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ABSTRACT

Background: Asthma is the most common chronic
disease in childhood with recognition and detection
still unsatisfactory. Questionnaires focusing on report-
ed symptoms are a very promising and useful tool.

Objective: To determine the diagnostic accuracy of
a basic questionnaire (BQ) as a screening test for
asthma in children and adolescents who sought
medical assistance in a pediatric hospital in Duque de
Caxias County, Rio de Janeiro State, Brazil.

Methods and results: A cross-sectional, observa-
tional, prospective study was carried out. A BQ with
four questions was used to screen for asthma. The
gold standard for a diagnosis of asthma was a mini-
mum increase of 12 % in the first second of forced
expiratory volume after a bronchodilatation test. Two
hundred eleven patients, aged 5 to 15 years, who pre-
sented to the emergency department for various rea-
sons were evaluated. The prevalence of asthma was
22 %. In 67 % of the families the annual income was
less than US $ 3600 and 60 % of support providers
were illiterate or had less than 4 years of education.
The test showed better performance when the an-
swer to question 1 was considered separately: sensi-
tivity = 74.50 % (95 %Cl:60.50-84.70), specifici-
ty =64 % (95 %Cl: 56.40-71.10), positive likelihood
ratio = 2.07 (95 %Cl:1.569-2.70), positive predictive val-
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ue =37.20 % (95 %Cl: 28.10-47.30), negative pre-
dictive value = 89.70 % (95 %Cl: 82.90-94) and accu-
racy = 66.40 % (95 % Cl: 55.80-78.30).

Conclusions: The BQ has high sensitivity and neg-
ative predictive values. It is easy to use and imple-
ment and is convenient for both the doctor and pa-
tient. It is useful for excluding a diagnosis of asthma
in populations with a high or low prevalence of this
disease, so long as there has been no wheezing in
the previous 12 months.

Key words: Asthma. Questionnaire. Accuracy. Diag-
nostic test. Sensitivity. Specificity. Children. Adoles-
cents.

RESUMEN

Introducién: El asma es la enfermedad crénica
mas comun en la infancia. El empleo de cuestiona-
rios basados en la recogida de los sintomas, se han
mostrado como un instrumento diagnéstico de gran
utilidad.

Objetivo: Determinar la utilidad diagndstica de un
cuestionario simplificado (CS) como test diagndstico
para asma, en una poblacién de ninos y adolescentes
atendidos en el hospital pediatrico de Duque de Ca-
xias de Rio de Janeiro, Brasil.

Meétodos y resultados: Estudio transversal, obser-
vacional que utiliza un CS con cuatro preguntas, reco-
giéndose los de datos de forma prospectiva. El crite-
rio para la seleccién de los pacientes fue un aumento
minimo de 12 % del volumen espiratorio forzado en el
primer segundo (FEV1), en la prueba broncodilatado-
ra. Se seleccionaron 211 pacientes entre 5y 15 anos
de edad, atendidos en el servicio de urgencias por
cuadros clinicos variados. La prevalencia de asma fue
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del 22 %. EI 67 % de las familias tenfan una renta fa-
miliar de US$3.600 anuales. En el 60 % de los casos
el responsable del sustento familiar (proveedor) era
analfabeto o con una escolarizacion inferior a cuatro
anos. El test se consideré positivo cuando al menos
una de las preguntas era positiva, en especial cuando
se valord aisladamente la pregunta n® 1 que mostré
una sensibilidad = 74,50 % (IC95 %:60,50 %-84,70 %);
especificidad = 64 % (IC95 %:56,40-71,10 %); cocien-
te probabilidad positivo = 2,07 (IC95 %:1,59-2,70); va-
lor predictivo positivo = 37,20 % (IC:28,10 %-47,30 %);
valor preditivo negativo = 89,90 % (IC95 %:83,80 %-
96,10 %); precision = 66,40 (IC95 %:55,80-78,30).
Conclusiones: El CS de alta sensibilidad y de valor
predictivo negativo, es un instrumento facil de usar,
conveniente para el medico y para el paciente. Su
empleo estd justificado tanto en regiones de alta
como de baja tasa de prevalencia, para excluir el diag-
nostico de asma de manera rapida, simplificada y se-
gura, cuando falta el dato de la existencia de sibilan-
cias o respiracion silbante en los Ultimos 12 meses.

