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ABSTRACT: A simple exercise test would be useful for detecting exercise-induced
asthma, a common problem in asthmatic children. The current study compared the
3-min step test with treadmill exercise for evaluating exercise-induced asthma in
asthmatic children and assessed whether responses to both tests are influenced by
baseline lung function and habitual physical activity.

A series of 154 asthmatic children (84 male children; mean age 12.9¡0.9 yrs)
underwent a 3-min step-test and treadmill testing on different days within a week at
least 24 h apart. Before both tests each subject did spirometry to obtain the baseline
forced expiratory volume in one second (FEV1). After both exercise challenges all
subjects did serial spirometry and the lowest FEV1 recorded over time was used to
calculate the fall in FEV1 expressed as a percentage of the measured pre-exercise
(baseline) value (% fall in FEV1) and the area above the FEV1 curve (AAC0–30 min)
expressed as a percentage of the pre-exercise value. Changes in both exercise variables
were also analysed in percentile subgroups defined by questionnaire answers on habitual
physical activity in hours.

The mean % fall in FEV1 was significantly higher for treadmill exercise than for the
step test (15.0¡7.5 versus 11.7¡5.9); and the AAC0–30 min was larger for treadmill than
for the step test (-261.6¡139.9% versus -197.3¡105.0% min). In all subgroups defined
by habitual physical activity the mean % fall in FEV1 decreased more after treadmill
exercise than after the step test. After step test and treadmill exercise no significant
correlation was found between % fall in FEV1 and baseline lung function, or between %
fall in FEV1 among groups defined by habitual physical activity.

Although the 3-min step test yields a lower % fall in forced expiratory volume in one
second (FEV1) and a lower value of the area above the FEV1 curve than treadmill
testing, it is a quick, economical, reproducible and portable alternative procedure for
identifying exercise-induced asthma in outpatients and epidemiological studies. Baseline
lung function and habitual physical activity have no influence on the amount or duration
of exercise-induced asthma.
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Although many asthmatic subjects find exercise-induced
asthma (EIA) a problem, children and young adults suffer
most from its effects because they engage more often in
physical activities and sports.

The prevalence of bronchial asthma in children is around
10%; and 40–90% of these patients have EIA [1, 2], a
manifestation that is frequently undiagnosed [3]. Exercise
challenge testing to evaluate EIA is helpful in the diagnosis
and management of asthma and is also important in research
studies investigating the efficacy of drug therapy.

EIA is defined as a condition in which physical activity
triggers acute airway narrowing in people with heightened
airway reactivity [4]. The diagnosis of EIA is suggested by
the clinical history and demonstrated by a decrease of 15%
in forced expiratory volume in one second (FEV1) after an
exercise challenge, in accordance with the European Respira-
tory Society (ERS) and American Thoracic Society (ATS)
statements [5, 6]. EIA is usually studied with various
ergometers such as the treadmill and cycloergometer or free

running. These tests are complex, expensive and require a
large space. For this reason, a simple, standardised and
reproducible challenge test is needed to assess the diagnosis of
asthma and EIA. The step test, a reproducible test in healthy
children and cystic fibrosis patients [7, 8], is used with various
protocols, to evaluate physical efficiency in healthy subjects
and sportsmen [9–12]. It is legally compulsory in Italy for all
persons wishing to engage in competitive sports [13]. The
3-min step test is also used to assess exercise capacity in
children with cystic fibrosis [8, 14, 15], to evaluate the effect of
a course of intravenous antibiotics on exercise tolerance [16],
to study candidates for lung transplantation [17], and to
determine the risk of oxygen desaturation during exercise [18].

Few published studies have used the 3-min step test to
assess EIA in asthmatic children [19–21]. In a study conducted
in a small number of adolescent asthmatic patients, YOUNG

and HOLST [19] used a fall of 10% in the FEV1, whereas
15% is currently considered a better diagnostic value for EIA
[5, 6]. In addition, FEINSTEIN et al. [20] studied only a selected
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population (adolescent African-American male football players);
and conducted an epidemiological study without comparing
the step test with treadmill exercise [21]. No published study
has yet addressed the influence of baseline lung function and
habitual physical activity on the presence or severity of EIA nor
has EIA been evaluated with area above the curve between 0
and 30 minutes (AAC0–30 min) after the 3-min step test.

