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Association of Overweight with Asthma Prevalence in Adolescents in Rio
de Janeiro, Brazil

FABI0 CHIGRES KUSCHNIR, M.D., PH.D,"?* AND ANTONIO LEDO ALVES DA CUNHA M.D., Pu.D?

'Graduate Program in Internal Medicine, Federal University of Rio de Janeiro, Brazil
2Health in School Program. Health and Civil Defense Secretariat, Rio de Janeiro, Brazil
*Departament of Pediatrics, School of Medicine, Instituto de Puericultura e Pediatria Martagdo Gesteira,
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Objective: To evaluate the relationship between asthma and overweight in adolescents. Methods: Cross-sectional study including 13—-14-year-old
adolescents in Rio de Janeiro, Brazil. Asthma was defined according to the International Study of Asthma and Allergies in Childhood (ISAAC).
Body Mass Index (BMI) was calculated; overweight was defined as BMI >85th percentile. The distribution of asthma and associated symptoms were
compared according weight category using the x? test for linear trend. The association between asthma and overweight, controlling for confounding
variables, was studied using odds ratios (OR), confidence intervals (95% CI) and logistic regression, stratified by sex. Results: 2,858 (50.1% female)
adolescents were studied; 458 (16.1%) were overweight and 13.3% asthmatic. Average BMI was higher among asthmatics (p = 0.01). When stratified,
this difference remained only among girls (p = 0.03). Asthma prevalence increased with higher BMI (p = 0.02). Asthma was associated to overweight
(OR = 1.51; 95% CI: 1.07-2.13), irrespective of sedentary lifestyle, smoking mother and presence of dog in the domicile, but only among the girls.
Conclusions: In Rio de Janeiro adolescents, we found a positive association between asthma and overweight, exclusively among girls. This suggests
that health policies related to asthma and overweight/obesity in this age group need to take sex into consideration.
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INTRODUCTION

In industrialized countries, a concomitant increase in the
prevalence of asthma and obesity has been described in the
past two decades (1, 2). Studies suggest that these chronic
conditions can be associated in adults and in children (3—
6). It has also been noted that loss of weight is associ-
ated with clinical pulmonary function improvement in obese
asthmatics (7).

To better understand a possible causal relationship between
these two conditions, several hypotheses have been proposed,
such as alterations in the mechanics of the airways and the
immune response, hormonal influences, genetic-ambient fac-
tors, and the influence of medicines used in the treatment of
asthma (8-11). Although the real nature of this association
is still not well understood, it seems to be more frequent in
the female sex (12, 13).

Few studies have examined the association between
asthma and obesity in Latin America (14) or, more specifi-
cally, in Brazil, where asthma is an important public health
problem among adolescents (15). The prevalence of active
asthma in 13- to 14-year-old adolescents assessed by the
International Study of Asthma and Allergies in Children
(ISAAC) in Rio de Janeiro State, varied from 12% to 19%
16, 17).

In Brazil, 2002-2003, the prevalence of overweight and
obesity among adolescents 10 to 19 years of age was
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estimated to be 16.7%, and to be respectively, 21.5% and
18% for boys and girls in Rio de Janeiro City (18). The
aim of this study was to examine the association between
excess weight and asthma and its related symptoms in
adolescents.

METHODS
Setting

The study was conducted in Nova Iguacu, a municipality
located in the metropolitan area of Rio de Janeiro State, in
the Southeastern region of Brazil, at an altitude of 25 meters,
and with a tropical climate. Its population of 754,485 inhab-
itants is constituted largely of low-income socio-economic
classes, with a literacy rate of around 85% and whose prin-
cipal economic activities are in industry and commerce. At
the time of the study, there were about 32,000 adolescents in
the age range of interest, distributed among 103 public and
75 private schools.

Study Design and Sample

This cross-sectional study focused on adolescents aged 13
and 14, included in Phase III of the ISAAC, and followed
its methodological guidelines (19). Schools were randomly
selected and used as units. The total number of schools was
determined by the number of students 13 and 14 years of
age in each up to completion of the suggested sample size
of 3,000 students. All 13- to 14-year-old adolescents, itre-
spective of school level, present at school on the day the data
were collected, were asked to participate.
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Study Definitions and Instruments

The prevalence of asthma was defined by the score pro-
posed by Solé et al., who validated the asthma module of the
self-applicable ISAAC questionnaire (QE) for adolescents in
Brazil and attributed to each question points ranging from 0
to 2, up to a maximum score of 14. Adolescents with an over-
all score >6 were considered asthmatic. The sensitivity and
specificity of this score to the clinical diagnosis of current
asthma in Brazilian adolescents 13 to 14 years of age were,
respectively, 91% and 97% (20). The prevalence of wheezing
“ever at any time in the past” and after physical exercise was
also evaluated (19).

