Acta Pdiatrica ISSN 0803-5253

REGULAR ARTICLE

Early fish introduction is associated with less eczema, but not sensitization,
in infants

B Hesselmar (Bill.hesselmar@vgregion.se)', R Saalman', A Rudin?, | Adlerberth®, AE Wold*

1.Department of Paediatrics, The Sahlgrenska Academy at University of Gothenburg, Gothenburg, Sweden
2.Department of Rheumatology and Inflammation Research, The Sahlgrenska Academy at University of Gothenburg, Gothenburg, Sweden
3.Department of Clinical Bacteriology, The Sahlgrenska Academy at University of Gothenburg, Gothenburg, Sweden

ABSTRACT

Objective: To investigate if the development of allergic diseases during the child's
first 18 months of life is influenced by the time at which different food items were intro-
duced into the child’s diet.

Method: A birth cohort of 184 children was followed to 18 months of age. Diaries
were used to document feeding practices, and parental interviews were performed at 6
and 12 months of age, probing for symptoms suggesting allergic disease, general
health-related issues and food introduction regimes. Symptoms promoted prompt
clinical examination, and all children were examined clinically, and tested for
sensitization to common airborne and food allergens at 18 months of age.

Results: The earlier the fish was introduced into the child's diet the lower was the
frequency of eczema. This association remained after control for confounding factors. The
timing of fish introduction and asthma development showed a similar pattern, but did not
reach statistical significance. Sensitization was not influenced by the timing of fish introduc-
tion. Other food items or feeding practices did not seem to influence allergy development.
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fish introduction.

Conclusion: Early introduction of fish into the child’s diet was associated with less eczema
development, and a tendency to less asthma. Sensitization was not associated with the timing of

INTRODUCTION

Allergic diseases are common chronic conditions in chil-
dren, and so far primary prevention strategies have not been
very successful. Prolonged breastfeeding and diet regimes to
lactating mothers and infants have in this context been
advocated, but these measures have so far not been effective
in preventing allergy (1). These prevention strategies were
based on the notion that late introduction, or a general
avoidance, of potential allergens would less likely result in
sensitization and allergy development. However, healthy
persons are not ignorant to allergens; they have developed
immunological tolerance (2).

More recently, food stuffs and feeding practices that pro-
mote tolerance and protect against allergy have come into
focus. This includes both specific food items per se, but also
social or cultural changes in feeding practices that may
affect a child’s risk to develop allergy. Such changes have
been observed in children of Asian origin, living in the UK.
A switch from a more traditional Asian menu, to a British
diet, parallels an increased risk of atopy and bronchial
hyper-responsiveness (3). A similar phenomenon has been
seen in former East Germany after the unification; with
increasing prevalence of allergies paralleling a switch from
butter to margarine consumption (4-6). Furthermore, in
rural Crete, adherence to a traditional Mediterranean diet
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during childhood, rich in fruit, vegetables and nuts, are
associated with a low prevalence of asthma and allergic rhi-
nitis (7). Also, early introduction of peanuts into the child’s
diet seems to reduce the prevalence of peanut allergy in
school-aged children (8).

Early consumption of fish has also been associated with a
lower prevalence of allergy in some recent studies. In a Nor-
wegian birth-cohort study, a reduced frequency of allergic
rhinitis at 4 years of age was seen in children given fish dur-
ing the first year of life (9). Similar findings have been
reported by others. Kull et al. (10) report less sensitization
and allergic disease at 4 years of age in children given fish
before the age of 1 year. Alm et al. (11) report less eczema
in 1-year old children, given fish before the age of 9 months.
However, alternative explanations to such an association
are selection bias and reverse causation, i.e. that fish is
introduced later in children prone to develop allergy,
because of allergy in parents or elder siblings, or that fish is
postponed in children who themselves have developed food
allergy or eczema. The beneficial effect of early fish intro-
duction therefore merits further study in more detail.

Here, we have investigated the relation between time at
introduction of various food items and risk of allergy devel-
opment in the ALLERGYFLORA birth cohort (12). The
aim of ALLERGYFLORA is to prospectively investigate



Fish and eczema

allergy development in relation to factors in early life that
may protect or enhance the risk for such diseases with focus
on the intestinal microbiota. Parents were approached
already at the maternity centre, before the child was born
and a close follow-up schedule was employed during the
first year of life. Registration of the child’s diet by the par-
ents was also part of the study protocol, and the aim of this
study was to analyse whether the feeding patterns influence
the risk of allergy development. Especially, the timing of
introducing different food stuffs in relation to sensitization
and development of clinical allergy was focused.

