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ABSTRACT
Objective: Asthma prevalence in Costa Rica is among the highest worldwide. We aimed to determine
the prevalence of asthma among school-age children in the Central Highland Area of Costa Rica.
Methods: Cross-sectional study using the International Study of Asthma and Allergies in Childhood
(ISAAC) questionnaire was performed. Parents or guardians of children aged 6–13 years completed
written questionnaires. Results: Total of 2817 school-aged children returned these questionnaires
(74.1% return rate). The prevalence of asthma, rhinitis, and eczema was 21.9%, 42.6%, and 19.2%,
respectively. The co-existence of the 3 diseases was seen in 22.6% of children with asthma. Boys had
a slightly higher prevalence of these conditions, and younger children had higher prevalence of
asthma and eczema, but lower prevalence of rhinitis than older children. The use of acetaminophen
and antibiotics in the first 12 months of life showed a significant association with the prevalence
of asthma, rhinitis, and eczema. Wheezing with exercise, dry cough at night, and ever rhinitis was
highly associated with asthma symptoms in the last 12 months. In contrast, no association was found
between children exposed to smoking at home. Frequent traffic next to the house was reported
more frequently by the parents of children with asthma, although no significant association was
found. Conclusion: The prevalence of asthma showed a significant decrease compared to previous
studies. However, there was an unexpected high prevalence of rhinitis. Exposure to acetaminophen
and antibiotic during the first year of life was highly associated with asthma symptoms.

Introduction

Globally, asthma is a major public health problem, affect-
ing approximately 300 million people (1,2). Asthma,
rhinitis, and other allergic conditions are a group of het-
erogeneous conditions with complex genetic background
(3–6), that interacts with several different risk factors,
including allergic sensitization, environment, early res-
piratory infections, cigarette exposure, diet, changes in
the intestinal flora, and other factors infection (7–14).
Worldwide, asthma and other allergic conditions such as
allergic rhinitis and eczema account for increasing child-
hood morbidity, placing a burden on the healthcare sys-
tem and on affected individuals and their families (15).
Although data on prevalence of these conditions in our
area is scarce, various epidemiological studies have been
done through the years as collaboration in the Inter-
national Study of Asthma and Allergies in Childhood
(ISAAC) (16–22). In developing regions such as areas
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of Africa, Central and South America, Asia and some
areas of the Pacific, the prevalence of asthma and allergic
rhinitis continues to rise with increasing urbanization and
westernization (18,21,23–28). The prevalence of asthma
in Costa Rica is among the highest in the world (17,21),
showing a steady increase in its prevalence throughout
all epidemiological studies (17,29). In a nationwide study
of 2682 children aged 5–17 years, the estimated preva-
lence of physician-diagnosed asthma was 23% in 1989
(29). Among children who participated in phase I of the
ISAAC study in 1995, the overall prevalence of asthma
was 27.7% (17). Eight years later, approximately 33.2%
of children in the same group reported current wheeze
in phase III of the ISAAC study (17,21). The causes of
this high asthma burden are likely multifactorial and at
least partly related of heredity, environmental triggers,
and “westernized” lifestyle of contemporary Costa Ricans
(11,30).
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Based on previous epidemiological studies and given
the high burden of asthma inCosta Rica, efforts in achiev-
ing an adequate control and prevention of the disease has
beenmade in the last 10 years. In 2003, aNational Asthma
Program (NAP) was implemented in Costa Rica. This
program focused in early diagnosis, treatment guidelines
(including early use of inhaled corticosteroids), appropri-
ate referral to specialist for asthma care, and avoidance of
common allergen (e.g., cockroaches or dust mite) or envi-
ronmental exposures (e.g., tobacco smoke).

