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Abstract

Objective: Asthma and respiratory symptoms are common in children, and many studies have shown associations between childhood
symptoms and impaired lung function in adult life. The aim of the present study was to investigate the association of various respiratory
symptoms with wheezing patterns (persistent, early, and late-onset) and lung function, as well as to determine whether lung function was
associated with atopy or with demographic, socioeconomic, environmental, and gestational factors, in a birth cohort at 6-7 years of age.
Methods: The target population consisted of children aged 6-7 years from a birth cohort of 5,304 children born in southern Brazil in 1993.
For this follow-up evaluation, 532 of those children were randomly selected, and a sub-sample was submitted to spirometry and skin prick
tests. A questionnaire was administered to the parent(s) or legal guardian(s) of each child. Results: Spirometric values were lower in the
children with respiratory symptoms or asthma. Mean forced expiratory volume in one second/forced vital capacity ratio (FEV,/FVC ratio)
was lower in children with any of the following: current wheezing and asthma; asthma ever; four or more episodes of wheezing within the
preceding 12 months; sleep disturbance due to wheezing; and exercise-induced wheezing. Persistent wheezing was associated with lower
FEV [FVC ratio. After multiple linear regression, exercise-induced wheezing was also associated with reduced FEV,/FVC ratio. Nonwhite skin
color and wheezing severe enough to limit speech were associated with lower FEV,. Conclusions: Children with persistent wheezing and
symptoms of severe asthma have impaired lung function at 6-7 years of age.

Keywords: Asthma; Respiratory function tests; Respiratory sounds; Signs and symptoms, respiratory.

Resumo

Objetivo: Asma e sintomas respiratorios sdo comuns na infancia, e varios estudos tém demonstrado sua associagdo com reducio da funcéo
pulmonar na vida adulta. O objetivo deste estudo foi investigar a associag¢do de diversos sintomas respiratérios com padrdes de sibildncia
(persistente, precoce e de inicio tardio) e fungdo pulmonar aos 6-7 anos de idade em uma coorte de nascimentos, além de determinar se a
fung¢do pulmonar estava associada 4 atopia ou a fatores demograficos, socioeconémicos, ambientais e gestacionais. Métodos: A populagio-
alvo compreendeu criancas de 6 a 7 anos de idade pertencentes a coorte de 5.304 nascimentos ocorridos em 1993 em Pelotas, no Sul do
Brasil. Para esse acompanhamento selecionaram-se aleatoriamente 532 dessas criangas, ¢ uma subamostra foi submetida a espirometria
e testes cutdneos de puntura. Aplicou-se um questionario aos pais das criangas ou seus responsaveis. Resultados: Observamos valores
espirométricos mais baixos nas criancas com sintomas respiratorios e asma. A média da relacdo volume expiratério for¢cado no primeiro
segundo/capacidade vital forgada (relaco VEFJO/F) foi menor nas criancas com sibilancia atual e asma, asma alguma vez na vida, quatro
ou mais episodios de sibildncia nos ultimos 12 meses, sono perturbado pela sibilancia e sibilancia apds exercicios. Sibildncia persistente
foi associada a reducdo da relagdo VEF /CVF. Apés regressdo linear multipla, sibilincia apds exercicios também foi associada a reducéo da
relagdo VEF /CVF. Cor da pele ndo-branca e fala prejudicada pela sibilancia foram associadas a VEF, reduzido. Conclusdes: Criancas com
sibilancia persistente e sintomas de asma grave apresentaram func¢do pulmonar prejudicada aos 6-7 anos de idade.

Descritores: Asma; Testes de funcdo respiratdria; Sons respiratdrios; Sinais e sintomas respiratorios.
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Introduction

The prevalence of asthma in childhood is
increasing worldwide, and studies suggest that
childhood asthma persists into adult life in 26% to
78% of patients.'-?)

