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tion. It is not understood why this association was only seen 
in females, but gender-related differences in metabolism of 
PUFAs could be a possible explanation. 
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 Introduction 

 There is a wide consensus that the prevalence of aller-
gic diseases has been increasing in countries with a West-
ern lifestyle in recent decades  [1, 2] . There is currently a 
debate on the aetiology of allergic diseases, with many 
hypotheses being proposed and discussed. As the genetic 
background has not changed substantially over this pe-
riod, environmental factors are likely to contribute to this 
increase in prevalence rates. Furthermore, dietary factors 
may play a role in the development of allergic diseases. 
Recently, several studies have investigated the effect of 
prenatal and postnatal fatty acid intake on allergic out-
comes and immunologic parameters by supplementation 
 [3–5]  and measurement of dietary intake  [5–12] .

  The effect of dietary supplementation with fish oil, 
which is a major source of n-3 very long chain polyun-
saturated fatty acid (VLC-PUFA) on allergic diseases and 
allergic sensitisation has been investigated in a number of 
studies  [3, 4, 9, 13–17] . A high dietary intake of n-3 PUFAs 
has been associated with a decreased risk for allergic dis-
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 Abstract 

  Background:  Previous studies have suggested that fish in-
take plays a protective role in the development of allergic 
diseases because of its high content of n-3 very long chain 
polyunsaturated fatty acid (VLC-PUFA). However, it is not 
clear whether fish intake also has a beneficial effect in adult-
hood, when allergic diseases are thought to be predomi-
nantly manifested.  Methods:  Data from 388 adults from 
 German study centres within the European Community Re-
spiratory Health Study II were analysed. These subjects com-
pleted an extensive interviewer-administered questionnaire 
as well as a food frequency questionnaire, lung function 
measurement and blood drawing for specific IgE testing at 
the study centre.  Results:  Allergic sensitisation (RAST  6 2) 
was negatively associated with high fish consumption (ad-
justed OR 0.20, 95% CI 0.05–0.83) and high docosahexae-
noic acid (DHA) intake (adjusted OR 0.26, 95% CI 0.07–0.95) 
in females but not in males when comparing the fourth 
quartile with the first quartile of intake. No other outcome 
was related to fish or DHA consumption.  Conclusions:  The 
findings of this study suggest that adult females with a high 
fish and DHA intake have a lower rate of allergic sensitisa-
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eases, which is thought to be a result of their ability to 
inhibit the production of inflammatory mediators  [18–
20] . The n-3 hypothesis suggests that n-3 PUFAs, and es-
pecially those with very long chain lengths, modulate the 
immune response by shifting the immune system to a 
more anti-inflammatory state. Nevertheless, there are 
different and partly inconsistent results concerning the 
n-3 hypothesis. Some studies could find significant asso-
ciations between PUFAs in the diet, allergic sensitisation 
and allergic symptoms  [4, 8, 9, 11, 21] , but other studies 
found no such effect  [22–28] . Although the n-3 hypoth-
esis is biologically plausible, it has not been confirmed by 
many epidemiological studies  [29] . 

  Different clinical manifestations, such as asthma, hay 
fever and atopic eczema, are generally referred to as al-
lergic diseases although not all forms of asthma have an 
allergic background. This entity is considered as having 
a common immunological basis, but is manifest in differ-
ent locations such as the lung, the gastrointestinal tract, 
the upper airway system or the skin  [30] . We acknowl-
edge the ongoing debate about whether these diseases 
have a common ground, form a common entity and 
whether they can be considered allergic in every case; 
nevertheless, below we refer to these 3 diseases as allergic 
diseases. Allergic sensitisation, which describes the pres-
ence of elevated serum levels of allergen-specific immu-
noglobulin E (IgE) antibodies, is thought to be funda-
mental to these disorders and is therefore considered as a 
potential risk factor for the development of allergic disor-
ders  [31–33] .