Recently, we showed a significant decrease in the trend
in hospitalizations and mortality from asthma in Costa
Rica over a 15-year period. The total number of asthma
hospitalization in Costa Rica in both children and adults
decreased by approximately 53% from 1997 to 2011 (31).
In this study, the most substantial changes in absolute
terms (given the high baseline rates) occurred in chil-
dren younger than 10 years old (57% decrease in boys
and 54% in girls, in the same period). The most plausible
explanation to this decrease in asthma hospitalizationwas
improved asthmamanagement and possibly a decrease in
risk factors. However, it was suggested that a decrease in
asthma prevalence could also be associated (31).

To date, little is known about the current prevalence
of asthma symptoms, related diseases, and prevalence of
risk factors in Costa Rica. Given the significant increase
in prevalence of the disease in our last study, but also the
increasing attention that has been given to environmental
and lifestyles factors in low andmiddle-income countries,
we decided to study the current prevalence 12 years later
in an inner-city group of children between 6 and 13 years
old. Our hypothesis is that similar to other Latin Ameri-
can countries the prevalence of both asthma and allergic
rhinitis in Costa Rica has increased.

Methods

During the first semester of 2014, the parents/guardians
of school-aged children (6 to 13 years old) attending 8
elementary schools in the Central highland area of Costa
Rica were surveyed.The Central highland region known
as the Great Metropolitan Area includes those areas sit-
uated in the central provinces such as San Jose (capi-
tal city), Alajuela, Heredia, and Cartago, all comprising
areas of high population density (about 60% of the pop-
ulation). These areas are located on the central plateau
of the country, with a temperate climate and an average
of 1215 masl. Schools were selected for inclusion in the
study by randomly stratifying for geographical location
(rural or urban), and also if the school was private or
public. All schools selected were highly representative for
each province (both in the public and private education
system).

Using the previously validated ISAAC questionnaire
(32), a history of diagnosed asthma, and presence of
wheeze in the previous 12 months, and other allergic
conditions such as rhinitis and eczema was obtained.
Children were divided in 2 groups: group 1 included all
children between 6 and 9 years old; and group 2 included
those between 10 and 13 years old. In addition, the
environmental questionnaire from ISAAC III was also
collected (33). The questionnaire was translated to Span-
ish as per defined guidelines ISAAC, Manual (ISAAC
International Data Centre 1992). This questionnaire
was sent home to 3800 school children. Seventy-four
percent of children returned these questionnaires com-
pleted and were suitable for analysis (2817 children).
However, 7 patients (<1%) returned these questionnaires
uncompleted, and therefore were excluded.

Case definitions

The diagnosis of asthma was based on a positive answer
to the written question: “Have you (has your child) had
wheezing or whistling in the chest in the past 12months?”
Similar to asthma, allergic rhinitis was based on a positive
answer to the question: “In the past 12 months, have you
(your child) had a problem with sneezing or a runny nose
or blocked nose when you (he/she) did not have a cold or
the flu?” Current eczemawas considered in those individ-
uals with positive answer to “Have you (has your child)
had this itchy rash at any time in the past 12 months?”
This question was preceded by then question: “Have you
(has your child) ever had a skin rash which was coming
and going for at least 6 months?”

In addition, background characteristics were recorded
for each child, including information about sex, age,
school, weight, height, parental smoking during first year
of life, current parental smoking, some dietary informa-
tion, traffic next to school or home, use of antibiotics or
acetaminophen in the last 12 months, physical activity
levels, current ownership of dog or cat and during the first
year of life.

Ethics: The studywas approved by the local ethics com-
mittee of the National Children´s Hospital and by the
Ministry of Public Education of Costa Rica.

Statistical analysis

Descriptive statistics about the general characteristics of
the children and their diseases comprised frequencies,
measures of central tendency (means, median), and
dispersion (standard deviation). Comparison of propor-
tions was done using the Pearson´s chi-squared test. To
assess the relationships of independent variables with
the diseases, the rate ratio was calculated using Poisson
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Table . Asthma, rhinitis, and eczema prevalence: comparison of the  age groups.