In Brazil, there have been few population-based
studies of asthma in childhood. In the Brazilian
cities involved in the International Study of Asthma
and Allergy in Childhood (ISAAC) study, the cumu-
lative prevalence of physician-diagnosed asthma in
6-7 year olds ranged from 4.5% to 20.4%.“ Using
the same methodology, other authors found a 27%
prevalence of asthma among 13-14 year olds in
another Brazilian city.©

In a study conducted in southern Brazil, the
prevalence of emergency room visits due to asthma
was found to he high (31%) among preschool chil-
dren, and asthma severity was found to be one of
the predictors of such visits.”)

Asthma and respiratory symptoms are quite
common in children, and many studies have shown
associations between respiratory symptoms in child-
hood and decreased lung function in adult life. In
addition, a number of authors have shown that
impaired lung function in childhood is a risk factor
for abnormal lung function in adult life, concluding
that the prognosis for asthma or respiratory symp-
toms in children is unfavorable.®® Two longitudinal
studies carried out in Australia also showed that
impaired lung function in childhood can be associ-
ated with persistence of asthma in adult life.>1?

Appropriate evaluation of lung function and
treatment of childhood asthma are important for
the secondary prevention of decreased lung function
and chronic pulmonary disease in adulthood.®?

Few studies conducted in developing countries
have investigated lung function in children with
asthma symptoms, and little is known about the risk
factors for asthma in such countries.

In the present study, we attempted to determine
whether various respiratory symptoms were associated
with lung function, as well as whether lung function
was associated with atopy or with demographic, soci-
oeconomic, environmental, and gestational factors,
in a birth cohort at 6-7 years of age.

Methods

This study was carried out in Pelotas, a city of
300,000 inhabitants in southern Brazil. The target
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population consisted of children aged 6-7 years
from a birth cohort of 5,304 children born in 1993.
For this follow-up evaluation, we selected 532 chil-
dren, which corresponded to a systematic sample
of 10% of the initial birth cohort, plus all low birth
weight children. These children were examined at
birth and at ages 6 months, 12 months, and 4 years,
as described elsewhere.” A questionnaire was
administered to the parent(s) or legal guardian(s) of
each child. The evaluation included a questionnaire,
spirometry, and a skin prick test. The study had a
statistical power of 80% (alpha = 5%) to detect a
relative risk of 2 for exposures affecting 7.5% or
more of the children.

Of the 494 children who completed the ques-
tionnaire (93% of the initial sample), 148 (30%)
were selected at random and invited to undergo
spirometry and a skin prick test. These tests were
performed in 143 (96.6%) of those 148 children.

Trained interviewers administered question-
naires to the mothers of the 494 children between
June and September of 2000. Questions regarding
asthma symptoms were based on the 1SAAC ques-
tionnaire.') Data were collected regarding the
prevalence of cumulative wheezing (wheezing ever)
and wheezing within the preceding 12 months
(current wheezing), as well as of nocturnal cough,
exercise-induced wheezing, sleep disturbance due to
wheezing, wheezing severe enough to limit speech,
and physician-diagnosed asthma (asthma ever and
current asthma).

The biological characteristics studied were
gender and skin color (self-reported by the mother).
The socioeconomic factors evaluated were maternal
education (years of schooling) and family income
(no. of times the minimum wage: R$ 130 = US$75).
The gestational factors studied included gestational
age, maternal smoking during pregnancy, and low
birth weight. Bronchiolitis in the first year of life
and smoking in the home were also investigated.
Data related to gestational factors were collected at
birth (in 1993). Data related to the other variables
were collected in the 1998 and 2000 follow-up
evaluations.

Variables related to wheezing patterns, as
described by other authors," included tran-
sient wheezing (wheezing from age 6 months to
4 years and not at age 6 years), persistent wheezing
(wheezing from age 6 months to 6 years), and late-
onset wheezing (wheezing only at age 6 years),
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and were evaluated after one, four, and six years of
follow-up.