Palabras claves: Asma. Cuestionario. Test diagndésti-
co. Sensibilidad. Especificidad. Ninos. Adolescentes.

INTRODUCTION

Asthma is the most common chronic disease in
chidhood'®. In Brazil, asthma prevalence ranges be-
tween 4.7 % and 20.7 % in schoolchildren with ages
from 6 to 7 years and between 4.8 % and 21.9 % for
those aged 13 and 14 years’. In Duque de Caxias, a
Rio de Janeiro County, asthma prevalence was found
to be 27.7 % and 19 % in schoolchildren with ages
ranging between 6 and 7 years and 13 and 14 years,
respectivelys.

Because of asthma high morbidity, several instru-
ments and methodologies have been developed and
tested aiming the detection of asthmatic individuals.
The use of a questionnaire (QES) focusing, basically,
on the referred symptoms has proven to be a
promising and very valuable tool°.

Halls et al'® used a QES®designed for children and
adolescents, aiming the early detection of asthmatic
cases. |ts main advantages were: simplicity (only
4 questions to ask), in addition to the fact that it can
be applied to a wide age range. In Brazil, there are
few studies following this line of investigation, and
the questionnaire of the International Study of Asth-
ma and Allergies in Childhood (ISAAC)® is still the
most used for the determination of asthma preva-
lence among schoolchildren. The aim of this study
was to determine the diagnostic accuracy of a brief
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guestionnaire (BQ) as a screening test for asthma in
children and adolescents.

MATERIAL AND METHODS
Design of the study

A cross-sectional study, with prospective data col-
lection was performed.

Settings

The study was carried out in Ismélia da Silveira
Children’s Hospital (ISCH), in Dugue de Caxias Coun-
ty, Rio de Janeiro State, with a population of 775,456,
of whom 99 % inhabit the urban area''. In 2002,
based on hospital records, 128,121 children received
medical care in the emergency department, with
monthly and daily averages of 10,677 and 356 re-
spectively.

Target population and sample

The study target population were schoolchildren
aged b to 15 years, living in Duque de Caxias. The
sample consisted of the first eight patients, who
come daily for medical treatment in the emergency
department, accompanied by a parent or guardian,
fulfilling eligibility criteria, and consenting to partici-
pate in the research.

Eligibility Criteria

Children and adolescents with ages ranging from
5 to 15 years, who spontaneously sought the hospi-
tal emergency department for medical assistance,
were included. Patients with a severe clinical condi-
tion that demanded emergency care or hospitaliza-
tion; patients with clinical conditions that make diffi-
cult to carry out the measurement of the forced
expiratory volume in the first second (FEV1) due to
lack of cooperation; patients with a clinical-radiologi-
cal condition of acute infection of the lower respira-
tory tract and; patients using medications that could
adversely affect the exam, were excluded'?.

Sample size

Sample size was calculated with asthma as the
principal variable of interest. Considering that in Brazil
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Table |

Brief Questionnaire (BQ) originated from ISAACS
and Halls et al"° QES.

1. Has your child ever had wheezing or histling in the chest in the
last 12 months?
OVYes ONo

2. Has your child awakened at night because of coughing in the last
12 months?
OJYes (ONo

3. Has your child had counghing, wheezing or shortness of breath
with exercise or activity and had to stop because of this
symptoms at any time in the last 12 months?