MATERIAL AND METHODS
Subijects
The ALLERGYFLORA birth-cohort study started in 1998.
Between 1998 and 2003, 206 pregnant mothers were
approached at maternal clinics in Molndal, a community in
the Gothenburg area, Sweden. To achieve a high proportion
of children with allergic symptoms and to maximize compli-
ance with a demanding study protocol, we mainly targeted
families with at least one parent with a history of allergic
disease. A smaller group of healthy parents was included in
a proportion of 5:1. Inclusion was carried out on day 1-3
after delivery, if the child was born at term (=38 weeks ges-
tational age) at Sahlgrenska University Hospital/Molndal,
and did not receive mechanical ventilation. Nineteen chil-
dren could not be recruited; one was stillborn, one mother
had post partum psychosis, one family had moved from the
area before the child was born. Sixteen children were either
born on a holiday lasting for more than 3 days, or midwifes
at the delivery ward were not able to contact the study nurse
in time. Thus, during the 5-year recruitment period, 187
children entered the study, 184 of whom were followed up
to 18 months of age. Two families changed their minds dur-
ing the follow-up period, decided not to participate. The
third drop out was because of maternal illness.

The study was approved by the Ethic Committee of the
Sahlgrenska Academy, University of Gothenburg, Sweden.

Follow-up and recording of feeding pattern

A structured interview was conducted by the study nurse on
recruitment (day 1-3), focusing on the pregnancy and the
delivery, the family and housing standards. A diary was
given to the parents, and they were asked to note major
events such as duration of breastfeeding, food introduction
and diseases of the infant during the child’s first 6 months
of life. A second diary was used for the 6-12 -month period.
Data from these diaries were recalled during structured tele-
phone interviews by the study nurse when the child was 6
and 12 months old. The study nurse had also regular con-
tact with the parents at week 1, 2, 4 and 8, when stool sam-
ples for bacterial cultures were collected (not reported in
this study).

Clinical and laboratory examination for allergy diagnoses
At 18 months of age, the child was examined by a paediatric
allergist. The examination included a medical chart review,
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a structured interview covering health issues in the first
18 months and current family aspects. A physical examina-
tion was performed, and venous blood collected for labora-
tory tests. The child was also seen in between follow-ups by
study paediatricians (allergist or gastroenterologist) if
he/she developed symptoms suggestive of allergic disease.

Laboratory tests

At 18 months, blood samples were analysed for total eosin-
ophil counts, total IgE, 6-mix food tests and Phadiatop®
(Phadia/Pharmacia Diagnostics, Uppsala, Sweden). If posi-
tive, the sample was further analysed for specific IgE against
timothy, mugwort, dog, cat, horse, house dust mite, Clado-
sporum, cow’s milk, hen’s egg, fish, wheat, soy and peanut
(Immunocap®; Phadia/Pharmacia Diagnostics). An aller-
gen specific IgE-level of >0.35 kU/L was considered
positive.

In the evaluation of children referred to the study paedia-
trician before 18 months of age because of symptoms, aller-
gen-specific IgE-tests (Immunocap®; Phadia/Pharmacia
Diagnostics) were used, or skin prick tests performed in
accordance with European guidelines (13). We used hista-
mine 10 mg/mL as positive control, and allergen diluents as
negative control. Standard extracts were used for specific
allergens (Soluprick SQ; ALK-Abello AS, Horsholm, Den-
mark). A weal diameter >3 mm was considered positive.

Diagnostic groups
Based on clinical examination and laboratory tests, the fol-
lowing diagnostic groups were defined:

Eczema: Eczema ever in the first 18 months. Diagnosed
by study paediatrician, and full-filling Williams’ criteria
(14).

Asthma: At least three episodes of wheeze in the first
18 months of life, in combination with other manifestations
of allergy (eczema, rhinoconjunctivitis or food allergy), or
with wheeze/breathing problems in between colds, or
chronic wheeze lasting for at least 4 weeks. Diagnosis was
made by study paediatrician at 18 months, based on infor-
mation from medical case notes, interview and physical
examination.

