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Objective. Childhood asthma is highly prevalent in some areas of Puerto Rico. The objective of this study was to estimate the prevalence of asthma
in two municipalities of Northern Puerto Rico. Methods. Children 6 to 7 and 13 to 14 years of age participated in the school-based cross-sectional
study. Results. A total of 1,467 elementary school students and 1,334 junior-high school students were included in the survey. A high prevalence
of asthma was observed; 46% in elementary schools and 24% in junior-high schools. In elementary schools, family history of asthma (FHA) was
associated with ever wheezed (PR = 2.00, 95%CI 1.59, 2.52), wheeze during last year (PR =2.02, 95%CI 1.54, 2.62), and asthma (PR =2.33, 95%CI
1.86, 2.92). For junior-high schools FHA was associated with ever wheezed (PR =2.01, 95%CI 1.56, 2.57), wheeze during previous year (PR =2.00,
95%CI 1.47,2.73), and asthma (PR =2.72, 95%CI 2.06, 3.60). Conclusions. This study showed a high prevalence of asthma and related symptoms in
Northern Puerto Rico. FHA was strongly associated with asthma and its symptoms. Further research is recommended to look at genetics, sensitivity
levels, indoor and outdoor pollution, and gene-environment interactions.
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INTRODUCTION

Asthma is a chronic disease that affects people in all
age groups. In the United States, the cost related to asthma
was estimated at 12.7 billion dollars annually (1). The self-
reported asthma prevalence increased by approximately 74%
from 1980 to 1996, with an estimated 14.6 million persons
(54.6 per 1,000) reporting asthma during the previous 12
months by 1996 (2). In 1997, the prevalence was estimated
as 40.7 per 1,000; but this decrease in the estimate may
possibly be related to the change in the design of the Na-
tional Health Interview Survey. Data from the Centers for
Disease Control and Prevention (CDC) show that the rates
for asthma attacks, during the previous 12 months, in chil-
dren younger than 17 years of age was 4.9 per 100 for the
period of 2000 to 2004 (3). However, children from minority
groups are more affected by the disease, and in the U.S. chil-
dren of Puerto Rican descent present the highest estimates
(4-10).

Table 1 presents asthma estimates for different ethnic
groups in the U.S. and Puerto Rico. Carter-Pokras et al. (4)
found that Puerto Rican children who lived in the continental
U.S. had the highest lifetime prevalence compared with non-
Hispanic white, non-Hispanic blacks, Mexican-Americans,
and Cubans. Similar findings were observed by Beckett et al.
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(6) in Connecticut and Crain et al. (5) in New York City.
Prevalence estimates for Puerto Rican children in the U.S.
vary from 18% to 35% (Table 1). Furthermore, Puerto Ri-
can children living in the Island present rates that are much
higher than the rates observed in the continental U.S. Perez-
Perdomo et al. (9) asked parents in Puerto Rico about asthma
diagnosis in their children and found that about 33% of the
parents reported asthma in any of their children. Similar es-
timates are reported by Nazario et al. (10) in a survey con-
ducted with school-aged children in San Juan—about 39%
of private school students and 43% of public school children
reported that they have been told by a physician they have
asthma (Table 1). Asthma attacks that require hospital ad-
mission may also be common in the Island. Mayol et al. (11)
found that in the San Pablo Hospital in Bayamoén, asthma
admissions represented 29% of the total admissions (11);
Montealegre et al. (12) studied asthma emergency room vis-
its in southern Puerto Rico (Ponce) and found that about
45% of the visits were from children 1 to 9 years of age
(12).

In 1996, the Puerto Rico Department of Health (PRDOH)
made public the results of the “Catafio Air Basin (CAB)
Study” (CABS) (13, 14). This study was conducted to esti-
mate the asthma prevalence rate in the CAB, which is known
for its industrial air pollution problems. A secondary objec-
tive was to compare that prevalence rate with the asthma
prevalence in a control area that did not have the air pol-
lution problems. Two municipalities comprised the control
area: Rio Grande and Loiza, located in northern Puerto Rico.
The CABS provided the opportunity to explore asthma oc-
currence in Puerto Rico and its risk factors including air
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TABLE 1.—Estimates for asthma prevalence by ethnic group in the United States and Puerto Rico.