Group  (– years) n/N (%) Group  (– years) n/N (%) p value Odds ratio
∗
(% IC)

Ever wheeze, n (%) / (.) / (.) . . (.–.)
Wheeze last  months / (.) / (.) . . (.–.)
Physician’s diagnosis of asthma / (.) / (.) . . (.–.)
Wheezing chest after exercise / (.) / (.) . . (.–.)
Dry cough at night in last  months / (.) / (.) . . (.–.)
Ever rhinitis / (.) / (.) . . (.–.)
Rhinitis in the last  months / (.) / (.) . . (.–.)
Rhinoconjuntivitis in the last  months / (.) / (.) . . (.–.)
Eczema / (.) / (.) . . (.–.)
Eczema in the last  months / () / (.) . . (.–.)

∗p value for OR.
Group  is the base for comparison.
n=  for group  and n=  for group .

regression. The regression procedure consisted of 2 steps:
1) univariate analysis, 2) multivariable analysis. In the
second step, all variables with p < 0.25 in the univariate
analysis were included. A backward building model
was followed based on the likelihood ratio test. The
process of exclusion–inclusion of each variable into the
multivariable model tested confounding and interaction
by comparison of the estimated coefficients in the new
model with the estimated coefficients and likelihood ratio
of the old model. Confounding was deemed present if at
least one coefficient changed more than 10% (if the rate
ratio had a value between 0.7 and 1.5) or if at least one
coefficient changed more than 25% (if the rate ratio had a
value <0.7 or >1.5). Finally, variables that were excluded
in the univariable step were checked on collinearity with
the variables in the final model to check for potential
confounding by calculation of simple correlations. The
data were collected using EpiData Software version 2.0
(Odense, Denmark); and analyzed using STATA version
12 (Stata Corp., USA)

Results

General characteristics of study group

A total of 2817 children were included in the initial anal-
ysis (1417 children in group 1 and 1400 children in group
2). The mean age for group 1 was 7.41 years (95% CI:
7.35–7.46) and for group 2 was 10.6 years (95%CI: 10.56–
10.67), with almost identical numbers of boys and girls in
each group.

Asthma

The overall prevalence of wheeze in the past was 35.3%,
but just 21.9% of parents reported their children having
wheeze during the last 12 months (current asthma). In
addition, 24.8% of children had ever been diagnosed with

asthma by a physician. As seen in Table 1, the preva-
lence of current asthma diagnosis (wheeze in the last
12 months) between groups was significantly different,
with 23.8% in the younger group and 20.0% in the older
group (p = 0.01). There was no difference between diag-
noses of asthma evermade by a physician (23.8% in group
1 vs. 25.9% in group 2, p = 0.19) and ever wheeze (35.1%
in group 1 and 35.4 in group 2, p = 0.87). In contrast,
there was a significant difference between the prevalence
of wheezing limiting speech (15.8% in group 1 vs. 22.9%
in group 2, p = 0.02) and wheezing after exercise (11.3%
in group 1 vs. 14.8% in group 2, p = 0.006). In addition,
the younger group seems to be having more symptoms at
night (dry cough at night in the last 12months) compared
to group 2 (p = 0.01).

The prevalence of wheeze with exercise was 13.1%
(350/2676 responders). As expected, it was more frequent
in those asthmatics compared to non-asthmatic children
(48.5% vs. 2.6%, <0.0001). In regards to acute attacks,
410 (58.8%) of parents reported between 1 and 3 acute
episodes in the last 12 months, 102 (14.6%) reported
between 4 and 12, and the remaining 48 (6.9%)more than
12 acute episodes. There was no difference in number of
acute episodes between groups.

Rhinitis

The overall prevalence of ever rhinitis and rhinitis in
the last 12 months was high for all children (46.3% and
42.6%, respectively). Table 1 shows the significant differ-
ence in the prevalence of rhinitis ever, rhinitis in the last
12 months and rhinoconjuntivitis between groups, being
more prevalent in the older age group. Rhinitis was highly
associatedwith the development of eczema in both groups
(OR = 2.5, 95% CI: 2.1–3.1, p < 0.0001), being more
prevalent in the younger group. In those children with
rhinitis, themean ofmonthswith acute rhinitis symptoms
was 5.1 months (95% CI: 4.9–5.4). Similar to its preva-
lence, rhinitis symptoms measured by number of months
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Figure . Rhinitis symptoms in children, reportedbyparents, in the
last year.

affected where more common in asthmatic children than
in those with no asthma (5.9 vs. 4.6 months, p < 0.0001).
Figure 1 shows the distribution according to each month,
showing a seasonal pattern with a peak between October
and February, time of transition between winter and sum-
mer months (time of the year with high winds).