Food allergy: Food allergy ever, diagnosed by study paedi-
atrician at 18 month of age, summarizing diagnostic evalua-
tions in the first 18 months. A positive diagnosis was based
on symptoms (an immediate- or late-onset reaction after
ingestion of the specific food, followed by a clear and prompt
clinical improvement when eliminating the food allergen),
supported by: open food challenge tests, and/or a positive
specific allergy test (specific IgE > 0.35 KU/L or skin prick
test >3 mm), and/or eosinophilic inflammation in mucosal
gastro-intestinal biopsies, and/or multi-organ reactions.

Sensitization: A positive Phadiatop® or 6-mix food test at
18 months of age.

Variables used to control for reversed causation and selec-
tion bias

Eczema 6 months: Eczema ever in the first 6 months.
Parental report from telephone interview at 6 months.
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Wheeze 6 months: Wheeze ever in the first 6 months.
Parental report from telephone interview at 6 months.

Adverse reaction to cow’s milk in the first 6 months of
life: Parental report from telephone interview at 6 months.

Parental history of allergy: A doctor’s diagnosis of
asthma, rhinoconjunctivitis or eczema.

Statistics

Statistical analyses were performed with SPSS 15.0.1.1
(SPSS Inc., Chicago, IL, USA). The Monte Carlo Exact Test
method was used to compare proportions, and for trend
analysis. The Spearman’s rho was used for bivariate correla-
tions, and the non-parametric Mann-Whitney test and
Median tests for differences between continuous data. Bin-
ary logistic regression with the ‘Forced Entry method’ was
used to adjust for confounding variables, and the curve fit-
ness controlled by Hosmer and Lemeshow Test. Eczema
was used as the dependent variable. Independent variables
were age when fish was introduced, ongoing breastfeeding
at 6 months of age, as well as maternal and paternal history
of allergy. The significance level was set to 0.05.

RESULTS

Demographic data for the 184 children in the study cohort
are shown in Table 1. Twenty-five per cent of the children
developed eczema, 5% asthma and 8% food allergy in the
first 18 months. Fifteen per cent were sensitized by
18 months of age as shown by a positive 6-food mix (15%)
and Phadiatop (2%). Of the 14 children who developed
food allergy, nine children had symptoms elicited by cow’s
milk only, three by cow’s milk and hen’s egg, one by hen’s
egg only and one by cow’s milk, hen’s egg, soy and peas. No
child developed sensitization or clinical allergy to fish or
wheat during the observation period.

Data on the time of introduction of different food items
during the child’s first 18 months, and duration of exclusive
and partial breastfeeding, are presented in Table 2. The
majority of the children (88%) were breastfed, and 76% of

Table 1 Demographic data

Number %
Total number of children 184
Boys 93 50
Maternal history of doctor-diagnosed asthma, 91 49
ARC* or eczema
Paternal history of doctor-diagnosed asthma, 75 41
ARC* or eczema
Any parent with a history of doctor-diagnosed asthma, 148 80
ARC* or eczema
Asthma 10 5.4
Eczema 46 25
Food allergy 14 7.6
Sensitization 25 15

*Allergic rhinoconjunctivitis.
TPercentage figure based on 169 children.
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Table 2 Age when different food items were introduced during the child's first
12 months of life

Age in months

Number (%) Median (25th, 75th)

Breastfeeding

Any period 163 (88)

At 6 months 139 (76)

At 12 months 19 (10)

Exclusive breastfeeding — duration 4(3.5,4.5)

Partial breastfeeding — duration 7.5 (4.5,9.0)
Cow's milk-based products* 5(4.0,6.0)
Fruit 5 (4.0, 5.0)
Solids® 4(4.0,5.0)
Fish 10 (6.0,>12
Hen's egg 11.8(9.0,>12

Ages are given in median months. 25th and 75th percentiles are given within
brackets.

*All types of cow's milk-based products including infant formula.

tPotatoes, root vegetables, vegetables and meat.

the children still received some breast milk at 6 months of
age. The median duration was 4 months for exclusive and
7.5 months for partial breastfeeding. Formulas and other
cow’s milk-based products were introduced at a median age
of 5 months. Solids, such as potatoes, root vegetables, vege-
tables and meat, were introduced at a median age of
4 months, fruit at 5 months, fish at 10 months and hen’s egg
close to 12 months.

