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Abstract

Fitness improvement was used to compare morning with afternoon
exercise periods for asthmatic children. Children with persistent mod-
erate asthma (according to GINA criteria), 8 to 11 years old, were
divided into 3 groups: morning training group (N = 23), afternoon
training group (N = 23), and non-training group (N = 23). The pro-
gram was based on twice a week 90-min sessions for 4 months. We
measured the 9-min running distance, resting heart rate and abdominal
muscle strength (sit-up number) before and after the training. All
children took budesonide, 400 µg/day, and an on demand inhaled ß-
agonist. The distance covered in 9 min increased (mean ± SEM) from
1344 ± 30 m by 248 ± 30 m for the morning group, from 1327 ± 30 m
by 162 ± 20 m for the afternoon group, and from 1310 ± 20 m by
2 ± 20 m for the control group (P < 0.05 for the comparison of
morning and afternoon groups with the control group by ANOVA and
P > 0.05 for morning with afternoon comparison). The reduction of
resting heart rate from 83 ± 1, 85 ± 2 and 86 ± 1 bpm was 5.1 ± 0.8 bpm
in the morning group, 4.4 ± 0.8 bpm in the afternoon group, and
-0.2 ± 0.7 bpm in the control group (P > 0.05 for morning with
afternoon comparison and P < 0.05 versus control). The number of sit-
ups in the morning, afternoon and control groups increased from 22.0
± 1.7, 24.3 ± 1.4 and 23 ± 1.1 sit-ups by 9.8 ± 0.9, 7.7 ± 1.4, and
1.9 ± 0.7 sit-ups, respectively (P > 0.05 for morning with afternoon
comparison and P < 0.05 versus control). No statistically significant
differences were detected between the morning and afternoon groups
in terms of physical training of asthmatic children.
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Introduction

Circadian rhythms or diurnal variations
in responses to exercise have been studied in
recent years (1-5). Results have depended
on a variety of factors in the experimental
design, such as kind and intensity of exer-

cise, and other parameters. It is clear, how-
ever, that there are some differences in re-
sponse to exercise that depend on the time of
day when the activity is performed (5). The
importance of exercise for health is well
known; however, there are no prescribed
guidelines about the relative effects of exer-
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cising at different times of day. These may
be important for both the safety and efficacy
of training programs.

More and more, physical exercise is com-
monly suggested and indicated for children
with chronic disease. Asthma patients fre-
quently have poor fitness that can lead to
social isolation, further increasing the nega-
tive self-concept (6-8). Although regular
physical exercise cannot cure asthma, sev-
eral studies have suggested that physical
exercise is an essential component of pul-
monary rehabilitation (9). For asthmatic chil-
dren, physical training increases exercise
tolerance, improves fitness, flexibility,
muscle strength, decreases use of medica-
tion, decreases school absenteeism, and im-
proves self-esteem and confidence (9,10).
Different exercise programs have been evalu-
ated mainly regarding duration, frequency
and modalities, for example, comparing ac-
tivities that induce a minimum of exercise-
induced bronchospasm (EIB) (10). At pres-
ent, it is not known whether time of day
influences the effects of a set training regi-
men for asthmatic sedentary children.

Nocturnal worsening of asthma is a recog-
nized and important aspect of the disorder and
must be considered in the management of the
disease process. For the diurnally active asth-
matic patient, a circadian pattern in lung func-
tion (for example, FEV1) occurs, the lung
function peak occurring at approximately
16:00 h and the nadir at approximately 4:00 h
(11,12). Based on the characteristics of asthma,
that oscillate according to a circadian rhythm,
we hypothesized that time of day may influ-
ence the effects of physical exercise training.
Therefore, we designed this study to compare
morning with afternoon exercise by asthmatic
children in an exercise training program.

Subjects and Methods

Subjects

Sixty-nine children with persistent mod-

erate asthma, 8-11 years of age, were en-
rolled in this prospective trial. The children
were randomly assigned to 3 groups of 23
subjects each: morning training group (morn-
ing), afternoon training group (afternoon),
and non-training group (control). Although
the children were physically active, none
was following a regular exercise training
program. The children were in a stable phase
of the disease, with no exacerbation during
the 15 days before the beginning of the tests.

