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allergic diseases; Introduction: The prevalence of allergic diseases is increasing worldwide, affecting about 30%
allergic rhinitis; of the population in low to middle-income countries. Research trends on allergic diseases
associated factors; within rural pediatric populations of Latin American countries is scarce. This study aimed
asthma; to determine the prevalence of allergic diseases (allergic rhinitis, asthma, and atopic der-
atopic dermatitis; matitis) and their associated factors using the International Study of Asthma and Allergies in
ISAAC phase-lil; Childhood-Il (ISAAC-IIl) questionnaire in school-aged children from two rural municipalities in
prevalence Colombia.

Materials and methods: This is a cross-sectional study. The ISAAC-1Il questionnaire was applied
to school-aged children attending elementary schools in the municipalities of Soraca and
Palmas del Socorro during 2018. The questionnaires were applied to adolescents aged 13-14
years and the parents of 6-7 years old children. Associations were estimated via bivariate and
multivariate analysis.
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Results: Among 261 school-aged children (58.2% adolescents), the prevalence of allergic dis-
eases was: allergic rhinitis 11.49% (95% Cl: 8.05-15.78), asthma 8.81% (95% Cl: 5.82-12.7), and
atopic dermatitis 6.13% (95% Cl: 3.69-9.53). Associated factors for allergic rhinitis included:
female sex (PR: 2.68, 95% Cl: 1.17-5.26), asthma (PR: 4.69, 95% Cl: 1.96-8.31), atopic dermatitis
(PR: 3.55, 95% CI: 1.09-7.83), and higher maternal education (PR: 4.16, 95% CI: 1.45-8.25).

Conclusions: The prevalence of allergic diseases in this rural pediatric population was lower
compared with that of the previous reports from urban populations. Associated factors found
in this study support previous studies. Research addressing modifiable environmental associ-
ations is so far scarce in Latin America; further studies are needed to reduce the burden of

these diseases in rural populations.
© 2021 Codon Publications. Published by Codon Publications.

Introduction

Allergic diseases are the most frequent and expensive
chronic diseases in childhood.! The prevalence of these dis-
eases has significantly raised in the last decades, particu-
larly in low to middle-income countries where up to 10 to
30% of the population has at least one allergic disease.?
However, the reasons behind this growth are not entirely
established yet and the global distribution of allergic dis-
eases has a substantial variability.3# This variability could
be explained by methodological and population differ-
ences, risk factors, and “environmental triggers” that fluc-
tuate by geographic and socioeconomic conditions.>* The
International Study of Asthma and Allergies in Childhood
(ISAAC) study was developed to standardize the epidemi-
ological data collection related to allergic rhinitis, asthma,
and atopic dermatitis.> In a meta-analysis of the ISAAC-III
protocol, the worldwide reported prevalence of asthma,
rhinitis, and eczema in children were 14.1%, 14.6%, and
7.3% respectively.> ISAAC-IIl researchers stated that the
prevalence of allergic diseases may be higher in popula-
tions with lower socioeconomic conditions.>

In Colombia, a low/middle-income country, few stud-
ies have been published regarding the prevalence of aller-
gic diseases using the methodology of the ISAAC study.®
In Bogota, Colombia, in children aged 6-7 and 13-14
years, the following risk factors for allergic rhinitis were
found: asthma (OR: 3.9, 95% Cl: 2.8-5.4), atopic dermati-
tis (2.3; 1.7-3.1), acetaminophen consumption in the last
year (2.6; 1.4-4.9), high maternal education (1.5; 1.0-2.3),
frequent junk food consumption (1.5; 1.2-2.0), and expo-
sure to tobacco smoke (1.4; 1.2-1.7).” However, these stud-
ies were conducted in urban populations and few studies
address the prevalence and associated factors of allergic
diseases in rural areas.