Baseline spirometry was performed in the Lung
Function Laboratory of the Federal University of
Pelotas University Hospital, and all spirometry
exams were performed by a trained assistant. Forced

expiratory volume in one second (FEV), forced vital
capacity (FVC), and FEV, /[FVC ratio, as well as forced
expiratory flow at 25%, 50%, 75%, and between
25 and 75% of FVC (FEF,,,, FEF, . FEF, . and
FEF,, ... respectively), were measured with a pneu-
motachograph-based spirometer (Master Scope;

Table 1 - Characteristics of and wheezing patterns in children at 6-7 years of age in Pelotas, Brazil (2000).

Characteristic Sample Never Transient Late-onset Persistent
n (%) wheezed (%) wheezing (%) wheezing (%) wheezing (%)

Gender

Female 261 (52.8) 55.0 53.6 46.2 47.4

Male 233 (47.2) 45.0 46.4 53.8 52.6
Skin color

Nonwhite* 125 (25.3) 21.8 24.6 19.2 43.9

White 369 (74.7) 78.2 75.4 80.8 56.1
Family income (x the minimum wage)

>10 37 (7.57) 9.5 6.9 3.8 5.3

6.1-10 37 (7.57) 11.5 4.9 11.5 1.8

3.1-6 126 (25.8) 25.0 23.5 30.8 33.3

1.1-3 191 (39.1) 35.5 42.6 46.2 35.1

<1 98 (20.0) 18.5 22.1 7.7 24.6
Maternal education

>9 years 110 (22.4) 26.5 19.4 19.2 21.1

5-8 years 219 (44.6) 44.0 44.7 65.4 36.8

0-4 years 162 (33.0) 29.5 35.9 15.4 42.1
Maternal smoking during pregnancy

Yes 171 (34.6) 29.2 38.2 38.5 38.6

No 323 (65.4) 70.8 61.8 61.5 61.4
Preterm birth

Yes 84 (17.3) 16.1 18.7 11.5 17.5

No 410 (82.7) 83.9 81.3 88.5 82.5
Low birth weight

Yes 152 (30.8) 29.7 30.0 34.6 35.1

No 342 (69.2) 70.3 70.0 65.4 64.9
Maternal smoking*

Yes 168 (34.0) 29.6 39.9 50.0 46.4

No 326 (66.0) 70.4 60.1 50.0 53.6
Bronchiolitis in the first year of life*

Yes 51 (10.4) 4.0 18.4 3.8 7.0

No 443 (89.6) 96.0 81.6 96.2 93.0
Rhinitis*

Yes 125 (25.5) 38.5 41.1 61.1 62.2

No 369 (74.5) 61.5 58.9 38.9 37.8
Family history of asthma*

Yes 256 (51.8) 43.1 54.1 61.5 68.4

No 238 (48.2) 56.9 45.9 38.5 31.6

Total 494 (100) 204 (100) 207 (100) 26 (100) 57 (100)
*p < 0.05.

J Bras Pneumol. 2008;34(10):764-771



Asthma and lung function in a birth cohort at 6-7 years of age in southern Brazil

Jaeger, Wiirtzburg, Germany), thereby meeting
the American Thoracic Society (ATS) performance
criteria.!™

All forced expiratory maneuvers were performed
with the children seated, wearing a nose-clip, and
using a plastic mouthpiece. All measurements
were made in accordance with ATS guidelines.
The best FEV, and FVC values were selected from
among those obtained in all acceptable maneuvers,
whereas the FEF, .., FEF . and FEF , values
recorded were those obtained in the maneuvers
with the highest sum of FVC and FEV,. Five chil-
dren were not submitted to spirometry: 3 due to
having recently used asthma medication or having
recently had lower respiratory tract infections; and
2 because they declined to participate.

Subjects performed three to five maneuvers
with a variation of less than 5% between the meas-
urements and an expiratory time of at least 4 s.
Calibration of the equipment was performed on a
daily basis.

For the purposes of the present study, we
considered primarily FEV, and FVC, which are the
most reproducible spirometric variables, as well as
the ratio between the two. However, we also carried
out an exploratory analysis using the instantaneous
flows FEF, . FEF . and FEF, _ .

