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Original article

Mediterranean diet is associated with reduced asthma and rhinitis

i Mexican children

Background: Diet during pregnancy and childhood has been suggested to play
an important role in children’s asthma risk. We assessed whether the adherence
to a Mediterranean dietary pattern, for children in the last 12 months and their
mothers during pregnancy, was associated with both childhood asthma and
allergic rhinitis.

Methods: A cross-sectional study was conducted in 2004 using a random sample
of 1476 children (6- to 7-year old) from the Mexicali region, Mexico. Dietary
data of children’s intake in the last 12 months and their mothers’ intake during
pregnancy was collected, through a parental food frequency questionnaire. A
Mediterranean diet score was computed [Trichopoulou et al., N Engl J Med 348
(2003), 2599]. Data on seven asthma and rhinitis-related outcomes were obtained
from the International Study of Asthma and Allergies in Childhood question-
naire.

Results: Adherence to a Mediterranean dietary pattern was inversely associated
with asthma ever (OR = 0.60, 95% CI = 0.40-0.91), wheezing ever (0.64, 0.47—
0.87), rhinitis ever (0.41, 0.22-0.77), sneezing ever (0.79, 0.59-1.07), current
sneezing (0.71, 0.52-0.96) and current itchy-watery eyes (0.63, 0.42-0.95). No
associations were found using the mothers’ pregnancy diet score, except for

J. de Batlle'3, J. Garcia-Aymerich'™,
A. Barraza-Villarreal®,
J. M. Ant6"™, I. Romieu®

'Centre for Research in Environmental Epidemiology
(CREAL), Barcelona, Spain; 2Municipal Institute of
Medical Research (IMIM-Hospital del Mar),
Barcelona, Spain; *CIBER Epidemiologia y Salud
Piblica (CIBERESP), Barcelona, Spain; *Universitat
Pompeu Fabra (UPF), Barcelona, Spain; °Instituto
Nacional de Salud Pdblica de México, Morelos,
Mexico

Key words: asthma; epidemiology; pediatrics; rhinitis.

Isabelle Romieu

Instituto Nacional de Salud Pdblica
655 Avenida Universidad

Col. Santa Maria Ahuacatitlan
62508, Cuernavaca

current sneezing (0.71, 0.53-0.97).

Conclusions: Our findings suggest a protective effect of following a healthy
dietary pattern on asthma and allergic rhinitis in Mexican children.
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The prevalence of asthma and allergies has been increas-
ing worldwide during the last few decades, especially in
children (1), although a plateau has been reached in some
developed countries (2). Although the causes of this rise
remain largely unexplained, lifestyle- and more specifi-
cally-diet habits are suggested to play an important role
(3). The introduction of fast food and the westernization
of many worldwide dietary patterns may be one of the
underlying causes behind the rise in asthma and allergy
prevalence (3). As reviewed elsewhere (4-6), previous
studies have tried to find associations between foods or
nutrients and asthma and allergies. However, although
most studies explored the effects of a wide range of foods
and/or nutrients, they could only find associations for
some of them, and some of those associations could be
partly attributed to the strong correlation of the different
foods and nutrients among them. To unravel the
potential role of foods and nutrients as risk or protective
factors for asthma or allergies, new hypotheses have been
generated, such as those focused on diet during preg-
nancy (4). Additionally, there is a need to explore new
ways of diet assessment, such as the description of dietary
patterns using cluster or factor analyses (7, 8), or the
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utilization of diet scores (7), both of which aim to
summarize the whole diet of an individual.

We examined the association between both children’s
diet in last 12 months and their mothers’ diet during
pregnancy, and asthma and allergic rhinitis prevalence in
children. To do so, we used a dietary pattern approach
analysis — based on a Mediterranean diet score (9) — on
Mexican children from the International Study of
Asthma and Allergies in Childhood (ISAAC) (10).

