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Methods: A multicenter case—control study was conducted with 411 AR cases and 477 controls. Adjusted
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A high n-6/n-3 polyunsaturated fatty acids (PUFAs) ratio is associated with higher odds of AR (OR = 1.79;
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white fish has an opposite association with the disease occurrence.
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Take home message

Fish and seafood, and their fat and protein contents are
associated with allergic rhinitis (AR). High blue and white
fish intake contribute differently to AR, with the first, except
tuna, acting as a protector and the second as a risk factor of
AR.

1. Introduction

Allergic rhinitis (AR) is a highly prevalent form of rhinitis, with
an average worldwide prevalence of 18 % and large variations be-
tween geographic regions [1]. Its prevalence in Europe ranges from
1% to 44 % [1], but is often underestimated. AR often coexists with
other respiratory diseases such as asthma, with almost 40 % of in-
dividuals with rhinitis also having asthma and 80 % of asthmatic
individuals having rhinitis [2—4]. Furthermore, AR represents a
substantial economic burden, nearly $4 billion per year in the US
[5]-

Behavioral determinants, including dietary habits, were associ-
ated with AR occurrence, yet evidence is still unclear [6,7]. A study
in Greece showed that good adherence to the Mediterranean diet
was associated with lower odds of AR [8], while an increase in the
ratio n6/n3 of the large chain Polyunsaturated Fatty Acids (LC-
PUFA) and a decrease in n-3 PUFA augmented the risk of AR [9].
Another Spanish study also pointed to a higher prevalence of
rhinitis symptoms among children and adolescents with a higher
adherence to the Mediterranean diet [7].

Many studies have shown the beneficial effect of the con-
sumption of fish and its derivatives and nutrients on AR [10—14].
However, other studies also reported contradictory findings
[15—18]. The discrepancy between the results of different studies
may be due to differences in study design and populations’ char-
acteristics, but also to differences in the composition of different
fish species.

Fish species are classified into “white” and “blue” according to
their amount of fat. Species with more than 5 % fat content are
considered blue fish. Most of them are high in n-3 LC-PUFA [19].
Blue fish intake is suggested to be associated with a lower risk of
inflammation of the nasal mucosa that occurs in AR episodes, an
anti-inflammatory effect aided by n-3 LC-PUFA [9]. The fat content
in whitefish species does not exceed 2 % of its total weight. So far,
we are not aware of any study the aim of which was to disentangle
the relation of each species of fish with AR.

Accordingly, we conducted a multi-center case—control study to
investigate the association of different fish species with AR devel-
opment. We present an analysis stratified by fish type and
macronutrients.

2. Methods
2.1. Study design and settings

We carried out a multicenter case—control study involving
adults (>18 years) in Galicia, Northwest Spain, a region with a
coastline of 1660 km, home to 2.7 million inhabitants whose staple
is fish. The study participants were recruited among visitors to six
large pharmacies in two main cities (Santiago de Compostela and
Pontevedra) and among patients attending the pulmonology and
allergology units of the two main hospitals in those cities. The study
protocol was approved by the Bioethics Committee of the Univer-
sity of Santiago de Compostela. Participants signed an informed
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consent before enrollment in the study. Patient anonymity and data
confidentiality were preserved using methods approved by the
Ethics Committee.

2.2. Sample size calculation

For an alpha level of 0.05, a power of 0.80, assuming an exposure
prevalence of 10 % among controls and an OR to be detected of 1.8,
we needed 409 cases and 409 controls. Our sample size was
approximately equal to these estimations.

2.3. Cases and controls definitions

Pharmacy customers who were buying over-the-counter med-
icines for rhinitis symptoms such as antihistaminic drugs (a com-
plete list of medicines is available upon request to the authors)
were invited to participate in the study as potential cases. In the
hospital units, cases were selected from patients attending for al-
lergy symptoms, such as rhinorrhea, excessive sneezing, and nasal
obstruction.

The control group consisted of pharmacy customers or patients
attending the hospitals for any other reason than allergy or respi-
ratory symptoms. We included customers who sought medicine
related to minor traumatic injuries, digestive disorders, high blood
pressure, diabetes, and antidepressants, and customers who were
buying medications for their relatives. Hospital controls were
recruited among patients visiting the hospital for injuries, cardio-
vascular, gastrointestinal and gynaecologic motives.

