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ABSTRACT
Salamanca is the only Spanish center with no coastal line participating in the Global Asthma Network 
phase-I study. Questionnaires were collected from 6–7-year-old 2388 children and analyzed in par-
ticular for their diet and asthma symptoms as part of this study. The prevalence of current asthma 
(CA) was 9%, doctor-confirmed asthma (DCA) was 7%, and current severe asthma (CSA) accounted 
to 2.9%. Two Mediterranean Diet Scores (MDS) were performed to evaluate adherence of these 
children to the Mediterranean diet. Principal component analysis generated four dietary patterns. 
The relationship between asthma and each food type, MDS, and dietary patterns was assessed using 
multivariate adjusted logistic regression. Adherence to the Mediterranean diet by Salamanca’s chil-
dren and prevalence of asthma in Salamanca were similar to the findings of coastal located centers 
of other studies. High punctuation in MDS was associated with high prevalence of asthma. Higher 
scores for the pattern “Fats and sugar” was associated with less current asthma but not with DCA or 
CSA. These findings might be due to improvement in the diet of asthma children, reverse causation 
factor, how the questionnaire collected information about diet, and perhaps the manner in which 
the scores were constructed. The complexity of interconnections between nutrients, foods, and 
dietary patterns, and the heterogeneous nature of asthma, makes it difficult to identify single fac-
tor that affected its development. Our findings require corroboration by additional studies.
© 2022 Codon Publications. Published by Codon Publications.
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Introduction

Asthma is one of childhood’s most prevalent chronic diseases 
in developed countries, where it affects approximately 10% 
of children.1–3 Worldwide, asthma affects 334-million people  
of all ages, and presents significant physical, psychological 
and social burden.4

Salamanca is a Spanish province on the southwest bor-
der of Castilla y Leon region. In 2019, it had a population 
of 331,473 people, of whom 144,228 (40%) lived within the 
homonymous capital, and 5249 were 6–7 years old.5 Climate 
is continental, with very cold winters and dry hot summers, 
as it is high above the sea level and far away from the sea. 
The economy is based on service class; and the University 
and the tourism industry are primary employers.

Salamanca was one of the centers in Spain that com-
pleted data collection for the Global Asthma Network 
(GAN) phase-I study. GAN was created in 2012 to continue 
the work of International Study of Asthma and Allergies 
in Childhood (ISAAC) to study asthma in children globally. 
The three-phase study evaluated the influence of food as a 
risk factor for the development of asthma in children, with 
questions with various subheadings as part of the primary 
questionnaire. Phase-I study of GAN has expanded by add-
ing more food types.6 GAN participating centers in Spain 
that completed data collection by 2020 were Cantabria, La 
Coruña, and Cartagena y Salamanca.7

There are some studies that evaluated how family diet, 
specific nutrients, and food groups, affect the development 
of asthma.8,9 Possible mechanisms by which this can hap-
pen include changes in the intestinal microbiota, immune 
system, proinflammatory effects of some food types, food 
processing with additives and pasteurization, and presence 
of allergenic elements in foods.10–12 Currently, no randomized 
controlled studies have been conducted to study relation-
ship between diet and asthma and prevention of allergies in 
children. However, some observational studies have found 
that some micronutrients, such as vitamins A, D, and E and 
zinc, fruits and vegetables, and the Mediterranean diet pro-
tected from the development of asthma.9

The Mediterranean diet is one of the most studied 
dietary patterns in relation to protection against chronic 
diseases,13 childhood asthma being one of these diseases. 
Characteristics of the Mediterranean diet are as follows: 
high consumption of fruits and vegetables, pulses and nuts, 
bread and other cereals, with wheat as the basic staple 
food, olive oil as the primary fat, and vinegar.14 Various 
meta-analyses have evaluated effects of the Mediterranean 
diet on childhood asthma, but the results are not con-
clusive, probably because of the heterogeneity of avail-
able studies, although a protective tendency has been 
described regarding early wheezing and respiratory symp-
toms in early years of the disease.14–16