Source Age (years) Location Ethnic group Lifetime prevalence (%)
Carter-Pokras et al., 1993 (4) 6-months to 11 years old New York City Mainland Puerto Ricans 20.1
Miami Mexicans 4.5
Cubans 8.8
Non-Hispanic Blacks 9.1
Non-Hispanic White 6.4
Crain et al., 1994 (5) 0to 17 New York City Hispanic* 17.9
Black 11.6
White 8.2
Beckett et al., 1996 (6) — Connecticut Hispanic* 18.4
Black 11.3
White 7.4
Perez-Perdomo et al., 2003 (9) — Puerto Rico (PR) Island Puerto Ricans 33.2f
Findley et al., 2003 (8) 5to 12 Eastern Harlem Puerto Ricans 35.0
Nazario et al., 2004 (10) 4t07 San Juan, PR Island Puerto Ricans
Public schools 43.2
Private schools 394

*Mostly mainland Puerto Ricans.
fParents reported asthma diagnosis in any of their children.

fAsthma defined as doctor or nurse diagnosis at any time plus wheezing in the past 12 months.

pollution. However, the evaluation of children from the con-
trol area provided valuable insight on the asthma experience
in Northern Puerto Rico and the possibility to identify risk
factors other than outdoor air pollution. This article presents
the analysis conducted with the data from the control area.

This study was conducted to estimate the prevalence of
wheezing illness and asthma and to describe the severity and
characteristics of wheezing illness in children 6 to 7 and 13
to 14 years of age residing in the Rio Grande and Loiza
municipalities in northeast Puerto Rico.

MATERIALS AND METHODS
Study Design

The prevalence of asthma and wheezing illness in chil-
dren residing in Rio Grande and Loiza was estimated with a
cross-sectional school-based study. All the public and private
schools located in these two municipalities were included: 19
public and 4 private elementary schools, and 6 public and 3
private junior-high schools participated. Eligible participants
were children 6 to 7 years of age and 13 to 14 years of age
old who were enrolled in the public and private schools of
the area. The study protocol was evaluated and cleared by the
Institutional Review Board (IRB) at the PRDOH.

The protocol from the “International Study of Allergies
and Asthma in Childhood” (ISAAC) was followed to deter-
mine the ages to be included and study implementation proce-
dures. The data collection instrument was a self-administered
questionnaire prepared following the standardized form rec-
ommended in ISAAC (15). The ISAAC involved a multi-
national collaboration of investigators whose purpose was
to develop standardized epidemiologic approaches to iden-
tify asthma that allowed meaningful geographic and temporal
comparisons. The questionnaire was translated into Spanish
in Mexico, modified for use in Puerto Rico, and tested in the
pilot phase of the CABS. Two types of questionnaires were
produced: one for the parents of the 6- to 7-year-old children
and another for the 13- to 14-year-old participants.

The consent forms and questionnaires were sent home to
be completed by the parents of elementary school children.

Teachers were asked to start collecting the questionnaires 1
week later. Then, 2 weeks after questionnaire distribution a
study staff member visited the schools to collect the ques-
tionnaires that had been returned. In schools with low partic-
ipation rates, follow-up was conducted with the parents by
telephone. Schools with few questionnaires were visited once
more in an attempt to improve participation. For the junior-
high schools, the consent forms were sent to the parents; later
the questionnaire was administered in the classroom to the
students who returned a signed consent form. Similarly to the
elementary schools, those with low participation rates were
visited once more to get more questionnaires administered to
any student who may have returned the signed consent form
later. The data collection was conducted over a 8-month pe-
riod, starting in October 1994 through May 1995.