2.4. Outcome validation

Allergic rhinitis, non-allergic rhinitis and other respiratory dis-
eases such as common cold or sinusitis share typical symptoms
including nasal obstruction and blocked sinuses, which may lead to
an erroneous diagnosis of AR [20].

To assess the accuracy of case ascertainment, we carried out a
validation study of AR diagnosis along with the main study. We used
as a gold standard a sample of 255 persons randomly selected from
the hospital of Santiago de Compostela for whom the diagnosis of
either AR (70 subjects), non-allergic rhinitis (25 subjects), or no
rhinitis (160 subjects) was firmly established using clinical and
biologic criteria (skin prick tests, IgE levels). We asked those 255
subjects to complete the disease ascertainment questionnaire and
calculated the sensitivity and specificity of our diagnosis. The final
figures were as follows: sensitivity = 0.74 and specificity = 0.92.

2.5. Outcome assessment

Using the Allergic Rhinitis and its Impact on Asthma (ARIA)
questionnaire, together with the criteria of the Joint Task Force on
Practice Parameters [21,22], we asked the participants to record the
presence of six main symptoms of AR on the peak day of the current
episode and to rate their frequency from zero (no attack per day) to
four (more than 20 attacks per day). These symptoms were: nasal
congestion, sneezing, runny nose, postnasal drip, itchy nose, and
itchy or watery eyes. We also asked the participants to rate the
thickness of their nasal secretion from zero (very watery) to four
(very thick), as well as its color from zero (colorless) to four (green).
We also asked about potential triggers of these symptoms such as
exposure to pollen, house dust mites or animal dander.

Four criteria were required to ascertain AR: (i) minimum
symptom score of 4 out of 12 for three main symptoms of AR (nasal
congestion, sneezing, and runny nose), (ii) thickness of nasal
secretion from very watery to medium, (iii) white or colorless nasal
secretion, and (iv) at least one of the irritants causing rhinitis
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symptoms should have been pollen, house dust mites or animal
dander. We selected the cutoff point of 4 for the first criterion as
this figure maximized the sensitivity and specificity of AR diagnosis
in the concurrent validation sub-study explained previously. Sub-
jects were considered as having non-allergic rhinitis [23], and were
excluded from the analysis if they reported: (i) a minimum score of
rhinitis symptoms of 4 out of 12 (nasal congestion, sneezing, and
runny nose), (ii) postnasal drip at least 6 times a day, or a thickness
score of nasal secretion from medium to very thick, and (iii) rhinitis
symptoms were triggered by either tobacco smoke, changes in
temperature, high humidity or exposure to deodorant sprays. We
did not differentiate between seasonal (intermittent) and perennial
(persistent) types of AR.

Controls were subjects with (i) a score of rhinitis symptoms
(nasal congestion, sneezing, and runny nose) < 3 out of 12, (ii) no
subjective feeling nor confirmed diagnosis of rhinitis, and (iii) no
use of medications that could hide possible rhinitis symptoms
(medicines for asthma, mucolytic, decongestant or expectorant
drugs (complete list available upon request)). As occasional
sneezing and rhinorrhea in the morning after exposure to cold and
polluted air are considered to be a normal nasal response [24], we
assumed that some occasional nasal symptoms may be present in
the healthy population and thus accepted subjects with minor
symptoms as controls.

2.6. Exposure assessment

To assess the regular diet and obtain daily intakes of macronu-
trients and micronutrients, together with energy intake, we used
an 86-item Food Frequency Questionnaire (FFQ), developed and
validated in Spain [25]. Participants were asked about their average
frequency of consumption of standard portions of selected dietary
items, representative of the Spanish diet. Each food frequency was
reported with an eight—grade scale ranging from “never” to “more
than four times a day.” To calculate the content of macronutrients
and micronutrients for each food item, we used Spanish food
composition databases [13,14].

The FFQ included the seven blue fish species and the 10 white
fish species most frequently consumed in Galicia. Other seafood
products included bivalves, crustaceans, and octopus, frequently
consumed and with high content in n-3 LC-PUFA. We also assessed
the intake of foods supplemented with n-3 LC-PUFA but not the use
of specific n-3 LC-PUFA supplementation due to their insignificant
consumption in our setting.

Furthermore, we asked questions about rhinitis symptoms,
medical history, and questions on lifestyle variables that could be
potential confounders of the relation between diet and AR.