Recently, dietary patterns have been described as an 
alternative to evaluate the combination of foods that can 
be beneficial or deleterious in some chronic diseases.17 
In order to establish which foods belong to a particular 
dietary pattern, statistical tools, such as principal compo-
nent analysis (PCA), have been used in nutritional epidemi-
ology to explain the variability of food types in diet, and 
the relation of the amounts consumed in certain diseases.8 

In Spain, regional variations exist regarding diet. According 
to the European Health Survey 2020, referred to those above 
15 years of age, in Castilla y Leon, intake of daily fruit, vege-
tables, sweets and fish is higher but that of processed meats is 
lower than the average Spanish consumption.18

The objectives of this study were to evaluate, in 
6–7-year-old children from Salamanca, severity of asthma 
in relation to their diet, whether they followed the 
Mediterranean diet, and whether any food type was associ-
ated with childhood asthma.

Materials and Methods

The present research, as a cross-sectional study of GAN 
phase I, followed the methods detailed in the GAN manual  
(http://globalasthmanetwork.org/surveillance/manual/ 
methods.php)19 and presented in Ellwood et al.6 Partici
pants of the study were children from the first and second  
year of primary schools in Salamanca. Their parents com-
pleted a questionnaire having 75 questions about life and 
health of the child; the participation rate was 74%. All schools 
with more than 20 pupils in the mentioned age range 
were contacted and with prior permission of the principal 
were included in the study. The questionnaire used was in 
Spanish provided by the coordination center of GAN phase-I 
study (Cartagena, Spain), and can be retrieved from: 
http://pediatria.imib.es/portal/instituto/pediatria_gan.jsf. 
No modifications were made to this version.

The questionnaire included demographic data, ques-
tions referring to asthma symptoms and its severity, food 
consumption, and other pre- and postnatal risk and protec-
tion factors for asthma.

Only children whose parents completed the question con-
cerning food consumption (never or occasionally, 1–2 times/
week, and >3 times/week) were included in this study. We com-
pared the children who presented recent wheezing (“wheeze 
in the last 12 months”), referred to as current asthma (CA), 
those whose asthma was confirmed by a doctor (doctor- 
confirmed asthma; DCA), and those who suffered current 
severe asthma (CSA). CSA is a combined variable comprising 
children with current asthma that had suffered in the previ-
ous year more than four asthma attacks or their sleep was dis-
turbed for more than one night/week, or there was at least 
one episode of speech limitation (“wheezing severe enough to 
limit your child’s speech to only one or two words at a time 
between breaths?”).

In order to evaluate the Mediterranean diet, we used the 
score from García-Marcos et al., developed on the basis of 
the score used by Psaltopoulou et al.20–22 The scores were 
worked up as follows: foods considered ‘‘pro-Mediterranean’’ 
were rated 0, 1, or 2 points from less frequent to more 
frequent intake. Foods considered ‘‘anti-Mediterranean’’ 
were rated 0, 1, or 2 points from more frequent to less 
frequent consumption. We used two Mediterranean Diet 
Scores (MDS), the score based on the ISAAC phase-III ques-
tionnaire with 11 food types (MDS11),20 and the one based 
on the GAN phase I that included 22 food types (MDS22).21 
MDS11 ranged from 0 to 22 points, while MDS22 ranged 
from 0 to 44 points; higher scores meant higher adherence 
to the Mediterranean diet.

http://globalasthmanetwork.org/surveillance/manual/methods.php
http://globalasthmanetwork.org/surveillance/manual/methods.php
http://pediatria.imib.es/portal/instituto/pediatria_gan.jsf
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in months at the time of first attendance at childcare or 
school, except rhinoconjuntivitis and dermatitis because 
they present excessive collinearity with asthma and could 
distort results.

The significance level required was 5% (p < 0.05). Calcula
tions were done with IBM SPSS Statistics for Windows, version  
26 (IBM, Armonk, NY, USA).