Asthma lifetime diagnosis was determined by an affirma-
tive response from the parents to the question Has your child
ever been told by a physician or other health professional that
he/she has asthma? For the junior-high students the question
was rephrased as Have you ever been told by a physician
or other health professional that you have asthma? Similar
questions were asked to determine the diagnosis of bronchial
asthma and wheezing illness. Data were also collected on the
following severity measurements: ever had a wheezing attack
that required emergency room visit; and questions on severity
during the previous year included the number of wheezing
attacks, number of times their sleep was disturbed by wheez-
ing attacks, the number of times their speech was limited by
wheezing attacks, wheezing attacks after exercise and if they
had wheezing attacks apart from colds. Finally, the presence
of a smoker in the house was determined by an affirmative
response to Does anyone smoke in your home?

Statistical Procedures

The prevalence of asthma and wheezing illness was esti-
mated using as denominator the number of participants who
provided valid information; missing values and “Don’t know”
were excluded from the calculation. Prevalence ratios were
estimated by demographic variables for wheezing illness,
asthma, and bronchial asthma. Univariate logistic regression
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TABLE 2.—Prevalence estimates* for study variables in elementary and junior-high schools: Rio Grande and Loiza, Puerto Rico.

Schools
Elementary (n = 1,467) Junior (n =1,334)
% 95%C1 % 95%CI

Smoker in household 31.1 28.6,33.6 29.9 27.4,32.5
Family history of asthma 58.3 55.6,61.0 50.4 47.3,53.4
Lifetime asthma diagnosis 46.1 43.4,48.8 24.1 21.8,26.5
Lifetime bronchial asthma diagnosis 21.8 19.6, 24.1 8.2 6.8,9.9
Ever wheezed 46.7 44.0,49.2 33.8 31.2,36.4
Ever had wheezing attack that required ER visit 31.5 21.1,34.0 11.3 9.7,13.2
Wheezing attacks previous year 29.1 26.6,31.6 19.9 17.8,22.2
Severity measures for children with attacks during the previous year Elementary schools (n =378) Junior-high schools (n =257)
>3 wheezing attacks previous year 24.9 20.6, 29.6 29.9 24.3,36.0
> Once/week night waking by wheezing attacks previous year 31.5 26.8,36.4 43.2 35.9,50.7
Speech limited by wheezing attacks previous year 36.6 31.9,41.6 40.0 33.9,46.4
Wheezing attacks after exercise previous year 48.4 43.3,53.6 60.2 53.9, 66.2
Wheezing attacks without a cold previous year 38.3 334,433 46.6 40.3, 53.0

*Estimates are based on the number of forms with an answer to each particular question, missing values and don’t know were excluded, 95% CI: 95% confidence interval.

was used to obtain the prevalence ratios. The 95% confi-
dence intervals for the prevalence ratios and the Pearson’s
chi-square p value were used to test significance.

RESULTS
Elementary Schools

A total of 1,467 questionnaires were returned by the par-
ents of the 6- to 7-year-old children, yielding a 64% participa-
tion rate. Table 2 presents the prevalence estimates: wheezing
illness and asthma were highly prevalent; ever wheezed was
reported by nearly 47%, a similar proportion reported asthma
diagnosis (46%), and nearly 32% of the children had a wheez-
ing attack that required a visit to the emergency room (ER).
For those that had wheezing attacks during the previous year,
about 25% had more than 3 wheezing attacks, 31% reported
that their child’s sleep was interrupted by wheezing attacks
more than once per week, 38% had wheezing attacks without
a cold and 48% had the attacks after exercise. Family history
of asthma and a smoker in the house were highly prevalent
too, 58% and 31%, respectively.

Table 3 presents the prevalence ratios for selected risk
factors and wheezing illness, asthma, and bronchial asthma
in elementary schools. Boys were more likely to have ever
wheezed (PR =1.38, 95%CI 1.11, 1.72). Family history of
asthma was strongly associated to ever wheezed (PR = 2.00,
95%CI 1.59, 2.52), wheeze during the previous year (PR =
2.01, 95%CI 1.54, 2.62), a severe attack that required an
ER visit (PR=2.92, 95%CI 2.25, 3.78), asthma diagnosis
(PR =2.33, 95%CI 1.86, 2.92), and bronchial asthma diag-
nosis (PR =2.45, 95%CI 1.84, 3.27). The observed asso-
ciations for family history of asthma and wheezing illness
remained statistically significant after multiple comparisons
were considered (p < 0.002).