2.7. Statistical analysis

The association of food items, macronutrients and micro-
nutrients with AR occurrence was assessed using multivariate lo-
gistic regression models in which odds ratios (OR) and their
corresponding 95 % confidence intervals (CI) were estimated. We
presented the analysis per quartiles of exposure, or, when the
distribution was excessively uneven, per tertiles. The analysis was
controlled for the following potential confounders: age, sex, edu-
cation level, history of asthma, history of dermatitis, familial history
of allergy, body mass index, tobacco smoking (using WHO ques-
tionnaire) [26], and energy expenditure in Kcal/hour. Potential
confounding variables were introduced successively in the model if
they showed a p-value <0.2 for the association with AR. In the final
model, only those covariables that changed the estimate of the OR
relating the main exposure to AR by at least 10 % were retained [27].
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We adjusted the Odds Ratio of consumption of a specific type of
fish by intake of fish of other species. We did not adjust for multiple
testing following the recommendation of expert epidemiologists,
as such an adjustment may introduce bias in the results instead of
preventing it. Although this adjustment may reduce the type I error
for null associations, it increases the type II error for those associ-
ations that are not null [28].

Furthermore, as in any epidemiologic study of a recurrent dis-
ease such as rhinitis, our study aimed at determining the role of
exposure (in our case fish intake) in the occurrence of the next
episode of the disease, not the first one. Indeed, it is not feasible to
relate fish intake to the first occurrence ever of allergic rhinitis in
the life of a subject, as the first bout of the disease probably appears
early in life, likely before any fish is ever consumed.

Only cases and controls with complete information on the
required variables were entered in the final analysis. All analyses
were performed using the software SPSS version 18.0 and STATA
version 12.

3. Results
3.1. Study population

Of 1200 invited subjects, 312 refused to participate. Finally, 411
cases and 477 controls fulfilled the inclusion criteria and were
included in the study. The general characteristics of the study
population are presented in Table 1. The mean age of the partici-
pants was 34.8 years, with a range of 16—81 years. Most cases
(62.3 %) and controls (70.6 %) were females. There were more