We analysed if the feeding pattern differed between chil-
dren who developed eczema, asthma or food allergy, when
compared to healthy children, or between sensitized and
non-sensitized children (Table 3).

Fish was introduced at a later age in eczematous and food
allergic children, when compared to healthy children. A
similar pattern was seen for hen’s egg. A statistically signifi-
cant trend was seen between fish introduction and eczema
development, i.e. earlier introduction of fish was associated
with a gradually lower frequency of eczema (Fig. 1A). Even
though hen’s egg tended to be introduced at an older age in
children with eczema, no significant trend between age of
introduction and the frequency of eczema was seen
(Fig. 1B).

To evaluate if late introduction of fish and hen’s egg was a
cause or a consequence of the disease, we analysed the
effect of possible confounding factors on timing of introduc-
tion of different food items (Table 4). A later introduction of
both fish and hen’s egg was seen if the mother had a history
of allergy, as well as if the child had had adverse reactions
to cow’s milk in the first 6 months of life. But introduction
of fish and egg was unrelated to eczema or wheeze in the
child’s first 6 months of life. To eliminate one of the factors
causing selection bias, we excluded the 14 children who
showed adverse reactions to cow’s milk during the first
6 months of life. Despite elimination of this significant con-
founder, children with eczema had fish introduced at older
age (p=0.031, Median test). A possible association
between hen’s egg and eczema was tested in the same way,
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Table 3 Duration of breastfeeding, and age in months when different food items were introduced, in relation to a diagnosis of ‘allergic’ disease, or to sensitization at
18 months of age

Exclusive breastfeeding
Median (25th, 75th)

Partial breastfeeding
Median (25th, 75th)

Cow's milk products*
Median (25th, 75th)

Fruit Median
(25th, 75th)

Solids' Median
(25th, 75th)

Fish Median
(25th, 75th)

Egg Median
(25th, 75th)

Eczema No  4(3.9 45) 7.2 (4.0,10.0) 5 (4.0, 6.0) 5(40,50) 4 (4.0,4.6) 8(6.0,11.0) 11 (9.0, 13.0)
Yes 4 (3.2,45) 6.7 (6.0,9.0) 5 (4.0,7.0) 5(40,50) 4(40,5.0) 11(80,13.0) 13 (10.0,13.0)
p=0.634 p=0818 p =0.996 p=0859 p=0971 p = 0.004 p =0.070
Asthma No 4 (35,45) 7 (4.5,90) 5 (4.0, 6.0) 5(40,50) 4(4.0,45) 9(6.0,12.0) 11 (9.0,13.0)
Yes 4 (4.0,5.1) 7.2 (4.8,10.1) 7 (4.8,10.0) 5(44,6.1) 42(4.0,5.1) 13(79,130) 13(12.2,13.0)
p =0.507 p=0777 p = 0.092 p=0296 p=0.289 p=0.129 p =0.079
Foodallergy No 4 (4.0,4.5) 7 (4.5,9.0) 5 (4.0, 6.0) 5(4.0,50) 4 (4.0,5.0) 9(6.0, 12.0) 11 (9.0, 13.0)
Yes 4 (3.3,4.0) 8.5 (5.5,10.1) 13 (6.5, 13.0) 5(40,50) 4(40,4.2) 13(9.8,13.0) 13 (13.0,13.0)
p =0.380 p=0248 p =0.001 p=0885 p=0.860 p=0010 p =0.075
Sensitizaton  No 4 (4.0,4.5) 7(4.7,10.0) 5 (4.0, 6.5) 5(4.0,50) 4 (4.0,5.0) 9(6.0, 12.0) 11 (9.0, 13.0)
Yes 4 (2.5,4.5) 7 (4.0,9.0) 5 (4.0, 6.0) 5(4.0,50) 4 (4.0,5.0) 9.5(6.0,13.0) 13 (10.0,13.0)
p=0.582 p =0.408 p =0.488 p=0878 p=0836 p=0275 p = 0.300

Ages are given in median months. 25th and 75th percentiles are given within brackets.
Mann—-Whitney Tests were used to compare differences between groups.

*All types of cow's milk products including infant formula.

TPotatoes, root vegetables, vegetables and meat.