Results

The parents of 2091 children from 51 schools in Salamanca 
province completed the food consumption questionnaire 
(87.6% of the 2388 questionnaires collected in this age 
group). Participants included 1046 girls, 1040 boys, and 
5 did not specify gender. One-third of the participants, 
33.3%, had wheeze at some point in their lives, but only 
9.0% had wheeze in the preceding year, of whom 119 (5.7%) 
were boys. Asthma was diagnosed in 147 (7.0%) cases, and 
61 (2.9%) met the criteria of severe asthma as described in 
the methods of the GAN manual.

Maternal smoking was found in 13.6% of pregnancies, 
and 86.2% of the children were breastfed at some point. 
Almost half of the children, 45.6%, had suffered from respi-
ratory infections during the first year of life, for which 
25.4% had received an antibiotic. Just 15% had suffered 
from pneumonia at some point in their lives. There was 
a personal history of rhinitis in 9.5% of the children, and 
9.9% had dermatitis. The mean age of the children start-
ing to attend childcare or school (hereafter, to simplify, we 
call both as “school”) was 18.8 months (standard deviation 
[SD]: ±11.3), with the most children attending school by the 
age of 3 years. Regarding consumption of paracetamol, 78% 
children had had at least one dose during the previous year 
and 10.3% took it for at least one time a month. Exercise 
was carried out regularly (for more than one time a week) 
by 80.6% of the children (Table 1). 

Following were the risk factors for at least one of the 
asthma variables studied: male gender, maternal smoking 

The study was approved by the Ethics Committee of 
the Area of Salamanca in January 2016.

Statistical Analysis

Descriptive analyses were performed of variables, preva-
lence of asthma symptoms and diagnosis expressed as per-
centage and 95% confidence interval (95% CI), and possible 
risk and protection factors. As recommended by the GAN 
Manual, unanswered and incorrect answers were included 
in the denominators to calculate prevalence.

In order to evaluate the possibility of certain variables 
determining the manifestations of asthma, logistic regression 
was calculated with odds ratio (OR), 95% CI, and p-value.

A descriptive analysis of consumption of food types 
included in the questionnaire was prepared, with frequen-
cies, percentage of consumption, and comparing those 
with and without current asthma, DCA, and CSA, looking 
for association with the Chi-squared test.

Both diet scores, MDS11 and MDS22, were calculated; 
PCA was performed with a promax rotation to identify 
dietary patterns. Calculation of the scores of the groups 
derived from dietary patterns was done by adding the val-
ues of 1, 2, and 3 from the parents’ responses for each 
food, all in the same order: “Never or occasionally” = 1, 
and “More than 3 times per week” = 3. Higher scores for 
dietary pattern groups demonstrated more consumption of 
those foods. We analyzed possible differences between all 
scores for children with and without current asthma, DCA, 
and CSA using the Mann–Whitney U test. 

Multivariate logistic regression was performed to cal-
culate adjusted odds ratios (aOR) with 95% CI for current 
asthma, DCA, and CSA according to the consumption of 
each food. We adjusted for the variables that indicated fol-
lowing association: gender, maternal smoking during preg-
nancy, infections and antibiotics for respiratory pathology 
during the first year of life, use of paracetamol in the past 
12 months, having ever suffered from pneumonia and age 

Table 1  Participants’ characteristics and associations with current asthma, doctor-confirmed asthma, and current severe 
asthma (n = 2091). 

Current asthma  
(n = 188)

Doctor-confirmed  
asthma (n = 147)

