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ABSTRACT: The effect of dietary factors on asthma is controversial. This study
examined food consumption and the use of fats in relation to wheezing and allergic
rhinitis in children.

Baseline questionnaire data on individual and family characteristics were recorded by
parents of 5,257 children aged 6–7 yrs living in central Italy participating in the
International Study on Asthma and Allergies in Childhood study. A total of 4,104
children (78.1%) were reinvestigated after 1 yr using a second parental questionnaire to
record occurrence of respiratory symptoms over the intervening 12 months.
Consumption of foods rich in antioxidants, such as vitamins C and E, animal fats,
and food containing omega-3 fatty acids were investigated using a food-frequency
questionnaire. Frequency of use of fats was also evaluated. Wheezing, shortness of
breath with wheeze, and symptoms of allergic rhinitis in the past 12 months were
considered.

Intake of cooked vegetables, tomatoes, and fruit were protective factors for any
wheeze in the last 12 months and shortness of breath with wheeze. Consumption of
citrus fruit had a protective role for shortness of breath with wheeze. Consumption of
bread and margarine was associated with an increased risk of wheeze, while bread and
butter was associated with shortness of breath with wheeze.

Dietary antioxidants in vegetables may reduce wheezing symptoms in childhood,
whereas both butter and margarine may increase the occurrence of such symptoms.
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An increase in the prevalence of asthma over the last
decades has been seen in developed countries [1–4]. The
marked changes in the western diet, with decreased consump-
tion of fresh fruit, vegetables, fish and milk, and the increased
intake of foods rich in fats, have led to the hypothesis that the
epidemiological changes of asthma are associated with the
changes in food consumption [5–7]. Three main hypotheses
on the effect of diet on asthma have been formulated,
including excess in sodium intake [5], deficiency in dietary
antioxidants [8], and changes in dietary balance between
omega-3 polyunsaturated fatty acid (PUFA) (fish oil, fish and
shellfish, and leafy vegetables), and omega-6 PUFA (vege-
table fat, such as margarine and processed foods) [9]. The
sodium hypothesis has been well studied and its impact on the
increase in asthma incidence remains controversial [10],
whereas antioxidants and fatty acids are appealing, since
they seem to influence the immunological and inflammatory
responses that are of key importance in asthma [11–14]. Lack
of beta-carotene, vitamin C and vitamin E may increase
susceptibility to oxidant attack and airway inflammation [12],
while dietary fats may have negative effects on immune and
inflammatory responses [13]. More recently, other nutrients
have come into focus, such as magnesium intake [15],
saturated fats [13], and other antioxidants, like selenium
and consumption of flavonoid-rich foods and drinks [16].

Few studies have investigated the role of diet on childhood

asthma, and the available investigations, with only one
exception [17], have considered only individual food groups
[14, 18–21]. To evaluate the association of several dietary
factors to wheeze and allergic rhinitis, the current study
examined data collected in a large study performed on
children living in two areas of central Italy.

Methods

The Italian Studies on Respiratory Disorders in Children
and the Environment (SIDRIA) study was conducted in Italy
between October 1994 and March 1995, as a part of the
International Study on Asthma and Allergies in Childhood
(ISAAC) initiative [1]. The survey was designed to estimate
the prevalence of asthma and other atopic diseases in children
and to investigate the potential risk factors for asthma. The
study was conducted among children aged 6–7 yrs attending
primary school, in eight centres of northern and central Italy.
A detailed description of the methods of the study has been
reported elsewhere [4, 22]. The parents had to complete the
Italian version of the ISAAC questionnaires at home. It
included questions on a number of risk factors for childhood
asthma and other respiratory and allergic diseases. Socio-
demographical variables, such as parental education, house-
hold crowding, maternal and paternal smoking, presence of
dampness and/or mould in the child9s bedroom, and parental
asthma, were collected.For editorial comments see page 719.
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A follow-up study, 1 yr after the first data collection, was
conducted in two of the participating centres (Rome and
Viterbo, a small towny80 km from Rome); the methods have
already been described by the authors in a previous paper on
fresh fruit consumption and wheezing [20]. A new ques-
tionnaire was sent to the parents of 5,257 children to record
information on respiratory symptoms, including shortness of
breath with wheezing, over the previous 12 months. In
addition, parents filled in a detailed semiquantitative food
frequency questionnaire. A total of 18 food items were
investigated to study foods rich in antioxidants, such as
carotenoids and vitamins C and E (cooked vegetables, salads,
tomatoes, peppers, potatoes, fresh fruit, citrus fruit, kiwi,
nuts), animal fats (bread and butter, milk, cheese, liver),
vegetable fats (margarine, olives), and food containing
omega-3 fatty acids (blue fish). The questionnaire assessed
weekly consumption using a five-level scale: never, less than
once a week, 1–2 times per week, 3–4 times per week,
5–7 times per week. Fresh tomatoes are important sources
of vitamins and antioxidants but production and consump-
tion are different by season. The loss of vitamins that occurs
in storage and processing during the winter [23, 24], led the
authors to study the consumption of both in season (summer)
and out of season tomatoes. The questionnaire also contained
questions about the frequency of use of fats for cooking,
dressing, and sauces, asking whether butter, margarine, olive
oil, and seeds oil were used never, sometimes, often, or
always. Sauces with butter or margarine in Italy are usually
eaten with pasta or rice.

