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RESUMO

Introducgdo: Em estudos populacionais para rastreio de asma alérgica em criangas sao necessarios instrumentos validos
e simples. Objectivos: Avaliagdo de questoes do questionario ISAAC para rastreio de asma alérgica em criangas de idade
escolar utilizando instrumentos simples e objectivos da pratica clinica: fracgao exalada de 6xido nitrico (FeNO) e testes cuta-
neos por picada (TCP). Métodos: Estudo transversal de 173 criangas, dos 8 aos 12 anos, pertencentes a trés escolas da area
urbana do Porto. Autopreenchimento pelos pais de um questionario, incluindo questoes do ISAAC. Nas escolas foram reali-
zados TCP a aeroalergénios comuns e determinada a FeNO. Como marcador de asma alérgica foi definida a presenca de TCP
positivos e FeNO aumentado (225ppb). Para cinco questoes foram calculadas sensibilidade, especificidade, valor preditivo
positivo e valor preditivo negativo (IC a 95%). Resultados: A FeNO encontrou-se significativamente aumentada nas criangas
com historia de sibilancia no passado (26,5 * 24,9 vs. 16,6 * 15,3; p=0,002), nas criangas com sibilancia com o exercicio nos
ultimos 12 meses (34,1 + 28,2 vs. 18,9 * 18,8; p=0,005), e nas que utilizaram medicagao antiasmatica nos ultimos 12 meses
(30,7 £ 23,6 vs. 19,4 = 14,9;p=0,01). Todas as questSes apresentaram baixa sensibilidade, desde 7% (*‘alguma vez teve asma no
passado” e “diagnostico médico de asma”) a 64% (“alguma vez teve sibilancia no passado”). A especificidade das questoes
variou entre 60% (“‘alguma vez teve sibilancia no passado”) e 90% (‘“‘diagnéstico médico de asma” e “uso de medicagao antias-
matica no Ultimo ano”). Todas as questoes apresentaram valores preditivos negativos elevados. Conclusdes: As questoes
analisadas apresentaram globalmente pouca capacidade na identificagdo de criangas atdpicas com FeNO aumentado. A questao
que no entanto se revelou mais Util para rastreio de asma alérgica em criangas foi “alguma vez teve sibilancia no passado”. Os

questionarios e medidas objectivas como a FeNO e TCP podem complementar-se no rastreio de asma alérgica em criangas.

Palavras-chave: Alergia, asma, questionario, rastreio, validagao.

ABSTRACT

Background: There is a need for simple, reliable tools to screen for childhood allergic asthma in populational-based studies. Objectives:
To assess questions from the ISAAC questionnaire in a school-based allergic asthma screening using simple and objective daily practice tools:
exhaled nitric oxide fraction (FeNO) and skin prick tests (SPT). Methods: Cross-sectional study of | 73 schoolchildren aged 8 to 12, from
3 schools in the urban area of Porto. Children’s parents completed a self-administered questionnaire adapted from ISAAC questionnaire. SPT
to common aeroallergens and FeNO were performed at schools. A surrogate for allergic asthma was defined by both SPT positive and in-
creased FeNO (225ppb). Sensitivity, specificity, positive predictive value and negative predictive value (Cl at 95%), were calculated for 5
questions. Results: FeNO was significantly increased in children who reported wheezing at any time in the past (26.5 £ 24.9 vs. 16.6 £ 15.3;
p=0.002), in children wheezing with exercise in the last |2 months (34.1 + 28.2 vs. 18.9 + 18.8;p=0.005) and using asthma medication
in the last 12 months (30.7 + 23.6 vs. 19.4 £ 14.9;p=0.01).The questions had low sensitivity, from 7% (“ever had asthma” and “physician
diagnosis of asthma”) to 64% (“‘ever had wheezing at any time in the past”).The specificity ranged between 60% (“‘ever had wheezing at
any time in the past”) and 90% (“physician diagnosis of asthma” and “asthma medication use in the previous year”). All questions had high
negative predictive values. Conclusions: The analyzed questions had poor ability to identify atopic children with high FeNO values. How-
ever, the most useful question to screen for allergic asthmatic children was “ever had wheezing at any time in the past”. Questionnaires and

objective measures such as FeNO and SPT may complement each other for allergic asthma screening in children.