Junior-High Schools

A total of 1,334 junior-high school students completed
the questionnaire; the participation rate was 78%. Table 2
presents the prevalence estimates; lifetime wheezing was re-
ported by 34% of the children, while only 20% reported they
have had an attack during the previous year. Lifetime asthma

TABLE 3.—Selected risk factors with prevalence ratios! for respiratory health in elementary school children: Rio Grande and Loiza Municipalities, Puerto Rico

(n=1,467).

Respiratory symptoms and conditions

Ever wheezed Wheezed previous yr Attack ER visit Asthma Bronchial asthma
PR 95%Cl PR 95%Cl1 PR 95%CI PR 95%CI PR 95%CI

Type of school (%)

Private (13.5) 1.00 — 1.00 — .00 — 1.00 — 1.00 —

Public (86.5) 0.81 0.59, 1.09 0.81 0.58,1.13 1.03 0.74,1.43 0.92 0.68, 1.24 0.78 0.55,1.12
Gender

Female (49.5) .00  — .00 — .00 — 1.00 — 1.00 —

Male (50.4) 1.38 1.11, 1.72* 1.26 0.99, 1.61 1.25 1.00, 1.57 1.23 0.99, 1.52 1.02 0.79, 1.33
Age, yrs

6 (47.7) .00 — .00 — .00 — 1.00 — 1.00 —

7(52.3) 0.98 0.79,1.22 1.03 0.81, 1.31 1.04 0.83,1.30 1.02 0.82,1.26 0.93 0.72, 1.21
Family history of asthma (58.3) 2.00 1.59, 2.52"* 2.01 1.54,2.62%* 2.92 2.25,3.78* 2.33 1.86, 2.92** 2.45 1.84, 327
Smoker in household (31.1) 1.06 0.84, 1.34 0.91 0.70, 1.18 1.08 0.84, 1.39 1.26 1.00, 1.58* 1.02 0.77, 1.35

*p = 0.05.

**p < 0.01.

*p < 0.0001.

fPrevalence ratios obtained by simple logistic regression, 95%CI: 95% confidence interval.
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TABLE 4.—Selected risk factors with prevalence ratios' for respiratory health in junior-high school children: Rio Grande and Loiza Municipalities, Puerto Rico
(n=1,334).
Respiratory symptoms and conditions
Ever wheezed Wheezed previous yr Attack ER visit Asthma Bronchial asthma
PR 95%CI PR 95%CI1 PR 95%CI1 PR 95%CI1 PR 95%CI

Type of school (%)

Private (6.7) 1.00 — 1.00 — 1.00 — 1.00 — 1.00 —

Public (93.3) 0.63 0.41, 0.98* 0.91 0.53, 1.54 2.85 1.03, 7.89** 0.61 0.38,0.97* 0.59 0.30, 1.15
Gender

Female (56.0) 1.00 — 1.00 — 1.00 — 1.00 — 1.00 —

Male (44.0) 0.52 0.41, 0.66*** 0.42 0.34, 0.62*** 0.55 0.38, 0.79** 1.16 0.90, 1.50 1.06 0.71, 1.59
Age, yrs

13 (51.4) 1.00 — 1.00 — 1.00 — 1.00 — 1.00 —

14 (48.6) 0.93 0.74, 1.18 1.03 0.78, 1.36 0.82 0.58, 1.16 0.82 0.64, 1.06 0.66 0.44, 1.00
Family history of

asthma (50.4) 2.01 1.56,2.57** 2.00 1.47,2.73"* 2.32 1.57, 3.44** 2.72 2.06, 3.60*** 2.19 1.42,3.38"*

Smoker in

Household (29.9) 0.96 0.75, 1.24 1.13 0.84, 1.52 1.28 0.89, 1.85 1.01 0.76, 1.34 1.14 0.74, 1.77

*p < 0.05.

*p <0.01.