The primary aim in this study was to confirm whether the
3-min step test effectively detected EIA, and to compare it
with treadmill exercise in a group of asthmatic children, in
view of future applications in outpatients and epidemiological
studies. The study also investigated whether baseline lung
function and habitual physical activity influence responses to
the two exercise challenges.

Methods

Patients

One hundred and sixty-nine consecutive children attending
the outpatients clinic at the Department of Paediatrics,
University of Rome "La Sapienza", Italy, for respiratory
disease during the 2 yrs from April 2000 to June 2002 were
enrolled. Because all patients discontinued asthma medica-
tions before testing, to perform the challenge tests under safe
conditions and in accordance with the ERS and ATS
statements [5, 6] only subjects with a normal FEV1 (o80%
of predicted) were studied. Of the 169 children enrolled, 154
subjects (84 male children, mean age 12.9 yrs, range:
10.1–14.8 yrs; 70 female children, mean age 13.1 yrs, range
10.5–14.6 yrs) entered the study and 15 were excluded: 11 who
failed to complete both tests and four who had FEV1 values
v80% pred.

All participants had a clinical diagnosis of asthma con-
firmed by a o12% improvement in FEV1 after administration
of inhaled salbutamol, according to the ATS guidelines 1994
[22]. The study was approved by the Hospital Research Ethics
Committee and parents gave informed consent.

Each subject was evaluated in the Respiratory Pathophy-
siology Laboratory of the same Department. Children were
tested between 9:00 to 12:00 h in a climate-controlled room
(temperature around 21uC, humidity around 45%). None of
the children had experienced acute episodes of asthma or
respiratory tract infections, or both, in the previous 15 days
and none had received oral or inhaled b2-agonists, chromones
or antihistaminics in the previous 48 h. Oral and inhaled
corticosteroids were withdrawn 24 h before testing because
their anti-inflammatory effect may decrease bronchial respon-
siveness [5, 6].

Study design

During the first visit the study procedures were explained
and a questionnaire was administered by a physician to each
child and their parents. The questionnaire sought information
on how children spent their time during the past week, to
evaluate their hours of habitual physical activity [23, 24].
Four subgroups were defined by hours of physical activity
(frequency and duration of their participation in organised
sports or free but energetic play, or both): 0–2 h; 3–5 h; 6–9 h;
and 10–14 h.

Lung function tests

Lung function was tested with an ultrasound flow-meter
spirometer (Vmax 229; Sensor Medics Italia, Milan, Italy);

the mass flow sensor was calibrated every day using a
standard 3-L syringe taking into consideration room humid-
ity, temperature and barometric pressure. Baseline (pre-
exercise) variables considered were the largest forced vital
capacity and FEV1 obtained from at least three spirometric
tests.

Exercise challenge

Within a week after enrolment each subject did two exercise
challenges in random order: a treadmill test (Runner, MTC
Climb, Modena, Italy) and a step test. To avoid a possible
refractory period after the first exercise challenge the two tests
took place on different weekdays at least 24 h apart. Because
the ATS [6] statement suggests that at least 4 h should elapse
between repeat testing, instead of taking place in the
afternoon, testing took place on the following morning. To
avoid altered bronchial responsiveness, subjects who inhaled
salbutamol after exercise owing to the onset of asthma were
tested at least 24 h after the event. The incline and speed of
the treadmill were administered according to a standardised
protocol for 6–8 min, to induce a heart rate v80% of the
maximum predicted (y210-age) during the last 4 min of the
test [6]. Some children (14 of 154 children; 6 male), who were
overweight and unfit, ran 6 min but maintained their target
heart rate for only 1 min. For the 3-min step test, children
stepped up and down a 30-cm custom-made single step set at
a rate of 30 steps per min for 3 min, in time with an electronic
metronome. For both tests nose clips were applied to ensure
mouth breathing. The same observer evaluated the two tests
in the same subject.