In Ecuador, the prevalence of allergic diseases in school
populations in urban versus rural regions was: asthma 9.4%
vs 10.1% (p=0.05), allergic rhinitis 8.1% vs 6.4% (p=0.02),
and atopic dermatitis 5.9% vs 4.7% (p=0.06), respectively.?
Among the rural population included in this study, poor
hygiene conditions were associated with an increased risk
of respiratory symptoms, as well as poor access to drinking

water, and ownership of farm animals.® Likewise, some
of the identified risk factors for allergic rhinitis in rural
pediatric populations in Bolivia include exposure to farm
animals (OR: 1.5, 95% Cl: 1.2-1.8), ownership of cats (1.2;
1.0-1.5), poor domestic conditions (1.5; 1.0-2.2), heavy traf-
fic (1.3;1.0-1.6), and parental tobacco smoke (1.2; 1.0-1.5).°
These associations were similar for asthma and atopic der-
matitis but did not achieve an adequate level of statistical
significance for all variables.

Conversely, some authors state that agriculture and
early exposure to poor hygienic conditions could be a pro-
tective factor for allergic diseases in rural populations in
developed countries.>®" Similarly, researchers in African
populations report a lower incidence of allergic diseases
in rural areas compared with that of urban areas probably
due to early exposure to farm animals during childhood.'"
However, research addressing these factors is so far scarce
in low to middle-income countries from Latin America.
Therefore, the objective of this study is to establish the
trends in the prevalence of allergic diseases and associ-
ated risk factors reported by 13-14 years adolescents and
parents of 6-7 year old children in two rural populations
of Colombia: Palmas del Socorro (Santander) and Soraca
(Boyacd). The internationally standardized ISAAC-Ill ques-
tionnaire was applied during a health brigade carried out
at the only school of each town between October and
November 2018.

Material and Methods
Study design

This is an observational, cross-sectional study aimed to
determine the trends in the prevalence and associated
factors of allergic diseases (allergic rhinitis, asthma, and
atopic dermatitis). The study was performed using the
ISAAC-IIl methodology during a health brigade carried out
between October and November of 2018. The 6 to 7 years
age group received written questionnaires to be responded
by parents or legal tutors, while the 13 to 14 years age
group received a self-administered written questionnaire.
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All the children included in the study attended schools
located in two rural municipalities in Colombia: Soraca
(Boyaca), and Palmas del Socorro (Santander).

Study setting

Soraca (Boyacd) is a municipality with 5353 inhabitants,
while Palmas del Socorro (Santander) has 2341 inhabitants.
Soraca and Palmas del Socorro have a mean annual tem-
perature of 20°C (68°F), and their average humidity is 83%.
Both the municipalities share common geographical charac-
teristics such as their location between five to six degrees
latitude of the Equator.” Thus, both Soraca and Palmas
could be considered as tropical or equatorial climate
municipalities. Moreover, both municipalities are agricul-
tural low-income communities with high poverty index and
high rates of rural population located in small settlements
outside the main towns."' These municipalities have no or
limited access to hygiene services and drinking water; more
than 90% of the houses do not have sewage systems, and
access to health services is inadequate.'™® QOverall, these
conditions encourage house dust mites and intestinal hel-
minth infections, two of the most important environmental
components of allergic diseases in the Tropics.? Indeed, the
most frequent diseases described in the municipal reports
of the two municipalities are parasitic diseases and acute
respiratory infections.>'

Therefore, this population is considered a representa-
tive sample to assess the sociodemographic characteristics
and frequency of allergic diseases in pediatric rural Latin-
American populations. In both the municipalities, there
is only one first-level medical center for the whole com-
munity, and only one general practitioner is available for
each clinic. No information on allergic diseases was previ-
ously described in the public health municipal reports,’®
and the sample was selected from this general population
who had not been treated or diagnosed for allergic dis-
eases. This was the first diagnostic and epidemiological
approach to allergic diseases in children and adolescents in
both communities. These conditions granted that the pres-
ence of allergic diseases in the study population was not
overestimated.

