
ABSTRACT

Background: Asthma is an important childhood

disease. Recent surveys of the International Study of

Asthma and Allergies in Childhood (ISAAC) suggest

that the prevalence of asthma is increasing but these

surveys do not include any pulmonary tests to con-

firm the possible diagnosis of asthma.

Objective: To compare bronchodilator reversibility

with the albuterol test in symptomatic and asympto-

matic 6-7-year-old children with asthma participating

in the ISAAC survey and living in Mexico City.

Patients and methods: We performed an observa-

tional, descriptive, comparative, cross sectional

study in children participating in phase 3b of the

ISAAC study. According to the ISAAC questionnaire

children were classified as asthma symptomatic or

asymptomatic. Both groups had bronchodilator re-

versibility with the albuterol test, using the guidelines

of the American Thoracic Society to confirm or rule

out the diagnosis of asthma.

Results: The asymptomatic group had a baseline

FEV1 of 1.70 ± 0.34 l/sec (mean ± SD) and an end-

point FEV1 of 1.76 ± 0.42 l/sec; in the symptomatic

group the respective values were 1.51 ± 0.41 l/sec

and 1.57 ± 0.44 l/sec (p < 0.05). A positive reversibil-

ity test was found in 13/136 (9.6 %) children in the

asymptomatic group and in 22/112 (19.6 %) children

in the symptomatic group (p < 0.05).

Conclusion: Because of its low sensitivity, bron-

chodilator reversibility cannot be considered a diag-

nostic tool to confirm diagnosis of asthma.

Key words: Bronchodilator reversibility. Asthma.

ISAAC. Survey.

RESUMEN

Introducción: El asma es una enfermedad infantil

importante. Las encuestas recientes del Estudio Inter-

nacional sobre Asma y Alergias en la Infancia (ISAAC,

por sus siglas en inglés) sugieren un aumento de la

prevalencia del asma, si bien este instrumento de es-

tudio no incluye ninguna prueba pulmonar para confir-

mar el posible diagnóstico de la enfermedad.

Objetivo: Comparar la reversibilidad con tratamien-

to broncodilatador a base de albuterol entre niños

asmáticos sintomáticos y asintomáticos según el es-

tudio ISAAC, de edades comprendidas entre los 6 y

7 años y residentes en Ciudad de México.

Pacientes y métodos: Se trató de un ensayo com-

parativo transversal, de carácter descriptivo y basa-
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do en la observación, realizado sobre niños que par-

ticiparon en una encuesta de la fase 3b del ISAAC.

Según el cuestionario del ISAAC, los niños se clasifi-

caron como asmáticos sintomáticos o asintomáticos

para asma. Ambos grupos fueron sometidos a la

prueba de reversibilidad con tratamiento broncodila-

tador a base de albuterol, siguiendo las directrices de

la Sociedad Torácica Americana, para confirmar o

descartar el diagnóstico de asma.

Resultados: El grupo asintomático presentó un

FEV1 inicial de 1,70 ± 0,34 l/seg (media ± DE) y un

FEV1 final de 1,76 ± 0,42 l/seg; en el grupo sintomá-

tico, los valores respectivos fueron 1,51 ± 0,41 l/seg

y 1,57 ± 0,44 l/seg (p < 0,05). En el grupo asintomáti-

co, 13 de 196 niños (el 9,6 %) dieron positivo en la

prueba de reversibilidad; en el grupo sintomático die-

ron positivo 22 de 112 niños (el 19,6 %) (p < 0.05).

Conclusión: La reversibilidad con tratamiento bron-

codilatador no puede considerarse una herramienta

para confirmar el diagnóstico del asma debido a su

bajo nivel de precisión.

Palabras clave: Asma. Encuesta. ISAAC. Reversibi-

lidad con tratamiento broncodilatador.

INTRODUCTION

Asthma is one of the most frequent chronic dis-

eases in childhood and it is an important cause of

functional limitation and school absenteeism.

The worldwide information generated from 1970,

suggests an increasing trend, not only in frequency,

but also in severity of the disease. There was a rise

of the number of hospitalizations and mortality, be-

tween 1979 and 1997, the absolute number of dead

raised dramatically from 2603 to 5434. In the last

decade it has been observed an increase on asthma

prevalence in diverse countries, in spite of a better

understanding of its pathogenesis and a better treat-

ment1,2. Epidemiological studies in Latin America

have revealed a prevalence range from 4.1 to 26.9%,

either because of the different methods employed

in the studies or by the influence of diverse risk fac-

tors3-5. In Mexico asthma prevalence ranges from

6.8 % to 20 %6-11.