Skin prick tests were performed on the inner
forearm, using standard dilutions of allergens in
50% glycerol. The allergens used were house dust
mites, fungi, grass, and dust. Histamine was used as
a positive control, and a negative control was also
included.

The reactions were analyzed after 15 min and
were considered positive when the induration diam-
eter was = 3 mm. The difference between allergen
and negative control wheals should exceed 3 mm.
Subjects were considered atopic if presenting at
least one positive skin prick test.

Lung function variables were expressed as a
percentage of predicted values, using the Hsu refer-
ence values,'? and were defined as outcomes for the
cross-sectional analyses performed at 6-7 years of
age. Reference values adjusted for age, gender, and
height were derived from the ATS criteria. Means and
standard deviations were used in descriptive analysis.
Linear regression was used to evaluate the associa-
tion between outcomes and independent variables.
The joint effect of the independent variables on the
outcomes was analyzed by multiple linear regres-
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sion using the robust option in the STATA statistical
software (Stata Corp., College Station, TX, USA).
Each lung function variable was analyzed in a sepa-
rate model adjusted for all respiratory symptoms,
as well as for social, biological, and environmental
variables. All analyses were adjusted for gender and
skin color. The significance level adopted for the
exclusion or maintenance of any variable in the
model was 0.05. Statistical analyses were weighted
to compensate for oversampling of low birth weight
subjects. The skewness of lung function variables
was assessed, and transformations in FEV,, FVC,
FEV [FVC ratio, FEF,, , FEF_ . and FEF, were
not necessary. The FEF, _ data were not normally
distributed and showed great variability, with large
standard deviations; these data were therefore
excluded from analyses even after transformation.

Pearson’s chi-square test and the chi-square
test for linear trends were used to test the associa-
tion between the exposure variables and wheezing
patterns. The joint effect of independent variables
on the outcomes was analyzed using Poisson regres-
sion. Given the binary nature and high prevalence of
the outcome measure, we used the Poisson regres-
sion robust option (STATA Software), since the use
of logistic regression might result in an overestima-
tion of the prevalence rates.

The study design was approved by the Committee
for Ethics in Research of the Federal University
of Pelotas School of Medicine, as well as by the
Brazilian Federal Medical Council. Written informed

Table 2 - Respiratory symptoms and wheezing patterns in
children at 6-7 years of age in Pelotas, Brazil (2000).?

Variable n (%)
Asthma ever 153 (31.0)
Current asthma 63 (12.8)
Wheezing ever 208 (42.1)
Current wheezing 83 (16.8)
Nocturnal cough 129 (26.1)
Transient wheezing 207 (42.1)
Persistent wheezing 57 (11.6)
Late-onset wheezing 26 (5.3)
>4 wheezing episodes within the last 18 (3.6)
12 months
Sleep disturbance due to wheezing 46 (9.3)
Wheezing severe enough to limit speech 13 (2.6)
Exercise-induced wheezing 39 (7.9)

#Total number of children evaluated = 494.
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consent was obtained from mothers, and anonymity
was guaranteed.

Results

The final sample included 494 children, repre-
senting 92.5% of the proposed sample. The
main reason for loss to follow-up was change of
address.

The majority of children were white (74.7%),
female (52.8%), and from low-income families
(59% of families earned < 3x the minimum wage).
More than 30% of children had been in contact
with smoking before birth or at home during child-
hood (maternal smoking), one-quarter had a history
of rhinitis apart from colds, and 46% presented
positive skin tests for atopy. Demographic charac-
teristics, socioeconomic variables, and wheezing
patterns are presented in Table 1. Of the 494 chil-
dren who participated in this study, 290 (58.7%)
had presented wheezing up to the age of 6 years.
The prevalence of transient wheezing, persistent
wheezing, and late-onset wheezing was 42.0%,
11.6%, and 5.3%, respectively. Rhinitis, a family
history of asthma, and maternal smoking were more
common among children with late-onset wheezing
or persistent wheezing, and 43.9% of the latter
group presented nonwhite skin color. Bronchiolitis
in the first year of life was more common in the
transient wheezing group.