Key-words: Allergy, asthma, questionnaire, screening, validation.
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INTRODUCTION

n children, asthma is a particularly important public health

problem' and the most relevant phenotype is allergic

asthma.There is a need for simple, reliable tools to screen
for childhood allergic asthma in populational-based studies. As
a standard approach, lung function or airway hyperrespon-
siveness tests are difficult to perform on a large scale, require
extensive resources and correlate poorly with clinical symp-
toms. Moreover, children’s cooperation is difficult at early
ages?3. Despite the significantly higher diagnostic yield of eo-
sinophils count in induced sputum compared to the standard
approach, no clear advantages in technique, cooperation, cost
and speed have been reported*>. Recent guidelines from the
American Thoracic Society provide clinicians with a practical
approach to use exhaled nitric oxide fraction (FeNO) and to
interpret the values in varying clinical settings®. FeNO emer-
ges as an alternative tool with superior diagnostic accuracy in
inhaled corticosteroids-naive patients, considering that is a
non-invasive, quick and easy-to-perform biomarker of airways
inflammation*>678 These advantages have been addressed
for the diagnosis of asthma in school children®'%!!,

To overcome some inconsistencies, a combined assess-
ment of FeNO with other tools may improve its value'2. Al-
lergy testing provides important information, since atopy is
the major risk factor for asthma' and it is an important de-
terminant of FeNO levels'>!*!5, Written questionnaires have
been widely used as screening instruments.The International
Study of Asthma and Allergies in Childhood (ISAAC) is one of
the most used questionnaires and one which has been vali-
dated in several countries and settings'6. The aim of this study
was to assess questions from ISAAC questionnaire in a school-
based allergic asthma screening using simple and objective
daily practice tools: FeNO and skin prick tests (SPT).

METHODS

A cross-sectional study that included consecutive chil-

dren aged 8 to 12, from 3 schools with different socio-

economic status in the urban area of Porto, Portugal, was
conducted. Children with a history of allergic rhinitis or
eczema were not excluded, considering that these are
common co-morbidities in allergic asthma.

Children’s parents completed a self-administered ques-
tionnaire, including 5 questions adapted from the ISAAC
questionnaire, reporting allergic symptoms, asthma symp-
toms, physician diagnosis of asthma and asthma medication.
At the schools,SPT were performed using disposable Imm
tip lancets to seven common aeroallergens in the area
(Dermatophagoides pteronyssinus, Dermatophagoides farinae,
cat epithelium, grass mix, olive, Parietaria and Alternaria,
with histamine (10mg/mL) and saline solution as positive
and negative control, respectively (Leti — Spain). Readings
were taken at |15 minutes and a mean wheal diameter of
3mm or more greater than negative control was consi-
dered positive'?, with at least one positive SPT as a proxy
of atopy. FeNO (NIOX® MINO, Aerocrine AB, Sweden)
was also measured at schools during a single breath exha-
lation,according to the ERS/ATS guidelines and expressed
as parts per billion (ppb)'8. As a cutoff for increased FeNO
we considered values = 25ppb®. A surrogate for allergic
asthma was defined by both positive SPT and increased
FeNO.This group of children was compared with all the
other participants.

We used standard methods to calculate proportions,
means and standard deviations (SD) for the variables con-
sidered. A Student t test was employed to compare FeNO
values between groups, with p<0.05 considered significant.
For each of the five questions, sensitivity (Se), specificity
(Sp), positive predictive value (PPV) and negative predictive
value (NPV), with confidence interval (Cl 95%) were cal-
culated. Statistical analysis was performed using the SPSS®
version |7 statistical program.

This work is part of the upkids-project'® which sets
out to evaluate the association between diet, overweight
and allergies in children and has already assessed the
prevalence of aeroallergen sensitization and increased
FeNO values in children of different socioeconomic back-

grounds?,
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Prior to study,and to promote participation, meetings
with teachers and children were held, explaining our objec-
tives and the importance of asthma awareness. Letters
were sent to the parents of all children who completed
the study, informing them of their children’s results.

The study was approved by the Hospital Sao Joao E.PE.
Ethics Committee (Porto, Portugal). The parents’ written
consent was given before answering the questionnaire and

performing the tests.

RESULTS

Of the 418 children attending the three schools, 132
(31.6%) did not obtain parental consent, 29 (7.0%) were
not present at schools on the days of the study or did
not cooperate in performing SPT or FeNO, and 84
(20.0%) did not complete or return the questionnaires,

and were therefore excluded. A total of 173 (41.4%) were

included in the final analysis (51.4% girls, mean age * SD
of 9.3 = 1.2 years).

