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Abstract

Background: Asthmatic patients may benefit from exercise training, although the
effects of a combined aerobic and resistance training program are still poorly in-
vestigated in children and adolescents.

Objective: To analyze the effects of a combined exercise training (resistance and
aerobic) program on aerobic fitness, lung function, asthma control and quality of life
in a group of mild-moderate asthmatic children with exercise symptoms.

Methods: This was a 12-week randomized controlled trial including children and
adolescents diagnosed with mild-moderate asthma and presenting exercise-induced
symptoms. The intervention group (IG) performed the exercise training (resistance
and aerobic) 3 days/week, for 60 minutes. The control group (CG) followed routine
clinical orientations. The main outcomes were cardiorespiratory fitness, muscle
strength, lung function, quality of life, asthma control, and functional tests after
3 months of the intervention.

Results: Fifty-three patients (IG =25 and CG =28) with a mean age of 11.5+2.6
years were included. No significant differences were found between groups re-
garding lung function, asthma control, quality of life, and functional tests. Ventilatory
equivalent for oxygen consumption at ventilatory threshold (P =.025; npz =0.083),
peak oxygen consumption (P =.008; npz =0.116) and test duration (P =.014; npz =0.1)
presented greater improvements in the IG. In addition, improvements were ob-
served in leg press (P<.001; npz =0.36), hamstring curl (P=.001; npz =0.217), high
row (P =.003; 77,,2 =.167), low row (P =.009; 77‘,2 =0.128) and quadriceps leg extension
(P=.015; npz =0.108) in the IG.

Conclusion: Combined exercise training (resistance and aerobic) improved cardior-
espiratory fitness and muscle strength in children and adolescents with controlled

asthma and exercise symptomes.
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1 | INTRODUCTION

Asthma is a chronic inflammatory disease characterized by respiratory
symptoms, variable airway obstruction, airway hyperresponsiveness,
and airway inflammation.>? Exercise-induced bronchoconstriction (EIB)
is present in 40% to 90% of children with asthma.® Asthmatics usually
report symptoms to exercise and lower exercise tolerance, which is
associated to several factors, including the degree of airway obstruction
at rest, decreased ventilatory capacity, the greater sensation of dys-
pnea, and EIB. However, there is contradictory evidence regarding
aerobic fitness levels of asthmatic children and adolescents, and it
remains unclear whether significant differences exist between asth-
matic children and their nonasthmatic counterparts.”

Research has also shown that inactivity, as a result of breath-
lessness, can lead to peripheral muscle deconditioning, which is an im-
portant factor limiting exercise capacity.” Furthermore, deconditioning
may result in further breathlessness® requiring increased ventilation for
exercise to be maintained. Thus, asthmatic patients may benefit from
exercise training and available data confirm the positive effects of ex-
ercise programs on improving exercise capacity in asthmatics.®

Exercise has been shown to attenuate systemic inflammation,”
which may potentially help in the control of asthma. In addition,
systematic reviews have found positive effects of regular exercise
training on quality of life and cardiovascular function,® although with
minimal effects on bronchial hyperreactivity.® However, its effects on
inflammatory parameters’ and lung function® are still poorly under-
stood and there are few studies measuring whether these improve-
ments have an impact on decreasing medication use or altering
peripheral muscle physiology.'® A study in patients with cystic fi-
brosis has suggested that combined training of both aerobic and
strength abilities may be better than either training type alone.**
Moreover, both cardiorespiratory and muscular fitness are shown to
be associated with cardiovascular disease risk factors in childhood
and adolescence.*>*® Thus, the optimal volume of training, as well as
the use of different modalities, are still major relevant research
questions for children with asthma.

The aim of the present study is to analyze the effects of a program
of combined exercise training (resistance and aerobic) on aerobic fit-
ness, lung function, asthma control, and quality of life in a group of mild-
moderate asthmatic children with exercise symptoms. The hypothesis
here is that the respiratory pattern of asthmatic children with exercise-
induced symptoms is altered to different workloads, so that proper
training, including peripheral muscles, may improve physical fitness and
reduce disease symptoms, increasing quality of life.

2 | METHODS
2.1 | Study design
This is a randomized controlled trial following the recommendations

of the Consolidated Standards of Reporting Trials statement of

2010."* It was carried out in a tertiary children's Hospital (Nifio
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Jesus, Madrid, Spain) following all principles described in the De-
claration of Helsinki. The study was approved by the Hospital Re-
search Ethics Committee (R-0031/14), as well as registered on
ClinicalTrials.gov (NCT02693301). All legal guardians and patients
over 12 years signed informed consent to participate in the study.
After baseline measurements, subjects were randomly allocated to
one of the two groups: control group (CG) or intervention group (IG). All
participants were evaluated in two moments, at baseline (PRE) and at the
end (POST) of the 12-week exercise program, by the same investigators.
The study was performed between January 2016 and October 2018.