Participants

The sample size was established considering the data from
previous studies that describe a prevalence of asthma,
allergic rhinitis, and atopic dermatitis of 7.29%, 22.6%,
and 13.89%, respectively.®”” Moreover, an estimation error
of 5%, as well as the population projections of 984 sub-
jects reported by the Colombian National Administrative
Department of Statistics'>'® were considered in the follow-
ing formula®™:

N*Z,*p*(-p)
— 2

CdP*N-0)+Z

1-<
2

Where N is the population size, d is the estimation
error, and p is the prevalence of each disease. Considering
a significance level of 1%, a statistical power of 80%,°> and an
adjustment for probable losses (5%), the estimated sample
size was 245 patients. No independent sample sizes were
calculated considering that both municipalities have similar
geographical and socio-demographic conditions, and that
the sample size accounted for the majority of the pediatric
population. The study sample was made up of 261 children
aged 6-7 and 13-14 years. The selection of individuals was
based on a simple random sampling selection through neg-
ative coordination method to minimize selection bias, and
achieve a uniform, and random sample selection.™

One week before the health brigade was performed at
the only two schools in the municipalities, the researchers
visited both schools. With the support of the school prin-
cipals, the researchers explained the purpose of the study
to the parents or legal guardians of the children during an
academic parent conference. A letter explaining the objec-
tive, risks, and benefits of the study as well as a written
informed consent form was provided to parents, or legal
guardians during this visit. The voluntary participation of
children was respected. Once the purpose of the study was
explained, the informed consent was obtained from all the
included participants and their parents. Children, parents,
or school directors were not informed about study hypoth-
eses to prevent their prompt response to the problems and
risk factors we assessed.

Demographic and clinical questionnaire

The demographic and clinical questionnaire applied is a
survey that sought information about previously described
risk factors for allergic diseases in the scientific literature.
The information about the length and height of the adoles-
cents was obtained attaching to calibration guidelines to
achieve proper accuracy and reliability levels of the child-
hood growth measurement equipment.” Trained medical
researchers gathered this information adhering to WHO
recommendations."

ISAAC-1Il questionnaire

Following ISAAC-IIl Phase objectives, this study aimed to
assess trends in the prevalence of asthma, allergic rhinitis,
and atopic dermatitis in this rural pediatric population, and
examine the associated factors’ hypotheses at an individual
level. ISAAC-1II questionnaire has been adapted and validated
to the Spanish language,? is easily applicable, and inexpen-
sive considering the difficulties of pursuing research budget
to perform studies in rural populations, particularly in low
to middle-income countries. Besides, this questionnaire has
adequate reproducibility, and allows comparisons between
populations.?’ The researchers applied the questionnaires
based on the ISAAC-IlI manual, and all the participants
provided an autonomous response of the questionnaire.>?
Trained researchers with wide experience in the structure
to the questionnaires assisted all the adolescents who asked
for help to clarify their doubts about some questions.
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The ISAAC-IIl questionnaire assesses the prevalence of
asthma, rhinitis, and eczema or atopic dermatitis symptoms
over a 12-month period.? For the purpose of this study and
adhering to ISAAC-IIl recommendations,? the prevalence of
allergic diseases were defined as follows: allergic rhinitis
symptoms were based on a positive response to: “In the
past 12 months, have you had a problem with sneezing/
runny/blocked nose when you did not have a cold/flu?”;
asthma symptoms were defined as a positive answer to:
“Have you ever had wheezing/whistling in the chest in the
last 12 months?”; atopic dermatitis symptoms were based
on a positive response to three questions: “Did you ever
have an itchy/rash that was coming and going for at least
6 months?”, “Did you have this itchy/rash at any time in
the last 12 months?”, and “Has this itchy/rash at any time
affected any of the following places: folds of the elbows,
behind the knees, in front of the ankles, under the but-
tocks, or around the neck/ears/eyes?”.