Those with >4 attacks and/or >1 night with sleep disorder
and/or speech disorder caused by wheezing in the last year
were considered to have severe asthma (21). Exposure to
tobacco at home, the presence of pets in the domicile, and
a sedentary lifestyle had been evaluated by self-applicable
ISAAC QE “Environmental Questionnaire - 13- to 14-year
age group” (22). For the purpose of this study, the sedentary
were considered to be those who watched 3 or more hours of
television per day and who went out to work less than three
times a week (23).

Weight was measured. by a pre-calibrated Plenna digi-

tal balance (Plenna®, Sao Paulo, Brazil) with a maximum
capacity of 150 kg and sensitivity of 100 g, with par-
ticipants wearing light clothes and barefoot. Stature was
measured with the adolescent barefoot using a metallic
ruler, manually held against the wall. The average of 2
consecutive measurements was adopted. For each adoles-
cent, the Body Mass Index (BMI) was calculated (weight
[kg]/height [m?]) and compared with the ideal percentiles
for the age on Growth Charts from the CDC (24). Adoles-
cents were then classified in three weight categories: under-
weight (BMI <5th percentile); normal weight (BMI >5 and
<85th percentile), and overweight (BMI >85th percentile)
using the cut-off points proposed, respectively, by the World
Health Organization and the International Obesity Task Force
(25, 26).

Data Collection and Analysis

Data were collected by interviewers trained in QE appli-
cation and anthropometric measurements, under supervision.
Categorical variables were described using frequency distri-
butions and continuous ones by means and 95% confidence
intervals (95% CI).

The mean BMI was compared between males and females
and between asthmatics and non-asthmatics using the Stu-
dent’s ¢ test. The prevalence of asthma and associated symp-
toms was compared among adolescents classified according
to the weight categories using a Chi Square test for linear
trend. A bivariate analysis was used to assess the association
between asthma (y/n) and overweight (yes = BMI >85th
percentile; no = BMI <85th percentile) and asthma and en-
vironmental/lifestyle variables, using the odds ratio (OR) and
95% CI. Multivariate logistic regression was used to study
this association, controlling for potential confounders (27).
The level of significance was set at p < 0.05. EPI-INFO ver-
sion 6.04 (CDC, Clifton Rd, Atlanta, GA, USA) was used
to enter data and STATA version 7.0 (Stata Corp., College
Station, TX, USA) for the analysis.

TaBLE 1.—Sample characteristics, Nova Iguacu, Rio de Janeiro, 2002.

Variable Total n = 2,858 Frequency (%) 95% C1
Sex

Male 1,425 499 48.0-51.7

Female 1,433 50.1 48.2-51.9
School type

Public 2,012 70.4 68.7-72.1

Private 846 29.6 27.8-31.2
Asthma and associated Symptoms

Current asthma 380 13.3 12.0-14.5

Wheezing ever 749 26.2 24.5-27.8

Wheezing with exercise 463 16.2 14.8-17.6

Speech disorder 99 3.5 2.7-4.1

>4 or more attacks 48 1.7 1.2-2.2

Sleep disorder 193 6.8 5.8-7.7
Weight categories by BMI

<5 (underweight) 234 8.2 7.2-9.2

>5a <85 (normal weight) 2,166 75.7 74.2-77.4

>85 (overweight/obese) 458 16.1 12.0-14.6
Lifestyle

Sedentary 991 352 32.9-36.4
Environmental factors

Smoking mother 690 24.1 22.5-25.7

Smoking father 656 22.9 21.4-24.5

Dog in domicile 2,191 76.6 75.0-78.2

Cat in domicile 753 26.3 24.7-28.0

CI = confidence interval.

Ethical Issues

The school principals and those legally responsible for
the students signed informed consent forms. The study was
approved by the Ethics Committee of the Rio de Janeiro
Federal University.

RESULTS

Between April and September 2002, 3,033 students who
had correctly filled the questionnaire were involved in the
study. Of these, 175 were excluded (5.8%), 18 of whom
were asthmatic, because it was not possible to obtain anthro-
pometric measures.

Table 1 presents the characteristics of 2,858 studied stu-
dents from 24 public and 13 private schools, which had their
BMI assessed. The prevalence of asthma was 13.3%, and that
of overweight adolescents was 16.1%.

The average BMI in the total sample was 19.55, and it
was higher among girls than boys (19.82 vs 19.29; p <
0.001). It was also higher among asthmatics compared to
non-asthmatics (19.94 vs 19.50; p = 0.015). However, when
stratified by sex, this difference remained among girls (20.23
vs 19.74; p = 0.032), but not among boys (19.46 vs 19.27;
p = 0.59).