Current severe asthma 
(n = 61)

n % OR (95% CI) p OR (95% CI) p OR (95% CI) p

Gender: Males 1040 49.9 0.5 (0.4–0.7) <0.001 0.5 (0.4–0.8) 0.001 0.7 (0.4–1.2) 0.235
Maternal smoking during pregnancy 284 13.6 1.5 (1–2.2) 0.043 1.4 (0.9–2.2) 0.149 1.4 (0.7–2.7) 0.355
Rhinitis 198 9.5 7.8 (5.5–11.1) <0.001 8.1 (5.6–11.8) <0.001 8.6 (5.1–14.7) <0.001
Dermatitis 206 9.9 2.5 (1.7–3.7) <0.001 2.6 (1.7–3.9) <0.001 3.4 (1.9–6.2) <0.001
Breastfeeding ever 1803 86.2 1 (0.6–1.5) 0.946 1 (0.6–1.7) 0.899 0.7 (0.4–1.5) 0.404
Infections during the first year of life 954 45.6 1.8 (1.3–2.5) <0.001 1.9 (1.3–2.7) <0.001 1.9 (1.1–3.2) 0.017
Physical exercise 1686 80.6 0.9 (0.6–1.3) 0.489 0.9 (0.6–1.3) 0.516 0.6 (0.3–1) 0.050
Paracetamol in the past 1 year
  Never 227 10.9 <0.001 <0.001 <0.001
  At least for one time a year 1632 78.0 1 (0.6–1.7) 0.944 0.8 (0.5–1.3) 0.357 1.3 (0.5–3.7) 0.628
  At least for one time per month 215 10.3 3.4 (1.9–6.1) <0.001 2.3 (1.2–4.2) 0.010 5.1 (1.7–15.3) 0.004
Antibiotics for respiratory infections 532 25.4 2.2 (1.3–3.7) 0.003 3.7 (1.9–7.1) <0.001 3.8 (1.3–11) 0.013

Pneumonia 313 15.0 4.4 (3.1–6.1) <0.001 4 (2.8–5.7) <0.001 4.7 (2.8–8) <0.001
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more frequently by the children. Group 3 included carbo-
hydrates, pulses, and eggs whereas Group 4 represented 
somehow the Western diet with meat, milk and dairy, and 
bread. The frequency of consumption depending upon 
asthma symptoms is described in Table 3.

Mean value for MDS22 was 24 points (range 14–34 points) 
with SD = ±2.8. Mean value for MDS11 was 11.6 points (range 
3–18 points). Significant differences were found for the chil-
dren with and without current asthma in Group 1 “Fats and 
sugar” (Mann–Whitney U test = 156,047; p = 0.007). 

Table 3 presents the frequency of consumption for the 
children with current asthma, DCA, and CSA. Association 
was found between the frequency of consumption of pulses 
and sugar and current asthma (p = 0.023 and 0.009, respec-
tively), and between fast food (excluding burgers) and DCA 
(p = 0.023).

Odds ratios and aOR scores for gender, maternal smok-
ing, respiratory infections and/or antibiotics for respiratory 
infections before 1 year of age, use of paracetamol in the 
past 12 months, pneumonia, and age in months at the time 
of first school attendance, each food type, and PCA food 
groups for current asthma, DCA, and CSA are presented in 
Table 4.

Foods with a protective effect before adjustment, for 
current asthma, were nuts and sugar whereas seafood 
appeared to be a risk factor. This effect did not appear 
after adjustment. As per DCA, fast food appeared as a 

during pregnancy, past history of rhinitis or dermatitis, 
respiratory infections and/or use of antibiotics for respira-
tory infections during the past 1 year of life, paracetamol 
in the past 1 year, history of pneumonia, and age in months 
at the time of first school attendance.

Age in months at the time of starting school attendance 
was significantly associated to current asthma (p = 0.024) 
but not to DCA (p = 0.922) and CSA (p = 0.227). 

Table 2 shows all food types included in the questionnaire, 
with absolute frequencies, percentages of consumption, and 
their use in the scores as included in “pro-Mediterranean” or 
“anti-Mediterranean” groups. We observed that most children 
had consumed meat, fruit, bread, olive oil, milk, and dairy 
products for “more than three times per week” in the past 
12 months. However, they consumed only fish, cooked and 
raw vegetables, pulses, rice, pasta, eggs, potatoes, and sugar 
“once or twice per week,” and butter, margarine, nuts, fast 
food, and sugary drinks “never or occasionally.” 