Eczema

The overall prevalence of eczema in our study was 19.1%.
Although there was a slightly increased prevalence in the
younger group, no significant difference between groups
was seen (Table 1). Among children with asthma, the
prevalence of eczema was 28.2% (see Table 2). There
was an increase prevalence of eczema in females com-
pared to males, 269/1362 (19.7%) vs. 259/1390 (18.6%),
respectively; however, no significancewas seen (p= 0.45).
There was a significant increased risk of eczema in both
groups of children with wheeze in the last 12 months
(OR = 1.9, 95% CI: 1.6–2.4, p < 0.0001) and rhinitis
(OR = 2.4, 95% CI: 1.9–2.9, p < 0.0001).

Relationship among prevalence of allergic
conditions and risk factors for asthma

A. Allergic conditions
Table 2 shows the percentage of other allergic condi-
tions and associated risk factors with asthmatic and
non-asthmatic children. Ever rhinitis was present in 472

(76.8%) of asthmatic children, compared to 811 (37.7%)
of children without asthma (p < 0.0001). A similar dif-
ference was found for rhinitis in the last 12 months,
rhinoconjuntivitis and eczema. Nevertheless, some of
these conditions were also frequent in the non-asthmatic
group, such as rhinitis and rhinitis in the last 12 months
with 37.7% and 34.0%, respectively, in the non- asthmatic
group. The co-existence of the 3 diseases was seen in
22.6% (140/617) of children with asthma.

B. Acetaminophen and antibiotics in the first
months

The use of acetaminophen and antibiotics in the first
12 months of life was also high for both children with
asthma and without asthma, however, with a higher
prevalence in the asthmatic children than in those with-
out asthma symptoms (p < 0.0001). As shown in Table 2,
the odds ratio of the use of acetaminophen during the
first 12 months of life and asthma was 1.9 (95% CI: 1.5–
2.4, p < 0.0001). Similarly, the use of antibiotics in the
first 12monthswas significantly associatedwith the devel-
opment of asthma with an OR 2.3 (95% CI: 1.9–2.8,
p < 0.0001). In this study, 63.9% of asthmatic children
reported the use of these medications during the first year
of life, compared to 43.5% in the non-asthmatic group
(p < 0.0001).

C. Pollution
Outdoor AIR pollution included HEAVY traffic reported
at home and outside the school area, as backyard TRASH
burning FUMES WITHIN 500 meters from home. In
the asthma group, 41.7% of parents reported traffic next
to the house frequently during the day or all day long,
in comparison to 37.5% in the non-asthma group (p <

0.06). Although not statistically significant, there was a
trend either of more pollution or at least more awareness
of pollution near their houses. However, when compar-
ing traffic next to schools, there was no significant differ-
ence between groups (69.8% asthma group vs. 70.1% in
non-asthma group). Regarding backyard burning, or fires
next to the house, 22.5% (137/608) of the asthmatic group

Table . Relationship among prevalence of allergic conditions and associated factors for asthma.

Asthma No asthma p Odds ratio (% IC)

Rhinitis, n/N (%) / (.) / (.) <. . (.–.)
Rhinitis within  months / (.) / (.) <. . (.–.)
Rhinoconjuntivitis / (.) / (.) <. . (.–.)
Eczema / (.) / (.) <. . (.–.)
Use of acetaminophen in first  months life / (.) / (.) <. . (.–.)
Use of antibiotics in the first  months of life / (.) / (.) <. . (.–.)
Traffic next to house . . (.–.)
None/Infrequent / (.) / (.)
Frequent/all day / (.) / (.)
Family member smoking at home / (.) / (.) . . (.–.)
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reported fires compared to 17.5% (372/2122) in the non-
asthmatic groups (p = 0.01).