During both exercises a 3-lead electrocardiogram was
recorded (Delta 3 plus; Cardioline Remco Italia, Milan,
Italy) to determine heart rate and to detect eventual
arrhythmias. Arterial oxygen saturation (Sa,O2) was mon-
itored with a pulse oximeter (Nellcor1; Hayward, CA, USA)
through a probe attached to the index finger. After both tests,
FEV1 was measured at least twice, at 1, 5, 10, 15, 20, and
30 mins after exercise and the lowest FEV1 recorded over this
period was used to calculate the maximal percentage fall from
baseline by the following equation:

% fall in FEV1~(pre-exercise FEV1{

lowest FEV1 post-exercise)=pre-exercise FEV1|100
ð1Þ

Subjects who reached a % fall in FEV1 o15% were con-
sidered positive for EIA [5, 6]. The area above the curve
(AAC0–30 min) was defined as the area above the FEV1,
expressed as a percentage of the pre-exercise value, obtained
up to 30 min post-exercise, calculated using linear trapezoidal
integration [25, 26]. If FEV1 exceeded baseline values, the
area was subtracted from the AAC0–30 min measurement with
a percentage change in FEV1. The AAC0–30 min therefore
provided a single number integrating the amount and
duration of bronchoconstriction. At the end of the exercise
challenge children who had FEV1 values 10% lower than
baseline, received 200 mg of inhaled salbutamol before they
left the laboratory.

To assess reproducibility of the 3-min step test, 43
randomly selected children (25 male and 18 female) who
had normal FEV1 (w80% pred) repeated a second step test on
the following day.

Statistical analysis

All values are reported as mean¡SD. Kendall9s tau-b and
the K statistic to measure agreement were used to determine
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the possible correlation between the two challenge tests in
EIA groups. Paired t-tests were used to evaluate the statistical
significance between the mean values for the two tests. An
analysis of variance (ANOVA) was used to evaluate statistical
difference between the mean values for each group. Correla-
tions among variables were assessed with Pearson9s r or the
Spearman9s rank test as appropriate. Bland-Altman9s plot
[27] was also used to compare changes in the outcome mea-
sures for the two tests. The difference between the percentage
change in % fall in FEV1 obtained by the two tests was
plotted against their mean values. The mean difference
between tests, and the limits of agreement (defined as 2 SD

from the mean of the two tests) were also calculated. p-Values
v0.05 were considered to indicate statistical significance.

Results

All adverse experiences during and after exercise challenges
were transient and self-limited (cough, chest tightness,
wheezing) and there were no clinically significant findings
on physical examination or electrocardiogram. Of the 154
children enrolled, 18 inhaled 200 mg of salbutamol 30 min
after the end of the exercise challenge because their FEV1

values were 10% lower than baseline. In 12 of the 18 subjects
cough or wheeze or both developed during or immediately
after exercise but all these subjects became asymptomatic
before leaving the laboratory. None of the subjects with a
normal FEV1 after exercise had tight chest or wheezing after
exercise.

Before and during the two tests, all subjects had normal
Sa,O2 values (range 96–100%). The mean heart rate values
reached at the end of exercise challenges were higher after
treadmill testing than after the step test (194.8¡7.0 versus
190.9¡4.6 beats per minute (bpm); pv0.0001 by paired t-test).

All 154 patients had FEV1 pre-exercise values o80% pred.
Mean baseline pre-exercise FEV1 values were similar before
both challenge tests (step test: 97.8¡7.5; treadmill 97.6¡5.2%,
p=NS).

In 85 of the 154 children studied (55.2%) both tests induced
EIA and in 55 children (35.7%) both tests were negative. Of
the remaining 14 children, 12 subjects had EIA after treadmill
testing but not after the 3-min step test and only two subjects
had EIA after the step test but not after treadmill exercise.
Kendall tau-b correlation showed a significant relationship
between the two tests (tau-b coefficient, 0.82; pv0.001; table 1).

Data for the 43 children who had completed the second
step test showed that the 3-min step test yielded reproducible
data. On the two occasions no significant difference in maxi-
mal heart rate (1u step test versus 2u step test: 191.0¡4.6;
192.0¡5.0 bpm, p=NS by paired t-test) and % FEV1 fall (1u
step test versus 2u step test: 12.8¡5.9; 12.1¡5.9%, p=NS by

paired t-test) was observed and Kendall tau-b correlation
showed a significant relationship between the two tests (tau-b
coefficient, 0.90; pv0.0001). There was no significant differ-
ence in the number of subjects who had EIA in both tests: 25
of 43 (58.1%) children in the first test and 24 of 43 (55.8%) in
the second. The Bland-Altman plot comparing changes in the
outcome measures for the two step tests showed that the mean
difference in % fall in FEV1 were low between the two tests
(0.7¡2.6%), with small limits agreement (-4.5% and z5.9%).