In addition, according to the PCA results, food types 
based on their components were divided into the following 
four groups: Group 1 “Fats and sugar,” Group 2 “Veg and 
sea,” Group 3 “Carbs,” and Group 4 “Western.” In Group 1,  
there were foods rarely consumed by the children, such 
as fast food, fatty foods, and sugars. Group 2 represented 
more of the Mediterranean diet as it contained fruit, vege-
tables, fish, and olive oil among its components. This group 
and Groups 3 and 4 represented foods that were consumed 

Table 2  Description of food types included in the GAN questionnaire and their use in the MDS (as “pro-Mediterranean” [+] or 
“anti-Mediterranean” [-]) and grouping according to PCA.

Frequency of weekly consumption Scores used Grouping 
according  
to PCA

Never 1 or 2 times >3 times MDS11 MDS22

Food types     n       %    n      %    n      %

Meat 8 0.4 642 30.7 1441 68.9 (-) (-) 4
Sea food 189 9.0 1667 79.7 235 11.2 (+) (+) 2
Fruit 107 5.1 436 20.9 1548 74.0 (+) (+) 2
Cooked veg 169 8.1 1186 56.7 736 35.2 (+)* (+) 2
Raw veg 801 38.3 918 43.9 372 17.8 (+) 2
Pulses 62 3.0 1681 80.4 348 16.6 (+) (+) 3
Cereals 526 25.2 789 37.7 776 37.1 (+) (+) 2
Bread 93 4.4 282 13.5 1716 82.1 (+) 4
Pasta 66 3.2 1870 89.4 155 7.4 (+) (+) 3
Rice 134 6.4 1840 88.0 117 5.6 (+) (+) 3
Margarin 1806 86.4 262 12.5 23 1.1 (-) 1
Butter 1711 81.8 322 15.4 58 2.8 (-) 1
Olive oil 65 3.1 341 16.3 1685 80.6 (+) 2
Milk 79 3.8 70 3.3 1942 92.9 (-) (-) 4
Dairy 31 1.5 331 15.8 1729 82.7 (-) 4
Eggs 110 5.3 1840 88.0 141 6.7 (-) 3
Nuts 1359 65.0 681 32.6 51 2.4 (+) 1
Potatoes 129 6.2 1635 78.2 327 15.6 (+) (+) 3
Sugar 374 17.9 1114 53.3 603 28.8 (-) 1
Burger 1604 76.7 481 23.0 6 0.3 (-) 1
Fast food 1728 82.6 357 17.1 6 0.3 (-)** (-) 1
Soft drink 1655 79.1 377 18.0 59 2.8 (-) 1

GAN: Global Asthma Network; MDS: Mediterranean diet scores; PCA: principal component analysis.
*Combination of two vegetable questions was used, taking the highest consumption.
**Combination of two fast food questions was used, taking the highest consumption.
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as a protective factor. For DCA, both MDS11 and MDS22 
appeared as risk factors, and Group 4 (Western) was a pro-
tective factor. We found that for CSA, only high scores in 
MDS22 were risk factors.

Discussion

The prevalence of current asthma in 6–7-year-old children in 
Salamanca province was 9%, similar to the results of recent 

risk factor only before adjustment, but after adjustment, 
consumption of raw vegetables once or twice per week 
and intake of nuts for more than three times per week 
appeared as risk factors, while bread appeared as a pro-
tective factor. For CSA, consumption of nuts for more than 
3 days per week appeared as a risk factor after adjust-
ment, and consumption of potatoes for one time or twice 
per week appeared as a protective factor. High points in 
MDS and Group 3 (Veg and sea) appeared as risk factors for 
current asthma, while Group 1 (Fats and sugar) appeared 

Table 4  Odds ratio and adjusted odds ratio of food types, MDS, and PCA food groups for current asthma, DCA, and CSA. Only 
food types with statistically significant results are shown.