OVYes ONo

4. When your child has a cold, does the cough usually last more
than 10 days?
OVYes ONo

the estimate prevalence of asthma in childhood and
adolescence ranges between 15 % and 20 %', our
calculations were based on an expected frequency of
20 % of patients, with a = 6 % margin of error (14 %-
26 %) and a 95 % confidence interval (Cl). We found
a sample size of 171 individuals.

Data collection

The basis for the data collection instrument was
the QES used by Halls et al’®(table I). Translation into
Portuguese was made by the author herself. Adap-
tations were required, such as: a) the addition of a
Brazilian term similar to wheezing, usually referred by
responsible and patients, themselves b) question n?
1 from the original BQ about wheezing occurrence
in the last 12 months was replaced by a similar one
from the ISAAC QES, validated for Brazilian children
by Solé et al'3.

Study definitions

Asthma was defined as the occurrence of a mini-
mal increment of 12 % in the FEV1 in relation to the
initial base value after the use of a short acting bron-
chodilator.

The four questions of the BQ (table I) aimed to get
information about asthma from those responsible
(parents or guardians) for children and adolescents,
involving specific symptoms, such as: wheezing
in the 12 months prior to the research; nocturnal
coughing; coughing or difficulty of breathing during
physical activities; persistent coughing for over
10 days.

Allergol et Immunopathol 2005;33(1):20-6

Question n? 1 " Has your child ever had wheezing
or whistling in the chest in the last 12 months?" lim-
its the period of time to 12 months in order to reduce
the possibility of recall errors and are not dependent
on seasonality. There is also no mention of the
terms, crisis of wheezing to allow the detection of a
greater number of patients with persistent symp-
toms, who could be excluded by using words as:
crises, attacks or episodes.

Question n° 2 “Has your child awakened at night
because of coughing in the last 12 months?" refers
to nocturnal coughing, broadly accepted as an alter-
native asthma presentation’®.

Question n? 3 “Has your child had coughing,
wheezing or shortness of breath with exercise or ac-
tivity and had to stop because of this symptoms at
any time in the last 12 months?" tries to identify in-
dividuals who present exercise induced bron-
chospasm.

Question n? 4, “When your child has a cold, does
the cough usually last more than 10 days?” aims the
inclusion of children and adolescents who maintain
persistent coughing, beyond the established limit for
an acute respiratory infection without further compli-
cations.

The authors used two criteria to measure the sen-
sitivity and specificity of the BQ. Criterion 1 consid-
ered the screening test to be positive when there
was at least one affirmative response to any one of
the 4 questions. Criterion 2 used a positive answer to
guestion n®.1 to discriminate the asthmatic group
from the other.

The sample was categorized by family income and
educational level of the family provider according to
the Brazilian Economic Classification Criteria®®.

Screening Procedure

Research lasted 5 weeks, beginning in June
2003. The first eight patients who arrived, consecu-
tively, in the emergency department, from Monday
to Friday, in the period 07:00-12:00, answered the
BQ questions (table 1), interviewed by the author,
after obtaining informed consent. Weight and height
were determined in accordance with standard pat-
terns' and then FEV1 was measured, using the
Micro Medical, Kent, UK, portable spirometer, fol-
lowing the American Thoracic Society' guidelines
and the Brazilian Spirometry Consensus'?. After
FEV1 measurement, four puffs of salbutamol spray
(100 mcg/dose) were administered by inhalation us-
ing a Flumax® (600 ml) spacer connected to the
dose-metered inhaler (MDI). After 15 minutes, the
FEV1 was again determined'.
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Quality control

A pilot study was conducted to test data collection
dynamics; performance of the FEV1; patients flow,
and to make the necessary adjustments and
changes. Routinely, before starting the daily series of
exams, spirometer calibration was checked using
high and low flows with a 3-litre syringe'2. All FEV1
measurements were performed by the same techni-
cian, with proven experience in the procedure. Col-
lected data were stored in a double entry databank in
an independent manner.