  There are only a few studies published that have looked 
at consumption of fish, allergic disease and sensitisation 
in adults  [5, 28] . In the present study, the association be-
tween fish and docosahexaenoic acid (DHA) intake and 
allergic diseases and allergic sensitisation was analysed 
using data from the second European Community Respi-
ratory Health Survey (ECRHS II). This should help to 
elucidate whether fish intake has beneficial effects in 
adulthood, when allergic diseases are thought to be pre-
dominantly manifested.

  Methods 

 Due to the small number of observations in our study popula-
tion, we were not able to restrict the analysis to subjects with IgE 
sensitisation, as would be appropriate when studying allergic dis-
eases. We therefore cannot ensure that the outcomes studied are 
specific to the allergic states for asthma, hay fever and bronchial 
hyper-responsiveness.

  Study Population 
 This analysis is based on the ECRHS II  [34] , follow-up of the 

ECRHS  [35]  (www.ecrhs.org). The data used for the present anal-
yses were obtained from the 2 German study centres, Hamburg 
and Erfurt. In the German centres, the follow-up was conducted 
during 2000 and 2001. A total of 1,220 out of 1,631 invited subjects 
agreed to a follow-up examination. From these 1,220 subjects in 
the follow-up study, 590 underwent a medical examination in-
cluding lung function measurement (including height and weight 
measurement), methacholine challenge, blood drawing at the 
study centre and an interviewer-administered questionnaire on 
symptoms, medical history, smoking, exposure to environmental 
tobacco smoke, occupation, home environment, air pollution, 
medication and use of medical services  [35–37] . 390 subjects an-
swered a food frequency questionnaire. The flow chart in  figure 
1  shows the complete procedure. A plausibility check of the intake 
data excluded 1 subject because of extremely high energy and fat 
intake. Another subject was excluded because of respiratory 
symptoms due to an accident, so the final data set consisted of 388 
subjects. 

  The local ethics committees approved the study protocol. 

  Anthropometric Measurements 
 Anthropometric measurements were performed before lung 

function testing. Weight was measured by an electronic scale to 
the nearest kilogram. Height was measured, without shoes, to the 

Lung function/spirometry

Metacholine challenge test

Serum†

Dietary measurement
(food frequency
questionnaire)

Invited subjects (n = 1,631)*

Screening questionnaire (n = 1,220)

Medical examination (n = 590)
Interviewer-administered

questionnaire

  Fig. 1.  Progression and composition of the study population in the 
ECRHS II of the German study centres at Hamburg and Erfurt. 
The group used in this analysis was the fraction that finished the 
interviewer-administered questionnaire, blood serum, lung func-
tion/provocation and dietary measurement.  *  715 of the 731 par-
ticipants who completed stage 2 in the ECRHS I in Erfurt who 
authorized the storage of their contact details were invited for 
ECRHS II. In Hamburg, a randomly selected representative sub-
sample of 900 of the original 1,252 participants from the ECRHS 
I stage 2 were asked to take part in the second survey.  †  A blood 
sample of 27 ml was taken for analysis. Two serum Monovette �  
and 1 EDTA Monovette �  were used. The aliquots were stored at 
–20   °   C until analysis.   
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nearest centimetre using a scale fixed to a wall. Body mass index 
(BMI) was calculated as weight (kg)/height 2  (m 2 ).

  Allergic Outcomes 
 Blood samples were collected for the measurement of total IgE 

and serum-specific IgE using the Pharmacia CAP system (Phar-
macia Diagnostics, Uppsala, Sweden). Samples were tested for 
specific IgE to house dust mite  (Dermatophagoides pteronyssinus) , 
grass, cat, and  Cladosporium . Allergic sensitisation was defined 
using RAST classes if one of the specific IgE levels was at least 0.35 
kU/l (RAST 1) and 0.70 kU/l (RAST 2). 

  Questions on asthma were taken from the bronchial symptom 
questions of the International Union Against Tuberculosis and 
Lung Disease questionnaire  [38, 39] . The definition for current 
asthma was based on a positive answer to ‘During the past 12 
months, have you had an asthma attack?’ or to ‘Are you currently 
taking asthma medication?’

  Hay fever was assessed using the questions used for the Inter-
national Study of Asthma and Allergies in Childhood. We classi-
fied subjects as having current hay fever if they answered ‘yes’   to 
the question ‘Do you have allergic rhinitis, e.g. hay fever?’