*p < 0.0001.

fPrevalence ratios obtained by simple logistic regression, 95%CI: 95% confidence interval.

diagnosis was reported by 24%, and 11% reported that they
had attacks that required visits to the ER. For those who re-
ported wheezing attacks during the previous year, nearly 30%
reported they had more than three attacks during the previous
year, 43% reported sleep disturbances by wheezing attacks,
in 40% their speech was limited by attacks, 60% had attacks
after exercise, and 47% had wheezing apart from colds.

Table 4 presents the prevalence ratios for selected risk fac-
tors and wheezing illness in junior-high schools. Children
from public schools were less likely to report that they have
ever wheezed (PR =0.63, 95%CI 0.41, 0.98) and less likely
to report asthma (PR =0.61, 95%CI 0.38, 0.97). However,
they were more likely to report a severe attack that required
a visit to the ER (PR = 2.85, 95%CI 1.03, 7.89). Addition-
ally, boys were less likely to report they had ever wheezed
(PR=0.42, 95%CI 0.34, 0.62), had wheezing attacks dur-
ing the previous year (PR =0.62, 95%CI 0.41, 0.94), and
were less likely to have ER room visits (PR =0.55, 95%CI
0.38, 0.79). Family history was strongly associated with ever
wheezed (PR =2.01, 95%CI 1.56, 2.57), visits to the ER
(PR = 2.32,95%ClI 1.57, 3.44), wheezing during the previ-
ous year (PR =2.00, 95%CI 1.47, 2.73), asthma diagnosis
(PR=2.72, 95%CI 2.06, 3.60), and bronchial asthma diag-
nosis (PR =2.19, 95%CI 1.42, 3.38). The observed associa-
tion for gender and ever wheezed and for family history and
wheezing illness remained significant after multiple compar-
isons were considered (p < 0.002).

DISCUSSION

The main result of this survey is the high prevalence of
asthma observed in northern Puerto Rico. Approximately
46% of the 6- to 7-year olds and 24% of the 13- to 14-year olds
have been told by a physician that they have asthma. These
results support previous reports of high prevalence of asthma
among Puerto Rican children (9, 10, 12). Genetics may par-
tially explain these high estimates. Some evidence suggests
that certain genetic compositions can predispose subjects to
asthma. Colp et al. proposed that variants S and Z of alpha 1-
antitrypsin (AAT) affect the inflammatory response in such a

way as to predispose to asthma (16). Their research has shown
that these variants are more common in asthmatic children of
Puerto Rican descent (16, 17). They also reported that family
history of asthma was more common in asthmatic than control
subjects, and it was more common for AAT phenotypes ei-
ther in asthmatics or control subjects (16). Other studies have
also shown that genetic variants at the beta( -adrenergic re-
ceptor (beta)AR) may modify asthma severity and albuterol
responsiveness among Puerto Rican children (18). Although
the studies comparing Puerto Rican children with other eth-
nic groups have consistently shown higher asthma morbidity
among Puerto Ricans (4-8), most of these studies have been
conducted outside Puerto Rico. Therefore, the question that
remains unanswered is Why do Puerto Rican children living
in the Island present rates that are much higher than the rates
observed among Puerto Rican children elsewhere?

Gene-environment interactions may provide an answer to
this question, as they play an important role in the occur-
rence of asthma; and studies conducted in different loca-
tions around the world (different genetic characteristics) have
shown a high prevalence of asthma in tropical environments
(19-21). It is possible that the unique tropical characteristics
of Puerto Rico, combined with the genetic characteristics of
the study population, may have both influenced the occur-
rence of asthma resulting in the observed increased preva-
lence rate in the present study. Although the current study
is limited by lack of data on environmental factors, such as
temperature, humidity, and indoor/outdoor allergens, such
conditions do not vary greatly across yearly seasons and are
expected not to affect the results of the study as they remain
uniform all year around. In fact, a recent study that evalu-
ated the risk for asthma attacks and distance to air pollution
sources in Puerto Rico found that wind direction, tempera-
ture, and humidity did not modify the observed association
(22).