The 3-min step test yielded high diagnostic power in com-
parison with the treadmill test (sensitivity: 87.6%; 95%
confidence intervals (CI): 83.0–92.7 and specificity: 96.5%;
95% CI: 93.7–99.2) and good positive and negative predictive
values (97.7%; 95% CI: 93.0–99.5 and 82.1%; 95% CI:
74.0–87.0).

No significant difference was found in baseline lung func-
tion, age, height or habitual physical activity between the 12
subjects (3 male children) with EIA induced only by the
treadmill and the others. But their mean maximum heart rate
values reached at the end of the step test were significantly
lower than those of the other subjects (186.5¡5.4 versus
190.9¡4.6 bpm, pv0.002 by unpaired t-test).

The % fall in FEV1 was greater after treadmill exercise than
after the step test (15.0¡7.5 versus 11.7¡5.9%; pv0.001 by
paired t-test); and a significant relationship was found
between the two tests (Pearson9s r=0.81; pv0.001).

After exercise testing, with the exception of the % FEV1 of
baseline (pre-exercise) values determined in the first minute,
all values for this variable assessed at the other time points (5,
10, 15, 20, and 30 min after testing) were significantly higher
after treadmill exercise than after the 3-min step test. In both
tests, the % fall in FEV1 reached maximum at 5 min (fig. 1).

Treadmill testing yielded a significantly larger AAC0–30 min

than the step test (-261.6¡139.9% versus -197.3¡105.0% min;
pv0.001 by paired t-test) (fig. 2).

For each group defined in percentiles of habitual physical
activity the mean % fall in FEV1 was significantly higher after
treadmill testing than after the step test. Subjects with fewer
hours of physical activity (0–2) had a higher % fall in FEV1

after the treadmill test than after the step test. No significant
difference was found in the % fall in FEV1 mean values within
the four physical activity groups for the step test (pv0.2) or
treadmill test (pv0.09) (table 2). Nor did the baseline FEV1

(% pred) value correlate significantly with degree of % fall in
post-exercise FEV1 in either test (treadmill r=-0.03, p=NS;
step-test: r=0.14, p=NS).

Table 1. – The presence of exercise-induced asthma (EIA)
after treadmill exercise and the 3-min step test in the 154
asthmatic children

Treadmill

EIAz EIA- All subjects

Step test
EIAz 85 2 87 (56.5%)
EIA- 12 55 67 (43.5%)
All subjects 97 (63%) 57 (37%) 154

Data are presented as number and percentage of subjects with exercise-
induced asthma (EIAz: % fall in forced expiratory volume in one
second (FEV1) o15; EIA-: % fall in FEV1 v15).
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Fig. 1. – Forced expiratory volume in one second (FEV1) (% pred)
after the treadmill test (%) and the 3-min step test (&). NS:
nonsignificant; *: pv0.05; ***: pv0.001.
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The Bland-Altman plot comparing changes in the outcome
measures for the two tests showed that the % fall in FEV1

differed markedly between the two tests (3.3¡4.3%), with
large limits of agreement (-5.5% andz12.1%) (fig. 3). In both
tests, FEV1 decreased by a mean 13.3¡6.4%. In the group of
subjects with a mean % fall in FEV1 of w10%, more subjects
had a greater fall in FEV1 with the treadmill exercise test than
with the 3-min step test (83/97, 85.6% versus 14/97, 14.4%).

Discussion

Although the 3-minute step test was quick and simple to
perform in the asthmatic children that were studied, it was
less effective than the treadmill test in detecting EIA (97/154
children versus 87/154), as confirmed by the significantly lower
AAC0–30 min (fig. 2) in the step test than in the treadmill test
and the Bland-Altman plot (fig. 3). A possible reason why the
two tests differed is that because the step test has a short
duration, children reached and maintained a higher maximal
heart rate after treadmill exercise than after the step test
(pv0.0001). Presumably for this reason, the 12 children in
whom EIA developed after the treadmill test but not after the
step test had a lower maximal heart rate after the step test
than the whole study sample. In accordance with the
literature, the current authors confirmed that EIA is effort
dependent, hence reproducible results depend also on a
standardised exercise load [28]. In the step test the intensity
and duration of exercise is therefore predetermined (3 min),
whereas the treadmill test lasts at least 6 min and therefore
allows subjects to reach higher minute ventilation, one of the
major causes of EIA.