  Questions about eczema were based on the UK Working Par-
ty’s diagnostic criteria for atopic dermatitis  [40] . According to the 
position paper of the European Academy of Allergy and Clinical 
Immunology  [41] , atopic eczema was assumed if subjects gave a 
positive answer to the question ‘Have you ever had eczema or skin 
allergy?’ and if subjects had detectable IgE antibodies (RAST class 
1 or above).

  Bronchial hyperreactivity to methacholine was done with a 
standardised dosing schedule  [37]  (Provocholine � , Methapharm 
Inc., Brantford, Ont., Canada). Depending on whether individu-
als reported symptoms in the questionnaire or not, doubling or 
quadrupling doses of methacholine were inhaled until a 20% fall 
in post-diluent forced expiratory volume in 1 s (FEV 1 ) was ob-
served or the maximum cumulative dose of 2 mg was reached. 
Bronchial hyperreactivity was then defined as a fall greater than 
20% of FEV 1 .

  Dietary Intake 
 The food intake was surveyed by a validated food frequency 

questionnaire containing 148 food items, which was originally de-
signed for the German part of the EPIC (European Investigation 
into Cancer and Nutrition) study  [42–44] . For fish intake, 2 dif-
ferent groups were given. One group contained fish and fish prod-
ucts eaten cold or with bread, the other group asked for fish eaten 
warm or as a dish. The calculation of nutrient intake was based on 
the German Nutrient Data Base (BLS) version II.3 (Federal Re-
search Centre for Nutrition and Food, Karlsruhe, Germany).

  Statistical Analysis  
 In this analysis, descriptive statistics were used to describe the 

study population and to identify differences in fish and DHA in-
take between subjects with and subjects without allergic sensitisa-
tion and allergic diseases. Statistical significance of the differ-
ences was tested with the Wilcoxon 2-sample test (normal ap-
proximation, 2-sided). 

  For quantification of associations, simple logistic regression 
models were calculated. Furthermore, multiple logistic regression 
models were used to adjust for potential confounders  [45] . For this 
purpose, the middle quartiles were combined (Q2 plus Q3) to con-

trast the fourth quartile (Q4) and Q2 plus Q3, with the lowest 
quartile (Q1). Crude and adjusted odds ratios with their corre-
sponding 95% confidence intervals (95% CI) were calculated. Ad-
justment was performed for study centre, age, occupation, smok-
ing status and BMI. Energy intake was not included in the final 
model because it did not show any change in the results in a pre-
liminary analysis. All calculations were performed using the sta-
tistical analysis package SAS for Windows version 9.1 (SAS Insti-
tute, Cary, N.C., USA).

  Results 

 The basic characteristics of the study population are 
shown in  table 1 .  Table 2  describes fish and DHA intake 
in the study population. The calculated fish intake for the 
2 study centres was on average 10.6 g per day and person 
for Hamburg and 12.8 g per day and person for Erfurt 
(data not shown). DHA intake showed similar results, 
with on average 184 mg per day per person for Hamburg 

Table 1. Description of the study population

Male
(n = 193)

Female
(n = 195)

n % n %

Study centre
Hamburg 97 50.3 104 53.3
Erfurt 96 49.7 91 46.7

Age1

<40 years 68 35.2 66 33.8
40–49 years 82 42.5 86 44.1
50–54 years 43 22.3 43 22.1

Occupation
Employed 137 71.0 148 75.9
Self-employed 33 17.1 8 4.1
Unemployed or job-seeking 13 6.7 14 7.2
Unable to work because of health 3 1.6 5 2.6
Househusband/housewife 0 0 14 7.2
Student 2 1.0 0 0
Retired 3 1.6 4 2.1
Miscellaneous 2 1.0 2 1.0

Smoking status
Smoker 64 33.2 50 25.6
Ex-smoker 75 38.9 65 33.3
Never-smoker 54 28.0 80 41.0

BMI2

<25 78 41 119 62.0
25–29.9 89 46.4 50 26.0

>30 25 13.0  23 12.0

1 Age was calculated at date of screening.
2 Data on height and weight were missing for 4 subjects.
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and 236 mg per day per person for Erfurt.  Table 3  shows 
the prevalence of allergic sensitisation (RAST  6 2), cur-
rent asthma, hay fever, atopic eczema and bronchial hy-
perreactivity. There was a trend for a higher prevalence 
of allergic sensitisation (RAST  6 2), hay fever and atopic 
eczema in Hamburg, while males – but not females – 
showed a higher prevalence of asthma and bronchial hy-
perreactivity in Erfurt (data not shown). 