Table 1
General characteristics of cases and controls.
Cases Controls
No. % No. %
Sex
Women 256 62.3 337 70.6
Men 155 37.7 140 294
Age (years)
<30 190 46.1 171 359
31-40 122 29.7 166 34.8
41-50 64 15.6 80 16.8
51-60 22 5.4 36 7.5
>60 13 3.2 24 5.0
Body Mass index (Kg/m?)
18.5-25 237 58.2 294 62.7
<185 12 29 18 3.8
25-30 125 30.6 101 21.5
>30 34 8.3 56 12.0
Education
None or primary 119 29.7 81 17.7
Secondary 152 379 159 34.8
University 130 324 217 47.5
History of asthma
Yes 255 62.0 19 4.7
No 156 38.0 386 95.3
History of atopic dermatitis
Yes 94 229 18 44
No 317 77.1 387 95.6
Family history of allergic rhinitis
Yes 172 41.8 26 6.4
No 239 58.2 278 93.6
Family history of asthma or dermatitis
Yes 176 42.8 30 7.4
No 235 57.2 374 92.6
Daily energy expenditure (Kcal/day)
<1927 (1st quartile) 78 19.1 140 29.7
1928-2424 (2nd quartile) 102 25.0 118 25.1
2425-2947 (3rd quartile) 116 28.4 113 24.0
>2947(4th quartile) 112 275 100 21.2
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Table 2
0Odds ratios (OR) and 95 % confidence intervals (CI) of fish consumption and allergic rhinitis.
Fish type Intake Median Cases Controls Crude OR (95%CI)  Adjusted OR (95%CI)*  Adjusted OR (95% CI)°
(serving/week) N o N o
All blue fish (except tuna) 1st quartile 0.0 138 33,58 61 12.79  Reference Reference Reference
2nd quartile 1.0 111 27.01 142 29.77 0.35(0.23—0.51) 0.46 (0.27—0.80) 0.45 (0.25-0.80)
3rd quartile 2.0 94 2287 147 3082 0.28(0.19-0.42) 0.30 (0.17—-0.54) 0.35(0.19-0.63)
4th quartile 3.4 68 16,55 127 26.62 0.24(0.16—0.36) 0.38 (0.20—0.70) 0.38 (0.20-0.73)
All blue fish (tuna included)  1st quartile 1.0 119 2895 98 20.55  Reference Reference Reference
2nd quartile 2.0 59 1436 136 2851 0.36(0.24—-0.54) 0.30 (0.16—0.53) 0.34 (0.19-0.63)
3rd quartile 3.4 125 3041 124 26.00 0.83(0.58—1.20) 0.54 (0.31-0.92) 0.50 (0.28-0.88)
4th quartile 6.0 108 2628 119 2495 0.75(0.52—1.09) 0.75 (0.41-1.36) 0.62 (0.33-1.17)
Tuna 1st tertile 0.5 116 2822 166 34.80 Reference Reference Reference
2nd tertile 1.0 109 2652 178 3732 0.88(0.63—1.23) 0.93 (0.57—-1.51) 0.92 (0.54-1.54)
3rd tertile 3.0 186 4526 133 27.88  2.00(1.45-2.77) 1.87 (1.11 — 3.16) 1.50 (0.83-2.70)
Salmon 1st tertile 0.0 217 5280 170 35.64 Reference Reference Reference
2nd tertile 0.5 131 3187 211 4423 0.49(0.36—0.65) 0.46 (0.29-0.71) 0.62 (0.38-1.01)
3rd tertile 1.0 63 1533 96 20.13  0.51(0.35-0.75) 0.72 (0.41-1.26) 0.64 (0.33-1.26)
Sardines 1st tertile 0.0 274 66.67 184 38.57 Reference Reference Reference
2nd tertile 0.5 91 22.14 220 46.12 0.28(0.20—0.38) 0.29 (0.18—-0.46) 0.44 (0.26-0.75)
3rd tertile 1.0 46 1119 73 1530 0.42(0.28—0.64) 0.52 (0.28-0.97) 0.45 (0.22-0.94)
Blue jack mackerel 1st tertile 0.0 277 6740 211 4423 Reference Reference Reference
2nd tertile 0.5 85 20.68 185 38.78 0.35(0.26—0.48) 0.38 (0.24—0.60) 0.58 (0.34-0.99)
3rd tertile 1.0 49 1192 81 16.98  0.46 (0.31—-0.69) 0.66 (0.36—1.23) 0.56 (0.28-1.13)
Anchovies (canned) Infrequent 0.0 341 8297 321 6730 Reference Reference Reference
Frequent 0.5 70 17.03 156 32.70 0.42(0.31-0.58) 0.39 (0.24—0.63) 0.43 (0.25-0.75)
Eel, elver Infrequent 0.0 352 85.64 383 80.29 Reference Reference Reference
Frequent 0.5 59 1436 94 19.71  0.68 (0.48—0.98) 0.93 (0.56—1.56) 1.05 (0.59-1.86)
White fish 1st tertile 0.5 87 2117 227 4759 Reference Reference Reference
2nd tertile 1.0 114 2774 130 2725 2.29(1.61-3.26) 2.76 (1.63—4.67) 2.80(1.63-4.81)
3rd tertile 3.0 210 51.09 120 25.16 4.57(3.27-6.38) 5.49 (3.27 — 9.24) 5.10 (3.00-8.67)

¢ OR adjusted for sex, age, education, history of asthma, family history of asthma,
b OR adjusted for sex, age, education, history of asthma, family history of asthma,

controls (47.5 %) with post-secondary education level than cases
(32.4 %). A history of atopic dermatitis was absent in 77.1 % of cases
and in 95.6 % of controls. A large proportion of the cases had a
family member with AR (41.8 %) and/or asthma or dermatitis
(42.8 %), while 62 % of cases reported a personal history of asthma.
Overweight was more frequent in cases (30.6 %) than in controls
(21.5 %). However, there were more obese controls (12.0 %) than
obese cases (8.3 %). Finally, the daily caloric expenditure was
higher in cases than in controls (Table 1). All these differences
between cases and controls were taken into account in the anal-
ysis phase, and factors that were deemed confounders were
adjusted for.

Table 3

and Kcal/day.

Kcal/day, and other fish species.

3.2. Blue fish

Intakes of more than one serving/week of blue fish, compared
with an intake of 1 serving or less/week were associated with 43 %—
68 % reduced odds of AR (Table 2). Compared with no intake, reg-
ular consumption of anchovy, blue jack mackerel, salmon, and
sardine was also associated with lower odds of AR, ranging from
49 % to 69 %. On the contrary, a high intake (3 servings/week) of
tuna was associated with an increase in the odds of AR of 87 %.
Excluding tuna from the analysis of the consumption of any blue
fish yielded a stronger magnitude of the protective association of
blue fish with AR.

0Odds ratios (OR) and 95 % confidence intervals (CI) of non-fish seafood type and allergic rhinitis.