2.2 | Participants

Patients diagnosed with mild-moderate asthma and presenting
exercise-induced symptoms were included. The following inclusion
criteria were used (a) children and adolescents aged 7 to 17 years
old; (b) asthma diagnosis with at least 6 months of evolution; (c)
exercise-associated symptoms (a score 0-1 in the question 2 of the
asthma control test [ACT] childhood questionnaire, validated in
Spanish,’® or 2-3 in the question 7 of the asthma control ques-
tionnaire for children-CAN'®). The exclusion criteria used were (a)
requirement of increase in the basal medication use, including an
increase in the inhaled corticosteroid dose, long-acting 8 2 agonist or
leukotriene receptor antagonists or oral corticosteroids or omalizu-
mab, as well as respiratory exacerbation that required systemic
corticosteroids in the last 3 months or the presence of mild crisis in
the last month; (b) locomotor system problems that interfere in the
evaluation/intervention protocol; (c) irregular use of the medication
prescribed by the physician; (d) another chronic respiratory or

cardiac disease that cause symptoms during exercise.

2.3 | Randomization

Participants were randomly assigned to either the control or the training

group by using individual codes and the Excel randomize function.

2.4 | Familiarization and reliability of outcome
assessment

Before the start of the study, all participants underwent a familiar-
ization period with all the tests for the outcome assessments.

2.5 | Exercise intervention

The exercise program was performed for 12 weeks, with a frequency of 3
days/week (36 sessions in total), from Monday to Friday. The type of
exercise used was combined (resistance and aerobic) and the duration of
each session was 60 minutes. The exercise plans were individualized and,

during all sessions, children wore a portable HR monitor to assess
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exercise intensity. The training started with a 10-min warm-up period
(cycle ergometer), followed by the 20- to 40-min aerobic cycle ergometer
training. The workload was set for each session so that it corresponded to
the HR eliciting the ventilatory threshold (VT;) measured at baseline
through cardiorespiratory exercise testing (CPET). Afterward, three cir-
cuits of the following 11 resistance exercises were performed: bench
press, shoulder press, leg extension, leg press, leg curl, abdominal crunch,
low back extension, arm curl, elbow extension, seated row, and lateral
pulldown. For each exercise, the participants performed one set of 12 to
15 repetitions (total of approx. 20-s duration) with no rest period be-
tween exercises. The load was gradually increased as the strength of each
child improved, that is, from 40% of five-repetition maximum (5RM)
lifting ability at the start of the program to 60% of 5RM at the end of
the program. All sessions were individually supervised by trained
professionals.

2.6 | Outcomes

The outcomes of this study were the changes in cardiorespiratory
fitness, muscle strength, lung function, quality of life, asthma control,
and functional tests after 3 months of the intervention.

2.7 | Assessments
2.7.1 | Anthropometric data and body composition

Weight and height were measured with a mechanical scale (Asimed,
Barys Plus C) and with a telescopic height gauge, respectively. The
body mass index was calculated. The waist-height ratio was used as a
variable of percentage of estimated intra-abdominal visceral fat and
was calculated by measuring the waist circumference and dividing by

the height in centimeters.'”

2.7.2 | Asthma control

The ACT was used to evaluate the asthma control level of the chil-

dren and adolescents.>*®

2.7.3 | Quality of life
The quality of life of the participants was evaluated using the Pediatric
Asthma Quality of Life Questionnaire (PAQLQ) validated in Spanish."?
2.7.4 | Lung function
Spirometry was performed with a Master Screen spirometer (Jaeger,

Germany) following the American Thoracic Society-European
Respiratory Society ATS/ERS guideline.°

2.7.5 | Exercise-induced bronchoconstriction

A bronchial challenge test was performed in a treadmill using an
incremental load, following the ATS/ERS recommendations for the
assessment of bronchial hyperresponsiveness. A positive EIB test
was considered when there was a decrease in the forced expiratory
volume in the first second (FEV;) more than 10% in any of the

postexercise measures.?’

2.7.6 | Cardiorespiratory exercise testing

To evaluate cardiorespiratory fitness, a treadmill incremental max-
imum test was used. Gas exchange data were measured breath-by-
breath using open-circuit spirometry along with electrocardiogram

recording.”>?*

2.7.7 | Muscle strength

After familiarization with the techniques of the movements involved
(low paddle, pull ahead, chest press, leg press, knee extension, and
knee flexion lying down), tests were performed for the direct calcu-
lation of 5RM.?* As the age of the population studied is wide, we
have decided to normalize data by calculating the relative strength,
that is, the weight achieved in each muscle group by the weight of the

subject (both variables in kg).