There have been multiple studies worldwide;

overall transversal type aimed to determinate the

prevalence of asthma and its trends. Unfortunately,

there are many shortcomings related to asthma stud-

ies, because there is not a universal definition of this

disease. To cope with this problem, the lnternational

Study of Asthma and Allergies in Childhood (ISAAC)

was created in 1991; it was aimed to promote the

epidemiological investigations in asthma and allergic

diseases using common methodologies which facili-

tate the international standardization1.

Recently, physiopathological concepts of this dis-

ease have changed dramatically. Currently asthma is

considered as a bronchopulmonary inflammatory

chronic disease, characterized by recurrent episodes

of wheezing, dyspnea, thoracic restriction and cough,

particularly at night or early in the morning, these

episodes are usually associated with an important

but variable air flow obstruction, which is frequently

reversible spontaneously or with treatment12. Pul-

monary function tests are essential to evaluate the

asthma severity, to assess its evolution and treat-

ment response. Beside this, spirometry is one of the

most important tools of the diagnosis, which can pro-

vide information of the airway obstruction assessing

the forced expiratory volume in 1 second (FEV1) and

the relation between FEV1 and forced vital capacity

(VEF1/CVF)13.

To determinate if the airway obstruction is re-

versible, reversibility test is used; a bronchodilator

medication is administered and the percentage of

improvement regarding basal FEV1 is determined,

considering a positive test when there is an improve-

ment equal o greater than 12 % according the guide-

lines of the American Thoracic Society (ATS)14.

In Mexico as in other parts of the world, the term

asthma is confounded with other respiratory dis-

eases. The confusion about the definition of asthma

and the terminology used to define it, make difficult

its diagnosis, as well as the determination of the

prevalence and incidence rates15,16. Asthma operative

definition implies clinical manifestations as recurrent

cough, wheezing and dyspnea and spirometric re-

versibility of the FEV1 higher or equal than 12 % of

the basal measurement17.

Spite ISAAC is a questionnaire which includes

easy questions with an adequate language to de-

scribe the asthmatic symptoms, we consider neces-

sary to have an easy method to demonstrate the

bronchial reversibility of the FEV1 with inhalation of

a beta agonist18. In this way, the aim of the study was

to determine the presence of bronchodilator re-

versibility, after albuterol administration in a group of

children from 6 to 7 years, who had participated in

ISAAC Phase 3b.

PATIENTS AND METHODS

This was an observational, descriptive, compara-

tive and transversal study in children participating in

Phase 3b of ISAAC, in the center corresponding to
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the north area of Mexico City. This north area com-

prised 28.96 % of the city population19.

This study represents an extension of the initial

study which determinate the accumulated and actu-

al prevalence of asthma using a validated and stan-

dardized questionnaire in Spanish. The previous

study determinated the prevalence of Asthma in

3211 boys and girls from 6 to 7 years old in a school

population. The size of the sample was obtained

based of the number of children who lived in this

area of the city. 3211 out of 3500 questionnaires

were completed. The questions asked to the sub-

jects are in the table I.

Children with positive answer to questions 1 and

2 of the ISAAC questionnaire were considered as the

symptomatic group and those with negative answers

were regarded as the asymptomatic group.

Participants should not have respiratory tract in-

fection in the last four weeks and they should not

use beta agonist, bronchodilators, asthma preventive

medication (sodium chromoglycate, inhaled steroids

or antileukotriene drugs), or antihistaminics in the last

45 days. Patients suffering from other pulmonary dis-

ease, cardiovascular disorders, endocrine diseases or

somatodysmorphic syndromes were not included in

the study. Patient parents must sign written in-

formed consent before any study procedures. Chil-

dren not able to perform spirometric or peak flow

procedures were excluded.

The study protocol was approved by the Investiga-

tion and Ethics Committee of the Hospital Infantil de

Mexico “Federico Gómez” and the Public Education

Department of Mexico City.

A clinical history with vital signs and anthropomet-

ric measures of weight and height was completed.

The weight (kg) was obtained by a Health o Meter inc

platform scale (Bridgeview, Illinois, USA), and the

height with a Holtain Limited Crymych, Difec sta-

diometer (made in Britain) registering the results in

centimeters (cm). The platform scale was calibrated

daily to zero. Height and weight were assessed with-

out shoes and with the children with their ankles to-

gether, touching the wall, their legs, buttocks and

scapulas aligned. Their head was positioned main-

taining their seeing from the front, their eyes in ho-

rizontal position, related with ears. The age was

determinated according the born date and it was ex-

pressing in decimal fractions.