Forty-one percent of children were atopic, 26% had
increased FeNO and 21% had both an increased FeNO
and atopy. Fifty-three percent of the atopic children had
high FeNO compared to 8% in nonatopic children.

Twelve percent of the parents reported physician
diagnosis of asthma and |5% asthma medication use in the
previous year. FeNO was significantly increased in atopic
children (mean + SD ppb) (33.7 £ 26.8 vs 12.5 = 7.5;
p<0.001) and in children with positive answers, such as
“ever had wheezing at any time in the past” (26.5 + 24.9
vs 16.6 £ 15.3; p=0.002), “wheezing with exercise in the
last 12 months” (34.1 £28.2 vs 18.9 * 18.8;p=0.005),and
“asthma medication use in the previous year” (30.7 £ 23.6
vs 19.4 £ 14.9;p=0.01) (Table I).

Table 2 presents the Se, Sp, PPV and NPV of the five
questions dealing with allergic asthma diagnosis, excluding

children under inhaled corticosteroids. The questions had

Table I. Results of the five questions of the upKids-questionnaire related to allergic asthma diagnosis according to the skin prick

tests (SPT) and exhaled nitric oxide fraction (FeNO)

SPT + (n) FeNO % SD*
Questionst
FeNO<25" | FeNO >25* All SPT + SPT -

Ever had wheezing at any time in the past

Yes 14 27 26.5+24.9* | 39.0+286¢| 12976

No 19 9 166 154 | 26.1 £229 | 124+75
Wheezing with exercise in the last 12 months

Yes I 7 34.1 £282° | 50.8 +28.9° | 150+ 9.4

No 30 25 189+ 188 | 30.0+258 | 12.1 £+64
Ever had asthma

Yes 2 6 245+ 168 | 333181 | 167114

No 28 28 206 +21.2 | 340+282 | 120+6.8
Physician diagnosis of asthma

Yes 3 7 23.1 £ 187 | 346 +£206 | 12.7+82

No 29 29 207 £21.1 | 335280 | 12475
Asthma medication use in the previous year™

Yes 27 24 30.7 £23.6° | 389+252 | 153+8.

No 5 12 194+ 149 | 32.1 £274 | 12275

T — results for “unknown” answer not shown;* ppb; “ any of:inhaled or systemic corticosteroids, short or long 3-2 agonists;* p=0.002;

b p=0.005; < p=0.01;¢ p=0.051; ¢ p=0.04
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Table 2. Sensitivity, specificity, positive and negative predictive value of the five questions of the upKids-questionnaire related to

allergic asthma diagnosis (%)

Questions Se Sp PPV NPV
Ever had wheezing at any time in the past 64.3 60.0 26.5 89.7
Wheezing with exercise in the last 12 months 17.9 87.7 384 85.1
Ever had asthma 7.1 86.9 16.7 82.5
Physician diagnosis of asthma 7.1 90.0 14.3 81.8
Asthma medication use in the previous year" 14.3 90.8 25.0 83.1

*any of: systemic corticosteroids, short or long 3-2 agonists; Se — sensitivity; Sp — specificity; PPV — positive predictive value; NPV

— negative predictive value

low Se, from 7% (“‘ever had asthma” and “physician diag-
nosis of asthma”) to 64% (“ever had wheezing at any time
in the past”) to identify atopic children with high FeNO
values.The Sp ranged between 60% (“ever had wheezing
at any time in the past”) and 90% (“physician diagnosis of
asthma” and “asthma medication use in the previous
year”). All questions had high NPV. Computing a score
with three questions (“ever had asthma”,“ever had wheez-
ing at any time in the past” and “wheezing with exercise
in the last 12 months”) did not improve the discrimina-

tory properties of these questions.

DISCUSSION

The most useful question to screen for allergic asth-
matic children was “ever had wheezing at any time in the
past”, with a Se of 64% and a NPV of 90%. The other 4
questions also had high NPV, allowing allergic asthma to
be ruled out. However, their Se was low, showing that the
questions answered by the parents were insufficient to
identify atopic children with high FeNO values. Other
combinations of answers did not improve the assessment
accuracy.