In the present analysis, any wheezing in the past 12 months,
the occurrence of attacks of shortness of breath with wheeze
in the past 12 months, and the occurrence of symptoms
related to allergic rhinitis (sneezing, or a runny/blocked nose
apart from common cold/flu with itchy watery eyes) were the
three outcome variables to be evaluated in relation to diet.
Other respiratory symptoms (nocturnal dry cough and
chronic cough apart from colds) were also evaluated, but
for the sake of simplicity the authors decided to report in
detail only those symptoms chosen a priori. Logistic regres-
sion was performed to analyse the association between food
consumption (in five levels, using "never" as reference) or fats
used for cooking, dressings and sauces ("never" was the
reference) and the outcome variables, after adjusting for the
following confounders: sex, study area, paternal education,
household crowding, maternal smoking, paternal smoking,
dampness or mould in the child9s room, and parental asthma.
When a specified category of food consumption had only few
subjects (yf1%), it was combined with the category of lower
consumption. Odds Ratio (OR) and 95% confidence interval
(95% CI) were computed to estimate the degree of associ-
ation. Moreover, food consumption was included as an
ordinal variable in the logistic model to test for linear trend
(Wald test). Spearman9s correlation coefficients were computed
to evaluate the degree of correlation among dietary variables.

Results

The response rate to the study was 78.1% for a total of
4,104 children. The response rate was higher in Viterbo
(85.9%) than in Rome (75.7%) and it did not vary by sex, rate
of parental asthma, or father9s education. The characteristics
of the children who participated in the study are shown in
table 1. Among the 4,104 children, almost 75% lived in Rome,
37% were exposed to maternal smoking and 46% were
exposed to paternal smoking. Occurrence of any wheeze,
shortness of breath with wheeze, and rhinitis symptoms in the
past 12 months were 5.8%, 3.8% and 8.5%, respectively.

Tables 2 and 3 present the weekly consumption of the 18

different food items and the use of fats for cooking, dressing,
and sauces. The last column indicates the number of subjects
for which information was available. A relatively frequent
consumption of milk, tomatoes, and fresh fruit (in particular
citrus fruit) and an infrequent use of animal fats (bread and
butter, and bread and margarine, and cheese) were recorded.
The rare use of bread and butter and bread and margarine is
not a surprise given the traditional diet in central Italy. Olive
oil was the principal fat used for cooking and dressing. When
the matrix of Spearman9s correlation coefficients was exam-
ined, there was a moderate correlation (maximum 0.50)
among foods pertaining to the same food group (orange/kiwi,
salad/tomatoes), while the correlation among the dietary
variables pertaining to different food groups was low, with
the highest values found for fruit and vegetables (0.30). The
correlation between consumption of bread and butter and
bread and margarine was also low (0.23).

Tables 4–9 report the adjusted OR and 95% CI of the
association of wheeze, shortness of breath with wheeze,
and allergic rhinitis during the last 12 months with

Table 1. – Characteristics of the study subjects

Variable

Sex
Males 2103 (51.3)
Females 2001 (48.7)

Area of residence
Urban 3047 (74.3)
Rural 1057 (25.7)

Father9s education
Primary school 412 (10.0)
Middle school 1504 (36.6)
High school 1468 (35.7)
University 605 (14.7)

Maternal smoking habits
Never 1738 (42.3)
Exsmoker 731 (17.8)
Current smoker 1505 (36.6)

Paternal smoking habits
Never 1127 (27.4)
Exsmoker 930 (22.6)
Current smoker 1887 (45.9)

Dampness or mould in the bedroom
No 3838 (93.5)
Yes 185 (4.5)

Parental asthma
No 3316 (80.8)
Yes 691 (16.8)

Household crowding (inhabitants/room)
Low (v1) 634 (15.4)
Medium (1–2) 2731 (66.5)
High (w2) 608 (14.8)

Any wheeze (past 12 months)
No 3773 (94.1)
Yes 233 (5.8)

Shortness of breath with wheeze (past 12 months)
No 3864 (96.1)
Yes 153 (3.8)

Allergic rhinitis (past 12 months)
No 3753 (91.5)
Yes 351 (8.5)

Nocturnal dry cough (past 12 months)
No 3438 (85.1)
Yes 601 (14.9)

Chronic cough (past 12 months)
No 3605 (89.2)
Yes 437 (10.8)

Data are presented as n (%).
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the frequency of various foods intake and uses of fats. The
p-value for trend evaluates the potential linear relationship
with the outcome variables across the categories of food
consumption.

