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Abstract

Background and Aim The burden of childhood asthma and
its risk factors is an important but neglected public health
challenge in Latin America. We investigated the associa-
tion between allergic symptoms and dietary intake in
children from this region.

Methods As part of the International Study of Asthma and
Allergies in Childhood (ISAAC) Phase III, questionnaire
collected dietary intake was investigated in relation to risk
of parental/child reported current wheeze (primary out-
come) and rhino-conjunctivitis and eczema. Per-country
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adjusted logistic regressions were performed, and com-
bined effect sizes were calculated with meta-analyses.
Results 143,967 children from 11 countries had complete
data. In children aged 6-7 years, current wheeze was
negatively associated with higher fruit intake (adjusted
odds ratio [aOR] 0.65; 95% CI 0.74, 0.97). Current rhino-
conjunctivitis and eczema were statistically negatively
associated with fruit intake (aOR 0.72; 95% CI 0.64, 0.82;
and OR 0.64, 95% CI 0.56, 0.74, respectively).
Vegetable intake was negatively associated with risk of
symptoms in younger children, but these associations were
attenuated in the 13-14 years old group. Fastfood/burger
intake was positively associated with all three outcomes in
the older children.

Conclusion A higher intake of fruits and vegetables was
associated with a lower prevalence of allergic symptoms in
Latin American children. Conversely, intake of fastfood
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was positively associated with a higher prevalence of
wheeze in adolescents. Improved dietary habits in children
might help reduce the epidemic of allergic symptoms in
Latin America. Food interventions in asthmatic children
are needed to evaluate the possible public health impact of
a better diet on respiratory health.

Keywords Diet - ISAAC Phase III - Wheeze - Asthma -
Latin America - Children - Fruits - Vegetables

Introduction

Asthma continues to represent a major public health burden
worldwide. The Global Burden of Disease (GBD) reported
that symptoms of asthma in low- and middle- income
countries can be as high as the rates found in more
developed countries [1]. In line with the large variations in
economic and social development observed in Latin
America, the prevalence of asthma is also diverse, with
rates of current wheeze ranging between 4 and 30% in
adolescents, and between 8 and 37% in younger children
[1-3]. These rates are comparable to that of developed
countries or those with higher economic wealth. Children
with symptomatic asthma lose time off school and are less
productive, with direct and indirect costs to themselves and
society [4]. In children aged 5-14 years, asthma alone is in
the top ten global ranking of disability-adjusted life years
in children [5].

Despite the high rates of asthma in Latin America,
studies examining the association between environmental
risk factors (including diet) and allergic diseases have so
far been scant [6]. Cross-sectional studies in Bolivia and
Ecuador have shown a negative association between fruit
intake and asthma symptoms, and evidence from two
small case—control studies in Brazil showed conflicting
results [7, 8]. In a sample of Colombian children, higher
intake of fruits and vegetables was negatively associated
with several allergic symptoms [9]. In young adults from
Chile, dietary intake of flavonoids was associated with
improved ventilatory function [10], but neither fruits,
vegetables, or antioxidant nutrients were associated with
subjective or objective measures of asthma [11]. The
social inequalities and socio-demographic variations
within and between countries of this region make inter-
pretation of findings more difficult. The International
Study on Asthma and Allergies in Children (ISAAC) has
contributed to address the knowledge gap on dietary
factors that could be related to asthma and allergic dis-
eases [12].We aimed at investigating the association
between dietary intake of foods with antioxidant, anti-
inflammatory, and anti-allergic properties, with
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respiratory and allergic symptoms in children from across
Latin America.

Methods
Sample

As part of ISAAC Phase III [13], eleven Latin American
countries were included in this study (Argentina, Brazil,
Bolivia, Chile, Colombia, Ecuador, Mexico, Panama, Peru,
Venezuela, and Urugay) [14]. Participant countries col-
lected information on dietary exposures and asthma-related
symptoms following the ISAAC protocols.