All procedures were realized in the Allergy depart-

ment, in a room 5 × 5 meters, with a room tempera-

ture of 20 °C. Patients performed three spirometries

and the best one was selected as the baseline, then

patients inhaled 100 mcg of albuterol twice with me-

tered dose inhalator with an aero chamber spacer

(made in London Ontario Canada), afterward patients

performed three spirometries and the best one was

selected.

For this study Easy ware, 2001, spirometers

(made in Zurich, Switzerland) were used; they com-

plied with the quality requirements of American Tho-

racic Society (ATS). The daily calibration was realized

with a syringe of 3 L flow-volume, with daily review

of the quality control. The temperature of the spirom-

eter before each study and the barometric pressure

of Mexico City (585 mmHg) were entered to the

spirometer. The physicians were trained specifically

for this project, using the guidelines of American

Thoracic Society (ATS)14.

Patients followed the standard procedures sug-

gest by ATS14, adding some specifications as not in-

haling since the spirometers, only register the expira-

tory phase of the forced expiratory procedure, using

disposable mouthpieces, and bacterial filters. Before

patients perform spirometry investigators explained

the purpose of the test and showed the correct pro-

cedure. In general, patients needed less than 6 ma-

neuvers to get 3 useful curves. When children made

a double inspiration, they repeated the procedure.

FEV1 and FVC were considered reproducible accor-

ding guidelines of ATS when the best of 3 spiromet-

ric curves varied no more than 200 ml or 5 %.

The size of the sample was 100 children, based in

a study of Laprise18 and the ISAAC requirements. We

calculated mean and standard deviation for paramet-

ric variables, and frequencies for reversibility rates.

One way ANOVA was used for comparison between

the groups considering baseline and endpoint spiro-

metric values.

Allergol et Immunopathol 2004;32(6):334-9

Del Río-Navarro BE, et al.— A COMPARATIVE STUDY OF BRONCHODILATOR REVERSIBILITY WITH ALBUTEROL, BETWEEN 

ASTHMA SYMPTOMATIC AND ASYMPTOMATIC CHILDREN ACCORDING TO ISAAC QUESTIONNAIRE IN MEXICO CITY336

34

Table I

ISAAC Questionnaire for 6/7 years children

1. Has your child ever had wheezing or whistling in the chest at any

time in the past?

2. Has your child had wheezing or whistling in the chest in the past

12 months?

3. How many attacks of wheezing has your child had in the past

12 months?

4. In the past 12 months, how often, on average, has your child

sleep been disturbed due to wheezing?

5. In the past 12 months, has wheezing ever been severe enough

to limit your child speech to only one or two words at a time

between breaths?

6. Have your child ever had asthma?

7. In the past 12 months, has your child’s chest sounded wheezy

during or after exercise?

8. In the past 12 months, has your child had a dry cough at night,

apart from a cough associated with a cold or chest infection?



RESULTS

In this study 248 children between 6 and 7 years

were included, 112 children had a questionnaire sug-

gestive of asthma (symptomatic group) and 136 had

negative answers to the questionnaire questions

(asymptomatic group). 248 spirometries sets were

performed from September 2002 to January 2003.

Both groups were similar regarding sex distribution,

weight and height (table II).

In the asymptomatic group the baseline FEV1 was

1.70 ± 0.34 l/seg (mean ± SD) and the endpoint

FEV1 was 1.76 ± 0.42 l/seg; in the symptomatic

group the respective values were 1.51 ± 0.41 l/seg

and 1.57 ± 0.44 l/seg. One way ANOVA showed a

significant difference between the groups (p < 0.05).

In the asymptomatic group 13 out of 136 (9.6%) chil-

dren had a positive reversibility test, while in the

symptomatic group 22 out of 112 (19.6 %) children

had a positive test (p < 0.019) table III. There were no

difference in the reversibility rates between boys and

girls in the symptomatic group (p > 0.05) (table IV).

The sensibility and specificity of the reversibility

test were 19 % and 90 % respectively, with a posi-

tive predictive value of 62 % and negative predictive

value of 57 %.