A Pireng = 0-004 and p o (o, = 0.069 but no association was found (p = 0.552, Median test). To
further control for confounding factors, we performed a
407 | | | | | multiple logistic regression analysis controlling for maternal
35 - I and paternal history of allergy, as well as ongoing breast-
. — feeding at 6 months of age. Still, the association between
£ 301 late fish introduction and eczema remained, OR 1.16 (95%
N 25 CI 1.02-1.33, p = 0.026), i.e. a 16% increased prevalence of
2 eczema for every 2 months that introduction of fish was

g 201 delayed.
< 15- Furthermore, eczema development between 6 and
S 10 12 months of age was associated with the timing of fish
o introduction. In children with no history of eczema at
5 1 6 months of age, to whom fish were introduced during this
0 time period, 2% (2/107) reported eczema at 12 months. If

4-5 6-7 8-9

fish introduction was introduced after 12 months of age, the
corresponding figure was 18% (8/44) (p < 0.001). In chil-
dren already having eczema at 6 months of age, the timing
of fish introduction did not influence the frequency of

10-11 12+
Fish introduction — age in months

B Prreng = 0114 8nd Porogg iap = 0322 eczema at 12 months (data not shown).
35 - | | | | | We also tested if there were any correlations between the
] age when fish was introduced and eosinophil counts and
30 ] total IgE-levels in blood at 18 months of age. No such corre-
g 25 lations were, however, seen (r=0.143, p=0.104 and
[ - r=0.031, p = 0.680, respectively).
3 201 - The introduction of cow’s milk was postponed in food-
£ allergic children, but not in children with eczema, asthma
; 15 1 or sensitization. Cow’s milk-based products were, however,
o introduced at a median age of 4.6 months in children
D"? 101 with parent-reported gastrointestinal symptoms, when
yi- N
0 45 T 6-7 T 8-9 T 10-11 T 12+ ! Figure 1 Frequency of eczema in relation to age in months when fish (A) and

hen's egg (B) were introduced into the child's diet. p-values are given for trend

Egg introduction — age in months (ptrend) and cross tabulation (pcross tab), Monte Carlo method.
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Table 4 Duration of breastfeeding, and age in months when different food items were introduced, in relation to possible confounding factors

Exclusive breastfeeding

Median (25th, 75th)

Partial breastfeeding
Median (25th, 75th)

Cow’s milk products*

Median (25th, 75th)

Fruit Median
(25th, 75th)

Solids' Median
(25th, 75th)

Fish Median
(25th, 75th)

Fish and eczema

Egg Median
(25th, 75th)

Maternal history ~ No 4 (4.0,4.5) 7 (5.0,9.0) 5 (4.0,6.0) 5 (4.0,5.0) 4 (4.0,5.0) 9.5(6.0,11.5) 10(9.0,13.0)
of allergy Yes 4(3.5,5.0) 7.2 (4.3,9.6) 5(4.0,7.0) 5(4.0,5.0) 4 (4.0,5.0) 10(6.0,13.0) 13(10.0,13.0)
p=0.205 p=0.707 p=0.578 p =0.302 p=0.343 p=0.079 p=0.015
Paternal history No 4(3.6,4.9) 7.2 (4.5,9.0) 5.8 (4.0,6.9) 5(4.0,5.0) 4 (4.0,5.0) 9.5(6.0,120) 11.2(9.0,13.0)
of allergy Yes 4(3.5,45) 7 (5.0, 10.0) 5(3.0,6.0) 5(4.0,5.0) 4(4.0,4.5) 10(6.0,13.0) 12(10.0,13.0)
p=0675 p=0.925 p = 0.045 P =0.452 p=0.598 p=0.567 p =0.393
Breastfeeding No 2(0.5,4.0) 4.5 (4.5,9.0) 4(2.0,5.0) 45 (4.0,50) 4(4.0,4.0) 9.5(5.5,13.0) 11(9.0,13.0)
for at least Yes 4 (4.0,5.0) 8.0 (6.5, 10.0) 5.2 (4.6,7.0) 5(4.1,5.0) 4 (4.0,5.0) 10(6.0,12.0) 11.7(9.0,13.0)
6 months p < 0.001 p < 0.001 p < 0.001 p=0.001 p=0.001 p=0.184 P=0614
Wheeze reported  No 4 (4.0,4.5) 7 (5.0,9.0) 5 (4.0,6.0) 5 (4.0,5.0) 4 (4.0,5.0) 10(6.0,13.0)  12(9.0,13.0)
during first Yes 4(20,4.5) 6.7 (4.5,10.5) 5(4.0,7.0) 5(4.1,5.9) 42(4.0,49) 8(56,122) 10.7 (9.2, 13.0)
6 months p=0.431 p=0911 p=0.681 p=0.111 P=0.471 p = 0.246 p=0771
Eczemareported No 4 (4.0,4.5) 7 (4.5,9.0) 5 (4.0,6.0) 5(4.0,5.0) 4 (4.0,5.0) 9.5(6.0,120) 11.2(9.0,13.0)
during first Yes 4(3.0,4.5) 8(6.0,9.5) 5(4.0,6.5) 5(4.0,5.0) 4 (4.0,5.0) 11(8.0,13.0) 13(9.0,13.0)
6 months p = 0.402 p=0619 p=0615 p = 0.969 p=0.835 p=0.194 p=0.484
Milk reaction No 4(4.0,4.5) 7 (4.6,9.0) 5(4.0,4.6) 5(4.0,4.5) 4 (4.0,4.6) 9.5(6.0,12.0) 11(9.0,13.0)
reported Yes 4(2.0,4.0) 8 (4.0,10.1) 13 (7.5, 13.0) 5(4.2,5.0) 4 (4.0,5.0) 13(9.0,13.0) 13(11.0,13.0)
during first p=0.108 p=0.354 p <0.001 p=0951 p= 0567 p = 0.006 p = 0.040
6 months*