The prevalence of asthma and respiratory symp-
toms is presented in Table 2, and lung function
values are presented in Table 3. The prevalence of
physician-diagnosed current asthma in 6-7 year
olds was 12.8%. However, within the preceding
12 months, 16.8% of the children had presented
wheezing, and 3.6% had experienced at least four
wheezing episodes. Lung function values were

Table 3 - Lung function values in children at 6-7 years of
age in Pelotas, Brazil (2000).?

Variable

Mean FEV, (% of predicted), mean £ SD 99.6 (16.9)
Mean FVC (% of predicted), mean £ SD 108.3 (16.9)
Mean FEV,[FVC ratio (% of predicted), 105.4 (9.7)
mean + SD

Positive skin prick test, n (%) 65 (46.4)

FEV,: forced expiratory volume in one second; and FVC: forced
vital capacity. “Total number of children submitted to spirom-
etry = 143.
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within the normal range for all of the children
studied. In order to identify any potential selection
bias, the 143 children who were submitted to tests
were compared to all other children in the cohort
based on data collected at birth. The children tested
did not differ significantly from the remainder of
the cohort with respect to skin color, gender, family
income, maternal education, preterm birth, low
birth weight, or maternal smoking during preg-
nancy (data not shown).

The distribution of lung functionvalues according
to social, biological, and environmental factors
showed that nonwhite children presented FVC and
FEV, values that were lower than those observed for
white children. No statistical differences were found
in terms of gender, family income, preterm birth,
low birth weight or maternal smoking.

Table 4 shows the results of the linear regres-
sion carried out for each lung function value and
respiratory symptom. The statistical associations
were adjusted for gender and skin color. Children
with severe asthma—defined as having experienced
at least four episodes of wheezing in the preceding
12 months, wheezing severe enough to limit speech,
and sleep disturbance due to wheezing—presented
lower lung function values, as did children with
persistent wheezing. Mean FEV]/FVC ratio was
lower in children with any of the following: current
wheezing and asthma; asthma ever; at least four
episodes of wheezing in the preceding 12 months;
sleep disturbance due to wheezing; and exercise-
induced wheezing.

Persistent wheezing was associated with lower
FEV,[FVC ratio (B = -1.9, 95% Cl: -3.6 to -0.2);
mean FEV]/FVC ratio in children with transient
wheezing was 4.9 points higher than in other chil-
dren, and late-onset wheezing presented a positive
association with FEV , although the number of chil-
dren in this category was small (Table 4).

Multiple linear regression was carried out for each
lung function parameter and respiratory symptom
in order to identify symptoms with independent
effects on lung function. Models were adjusted for
gender, skin color, and the other variables studied.
Nonwhite skin color and wheezing severe enough
to limit speech were independently associated with
decreased mean FEV,. After adjusting for all asthma
symptoms, as well as for social, environmental, and
biological factors, we found the FEV]/FVC ratio to
be positively associated with nonwhite skin color
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Table 4 - Associations of lung function values with respiratory symptoms and with asthma in children at 6-7 years of

age in Pelotas, Brazil (2000).?

Variable FEV, FVC FEV /FVC ratio
B (95% CI) B (95% CI) B (95% C1)
Current wheezing 0.6 (-4.8 to 6.1) 1.7 (-2.4 to 5.8) -2.4 (-4.8 to -0.4)

Wheezing ever

Current asthma

Asthma ever

Wheezing episodes within the last 12 months, n
1-4

Sleep disturbance due to wheezing

-5.3(-12.4t0 1.9)
-6.5 (-17.2 to 4.2)
-4.6 (-12.4 t0 3.3)

4.3 (-8.0 to 16.6)
>4 -5.4 (-23.8 to 12.9)