Moreover, questions assessing environmental factors
which have been previously associated to allergic diseases,
as well as dietary, and behavioral habits, were added from
the Spanish-language environmental questionnaire used in
the ISAAC-III study.?®

Statistical analysis

Statal6MP was used for the statistical analysis and the
“a priori” significance level for the comparisons was 5%.
Frequencies and percentages were calculated for qualitative
variables, as well as measures of central tendency (mean
and median) and dispersion (standard deviation and inter-
quartile range) along with maximum and minimum values
for quantitative variables. BMI categories were classified
meeting the international categories established by the WHO
Child Growth guidelines implemented in a .do file of Stata.*

The prevalence of each of the allergic diseases in the
population and the 95% confidence intervals were calcu-
lated considering the sample weights of the above-men-
tioned sample selection method. A bivariate analysis was
conducted to assess the association between each allergic
disease and their covariates. The predictors of the model
were selected considering biological plausibility reported
by previous studies, and the possible statistical association
within the variables in the study. The modifying effect of
these covariates was determined and the variables show-
ing stronger associations (p<0.20), and clinically relevant
variables, were selected for the multivariate analysis. A
multivariate analysis based on a logistic regression analysis
was performed to find the adjusted effect of the possible
covariates. Considering the frequency of each allergic dis-
ease and the sample size, prevalence ratios were adjusted
to determine the factors associated with the frequency of
allergic rhinitis.? Statistical significance for the multivari-
ate models was defined as p<0.05.

Ethics committee approval was received for this study
from the ethics committee of the Hospital Universitario
Fundacion Santa Fe de Bogota (CCEI-9737-2018), and the
Hospital de San José (act number 500, DI-1-0901-19) accord-
ing to the Helsinki Declaration. Informed Consent was
obtained from all the participants and their parents. No
incentives were offered for study participation.

Results

A total of 261 individuals were included, of which 58.2%
(n=152) were adolescents. The description of the socio-de-
mographic characteristics of the study population is found
in Table 1. A higher percentage of female population
(54.8%) was found. Most of the children were from Soraca
(68.6%), and 59% of the study population lived in rural areas
located in small settlements outside the main towns.

Prevalence of allergic diseases

Table 2 shows the prevalence of allergic diseases in the
study population. Adolescents were more likely to report
allergic rhinitis (13.16%) and asthma (12.5%) symptoms than
by the parents of children from the 6-7 years age group
(9.17% and 3.67%, respectively). Overall, the prevalence
of allergic diseases was higher in adolescents, except for
atopic dermatitis.

Associated factors

The possible factors associated with allergic rhinitis in
the study population were established based on a logis-
tic regression model. The Prevalence Ratio (PR) for each
assessed factor with its corresponding confidence intervals
are shown in Table 3. Associated factors for allergic rhinitis
found in the study population include female sex (PR=2.68;
IC,, [1.17-7.12]), asthma (PR=4.69; IC, [1.96-8.31]) and
atopic dermatitis (PR=3.55; IC, [1.09-7.83]), and higher
maternal education (PR=4.16; IC, [1.45-8.25]). Previous
studies report that atopic dermatitis and asthma are the
associated factors for allergic rhinitis?®; thus these vari-
ables were included in the statistical models. Despite aller-
gic diseases are closely related, previous models include
atopic dermatitis and asthma as independent variables.
The statistical analysis of mediation revealed that these
variables did not have a significant impact on the final
results.

Furthermore, the factors associated with asthma are
shown in Table 4. Associated factors for asthma found by
the models include Palmas of Socorro (PR=4.24; IC., [1.87-
712]), and allergic rhinitis (PR=5.43; IC,, [2.46-8.28]).
Regarding the diagnosis of the factors, regression model,
linearity tests, and goodness-of-fit tests of Hosmer and
Lemeshow were carried out. No collinearity problems were
found. Likewise, no extreme or influential values that could
affect the model were found during the evaluation of devi-
ance residuals and leverage points. The small sample size
of children with atopic dermatitis (n=16) was not enough
to perform the logistic regression model in order to assess
associations to achieve the statistical effect size.