Indoor pollution encompasses both indoor wood
ovens or open fires at home and smoking. In general,
2183 (78.4%) parents reported electricity as their main
source for cooking, 573 (20.6%) use gas, and 22 (less 1.0%)
indoor wood ovens or open fires at home alone. A total
of 147 (5.2%) patients reported a combination of them.
Sixty (2.1%) patients reported indoor wood ovens or open
fires at home, although there were more patients in the
asthma group with indoor pollution, no statistical dif-
ference was found between asthmatic and non-asthmatic
children (1.9% vs. 1.0%, respectively, p= 0.08). In regards
to gas cooking, it wasmore frequent in the non-asthmatics
25.7% (549/2134) versus 23.1% (141/610) in the asth-
matic group; however, the difference was not significant
(p = 0.19).

Other conditions
The environmental questionnaire also included physical
activity attitudes. As a group, 26.6% of children engaged
in vigorous physical activity more than 3 times per week.
Vigorous physical activity more than 3 times per week
was more frequent in the non-asthmatic group. In total,
144/612 (23.5%) patients with asthma engaged in vigor-
ous activity compared to 586/1537 (27.7%) children with
no-asthma (p = 0.04). More importantly, a major find-
ing was that 879/2765 (31.8%) of parents reported that
their children had no physical activity. Despite the fact
that it was not significant, there weremore asthmatic chil-
dren reporting no physical activity than children without
asthma (p = 0.31).

Smoking

The prevalence of passive smoking in our group of chil-
dren was 19.3%. As shown in Table 2, there was no dif-
ference between smoking at home in between groups
(p = 0.72). In addition, no significant difference was
found between asthmatics and non-asthmatics in the
prevalence of smoking during the first year of life (4.4%
vs. 3.5%, respectively, p = 0.27). Maternal smoking was
very similar in both groups of children with 6.3% in the
asthma group and 5.4% in the non-asthma group (p =
0.40). In the case of paternal smoking, it was present in
13.3% of the asthma group and 11.8% in the non-asthma
group (p = 0.32). The amount of cigarettes per day did
not show any significance when comparing both groups.

Multivariable logistic regression

After the univariable analyses, 8 variables were identi-
fied for inclusion in the multivariable analysis: wheezing

Table . Multivariable regression analysis of variables associated
with asthma.

OR (% IC) p

Wheezing chest after exercise . (.–.) <.
Dry cough at night in the last  months . (.–.) <.
Ever rhinitis . (.–.) <.
Use of antibiotics in the first  months of life . (.–.) .
Use of acetaminophen in first  months life . (.–.) .

chest after exercise, dry cough at night in last 12 months,
ever rhinitis, rhinitis in the last 12 months, eczema,
acetaminophen in the first 12 months, antibiotics in the
first 12 months, and traffic at home. In the multivariable
analysis, 5 variables were independently associated with
asthma defined by wheeze in the last 12 months (Table 3).

Discussion

Epidemiological data from 4 different studies indicate
a very high prevalence of asthma and related allergic
conditions in school-aged children in Costa Rica, and
this prevalence had been increasing from study I (1989)
to study IV (2002) (17). Asthma diagnosis by a physi-
cian increased significantly from the first study (23.0%)
and second study (23.1%) to 27.1% and 25.9%, in the
third and fourth study (17,21,29). Asthma diagnosis using
ISAAC’s definition of wheeze in the last 12 months also
showed a significant increase from ISAAC I (27.7%)
to ISAAC III (33.2%). This increment could be A real
increase in asthma prevalence or due to better awareness
about asthma following information campaign. However,
a similar trend has been reported for other countries
such as United Kingdom, Australia, New Zealand, and
United States (16,21). We undertook this study to follow
asthma and other allergic conditions’ prevalence, which
had increased significantly in the previous epidemiologi-
cal studies.