Ages are given in median months. 25th and 75th percentiles are given within brackets.

Mann—-Whitney Tests were used to compare differences between groups.
*All types of cow's milk products including infant formula.

TPotatoes, root vegetables, vegetables and meat.

Adverse reaction to cow's milk reported during first 6 months of life.

compared to 5 months in children without such symptoms
(p = 0.04).

Fruits and solids were introduced at similar ages indepen-
dent of health status. The duration of breastfeeding was no
different in sensitized children, or in children with allergic
disease, when compared to healthy children.

DISCUSSION
In this study, we examined whether the development of
allergic diseases during the child’s first 18 months of life
was associated with the time at which different food items
were introduced. We found that introduction of fish into
the child’s diet seemed to protect against eczema develop-
ment, but that it did not affect those who already had
eczema. Furthermore, there was also a ‘dose-response’
effect in that the protection on a group-level was greater the
earlier fish was introduced into the diet, because very few
children developed eczema after the introduction of fish.
Our results, with prospectively collected exposure data
and diagnostic labelling based on clinical examination, sup-
port previous questionnaire-based results that early intro-
duction of fish into the child’s diet may protect against
allergy development (9-11). Selection bias may, however,
influence these types of relationships. But we found no sup-
port for such an explanation, because the negative associa-
tion between fish in the diet and eczema remained in all
steps controlling for reversed causation and selection bias.
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The allergy-protective effect of early fish introduction is,
however, not easy to explain, and all aspects of ‘allergic dis-
ease’ may not be similarly affected. We only found a protec-
tive effect on eczema development, but it does not
necessarily mean that the allergy-protective effect of fish is
restricted to skin inflammation. We found a similar numeric
association between the timing of fish introduction and
asthma development, but the number of asthma cases was
too few to reach statistical significance. The effect on food
allergy was not possible to interpret in this context, because
we had to exclude the food-allergic children from the analy-
sis in order to control for reversed causation. Allergic rhini-
tis was not analysed as an outcome variable, because the
disease is very rare in this age group.

The underlying mechanisms involved in this allergy-pro-
tective effect of fish can only be speculated upon. Fish, with
its rich content of long-chain omega-3 fatty acids such as
decosahexaenoic acid and eicosapentaenoic acid, may have
immunoregulatory and/or anti-inflammatory properties.
Protective effects of omega-3 fatty acids on allergic diseases
have been seen in some studies (15-18), whereas others
found no such associations (19) and the allergy-protective
effect from a rich food content of omega-3 is not very con-
vincing (20). Fish is also rich in fat-soluble vitamins A and
D (Swedish National Food Administration), and vitamin D
has in some recent studies been associated with less allergy
(21-25), although this is not compatible with historic obser-
vations, and conflicts with some recent studies (26-28),



Fish and eczema

suggesting that the association between fish and eczema or
allergy prevention might not be a simple D vitamin effect.