Material and methods
Study subjects

The study population consisted of a random selection of 3125
children, 6- to 7-year old, from all primary public and private
schools registered in the Mexicali Public Education Secretary, in
2004. Recruitment was performed through schools, and a total of
2528 parents (81%) gave consent for participation. Five hundred
and sixty-three children who did not fulfill age criteria were
excluded from the database. For this study, we selected children
who had available dietary data sufficient to compute their Medi-
terranean diet score and/or the score of their mothers, giving a total
of 1476 children with at least one score (mothers’ diet or children’s



diet), and at least one available outcome variable. The study
protocol was approved by the Ethics Committee of the Mexican
National Public Health Institute, and written informed consent was
obtained from the parents.

Study design

A cross-sectional prevalence study was conducted using ISAAC
methodology (10) on Mexican children from Mexicali, in Baja
California, Mexico. Parents were asked to complete the ISAAC
questionnaire on respiratory and allergic symptoms (10), and seven
outcome variables were selected: asthma ever, wheezing ever, cur-
rent wheezing, allergic rhinitis ever, sneezing ever, current sneezing
and current itchy-watery eyes. The exposure variables consisted of
two Mediterranean diet scores that measured the adherence to the
Mediterranean dietary pattern for children’s diet in the last
12 months and their mothers’ diet during pregnancy.

Methods

Outcome variables were defined as having a positive answer to the
following questions: asthma ever: ‘Have you ever been told by a
doctor that your child has asthma?” or ‘Have you ever been told by a
doctor that your child has asthmatic bronchitis or reacting airways
disease?’; wheezing ever: ‘Has your child ever had wheezing or
whistling in the chest?’; current wheezing: ‘In the past 12 months,
has your child ever had wheezing or whistling in the chest?’; allergic
rhinitis ever: ‘Has your child ever had allergic rhinitis?’; sneezing
ever: ‘Has your child ever had a problem with sneezing, or a runny,
or blocked nose when he/she did not have a cold or the flu?’; current
sneezing: ‘In the past 12 months, has your child ever had nasal
congestion or sneezing when he did not have cold or the flu?’; and
current itchy-watery eyes: ‘In the past 12 months, has this nose
problem been accompanied by itchy-watery eyes?”. The question-
naire was self-administered and included questions about house
conditions, tobacco exposure, medical history of asthma and
allergic rhinitis in the family, and other exposures during pregnancy
and early life, including diet.

Dietary information were collected using a food frequency
questionnaire (FFQ) with 70 food items, asking about both the diet
of children in the last 12 months and the diet of their mothers
during pregnancy. The questionnaire was developed and validated
for use in adult Mexican women (11) and includes foods eaten by
Mexican children. Information were converted into a daily con-
sumption frequency of each food, which was in turn converted into
the daily consumption frequencies of eight food groups: vegetables
(broccoli or cauliflower, carrot, tomato, potatoes, courgettes, let-
tuce, avocado, cladodes, green beans, chili or chili sauce), legumes
(kidney beans, green peas, lentils), fruits and nuts (orange, grape,
apple, banana, peach, watermelon, pineapple, papaya, pear, kiwi,
mango, strawberry, prickly pears, plums, orange juice, grapefruit
juice, almonds, walnuts, hazelnuts, peanuts), dairy products (milk,
cheese, yogurt), cereals (cereals, pasta, rice, bread), meat (meat,
chicken, ham, pork), fish (seafood, fish, canned fish, tuna, sardines),
and junk food and fat (fast food, hamburgers, sweets, cakes, milk
candy, chips, ice creams, cookies, popcorn, chocolate pastries,
butter, cream, margarine).