A protective effect of fresh vegetables and fruit on wheeze
(during the past 12 months) was observed (table 4). In
particular, reduced wheezing corresponds to a higher intake
of salads (p=0.047). The effect is even stronger for those
consuming summer tomatoes; the OR for children who eat
tomatoes more than four times per week in comparison with
those who do not was 0.49 (95% CI: 0.31–0.80, p=0.003). A
protective effect was also seen in children who frequently
consume nuts (p=0.017). OR below one and indications of a
trend were seen in the frequent intake of fresh fruit, citrus
fruit, and kiwi.

A significantly higher prevalence of wheezing was noted

among children who eat bread and margarine at least once
per week in comparison with children who never eat bread
this way (OR=2.52; 95% CI: 1.25–5.09) (table 5). Butter used
as a cooking fat was positively associated with wheeze
(p=0.031). Moreover, those who usually use butter on pasta
had an increased risk for wheeze (OR=2.85; 95% CI:
1.01–7.42).

Confirming the results for "any wheeze", summer tomatoes
and fresh fruit, in particular citrus fruit, had a beneficial effect
in preventing shortness of breath with wheeze (table 6). The
OR of children who consume tomatoes, fresh fruit, and citrus
fruit more than four times per week in comparison with those
who do not eat these foods were 0.55 (95% CI: 0.32–0.96),
0.37 (95% CI: 0.16–0.85) and 0.59 (95% CI: 0.35–1.00),
respectively and p=0.031, 0.022, and 0.016, respectively. Bread
and butter consumed more than four times per week
(OR=3.12; 95% CI: 1.18–8.23) was positively associated with
shortness of breath with wheeze.

Only three associations were noteworthy for allergic
rhinitis: consumption of nuts, milk intake, and butter in
sauces (tables 8 and 9). Children with frequent consumption
of nuts (more than four times per week) had a higher risk of
rhinitis (OR=2.12, 95% CI=1.21–3.71). A significantly lower
prevalence of nasal symptoms was noted among children who
drink milk more than three times per week in comparison
with children who never drank milk (p=0.011). Butter used for
sauces was positively associated with frequency of rhinitis
(p=0.047).

Table 10 summarises the main results of the associations
between fruit and vegetables consumption and fats consump-
tion with the two wheezing symptoms and also illustrates the
findings for the same food items in relation with nocturnal dry
cough and chronic cough. The OR of the comparisons
between the highest versus the lowest consumption categories
are reported, together with the results of the trend test across
the consumption categories. The protective effects of cooked
vegetables, summer tomatoes, fresh fruit, and citrus fruit were
consistent for the four respiratory symptoms investigated.
The negative effects of butter (with bread or for cooking) were
present only for wheezing symptoms and not for cough
symptoms whereas margarine (with bread) was more or less
associated with all the four symptoms.

Discussion

The current study found a protective effect for vegetable
and fresh fruit consumption and a negative effect for butter
and margarine use on wheezing symptoms in children. Apart
from butter, none of these foods were associated with allergic
rhinitis. No effect for fish containing omega-3 fatty acids was
found.

The present analysis confirms the protective role of citrus
fruit on wheezing [20], and suggests associations with other
dietary items. The protective effects seem to be clear for
vegetables, in particular tomatoes, and fresh fruit. Both "any
wheeze" and "shortness of breath with wheeze" decreased in
relation to an increased consumption of summer tomatoes
and fresh fruit. Vegetables and fruit are the major source of
antioxidant vitamins, such as vitamin C and carotenoids.
Dietary intake of these vitamins may exert an activity against
oxidative lung damage and may decrease the inflammation of
the airway [10]. It has been suggested that vitamin C is the
major antioxidant substance in the airways and it protects
against endogenous and exogenous oxidant molecules [25].
Vitamin C is the most abundant antioxidant substance in the
extracellular fluid in the lung and contributes to the regen-
eration of membrane-bound oxidised vitamin E, allowing it to

Table 3. – Description of use of fats in cooking, dressing, and
sauces

Consumption per week Total

Never Sometimes Often Always

Fats for cooking
Olive oil 1.8 5.3 15.2 77.7 3938
Seed oil 24.6 59.7 9.9 5.8 3567
Butter 25.0 66.9 6.4 1.7 3538
Margarine 76.5 19.6 3.1 0.8 3407

Fats for dressing
Olive oil 0.6 1.6 6.5 91.3 3971
Seed oil 86.2 10.7 1.8 1.3 3297

Fats for sauces
Butter (usually pasta) 51.3 44.4 3.2 1.1 3411
Margarine (usually

pasta)
89.7 8.8 0.9 0.6 3297

Data are presented as %, except total, which give the number of subjects
with available information on the specific item.