Current asthma

1 or 2 >3 1 or 2 >3

  OR (95% CI)   p   OR (95% CI)   p aOR (95% CI)     p aOR (95% CI)   p

Seafood 1.6 (0.8–2.9) 0.168 2.1 (1.0–4.3) 0.048 1.5 (0.5–4.2) 0.435 1.3 (0.4–4.9) 0.654
Nuts 0.7 (0.5–0.9) 0.022 1.0 (0.4–2.7) 0.945 0.6 (0.3–1.1) 0.129 2.0 (0.5–8.9) 0.348
Sugar 0.6 (0.4–0.9) 0.008 0.6 (0.4–0.8) 0.006 0.7 (0.4–1.3) 0.281 0.5 (0.2–1.1) 0.082
MDS11 1.1 (1.0–1.2) 0.022 1.2 (1.1–1.4) 0.001
MDS22 1.1 (1.0–1.1) 0.037 1.2 (1.1–1.3) < 0.001
G 1, Fats & sugar 0.9 (0.8–1.0) 0.028 0.8 (0.7–0.9) 0.003
G 2, Veg & sea 1.0 (1.0–1.1) 0.225 1.1 (1.0–1.3) 0.069
G 3, Carbs 1.1 (1.0–1.3) 0.105 1.3 (1.1–1.6) 0.006
G 4, Western 1.0 (0.9–1.2) 0.947 0.9 (0.7–1.2) 0.459

Doctor-confirmed asthma

1 or 2 >3 1 or 2 >3

OR (95% CI)   p OR (95% CI)   p aOR (95% CI)   p aOR (95% CI)   p

Raw Veg 0.9 (0.6–1.4) 0.705 1.2 (0.8–1.9) 0.392 2.4 (1.2–4.8) 0.014 1.8 (0.7–4.3) 0.223
Bread 0.5 (0.2–1.2) 0.121 0.5 (0.3–1.1) 0.074 0.2 (0.1–0.7) 0.012 0.2 (0.1–0.5) 0.001
Nuts 0.8 (0.5–1.2) 0.228 1.4 (0.5–3.5) 0.511 1.0 (0.5–1.9) 0.937 7.6 (1.9–29.8) 0.004
Fast food 1.7 (1.1–2.5) 0.008 0.0 (0.0–0.0) 0.999 1.5 (0.7–3.4) 0.337 0.0 (0.0–0.0) 1.000
MDS11 1.0 (1.0–1.1) 0.376 1.2 (1.0–1.3) 0.013
MDS22 1.0 (1.0–1.1) 0.379 1.2 (1.1–1.3) 0.001
G 1, Fats & sugar 1.0 (0.9–1.1) 0.932 0.9 (0.8–1.1) 0.272
G 2, Veg & sea 1.0 (0.9–1.1) 0.517 1.1 (1.0–1.3) 0.056
G 3, Carbs 1.1 (1.0–1.3) 0.062 1.2 (1.0–1.5) 0.072
G 4, Western 1.0 (0.8–1.2) 0.987 0.7 (0.6–0.9) 0.007

Current severe asthma

1 or 2 >3 1 or 2 >3

OR (95% CI)   p OR (95% CI)   p aOR (95% CI)   p aOR (95% CI)   p

Nuts 0.7 (0.4–1.2) 0.220 1.9 (0.6–6.4) 0.292 1.2 (0.4–3.6) 0.751 7.4 (1.0–55.3) 0.050
Potato 0.5 (0.2–1.1) 0.081 0.5 (0.2–1.5) 0.235 0.2 (0.0–0.9) 0.036 0.6 (0.1–4.1) 0.630
MDS11 1.1 (0.9–1.2) 0.324 1.2 (0.9–1.4) 0.160
MDS22 1.0 (1–1.1) 0.336 1.2 (1.0–1.3) 0.030
G 1, Fats & sugar 1.0 (0.8–1.1) 0.614 0.8 (0.7–1.0) 0.105
G 2, Veg & sea 1.0 (0.9–1.2) 0.739 1.1 (0.9–1.3) 0.604
G 3, Carbs 1.0 (0.8–1.2) 0.907 1.3 (0.9–1.8) 0.171
G 4, Western 0.9 (0.7–1.1) 0.203 0.8 (0.6–1.2) 0.261