Discussion

This study aimed to determine the prevalence trends and
associated factors of allergic diseases in a rural pediatric
sample from Colombia using the ISAAC-lII methodology.
Our findings contribute to the understanding of modifiable
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Table 1 Baseline demographic and clinical characteristics
of the study population.
N=261
Variables n Percentage (%)
Sex, female/male 143/118 54.8/45.2
Age group 261
6 to 7 years 109 41.8
13 to 14 years 152 58.2
Age in years?® 11.3 (3.3) 13.2 (4.9-15.4)
Municipality
Soraca, Boyaca 179 68.6
Palmas del Socorro, 82 31.4
Santander
Residency area
Main rural towns 107 41.0
Small settlements near main 154 59.0
towns
BMI? 19 (5.58) 18 (9.5-75.7)
Mother’s educational level
Primary education 107 41.0
Secondary education 118 45.2
Higher education 36 13.8
Exercise frequency per week
Occasionally or none 64 24.5
One to two times per week 141 54.0
Three or more times per week 54 20.7
No information 2 0.8
Exercise frequency per day
Less than 1h 35 13.4
1to2h 121 46.4
3to4h 75 28.7
5h or more 30 11.5
Time watching television
Less than 1h per day 32 12.2
1-2h/day in a normal week 121 46.3
3-4h/day in a normal week 75 28.7
More than 5h/day in a normal 33 12.6
week
Passive exposure to tobacco smoke
Maternal smoking 4 1.5
Paternal smoking 17 6.5
29 111
Cooking fuel
Electricity 27 10.3
Gas 179 68.6
Wood or Coal 103 39.5
Traffic on the street of the household
None 76 29.1
Occasional 74 28.4
Frequently during the day 76 29.1
Most of the day 64 24.5
Current exposure to pets
Dogs 212 81.2
Cats 152 58.2
Acetaminophen consumption
Never 34 13.0
At least once per year 84 32.2
At least once per month 141 54.0
No information 2 0.8
Fast food consumption
Less than one time per week 198 75.9
One or two times per week 49 188
Three or more times per week 8 341
No information 6 2.3

Values are expressed in mean (SD) and median (p. 25-p. 75).

environmental factors in allergic diseases in Latin American
pediatric populations. Among the sociodemographic char-
acteristics found in the study population, we stand out that
up to 59% of them live in small settlements outside the
main towns. This scenario challenges access to health and
basic hygiene services and this can increase the risk of par-
asitic diseases. Apparently, helminthic parasitic infections
prove protective immunity against some allergic diseases
mediated by type 2 immune mechanisms that modulate the
allergic inflammatory response.?*%>

The main economic activities in Soraca and Palmas
are livestock and agriculture, so most of the children were
probably exposed to farm animals in their early childhood.
Studies in similar African populations report a lower inci-
dence of allergic diseases in rural areas probably due to
early exposure to farm animals during childhood.™" Early
exposure to farm animals, along with pet ownership (dogs
81.2% and/or cats 58.2%), has been stated as a protec-
tive factor for the development of allergies in developed
countries.'%262” Besides, clinical trials describe that this
protective effect could be mediated by early exposure to
micro-organisms.?? Conversely, in low to middle-income
countries some authors suggest that agricultural activities
and early exposure to farm animals are associated with
poverty, inadequate hygiene conditions, and environmen-
tal risk factors that contribute to the development of aller-
gic diseases.??

Among 261 children and adolescents included in this
study, the most frequently reported allergic disease was
allergic rhinitis. However, this frequency is lower compared
with that of the urban pediatric population from Bogota,
Colombia, which varies from 17.2% (95% Cl: 15.9-18.5) in
children to 24.9% (95% Cl: 23.6-26.3) in adolescents.” This
lower frequency of allergic rhinitis in the rural population
could be related to variations in the distribution of triggers
and risk factors for allergic diseases. Bogota is located four
degrees latitude of the Equator, which is similar to Soraca
and Palmas, but the climate, humidity, and socioeconomic
conditions of Bogota are different.®> However, there is no
information assessing allergic diseases in urban populations
closer to the geographic areas included in this study. Thus,
geographical and environmental conditions could account
for these differences.