Non-fish seafood type Intake Median (serving/week) Cases Controls Crude OR (95%CI) Adjusted OR (95%CI)?
N % N %
Bivalve mollusks 1st tertile 0.0 140 34.06 131 27.46 Reference Reference
2nd tertile 0.5 166 40.39 244 51.15 0.64 (0.47—-0.87) 0.62 (0.40—0.98)
3rd tertile 1.0 105 25.55 102 21.38 0.96 (0.67—1.38) 1.28 (0.75—-2.20)
Crustaceans 1st tertile 0.0 208 50.61 176 36.90 Reference Reference
2nd tertile 0.5 140 34.06 232 48.64 0.51 (0.38—0.68) 0.49 (0.32- 0.74)
3rd tertile 1.0 63 15.33 69 14.47 0.77 (0.52—-1.15) 0.75 (0.42—1.36)
Octopus 1st tertile 0.0 150 36.50 138 28.93 Reference Reference
2nd tertile 0.5 179 43.55 244 51.15 0.68 (0.50—0.91) 0.56 (0.36—0.88)
3rd tertile 1.0 82 19.95 95 19.92 0.79 (0.55—-1.16) 0.80 (0.45—-1.41)
Seafood (bivalve mollusks. 1st quartile 0.0 144 35.04 136 28.51 Reference Reference
crustaceans and octopus) 2nd quartile 1.0 57 13.87 47 9.85 1.15 (0.73—-1.80) 1.24 (0.63—2.42)
3rd quartile 1.5 101 2457 170 35.64 0.56 (0.40—-0.79) 0.46 (0.28—0.77)
4th quartile 2.9 109 26.52 124 26.00 0.83 (0.59-1.18) 1.05 (0.62—1.77)