Table 2. – Description of food consumption

Consumption per week Total

Never v1 1–2 3–4 w4

Cooked vegetables 11.5 15.0 29.5 22.4 21.6 3892
Fresh salads 21.3 15.2 27.0 19.7 16.8 3901
Summer tomatoes 15.4 10.5 28.1 25.6 20.4 3935
Out of season tomatoes 38.7 24.8 24.1 7.3 5.1 3800
Peppers 62.8 20.4 13.1 2.1 1.6 3823
Potatoes 1.2 11.8 47.4 25.0 14.6 3907
Fresh fruit 2.1 6.4 15.9 22.0 53.6 3915
Citrus fruit 9.2 10.8 21.9 23.4 34.7 3897
Kiwi 35.2 26.0 22.6 8.4 7.8 3870
Nuts (walnuts, hazelnuts,

almonds, peanuts)
37.2 43.7 13.8 2.8 2.5 3901

Olives 28.6 41.1 23.0 4.6 2.7 3819
Bread and butter 76.8 12.2 8.2 1.4 1.4 3804
Bread and margarine 95.6 2.2 1.4 0.3 0.5 3696
Milk 4.7 4.2 11.6 10.1 69.4 3920
Cheese 6.4 11.7 39.5 28.0 14.4 3915
Liver 76.4 17.0 6.0 0.4 0.2 3809
Pasta with fish (tuna,

mackerel, sardines,
salmon, anchovies)

23.9 37.5 35.9 1.8 0.9 3890

Fish (tuna, mackerel,
sardines, salmon,
anchovies)

17.4 29.0 50.5 2.7 0.4 3871

Data are presented as %, except total, which give the number of subjects
with available information on the specific item.
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Table 5. – Association between use of fats in cooking, dressing and sauces and 12 month occurrence of wheeze

Consumption per week p-value for trend

Never* Sometimes Often Always

Fats for cooking
Olive oil 1.00 0.70 (0.23–2.17) 1.00 (0.37–2.67) 0.90 (0.35–2.30) 0.928
Seed oil 1.00 1.20 (0.83–1.72) 1.30 (0.76–2.21) 0.88 (0.43–1.79) 0.826

11
Butter 1.00 1.08 (0.76–1.53) 1.79 (1.02–3.15) 2.19 (0.90–5.30) 0.031
Margarine 1.00 1.30 (0.91–1.85) 1.38 (0.72–2.67) 0.107

Fats for dressing
Olive oil 1.00 1.28 (0.40–4.05) 1.32 (0.47–3.73) 0.636
Seed oil 1.00 0.86 (0.52–1.41) 0.75 (0.22–2.50) 0.81 (0.24–2.78) 0.465

Fats for sauces
Butter 1.00 0.84 (0.62–1.14) 0.88 2.85 (1.01–7.42) 0.892
Margarine 1.00 1.40 (0.87–2.23) 1.25 (0.80–1.97) 0.327

Data are presented as odds ratio (OR) (95% confidence interval). OR are adjusted for the following confounders: sex, study area, paternal education,
maternal and paternal smoking, parental asthma, dampness or mould in the child9s room, household crowding. When a specific category of food
intake had v1% of the subject, the category has been merged with the preceding or following category. *: reference.

Table 4. – Association between food consumption and 12 month occurrence of wheeze

Consumption per week p-value
for trend

Never* v1 1–2 3–4 w4

Cooked vegetables 1.00 0.82 0.85 0.78 0.67 0.125
(0.49–1.35) (0.55–1.33) (0.49–1.25) (0.41–1.09)

Fresh salads 1.00 0.93 0.76 0.77 0.66 0.047
(0.61–1.43) (0.52–1.12) (0.51–1.17) (0.41–1.04)

Summer tomatoes 1.00 0.90 0.79 0.71 0.49 0.003
(0.55–1.48) (0.53–1.18) (0.47–1.08) (0.31–0.80)

Out of season tomatoes 1.00 0.89 0.69 0.97 0.73 0.167
(0.62–1.27) (0.47–1.00) (0.57–1.66) (0.37–1.45)

Peppers 1.00 1.11 0.91 0.38 0.88 0.455
(0.79–1.56) (0.59–1.41) (0.09–1.60) (0.27–2.89)

Potatoes 1.00 0.85 0.62 0.72 0.63 0.451
(0.28–2.60) (0.21–1.82) (0.24–2.12) (0.21–1.91)

Fruit 1.00 0.61 0.63 0.59 0.51 0.090
(0.24–1.53) (0.28–1.43) (0.26–1.31) (0.24–1.11)

Citrus fruit 1.00 0.86 0.82 0.51 0.93 0.700
(0.47–1.55) (0.49–1.36) (0.30–0.87) (0.58–1.49)

Kiwi 1.00 0.67 0.69 0.81 0.67 0.085
(0.46–0.96) (0.48–1.01) (0.48–1.36) (0.37–1.20)

Nuts 1.00 0.86 0.69 0.85 0.13 0.017
(0.64–1.71) (0.43–1.10) (0.37–1.93) (0.02–0.95)

Olives 1.00 0.62 0.85 0.47 1.53 0.697
(0.44–0.87) (0.59–1.23) (0.20–1.11) (0.74–3.15)

Bread and butter 1.00 1.20 1.04 1.64 2.09 0.143
(0.79–1.81) (0.62–1.73) (0.57–4.72) (0.80–5.44)

Bread and margarine 1.00 0.88 2.52 0.024
(0.31–2.48) (1.25–5.09)

Milk 1.00 0.88 1.20 1.15 0.90 0.353
(0.35–2.1) (0.59–2.48) (0.55–2.40) (0.47–1.71)