The inclusion criteria were physician-
diagnosed asthma classified according to
the Global Initiative for Asthma (13) and
clinical stability in the 6 weeks preceding
the tests. Exclusion criteria were use of oral
steroids in the previous 8 weeks, physical
disability, and other pulmonary or systemic
disease.

All children included in the study were
taking budesonide, 400 µg/day, and an in-
haled ß-agonist (albuterol) as needed for at
least 1 month before evaluation for the study.
None were taking oral steroids, theophyl-
line, a long-acting ß-agonist, a leukotriene
modifier, or cromone. All medication was
offered and the prescription was not modi-
fied during the study period. Medical fol-
low-up was performed by the same staff
physician.

The study was approved by the Institu-
tional Ethics Committee of the University of
São Paulo Medical School at Ribeirão Preto.
Written informed consent was obtained from
the children and their parents. Patient trans-
portation (home to study site, round trip)
was provided by the investigators.

Protocol

A clinical history was obtained from all
subjects, followed by physical examination,
anthropometry and FEV1 measurement. On
a different day, patients performed an exer-
cise challenge test after measurement of rest-
ing heart rate. One day before the initial
sessions of exercise training, number of sit-
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ups in 60 s and 9-min running distance were
evaluated for the three groups. The subjects
of all three groups were evaluated before
and after a 4-month period of training.

The physical training program was based
on twice weekly 90-min sessions over a
period of 4 months (from November to Feb-
ruary). The morning group was assigned to
sessions starting at 9:00 h and the afternoon
group to sessions starting at 14:30 h. All
patients attended at least 80% of the exercise
sessions and their clinical course was stable
during this 4-month period.

The children and their parents were sub-
mitted to an educational program at the time
of diagnosis, i.e., before the training pro-
gram. Our approaches were: teaching asthma
self-management, basic facts about asthma,
role of medication, environmental control
measures, and skills (inhaler use and self-
monitoring).

Exercise training program

A physical educator and a physiothera-
pist were present during all training ses-
sions. The sessions were performed twice a
week for a total of 32 sessions. An inhaled ß-
agonist (albuterol) was administered 10 min
before training. The program was designed
to provide aerobic fitness, to improve the
compliance of the asthmatic subjects, and to
avoid triggering of EIB. Thus, during the
first 5 min, no running was allowed. During
circuit training, children worked hard for
short periods of time during each phase. The
results were noted and compared with previ-
ous results for the same child.

The tasks were walking for 5 min and
running for 10-15 min (progressively in-
creased during the program). Patients per-
formed upper and lower limb exercises (skip-
ping rope, body lifting movements, stepping
on a bench), abdominal muscular strength-
ening (sit-ups), training on a bar, individual
and team games, and postural exercise. Flex-
ibility and stretching exercises (warm-up

and cool-down) were taught and performed
during the sessions (total time on dry land,
45 min).

The supervised exercise in the outdoor
swimming pool (water temperature of 29ºC)
consisted of adaptation to water based on
recreational games and natural movements
in the water. The next step was control of
respiration, initiated by immersing the face
in water. Children were encouraged to im-
merse their faces in water slowly, briefly and
progressively longer. Then, they proceeded
to respiratory exercises: frontal, lateral and
bilateral respiration. To perform flotation
exercises, all children were encouraged to
float by lying face up and face down in the
water with the aid of boards and other acces-
sories. Propulsion and diving were also
taught. Learning of swimming styles was
initiated with crawl and backstroke (total
time in the swimming pool, 45 min).

Baseline and post-training evaluations

Anthropometric and spirometric evalua-
tion. Children were measured for body height
in the standing position and for weight wear-
ing light clothes and no shoes. Spirometric
tests were done with a Koko spirometer and
software (PDS Instrumentation, Inc., Louis-
ville, CO, USA). Patients were asked to
refrain from the short-acting bronchodilator
for at least 12 h before testing. Technical
procedures, acceptability and reproducibil-
ity criteria were those recommended by the
American Thoracic Society (14).