Regarding the frequency of asthma found in our study
population, there is a substantial difference in the fre-
quency of this disease in the group of children aged 6-7
years, of 3.67%, compared with that of the group of ado-
lescents aged 13 to 14 years who reported a frequency of
12.50%. Studies in urban populations of tropical countries
report a prevalence of 10.9% (SD: 8.4) in children aged 6
to 7 years and 13.0% (SD: 7.1) in adolescents aged 13 to
14 years.® Thus, the frequency of asthma found in ado-
lescents is similar to that reported in the literature, but
the frequency of asthma in the group of children (aged
6-7 years) found in this study is particularly lower than the
previous rural and urban reports. Some authors state that
the adolescents’ perception of their own symptoms could
be a better marker of an allergic disease compared with
the parents’ perception of symptoms of their children.?
The higher prevalence of asthma symptoms in the ado-
lescents included in this study could be explained by this
phenomenon.
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Table 2 Prevalence of allergic diseases in the study population.

Children aged 6 to 7 years

Adolescents aged 13 to 14

(n=109) years (n=152) Total (n=261)

Allergic disease n Percentage (%) 95% Cl n Percentage (%) 95% ClI n Percentage (%) 95% Cl
Allergic rhinitis 10 9.17 (4.81-15.6) 20 13.16 (8.49-19.20) 30 11.49 (8.05-15.78)
Asthma 4 3.67 (1.25-8.48) 19 12.50 (7.96-18.45) 23 8.81 (5.82-12.7)
Atopic dermatitis 8 7.34 (3.53-13.3) 8 5.26 (2.51-9.68) 16 6.13 (3.69-9.53)
Presence of allergic rhinitis in combination with

Asthma 2 1.83 - 8 5.26 - 10 3.83 -

Atopic dermatitis 2 1.83 - 4 2.63 - 6 2.30 -
Presence of asthma in combination with

Atopic dermatitis 1 0.92 - 2 1.32 - 3 1.15 -

Table 3 Associated factors for allergic rhinitis.

Bivariate analysis®

Multivariate analysis®

Variable PR? 95% ClI PR® 95% ClI
Age in years 1.08 (0.96-1.20) 1.09 (0.95-1.25)
Sex

Female 1.92 (0.92-3.69) 2.68 (1.17-5.26)
Municipality

Palmas del Socorro 1.67 (0.84-3.05) 1.02 (0.40-2.43)
Residency area

Small settlements near main towns 0.63 (0.31-1.22) 0.87 (0.34-2.11)
Asthma

Yes 5.17 (2.74-7.90) 4.69 (1.96-8.31)
Atopic dermatitis

Yes 3.83 (1.70-6.55) 3.55 (1.09-7.83)
Current exposure to cats

Yes 0.69 (0.35-1.38) 0.81 (0.33-1.89)
Current exposure to dogs

Yes 0.92 (0.38-2.03) 0.89 (0.28-2.54)
Tobacco smoke exposure

One or more smokers in the household 1.60 (0.63-3.46) 1.09 (0.32-3.21)
Acetaminophen consumption

Yes 1.99 (0.95-3.80) 1.84 (0.80-3.82)
Traffic on the street of the household

Yes 1.12 (0.51-2.29) 1.09 (0.40-2.69)
Mother’s educational level

Secondary education 2.13 (0.92-4.14) 2.16 (0.80-4.87)

Higher education 3.78 (1.68-6.36) 4.16 (1.45-8.25)

3PR: Prevalence Ratio.

5Log-likelihood of the model: —72.118 8; AIC:172.2363; BIC: 221.814; Log-likelihood intercept only: —92,364.

Bolded values highlight statistically significant associated variables.