A Mediterranean diet score, originally designed by Trichopoulou
(9), was used to evaluate the adherence to the Mediterranean dietary
pattern. The score was adapted as follows: (i) the moderate alcohol
consumption component was «a priori suppressed, as it was not
applicable to children; (ii) the high monounsaturated:saturated fat
ratio component could not be computed with the available data;
and (iii) and a junk food and fat consumption component was
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introduced, as previous literature suggested that fast food, snacks,
and sweets should be included in Mediterranean diet scores (12—14).
The final Mediterranean diet score included eight components that
corresponded to the eight food groups previously described, and
ranged from 0 (minimum adherence to Mediterranean diet) to 8
(maximum adherence). The median consumption of each score
component was selected as the cut-off point, to have half of the
subjects add + 1 to the final score, and the other half add 0 to the
final score. As in the original score (9), participants in the upper half
of consumption of vegetables, legumes, fruits and nuts, cereals, and
fish added + 1, and participants in the lower half of consumption of
dairy products, meat, and junk food and fat added + 1, so a higher
final score indicated higher adherence to the Mediterranean dietary
pattern.

Analysis

Logistic regression analysis was used to estimate the association
between the diet scores of children and mothers and the selected
outcome variables: asthma ever, wheezing ever, current wheezing,
allergic rhinitis ever, sneezing ever, current sneezing and current
itchy-watery eyes. Both the children and mothers scores were cat-
egorized into tertiles, being the first (lower adherence to Mediter-
ranean diet) the reference category in the logistic model. The
following potential confounding factors were included in the final
models only if they were related to both the Mediterranean diet
score and the outcome, or were potentially relevant according to
previous literature: gender, number of older sisters or brothers,
birth weight, body mass index (BMI), maternal breastfeeding,
parental educational level, children’s exercise, smoking exposure
(while in the womb, during the first year of life, or currently in the
home), parental medical history of asthma and allergic rhinitis,
animals at home during pregnancy, animals at home during first
year of life, living in a ranch during pregnancy, premature birth,
respiratory infections during early life, silhouette, changes from the
silhouette they had at 4-year old, type of combustible used for
cooking at home, sleeping alone in a room, and mould or dampness
at home. Possible effect modification by gender, smoking, maternal
education, and maternal asthma and allergic rhinitis was assessed
through stratification of the final models. The goodness-of-fit of the
statistical models was checked (15). Because of missing data on
some variables, the sample size varied slightly between analyses.
Data analysis was conducted using STATA 8.2 (StataCorp, College
Station, TX, USA).

Results

We first compared data between children who were
excluded from the present analyses because of lack of
data on diet (n = 489) and those who were finally
included (Table 1). Excluded subjects reported lower
maternal education, higher maternal asthma, and lower
current sneezing and current itchy-watery eyes. Only 3%
of the mothers smoked during pregnancy, although 13%
of the children were exposed to tobacco smoke during
first year of life and up to 18% of them were currently
exposed in their homes. Familial antecedents of asthma
or allergic rhinitis ranged from 3% to 8%. Twelve percent
of children had been diagnosed with asthma, 25% had
ever had wheezing, 7% had ever had allergic rhinitis and
30% had ever had rhinitis-related symptoms.
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Table 1. Characteristics of excluded and included children

Excluded™® Included P-value
(n=489) (n=1476) (95% Cl)
Body mass index, mean (SD) 18.8 (7.0) 18.8 (6.4) 0.945
Maternal education: less than primary 9(2) 29 (2) <0.001
Primary 143 (31) 148 (10)
Secondary 228 (49) 638 (44)
Preuniversitary 67 (14) 379 (26)
Universitary 20 (4) 244 (17)
Breast feeding 346 (81) 1077 (79) 0.459
Smoking during pregnancy 22 (5) 42 (3) 0.049
Smoking during first year of life 62 (16) 166 (13) 0.068
Early life respiratory infections 111 (28) 391 (30) 0.429
Home exposure to tobacco smoke 95 (23) 260 (19) 0.036
Sport hours per week: none or <2 103 (28) 339 (26) 0.208
2-5 130 (35) 420 (32)
6 or more 138 (37) 556 (42)
Maternal asthmat 39 (10) 56 (4) <0.001
Paternal asthmat 15 (4) 59 (5) 0.589
Brother/sister with asthmat 33 (9) 100 (8) 0.609
Maternal rhinitist 16 (4) 81 (6) 0.177
Paternal rhinitist 6 (2) 38 (3) 0.175
Brother/sister with rhinitist 14 (4) 53 (4) 0.824
Asthma ever 44 (10) 170 (12) 0.206
Wheezing ever 99 (22) 354 (25) 0.181
Current wheezing 45 (10) 147 (11) 0.794
Rhinitis ever 28 (7) 100 (7) 0.699
Sneezing ever 131 (30) 419 (30) 0.933
Current sneezing 96 (20) 370 (25) 0.013
Current itchy-watery eyes 31 (6) 166 (11) 0.002