Outcome Assessment

The primary outcome for this analysis was current wheeze,
which was defined as children (or they parents) answering
yes to the question ‘Have you (Has your child) had
wheezing or whistling in the chest in the past 12 months?’.
Current rhino-conjunctivitis and current eczema were also
analysed as secondary outcomes. The questions for current
symptoms of rhino-conjunctivitis were ‘In the past
12 months, have you (has your child) had a problem with
sneezing or a runny or blocked nose when you (he/she) did
not have a cold or flu?’ and ‘In the past 12 months, has this
nose problem been accompanied by itchy watery eyes?’.
The questions for current symptoms of eczema were ‘Have
you (Has your child) had this itchy rash at any time in the
past 12months?’ and ‘Has this itchy rash at any time
affected any of the following places: the folds of the
elbows, behind the knees, in front of the ankles, under the
buttocks, or around the neck, ears or eyes?’. These ques-
tions were preceded by the question ‘Have you (Has your
child) ever had an itchy rash coming and going for at least
6 months?’.

Dietary Exposures

The questions on diet included in the Environmental
Questionnaire (EQ) enquired about foods which had earlier
been suggested to influence the risk of allergic diseases.
Respondents were asked: ‘In the past 12 months, how
often, on average, did you (did your child) eat or drink the
following: fruit; vegetables (green and root); and fast food/
burgers?’. Centres were encouraged to include local names
to define foods if necessary. Frequency of food intake was
categorised as follows: rarely or never (reference); once or
twice per week; and >3 times per week (comparison). We
investigated the association between allergic symptoms
and these food groups for their possible antioxidant, anti-
or pro-inflammatory effect on these diseases.
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Only 62% of children aged 6-7 years and 61% of those
aged 13—14 years reported eating fruits 3 or more times per
week (Table S1, supplementary file) and less than half of
the children in both age groups had an intake of vegeta-
bles 3 or more times per week.

Association Between Respiratory Symptoms
and Dietary Intake

Fruits

Figure 1 shows the adjusted per-country associations
between fruit intake and current wheeze. In children aged
6-7 years, there was a negative association between having
current wheeze and eating fruits three or more times per
week compared to less frequent consumption (adjusted
overall OR 0.85; 95% CI 0.74; 0.97). The meta-analysis
showed moderate heterogeneity (I = 46.4%). In children
aged 13-14 years, there was also a negative association
between current wheeze and intake of fruits, although this
was slightly attenuated (OR 0.89; 95% CI 0.82, 0.97).
There was very little evidence of heterogeneity across
countries (> = 7.0%).

Vegetables

A higher intake of vegetables was negatively associated
with current wheeze in children aged 6-7 years (Fig. 2;
P = 0%), whilst in older children there was no association,
and there was moderate heterogeneity in the estimates
across countries (Fig. 2; P = 67%).

Fastfood

Current wheeze was positively associated with eating
fastfood/burgers three or more times per week (Fig. 3). The
positive associations were found in both age groups, with
the effect size being slightly greater in younger children.
Heterogeneity was small in both meta-analyses.

We also investigated the association between these food
groups with secondary outcomes eczema and rhino-con-
junctivitis (supplementary file). In the younger children, a
more frequent intake of fruits was associated with a lower
prevalence of eczema (OR 0.64; 95% CI 0.56, 0.74; Fig-
ure S1; and OR 0.72; 95% CI 0.64, 0.82, Figure S4), whilst
the associations in the older children were less consistent
(Figures S1 and S4). A more frequent intake of fastfood
was positively associated with a higher prevalence of
eczema and rhino-conjunctivitis in older children (Fig-
ures S3 and S6; ORs 1.32;95% CI 1.22, 1.43, and OR 1.32;
95% CI 1.24, 1.40, respectively).