2 OR adjusted for sex, age, education, history of asthma, family history of asthma,

and Kcal/day.
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Table 4

0Odds ratios (OR) and 95 % confidence intervals (CI) of nutrient intake and allergic rhinitis.
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Nutrients Intake Median (serving/week) Cases Controls Crude OR (95%CI) Adjusted OR (95%CI)?
N % N %
Total fat 1st quartile 55.0 80 19.5 142 29.8 Reference Reference
2nd quartile 76.6 102 24.8 120 25.2 1.51 (1.03-2.2) 1.39 (0.83—-2.33)
3rd quartile 94.5 121 29.4 101 212 212(1.45-3.11) 1.76 (1.02—3.02)
4th quartile 135.0 108 26.3 114 239 1.68 (1.15—2.45) 0.96 (0.52—1.76)
Saturated fatty acid (SAFA) 1st quartile 154 83 20.2 139 29.1 Reference Reference
2nd quartile 22.6 103 25.1 119 25.0 1.44 (0.99-2.11) 1.21(0.71-2.07)
3rd quartile 299 117 28.5 105 22.0 1.86 (1.27—-2.72) 1.64 (0.97-2.78)
4th quartile 44.2 108 26.3 114 239 1.58 (1.08—2.31) 0.89 (0.49—1.61)
Mono-Unsaturated fatty acid (MUFA) 1st quartile 20.9 79 19.2 143 30.0 Reference Reference
2nd quartile 28.1 111 27.0 111 233 1.81 (1.23—-2.64) 2.09 (1.24-3.53)
3rd quartile 345 114 27.7 108 22.6 1.91 (1.31-2.79) 1.78 (1.03—-3.06)
4th quartile 50.1 107 26.0 115 241 1.68 (1.15—2.46) 0.98 (0.53—1.81)
Poly-Unsaturated Fatty acids (PUFA) 1st quartile 8.4 86 20.9 136 28.5 Reference Reference
2nd quartile 11.3 104 25.3 118 24.7 1.39 (0.95—-2.03) 1.23 (0.73—-2.08)
3rd quartile 14.7 111 27.0 111 233 1.58 (1.08—2.31) 1.25 (0.74—2.13)
4th quartile 21.1 110 26.8 112 235 1.55 (1.06—2.26) 0.96 (0.52—-1.77)
n-6 PUFA 1st quartile 5.4 82 20.0 140 294 Reference Reference
2nd quartile 7.9 94 229 128 26.8 1.25 (0.85—1.83) 1.22 (0.72—-2.05)
3rd quartile 11.2 136 33.1 86 18.0 2.69 (1.83—3.96) 2.35(1.37—-4.03)
4th quartile 16.2 99 24.1 123 25.8 1.37 (0.93-2.01) 0.78 (0.42—1.45)
n-3 PUFA 1st quartile 1.2 107 26.0 115 24.1 Reference Reference
2nd quartile 1.8 90 219 132 27.7 0.73 (0.50—1.06) 0.87 (0.52—1.45)
3rd quartile 2.3 112 273 111 233 1.09 (0.75—1.58) 0.88 (0.52—1.49)
4th quartile 3.7 102 24.8 119 25.0 0.91 (0.62—1.32) 0.59 (0.33-1.07)
n-6/n-3 1st quartile 2.8 79 19.2 143 30.0 Reference Reference
2nd quartile 4.0 97 23.6 125 26.2 1.40 (0.95—-2.05) 1.35 (0.79-2.31)
3rd quartile 52 116 28.2 106 222 1.98 (1.35-2.89) 1.75 (1.01-3.04)
4th quartile 7.4 119 29.0 103 21.6 2.09 (1.42—3.06) 1.79 (1.03-3.13)
Linoleic Acid (LA) 1st quartile 49 80 19.5 142 29.8 Reference Reference
18:2n-6 2nd quartile 6.8 109 26.5 113 23.7 1.71 (1.17-2.50) 1.50 (0.89-2.51)
3rd quartile 9.1 115 28.0 107 224 1.91 (1.30-2.78) 1.59 (0.93-2.72)
4th quartile 129 107 26.0 115 241 1.65(1.12—-2.41) 1.02 (0.57—-1.85)
Alpha-Linolenic Acid (ALA) 1st quartile 0.6 92 224 130 273 Reference Reference
18:3n-3 2nd quartile 0.8 99 24.1 123 25.8 1.13 (0.78—1.65) 0.94 (0.56—1.58)
3rd quartile 1.0 109 26.5 113 23.7 1.36 (0.93—1.98) 0.93 (0.55—1.58)
4th quartile 1.5 111 27.0 111 233 1.41 (0.97—-2.05) 0.85 (0.48—1.52)
Stearidonic Acid (EA) 1st quartile 0.01 144 35.0 77 16.1 Reference Reference
18:4n-3 2nd quartile 0.02 99 24.0 124 26.0 0.37 (0.25—0.55) 0.52 (0.31-0.87)
3rd quartile 0.04 84 204 137 28.7 0.29 (0.20—0.44) 0.26 (0.15—-0.46)
4th quartile 0.08 84 204 139 29.1 0.30 (0.20—0.44) 0.42 (0.24—0.74)
Arachidonic Acid (AA) 1st quartile 0.1 79 19.2 143 30.0 Reference Reference
20:4n-6 2nd quartile 0.2 98 23.8 124 26.0 1.43 (0.97—-2.09) 1.81 (1.06—3.07)
3rd quartile 0.3 138 33.6 84 17.6 2.97 (2.02—4.37) 2.51(1.44-4.37)
4th quartile 04 96 234 126 26.4 1.37 (0.94—-2.02) 1.24 (0.69—-2.23)
Eicosapent-aenoic acid (EPA) 1st quartile 0.1 134 32.6 88 18.5 Reference Reference
20:5n-3 2nd quartile 0.2 97 23.6 124 26.0 0.48 (0.33-0.71) 0.61 (0.37—-1.05)
3rd quartile 0.3 88 214 135 28.3 0.41 (0.28—0.61) 0.49 (0.29-0.84)
4th quartile 0.5 92 224 130 273 0.45 (0.31-0.66) 0.45 (0.25—0.80)
Docosapen-taenoic acid (DPA) 1st quartile 0.03 122 29.7 99 20.8 Reference Reference
22:5n-3 2nd quartile 0.06 93 22.6 132 27.7 0.58 (0.40—0.85) 0.57 (0.34—0.96)
3rd quartile 0.08 100 243 120 25.2 0.69 (0.47—1.01) 0.69 (0.41-1.16)
4th quartile 0.14 96 234 126 26.4 0.61 (0.42—0.89) 0.54 (0.31-0.96)
Docosahe-xaenoic acid (DHA) 1st quartile 0.2 126 30.7 96 20.1 Reference Reference
22:6n-3 2nd quartile 04 98 23.8 124 26.0 0.58 (0.40—0.85) 0.62 (0.37—1.05)
3rd quartile 0.5 85 20.7 140 294 0.45 (0.31—-0.66) 0.48 (0.28—0.81)
4th quartile 0.9 102 24.8 117 24.5 0.65 (0.44—0.94) 0.60 (0.34—1.06)

2 OR adjusted for sex, age, history of asthma, history of dermatitis, family history of rhinitis, and Kcal/day.

3.3. White fish

Consuming three servings/week of white fish, compared to low
intake, was associated with an OR of AR of 5.49 (95 % CI: 3.27—9.24)
(Table 2).