Resting heart rate. To ensure that heart
rate would not be altered by medication,
subjects withheld all medication for 12 h
before assessment. Moreover, the interval
between the last dose of the bronchodilator
and heart rate assessment was the same be-
fore the baseline and post-training assess-
ments. The children rested for 10 min and
the palpation method at the wrist (radial
artery) was used to count for 1 min or more
(15,16).
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Evaluation of exercise-induced broncho-
spasm. Although EIB was not a study out-
come, tests were done to characterize our
sample on a separate day from the assess-
ment of number of sit-ups in 60 s and 9-min
running distance. Exercise challenge tests
were performed on a treadmill using a 6-min
challenge protocol as described previously
(12,17). Briefly, after 1 min of light exercise
on the inclined (10º) treadmill, the speed
was quickly increased to achieve a heart rate
corresponding to 80% of the maximum pre-
dicted heart rate (220 - age); this speed was
then maintained for 6 min. Standard spirom-
etry measurements were performed before,
immediately after, and 5, 10, 15, 20, 30, and
45 min after exercise.

Abdominal muscle strength. Abdominal
strength was measured by the number of sit-
ups completed in 60 s. The children lay down
on a gym mat with knees flexed and feet 12
inches from the buttocks. The feet were not
held or anchored. Arms were extended for-
ward with the fingers resting on the legs and
pointing toward the knees. Another child
served as the counter by kneeling near the
feet of the participant and placing his hands
at the base of the patella of each leg. The
children being tested curled up slowly slid-
ing their fingers up the legs until they touched
the fingers of the person counting the repeti-
tions. After making contact, the person be-
ing tested slowly moved back down until his
shoulder blades come in contact with the
mat. After a 1-min time limit, the total num-
ber of complete repetitions was recorded.
The movement was continuous, with no rest
allowed. The children were instructed to do
the curl-ups slowly, with their knees bent
and their feet not held (18).

Nine-minute running distance. Cardio-
vascular fitness was measured by the dis-
tance covered in a 9-min run. The bron-
chodilator was administered 20 min before
the exercise to reduce the possibility that
EIB would limit performance in the test. All
testing sessions took place at the same time

of day under the same conditions and were
administered by two examiners. Heart rate
was assessed during the test with a Polar HR
monitor (Polar Beat, Polar Electro Inc.,
Kempele, Finland). The effort was not con-
sidered valid unless the patient had a heart
rate of at least 75% of the maximum pre-
dicted heart rate (220 - age) at the end of the
running period (19).

Statistical analysis

Data are reported as means ± SEM. The
normality of data distribution was deter-
mined by the Kolmogorov-Smirnov test. The
intra-group (initial to final) and between-
group comparisons were made by ANOVA
followed by the Tukey-Kramer multiple com-
parisons test. The primary outcome was con-
sidered to be fitness, i.e., the increase in
running distance and decrease in heart rate.
Power calculation: a sample size of 23 had
90% power to detect a difference of 150 m in
increases in the 9-min run distance. The
statistical computer software GraphPad Instat
(version 3.05) and JMP (version 3.1) were
used for analysis. Values of P < 0.05 were
considered to be significant.

Results

In the initial evaluation, the three groups
did not differ with respect to age, height,
weight, FEV1, or EIB. The characteristics of
the groups are shown in Table 1. From the
initial to the final measurements, changes in
FEV1 were not significant. Values of FEV1

(mean ± SEM) before and after the exercise
program were 1.68 ± 0.07 and 1.76 ± 0.07 L,
respectively, for the control group. Values
were 1.73 ± 0.06 and 1.81 ± 0.05 L for the
morning group and 1.74 ± 0.08 and 1.80 ±
0.07 L for the afternoon group. FEV1 re-
ported as percent of the predicted value also
showed no significant difference (P > 0.05
for the following comparisons): for the con-
trol group, FEV1 was 87 ± 3 (initial) and
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85 ± 3% (final); for the morning group,
85 ± 3 (initial) and 86 ± 2% (final), and, for
the afternoon group, 87 ± 3 (initial) and
88 ± 3% (final).

Nine-minute running distance

Results of the distance covered in the 9-
min run showed a significant increase in the
morning group (1344 ± 30 to 1592 ± 40 m, P
< 0.001) and in the afternoon group (1327 ±
30 to 1489 ± 30 m, P < 0.05). The distance
did not change in the control group (1310 ±
20 to 1313 ± 30 m, P > 0.05; Figure 1).

