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ABSTRACT

Objective: The aim of this study is to evaluate the usefulness of Free Running Asthma Screening Test
(FRAST) as a method that may help the diagnosis of exercise-induced bronchospasm (EIB) in children
from a rural area and to compare the results with their history of asthma.
Methods: A FRAST challenge took place at 9 schools. It lasted for 6 minutes and pupils performed it
properly with the help of an athlete. The best out of three Peak Expiratory Flow Rate (PEFR) efforts
was recorded before and after challenge, using a mini-Wright peak-flow-meter. A more than 15% drop
in PEFR was considered an indication of EIB. A questionnaire defining asthmatic symptoms had been
distributed and already completed by their parents.
Results: The exercise was successfully performed by 268 children. Eleven children presented a fall of
PEFR of at least 15%, five or ten minutes after the exercise; among these, only three boys had a history
of asthma, while the remaining 8 children were undiagnosed. No difference regarding age, gender or
locations’ altitude was found.
Conclusion: FRAST can be of great use in the diagnosis of EIB in areas that lack proper tools and
specialized personnel. A poor correlation between self-reported symptoms and the results of exercise
challenges was confirmed.
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¿Es la Prueba de Carrera Libre para el Tamizaje del Asma Todavía útil?
C Pitsios1, SR Del Giacco2, C Grigoreas3

RESUMEN

Objetivo: El objetivo de este estudio fue evaluar la utilidad de la prueba de la carrera libre para el
tamizaje del asma (PCLTA) como método que puede ayudar al diagnóstico del broncoespasmo inducido
por ejercicio (BEI) en los niños de un área rural, y comparar los resultados con su historia de asma.
Métodos: Una prueba de reto PCLTA tuvo lugar en 9 escuelas. La prueba tuvo una duración de 6
minutos, y los alumnos la realizaron correctamente con la ayuda de un atleta. El mejor de tres
esfuerzos de la tasa de flujo espiratorio máximo (TFEM) fue registrado antes y después de la prueba,
usando un medidor Mini-Wright de flujo espiratorio máximo. Una caída de más del 15% en la TFEM
fue considerada una indicación de BEI. Un cuestionario que define los síntomas asmáticos había sido
distribuido y respondido por sus padres.
Resultados: El ejercicio se realizó con éxito por 268 niños. Once niños presentaron una caída de
TFEM de por lo menos 15%, cinco o diez minutos después del ejercicio. De ellos, tres varones tenían
una historia de asma, mientras los otros 8 niños restantes no tenían diagnóstico. No se halló diferencia
con respecto a edad, género o altitud de las localizaciones.
Conclusión: La prueba PCLTA puede ser de gran utilidad en el diagnóstico de BEI en áreas en las que
faltan las herramientas apropiadas y el personal especializado. Se confirmó la existencia de una pobre
correlación entre los síntomas auto-reportados y los resultados de los ejercicios de reto.
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INTRODUCTION
The experience of an asthma attack after performing a
physical activity is a common problem in asthmatic patients
out of therapy. The symptoms of asthma provoked by exer-
cise are described by the term “Exercise-induced asthma”
(EIA) while the term “Exercise-induced bronchoconstric-
tion” (EIB) describes the acute lung narrowing after an
exercise test or a vigorous natural exercise (1, 2). Exercise-
induced asthma is more common in children than in adults
probably because of their high level of physical activity. The
detection and the appropriate treatment of EIA in children
offer them a normal growth and the possibility of a better
quality of life with no restrictions during their sports and
games.

In an era in which asthma phenotypes are determined
using new diagnostic tools and a lot of progress has been
achieved in the exploration of the genetic background, the
access to specific exercise testing facilities is not always
easy. In rural areas, with lack of diagnostic devices and
experts, EIA diagnosis is often based on exercise related
respiratory symptoms.

“Free Running Asthma Screening Test” (FRAST) is an
old method to detect EIB using a peak flow meter as the only
device. It has been proven to be a useful test identifying
children with EIA in community settings, while general
practitioners and paediatricians can perform it without long
experience or training (3, 4). Exercise-induce bronchocon-
striction is easy to be assessed by a non-specialist with the
detection of a Peak Expiratory Flow Rate (PEFR) decrease
while the monitoring of symptoms and more complicated
equipment is necessary to define EIA.

The aim of this study is to detect whether there is a
correlation among the results of FRAST, the medical history
of asthma and the self-reported symptoms (as determined by
the answers of a questionnaire). The probable effect of
parameters such as gender and altitude of the localities were
also examined.

SUBJECTS AND METHODS
The pupils from nine Greek elementary schools (from 9
Peloponnesian villages of Ilias’ Prefecture) were invited to
participate in this study. The study was performed with the
assistance and the approval of the school committees and the
committee of the local health authority. A questionnaire and
an informed consent form were distributed to the parents of
310 children (the complete elementary pupil population of
this area) aged 8–12 years. The questionnaire was similar to
the one used in the ISAAC study (5) but it was adapted so as
to address a larger range and included a question on asthma
treatment (Fig. 1).