Discussion

In this large multi-centre epidemiological study including
11 Latin American countries, we found that the overall
prevalence of allergic symptoms in children aged
6-7 years fluctuated between 9.9% (current eczema) and
12.5% (current wheeze). We found a consistent trend
across countries of a statistically significantly negative
association between fruit, and vegetable, and allergic
symptoms in the younger children. Such associations were
attenuated in older children. We also found that frequent
intake of fast foods or burgers was positively associated
with a greater prevalence of allergic symptoms in adoles-
cents and with wheeze in the younger children.

The meta-analyses on fruit intake and wheeze, eczema,
and rhino-conjunctivitis showed very small heterogeneity
in the group of 6- to 7-year-old children. The large sample
size of the study, and the use of a standardised protocol to
ascertain the prevalence of allergic symptoms and of fre-
quency of food intake, might have contributed to the small
heterogeneity. The fact that the effect sizes were fairly
consistent across countries suggests that these associations
might be biologically plausible. The heterogeneity and
effect sizes were less consistent in the meta-analyses that
examined dietary intake of vegetable and fastfood in ado-
lescents, which might partly be explained by the increasing
differentiation in the diet of older children.

Our findings also showed that three quarters of all the
children studied had a sedentary lifestyle, reflected in the
low frequency of physical exercise practised per week.
Similarly, despite the strong public health promotion of
daily intake of fruits and vegetables in children, we found
that only 60% of the children eat these foods at least three
times per week.

Diet is one of the key factors that can influence the
susceptibility to allergic diseases [15] and can explain, at
least in part, the current rates of asthma prevalence in Latin
American countries. Latin America groups the Spanish and
Portuguese-speaking countries south of the United States.
In addition to the language, the population in this region
has several common characteristics. The Latin American
nations are largely composed of ‘Mestizos’ (those having
Indigenous and Spanish/other European/African ascent)
and indigenous people. The staple diet in most of these
countries includes fresh cereals and vegetables (potatoes,
maize, rice), although as with most growing economies, the
effects of ‘“Westernisation’ are increasingly departing the
traditional diets towards consumption of fast food and
other energy-dense and low-cost foods.

The ISAAC study provided for the first time standard-
ised estimates of childhood asthma prevalence worldwide.

@ Springer
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Fig. 1 Meta-analyses of
adjusted associations between
current wheeze and fruit intake Stud
in children participating in Y
ISAAC Phase III Latin America D

6-7 years old

Brazil
Chile
Colombia
Mexico
Panama
Uruguay

Venezuela

Overall (I-squared = 46.4%, p = 0.083)

%

ES (95% Cl) Weight

1.15 (0.48,2.78) 2.41

N cE— 1.18(0.78,1.77) 11.28
0.76 (0.60, 0.96) 32.68
0.73 (0.58, 0.93) 34.38
— 0.79 (0.51,1.22) 10.17

1.30 (0.66, 2.57) 4.07

1.63 (0.88, 3.01) 5.00

0.85 (0.74, 0.97) 100.00

.333 1 3.01
13-14 years old
Study %
ID ES (95% Cl) Weight
Argentina i 0.94 (0.63, 1.39) 4.74
Bolivia 0.66 (0.42,1.03) 3.52
Brazil —+— 0.77 (0.62,0.95) 15.22
Chile —_—— 0.97 (0.75,1.24) 11.65
Colombia — 0.95(0.76,1.18) 15.13
Ecuador —i'—— 0.93 (0.66, 1.29) 6.51
Mexico — 1.02(0.85,1.22) 22.28
Panama : 0.90 (0.56, 1.44) 3.22
Peru —*—i 0.64 (0.46,0.88) 6.65
Uruguay —_— 0.94 (0.68,1.28) 7.30
Venezuela : 0.90 (0.58,1.39) 3.77
Overall (l-squared = 7.0%, p = 0.377) <> 0.89 (0.82,0.97) 100.00
T

T
418

ISAAC Phase Three produced internationally comparable
estimates of direction and magnitude of change in symp-
toms of asthma, rhino-conjunctivitis, and atopic eczema
[5]. The study also showed that in developing countries
asthma and allergic disease were increasing.