This study has, for the first time, evaluated screening
questions for allergic asthma in Portuguese school-aged

children.

We still do not have a gold standard tool for childhood
asthma detection. Our validation analysis was based on
objective diagnostic tests, increased FeNO plus positive
SPT, as a proxy of allergic asthma phenotype. This pheno-
type is recognized as the most common in pediatric asth-
ma, providing the rationale for the clinical use of FeNO.
We used the same FeNO asthma range values of Pijnenburg
MWH et al®. FeNO has been shown to distinguish children
with probable asthma®'!, despite some conflicting re-

sults'02!

and variety in reference values. A comparison of
the diagnostic yield of FeNO in school children to eosino-
phils count in induced sputum showed similar results and
a significantly better accuracy against the standard approach
spirometry. The Se, Sp, NPV and PPV for the best cutoff
point of FeNO (19ppb) was 80%, 92%, 89% and 86%, res-
pectively''. Another study using our FeNO cutoff showed
a NPV and a PPV of 80% and 100%, respectively?2.

In our study, FeNO values were significantly increased in
children who have had wheezing previously, wheezing with
exercise and who used asthma medication in the previous
year, recognized as indicators of probable asthma.The esti-
mated prevalence of allergic asthma was around 21%,accord-
ing to the established premise. A selection bias may have
occurred as only children whose parents completed the ques-
tionnaire were included. Probably the impact of non-respon-
ders led to a slight increase in prevalence, since we have ob-

served that atopic children were more motivated to complete
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the study by answering the questionnaires®. Many other fac-
tors can affect FeNO values, such as atopy, allergic rhinitis,
atopic eczema, respiratory infections, anti-inflammatory
medication, age or height'%'>2!22, Children receiving anti-
inflammatory medication such as inhaled corticosteroids
were excluded from the questions’ diagnostic ability analysis,
but we verified that FeNO was significantly increased in the
inhaled steroids-treated group than in children without me-
dication (38.1% 19.7 vs.20.1+20.5ppb, p=0.007), raising ques-
tions about disease control or compliance,among others. In
a subsample of 73 children, the prediction intervals of FeNO
were calculated as a function of standing height, according to
the proposed model by Malmberg et a3, but the results did
not improve considerably (data not shown). False-positive
cases may result from the inclusion of children with a his-
tory of allergic rhinitis or eczema. Nevertheless, these cases
were not excluded, because they are common manifestations
in children with asthma and, if excluded, would significantly
limit the contribution of FeNO as a screening tool.

Some studies have evaluated asthma screening ques-
tionnaires to be used in schools, compared to a physician
diagnosis.Wolf et al?*, considering the clinical history, phy-
sical examination and spirometry without reversibility,
found a Se of 65% and a Sp of 88% to the question “has
your child ever had episodes of wheezing in the last 12
months”, validating a simple five-question instrument, the
Brief Pediatric Asthma Screen (BPAS). More recently, the
same group updated their questionnaire and included ad-
ditional questions to detect allergic rhinitis as well as
asthma (BPAS+)2°. The authors identified a simplest scor-
ing of any | of 4 items for asthma (wheeze, persistent
cough, night cough and response to change in air tem-
perature) that yielded the best balance of Sp (74%) and Se
(73%). A Spanish version of the asthma portion of the
BPAS+ questionnaire has already been validated, achieving
a Se and a Sp of 74% and 86%, respectively?®. Thus, the
BPAS+ questions had better results than the ISAAC-based
questions used in this study.

IZ7

Redline et al*’ observed that the presence of cough

(sometimes or more times) and/or breathing problems

(rarely or more times) yielded a Se of 80%, a Sp of 75%, a
PPV of 50% and a NPV of 92%, when compared with a
bronchodilator response and SPT, but not with inflamma-
tory markers. With similar evaluation tools, the same au-
thors carried out another study, showing that no single pa-
rents questions (from a total of 10) or specific combinations
appeared to be clearly superior for asthma prediction?®.