Values are given as n (%).

*Subjects without any available dietary score or without any outcome variable were
excluded.

FDoctor’s diagnosis. A positive answer to the question: ‘Have you ever been told by
a doctor that a member of your family (mother, father, brother/sister) has asthma?’.

Both mothers and children reported high consumption
of fruits and nuts, vegetables, and junk food and fat
(Table 2). The correlation between each component of
the score in children and their mothers ranged from 0.42 to
0.64 (P < 0.0001 in all components). The mean Mediter-
ranean diet score for children and mothers was 3.7 (SD =
1.3) and 3.9 (SD = 1.3) respectively, and the correlation
between these scores was r = 0.37 (P < 0.0001).

The crude and adjusted associations between the diet of
children (in the last 12 months) are shown in Tables 3
and 4. Associations with rhinitis-related outcomes are
shown in Tables 5 and 6. After adjusting for confounding
factors, being in the two higher tertiles of Mediterranean
diet score was inversely associated with asthma ever
(P-for trend = 0.034), wheezing ever (P-for trend =
0.001), allergic rhinitis ever (P-for trend = 0.046),
current sneezing (P-for trend = 0.036) and current
itchy-watery eyes (P-for trend = 0.084). Independent
associations between each of the score components and
asthma and allergic rhinitis were also assessed (data
available from the authors). It is worth mentioning that
children’s junk food and fat consumption was positively
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associated with most of the outcomes [Ist tertile vs 3rd
tertile OR (95% CI): asthma ever 3.53 (1.73-7.17),
current wheezing 2.65 (1.30-5.42), sneezing ever 1.85
(1.15-2.91), current sneezing 1.67 (1.04-2.68), and current
itchy-watery eyes 2.32 (1.26-4.29)]. On the other hand,
cereals consumption was inversely associated with most
of the outcomes [1st vs 3rd tertile OR (95% CI): wheezing
ever 0.37 (0.21-0.63), current wheezing 0.22 (0.09-0.50),
sneezing ever 0.51 (0.31-0.86), current sneezing
0.58 (0.34-0.99), and current itchy-watery eyes 0.47
(0.23-0.94)]. Stratification of the final models by gender,
smoking, maternal education, maternal asthma, and
maternal allergic rhinitis did not suggest any effect
modification (data available from the authors).

Adjustment for BMI in children with available data
(n = 384) also showed inverse associations between
being in the two higher tertiles of the Mediterranean diet
score and most outcomes. Although the magnitude of the
point estimates remained generally unchanged, most of
the associations were not statistically significant probably
because of lack of statistical power: OR for asthma ever
0.78 (P = 0.417), wheezing ever 0.77 (P = 0.266), cur-
rent wheezing 1.63 (P = 0.125), allergic rhinitis ever 0.19
(P = 0.001), sneezing ever 0.83 (P = 0.415), current
sneezing 0.88 (P = 0.581) and current itchy-watery eyes
0.47 (P = 0.016).