Statistical analysis

Variables were described with frequency distribu-
tion for the categorical ones and with mean and stan-
dard deviation (SD) for the numeric ones. It were de-
termined: sensitivity (Sens), specificity (Spec),
positive predictive value (PPV), negative predictive
value (NPV), positive likelihood ratio (PLR) and accu-
racy (A)'®. As an exploratory way, odds ratio (OR)"®
was employed as a measurement of association be-
tween the outcome variables (asthma and non-asth-
ma) and the independent variables, with results be-
ing presented with their respective 95 % confidence
intervals (95 % CI)'%2°, For statistical inference,
a < 0.05 was chosen as a value of significance. Sta-
tistical analysis was performed using: Statistical
Package for the Social Sciences (SPSS), version
10.0 for Windows?' and Confidence Interval Analysis
(CIA) version 2.0?? softwares.

Ethical questions

The study was approved by the Committee of
Medical Ethics of Rio de Janeiro County Health Sec-
retary. Informed consent from the person responsi-
ble for the patient was obtained prior to begin the in-
terview.

RESULTS

Evaluation included 226 children and adolescents
with ages ranging from 5 to 15 years. From those
15 patients of 5 years old were excluded for not be-
ing able to perform the VEF1 assessment leading to
a sample of 211 patients.

Table Il describes the distribution of patients by:
gender, age e annual family income.

It was observed that in 178 (84,40 %) cases it was
the parents themselves, who had taken the child or
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adolescent to the emergency department for med-
ical care. They were, in average (+ SD), 36,33 (8,37)
years old. The age distribution showed that 46
(21,80 %) adults belonged to the group of patients
with ages ranging from 19 to 29 years, 147 (69,60 %)
with ages from 30 to 49 years and 18 (8,60 %) with
ages equal to 50 years or more.

The FEV1 assessment, identified 47 (22,27 %)
asthmatic and 164 (77,73 %) non asthmatic patients.
In average (+ SD) the FEV1 increment observed after
bronchodilatation test was 26,48 % (14,58) among
asthmatics and 4,60 % (3,14) among non asthmatics.

The FEV1 mean values (+ SD) related to pre/pos
bronchodilatation test were: 0,98L (0,46)/1,21L (0,53)
in the asthmatic and 1,57L (0,53)/1,63L (0,54) in the
non asthmatic group, respectively.

Table Il shows the sensitivity, specificity, positive
predicted value, negative predicted value, positive
likelihood ratio and OR, with their respective 95 %Cl,
related to the positive answers to the four questions
of the BQ, individually or in combination.

Figure 1 shows the PPV and NPV values obtained
from hypothetical examples in which asthma preva-
lence rates range from 10 % to 30 %.

DISCUSSION

The difficulty in a precise asthma definition has
been highly discussed in the medical literature?*2s.

Table Il

Sample distribution (n = 211) by: gender, age, annual
family income and education level. Hospital Infantil
Ismélia da Silveira. Duque de Caxias County, Rio
de Janeiro State/Brazil (2003)

N %
Education level (parents or guardians)
Illiterate or < 4 years of school attendance 127 60,20
= 4 years of school attendance 84 39,80
Annual family income!
= US$ 3600 - US$ 7200 70 33,20
< US$ 3600 141 66.80
Gender (patient)
Female 82 38,90
Male 129 61,10
Age (patient)?
59 years 141 66,82
10-15 years 70 33,18

[1] The Brazilian official rate used in conversion to dollar (USA) was:
2,932 reais = 1 dollar (USA) in 02/08/04.