4.5 (-11.5 to 2.6)
-0.3 (-7.9 to 7.4)
-2.8 (-10.5 to 4.8)

-1.2 (-5.0 to 2.7)
-6.4 (-11.4 to -1.3)
-4.6 (-8.4 to -0.8)

6.8 (-2.3 to 15.9)
-4.3 (-14.9 t0 6.3)

-2.5(-8.3t0 3.4)
-10.1 (-15.7 to -4.5)

<once/month -1.5(-15.3t012.3)  -0.9 (7.4 to 5.6) -7.7 (-14.7 to -0.7)
>once/month —-12.8 (-26.4 t0 0.8) -6.6 (-20.4 to 7.1) -6.4 (-12.4 to -0.4)
Exercise-induced wheezing -2.3(-8.4 to 3.9) -0.1 (-4.9 to 4.7) -4.5 (-6.6 to —2.3)
Wheezing severe enough to limit speech .7 (-8.3 t0 17.7) .5 (-8.3 t0 17.3) .3 (-3.6 to 10.3)
Nocturnal cough 0.2 (3.7 to 4.1) 0.5 (3.6 to 4.5) —0 9 (-3.0 to 1.20)
Transient-wheezing -1.3 (-9.0 to 6.4) -5.0 (-12.9 to 3.0) .9 (1.2 to 8.6)
Persistent wheezing -1.5 (5.2 to 2.1) -0.5 (3.2 to 2.1) -1.9 (-3.6 to -0.2)
Late-onset wheezing 8.3 (0.2 to 16.4) 7.7 (2.8 to 12.5) —-0.3 (-4.5 to 4.0)
Atopy 10.1 (3.4 to 16.8) - -0.8 (-4.8 to 3.3)

FEV,: forced expiratory volume in one second; and FVC: forced vital capacity. *Associations after adjustment for gender and skin

color.

and negatively associated with exercise-induced
wheezing.

Lower maternal level of education (mother
having had less than eight years of schooling),
bronchiolitis in first year of life, and a family history
of asthma were independent risk factors for tran-
sient wheezing. Nonwhite skin color and family
income > 10x the minimum wage were independ-
ently associated with persistent wheezing, the latter
as a protective factor. At 6 years of age, children
with persistent wheezing were more likely to have
been officially diagnosed with asthma or bronchitis
than were children with late-onset wheezing (71.9%
vs. 42.3%).

Discussion

This was the first study to investigate asthma and
lung function in a birth cohort of Brazilian children.
The high follow-up rate in this birth cohort ensures
the representativeness of the studied sample, and
the comparison of the sample as a whole with the
subsample undergoing lung function tests and skin
tests avoided any selection bias.

Of the 494 children who participated in this
follow-up study, 290 (58.7%) had had episodes of

wheezing before the age of 6 years. This proportion
is higher than the 48.5% and 35.3% reported in
two cohorts studies conducted in the United States
and Germany, respectively.!>'¥ The cohort analyzed
in the present study was more comparable to the
German cohort, since the prevalence of transient
wheezing was above 70% in both studies. The
prevalence of late-onset wheezing was lower in the
present cohort than in the other cohorts studied.

Persistent wheezing was independently associ-
ated with nonwhite skin color and family income;
children from families earning > 10x the minimum
wage were protected against persistent wheezing.
Children with persistent wheezing presented lower
lung function at 6 years of age. Transient wheezing
was associated with less maternal education
(< 8 years of schooling), bronchiolitis in the first year
of life, a family history of asthma, and normal lung
function at age 6. Our lung function test results are
in accordance with those reported in two previous
studies,!">'¥ although the association of persistent
wheezing with family income and with skin color
was not. Although a family history of asthma was
associated with all wheezing patterns, in the multi-
variate analysis, it was found to be a risk factor for
transient wheezing only.
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In our sample, the prevalence of current asthma
at the age of 6 years was 12.8%, and 16.8% of
children showed symptoms of asthma at that age.
At 4 years of age, the prevalence of asthma in our
cohort was 18.4%, and 21.1% of children showed
symptoms of asthma.!"® The decrease in the preva-
lence of asthma between the ages of 4 and 6 was
not statistically significant. The prevalence of symp-
toms of severe asthma was lower in the present
study than in a previous study.”