3.4. Non-fish seafood

The most commonly used types of seafood other than fish in our
settings are bivalve mollusks (mussels, clams, razor clams, oysters,
cockles, and scallops), crustacean (crab, spider crab, lobster,
prawns, langoustines) and octopus. Compared to no intake, an
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intake of 0.5 servings/week of each type of those seafoods was
associated with 38 %—51 % lower odds of AR (Table 3) The combined
analysis of bivalve mollusks, crustaceans and octopus showed 54 %
lower odds of AR from the consumption of 1.5 servings/week of
these products when compared to no intake (Table 3). The associ-
ation was stronger when the analysis was restricted to men
(OR = 0.21; 95%CI: 0.09—0.51) (data not shown).

3.5. Fat type

Compared with low intake, intake of the third quartile of total
fat was associated with an increased odds of AR (OR = 1.76, 95%Cl:
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Table 5

0Odds ratios (OR) and 95 % confidence intervals (CI) of protein intake and allergic rhinitis.

Clinical Nutrition 49 (2025) 42—49

Proteins Intake Median (serving/week) Cases Controls Crude OR (95% CI) Adjusted OR (95% CI)?
N % N %
Total 1st quartile 66.7 64 15.6 158 33.1 Reference Reference
Protein 2nd quartile 90.1 97 23.6 125 26.2 1.91 (1.29-2.83) 2.00 (1.15—-3.49)
3rd quartile 114.7 126 30.7 97 203 3.21 (2.16—4.75) 242 (1.35-4.32)
4th quartile 151.4 124 30.2 97 203 3.15 (2.12-4.67) 213 (1.11-4.11)
Animal 1st quartile 44.2 67 16.3 155 325 Reference Reference
Protein 2nd quartile 63.7 105 25.6 117 24.5 2.07 (1.41-3.06) 2.75 (1.56—4.83)
3rd quartile 81.5 120 29.2 102 214 2.72 (1.84—4.01) 223 (1.24-4.01)
4th quartile 1144 119 29.0 103 21.6 2.67 (1.81-3.94) 2.01 (1.06—3.80)
Vegetal 1st quartile 215 65 15.8 157 329 Reference Reference
Protein 2nd quartile 31.6 103 25.1 119 25.0 2.09 (1.41-3.09) 2.01 (1.15-3.54)
3rd quartile 394 124 30.2 98 20.6 3.05 (2.06—4.52) 2.39 (1.34—4.24)
4th quartile 52.6 119 29.0 103 21.6 2.79 (1.88—4.12) 2.01(1.06—-3.81)

4 OR adjusted for sex, age, history of asthma, history of dermatitis, family history of rhinitis and Kcal/day.

1.02—3.02). The other quartiles did not reach statistical significance
(Table 4).

The analysis by fat type revealed a significant association of the
second (OR = 2.09, 95%CI: 1.24—3.53) and third (OR = 1.78, 95%Cl:
1.03—3.06) quartiles of intake of MUFA with AR, while no associa-
tion between total PUFA or total SAFA intake and AR was observed
(Table 3). Stratifying the analysis by PUFA types showed that the
third quartile intake of n-6 PUFA was associated with higher odds of
AR, while n-3 PUFA, linoleic acid (LA) 18:2n-6, and alpha-linolenic
acid (ALA) 18:3n-3 did not show any association with AR (Table 4).

Other subtype analyses showed increased odds of AR for n-6:n-
3 PUFA and arachidonic acid (AA), and decreased odds for eicosa-
pentaenoic acid (EPA), docosapentaenoic acid (DPA) and docosa-
hexaenoic acid (DHA).

3.6. Proteins

Overall, any total protein intake higher than the lowest quartile
was associated with approximately a doubling in the odds of AR.
The magnitude of the association remained unaltered when the
analysis was stratified by protein origin, vegetal or animal (Table 5).