Cheese 1.00 0.71 0.70 0.70 0.86 0.862
(0.38–1.32) (0.42–1.72) (0.41–1.20) (0.49–1.52)

Liver 1.00 0.85 0.79 0.304
(0.58–1.25) (0.43–1.46)

Pasta with fish 1.00 1.01 0.87 0.96 0.474
(0.71–1.44) (0.61–1.26) (0.39–2.32)

Fish 1.00 0.66 0.86 0.77 0.743
(0.44–0.99) (0.61–1.23) (0.32–1.86)

Data are presented as odds ratio (OR) (95% confidence interval). OR are adjusted for the following confounders: sex, study area, paternal education,
maternal and paternal smoking, parental asthma, dampness or mould in the child9s room, household crowding. When a specific category of food
intake had v1% of the subject, the category has been merged with the preceding category. *: reference.
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Table 6. – Association between food consumption and 12 month occurrence of shortness of breath with wheeze

Consumption per week p-value for trend

Never* v1 1–2 3–4 w4

Cooked vegetables 1.00 0.68 0.63 0.62 0.72 0.318
(0.37–1.24) (0.37–1.06) (0.35–1.08) (0.41–1.25)

Fresh salads 1.00 0.76 0.91 0.79 0.98 0.871
(0.43–1.34) (0.57–1.46) (0.46–1.33) (0.58–1.65)

Summer tomatoes 1.00 0.70 0.73 0.63 0.55 0.031
(0.38–1.30) (0.46–1.17) (0.38–1.04) (0.32–0.96)

Out of season tomatoes 1.00 0.97 0.68 1.44 1.12 0.901
(0.63–1.49) (0.42–1.09) (0.80–2.57) (0.54–2.3)

Peppers 1.00 1.12 0.90 0.30 1.81 0.951
(0.74–1.68) (0.52–1.54) (0.04–2.20) (0.63–5.21)

Potatoes 1.00 0.90 0.53 0.58 0.76 0.825
(0.25–3.21) (0.15–1.81) (0.17–2.02) (0.21–2.70)

Fruit 1.00 0.59 0.46 0.37 0.37 0.022
(0.22–1.57) (0.19–1.11) (0.15–0.89) (0.16–0.85)

Citrus fruit 1.00 0.73 0.65 0.26 0.59 0.016
(0.38–1.40) (0.37–1.13) (0.14–0.51) (0.35–1.00)

Kiwi 1.00 0.67 0.57 0.81 1.07 0.467
(0.43–1.04) (0.35–0.93) (0.43–1.54) (0.58–1.96)

Nuts 1.00 0.69 0.59 1.89 0.38 0.239
(0.47–1.00) (0.33–1.06) (0.89–4.03) (0.08–1.62)

Olives 1.00 0.60 0.76 0.76 1.28 0.637
(0.40–0.89) (0.49–1.20) (0.33–1.74) (0.52–3.14)

Bread and butter 1.00 1.13 0.77 2.53 3.12 0.106
(0.68–1.87) (0.38–1.56) (0.87–7.38) (1.18–8.23)

Bread and margarine 1.00 1.38 1.90 0.164
(0.46–3.66) (0.74–4.89)

Milk 1.00 1.45 0.94 1.14 1.08 0.975
(0.48–4.36) (0.35–2.50) (0.43–3.02) (0.46–2.52)

Cheese 1.00 0.74 0.56 0.56 0.72 0.326
(0.37–1.48) (0.31–1.01) (0.30–1.04) (0.37–1.39)

Liver 1.00 1.14 1.04 0.684
(0.74–1.75) (0.53–2.04)

Pasta with fish 1.00 1.00 0.77 0.86 0.237
(0.66–1.52) (0.49–1.20) (0.29–2.53)

Fish 1.00 0.84 0.77 0.97 0.343
(0.52–1.35) (0.50–1.19) (0.36–2.58)

Data are presented as odds ratio (OR) (95% confidence interval). OR are adjusted for the following confounders: sex, study area, paternal education,
maternal and paternal smoking, parental asthma, dampness or mould in the child9s room, household crowding. When a specific category of food
intake had v1% of the subject, the category has been merged with the preceding category. *: reference.

Table 7. – Association between use of fats in cooking, dressing and sauces and 12 month occurrence of shortness of breath and
wheeze

Consumption per week p-value for trend

Never* Sometimes Often Always

Fats for cooking
Olive oil 1.00 0.52 (0.14–1.95) 0.77 (0.25–2.31) 0.68 (0.24–1.92) 0.761
Seed oil 1.00 0.90 (0.59–1.37) 0.90 (0.47–1.73) 1.02 (0.48–2.17) 0.912
Butter 1.00 0.94 (0.62–1.41) 1.33 (0.67–2.66) 1.52 (0.50–4.60) 0.472
Margarine 1.00 1.10 (0.71–1.69) 1.40 (0.66–3.00) 0.384

Fats for dressing
Olive oil 1.00 1.25 (0.34–4.63) 0.98 (0.30–3.21) 0.601
Seed oil 1.00 0.94 (0.52–1.69) 1.73 (0.59–5.02) 0.95 (0.22–4.15) 0.757