Sensitization was not associated with the timing of fish
introduction in our study, despite a reasonable number of
cases analyses. Having in mind the older age of the children
in the study of Kull et al. (10), this finding is to some extent
in contrast to the results in that study, but in concordance
with a recent study in mice. (29) In mice, fish oil-enriched
food reduces the production of Th1 cytokines, but does not
decrease Th2-mediated sensitization and respiratory hyper-
sensitivity. It is possible that fish-induced allergy protection
is more pronounced in diseases that also include a Thl-
response, as in eczema (30).

In contrast to fish, no other food items or feeding patterns
showed any major or significant influence on allergy devel-
opment.

The small size of the study is its main weakness. Lack of
associations may be because of Type II errors. On the other
hand, the size of the study is also its strength, because it
made it possible to use a very detailed and structured fol-
low-up. Diaries were used by the parents, and structured
interviews were conducted every 6th month. Children with
signs and symptoms suggestive of allergic disease were seen
by a paediatric allergist or gastroenterologist at a tertiary
centre within a few days, and the diagnoses were all based
on structured clinical evaluation and strict predefined
criteria.

In conclusion, early introduction of fish into the child’s
diet was associated with less eczema development, and a
tendency to less asthma. Sensitization was, however, not
affected by the timing of fish introduction.

ACKNOWLEDGEMENTS

The authors thank all children and families who took part
in the study. We also thank the study nurse Birgitta Aberg,
the staff at the delivery ward, Mdolndal hospital, and the
nurses at the Paediatric Allergy Unit, The Queen Silvia Chil-
dren’s Hospital, Gothenburg, Sweden for their excellent
work. The study was funded by the Swedish Research
Council, by the Vardal Foundation, by the European Com-
mission (QLK4-2000-00538), by Swedish Asthma and
Allergy Association Research Foundation, by Gothenburg
Medical Society and by the Cancer and Allergy foundation.

References

1. Greer FR, Sicherer SH, Burks AW. Effects of early nutri-
tional interventions on the development of atopic disease in
infants and children: the role of maternal dietary restriction,
breastfeeding, timing of introduction of complementary
foods, and hydrolyzed formulas. Pediatrics 2008; 121: 183-
91.

2. Husby S. Sensitization and tolerance. Curr Opin Allergy Clin
Immunol 2001; 1: 237-41.

3. Carey OJ, Cookson JB, Britton J, Tattersfield AE. The effect of
lifestyle on wheeze, atopy, and bronchial hyperreactivity in
Asian and white children. Am J Respir Crit Care Med 1996;
154:537-40.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Hesselmar et al.

. Hirsch T, Kempe G. Consumption of omega-3 and omega-6

fatty acids in former East and West Germany and changes in
East Germany after the reunification. Respir Med 1999; 93:
213-6.

. Bolte G, Frye C, Hoelscher B, Meyer I, Wjst M, Heinrich J. Mar-

garine consumption and allergy in children. Am ] Respir Crit
Care Med 2001; 163: 277-9.

. Sausenthaler S, Kompauer I, Borte M, Herbarth O, Schaaf B,

Berg A, et al. Margarine and butter consumption, eczema and
allergic sensitization in children. The LISA birth cohort study.
Pediatr Allergy Immunol 2006; 17: 85-93.

. Chatzi L, Apostolaki G, Bibakis I, Skypala I, Bibaki-Liakou V,

Tzanakis N, et al. Protective effect of fruits, vegetables and the
Mediterranean diet on asthma and allergies among children in
Crete. Thorax 2007; 62: 677-83.

. Du Toit G, Katz Y, Sasieni P, Mesher D, Maleki SJ, Fisher HR,

et al. Early consumption of peanuts in infancy is associated
with a low prevalence of peanut allergy. J Allergy Clin Immunol
2008; 122:984-91.

. Nafstad P, Nystad W, Magnus P, Jaakkola JJ. Asthma and aller-

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

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

Alm B, Aberg N, Erdes L, Mollborg P, Pettersson R, Norvenius
G, et al. Early introduction of fish decreases the risk of eczema
in infants. Arch Dis Child 2009; 94: 11-15.

Adlerberth I, Strachan DP, Matricardi PM, Ahrne S, Orfei L,
Aberg N, et al. Gut microbiota and development of atopic
eczema in 3 European birth cohorts. | Allergy Clin Immunol
2007; 120: 343-50.