In conclusion, the questions used to screen for child-
hood asthma seem to have insufficient sensitivity. The best
questions for screening purposes are yet to be identified
and probably will not be the same in different countries
and settings. A multidimensional screening tool is required,
with questionnaires and simple objective diagnostic tests
complementing each other. Objective measures such as
FeNO and SPT may be useful to help rule in allergic asth-

ma in school-based screenings.
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ABSTRACT

Background: There is a need for simple, reliable tools to screen for childhood allergic asthma in populational-based studies.
Obijectives: To assess questions from the ISAAC questionnaire in a school-based allergic asthma screening using simple and

objective daily practice tools: exhaled nitric oxide fraction (FeNO) and skin prick tests (SPT). Methods: Cross-sectional study

of 173 schoolchildren aged 8 to 12, from 3 schools in the urban area of Porto. Children’s parents completed a self-administered
questionnaire adapted from ISAAC questionnaire. SPT to common aeroallergens and FeNO were performed at schools.A sur-
rogate for allergic asthma was defined by both SPT positive and increased FeNO (225ppb). Sensitivity, specificity, positive predic-
tive value and negative predictive value (Cl at 95%), were calculated for 5 questions. Results: FeNO was significantly increased in
children who reported wheezing at any time in the past (26.5 + 24.9 vs. 16.6 * 15.3;p=0.002), in children wheezing with exercise
in the last 12 months (34.1 £ 28.2 vs. 18.9 £ 18.8; p=0.005) and using asthma medication in the last 12 months (30.7 + 23.6 vs.
19.4 + 14.9;p=0.01).The questions had low sensitivity, from 7% (“‘ever had asthma” and “physician diagnosis of asthma”) to 64%
(“ever had wheezing at any time in the past”).The specificity ranged between 60% (“‘ever had wheezing at any time in the past”)

and 90% (“physician diagnosis of asthma” and “asthma medication use in the previous year”). All questions had high negative

predictive values. Conclusions: The analyzed questions had poor ability to identify atopic children with high FeNO values. How-

ever; the most useful question to screen for allergic asthmatic children was “ever had wheezing at any time in the past”. Question-

naires and objective measures such as FeNO and SPT may complement each other for allergic asthma screening in children.

Key-words: Allergy, asthma, questionnaire, screening, validation.

RESUMO

Introdugdo: Em estudos populacionais para rastreio de asma alérgica em criangas sGo necessdrios instrumentos vdlidos e simples.
Objectivos: Avaliagdo de questdes do questiondrio ISAAC para rastreio de asma alérgica em criangas de idade escolar utilizando ins-
trumentos simples e objectivos da prdtica clinica: fracgéo exalada de 6xido nitrico (FeNO) e testes cutdneos por picada (TCP). Métodos:
Estudo transversal de 173 criangas, dos 8 aos |2 anos, pertencentes a trés escolas da drea urbana do Porto. Autopreenchimento pelos
pais de um questiondrio, incluindo questées do ISAAC. Nas escolas foram realizados TCP a aeroalergénios comuns e determinada a
FeNO. Como marcador de asma alérgica foi definida a presenga de TCP positivos e FeNO aumentado (225ppb). Para cinco questdes
foram calculadas sensibilidade, especificidade, valor preditivo positivo e valor preditivo negativo (IC a 95%). Resultados: A FeNO
encontrou-se significativamente aumentada nas criangas com histéria de sibildncia no passado (26,5 + 24,9 vs. 16,6 + 15.3;p=0,002),
nas criangas com sibildncia com o exercicio nos ultimos |2 meses (34,1 + 28,2 vs. 18,9 £ 18,8;p=0,005), e nas que utilizaram medi-
cagdo antiasmdtica nos ultimos |2 meses (30,7 + 23,6 vs. 19,4 + 14,9;p=0,01). Todas as questdes apresentaram baixa sensibilidade,
desde 7% (“alguma vez teve asma no passado” e “diagndstico médico de asma”) a 64% (“alguma vez teve sibildncia no passado”).
A especificidade das questdes variou entre 60% (“alguma vez teve sibildncia no passado”) e 90% (“diagnéstico médico de asma” e “uso
de medicagdo antiasmatica no ultimo ano”). Todas as questées apresentaram valores preditivos negativos elevados. Conclusées:
As questdes analisadas apresentaram globalmente pouca capacidade na identificacdo de criancas atépicas com FeNO aumentado.
A questdo que no entanto se revelou mais Gtil para rastreio de asma alérgica em criangas foi “alguma vez teve sibildncia no passado”.

Os questiondrios e medidas objectivas como a FeNO e TCP podem complementar-se no rastreio de asma alérgica em criangas.