Fats for sauces
Butter 1.00 0.91 (0.63–1.31) 1.16 (0.45–2.98) 1.76 (0.50–6.15) 0.829
Margarine 1.00 1.16 (0.63–2.11) 1.21 (0.70–2.10) 0.499

Data are presented as odds ratio (OR) (95% confidence interval). OR are adjusted for the following confounders: sex, study area, paternal education,
maternal and paternal smoking, parental asthma, dampness or mould in the child9s room, household crowding. When a specific category of food
intake had v1% of the subject, the category has been merged with the preceding or following category. *: reference.
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Table 8. – Association between food consumption and 12 month occurrence of allergic rhinitis

Consumption per week p-value for trend

Never* v1 1–2 3–4 w4

Cooked vegetables 1.00 0.84 0.76 0.75 0.88 0.567
(0.55–1.27) (0.52–1.10) (0.51–1.12) (0.59–1.30)

Fresh salads 1.00 1.05 0.67 0.80 0.87 0.152
(0.74–1.49) (0.48–0.94) (0.57–1.14) (0.61–1.24)

Summer tomatoes 1.00 1.14 0.76 0.82 0.96 0.456
(0.75–1.72) (0.53–1.08) (0.57–1.17) (0.56–1.38)

Out of season tomatoes 1.00 1.00 1.06 1.28 1.02 0.450
(0.75–1.35) (0.79–1.43) (0.83–1.97) (0.61–1.73)

Peppers 1.00 0.76 0.78 1.22 0.97 0.317
(0.56–1.03) (0.54–1.12) (0.61–2.41) (0.41–2.30)

Potatoes 1.00 1.18 0.85 1.31 1.21 0.088
(0.40–3.45) (0.30–2.43) (0.46–3.74) (0.42–3.51)

Fruit 1.00 0.43 0.45 0.60 0.56 0.776
(0.19–0.94) (0.23–0.90) (0.31–1.16) (0.30–1.05)

Citrus fruit 1.00 1.09 1.02 1.01 1.00 0.830
(0.66–1.79) (0.66–1.59) (0.65–1.57) (0.66–1.52)

Kiwi 1.00 0.94 0.83 0.62 1.28 0.734
(0.71–1.26) (0.61–1.13) (0.37–1.02) (0.85–1.91)

Nuts 1.00 0.82 0.97 1.27 2.12 0.093
(0.63–1.06) (0.69–1.38) (0.69–2.35) (1.21–3.71)

Olives 1.00 1.04 0.94 1.15 2.34 0.121
(0.79–1.38) (0.68–1.31) (0.67–1.97) (1.33–4.13)

Bread and butter 1.00 0.72 0.98 1.10 1.79 0.703
(0.49–1.07) (0.65–1.48) (0.43–2.80) (0.83–3.89)

Bread and margarine 1.00 1.30 1.11 0.571
(0.64–2.65) (0.53–2.35)

Milk 1.00 1.11 0.62 0.56 0.61 0.011
(0.59–2.08) (0.36–1.09) (0.31–0.99) (0.38–0.96)

Cheese 1.00 0.77 0.77 0.74 0.85 0.677
(0.46–1.28) (0.50–1.19) (0.47–1.16) (0.52–1.39)

Liver 1.00 1.02 1.08 0.729
(0.75–1.37) (0.70–1.68)

Pasta with fish 1.00 0.80 0.75 1.38 0.306
(0.60–1.06) (0.56–1.00) (0.76–2.50)

Fish 1.00 0.81 0.82 1.12 0.503
(0.58–1.12) (0.61–1.11) (0.60–2.11)

Data are presented as odds ratio (OR) (95% confidence interval). OR are adjusted for the following confounders: sex, study area, paternal education,
maternal and paternal smoking, parental asthma, dampness or mould in the child9s room, household crowding. When a specific category of food
intake had v1% of the subject, the category has been merged with the preceding or following category. *: reference.

Table 9. – Association between use of fats in cooking, dressing and sauces and 12 month occurrence of allergic rhinitis

Consumption per week p-value for trend

Never* Sometimes Often Always

Fats for cooking
Olive oil 1.00 1.19 (0.48–2.93) 1.06 (0.46–2.43) 0.87 (0.39–1.94) 0.121
Seed oil 1.00 1.14 (0.85–1.53) 1.61 (1.07–2.44) 1.21 (0.71–2.07) 0.097
Butter 1.00 0.97 (0.73–1.28) 1.68 (1.07–2.63) 1.42 (0.64–3.13) 0.101
Margarine 1.00 0.93 (0.68–1.26) 1.20 (0.68–1.26) 0.918

Fats for dressing
Olive oil 1.00 1.24 (0.57–2.72) 0.79 (0.39–1.60) 0.049
Seed oil 1.00 0.87 (0.58–1.30) 0.85 (0.33–2.18) 1.42 (0.58–3.48) 0.993

Fats for sauces
Butter 1.00 1.03 (0.80–1.31) 1.79 (1.02–3.13) 2.36 (1.05–5.30) 0.047
Margarine 1.00 1.08 (0.72–1.63) 1.14 (0.78–1.67) 0.493