  In  table 4  the median fish and DHA intake is com-
pared between subjects with and subjects without allergic 
sensitisation, current asthma, hay fever, atopic eczema 
and bronchial hyperreactivity. Women but not men who 
were sensitised had a statistically significant lower intake 
of DHA (p = 0.036), while the difference was borderline 
significant for fish intake (p = 0.052). Similar results were 
found when 0.35 kU/l was used as the cut-off point, but 
associations were not statistically significant (data not 
shown). No significant differences were seen for the oth-
er outcomes. 

  The results of the logistic regression models for the as-
sociation between fish and DHA intake and allergic out-
comes are presented in  table 5 . All analyses were strati-
fied by gender. High intake (fourth quartile) of fish (ad-
justed OR 0.20, 95% CI 0.05–0.83) and DHA (adjusted 
OR 0.26, 95% CI 0.07–0.95) were negatively associated 

with allergic sensitisation in women. Because of no sig-
nificant associations the results for men are not shown. 
Further stratification did not show major differences be-
tween the study centres. 

  Discussion 

 The results of this study show that fish and DHA in-
take are inversely associated with allergic sensitisation in 
adult females, but not in males. Allergic diseases were not 
statistically significantly associated with fish or DHA in-
take. 

  Previous epidemiological studies investigating fish 
consumption in relation to allergic diseases and allergic 
sensitisation predominantly found protective effects. 
These studies were mainly performed during pregnancy 
or early childhood, suggesting a preventive role for fish 
intake in the development of allergic sensitisation and al-
lergic diseases  [8–10, 12, 22, 46] . One further interesting 
question is, however, whether fish intake and the benefi-
cial fatty acid content in fish, respectively, have any effect 
in adulthood when allergy or allergic sensitisation are not 
developing, but have already manifested in most subjects. 
Only 1 study from Australia, conducted by Woods et al. 

Table 2. Fish and DHA intake in the study population described by location parameters

Intake Male (n = 193) Female (n = 195)

 min. Q1 median Q3 max. min. Q1 median Q3 max.

Fish, g/days 0.0 4.9 9.5 16.9 89.0 0.0 4.5 8.2 13.6 78.6
DHA, mg/days 47.1 118.3 195.1 291.5 1,091.4 31.1 98.6 157.9 204.8 1,387.6

Table 3. Prevalence of clinical and symptomatic outcomes examined in this study

Outcome Total (n = 388) Male (n = 193) Female (n = 195)

 n/N %  n/N %  n/N %

Allergic sensitisation (RAST ≥2) 84/364 23.1 49/185 26.5 35/179 19.6
Current asthma (attacks or medication) 20/388 5.2 5/193 2.6 15/195 7.7
Hay fever (current) 96/388 24.7 40/193 20.7 56/195 28.7
Atopic eczema (with RAST ≥1) 54/364 14.8 20/185 10.8 34/179 19.0
Bronchial hyperreactivity 61/343 17.8 25/170 14.7 36/173 20.8

n = Number of patients with outcome; N = total number of patients in whom each outcome was possible.
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Table 4. Fish and DHA intake according to allergic sensitisation and allergic diseases in female and male study subjects

Female Male

n Fish, g/day DHA, mg/day n Fish, g/day DHA, mg/day

 median (Q1; Q3) p median (Q1; Q3) p  median (Q1; Q3) p median (Q1; Q3) p

Allergic sensitisation (RAST ≥ 2)
No 144 8.22 (4.93; 14.43) 0.052 169.3 (99.3; 211.6) 0.036* 163 10.75 (4.52; 16.93) 0.863 205.9 (120.1; 300.3) 0.800
Yes 35 7.40 (4.11; 10.96) 135.2 (84.9; 175.9) 49 9.45 (4.93; 15.62) 194.0 (118.3; 293.9)