Palavras-chave: Alergia, asma, questiondrio, rastreio, validagdo.
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INTRODUCTION

n children,asthma is a particularly important public health

problem' and the most relevant phenotype is allergic

asthma.There is a need for simple, reliable tools to screen
for childhood allergic asthma in populational-based studies. As
a standard approach, lung function or airway hyperrespon-
siveness tests are difficult to perform on a large scale, require
extensive resources and correlate poorly with clinical symp-
toms. Moreover, children’s cooperation is difficult at early
ages?3. Despite the significantly higher diagnostic yield of eo-
sinophils count in induced sputum compared to the standard
approach, no clear advantages in technique, cooperation, cost
and speed have been reported*®. Recent guidelines from the
American Thoracic Society provide clinicians with a practical
approach to use exhaled nitric oxide fraction (FeNO) and to
interpret the values in varying clinical settings®. FeNO emer-
ges as an alternative tool with superior diagnostic accuracy in
inhaled corticosteroids-naive patients, considering that is a
non-invasive, quick and easy-to-perform biomarker of airways
inflammation*>678 These advantages have been addressed
for the diagnosis of asthma in school children®!%!!,

To overcome some inconsistencies, a combined assess-
ment of FeNO with other tools may improve its value'2. Al-
lergy testing provides important information, since atopy is
the major risk factor for asthma' and it is an important de-
terminant of FeNO levels'>!*!5, Written questionnaires have
been widely used as screening instruments. The International
Study of Asthma and Allergies in Childhood (ISAAC) is one of
the most used questionnaires and one which has been vali-
dated in several countries and settings'®. The aim of this study
was to assess questions from ISAAC questionnaire in a school-
based allergic asthma screening using simple and objective
daily practice tools: FeNO and skin prick tests (SPT).

METHODS

A cross-sectional study that included consecutive chil-

dren aged 8 to 12, from 3 schools with different socio-

economic status in the urban area of Porto, Portugal, was
conducted. Children with a history of allergic rhinitis or
eczema were not excluded, considering that these are
common co-morbidities in allergic asthma.

Children’s parents completed a self-administered ques-
tionnaire, including 5 questions adapted from the ISAAC
questionnaire, reporting allergic symptoms, asthma symp-
toms, physician diagnosis of asthma and asthma medication.
At the schools,SPT were performed using disposable Imm
tip lancets to seven common aeroallergens in the area
(Dermatophagoides pteronyssinus, Dermatophagoides farinae,
cat epithelium, grass mix, olive, Parietaria and Alternaria,
with histamine (10mg/mL) and saline solution as positive
and negative control, respectively (Leti — Spain). Readings
were taken at |15 minutes and a mean wheal diameter of
3mm or more greater than negative control was consi-
dered positive'?, with at least one positive SPT as a proxy
of atopy. FeNO (NIOX® MINO, Aerocrine AB, Sweden)
was also measured at schools during a single breath exha-
lation,according to the ERS/ATS guidelines and expressed
as parts per billion (ppb)'8. As a cutoff for increased FeNO
we considered values = 25ppb®. A surrogate for allergic
asthma was defined by both positive SPT and increased
FeNO. This group of children was compared with all the
other participants.

We used standard methods to calculate proportions,
means and standard deviations (SD) for the variables con-
sidered. A Student t test was employed to compare FeNO
values between groups, with p<0.05 considered significant.
For each of the five questions, sensitivity (Se), specificity
(Sp), positive predictive value (PPV) and negative predictive
value (NPV), with confidence interval (Cl 95%) were cal-
culated. Statistical analysis was performed using the SPSS®
version |7 statistical program.

This work is part of the upkids-project'® which sets
out to evaluate the association between diet, overweight
and allergies in children and has already assessed the
prevalence of aeroallergen sensitization and increased
FeNO values in children of different socioeconomic back-

grounds?,
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Prior to study,and to promote participation, meetings
with teachers and children were held, explaining our objec-
tives and the importance of asthma awareness. Letters
were sent to the parents of all children who completed
the study, informing them of their children’s results.

The study was approved by the Hospital Sao Joao E.PE.
Ethics Committee (Porto, Portugal). The parents’ written
consent was given before answering the questionnaire and

performing the tests.