We found that 75% of children had a fruit and veg-
etable intake below the five portions a day recommended
by the WHO [16]. Worldwide variations in frequency of

@ Springer

consumption of fruits and vegetables were reported for the
first time in 2009 for adults from 52 countries, showing that
lower income countries also have difficulties adhering to
these recommendations [17]. The study showed figures for
four countries from Latin America (Brazil, Ecuador,
Paraguay, and Uruguay), all of which reported having at
least 50% of adults eating less than 5 portions of fruits or
vegetables per day. Our study is the first to demonstrate
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Fig. 2 Meta-analyses of
adjusted associations between
current wheeze and

6-7 years old

vegetable intake in children Study %
participating in ISAAC Phase ID ES (95% Cl) Weight
III Latin America
Brazil 0.56 (0.30, 1.03) 3.25
Chile —*i—— 0.83 (0.60, 1.14) 12.35
Colombia —01—— 0.88 (0.72, 1.07) 32.39
Mexico —:o—— 0.90 (0.73, 1.12) 28.41
Panama —i‘—— 0.93 (0.64, 1.37) 8.46
Uruguay —'i—— 0.86 (0.58, 1.30) 7.59
Venezuela 4——~— 1.29 (0.86, 1.94) 7.55
Overall (I-squared = 0.0%, p = 0.462) <> 0.90 (0.80, 1.00) 100.00
T : T
.299 1 3.35
13-14 years old
Study %o
ID ES (95% ClI) Weight
Argentina —*—i 0.71 (0.53,0.95) 5.69
Bolivia 0.81(0.57,1.14) 3.94
Brazil —i’— 1.02 (0.87,1.19) 18.73
Chile o 0.85 (0.69, 1.05) 11.20
Colombia — = 0.76 (0.64,0.91) 16.00
Ecuador i 1.03(0.75,1.41) 4.88
Mexico —_— 1.23(1.05,1.43) 20.62
Panama 0.93 (0.61,1.42) 2.66
Peru —*—i— 0.88 (0.65,1.18) 5.43
Uruguay T 0.83 (0.64,1.07) 7.35
Venezuela 1.43 (0.99, 2.07) 3.50
Overall (I-squared = 66.5%, p = 0.001) 0.95 (0.89, 1.02) 100.00

T
484

that the vast majority of Latin American children are not
meeting these recommendations.

Despite the fact that asthma is an important public
health burden in countries from this region [1], there have
been few studies investigating the role that diet and other
lifestyle-related risk factors might play in the risk of
allergic diseases in Latin America. A negative association
between fruit intake and childhood asthma has been sug-
gested in low- and high-affluent countries [18]. A recent
overview of high-quality systematic reviews on diet and

1 2.07

asthma concluded that there is evidence to suggest that
children who have a higher intake of fruits, or have diets
which are rich in these foods, are less likely to suffer from

asthma or allergic symptoms [19].

There is biological plausibility for the possible effect of
fruits and vegetables on allergic symptoms. Oxidative
stress plays a role in the inflammatory process that leads to
the clinical expression of asthma and other allergic con-
ditions such as eczema and rhino-conjunctivitis. Fruits and
vegetables are rich in a number of antioxidant vitamins and

@ Springer



Lung

Fig. 3 Meta-analyses of
adjusted associations between
current wheeze and fastfood

6-7 years old

intake in children participating Study %

in ISAAC Phase III Latin D ES (95% Cl) Weight

America
Brazil : 0.94 (0.33, 2.66) 1.44
Chile SEDCE 1.26 (0.94, 1.68) 18.68
Colombia —_— 1.33 (1.05, 1.69) 27.69
Mexico —_— 1.62 (1.30, 2.00) 33.90
Panama — 0.94 (0.63, 1.41) 9.71
Uruguay j 0.67 (0.19, 2.35) 0.99
Venezuela _— 1.13(0.72, 1.78) 7.60
Overall (I-squared = 26.7%, p = 0.225) & 1.33 (1.17, 1.51) 100.00