Data are presented as odds ratio (OR) (95% confidence interval). OR are adjusted for the following confounders: sex, study area, paternal education,
maternal and paternal smoking, parental asthma, dampness or mould in the child9s room, household crowding. When a specific category of food
intake had v1% of the subject, the category has been merged with the preceding or following category. *: reference.
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function again [26]. Vitamin E, of which olive oil is the
principle source in Mediterranean diet, is a fat-soluble
constituent of the cell membrane and represents the body9s
principal defence against oxidant-induced membrane injury,
breaking the lipid peroxidation chain reaction. Vitamin E
seems to suppress neutrophil migration [13], and inhibits
immunoglobulin (Ig)E production [14].

Some evidence on the role of vegetables and fresh fruit on
asthma-like symptoms have been found in children. Apart
from the authors previous results [20], in a cross-sectional
study in England and Wales [19], children who never ate fresh
fruit had an forced expiratory volume in one second of 79 mL
(4.3%) lower than that of children who ate fruit more than
once a day, and this association was even stronger in children
with wheezing. A case-control study on childhood asthma in
Saudi Arabia found a strong protective effect for vegetable
consumption and Vitamin E intake [17]. An ecological
analysis of the ISAAC study involving 53 countries (children
aged 13–14 yrs) has shown a consistent pattern of a decrease
in wheezing symptoms, allergic rhinoconjunctivitis, and
atopic eczema associated with an increased per capita con-
sumption of vegetables, vegetable nutrients, and nuts [27]. A
recent study involving 20,000 children from central-eastern
European countries has found a protective effect of fruit and
vegetables consumption on the occurrence of cough and on
wheezing symptoms and the effects were stronger when
considering summer fruit and vegetables [28]. In adults, an
increase in bronchial reactivity associated with lower intake of
vitamin C was found [29], while BODNER et al. [30] found that
a higher intake of vitamin E was related to a lower risk of
asthma onset. The current study shows a protective effect for
nuts on the prevalence of shortness of breath with wheeze,
and a similar result was found in the Nurses9 Health Study.
Women participating in that study had lower incidence of
asthma in the highest quintile of vitamin E intake, and the
effect was attenuated after excluding nut consumption [31].
However, nuts not only contain vitamin E but also
magnesium, which has been shown to protect against
asthma among adults [15], though it should be noted that
the association with nuts is based on relatively few subjects
and might just be a spurious finding.

It is difficult to single out the most important antioxidant
nutrient responsible for the protection, since the amount of

vitamins C and E, and carotenoids are highly correlated.
However, of note is that among the types of vegetables and
fruit investigated, the strongest result was the protective role
of summer tomatoes. In the longitudinal Nurses9 Health
Study [31], consumption of tomato juice and tomato sauce
was inversely related to asthma incidence. Moreover, a study
regarding Sudanese children has linked tomato consumption
with a reduction of respiratory infections [32]. Tomatoes
contain lycopene, a carotenoid with a strong antioxidant
property, and other potentially beneficial substances, includ-
ing vitamin C and E [33]. High intake of tomatoes or lycopene
has been associated with decreased cancer risk [34], in
particular lung, stomach and prostate cancer. The results
from the current study are a clear indication that more
research is warranted on the potential beneficial effects of
foods containing lycopene.

The current study shows a harmful effect of both margarine
and butter consumption in relation to "any wheeze" and
"shortness of breath with wheeze". Butter used for pasta was
also correlated with allergic rhinitis. Margarine is rich in
polyunsatured fatty acids, particularly omega-6 fatty acid,
while butter is an animal fat rich in saturated fatty acids. The
Zutphen study revealed that high intake of PUFA and linoleic
acid was associated with high incidence of chronic lung
disease [35]. A recent ecological study regarding 37 centres in
Europe showed a positive association between daily intake of
monounsaturated (MUFA) fatty acid and prevalence of
allergic sensitisation in adults [36], while the Nurses Health
Study showed inverse association between the intake of
MUFA and linoleic acid and asthma incidence [31]. Among
preschool Australian children, the risk of asthma was higher
for a high consumption of PUFA [21]. A cross-sectional study
conducted in Germany found an association between
margarine consumption, compared to butter use, and rhinitis
symptoms. [37]. A possible explanation for these findings is
that high intake of fats leads to an increased ratio of omega-6
to omega-3 fatty acids. In general, PUFA have been shown to
modify cell-mediated immunity, as well as IgE production
and allergic responses [38], but omega-3 PUFA and omega-6
PUFA have different effects on inflammation. The omega-3
PUFA have a specific role in controlling inflammation, but
are easily replaced by omega-6 PUFA, which exert the
opposite activity. Atopic patients have an altered composition

Table 10. – Summary results of the association between fruit and vegetables and fats with respiratory symptoms

Foods/Food groups Symptoms

Wheeze Shortness of breath Nocturnal cough Chronic cough

Fruit and vegetables
Cooked vegetables 0.67 (0.41–1.09) 0.72 (0.41–1.25) 0.61 (0.45–0.83) 0.62 (0.42–0.89)