The teachers informed pupils and parents about the
study and collected the questionnaires with the written
consent. They also fixed the date of the challenge test while
their presence was fundamental for the collaboration of the
pupils. The teachers of the elementary schools, a family

doctor, a paediatrician and an elite athlete (who assisted as a
coach as well as to attract children to the study) comprised
the study team.

Children were advised to wear comfortable clothes and
sport shoes and to have eaten a light breakfast. The use of β2-
agonists was forbidden for at least 24 hours before the test.
None was taking inhaled corticosteroids nor had received any
oral or injected corticosteroids in the previous two weeks.
No child reported any respiratory infection in the last two
weeks. Besides the use of those medications, the other
exclusion criteria for the study were the history of exercise-
induced anaphylaxis and current orthopaedic problems that
could interfere with the participation in the study. The
challenge was performed during the morning, between 9:00
and 10:00 am, so that the children were yet in a rest state.
The study was performed during May or September, of the
same year, under similar conditions (temperature: 20° –
24°C, humidity: 60 – 80%).

The use of mini-Wright peak flow meters was demon-
strated before the challenge. Heights and weights were
measured and no child was below 80% of the predicted PEFR
values, for age and gender. The heart rate and the best mea-
surement out of three PEFR attempts were recorded at rest.
Children were divided into groups of ten and the free running
challenge took place at the schoolyard or at a football field.
Nose clips were not used during FRAST, since we desired to
test it in as natural conditions as possible. It lasted for 6
minutes and the athlete tried to keep a high and stable per-
formance of the pupils reaching a heart rate of 170–180
beats/min (43–45 beats/15”, measured by each pupil with the
coordination of the athlete).

Free Running Asthma Screening Test

1. Has your child ever had wheezing or whistling in the chest at any
time in the past?
Yes No

2. Has your child ever had wheezing or dry cough disturbances
during the night, apart from a cough associated with a cold or a
chest infection?
Yes No

3. If the answer in question 1 is YES, has your child’s sleep ever
been disturbed due to wheezing?
Yes No

4. If the answer in question 1 is YES, has your child’s speech ever
been limited to one or two words at a time between breaths?
Yes No

5. Has your child ever had asthma?
Yes No

6. If the answer in question 5 is YES, how many asthma attacks
during the last 12 months?

7. If the answer in question 5 is YES, what was the medication
prescribed by your doctor?

8. Has your child’s chest sounded wheezy during or after exercise?
Yes No

Figure 1: Asthma Symptoms Questionnaire
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The children were under medical standby throughout
the FRAST and after its completion. Medical devices and
medications such as oxygen, inhaled β2-agonists and epine-
phrine were available. Children that stopped before the six
minutes of exercise were excluded from validation. Gender
and age distribution of children that completed FRAST is
described in the Table. Flow measurements were repeated 5

keep it with them at sports. They were referred for further
investigation of asthma and atopy.

No statistically significant difference was found re-
garding age or gender (x2 = 1.57, p = 0.21). However, it was
observed that among children who presented with EIB, there
were 3 boys with a history of asthma and 2 boys undiag-
nosed, while all 6 girls were undiagnosed. No difference (x2

= 0.07, p = 0.79) in the percentages of EIB was noticed
among children living at low altitudes, near the sea (4%), in
comparison with children living at altitudes higher than 300
m (4.4%).

DISCUSSION
There are two main theories explaining the mechanisms that
cause EIA. The airway cooling and vasoconstriction due to
respiratory heat loss with consequent hyperaemia and re-
warming of the bronchial vasculature is the mechanism
supported by McFadden (6) while the mediator release due to
change of osmolarity of the periciliary fluid lining the surface
of the respiratory mucosal membranes is supported by
Anderson (7). Combining these theories, cooling and drying
of the airways with the contribution of environmental factors
(humidity, temperature and pollutants) may stimulate the
release of new and pre-formed inflammatory mediators, such
as histamine and cysteinyl leukotriens. Exercise may be used
as an easy-to-perform indirect challenge stimulus to assess
the levels of bronchial hyper-responsiveness in patients with
a history of dyspnoea during or after exercise.

An exercise challenge test is an excellent way to detect
EIB and EIA. Electromagnetically braked cycle ergometer
and motor-driven treadmill with adjustable speed and grade
are the two preferred devices to use for that purpose (8).
Treadmill speed and grade are chosen in a modality to
produce 4- to 6-minute exercise closely to the maximum
calculated targets for the subject; total duration of exercise is
usually of 6 minutes in children aged less than 12 years old
and 8 minutes for older children and adults. Speed and
exercise load are progressively increased during the first 2–3
minutes of exercise until the heart rate attains 80–90% of the
predicted value (8). Heart rate monitoring and pulse oxi-
meter are additional devices recommended during the detec-
tion of EIB. A nose clip can also be useful since it decreases
the water loss during the exercise challenge test but in
children performing FRAST it may be annoying and restrict
their maximum performance.