DISCUSSION

Currently, there is great interest about prevalence

of asthma worldwide. Because this, ISAAC estab-

lished 3 phases of study since 1970. The first phase

investigate the actual and accumulated prevalence

by means of a questionnaire, second phase repre-

sents the search of the etiology by means of diag-

nosis testing, and the third phase is as the first,

5 years latter. When a specific center realizes the

third phase without the previous ones, it is consid-

ered as a 3b phase. In phase 1 and 3 standardized

and validated questionnaires with the official lan-

guage of the center are used to determinate the

prevalence on age specific groups. (Children 6 to

7 years)4.

In the population studied in the North area of Mex-

ico City, we observed an accumulated prevalence of

asthma (considered as the presence of wheezing) of

19 %, asthma diagnosis prevalence of 4.5 % and cur-

rent prevalence of asthma (wheezing in the last

12 months) of 6.8 % (unpublished data).

Although we could not consider the present study

as a second phase of ISAAC, we pretended to evalu-

ate an easy and quickly method of bronchial re-

versibility in children with questionnaire suggestive

of asthma.

The validation of the asthma questionnaires has

demonstrated that the written questionnaire has a

negative predictive value and positive predictive val-

ue of 61% and 94% respectively, and a sensibility of

85 % and specificity of 81 %. In contrast, in the video

questionnaire sensibility is close to 90 % and speci-

ficity to 68 %20-23.

Eventhough, surveys based on questionnaires

have some disadvantages, they provide guide to

elaborate hypothesis. Bronchial hyperresponsive-

ness is a mechanism implied in the asthma phys-

iopathology and the bronchial reversibility test is the

method to corroborate the presence of hyperrespo-

siveness and therefore of asthma.
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Table II

Characteristics of asthma symptomatic

and asymptomatic children according to ISAAC

questionnaire

Symptomatic Asymptomatic

N 112 136

Weight (kg) 26.59 ± 5.97 30.47 ± 6.19

Height (cm) 123 ± 6.87 131 ± 6.91

Table III

Bronchodilator reversibility in asthma symptomatic

and asymptomatic children according to ISAAC

questionnaire

Reversibility test Symptomatic Asymptomatic

Negative n (%) 90 (80.4 ) 123 (90.4 )

Positive n (%) 22 (19.6 ) 13 (9.6 )

p < 0.02 by Fisher exact test.

Table IV

Comparison of the bronchodilator reversibility according

a gender in the symptomatic group according to ISAAC

questionnaire

FEV1

Reversibility test

Female Male

Negative n (%) 52 (80 ) 38 (80.9 )

Positive n (%) 13 (20 ) 9 (19.1 )

p > 0.05 by Fisher exact test.



Other two test are used to confirm asthma diag-

nosis; the provocholine challenge has a specificity

and sensibility of 89 % with a negative predictive val-

ue of 94 % and a positive predictive value of 81 %

and it is used to discard asthma24; the hypertonic

saline challenge has a sensibility of 72 % and speci-

ficity close to 100 % and it is used to assess big pop-

ulations as it is easy and inexpensive25.

There are some studies with ISAAC’s methodology

which have assessed bronchial hyperresponsiveness.

The most of them have used exercise challenge, some

provocholine and few hypertonic saline26-29. Ina Peru-

vian survey in children from 8 to 10 years, the subjects

with asthma diagnosis in ISAAC questionnaire had a

rate of 8.3% of positive exercise challenge while the

control group had a positive rate of 5.3%30.

In Chinese studies using provocholine challenge

test in 10 year children, the subjects with asthma di-

agnosis in the ISAAC questionnaire had a positive

rate of 40% versus 9% in the subjects with negative

diagnosis31.

In the studies using hypertonic saline challenge the

subjects with a positive questionnaire had a positive

test rate from 50 to 60% while the subjects with neg-

ative questionnaires had a positive test rate of 12.8%.

In the present study the reversibility test had a low-

er positive test rate than the challenge test with provo-

choline and hypertonic saline. These differences may

be ascribed to the distinct sensibility of the tests them-

selves or to the absence of inflammatory process in

our subjects at the moment of the reversibility test.

It is very important to stress that BHR can be an in-

termediate state between asthma and normality32-34.

Bronchial hyperresponsiveness is a characteristic find-

ing in patients with asthma, however, when a patient

is under control it is difficult to probe. The use of beta

agonist is the easiest form to demonstrate BHR, but

because its low sensibility and specificity, it is not rec-

ommended in big populations as a detection proce-

dure, neither to complement the ISAAC questionnaire.

CONCLUSIONS

In our conditions bronchial reversibility test may

not be considered as a valuable diagnostic tool to

complement the ISAAC questionnaire and to deter-

minate the asthma prevalence because of its low

sensibility and relative specificity.
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