4. Discussion

Our results show that not all fish species present the same as-
sociation with AR, as some species -blue fish-decrease the odds of
the disease, while others —white fish-have an opposite role. Like-
wise, the association and its magnitude vary between nutrients and
levels of intake. Our results are consistent with the hypothesis of a
protective effect on AR of a high n-3 PUFA intake and with that of an
increase in the risk of AR for high n-6 PUFA and protein intakes.

For proteins, a possible mechanism has been hypothesized,
involving certain polycyclic compounds formed during cooking
[29,30], that, after ingestion, interfere with the B adrenergic re-
ceptors of the respiratory epithelium [21,29].

The antagonistic effects of the proteins and the different PUFAs
clearly explain the relation between the different fish and sea
products regarding AR. Blue fish is rich in fatty acids EA, EPA, DPA
and DHA, all of which have an anti-inflammatory effect [31]. On the
contrary, white fish, rich in proteins and poor in PUFA [31], would
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increase the risk of AR. The effect of tuna, which, as a blue fish, is
expected to decrease the risk of AR, does not contradict the pre-
vious explanation since tuna fatty acid composition varies widely
according to the mode of preparation and consumption (fresh or
canned) [32]. Canned tuna, unlike fresh tuna, is very poor in n-3 LC
PUFA, a substance with strong anti-inflammatory property, but
very rich in n-6 PUFA, a substance that favors inflammation.
Moreover, fresh tuna, when manipulated [33], undergoes a rapid
transformation mediated by bacteria, in which histamine, a strong
mediator of allergic reactions, is produced.

Our findings confirm those of several previous studies
[10,12,15,34], but disagree with others [16]. In the prospective study
by Nagel [12], a similar result was obtained for fatty acids ALA and
EPA, but not for AA and DHA nor for the ratio n-6/n-3. In the cross-
sectional study by Trak-Fellermeier [11], the authors reported re-
sults similar to ours in women for total PUFA, LA and n-6/n-3 ratio,
but not for ALA and AA. In the cross-sectional study by Hoff [ 13], the
authors found a similar association of AA and ALA with AR but not
of the other LC-PUFA. Four other Japanese cross-sectional studies
agreed partially with our results [10,15,17,22].

The dietary patterns influence patients' inflammatory response
[35]. While linoleic acid (LA) generates derivatives with pro-
inflammatory effects, n-3 LC-PUFA exerts an anti-inflammatory
response by suppressing interleukins [9]. The modification of di-
etary patterns through time has led to an increase in the n-6/n-3
ratio from a value of 1 in the diet adopted by humans in the past to a
value ranging between 15 and 30 in the modern diet [36]. The n-3
and n-6 PUFAs are found mainly in fish and seafood [37,38]. They
are considered essential Fatty Acids and their consumption is rec-
ommended because humans lack the A12- and A15-desaturase
enzymes for the synthesis of the shorter chain precursors a-LA
(18:3n-3) and linolenic acid (LA, 18:2n-6) [39].

A certain degree of error is possible in our measurement of food
intake (exposure), but it is very likely that any exposure misclas-
sification, if it happened, was non-differential with respect to dis-
ease status. Should misclassification occur, our results would be
biased towards the null value and the true effect would be under-
estimated. Likewise, despite the relatively high figures of sensitivity
and specificity of our diagnosis of AR shown by our validation study,
0.74 and 0.92 respectively, misclassification of the outcome cannot
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be ruled out as symptoms of rhinitis are often mistaken with upper
respiratory tract infections such as common cold or sinusitis [4].
Again, in this case, potential disease misclassification would occur
independently of exposure (diet) and, again, the effect we
measured would be underestimated.

One possible limitation of our study is the existence, as in any
observational study, of residual confounding, i.e. confounding due
to unmeasured factors. Although efforts were made to adjust our
analysis for several potential confounders, using a strict and pre-
established modeling procedure, we cannot rule out the presence
of residual confounding.

In our study we used a four-point cutoff score to ascertain AR
from reported criteria; however, our main results did not change
substantially when we used other cutoff points.

Recall bias could induce cases to recall symptoms and diet
exposure better than controls. However, in our setting, such a bias
is highly unlikely to occur as both cases and controls were unaware
of their disease status before the end of the study.

In conclusion, different fish species, sea products, and their fat
and protein contents are associated with AR occurrence. The di-
rection of the association varies between the different fish products
and its magnitude is dose-dependent. It would be of special interest
to investigate whether the effect of tuna intake on AR is related to
the way this fish is prepared and consumed. Further research,
preferably of longitudinal design and in different settings and
populations, is required to confirm our findings.
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