Overall, an increase in BMI categories was observed with
an increase in the prevalence of asthma (p = 0.02), “wheez-
ing ever” (p = 0.006), and “sleep disturbed by wheezing”
(p =0.01). Table 2 shows this analysis according to sex. This
same trend was observed between overweight and asthma
(p = 0.02) and overweight and “wheezing ever” (p = 0.04)
but only in the females.

Table 3 presents the results of the bivariate and multi-
variate analyses assessing the association between asthma,
overweight, and environmental and lifestyle variables among
girls. In the bivariate analyses, a positive association was ob-
served among asthma, having a smoking mother, a sedentary
lifestyle, and the presence of a dog in the domicile in the last
12 months. Among girls, an overweight condition remained
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TABLE 2.—Prevalence of asthma and associated symptoms in adolescents, according to weight categories, stratified by sex, Nova Iguagu, RJ, 2002.

BMI <5 (Underweigh) n = 234

BM1I >5 a <85 (Normal weight) n = 2,166

BMI =85 (Overweight) n = 458

M F F M F

Weight category Variable n=142 (%) n=092 (%) n=1,076 (%) n = 1,090 (%) n =207 (%) n =251 (%)
Current asthma 18 12.7) 12 (13) 97 (9.0) 173 (15.9) 26 (12.6) 54 (21.5)
OR 1.0 1.0 0.68 1.26 0.99 1.838
Wheezing ever 31 (21.8) 22 (23.9) 219 (20.4) 334 (30.6) 54 (26.1) 89 (35.5)
OR 1.0 1.0 0.92 1.43 1.27 1.758
>4 attacks 2 (1.4) 1 (1.1) 16 (1.5) 20 (1.8) 3 (1.4) 6 (2.4)

1.0 1.0 1.06 1.70 1.03 2.23
Sleep disorder 9 (6.3) 7 (7.6) 37 (3.4) 100 9.2) 8 (3.9) 32 (12.7)
OR 1.0 1.0 0.53 1.23 0.59 1.77
Speech disorder 6 (4.2) 6 6.5) 22 (2.0) 46 4.2) 4 (1.9) 15 (6.0)
OR 1.0 1.0 0.47 0.63 0.45 0.91
Asthma with exercise 15 (10.6) 12 (13) 86 (8.0) 186 (17.1) 23 (19.8) 45 (17.9)
OR 1.0 1.0 0.74 1.37 1.06 1.46

M = male; F = female; OR = odds ratio; §p < 0.05 — chi-square for linear trend.

independently associated to asthma when adjusted for envi-
ronment/lifestyle variables (OR = 1.51; CI 95%:1.07-2.13)
and having a dog in the domicile. No association was ob-
served among boys (results not presented).

DiscussioN

In general, asthmatic children and asthmatic adults are
more frequently overweight compared to non-asthmatic con-
trol subjects (3). We found in 13- to 14-year-old adolescents
that an increase in the prevalence of asthma and related symp-
toms was associated with an increase in BMI in females.
Also, exclusively among girls, a positive association was ob-
served between overweight and asthma, and overweight and
“wheezing ever,” controlled for environmental and lifestyle
factors.

The association between asthma and obesity according
to sex has been the object of controversies. Camargo et al.
demonstrated that women participants in the Nurses’ Health
Study II who gained weight after 18 years of age had a
significantly higher risk of developing asthma in the 4 sub-
sequent years (28). Another prospective study, conducted
in California, USA, with children and adolescents between
7 and 18 years of age, showed a positive association be-
tween new cases of asthma and overweight (relative risk [RR]
=1.52; C195%: 1.14-2.03) and obesity (RR =1.60; IC 95%:
1.08-2.36). However, after adjustment for sex, obese boys
presented a risk 2.29 greater for asthma than the non-obese,
and this was not observed among girls (6).

A cross-sectional study conducted in the city of Santa
Maria, Southern Brazil, with 13- to 14-year-old adolescents
participating in the ISAAC phase III, showed an association
between overweight and “wheezing ever” among boys and an
association between wheezing “after-exercise” and presence
of “asthma ever” only among girls (14). Also, in accordance
with our findings, no association was found between asthma
severity and overweight.

Additional studies are needed to establish if differences in
the association of asthma with overweight/obesity accord-
ing to sex results from underlying causative factors linked
to men and women. Some authors suggest that the diagnosis
of asthma and related symptoms in adolescents and adults,
based on self-reported questionnaires, may differ by gender,
with males tending to underestimate, and young females to

overestimate their symptoms. The possibility that the diag-
nosis of asthma and related symptoms differs among obese
men and women may exist (29, 30).

More recently, leptin, a hormone produced by the adipose
tissue that has important pro-inflammatory properties, has
been linked to the occurrence of asthma (31). In general, its
concentration is low in the pre-puberty phase. However, it
gradually increases in both sexes until the beginning of the
puberty, after which it decreases in boys while it increases in
girls. Serum leptin levels correlate with BMI and reflect the
adipose tissue mass, which are high in overweight and obese
individuals (32).