No associations were found between mothers’ diet
score during pregnancy and asthma or allergic rhinitis
outcomes in children in the crude or adjusted analyses,
except for current sneezing. Adjusted OR, when compar-
ing the second and third to the first tertiles of mothers’
diet score during pregnancy, were: for asthma ever 1.03
(95% CI: 0.67-1.56), wheezing ever 0.74 (95% CI: 0.55—
1.01), current wheezing 1.02 (95% CI: 0.65-1.60), rhinitis
ever 0.64 (95% CI: 0.36-1.15), current rhinitis 0.87 (95%
CI: 0.65-1.18), current sneezing 0.71 (95% CI: 0.53-0.97)
and current itchy-watery eyes 0.96 (95% CI: 0.64—1.45).

Discussion

This study shows that a greater adherence to a Mediter-
ranean dietary pattern — characterized by a high intake of
vegetables, fruits and nuts, legumes, fish and cereals, and
a low intake of dairy products, meat and junk food and
fat — is associated with having less asthma, wheezing,
allergic rhinitis, current sneezing and current itchy-watery
eyes, in Mexican children. No associations were found
when studying the mothers’ adherence to a Mediterra-
nean dietary pattern during pregnancy.

Our results are consistent with previous literature, as
the Mediterranean diet score we used contains most of
the food components that previous studies pointed out as
relevant for asthma or allergies (4-6). Being in the upper
half of consumption of food groups suggested to be
protective in previous studies added +1 to the score.
Likewise, for food groups suggested to be detrimental,
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Table 2. Distribution of food consumption by study children and their mothers during pregnancy

Mothers diet during pregnancy

Children’s diet in the past 12 month

n Mean intake (95% Cl) (portions per day) n Mean intake (35% Cl) (portions per day)
Vegetables 1st tertile 463 1.73 (1.68-1.78) 494 0.97 (0.93-1.01)
2nd tertile 462 3.59 (3.54-3.64) 462 2.18 (2.15-2.21)
3rd tertile 455 6.17 (6.04-6.31) 469 4.35 (4.22-4.47)
Legumes 1st tertile 532 0.35 (0.33-0.36) 551 0.25 (0.24-0.26)
2nd tertile 403 0.83 (0.81-0.84) 418 0.72 (0.71-0.73)
3rd tertile 440 1.67 (1.62-1.72) 433 1.51 (1.46-1.57)
Fruits and nuts 1st tertile 452 2.11 (2.04-2.19) 472 1.55 (1.50-1.60)
2nd tertile 451 483 (4.74-4.92) 459 3.56 (3.50-3.62)
3rd tertile 451 9.77 (9.50-10.05) 465 7.77 (7.52-8.02)
Dairy products 1st tertile 496 0.68 (0.65-0.71) 586 0.82 (0.79-0.85)
2nd tertile 487 1.62 (1.60-1.64) VAl 1.57 (1.56—1.59)
3rd tertile 395 2.52 (2.49-2.56) 430 2.35(2.32-2.39)
Cereals 1st tertile 497 0.88 (0.86-0.91) 483 0.96 (0.93-0.98)
2nd tertile 442 1.81(1.78-1.83) 509 1.97 (1.94-2.00)
3rd tertile 443 2.92 (2.87-2.96) 447 3.10 (3.05-3.15)
Meat 1st tertile 496 0.66 (0.64-0.68) 496 0.60 (0.59-0.62)
2nd tertile 469 1.31 (1.30-1.33) 522 1.26 (1.24-1.28)
3rd tertile 418 2.14 (2.10-2.18) 443 2.14 (2.11-2.18)
Fish 1st tertile 502 0.21 (0.20-0.22) 675 0.19 (0.19-0.20)
2nd tertile M7 0.57 (0.56-0.58) 410 0.57 (0.56-0.58)
3rd tertile 417 1.36 (1.29-1.43) 348 1.28 (1.21-1.35)
Junk food and fat 1st tertile 465 0.93 (0.89-0.96) 469 1.25 (1.21-1.30)
2nd tertile 434 2.13(2.10-2.17) 468 2.65 (2.61-2.69)
3rd tertile 444 492 (4.75-5.08) 465 5.55 (5.38-5.73)

n varies from 1273 to 1476 within the dietary exposure variables.