Other factors that may also be related to the high preva-
lence estimates in the Island are practices on asthma diag-
nosis and participation bias. First, overdiagnosis of asthma
may partially explain the high estimates. Researchers in San
Juan developed a questionnaire (based on the National Heart,
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Lung and Blood Institute guidelines) to evaluate the knowl-
edge of asthma among physicians in the Internal Medicine
Residency Program (23). The results showed that 51% of
the residents failed to obtain a total score of 70% or higher;
the score on asthma diagnosis was less than 70% and did
not improve through the year of training. These researchers
concluded that there was a need to reinforce the state-of-the-
art asthma education for physicians. If there is overdiagnosis
of asthma, a cross-sectional prevalence survey (such as the
current study) using the question Have you ever been told
by a physician that you have asthma? will result in a high
prevalence estimate.

Furthermore, even if there is no overdiagnosis of asthma,
then one might consider the possibility of participation bias
in the prevalence surveys. It is possible that parents of chil-
dren with asthma are more willing to participate or let their
children participate in the surveys, as compared to parents of
healthy children. This bias leads to asthma prevalence esti-
mates that are artificially increased. Participation bias is pos-
sible in the present study; however, to minimize it specific in-
formation about asthma was not provided before the parents
agreed to participate. Despite this effort, a regression anal-
ysis with asthma prevalence rates as the dependent variable
and participation rates as the explanatory variable showed
that schools with higher participation rates also had higher
asthma prevalence rates (p < 0.05, data not shown) (13),
which suggests that in this study parents of asthmatic chil-
dren were more likely to participate than parents of healthy
children. Nonetheless, the results are supported by estimates
reported in previous studies (9, 10, 12).

Another important finding of this study was the fact that
family history of asthma was strongly associated with asthma
and wheezing illness; previous studies support this finding
(24, 25). These observed associations for family history with
asthma diagnosis and related symptoms are suggestive of a
strong genetic component among Puerto Ricans. If a high pro-
portion of individuals are genetically predisposed to asthma,
the unique environmental tropical characteristics of Puerto
Rico can have an additive effect resulting in a much higher
incidence of asthma. Unfortunately, few studies have been
conducted in Puerto Rico to evaluate genetics, sensitivity, and
environmental exposures; and they are limited by the fact that
they evaluate exposures and sensitivity levels among asth-
matics and not the development of the disease (24, 26-28).
Nonetheless, they provide valuable data on exposure levels,
sensitivity levels, and the effect of exposures among subjects
who are already identified as asthmatics.

Another aspect evaluated by this study was asthma severity.
These data could be limited by recall bias since some of
the severity questions were related to asthma attacks during
the previous year. If recall bias is present in this study, one
likely scenario is for the participants to not recall correctly the
severity of asthma attacks during the previous year. This will
actually result in underestimation of the outcomes, which
may not be the case in this study as all measurements for
severity during the previous year were higher than 25% in
both elementary and junior-high school children.

Finally, this study failed to show significant associations
between exposure to smoking in the house and respiratory
health. This may have been the result of information bias
that led to the misclassification of exposure to environmen-
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tal tobacco smoke. The indicator for exposure was the self-
reported presence of a smoker in the house. Parents of asth-
matic children may not feel comfortable to report that there is
a smoker in the house, as it may not be well perceived and ac-
cepted. Similarly, asthmatic children may respond similarly
and not report that there is a smoker in their house. The mis-
classification of exposed children as non-exposed may have
diluted the prevalence ratio towards the null hypothesis. In
contrast, reports from the scientific literature have shown that
exposure to smoking is a well-known risk factor for asthma
exacerbations (29-31).

In conclusion, further research on asthma, its symptoms,
and risk factors is needed in Puerto Rico. Asthma is a public
health problem in Rio Grande and Loiza, and it might well be
in the rest of the Island. There is a need for a comprehensive
evaluation of environmental risk factors that can either induce
the development of asthma or trigger asthma exacerbations.
Special attention should be given to genetics, sensitivity lev-
els, indoor air quality, outdoor pollution and allergens, and
gene-environment interactions.
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