Allergol et Immunopathol 2005;33(1):20-6
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Table lll

Sensitivity (Sens), Specificity (Spec), Positive Predicted Value (PPV), Negative Predicted Value (NPV), Positive Likelihood
Ratio (PLR), Accuracy (A), Odds Ratio (OR) and their respective 95 %Confidence Intervals (95 %Cl), considering
affirmative answers to the four questions, individually or combined, as positive results for screening asthma

BQ: affirmative Sens (%) Spec (%) PPV (%) NPV (%) PLR A (%) OR
answers (95 %Cl) (95%Cl) (95 %Cl) (95 %Cl) (95 %Cl) (95 %Cl) (95 %Cl)
At least one 83 53,70 33,90 91,70 1,79 60,20 5,64
(69,90-91,10) (46-61,10) (25,90-43) (84,40-95,70) (1,456-2,21) (53,50-66,60) (2,35-14,01
Only one 40,40 95,10 70,40 84,80 8,29 82,90 13,23
(27,60-54,70) (90,70-97,50) (51,50-84,10) (78,90-89,30) (3,88-7,72) (77,30-87,40) (5,28-33,16)
Only two 8,50 84,80 13,80 76,40 0,56 67,80 0,62
(3,40-19,90) (78,50-89,50) (5,560-30,60) (69,70-82) (0,20-1,52) (61,20-73,70) (0,17-1,57)
Only three 38,30 84,10 40,90 82,60 2,14 73,90 3,29
(25,80-52,60) (77,80-88,90) (27,70-55,60) (76,20-87,60) (1,46-4) (67,60-79,40) (1,60-6,78)
All 17 89,60 32 79 1,64 73,50 1,77
(8,90-30,10) (84-93,40) (17,20-51,60) (72,60-84,30) (0,76-3,57) (67,10-79) (0,71-4,41)
Question n? 1 74,50 64 37,20 89,70 2,07 66,40 519
(60,50-84,70) (56,40-71,10) (28,10-47,30) (82,90-94) (1,59-2,70) (65,80-78,30) (2,38-11,62)
Question n? 2 44,70 59,10 23,90 78,90 1,09 55,90 1,17
(31,40-58,80) (51,50-66,40) (16,20-33,70) (70,80-85,10) (0,76-1,58) (46,30-67) (0,61-2,25)
Questionn?’3 34 76,20 29,10 80,10 1,43 66,80 1,65
(22,20-48,30) (69,20-82,10) (18,80-42,10) (73,20-85,60) (0,88-2,32) (66,30-78,80) (0,82-3,34)
Questionn? 4 23,40 76,20 22 77,60 0,98 64,50 0,98
(13,60-37,20) (69,20-82,10) (12,80-35,20) (70,60-83,40) (0,65-1,77) (54,10-76,20) (0,46-2,11)

The lack of a gold standard for asthma means that no
single measurement is capable of reliable informa-
tion. FEV1, if considered solely, has been indicated
as the best measurement of pulmonary function, to
establish the disease severity?®?8, |t is a useful index
of airway obstruction, that can be obtained with sim-
ple portable instruments, a choice favoured in diag-
nostic procedures?®. Although limited, FEV1 mea-
surement with bronchodilatation test seemed to us
the complementary exam that best fitted the pro-
posed objectives and the information so made avail-
able would be capable enough to identify populations
with different disease rates.

Analysing BQ performance, we can identify high
values of sensitivity when both criteria were used.
A screening tool should be able to identify as many
true positives as possible and to reduce the number
of false negatives. Criterion 2, although showing a
lower sensitivity (75 %) than the criterion 1 (83 %),
seems to be more advantageous as a tool for screen-
ing asthmatic patients, due to its higher specificity
(64 %).Therefore we propose that the use of only
one guestion would be simpler and more convenient
than the use of the full set of four questions, allowing
to make a rapid determination of whether to proceed

Allergol et Immunopathol 2005;33(1):20-6

a more detailed investigation to confirm the initial di-
agnosis. Asymptomatic patients are not the target
of specific therapeutic interventions with prophylac-
tic medications. Thus, question n? 1, that approaches
wheezing in the last 12 months, can both identify
one of the most common asthma manifestations
and, at the same time, assure the recent temporality
of the symptoms, which are requirements for the
identification of the group that will need further med-
ical assistance.