Moreover, the local public health reports of both the
municipalities describe a high frequency of parasitic dis-
eases in pediatric population.’®*® The low frequency of
asthma found in this study in the population of children
aged 6-7 years could also be explained by the fact that this
age group has a higher frequency of parasitic diseases.3"32
Researchers in rural children from Peru have also showed
that age is an important risk factor for parasitic infection:
the odds of parasitic infection increase in children aged <7
years, and a decrease in adolescent population.?* Hence,
children aged 6-7 years may be more likely to have parasite
infection and have different trends in asthma prevalence.

It has been described that in tropical rural populations
parasitic diseases can increase (Ascaris Lumbricoides) or
decrease (Ancylostoma) the risk of asthma symptoms. 2434

In the Northern Coast of Colombia, where ascariasis
is an endemic disease, Zakzuk et al. state that ascariasis
decreases asthma symptoms via IgE modulation depending
on the severity of the infection." A high burden of para-
sites can be a protective factor probably due to the pul-
monary state of ascariasis." The differences in our results
could be related to different degrees of parasitic severity
in this population. Besides, geographical, cultural, and cli-
mate differences between the Northern coast of Colombia,
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Table 4 Associated factors for asthma.

Bivariate analysis®

Multivariate analysis®

Variable PR? 95% ClI PR? 95% ClI
Age in years 1.08 (0.96-1.20) 1.20 (0.98-1.41)
Sex

Female 0.90 (0.40-1.90) 0.64 (0.23-1.67)
Municipality

Palmas del Socorro 6.19 (2.68-12.20) 4.24 (1.87-7.12)
Residency area

Small settlements near main towns 0.79 (0.35-1.68) 0.76 (0.26-2.01)
Allergic rhinitis

Yes 5.92 (2.89-9.98) 5.43 (2.46-8.28)
Atopic dermatitis

Yes 2.30 (0.70-5.73) 1.91 (0.39-5.9)
Current exposure to cats

Yes 0.93 (0.41-1.98) 1.09 (0.38-2.76)
Current exposure to dogs

Yes 2.43 (0.60-8.01) 1.95 (0.36-6.28)
Tobacco smoke exposure

One or more smokers in the household 1.20 (0.36-3.40) 0.86 (0.19-3.15)
Acetaminophen consumption

Yes 1.60 (0.70-3.38) 0.92 (0.33-2.3)
Traffic on the street of the household

Yes 0.45 (0.20-0.98) 0.41 (0.14-1.15)
Mother’s educational level

Secondary education 1.41 (0.57-3.16) 1.10 (0.36-2.89)

Higher education 2.08 (0.70-4.96) 1.80 (0.47-5.04)

3PR: Prevalence Ratio.

bLog-likelihood of the model: 55,762; AlC:139,524; BIC: 189.102; Log-likelihood intercept only: -77,26.

Bolded values highlight statistically significant associated variables.

and Soraca-Palmas may also account for these variations.
However, our study did not assess these associations, and
studies regarding these issues in rural pediatric groups are
needed.

The frequency of atopic dermatitis found in the group
of children aged 6-7 years was 7.34% (95% Cl: 3.53-13.3) and
in adolescents 5.26% (2.51-9.68). This frequency is higher
than the previous reports from urban regions of Colombia
which reports a prevalence of 4.6% (95% Cl: 3.2-6.0) in the
5-11 years age group and 4.2% (95% Cl: 3.1-5.3) in the ado-
lescents group.®® Meanwhile, in rural areas in high-income
countries such as Finland and England, the frequency of
atopic dermatitis found in this study is low.3¢ The frequency
of dermatitis reported here is lower compared with that of
rural populations of developing countries like Bolivia, with
a frequency of 8.5% (p=0.59)° and Ecuador with a frequency
of 4.7% (p=0.06).% These differences could be explained by
the influence of modifiable local environmental factors and
the heterogeneous geographical distribution of allergens.

The factors associated with allergic diseases found in
this study are consistent with previous literature. An asso-
ciation was found between female sex and allergic rhini-
tis (PR: 2.68, 95% Cl 1.17-5.26). Similarly, the international
ISAAC-III report of Latin American countries established a
lower frequency of rhinitis and asthma symptoms in boys,
compared with tht of girls in the 6-7 years group.> However,
more girls than boys were found to have symptoms of aller-
gic disease in the older age group.> We also stand out that

these differences may fluctuate between countries and
geographical conditions, so it is essential to conduct these
studies in different population settings.