Table 2 displays the changes in 9-min
running distance for all groups. These
changes were different between the training
groups and the control group. The control
group did not improve significantly. The 9-
min running distance increase did not differ
between the morning and the afternoon
groups.

Resting heart rate

The value of resting heart rate was 83 ± 1
(initial) and 78 ± 2 bpm (final) in the morn-
ing group, and 85 ± 2 (initial) and 80 ± 1 bpm
(final) in the afternoon group (significantly
different for both groups). In the control group,
resting heart rate was 86 ± 1 before and 86 ±
1 bpm after the study period (P > 0.05).

The values of the differences (final mi-
nus initial) are shown in Table 2. The heart
rate reduction was similar for the training
groups and significantly greater compared
to control.

Abdominal muscle strength

The number of sit-ups increased for the
morning group (22.0 ± 1.7 to 32.0 ± 1.8 sit-
ups, P < 0.001) and for the afternoon group
(24.3 ± 1.4 to 32.1 ± 1.4 sit-ups, P < 0.01).
Sit-up number did not significantly change
for the control group (23 ± 1.1 to 25 ± 1.2 sit-
ups, P > 0.05).

Table 1. Anthropometric and pulmonary function data of the asthmatic patients studied.

Control group Morning group Afternoon group

Age (years) 9.5 ± 0.2 9.5 ± 0.2 9.2 ± 0.2
Male/female 11/12 12/11 12/11
Weight (kg) 32.1 ± 1.8 36.6 ± 2.0 32.4 ± 1.7
Height (cm) 134 ± 1 138 ± 1 136 ± 1
FEV1 (L) 1.68 ± 0.07 1.73 ± 0.06 1.74 ± 0.08
FEV1 (%) 87 ± 3 85 ± 3 87 ± 3
EIB (L) 0.30 ± 0.04 0.37 ± 0.06 0.36 ± 0.04
EIB (%) 21.3 ± 19.0 21.8 ± 17.3 22.6 ± 16.3

Data are reported as means ± SEM for 23 subjects in each group. EIB (L) = exercise-
induced bronchospasm (maximum fall in FEV1); EIB (%) = exercise-induced broncho-
spasm reported as percent fall.

Figure 1. Effect of morning and afternoon exercise on the 9-min run distance covered by
asthmatic children. Initial and final indicate the distances run, respectively, before and
after a 4-month training program or before and after the same follow-up period for the
control group (N = 23). A training program of twice a week 90-min sessions was per-
formed at 9:00 h in the morning group (N = 23) and at 14:30 h in the afternoon group
(N = 23). *P < 0.05 compared with initial values and to control. P > 0.05 for morning with
afternoon final value comparisons (ANOVA).

Table 2. Effect of morning and afternoon exercise by asthmatic children on the results
of the exercise program.

Control group Morning group Afternoon group

Nine-min run (m) 2 ± 20 248 ± 30* 162 ± 20*
Resting heart rate (bpm) 0.2 ± 0.7 -5.1 ± 0.8* -4.4 ± 0.8*
Abdominal strength (sit-ups) 1.9 ± 0.7 9.8 ± 0.9* 7.7 ± 1.4*

Data are reported as means ± SEM for 23 subjects in each group, and indicate final
minus initial values. The initial values for distance covered in 9 min were 1344 ± 30,
1327 ± 30 and 1310 ± 20 m, respectively, for the morning group, afternoon group, and
control group (P > 0.05 for the comparison of all groups by ANOVA). The values of
resting heart rate were 83 ± 1, 85 ± 2 and 86 ± 1 bpm, respectively, for the morning
group, afternoon group, and control group (P > 0.05). The initial values of number of
sit-ups in the morning, afternoon and control groups were 22.0 ± 1.7, 24.3 ± 1.4 and 23
± 1.1 sit-ups, respectively (P > 0.05). *P < 0.05 compared to control and P > 0.05 for
morning with afternoon comparisons (ANOVA).
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The change in sit-up number for each
group is shown in Table 2. The increase did
not differ between the morning and after-
noon groups, with both groups differing from
control.