Compared to our results, Halls et al'®, using a sim-
ilar BQ, found similar sensitivity value (73 %) and
higher specificity value (83 %) for wheezing in the
last 12 months, in the group without previous asth-
ma diagnosis. On the other hand, Wolf et al?®, using a
5-question BQ which also approached the occur-
rence of wheezing in the last 12 months in a group of
Chicago schoolchildren, found lower sensitivity value
(65 %) and higher specificity value (88 %). These
three groups, besides differing from the characteris-
tics of the selected populations and the type of the
study design, may also have showed distinct results
just because of different comprehensions of the
meaning of the word wheezing. Further, it is recog-
nized that the reference of symptoms based on re-
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ports provided by parents or guardians is subjective,
as they are not always capable of noticing the respi-
ratory symptoms their children really present?. Their
answers may suffer the influence of a variety of cul-
tural, social and psychological factors®. So, it is pos-
sible that some classifications, based on the pres-
ence of wheezing, may have resulted from a
misunderstanding by the parents or guardians about
this matter. This assumption is reinforced by the fact
that the sample was constituted essentially of low
educational level individuals, with less than four
school years of attendance.

It is probable that some mild cases of asthma pre-
sented normal spirometric values, and, for this very
reason, were then classified as non-asthmatic. Nev-
ertheless, we believe that the false negative rate
was low because patients should have some degree
of bronchial hyperreactivity (BHR), once they
had sought medical assistance for their respiratory
symptoms of variable severity. Although the bron-
choprovocation test is a useful test to characterise
BHR, it was not possible to include it in the study be-
cause of possible risk complications. Besides, pa-
tients found to be without respiratory symptoms but
who sought the emergency department presenting
other symptoms, could not show BHR both for being
under clinical control and because the limitations in-
herent to the test itself233",

The correct interpretation of the test result is
closely linked to the a priori estimates of the proba-
bility of the disease. Thus, the calculations of the
positive and negative predictive values for any test or
procedure, whose sensitivity and specificity are
known, may help to show when the test will be
more useful, according to the influence of different
prevalence rates, as exemplified in figure 1. We veri-
fied that NPV remained high, even in situations of
lower prevalence rate (10 %). In this circumstance,
the occurrence of a negative result for question n?
1 will tend to exclude the disease in 96 % of the cas-
es, whereas a positive result for this question will not
be particularly useful in confirming asthma.

This research has some limitations. It is a descrip-
tive study, justifiable in the current state of knowl-
edge, because it brings data for subsequent re-
searches in Brazil. The asthma prevalence rate may
be greater than would be expected because the in-
vestigation was performed in a health service unit,
reflecting a possible sampling bias, due to selection
of only the individuals who sought for medical care.
Also, it was not possible to include children less than
5 years old as it would be difficult of performing the
FEV1 measurement in this age range.

In conclusion, we have showed that the BQ is
quick and inexpensive to administer, convenient both
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Figure 1.—Hypothetical examples of asthma prevalence rates
ranging from 10 % to 30 % and their related positive and negative
predicted values when considering an affirmative answer to ques-
tion n° 1 as a positive screening test.

to doctors and to patients and easy to implant for
asthma screening at the emergency department.
The use of only one question seems to be more ad-
vantageous because of the possibility of excluding
asthma diagnosis in a more simplified way and with
an accuracy of 66 %. NPV remained elevated in high
and low risk populations, showing that the absence
of wheezing in the last 12 months means, very likely,
that the child or adolescent is not asthmatic.

The BQ may be a useful tool for the general prac-
titioner at the primary attention level, where a posi-
tive test will require additional investigation to con-
firm the diagnosis and the severity degree. Such
approach would allow that patients receive appropri-
ate treatment, assuring a clinical control of the dis-
ease and, consequently, reducing the number of vis-
its to the emergency department.

We believe that the information made available as
a result of this research may help future health ser-
vice policies, contributing to improve the medical as-
sistance quality provided to the children and adoles-
cents in the Duque de Caxias County, Rio de Janeiro,
Brazil.
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