MDS: Mediterranean diet scores; PCA: principal component analysis; OR: odds ratio; aOR: adjusted odds ratio (adjusted 
for gender, maternal smoking, respiratory infections, and/or antibiotics for respiratory infections before 1 year of age, 
paracetamol in the last 12 months, pneumonia, and age of first school attendance, in months).
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even damaging in terms of asthma, but consuming them 
once or twice a week was beneficial, and adding an extra 
point to the score for consumption on most days did not 
add value to the model. It could also be the case that some 
food types were included as beneficial or damaging when 
in fact they are the opposite. Both MDS were based on a 
priori knowledge about foods belonging to the traditional 
Mediterranean diet. In this study, we presented our PCA, 
a posteriori analysis, on how groups are formed from the 
foods consumed by children; this was another recognized 
manner to study the variability of food types in nutritional 
epidemiology scientific literature.8,26 As such, food types 
were grouped to explain variability of the sample; for exam-
ple, the group “Fats and sugar” sorted foods that children in 
Salamanca appeared to consume rather infrequently accord-
ing to our data, while the group “Western” contained food 
items that most children consumed on daily basis. According 
to this analysis, data in the first group, “Fats and sugar,” 
was associated with the lower scores of MDS to appear as 
being protective for asthma, because higher consumption of 
Group 1 foods appeared to be protective of asthma. When 
we evaluated separately the effect of food types, only sugar 
consumption for more than one time per week and nuts con-
sumed once or twice per week appeared to protect against 
current asthma, while seafood appeared as a risk factor. All 
those effects disappeared after adjusting for possible con-
founders. Other foods, such as nuts consumed once or twice 
a week that appeared significant in the ISAAC phase III21 did 
not appear as protective in our sample after adjustment. For 
CSA, potatoes consumed once or twice a week appeared to 
be protective, while nuts consumed thrice a week were a 
risk factor. 

Sugar deserves a special mention, as it appeared as a 
protective factor for current asthma in our sample. Only 
28.8% of the parents responded that their children took 
sugar for more than three times a week. However, we con-
sidered that there was a bias in that result, as in Spain, 
in general, most children don’t take milk without sug-
ary cocoa (70% sugar), take yogurt products with a lot of 
sugar,27 and also consume sugar in juices, milkshakes, and 
breakfast cereals—all these were “hidden” from their par-
ents’ knowledge.28 In our population, 92.9% took milk for 
more than thrice a week, and 82.7% consumed dairy prod-
ucts, while 37.1% parents said that their children had cereals 
on most of the days. Taking this into account, we believed 
that real sugar consumption was not represented reliably 
by parents in their answers to questionnaires, and that if 
it was properly accounted for might not show the protec-
tive effect. In a similar manner, consumption of nuts that 
appeared as a protective factor in other studies was a risk 
factor for DCA and CSA in the present study; this could be 
due to the fact that some parents might assume some fried 
corn snacks and other such processed snacks as “nuts.” 

This was a limitation to this type of questionnaire. 
Another limitation was not considering quantities consumed 
but only weekly frequency of consumption. In addition, very 
low frequency of consumption of some food items could 
account for statistical bias in the results of this analysis. 

However, this questionnaire, and both MDS, allowed us 
to analyze interactions between food types, and “weekly 
frequency of consumption” is easily answered by the 

studies conducted in Salamanca,23 and the prevalence 
of severe asthma was 2.9%, similar to the prevalence of 
severe asthma found by García-Marcos et al. in ISAAC phase 
III in Spain.21 DCA in 7% of the children was a lower per-
centage than encountered by García-Marcos Barbero et al. 
 in Cartagena in the GAN phase-I study.22

As described, personal history of rhinitis and dermati-
tis, having ever suffered from pneumonia, having suffered 
from respiratory infections in the first year of life and/
or having an antibiotic for the same, and frequent use of 
paracetamol were associated with current asthma, DCA, 
and CSA. Curiously, male gender was associated with cur-
rent asthma and DCA but not CSA, and maternal smoking 
during pregnancy and age in months at the time of starting 
school were associated only with current asthma.