It is difficult to consider any kind of exercise challenge
as a gold standard for the study of EIB. Variations of the ex-
ercise load, the exercise time, the humidity or the temper-
ature of the inspired air affect challenge tests as the well-
defined treadmill test (9–11). On the other hand, performing
FRAST is extremely practical since a large number of sub-
jects can be tested in a short time, inexpensively, with no
need of specialized personnel or special devices. Its reli-
ability though has been questioned in former studies (12). At
the same time, the lack of objective monitoring and

Table: Demographics of the children that completed FRAST

Age subgroups Boys Girls Number (%)

8 28 32 60 (22.3%)
9 30 33 63 (23.5%)
10 25 23 48 (17.9%)
11 28 28 56 (20.8%)
12 21 20 41 (15.2%)

Total 132 136 268

Pitsios et al

and 10 minutes after exercise. The best out of three efforts
was recorded and a more than 15% drop in PEFR was con-
sidered an indication of EIB. The chi-squared test was used
to compare the rate of EIB at different altitudes, ages and
between girls and boys.

RESULTS
Two hundred and ninety-four children finally participated in
the study. The outcome from the questionnaires was that 7
children (3 boys and 4 girls) had a history of asthmatic symp-
toms but wheezing, dry cough and night awakening due to
dyspnoea, were in most cases, considered as symptoms of
infections by their GPs, so antibiotics were prescribed to
them in most asthma attacks. Furthermore, none of them had
been adequately treated (enough medication dose or duration
of treatment) with inhaled β2-agonists and corticosteroids, as
reported by the questionnaire and by their personal
prescriptions’ book.

Twenty-six out of the 294 children that participated in
the study abandoned the exercise before completing 6
minutes (9 boys, 17 girls), 4/26 of these children had a his-
tory of asthma symptoms and stopped the exercise reporting
cough or shortness of breath (4 girls). They remained under
surveillance but symptoms remitted with no need for
medications. Children with no EIB-history that stopped the
exercise reported that “they got tired” due to poor physical
fitness or were emotionally stressed to run with older chil-
dren.

Two hundred and sixty-eight children completed the
exercise (Table). There were 11/268 children (4.1% of the
ones that completed the challenge) who had a fall of PEFR
> 15%; 3/11 of the children presenting with EIB had a history
of asthmatic symptoms. Eight children out of the 265 that
gave a history free of asthma symptoms presented with EIB.
An emergency treatment of inhaled β2-agonists was pres-
cribed to them and they were advised when to use it and to
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controlled indoor environment are some of its disadvantages.
Also, since the monitoring of the challenge is inadequate, a
person may not reach the maximum target of exercise during
FRAST and this would result in a false negative EIB.

There are various differentials for EIB (or just dysp-
noea) such as poor physical fitness, habit cough, vocal cord
dysfunction, heart disorders, exercise-induced hyperventila-
tion and chronic lung disorders (2, 13, 14). Further inves-
tigation was recommended to the parents of the children that
did not complete the FRAST challenge. This may be an
indication of asthma or other health problems.

The prevalence of EIB in the present study (4.1%) is
lower than in the ones performed in other European coun-
tries. The prevalence of EIA has been calculated to be 11%
in Barcelona (15) and 6.9% in Mataro, Spain (16), 6% in
Copenhagen, Denmark (17) and 5.7% in Sheffield, UK (3).
A rise in EIB/EIA prevalence is mirrored in longitudinal
studies (18, 19). The influence of the environment
(pollution, relative humidity and temperature) and genetic
factors on EIB explains the variation of its prevalence among
different continents, countries or even among rural and urban
locations. The lack of pollution in the area of the present
study, the ideal environmental parameters during the study
and the rural lifestyle of the study’s volunteers may explain
the low incidence of EIB.

An interesting finding of the study was that the out-
come of FRAST resulted in a higher rate of EIB than ex-
pected from the replies to the questionnaires. Former studies
have also shown a poor correlation between self-reported
exercise symptoms and the results of exercise challenges but
mostly with an over-diagnosis based on the answers of the
questionnaires (13, 20, 21).

No effect of age or gender has been noticed in this
study but the fact remains that most of the children with EIA
history that didn’t complete FRAST and most of those chil-
dren with a newly diagnosed EIB were girls. This may be
explained by the fact that girls do not practise vigorous out-
door games or sport, partly due to social restrictions in these
rural areas. Since symptoms of EIA in children are mainly
perceived during games, indoor or restricted games in
childhood may result in EIA under-estimation.

In conclusion, although exercise-induced challenge
tests performed in a controlled environment under monitor-
ing are the best way to set EIB diagnosis, FRAST is still a
useful and simple screening test, especially in rural areas,
helping family doctors and paediatricians to set a primary
diagnosis and refer children with suspected EIA for further
investigation. Settling an early and correct diagnosis and
providing the necessary treatment leads to a normal
childhood with no restrictions to sport and games.
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