Many studies have shown that lung function in
childhood can predict lung function in adult life.!"®
Therefore, understanding the natural history of lung
function and its possible risk factors is important for
the prevention of pulmonary diseases.

Our results are in agreement with those of
Delacourt et al.'"” and of the Tucson study,!'® in
which persistent wheezers presented FEFs that were
lower than those observed for transient wheezers.
Based on those results, Delacourt et al. concluded
that infantile asthma might be a risk factor for early
loss of lung function, which is detected at 5 years of
age and might be irreversible thereafter.

It is also known that some asthmatic children
can present impaired lung function and therefore
might be at high risk of developing lung diseases
in the future. The reason for this is controversial:
one hypothesis is that asthmatic children loose the
elastic recoil of the lungs; another is that asthmatic
children suffer growth disorders related to increased
resting energy expenditure or inadequate energy
intake.(1220

In the present study, children with respiratory
symptoms of asthma presented impaired lung func-
tion. Since this was a longitudinal study, it allowed
us to evaluate the different patterns of wheezing
(transient, persistent and late-onset), as described
elsewhere.!" Although the prevalence of asthma and
respiratory symptoms was high in our cohort, most
of those children presented transient wheezing,
rather than persistent or late-onset wheezing. The
finding that lung function was impaired in 6-7 year
olds with persistent wheezing who had not presented
transient wheezing indicates that the persistence of
wheezing can be a marker for risk in adulthood.

The FEV [FVC ratio was affected by asthma,
the children with asthma symptoms or having been
diagnosed with asthma showing lower mean coeffi-
cients. Lower FEV, /FVC ratios were seen in children
with persistent wheezing, indicating that some
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wheezing children already present impaired lung
function at this early age.

Another interesting finding is that nonwhite
children presented FEV, values that were lower than
those observed for white children, even after adjust-
ment for socioeconomic factors. 1t should be noted
that, at 4 years of age, the prevalence of asthma'¥
was also higher among nonwhite children than
among white children. 1t is well known that a great
part of this difference is due to variations in the
trunk to leg length ratio, blacks tending to have
longer legs than do whites of the same height.?"

In the present study, atopy, as assessed using
skin tests, was not associated with impaired lung
function, as was reported in a study conducted in
Peru.?? However, the prevalence of atopy in the
present study was quite high. Although the associa-
tion between asthma and atopy is not a consistent
finding in the literature,?” it could be argued that
children with persistent asthma, rather than being
atopic, have deficits in lung function.

Similarly, two other groups of researchers found
that pulmonary function in asthmatic children was
not influenced by atopy.'”?¥ This suggests that
factors other than atopy are involved in the onset of
bronchial hyperreactivity in asthmatic children.

After adjustment for all other variables, exer-
cise-induced wheezing was the most consistent
independent risk factor for impaired lung func-
tion in our study, children with exercise-induced
wheezing presenting a —4.4% mean reduction in
the FEV [FVC ratio. This was also seen in a study of
7-8 year olds in Belgium.?”

Wheezing severe enough to limit speech, a
marker of asthma severity, also remained signifi-
cant after the multivariate analysis; children with
such wheezing presented a —18.1% reduction in
FEV,. This effect disappeared after adjustment for
other lung function parameters, probably due to
confounding factors.

Children with impaired lung function might be
more susceptible to environmental factors and can
be at an increased risk of declining lung function in
adulthood. Therefore, persistent asthmatics should
be identified and referred for treatment, so that
lung function can be preserved and the prognosis
improved. Further studies should be carried out in
this population in order to analyze our finding that
persistence of wheezing was strongly associated
with family income and skin color.
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