0.125 0.318 0.006 0.005
Summer tomatoes 0.49 (0.31–0.80) 0.55 (0.32–0.96) 0.67 (0.50–0.90) 0.55 (0.40–0.77)

0.003 0.031 0.008 v0.001
Fresh fruits 0.51 (0.24–1.11) 0.37 (0.16–0.85) 0.37 (0.22–0.61) 0.46 (0.26–0.82)

0.090 0.022 v0.001 0.021
Citrus fruits 0.93 (0.58–1.49) 0.59 (0.35–1.00) 0.67 (0.49–0.93) 0.85 (0.58–1.26)

0.700 0.016 v0.001 0.035
Fats

Bread and butter 2.09 (0.80–5.44) 3.12 (1.18–8.23) 1.75 (0.91–3.35) 1.00 (0.41–2.43)
0.143 0.106 0.164 0.502

Butter for cooking 2.19 (0.90–5.30) 1.52 (0.50–4.60) 1.16 (0.61–2.24) 0.85 (0.39–1.88)
0.031 0.472 0.677 0.695

Bread and margarine 2.52 (1.25–5.09) 1.90 (0.74–4.89) 1.81 (1.07–3.06) 1.62 (0.89–2.97)
0.024 0.164 0.065 0.283

Data are presented as odds ratio (OR) of the highest level of consumption versus never (95% confidence interval) and p-value for trend. OR are
adjusted for the following confounders: sex, study area, paternal education, maternal and paternal smoking, parental asthma, dampness or mould in
the child9s room, household crowding.
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of PUFA in serum and cell membranes, while a balance
between n-3 PUFA and n-6 PUFA metabolism exists in
nonallergic children [39]. However, a complete explanation
for the biological mechanism that involves PUFA on airway
inflammation has not been found [40].

While PUFA have been relatively well studied, less
attention has been paid to the role of saturated fats in
inflammation. It has been suggested that saturated fats may
modify serum cholesterol levels and the cell membrane
content of arachidonic acid, both of which may affect
lymphocyte function. However, how saturated fats may
modify airway inflammation remains unknown [13]. From
an epidemiological perspective, there are two observations on
the role of saturated fats on asthma. Results from the First
Nutrition and Health survey in Taiwan suggested an increase
of the risk of asthma in teenagers corresponds to an increased
intake of saturated fats, while MUFA fats were inversely
related with asthma [13]. The case-control study of adults by
BODNER et al. [30] found a protective effect of low saturated
fat consumption.

The biological mechanism underlying the association
between rhinitis symptoms and milk intake is difficult to
explain. Although milk consumption has been considered as a
proxy for vitamin A intake and lower prevalence of chronic
bronchitis has been observed among subjects drinking milk
daily versus never [41], a bias could have occurred. Sympto-
matic children may avoid milk because of food intolerance,
since milk is one of the most allergenic foods [25], and the
observed effect may be due only to such selective avoidance.
However, the association between allergic rhinitis and nuts
consumption is probably correct, since the allergenic proper-
ties of nuts are well known [25]. It is worthy of note that, like
in the study conducted in Taiwan on the role of diet on
asthma and allergic rhinitis [13], apart from butter used on
pasta, none of the dietary factors that were associated
with wheeze showed a significant association with allergic
rhinitis. This finding suggests that dietary components act
via an inflammatory mechanism, other than eosinophilic
inflammation, to produce increased bronchial reactivity and
reversible airways obstruction.

Several limitations of the study should be noted and
caution needs to be taken in interpreting the results due to the
following factors: 1) The authors have considered parental
reports of children9s diet and symptoms, and information bias
could have occurred. Although questionnaire data on dietary
items recorded by parents are considered to be accurate
enough, especially regarding fruit and vegetable intake [42],
the questionnaire was not validated against a standard. It is
well known that brief food frequency questionnaires are
useful to analyse the association between nutrient intake and
chronic disease, but they are subject to substantial measure-
ment error and dietary change [43]; 2) The analysis considers
symptoms and diet collected at the same time; 3) Although
the authors considered more foods and food groups than
other studies, the scope of the nutrients that were investigated
is limited and information of total energy intake is unavail-
able; 4) It is difficult to single out the specific factor when food
patterns, rather than a specific food, may be associated with
the outcomes. However, the authors did not find a high
correlation among the dietary variables that were investi-
gated; 4) When investigating protective effects, there is always
the possibility of "reverse bias", namely that those with
symptoms purposely avoid these foods; 5) Some analyses are
based on few subjects and the results may be due to chance; 6)
The authors do not have information on height and weight,
possibly relevant variables for wheezing.

In conclusion, the current study has suggested a pre-
ventive role of a diet rich in vegetables and fruit and
low in fatty foods on childhood wheeze. However, the

role of diet in the development of childhood asthma, the
relevant time windows (including during pregnancy) and
induction time, and the biological mechanisms underlying the
associations, all need to be further investigated before
promoting a specific diet for primary and secondary asthma
prevention.
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