RESULTS

Of the 418 children attending the three schools, 132
(31.6%) did not obtain parental consent, 29 (7.0%) were
not present at schools on the days of the study or did
not cooperate in performing SPT or FeNO, and 84
(20.0%) did not complete or return the questionnaires,

and were therefore excluded.A total of 173 (41.4%) were

included in the final analysis (51.4% girls, mean age * SD
of 9.3 £ 1.2 years).

Forty-one percent of children were atopic, 26% had
increased FeNO and 21% had both an increased FeNO
and atopy. Fifty-three percent of the atopic children had
high FeNO compared to 8% in nonatopic children.

Twelve percent of the parents reported physician diag-
nosis of asthma and 15% asthma medication use in the
previous year. FeNO was significantly increased in atopic
children (mean + SD ppb) (33.7 £ 26.8 vs 12.5 = 7.5;
p<0.001) and in children with positive answers, such as
“ever had wheezing at any time in the past” (26.5 + 24.9
vs 16.6 £ 15.3; p=0.002), “wheezing with exercise in the
last 12 months” (34.1 £28.2 vs 18.9 £ 18.8;p=0.005),and
“asthma medication use in the previous year” (30.7 £ 23.6
vs 19.4 £ 14.9;p=0.01) (Table I).

Table 2 presents the the Se, Sp, PPV and NPV of the
five questions dealing with allergic asthma diagnosis, ex-

cluding children under inhaled corticosteroids. The ques-

Table I. Results of the five questions of the upKids-questionnaire related to allergic asthma diagnosis according to the skin prick

tests (SPT) and exhaled nitric oxide fraction (FeNO)

SPT + (n) FeNO % SD*
Questionst
FeNO<25" | FeNO >25* All SPT + SPT -

Ever had wheezing at any time in the past

Yes 14 27 26.5+24.9* | 39.0+286¢| 12976

No 19 9 166 154 | 26.1 £229 | 124+75
Wheezing with exercise in the last 12 months

Yes I 7 34.1 £282° | 50.8 +28.9° | 150+ 9.4

No 30 25 189+188 | 30.0+258 | 12.1 £64
Ever had asthma

Yes 2 6 245+ 168 | 333181 | 167114

No 28 28 206 +21.2 | 340+282 | 120+6.8
Physician diagnosis of asthma

Yes 3 7 23.1 £ 187 | 346 +£206 | 12.7+82

No 29 29 207 £21.1 | 335+£280 | 12475
Asthma medication use in the previous year™

Yes 27 24 30.7 £23.6° | 389+252 | 153+8.

No 5 12 194+ 149 | 32.1 £274 | 12275

T — results for “unknown” answer not shown;* ppb; ™ any of:inhaled or systemic corticosteroids, short or long 3-2 agonists;* p=0.002;

b p=0.005; < p=0.01;¢ p=0.051; ¢ p=0.04
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Table 2. Sensitivity, specificity, positive and negative predictive value of the five questions of the upKids-questionnaire related to

allergic asthma diagnosis (%)

Questions Se Sp PPV NPV
Ever had wheezing at any time in the past 64.3 60.0 26.5 89.7
Wheezing with exercise in the last 12 months 17.9 87.7 384 85.1
Ever had asthma 7.1 86.9 16.7 82.5
Physician diagnosis of asthma 7.1 90.0 14.3 81.8
Asthma medication use in the previous year" 14.3 90.8 25.0 83.1

*any of: systemic corticosteroids, short or long 3-2 agonists; Se — sensitivity; Sp — specificity; PPV — positive predictive value; NPV

— negative predictive value

tions had low Se, from 7% (“ever had asthma” and “physi-
cian diagnosis of asthma”) to 64% (“ever had wheezing at
any time in the past”) to identify atopic children with high
FeNO values. The Sp ranged between 60% (“ever had
wheezing at any time in the past”) and 90% (“physician
diagnosis of asthma” and “asthma medication use in the
previous year”). All questions had high NPV. Computing a
score with three questions (“ever had asthma”,“ever had
wheezing at any time in the past” and “wheezing with
exercise in the last 12 months”) did not improve the dis-

criminatory properties of these questions.

DISCUSSION

The most useful question to screen for allergic asth-
matic children was “ever had wheezing at any time in the
past”, with a Se of 64% and a NPV of 90%. The other 4
questions also had high NPV, allowing allergic asthma to
be ruled out. However, their Se was low, showing that the
questions answered by the parents were insufficient to
identify atopic children with high FeNO values. Other
combinations of answers did not improve the assessment
accuracy.