T : T
189 1 5.28
13-14 years old
Study %
ID ES (95% Cl) Weight
Argentina —°|— 1.24 (1.00, 1.54) 10.20
Bolivia _ 1.02 (0.74, 1.39) 4.95
Brazil — 1.13(0.95, 1.34) 17.03
Chile —— 1.36 (1.12, 1.64) 13.36
Colombia - 1.42 (1.18,1.71) 14.29
Ecuador —_—— 1.40 (1.04, 1.89) 5.55
Mexico — 1.19(1.01, 1.39) 18.48
Panama : 117 (0.73,1.85) 2.29
Peru : 1.23(0.86, 1.76) 3.74
Uruguay | ———*—> 1.82(1.38,2.41) 6.26
Venezuela : 0.99 (0.69, 1.41) 3.85
Overall (l-squared = 35.0%, p = 0.118) @ 1.26 (1.18, 1.35) 100.00
T ; T

415

minerals, as well as flavonoids whose antioxidant and anti-
inflammatory properties have been suggested to reduce and
modulate airway and allergic diseases. Experimental
studies have demonstrated that flavonoids can inhibit the
release of histamine and of several inflammatory cytokines
including IL-4 and IL-13 [20], which are closely involved
in the chain of events leading to the clinical manifestation
of symptoms. Several well-designed randomised controlled

@ Springer

trials (RCTs) have been carried out to test the demonstra-
bility of such effects, but have so far shown little or no
effect of the use of nutritional supplements on allergic
outcomes [21].

A new concept of ‘indigenous microbiota’ which sug-
gests that food consumed directly from the soil where it is
harvested (rather than industrially produced) might also
protect against the risk of asthma and allergies. It is known



Lung

that fruits and vegetables are densely covered with
microbiota (ectophytes), but the idea that these fresh
products harbour a microbial world within (endophytes)
has been only recently shown [22]. A low gut microbiota
might be linked to poorer respiratory [23] and allergic [24]
outcomes in children, and a rich microbiota is facilitated by
freshly produced plant-based foods. Developed countries in
Europe are now often able to market fruits and vegeta-
bles regardless of their seasonality, due to the high pro-
cessing and artificial maturation these foods undergo. In
Latin America, food markets are still common and widely
accessed by the general population, often preferred to
supermarkets (grocery shops) for their lower cost. Our
findings could lend support to educational and intervention
strategies to make fruits and vegetables more accessible to
the population, like those investigated in other populations
[25].

The introduction of a more ‘Westernised’ lifestyle has
been increasingly suggested to play a role in the current
burden of asthma in countries that are shifting towards a
higher consumption of more energy-dense diet, which are
characterised for their lower cost and high content of sat-
urated fats. Our findings show that fast food intake in Latin
America is very common in children, particularly in ado-
lescents, of whom nearly a 20% reported eating these foods
three or more times per week. The risk of current wheeze
was positively associated with intake of fastfood in
younger and older children, but this risk was higher in the
adolescents. As consequence of the Westernisation of diet
and of lifestyle in Latin America, the rates of cardio-
metabolic diseases is increasing and the rates of obesity are
a major public health challenge in the region [26]. The low
cost of these foods and the high calorie content make fast
food an appealing option for many families, in particular to
those in a more vulnerable socio-economic position. The
easy access that children have to processed and sugary food
is also a major issue in many primary schools across the
continent.

A major challenge to improve childhood global health in
Latin America is to provide evidence from studies that can
translate in public health interventions and in affordable
and sustainable health care to the population [27]. Latin
America is a region with large economic and social vari-
ations, and where public health resources are usually lim-
ited. Our results suggest that dietary intake of fruits might
reduce the risk of allergic diseases in children, and that
Westernisation of diet might contribute to the increase in
the prevalence of allergic symptoms as children grow
older. Timing appears to be an important factor, as the
protective effect observed from higher intake of fruits and
vegetables in younger children attenuates or disappears in
older children. These results provide a foundation to inform
public health policy.
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