A study conducted in children 5 to 9 years of age in
Istanbul, Turkey, showed higher leptin levels in asthmatic
compared to non-asthmatic controls, only among boys (33).
Interestingly, longitudinal studies have shown an increasing
risk for the development of asthma in infancy among boys,
which is reverted during adolescence, the period when this
illness predominates in females (34).

Although the role of leptin in the association asthma-
obesity is still not well established, our findings may con-
tribute to the clarification of the differences in the risk of
developing asthma in relation to gender. Considering that the
mean age of the menarche in Brazilian girls occurs around

TABLE 3.—Association of asthma and overweight, adjusted by environmental
factors in female adolescents. Results from bivariate and multivariate analysis.
Nova Iguacu, Rio de Janeiro, 2002.

Total = 1,433

Variables* n %  Crude OR 95% CI Adjusted OR  95% CI

Overweight 251 175 147 1.052-2.07 1.51 1.07-2.13
(BMI >85)

Smoking 348 243 1.39 1.02-1.90 1.33 0.97-1.82
mother

Smoking 321 224 1.10 0.79-1.53 1.02 0.73-1.44
father

Sedentary 588 41 1.55 1.17-2.05 1.51 1.14-2.01
lifestyle

Cat in 386 26.9 1.29 0.96-1.75 1.25 0.92-1.71
domicile

Dog in 1,095 76.4 1.54 1.08-2.21 1.48 1.03-2.12
domicile

Type of school

Public 1,000 69.9  0.85 0.67-1.16 0.86 0.62-1.18

Private 433 30.1 1.0 1.0

OR = odds ratio; CI = confidence interval. *All dichotomous variables: yes/no.
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12.2 years of age, the majority of our sample was constituted
of post-pubescent girls (35). It is possible to speculate, there-
fore, that our findings restricted to the female sex could be
related to a possible influence of female sexual hormones.
Obesity has been associated with early menarche in girls and
delayed puberty in boys (36).

Also, among participants of the Tucson Respiratory Study
who became overweight or obese between 6 and 11 years
of age, it was observed that in girls, but not in boys, the
risk of developing asthma between the age of 11 and 13 was
seven times higher. This suggests that influences acting in
this specific age range, such as the increase in female sexual
hormone levels, could play an important role in linking the
two conditions (11). However, the possible role of estrogen
on the airway hyperresponsiveness and inflammation, as ev-
idenced in animal models, is not yet established in human
beings (37).

The reduction of physical activity levels in asthmatic as
well as in overweight/obese individuals could be a confound-
ing factor in the evaluation of this association (38). Consid-
ering the hypothesis that the level of physical activity, rather
than obesity, is causally related to asthma, sedentary people
would have a greater possibility of developing the illness.
However, if these individuals do not reduce their energy in-
take, there is a great probability of weight gain, and thus it
would appear that incidence of asthma is causally associated
to an overweight/obese condition. In our study, asthma was
associated to excess weight as well as to a sedentary lifestyle
in gitls, irrespective of whether the mother smokes or there
is exposure to a dog in the domicile. In our sample, we did
not find any association between wheezing after exercise and
overweight.

Our study has limitations. Definition of variables in epi-
demiologic studies can be difficult and differ from those used
for clinical purposes (1). The QE ISAAC has proven to be
a valuable instrument in epidemiologic studies with good
correlation with objective measures of pulmonary function
and airway hyperresponsiveness (21). BMI is considered a
good indicator of thinness and overweight conditions in ado-
lescence and is recommended for population studies by the
WHO. Another difficulty is the assessment of physical ac-
tivity levels, which have limitations in epidemiologic studies
(38). Furthermore, there exists the possibility that factors not
studied and related to the dependent variable (asthma), as
well as to the exposure (overweight), such as socio-economic
status (SES) and diet, could partly explain the association un-
der study (39). Nevertheless, no significant association be-
tween SES and prevalence of asthma and related symptoms
was observed among 13- to 14-year-old adolescent partici-
pants in ISAAC Phase III in Brazil (15).

However, we did control for important confounding
variables in the multivariate analysis. Finally, due to the
cross-sectional design, where the diagnosis of asthma and
the overweight condition were assessed simultaneously, it
was not possible to establish causality.

We conclude that in 13- to 14-year-old adolescents in
Nova Iguacu, there is positive association between asthma
and overweight, a finding that was exclusively observed
in girls, regardless of sedentary lifestyle and other envi-
ronmental factors. Because it was not possible to establish
causality, these results need confirmation in other settings.

However, they suggest that health policies related to asthma
and overweight/obesity in this age group need to take gender
into consideration.
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