The prevalence of asthma symptoms in children in the
central area of Costa Rica remains very high. At present,
21.9% of children between 6 and 13 years old reported
wheeze in the last 12 months. Asthma ever diagnosed by
a doctor was slightly higher with a prevalence of 24.8%.
Although not significant, the prevalence of asthma was
higher in boys and younger children. In addition, we
found that the prevalence of rhinitis in the past year was
extremely high in our group, especially among children
with asthma. Moreover, rhinitis was also more preva-
lent in boys, but different to asthma in older children.
These findings are similar to other studies, showing that
asthma in early childhood is predominantly a male dis-
ease (34,35); however, there was no statistical significance
in our study.
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It is well known that there is a close association
between asthma and other allergic diseases (36–38). In
our study, 74.2% of asthmatic children suffered allergic
rhinitis, while 22.6% suffered both allergic rhinitis and
eczema. As shown in our study, allergic rhinitis and
eczema were associated with asthma in children, with
ORs of 5.6 and 1.6, respectively. Our findings remain
similar to previous studies, where a strong association
among allergy markers and asthma, allergic rhinitis and
eczema in Costa Rican children was shown (11,30,39).
This pattern has been identified in industrialized coun-
tries, where a linear relationship between positive skin
test to allergens, prevalence of asthma and allergic rhinitis
has been described (16,21,40).

Another factor to consider when analyzing prevalence
of allergic disease is age. Generally, the prevalence of
asthma and other allergic diseases is more frequent dur-
ing childhood and decreases with age. Song and col-
leagues (41) studied a group of 10,338 children, aged 6–
18 years from a province in China. They stratified chil-
dren into 3 age groups: 6–8 years, 8–13 years, and 13–
18 years. Asthma symptoms decreased 48% from the
younger group to the oldest one (7.1% to 3.7%). In our
study, even though it was not that large, there was a
decrease in asthma symptoms of approximately 15.9%
between the younger and the older groups (23.8% to
20.0%, respectively). When analyzing the prevalence of
rhinitis, our group showed similar findings to other stud-
ies where the prevalence increases with age (41). In our
group, ever rhinitis increased from 42.9% in the 6–9 years
age group to 49.8% in children 10–13 years of age (13.8%
increase). A similar trend was found in rhinitis during the
last 12 months (39.5% to 45.9%, 13.9% increase). Eczema
on the other hand showed a slight decrease from 19.7% in
the younger group to 18.6% in the oldest group. Thus, in
our study, the prevalence of eczema symptoms was lower
in the younger group;whereas asthma symptom in the last
12months, ever rhinitis, and rhinitis symptoms in the last
12 months was higher in the older group. Similar trend
was reported in our previous studies (17,29).

In addition, previous studies have shown that exposure
to acetaminophen during the first year of life and dur-
ing childhood were associated with the risk of asthma,
rhinoconjuntivitis, and eczema at school age (42–46).
Similar to these studies, we found a significant associa-
tion between the use of acetaminophen during the first 12
months of life and prevalence of asthma, allergic rhinitis
and eczema. Although this relationship is still in debate,
the ISAAC phase III Study showed a significant associ-
ation between paracetamol use for fever in the first year
of life and symptoms of asthma at age 6–7 years of age
(adjusted OR= 1.76, 95% CI: 1.68–1.85). This significant
association was found worldwide. In addition, there was

also a strong dose-dependent association with a three-
fold increased risk with frequent use (at least once per
month) 42). Despite the fact that there is a strong relation-
ship, one should keep in mind that this association might
be confounded by several factors, including respiratory
tract infections in infancy, such as respiratory syncytial
virus and rhinovirus infections that are associated with
an increased risk of wheezing and asthma in later child-
hood (47–52). Nevertheless, the dose-dependent associa-
tion seems to be suggestive of a cause–effect relationship.