Table 3. Association between children’s current diet and asthma

Asthma ever

Crude OR Adjustedt
n n (%) (95% Cl) 0OR (95% Cl)
Children score 1326
1st tertile (0-3) 588 60 (14.74) 1 1
2nd tertile (4) 367 24(9.06) 0.58(0.35-0.95) 0.59 (0.35-0.98)
3rd tertile (5-8) 371 24(952) 0.61(0.37-1.01) 0.61(0.36-1.02)
1st tertile (0-3) 588 60 (14.74) 1 1

2nd & 3rd tertiles (4-8) 738 48(9.28)  0.59 (0.36-0.89) 0.60 (0.40-0.91)

*The following variables had missing values: asthma ever (402).
TAIl models have been adjusted for: gender, maternal education, physical exercise,
current tobacco smoking at home, maternal asthma, and maternal rhinitis.

being in the lower half of consumption added +1.
Previous studies have suggested a protective effect of
dairy products in asthma (5). However, it has also been
suggested that they could be detrimental for allergic
rhinitis (16). Therefore, we decided to treat dairy prod-
ucts as in the original Trichopoulou score (+ 1 to subjects
in the lower half of consumption). The adjusted analysis
of the individual components of the score showed that
junk food and fat consumption were the stronger
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components among the detrimental components of the
score. This finding is consistent with previous literature
suggesting that both junk food and fat consumption are
risk factors for asthma (16, 17). Cereals consumption was
its counterpart among the protective components of the
score. Surprisingly, our results suggest that neither
vegetables nor fruits and nuts were playing a major role
in our final score, probably because of the high con-
sumption of both of them in our study population (see
Table 2). Our results are partially consistent with two
previous ISAAC cross-sectional studies, which also
assessed the association between a high level of adherence
to a Mediterranean diet and several outcomes of asthma
and allergic rhinitis in children. One of them found a
reduction only in the risk of allergic rhinitis, but
no association with other outcomes, which could be
explained by the small sample size (18). The other study
found a reduced risk of severe asthma in girls, but no
association in boys or with other outcomes (19). Mis-
classification caused by the use of a very short FFQ could
be an explanation for their partial lack of associations.
Our study found no significant associations when
assessing the mothers’ adherence to Mediterranean diet
during pregnancy and asthma and allergy in children,
except for current sneezing. Actually, despite previous
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Table 4. Association between children’s current diet and wheezing

Wheezing ever

Current wheezing

n* n (%) Crude OR (95% CI) Adjustedt OR (95% Cl) n (%) Crude OR (95% Cl) Adjustedt OR (95% Cl)
Children score 1326
1st tertile (0-3) 588 126 (30.96) 1 1 40 (10.13) 1 1
2nd tertile (4) 367 64 (24.06) 0.71 (0.50-1.00) 0.76 (0.53-1.09) 29 (11.11) 1.11 (0.67-1.84) 1.22 (0.73-2.05)
3rd tertile (5-8) 3N 47 (19.03) 0.52 (0.36-0.77) 0.52 (0.35-0.78) 20 (8.23) 0.80 (0.45-1.40) 0.80 (0.45-1.42)
1st tertile (0-3) 588 126 (30.96) 1 1 40 (10.13) 1 1

2nd & 3rd tertiles (4-8) 738 111 (21.64) 0.62 (0.46-0.83)

0.64 (0.47-0.87)

49 (9.72) 0.96 (0.62-1.48) 1.01 (0.64-1.58)

*The following variables had missing values: wheezing ever (406), current wheezing (427).
+AIll models have been adjusted for: gender, maternal education, physical exercise, current tobacco smoking at home, maternal asthma, and maternal rhinitis.