An interaction was also found between asthma (PR:
4.69, 95% Cl: 1.96-8.31) and atopic dermatitis (PR: 3.55,
95% Cl: 1.09-7.83) as associated factors for allergic rhini-
tis. This association has been explained by the close rela-
tionship between allergic diseases as well as the concept
of allergy as a systemic disease that primarily affects the
nasal mucosa, respiratory tract, and skin.” Furthermore,
the coexistence of allergic rhinitis with allergic diseases
such as asthma and allergic conjunctivitis has been fre-
quently described.®”” We highlight that the association of
allergic rhinitis with asthma requires special attention as
an increased risk of developing asthmatic crises has been
described in patients with uncontrolled allergic rhinitis
symptoms.?

The association between higher maternal education
and allergic rhinitis (PR: 4.16, 95% Cl: 1.45-8.25) has also
been described in previous studies.?” Moreover, we found
a frequency of 21.9% of junk food consumption and 19.5%
of passive tobacco exposure, which are low compared with
that of urban pediatric populations.?®* Likewise, the fre-
quency of sedentarism found was 24.5%, which is lower
compared with that of the previous reports in urban pop-
ulations.®® However, we stand out that almost 75% of the
population reported that they spent 1 to 4h per day watch-
ing television, which is an indicator of a sedentary lifestyle.
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Previous studies have linked all these variables to a higher
risk for the development of allergic diseases.”* Finally, an
association was found between asthma and living in Palmas
del Socorro (RR: 4.24, 95% Cl: 1.87-7.12). Nevertheless, the
wide confidence interval of this association shows that the
sample size of children with asthma is small and knowledge
about the effect of the sample size could not be inferred.

Within the strengths of this study, we stand out that
this was the first diagnostic approach on these rural pop-
ulations. Selection bias control was conducted through a
simple random sampling, and no significant differences
were expected between the population attending the edu-
cational institutions included in the study and the remain-
der of the teenage population in these rural environments.
Data collection was performed by trained medical practi-
tioners with extensive prior experience in the application
of the ISAAC-questionnaire. All possible outcome-modifying
factors were adjusted during the statistical analysis to min-
imize confounding biases. The diagnosis of allergic diseases
represents a research challenge worldwide due to the lack
of a gold standard.>?® We are aware of ISAAC diagnostic
limitations based on the definitions of allergic diseases
through self-reporting of symptoms.>?* However, consid-
ering that our study population is exposed to healthcare
access barriers, this approach allowed us to avoid biases
related to the under-diagnosis and heterogeneity in med-
ical practice.’

Among the limitations of the study we highlight that
there is still a lack of information related to the epidemi-
ology of allergic diseases in rural populations; this is an
important barrier to carry out homogeneous comparisons.
Besides, ISAAC-questionnaire design can be susceptible to
recall bias, and all the strategies recommended by ISAAC
were considered to minimize these probable biases.?’ We
highlight that despite the difficulties in reaching rural pop-
ulations, further studies using a larger sample size are also
needed. This information is essential for future research
and for the development of health campaigns aimed to
identify modifiable environmental factors in rural popula-
tions. Further studies are needed to explore the frequency
and associated factors in these populations in low to mid-
dle-income countries.

Conclusions

A lower prevalence of allergic diseases was established in
the rural populations compared with that of previous stud-
ies on similar populations. The associated factors found in
this study are similar to previous reports. These findings
highlight the crucial role of geographical and local envi-
ronmental characteristics and allergen distribution in the
prevalence of allergic diseases. There are still few stud-
ies worldwide reporting the prevalence of these diseases
in rural populations of low to middle-income countries
in Latin America. The reported information is useful for
future research, and health campaigns focused on modifi-
able environmental factors in rural populations.
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