The 3-min step test nevertheless yielded high diagnostic
power and good positive and negative predictive values in
comparison with the treadmill test in detecting EIA in
asthmatic children. A possible way of improving even further
the diagnostic sensitivity of the 3-min step test is to increase
its duration (5–6 min), to maintain the target heart rate (80%
pred) for longer. But this solution to the problem would mean
foregoing one of the test9s great advantages, its shortness. The
target heart rate could also be increased and maintained by
leaving the duration of the test unchanged and instead, raising
the rate of stepping. Yet this solution has the disadvantage
of making the step test more difficult to perform. As an
alternative the current authors suggest increasing the height
of the platform in relation to the children9s height. This
adjustment (40–50 cm) has already been recommended by the
Italian law concerning step tests for adults wishing to begin
competitive sports [13].

In the current study sample the 3-min step test also
produced reproducible results, as others have reported [8].
Moreover, even if it decreases test sensitivity, performing
exercise testing in a climate-controlled room, as in the current
study, reduces variability related to temperature and humidity
since cold air and dry ambient air (with low relative humidity,
f50%) increase airways hyperresponsiveness.

Although the findings of the current study suggest that the
3-min step test is less sensitive than treadmill testing in
provoking EIA in asthmatic children (87/154 versus 97/154;
table 1), when treadmill testing is unfeasible because of
expense and complexity it may be used as an alternative to
the exercise test. The free running test is also widely used as an
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Fig. 2. – The area above the forced expiratory volume in one second
(FEV1)–time curve from 0 to 30 min (AAC0–30 min) after exercise in
the two tests. Treadmill (&): -261.6¡139.9% min; step test (&):
-197.3¡105.0% min (pv0.001 by paired t-test). #: end of exercise.

Table 2. – Study population grouped according to their habitual physical activity

Habitual physical activity h No. of subjects Treadmill % fall in FEV1 Step test % fall in FEV1 p-value

0–2 40 17.5¡8.4 11.3¡6.1 v0.001
3–5 34 13.4¡7.5 10.2¡6.0 v0.001
6–9 43 14.5¡7.1 12.0¡6.0 v0.001
10–14 37 14.3¡6.8 13.0¡5.1 v0.004

v0.09} v0.2}

Data are presented as mean¡SD; p-values by paired t-test between two tests (treadmill or step test); }: an analysis of variance (ANOVA) was used to
compare habitual physical activity in hours in the four groups for the same test (treadmill or step test).
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Fig. 3. – Bland-Altman plot of the percentage difference in the % fall
in forced expiratory volume in one second (FEV1) between the two
tests (treadmill minus step test) compared with their mean values.
The mean difference of % fall in FEV1 is represented as an unbroken
line. The limits of agreement (dashed lines) are defined as 2 SD from
the mean difference of % fall in FEV1. Each point in the figure may
represent one or more overlapping cases.

572 G. TANCREDI ET AL.



exercise test instead of the treadmill test in epidemiological
studies. But it requires more space unless it takes place in an
indoor gymnasium, is sometimes unavailable in outpatient or
public settings and is not reproducible in the community
setting [29]. Hence KUKAFKA et al. [30] assert that more data
are needed on the effectiveness of free running as a "field test"
in epidemiological studies in patients with asthma. Conver-
sely, HABY et al. [31] consider a 6 min run on a 50- or 100-m
track on the flat to have good validity and reliability when
performed under appropriate conditions (using noseclips to
ensure mouth-breathing and monitoring heart rate to main-
tain a heart rate of 180¡10 bpm for the final 4 min of
exercise). Hence they conclude that a 6-min free running
challenge test could be used as a standardised tool in
epidemiological studies.