Skin tests used in type I allergy testing Position paper. Sub-Com-
mittee on Skin Tests of the European Academy of Allergology
and Clinical Immunology. Allergy 1989;44 (Suppl. 10):1-59.
Williams HC. Diagnostic criteria for atopic dermatitis. Lancet
1996; 348: 1391-2.

Nagakura T, Matsuda S, Shichijyo K, Sugimoto H, Hata K. Die-
tary supplementation with fish oil rich in omega-3 polyunsatu-
rated fatty acids in children with bronchial asthma. Eur Respir |
2000; 16: 861-5.

Koch C, Dolle S, Metzger M, Rasche C, Jungclas H, Ruhl R,

et al. Docosahexaenoic acid (DHA) supplementation in atopic
eczema: a randomized, double-blind, controlled trial. Br J Der-
matol 2008; 158: 786-92.

Hwang I, Cha A, Lee H, Yoon H, Yoon T, Cho B, et al. N-3
polyunsaturated fatty acids and atopy in Korean preschoolers.
Lipids 2007; 42: 345-9.

Oddy WH, de Klerk NH, Kendall GE, Mihrshahi S, Peat JK.
Ratio of omega-6 to omega-3 fatty acids and childhood asthma.
] Asthma 2004; 41: 319-26.

Almgvist C, Garden F, Xuan W, Mihrshahi S, Leeder SR, Oddy
W, et al. Omega-3 and omega-6 fatty acid exposure from early
life does not affect atopy and asthma at age 5 years. | Allergy
Clin Immunol 2007; 119: 1438-44.

Sala-Vila A, Miles EA, Calder PC. Fatty acid composition abnor-
malities in atopic disease: evidence explored and role in the dis-
ease process examined. Clin Exp Allergy 2008; 38: 1432-50.
Laitinen K, Kalliomaki M, Poussa T, Lagstrom H, Isolauri E.
Evaluation of diet and growth in children with and without ato-
pic eczema: follow-up study from birth to 4 years. Br ] Nutr
2005; 94: 565-74.

Litonjua AA. Childhood asthma may be a consequence of vita-
min D deficiency. Curr Opin Allergy Clin Immunol 2009; 9:
202-7.

©2010 The Author(s)/Journal Compilation ©2010 Foundation Acta Paediatrica/Acta Peediatrica



Hesselmar et al.

23. Allen S, Britton ], Leonardi-Bee J. Association between
antioxidant vitamins and asthma outcomes:
systematic review and meta-analysis. Thorax 2009; 64:
610-19.

24. Nwaru BI, Ahonen S, Kaila M, Erkkola M, Haapala AM,
Kronberg-Kippila C, et al. Maternal diet during pregnancy
and allergic sensitization in the offspring by 5 yrs of age: a
prospective cohort study. Pediatr Allergy Immunol 2010; 21:
29-37.

25. Erkkola M, Kaila M, Nwaru BI, Kronberg-Kippila C, Aho-
nen S, Nevalainen J, et al. Maternal vitamin D intake during
pregnancy is inversely associated with asthma and allergic
rhinitis in 5-year-old children. Clin Exp Allergy 2009; 39:
875-82.

26. Hypponen E, Sovio U, Wjst M, Patel S, Pekkanen ], Hartikai-
nen AL, et al. Infant vitamin d supplementation and allergic

©2010 The Author(s)/Journal Compilation ©2010 Foundation Acta Paediatrica/Acta Peediatrica

27.

28.

29.

30.

Fish and eczema

conditions in adulthood: northern Finland birth cohort 1966.
Ann N'Y Acad Sci 2004; 1037: 84-95.

Wijst M. Introduction of oral vitamin D supplementation and
the rise of the allergy pandemic. Allergy Asthma Clin Immunol
2009; 5: 8.

Back O, Blomquist HK, Hernell O, Stenberg B. Does vitamin D
intake during infancy promote the development of atopic
allergy? Acta Derm Venereol 2009; 89: 28-32.

Johansson S, Lonngqvist A, Ostman S, Sandberg AS, Wold AE.
Long-chain polyunsaturated fatty acids are consumed during
allergic inflammation and affect T helper type 1 (Th1)- and
Th2-mediated hypersensitivity differently. Clin Exp Immunol
2010;160:411-19.

Oyoshi MK, He R, Kumar L, Yoon J, Geha RS. Cellular and
molecular mechanisms in atopic dermatitis. Adv Immunol
2009; 102: 135-226.