Current asthma (attacks or medication)
No 180 8.22 (4.52; 13.64) 0.828 159.2 (97.1; 205.5) 0.945 188 9.70 (4.93; 16.93) 0.431 195.0 (117.0; 292.7) 0.926
Yes 15 8.22 (4.93; 11.51) 150.3 (107.9; 190.6) 5 9.04 (2.30; 9.04) 198.9 (194.0; 240.0)

Hay fever (current)
No 139 8.22 (4.93; 13.84) 0.357 167.2 (97.0; 207.7) 0.529 153 9.45 (4.52; 16.93) 0.497 196.5 (115.8; 286.0) 0.697
Yes 56 8.22 (4.52; 12.16) 141.1 (107.1; 202.3) 40 10.48 (6.37; 23.08) 193.9 (127.1; 333.0)

Atopic eczema (with RAST ≥ 1)
No 145 8.22 (4.52; 14.38) 0.386 167.8 (97.3; 207.7) 0.349 165 9.70 (4.93; 16.93) 0.914 200.9 (124.5; 299.7) 0.364
Yes 34 7.88 (4.93; 11.51) 137.8 (110.3; 180.0) 20 9.86 (4.58; 15.89) 164.8 (104.5; 290.5)

Bronchial hyperreactivity
No 137 8.60 (4.93; 14.25) 0.118 167.8 (100.7; 212.4) 0.115 145 11.23 (5.04; 16.93) 0.965 199.7 (115.8; 299.7) 0.601
Yes 36 7.40 (4.25; 10.48) 128.0 (90.5; 175.4) 25 9.45 (4.93; 19.29) 225.1 (131.5; 300.9)

Statistical significance was determined by Wilcoxon 2-sample test, normal approximation, 2-sided. * p < 0.05 (significant).

Table 5. Crude and adjusted odds ratios for the association between fish intake and different outcomes in females

n Fish intake, g/day DHA intake, mg/day

Q1 (≤4.5) Q2+Q3 (4.6–13.6) Q4 (>13.6) Q1 (≤98.6) Q2+Q3 (98.6–204.8) Q4 (>204.8)

OR OR 95% CI OR 95% CI OR OR 95% CI OR 95% CI

Allergic sensitisation (RAST ≥2)
OR 179 1 0.97 0.42–2.23 0.24* 0.06–0.93 1 0.90 0.39–2.08 0.30 0.09–1.03
aOR 179 1 0.99 0.39–2.45 0.20* 0.05–0.83 1 0.79 0.32–1.97 0.26* 0.07–0.95

Current asthma (attacks or medication)
OR 195 1 1.74 0.46–6.63 0.73 0.12–4.57 1 2.97 0.63–13.97 1.02 0.14–7.56
aOR 195 1 1.62 0.40–6.54 0.62 0.10–4.10 1 2.57 0.53–12.54 0.79 0.10–6.15

Hay fever (current)
OR 195 1 0.91 0.44–1.89 0.61 0.24–1.52 1 1.28 0.60–2.75 0.92 0.37–2.29
aOR 195 1 0.85 0.40–1.82 0.60 0.23–1.55 1 1.21 0.55–2.66 0.92 0.36–2.39

Atopic eczema (with RAST ≥1)
OR 179 1 1.91 0.75–4.87 0.57 0.16–2.11 1 1.43 0.58–3.54 0.58 0.17–1.93
aOR 179 1 1.95 0.74–5.13 0.64 0.17–2.45 1 1.52 0.59–3.92 0.68 0.20–2.39