Table 5. Association between children’s current diet and having ever reported rhinitis and sneezing

Rhinitis ever Sneezing ever
n* n (%) Crude OR (95% CI) Adjustedt OR (95% Cl) n (%) Crude OR (95% Cl) Adjustedt OR (95% Cl)

Children score 1326

1st tertile (0-3) 588 39 (10.13) 1 1 134 (33.00) 1 1

2nd tertile (4) 367 9 (3.46) 0.32 (0.15-0.67) 0.29 (0.12-0.67) 71 (26.89) 0.75 (0.53-1.05) 0.79 (0.55-1.13)
3rd tertile (5-8) 37 15 (6.15) 0.58 (0.31-1.08) 0.55 (0.27-1.13) 70 (27.78) 0.78 (0.55-1.10) 0.79 (0.55-1.14)
1st tertile (0-3) 588 39 (10.13) 1 1 134 (33.00) 1 1

2nd & 3rd tertiles (4-8) 738 24 (4.76) 0.44 (0.26-0.75) 0.41 (0.22-0.77) 141 (27.33) 0.76 (0.58-1.01) 0.79 (0.59-1.07)

*The following variables had missing values: rhinitis ever (483), sneezing ever (404).

FAIl models have been adjusted for: gender, maternal education, physical exercise, current tobacco smoking at home, maternal asthma, and maternal rhinitis.

Table 6. Association between children’s current diet and reported current sneezing and itchy-watery eyes

Current sneezing

Current itchy-watery eyes

n* n (%) Crude OR (95% CI) Adjustedt OR (95% Cl) n (%) Crude OR (95% Cl) Adjustedt OR (95% Cl)
Children score 1326
1st tertile (0-3) 588 122 (29.26) 1 1 60 (14.46) 1 1
2nd tertile (4) 367 61 (22.43) 0.70 (0.49-1.00) 0.73 (0.50-1.06) 24 (8.92) 0.58 (0.35-0.96) 0.58 (0.35-0.97)
3rd tertile (5-8) 3N 57 (21.84) 0.68 (0.47-0.97) 0.68 (0.47-1.00) 28 (10.73) 0.71 (0.44-1.15) 0.69 (0.42-1.12)
1st tertile (0-3) 588 122 (29.26) 1 1 60 (14.46) 1 1

2nd & 3rd tertiles (4-8) 738 118 (22.14) 0.69 (0.51-0.92)

0.71 (0.52-0.96)

52 (9.81) 0.64 (0.43-0.96) 0.63 (0.42-0.95)

*The following variables had missing values: current sneezing (376), current itchy-watery eyes (381).
+AIll models have been adjusted for: gender, maternal education, physical exercise, current tobacco smoking at home, maternal asthma, and maternal rhinitis.

suggestions (4), the few longitudinal studies regarding
maternal food consumption during pregnancy and chil-
dren’s asthma could not find a consistent role of dietary
patterns or specific foods in children’s asthma, except for
fish intake (20-23). Unfortunately, although maternal fish
consumption could truly play a role in this issue, its
proposed biological mechanism of action (through w-3
fatty acids) is still controversial, as there is at least one
study measuring umbilical cord w-3 and w-6 fatty acids,
which concluded that it is unlikely that those fatty acids
play an important role in early childhood asthma (24).
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Whether our lack of associations is because of real lack of
effect or recall bias (as the information was collected
> 6 years after pregnancy), cannot be determined.

The use of a Mediterranean diet score is new and
considered to be a strength of this study. It allows for an
easy description of a dietary pattern with a semi-quan-
titative FFQ, without calculating the grams of each food
or nutrient consumed per day, as required in other scores
(25). Moreover, the calculation of the score takes into
account the synergic effects or interactions between foods
or nutrients (26), and overrides the correlation between
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different foods, as diet scores are designed to reflect the
whole dietary pattern instead of specific nutrients or
foods. Finally, use of the score improved statistical
power, which is a concern when studying single nutrients
or foods that account for small effects. Therefore, we
recommend the use of scores in future studies, in addition
to classical nutritional analyses with foods and nutrients
as exposures.