Support for the 3-min step test as an alternative to the
treadmill test comes from a study by FEINSTEIN et al. [20] who
showed that the step test is more sensitive than physical
examination, pre-exercise pulmonary function testing and
self-administered questionnaire in identifying EIA in adole-
scent athletes and in elementary schoolchildren. In their study
of 32 adolescent asthmatic patients, YOUNG et al. [19]
reported a fall of w10% in FEV1 in 27 subjects after the
treadmill test and in 25 after the step test. They also observed
a strong correlation between the maximum % fall in FEV1

after the two exercise challenges (r=0.92; pv0.0001). In 11
patients, the patient9s history of EIA agreed poorly with the
asthmatic symptoms manifested after exercise testing.

Since 1982, the step test together with lung function testing
and electrocardiogram before and during exertion has been
compulsory in Italy for all persons wishing to engage in
competitive sports [13]. The results of the current study now
suggest that spirometric testing at 5 and 10 min after the
3-min step test, to identify a functionally important decrease
in FEV1, would help in detecting unrecognised EIA. Accord-
ingly, in the current authors9 experience in an academic
paediatric department, among 200 healthy children referred
for exercise testing before engaging in sports activities, w5%
have EIA. International guidelines of asthma recommend that
children with documented EIA should receive an adjunctive
dose of inhaled b2-agonists or chromones before starting
physical activity [32]. Asthma has a high prevalence in
European countries, about 10–12% of the childhood popula-
tion. The prevalence of EIA is also much higher in subjects
who take part in sport at elevated workloads in cold environ-
ments: ice hockey players (21%) [33], cross country skiers
(31%) [34], and figure skaters (55%) [35].

The present study also investigated whether baseline lung
function influences responses to step test and treadmill
exercise. In neither test did baseline FEV1 values, expressed
as % pred, correlate either with the presence or the severity of
EIA (% fall in FEV1). All the children studied had baseline
FEV1 values between 80–111% pred. In contrast, studying
children with mild-to-moderate asthma LINNA [36] observed a
negative correlation between baseline flow values and the
response to exercise. In another study CABRAL et al. [37]
found that although the prevalence of EIA is greater in
children with more severe asthma, the response to exercise can
be absent even in children with severe persistent asthma. The
intensity of the exercise-induced response is not consistently
related to the clinical severity of asthma. CABRAL et al. [37]
therefore concluded that the pre-exercise FEV1 predicts
neither the severity of response nor the presence of EIA.

Another distinctive and partly unexpected finding from the
current study is that the level of habitual physical activity was
not related to the presence of EIA in either exercise test.
Although in each of the four groups the % fall in FEV1 was
statistically higher for the treadmill test than for the step test,
the mean % fall in FEV1 did not differ statistically in subjects

with higher or lower levels of habitual physical activity. All
subjects, especially those who were less physically active
(0–2 h) nevertheless had a higher % fall in FEV1 after
treadmill testing than after the 3-min step test (17.5%¡8.4
versus 11.3¡6.1, pv0.001 by paired t-test). Published reports
suggest that the level of cardiorespiratory fitness has no
influence on EIA [38]. In particular, normal cardiovascular
fitness does not prevent EIA. Although physical training
increases the aerobic capacity similarly in asthmatic patients
and in healthy subjects, it has no detectable influence on the
degree of EIA [39]. Conversely, a prolonged warm-up period
of submaximal exercise can induce refractoriness of EIA
without inducing bronchoconstriction [40, 41].

One of the prerequisites of an exercise challenge test is
safety. None of the asthmatic patients had severe adverse
events (persistent cough, wheezing or dyspnoea) after tread-
mill testing or the 3-min step test. The step test proved a safe
and valid technique for evaluating the risk of oxygen
desaturation in patients with chronic lung disease and a low
lung diffusing capacity for carbon monoxide. In a series of
8,000 patients no complications (symptoms of cardiovascular
collapse) developed, even though half the patients were
elderly and therefore had a relatively high prevalence of
cardiovascular disease. Other studies reported no major
problems with step tests [18].

In conclusion, even if the step test causes a lower % fall in
forced expiratory volume in one second than the treadmill test
in asthmatic children, it is a quick, economical, reproducible,
safe and portable alternative procedure that can be useful for
identifying exercise-induced asthma or bronchial asthma in
outpatients and epidemiological studies. Further studies are
needed to standardise the step-test variables measured (for
example the duration, the height of a single step and the rate
of stepping).
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