Bronchial hyperreactivity
OR 173 1 0.77 0.33–1.80 0.47 0.16–1.42 1 0.66 0.28–1.54 0.39 0.13–1.14
aOR 173 1 0.82 0.33–2.03 0.56 0.18–1.81 1 0.62 0.25–1.53 0.41 0.13–1.30

aOR = Odds ratio adjusted for study centre, age, occupation, smoking status and BMI. * p < 0.05 (significant).
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 [28] , has used data from a validated food frequency ques-
tionnaire to relate fish intake to doctor-diagnosed asth-
ma, bronchial hyperreactivity and atopy in adulthood. 
They could not find any significant association, which is 
similar to our findings in terms of other allergic out-
comes than allergic sensitisation. In contrast to our study, 
the study by Woods et al.  [28]  used a skin-prick test to 
define allergic sensitisation. Because different methods 
were applied to assess allergic sensitisation, a direct com-
parison with our findings is difficult.

  Although we have found no associations with other 
allergic outcomes, the fact that only allergic sensitisation 
was negatively associated with fish and DHA intake fits 
to the hypothesis that n-3 fatty acids can affect the pro-
duction of IgE. Allergic sensitisation to common aller-
gens is often related to different allergic disorders  [31, 33, 
47] , such as asthma and hay fever  [48] . However, clinical 
or symptomatic allergic outcomes do not necessarily fol-
low allergic sensitisation because other genetic or envi-
ronmental factors are needed until allergies manifest 
clinically. It was found that about 50% of the subjects 
without hay fever or without asthma were sensitised (spe-
cific IgE  6 0.35 kU/l)  [49] .

  Gender-specific effects as observed in the present 
study have been reported previously  [50–52] . The reason 
for this difference is not clear, but it might be possible that 
it is due to gender-specific differences in the metabolism 
of n-3 fatty acids. In women, fractional conversion of  � -
linoleic acid to DHA appears to be greater compared to 
men, and because of the effect of oestrogen on D6-
 desaturase, up-regulation of the conversion of eicosa-
pentaenoic acid to DHA has also been suggested  [53, 54] . 
Although the effect of oestrogen on DHA concentration 
in women awaits confirmation, these 2 possible mecha-
nisms could be responsible for the different effects in men 
and women at similar intake levels  [55] .

  Some limitations should be considered when inter-
preting the findings of this study. First, as the ECRHS is 
a cross-sectional study, data on allergic outcomes and on 
food intake were assessed at the same time. Even if the 
food frequency questionnaire covers the last year of diet, 
it cannot provide any information about dietary habits at 
an earlier time. Allergies predominately develop before 
adulthood  [56] , and efforts to prevent and influence their 
onset seem to be more effective if administered in the 
pre- and postnatal periods and in childhood than if start-
ed in adulthood  [57, 58] . However, it might be possible 
that fish intake during the 12 months prior to the blood 
measurement contributes to differences in serum IgE 
concentrations between study participants, possibly as a 

short-term effect. This is indirectly supported by longi-
tudinal studies demonstrating changes in specific IgE an-
tibody levels over time  [59] .

  One might also speculate that atopic subjects alter 
their diet and avoid fish because of its allergenic poten-
tial. However, as sensitised subjects were probably not 
aware of the fact that they have an allergic reaction to in-
halant allergens, it seems unlikely that the results can be 
explained by reverse causation.

  The possibility that significant associations occurred 
by chance as a result of multiple testing should also be 
kept in mind, but as the observed significant effects cor-
respond with the biological hypothesis, it is unlikely that 
the results might be explained by chance alone. 

  Furthermore, the validated food frequency question-
naire used in this study did not incorporate supplements 
like fish oil capsules. Therefore, it was not possible to con-
sider additional intake by supplementation in the nutri-
ent calculation, which might have led to some misclassi-
fication bias. 

  Beside these weaknesses, this study also has several 
strengths. The main advantage of this study is the use 
of a validated food frequency questionnaire and stan-
dardised interviews and identical laboratory methods. 
The high quality of the ECRHS using standard operating 
procedures for all study centres made sure that all out-
comes were assessed identically. 

  Conclusion 

 The findings of this study suggest that adults with a 
high fish and DHA intake have a lower rate of allergic 
sensitisation. It is not understood why this association 
was only seen in females, but gender-related differences 
in metabolism of PUFAs could be a possible explana-
tion.
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