Both experimental and epidemiological data support
the biological plausibility of our findings (5). Mediterra-
nean dietary pattern is rich in antioxidants that can
protect against endogenous and exogenous oxidative
damage in the airways (27). Additionally, maternal and
early life dietary antioxidants play a role in the child’s
immune system development, which in turn plays a role in
chronic inflammatory processes such as asthma. The
relatively high consumption of fish, source of w-3 fatty
acids, combined with low w-6 consumption from dietary
fats is typical in a Mediterranean diet. This high w-3/w-6
fatty acid ratio reduces the levels of pro-inflammatory
cytokines [that are increased in asthmatic subjects (28)]
and influences the differentiation of T-helper lymphocytes
(29, 30). This mechanism could also explain the predom-
inant role of the junk food and fat component in the
score. Additionally, it is known that junk food (especially
fast food and snacks) has a high salt content, which has
also been suggested to have a detrimental effect on
asthma (31).

Several limitations of our study need to be consid-
ered. Although the cross-sectional design makes deter-
mining the direction of causality impossible, we
consider unlikely that asthmatic children changed their
dietary pattern because of an asthma diagnosis.
Although some outcome variables (e.g. asthma ever)
may have happened before the exposure (children’s last
12-month diet), this is not identified by the authors as a
limitation. Actually, children’s diet in the last 12 month
was correlated with their mothers’ diet during preg-
nancy, suggesting that their dietary patterns have most
likely been unchanged during whole life. Information
bias could arise from the use of parental auto-admin-
istered questionnaires for assessing both outcome and
exposures. However, assessing dietary data with auto-
administered questionnaires is generally considered a
reliable method for ranking subjects according to food
intake (32, 33), and 6- to 7-year old children are too
young to answer the questionnaires themselves. Parent-
reported respiratory symptoms and doctor’s diagnosed
asthma are also commonly used in epidemiologic
studies (10). The role of recall bias as a potential
explanation for the lack of association between the
mothers’ diet and the children’s outcomes has already
been mentioned. With regard to nonresponse bias,
some differences in maternal education and exposure to
tobacco smoke were found between children with
Mediterranean diet score (included) and those without
(excluded). The lack of differences in the association
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between diet and the outcomes, when stratifying
according to maternal education or exposure to tobacco
smoke, makes it unlikely that nonresponse has led to
biased results. Confusion by total caloric intake could
also be a concern. Adjusting for energy intake is a
standard procedure in nutritional epidemiology (34), as
it allows standardizing of food and nutrient intake
according to total food intake, while avoiding confu-
sion on the effects of specific foods or nutrients and
considering energy intake by itself as a possible primary
determinant of disease. As available dietary data did
not allow for the calculation of daily energy intake, we
used an alternative approach, making additional adjust-
ments for BMI where data were available. By doing so,
we obtained similar associations, although not statisti-
cally significant probably because of the lack of
statistical power. Dietary patterns are strongly related
to lifestyle patterns, which need to be accounted for in
the analyses. Nevertheless, as the analyses in this study
were adjusted for gender, maternal education, physical
exercise, tobacco exposure and maternal asthma and
allergic rhinitis, we believe it unlikely that all the
observed associations could be as a result of residual
confounding. Finally, in relation to the choice of the
diet score, we could not use a children’s specific healthy
diet score, such as the KIDMED score (12), because of
limited data. The original Trichopoulou’s Mediterra-
nean diet score (9) was designed to be used in adult
Greek population and had to be partially adapted for
use in Mexican children. Nevertheless, we consider that
it provides a fairly accurate description of the adher-
ence to Mediterranean dietary pattern in the study
participants.

In conclusion, our findings suggest a potential
protective effect of following a Mediterranean dictary
pattern (especially with a high consumption of cereals
and a low consumption of junk food and fat) on
asthma and allergic rhinitis in Mexican children. These
results, if confirmed, provide additional evidence of the
benefits of healthy dietary habits and support the need
for public health measures to promote a healthy diet
among children.
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