Breastfeeding and amount of exercise per week were 
not associated with any of the asthma parameters in our 
sample, in contrast to what was found in ISAAC phase III.21

MDS22 score was similar to the one calculated by 
García-Marcos Barbero et al. using the data of GAN phase I 
in Cartagena.22 MDS11 score was also similar to the one pub-
lished by two previous Spanish studies.21,24 In 2007, García-
Marcos et al. presented the data from the Spanish ISSAC 
phase III, with approximately 17,000 children, and con-
cluded that the Mediterranean diet appeared to be protec-
tive, particularly for 6–7-year-old girls.21 However, our data 
demonstrated that higher scores in MDS were associated 
with current asthma. A similar result was also described 
in a Galician study conducted by Gonzalez Barcala et al.; 
the authors found that higher scores were associated with 
high prevalence of severe asthma in 6–7-year-old girls.24 As 
a possible explanation, we believe, like Gonzalez Barcala 
et al.24 that perhaps families of asthmatic children try to 
improve their diet, creating a reverse causality bias.

In addition, a meta-analysis conducted by García-
Marcos et al. depicted that the protective effect of the 
Mediterranean diet was primarily for current asthma and 
CSA, but not for “asthma ever,” and was limited to the 
studies conducted at the centers of the Mediterranean 
area.14 This might be explained by the fact that other fac-
tors, such as climate, affect the development of asthma 
more than that of food, which is also supported by the fact 
that MDS in our children was similar to those in Cartagena. 
Hence, we believe that nowadays children probably con-
sume similar foods all over the country.

Other possible factors include a response bias from par-
ents, even though other studies have found that the use 
of questionnaires to gather this information was reliable.25 
Also, some of the food types included in the score, and/
or the way they are included as “pro-Mediterranean” or 
“anti-Mediterranean”, do not relate to asthma at all, and 
act as confusion factors because of their high relative fre-
quencies. For example, in the score we included foods such 
as potatoes, eggs, and milk, which were are clearly linked 
to the Mediterranean diet. This was supported by the fact 
that score with 22 food items appeared as a risk factor for 
all three asthma parameters, while score with 11 food items 
did not appear as a risk factor for severe asthma. Perhaps, 
the amount of each food item consumed was not accounted 
for properly to observe its risk or protective effect; for 
example, having nuts every day was not necessary or was 
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parents, and as a part of international studies, we could 
make comparisons between and within countries. Another 
limitation of the present study was not having collected the 
weight and height of the participating children. Our sample 
comprised more than 2000 children from only one prov-
ince of Spain, which was another limitation. As a strength, 
this study provided the first GAN phase-I results published 
for the Mediterranean diet in 6–7-year-old children from 
Salamanca. This was the only center having no coastline. 
We performed a multivariate logistic analysis adjusted for 
possible confusion and risk factors to evaluate foods that 
affected manifestation of asthma, and a PCA to compare 
food groups that could affect the presence of asthma in 
these children.

Conclusions

The complexity of interactions between nutrients, foods, 
and dietary patterns and their effect on the development of 
asthma, by itself a syndrome with complex etiology and pre-
sentation, means that it is very difficult to reliably identify 
foods or food types that by themselves influence develop-
ment of asthma. Lack of randomized controlled trials with 
restrictive diets before a child is conceived, which would be 
extremely difficult if not impossible, to put into practice epi-
demiological results based on questionnaires of international 
level such as GAN help us to establish dietary patterns that 
could minimize development of asthma. Our data estab-
lished an association of asthma with higher MDS. More stud-
ies are required to compare with other geographical areas 
and cultures whether adherence to the Mediterranean diet 
is related to the prevalence of asthma. 
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