption during pregnancy and risk of early childhood asthma. J
Asthma 2005;42:513-8.

. Calvani M, Alessandri C, Sopo SM, Panetta V, Pingitore G, Tripodi S,

Zappala D, Zicari AM. Consumption of fish, butter and margarine
during pregnancy and development of allergic sensitizations in the off-
spring: role of maternal atopy. Pediatr Allergy Immunol 2006;17:94-102.

. Willers SM, Devereux G, Craig LC, 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;62:773-9.

. 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 oc-
currence of infantile eczema. Int Arch Allergy Immunol 2011;155:275-81.

. 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;37:518-25.

. 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 off-
spring at 2 y of age. Am J Clin Nutr 2007;85:530-7.

Goksor E, Alm B, Thengilsdottir H, Pettersson R, Aberg N, Wennergren
G. Preschool wheeze - impact of early fish introduction and neonatal
antibiotics. Acta Paediatr 2011;100:1561-6.

Alm B, Aberg N, Erdes L, Mollborg P, Pettersson R, Norvenius SG,
Goksor E, Wennergren G. Early introduction of fish decreases the risk
of eczema in infants. Arch Dis Child 2009;94:11-5.

Alm B, Goksor E, Thengilsdottir H, Pettersson R, Mollborg P, Norvenius
G, Erdes L, Aberg N, Wennergren G. Early protective and risk factors
for allergic rhinitis at age 4(1/2) yr. Pediatr Allergy Immunol 2011;22:
398-404.

. Hesselmar B, Saalman R, Rudin A, Adlerberth I, Wold A. Early fish

introduction is associated with less eczema, but not sensitization, in
infants. Acta Paediatr 2010;99:1861-7.

. Virtanen SM, Kaila M, Pekkanen J, Kenward MG, Uusitalo U, Pietinen

P, Kronberg-Kippila C, Hakulinen T, Simell O, Ilonen J, et al. Early
introduction of oats associated with decreased risk of persistent asthma
and early introduction of fish with decreased risk of allergic rhinitis. Br
J Nutr 2010;103:266-73.

. Nafstad P, Nystad W, Magnus P, Jaakkola JJ. Asthma and allergic

rhinitis at 4 years of age in relation to fish consumption in infancy.
J Asthma 2003;40:343-8.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

MAGNUSSON ET AL

. Oien T, Storro O, Johnsen R. Do early intake of fish and fish oil protect
against eczema and doctor-diagnosed asthma at 2 years of age? A
cohort study. J Epidemiol Community Health 2010;64:124-9.

Kull I, Bergstrom A, Lilja G, Pershagen G, Wickman M. Fish con-
sumption during the first year of life and development of allergic
diseases during childhood. Allergy 2006;61:1009-15.

Wijga AH, Smit HA, Kerkhof M, de Jongste JC, Gerritsen J,
Neijens HJ, Boshuizen HC, Brunekreef B. Association of con-
sumption of products containing milk fat with reduced asthma risk
in pre-school children: the PIAMA birth cohort study. Thorax 2003;
58:567-72.

Zeiger RS. Food allergen avoidance in the prevention of food allergy in
infants and children. Pediatrics 2003;111:1662-71.

American Academy of Pediatrics. Committee on Nutrition. Hypoal-
lergenic infant formulas. Pediatrics 2000;106:346-9.

Jennings S, Prescott SL. Early dietary exposures and feeding practices:
role in pathogenesis and prevention of allergic disease? Postgrad Med J
2010;86:94-9.

Greer FR, Sicherer SH, Burks AW. Effects of early nutritional in-
terventions on the development of atopic disease in infants and chil-
dren: the role of maternal dietary restriction, breastfeeding, timing of
introduction of complementary foods, and hydrolyzed formulas. Pe-
diatrics 2008;121:183-91.

The Swedish National Food Agency. Bra mat for barn mellan 1 och 2
ar. [Good food for children between 1 and 2 years.] Uppsala, Sweden:
National Food Administration. Available from: http://www.slv.se/sv/
grupp1/Mat-och-naring/Kostrad/Barn-1-2-ar/ (cited 21 February 2012)
(in Swedish).

Enghardt Barbieri H, Pearson M, Becker W. Riksmaten- children 2003:
dietary habits and nutrient intake in Swedish children. Uppsala, Swe-
den: National Food Administration, 2006.

Wickman M, Kull I, Pershagen G, Nordvall SL. The BAMSE project:
presentation of a prospective longitudinal birth cohort study. Pediatr
Allergy Immunol 2002;13(suppl 15):11-3.

Ballardini N, Kull I, Lind T, Hallner E, Almqvist C, Ostblom E, Melen
E, Pershagen G, Lilja G, Bergstrom A, et al. Development and co-
morbidity of eczema, asthma and rhinitis to age 12: data from the
BAMSE birth cohort. Allergy 2012;67:537-44.

Fitzmaurice G. Applied longitudinal analysis. Hoboken, NIJ: John
Wiley and Sons, INC, 2004.

Rothman K, Greenland S. Modern epidemiology. Philadelphia, PA:
Lippincott-Raven, 1998.

Kull I, Melen E, Alm J, Hallberg J, Svartengren M, van Hage M,
Pershagen G, Wickman M, Bergstrom A. Breast-feeding in relation to
asthma, lung function, and sensitization in young schoolchildren. J
Allergy Clin Immunol 2010;125:1013-9.

Rosenlund H, Kull I, Pershagen G, Wolk A, Wickman M, Bergstrom
A. Fruit and vegetable consumption in relation to allergy: disease-
related modification of consumption? J Allergy Clin Immunol 2011;
127:1219-25.

Hodge L, Salome CM, Peat JK, Haby MM, Xuan W, Woolcock AlJ.
Consumption of oily fish and childhood asthma risk. Med J Aust 1996;
164:137-40.

¥T0Z ‘€T 1SNBny Lo (T9Z9T00-ND) UM IUNPSI I8P Sauioliqig Te Bio"uonunu usfe Wwoij papeojumoq


http://ajcn.nutrition.org/