Discussion

In this study, we compared morning with
afternoon physical training for asthmatic
children regarding benefits for exercise pa-
rameters. The training program was supple-
mentary to regular asthma treatment with
medication and education. We detected im-
provements in running distance, resting heart
rate and number of sit-ups in comparison
with non-trained children (control group).
The improvement of the morning group
(training at 9:00 h) was similar to that of the
afternoon group (training at 14:30 h). FEV1

values before and after the exercise regimen
did not change significantly.

The present data suggest improvement in
both fitness and muscle strength. The dis-
tance run in 9 min measures the fitness im-
provement (18-20). Time-based walk/run
tests of 9 and 12 min yield reliable measure-
ments and have been shown to correlate
closely with the maximal oxygen consump-
tion measured on a treadmill (19,20). Sit-ups
are used to measure strength. Adequate
strength allows individuals to perform simple
tasks effectively and also improves health.
Nine-minute running distance and sit-ups
are components of the American Alliance of
Health, Physical Education, Recreation and
Dance Health Related Fitness Test (20).

Another measurement used in the pres-
ent study to evaluate cardiovascular fitness
was resting heart rate. Heart rate has been
the variable most commonly analyzed in
exercise physiology. Due to its marked sen-
sitivity to any increase or decrease in condi-
tioning, heart rate has become a valuable
gauge for the determination of fitness and of
compliance with exercise programs. This
measurement is of low cost, is well accepted

by volunteers and is accurate. Heart rate is
an indirect estimate of physical activity,
which permits assumptions based on the
linear relationship between heart rate and
oxygen uptake (15,16).

The present study was not designed to
assess modifications in pulmonary function
or clinical parameters of asthma. Previous
studies have failed to demonstrate improve-
ment in these variables as the result of exer-
cise training (21,22). Nickerson et al. (22)
studied the effect of a 6-week training pro-
gram in 15 children with severe asthma.
There was a significant increase in the dis-
tance run after the training period, with no
difference in the morning peak flow, resting
FEV1 or degree of EIB. However, there is
some controversy regarding this subject
(23,24). Neder et al. (24) allocated children
to physical training or to a control group and
found that training led to significant reduc-
tions in the use of both inhaled and oral
steroids. A systematic review was under-
taken to gain a better understanding of the
effects of physical training on the health of
subjects with asthma. The authors concluded
that physical training improves cardiopul-
monary fitness without changing lung func-
tion, although it is not clear if the improve-
ment in fitness translates into a reduction in
symptoms or an improvement in the quality
of life (9). Thus, there is conflicting evi-
dence on the effects of physical training on
lung function, but there is enough evidence
to suggest that exercise parameters are more
likely to improve after training programs
than asthma status, a fact that led us to
choose fitness as the primary outcome in our
study.

The best time of day to carry out training
programs for healthy people has been of
interest to some investigators. Torii et al. (5),
in a prospective trial comparing morning,
afternoon and evening times for exercise
over a 4-week period, suggested that aerobic
training is most effective in the afternoon.
This improvement was detected on the basis
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of heart rate, blood lactate response and
maximal oxygen consumption in 4 healthy
sedentary men, who constituted the after-
noon group. Other studies addressed the ef-
fect of time of day on performance by com-
paring performance at different time points
independently of the previous training time.
Circadian rhythms may affect athletic per-
formances by variations in thermoregula-
tory, cardiocirculatory, ventilatory, respira-
tory, and metabolic responses both at rest
and during aerobic exercise (4,25-28). In the
present study, we did not address the best
time of day to achieve the highest perfor-
mance. To be conclusive, more studies on
the ideal time to exercise for asthma patients
are necessary, including studies on diurnal

variation in maximal exercise performance.
Training programs are very different in

exercise pattern, frequency, duration, and
intensity. The benefits of exercise training in
children with asthma have been evaluated
and discussed by several investigators (6-
10). Exercise training is the main component
of pulmonary rehabilitation programs (9). It
has been shown to improve aerobic condi-
tioning (15) and abdominal (18) and respira-
tory muscle strength (28), results that are
similar to ours. As a peculiarity of our pro-
gram, we employed two sessions per week,
mixed exercises on dry land and water, in-
cluding recreational activities to improve
patient compliance.
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