This study has, for the first time, evaluated screening
questions for allergic asthma in Portuguese school-aged

children.

We still do not have a gold standard tool for childhood
asthma detection. Our validation analysis was based on
objective diagnostic tests, increased FeNO plus positive
SPT, as a proxy of allergic asthma phenotype. This pheno-
type is recognized as the most common in pediatric asth-
ma, providing the rationale for the clinical use of FeNO.
We used the same FeNO asthma range values of Pijnenburg
MWH et al®. FeNO has been shown to distinguish children
with probable asthma®'!, despite some conflicting re-

sults'02!

and variety in reference values. A comparison of
the diagnostic yield of FeNO in school children to eosino-
phils count in induced sputum showed similar results and
a significantly better accuracy against the standard approach
spirometry. The Se, Sp, NPV and PPV for the best cutoff
point of FeNO (19ppb) was 80%, 92%, 89% and 86%, res-
pectively''. Another study using our FeNO cutoff showed
a NPV and a PPV of 80% and 100%, respectively?2.

In our study, FeNO values were significantly increased in
children who have had wheezing previously, wheezing with
exercise and who used asthma medication in the previous
year, recognized as indicators of probable asthma.The esti-
mated prevalence of allergic asthma was around 21%,accord-
ing to the established premise. A selection bias may have
occurred as only children whose parents completed the ques-
tionnaire were included. Probably the impact of non-respon-
ders led to a slight increase in prevalence, since we have ob-

served that atopic children were more motivated to complete
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the study by answering the questionnaires®. Many other fac-
tors can affect FeNO values, such as atopy, allergic rhinitis,
atopic eczema, respiratory infections, anti-inflammatory
medication, age or height'%'>2!22, Children receiving anti-
inflammatory medication such as inhaled corticosteroids
were excluded from the questions’ diagnostic ability analysis,
but we verified that FeNO was significantly increased in the
inhaled steroids-treated group than in children without me-
dication (38.1% 19.7 vs.20.1+20.5ppb, p=0.007), raising ques-
tions about disease control or compliance,among others. In
a subsample of 73 children, the prediction intervals of FeNO
were calculated as a function of standing height, according to
the proposed model by Malmberg et a3, but the results did
not improve considerably (data not shown). False-positive
cases may result from the inclusion of children with a his-
tory of allergic rhinitis or eczema. Nevertheless, these cases
were not excluded, because they are common manifestations
in children with asthma and, if excluded, would significantly
limit the contribution of FeNO as a screening tool.

Some studies have evaluated asthma screening ques-
tionnaires to be used in schools, compared to a physician
diagnosis.Wolf et al?*, considering the clinical history, phy-
sical examination and spirometry without reversibility,
found a Se of 65% and a Sp of 88% to the question “has
your child ever had episodes of wheezing in the last 12
months”, validating a simple five-question instrument, the
Brief Pediatric Asthma Screen (BPAS). More recently, the
same group updated their questionnaire and included ad-
ditional questions to detect allergic rhinitis as well as
asthma (BPAS+)2°. The authors identified a simplest scor-
ing of any | of 4 items for asthma (wheeze, persistent
cough, night cough and response to change in air tem-
perature) that yielded the best balance of Sp (74%) and Se
(73%). A Spanish version of the asthma portion of the
BPAS+ questionnaire has already been validated, achieving
a Se and a Sp of 74% and 86%, respectively?®. Thus, the
BPAS+ questions had better results than the ISAAC-based
questions used in this study.

IZ7

Redline et al*’ observed that the presence of cough

(sometimes or more times) and/or breathing problems

(rarely or more times) yielded a Se of 80%, a Sp of 75%, a
PPV of 50% and a NPV of 92%, when compared with a
bronchodilator response and SPT, but not with inflamma-
tory markers. With similar evaluation tools, the same au-
thors carried out another study, showing that no single pa-
rents questions (from a total of 10) or specific combinations
appeared to be clearly superior for asthma prediction?®.

In conclusion, the questions used to screen for child-
hood asthma seem to have insufficient sensitivity. The best
questions for screening purposes are yet to be identified
and probably will not be the same in different countries
and settings. A multidimensional screening tool is required,
with questionnaires and simple objective diagnostic tests
complementing each other. Objective measures such as
FeNO and SPT may be useful to help rule in allergic asth-

ma in school-based screenings.
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