In this study, children who lived in areas of high risk
of pollution (either by traffic density or garbage burn-
ing) had an increase in disease prevalence, severity, and
probably poorer control. Exposure of children to harmful
environmental factors such as smoking or outdoor pol-
lution could be major factors in allergic disease develop-
ment (12–14,53,54). In our study, some risk factors that
where included during ISAAC III environmental ques-
tionnaire where considered. Initially, bivariate analyses
showed that traffic next to the house frequently during
the day was higher in the asthma group. Further, par-
ents of asthmatic children reported a significant higher
prevalence of backyard burning or trash burns 500 m
from their houses than non-asthmatic children (22.5% vs.
17.5%, respectively). However, after a multivariable logis-
tic regression looking at the relationship between lifestyle
and disease prevalence, no association was found for pol-
lution variables. Interestingly, one can think that in fam-
ilies where a child suffers from allergic diseases (mainly
asthma or allergic rhinitis), unhealthy lifestyle changes
should be lower than in healthy individuals. However, in
our study, the prevalence of smoking in a family mem-
ber living at home was not different between asthmat-
ics and non-asthmatics. Nowadays, parents know that
smoking is not good for their children’s disease; there-
fore, those having a child with asthma should tend to quit.
Fortunately, in contrast to our previous study 25 years
ago (29), the prevalence of smoking at home by a fam-
ily member in the asthmatic children group decreased
35.4% (from 30.5% to 19.7%). Even though it was asso-
ciated with asthma in our previous studies, in our cur-
rent one there was no association found (OR 1.04, 95%CI:
0.82–1.3). This finding may reflect the effect of a smoke-
free law that was approved in 2008 by the Costa Rican
Government, that prohibits smoking in public places like
parks, beach, bars, and restaurants. Other lifestyle mod-
ifications include better home ventilation, cleaning fre-
quency of homes, bedding changes, and sometimes diet
limitations.

Several limitations where found in this study, mainly
those related to surveys. First, parent-report surveys that
assess the prevalence of asthma in terms of physician
diagnoses may exclude undiagnosed children who suffer
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asthma-related symptoms such as excessive coughing and
wheezing, or whose parents do not want their children
diagnosed with a chronic disease. Second, our study was
limited to a specific population of the Central Highland
Area of Costa Rica. Although it is the most populated
area, it excludes the coastal region. Nevertheless, no
difference was found in the prevalence of ever wheeze,
wheeze in the last 12 months, and physician´s diagnosis
of asthma between the Central Highland area, Pacific
or Atlantic coast in our previous studies (17). A third,
limitation of the study is the lack of a clear explanation
of disease development and other factors including:
child´s characteristics, genetics, concomitant exposures,
living environments, diet, and socioeconomic factors. As
expected, the cross-sectional design of the study would
not provide a cause–effect relation. Still, previous studies
have shown how environmental factors, home environ-
ment, allergic sensitization, and infection have a large
effect on disease development and exacerbation. Fourth,
as stated in other ISAAC reports, several potential biases
that might confound any given association are present,
including recall bias and misclassification bias.

Conclusions

The present cross-sectional epidemiologic study has
shown that although the prevalence of asthma and
asthma-related symptoms in Costa Rican school-aged
children is still high, it has decreased nearly by half in
the last 12 years. This decrease might be attributable
to protective lifestyle changes such as decrease in out-
door pollution (e.g., air-pollution monitoring and traffic
control), reduction of exposure to mites and other bed
allergens, and the elimination of tobacco smoke from
public places. However, other lifestyle changes such as the
use of acetaminophen and antibiotics in the first year of
life continue to be associated with asthma later in child-
hood. There is still a high association between asthma,
allergic rhinitis, and eczema in children. Although it was
not investigated for asthma and eczema, there was clear
seasonal pattern in the prevalence of rhinitis throughout
the year, likely associated with increased upper airway
infections, allergen particulate in the environment, and
coexistence of high prevalence of acute asthma symptoms.
The prevalence of rhinitis was very high in our study,
suggesting the need of intervention strategies to control
rhinitis.
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