2.7.8 | Functional tests (agility walking and in stairs)

To measure children's functional mobility, we have used the Timed
Up and Go test of 3m and the Timed Up and Down Stairs test.””
Performance time in both tests was measured by the same

investigator with the same stopwatch to the nearest 0.1 second.

2.8 | Methods online supporting information

The complete and detailed information on the following topics is
presented in the Methods Online Supporting Information file: sample
size calculation, randomization, familiarization, and reliability of
outcome assessment, anthropometric data and body composition,
asthma control, quality of life, lung function, exercise-induced
bronchoconstriction, CPET, muscle strength, and functional tests
(agility walking and in stairs).

2.9 | Statistical analysis
Although all the results were analyzed by protocol and intention-

to-treat analysis (ITT), only the ITT results are presented. The

distribution and normality of the data were analyzed with the
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Shappiro-Wilk and Levene tests and with P-P and Q-Q plots.
The data were expressed as means and standard deviation
(mean £ SD) for parametric and as median and interquartile range
for the nonparametric variables. Independent t test and the
U-Mann Whitney were used to compare differences between
both groups (CG and IG) before the exercise intervention, aiming
to assess the homogeneity of groups. U-Mann Whitney test was
also used to analyze the effect of training on variables that did
not meet the parametric assumptions. The comparison of in-
creases (deltas) produced between the initial and final assess-
ments was calculated, adjusting the level of significance to
P=.025. A multivariate variance test of repeated measures with
two time and two group factors was used to assess the effect of
training in parametric data. To assess the effects of the inter-
vention and minimize the risk of type | error, only the time-group
interactions were taken into account. The level of statistical
significance was set at P =.05. Eta partial squared ( npz ) was used
as a measure of effect size. All statistical analysis was performed
with SPSS 21.0 (IBM, Armonk, NY).

3 | RESULTS

A total of 275 asthmatic children and adolescents were eligible for
the study. Sixty patients accepted to participate in the study, 35 were

allocated to the intervention group, and 35 to the control group.
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However, seven participants did not complete all measurements in
the CG and 10 in the IG. Figure 1 shows the flow diagram of the
study.

No significant differences were found at baseline between
groups regarding sociodemographic and clinical characteristics, car-
diorespiratory fitness, muscle strength, quality of life and functional
tests. As for lung function, only the absolute value of forced vital
capacity (FVC) was significantly higher in the IG, although there was
no difference in the normalized z-score value. The main baseline
characteristics of the sample are presented in Tables 1 and 2.

When the delta (differences after-before the intervention) of
lung function, asthma control, quality of life and functional tests were
compared, no significant differences were found between the IG and
CG (Table 3). Timexgroup interaction was significant for cardiorre-
spiratory function (F(8,51)=2.5; P=.023; npz=0.282)‘ Ventilatory
equivalent for oxygen consumption (Vg/VO,) at VT; (P=.025;
17=0.083), VOzpeak (P=.008; 77=0.116) and test time (P=.014;
npz= 0.1) had greater improvements in the |G compared to the CG
(Figure 2). Oxygen consumption (P =.100; npz =0.046) and ventilatory
equivalent for carbon dioxide production (Vg/VCO,) (P=.182;
77=0.031) at VT4, as well as heart rate (P=.087; n?=0.05), re-
spiratory exchange ratio (P=.942; 77,]2 <0.001) and ventilation
(P=.304; '7,;2 =0.018) at peak did not show significant differences.

All exercises, except bench press (P =.067; 77,,2 =0.062), have shown a
significant training effect on relative strength (Figure 3). The greatest

improvements were observed in leg press (P <.001; npz =0.36), hamstring

[ Enrollment ]

Assessedfor eligibility (n=273)

Excluded (n=203)
~Not meeting inclusion criteria (n=113)

» -Declined to participate (n=3)
~Other reasons (n=89)

Randomized (n=70)

A

Allocation

| v
J

Allocated to intervention group (n=33)

Allocated to control group (n=33)

P

Follow-Up

| !

J

Lost to follow-up (n=0)

Discontinued intervention (n=10)

Lost to follow-up (n=7)

Discontinued intervention (n=0)

Analysis

] !

J

Analysed (n=23)
~Excluded from analysis (n=10)

Analysed (n=28)
~Excluded from analysis (n=7)

FIGURE 1 Flow diagram of the study [Color figure can be viewed at wileyonlinelibrary.com]
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TABLE 1 Characteristics of the participants at baseline.
Variables evaluated Total

Demographic
Sex (% girls) 58.3
Age (y) 11.5£26

Anthropometric

Weight (z-score) 057+1.1
Height (z-score) 0.26 +1.02
Body Mass Index (z-score) 0.64+1.3
Waist height ratio 0.48 £0.06
Clinical
EIB (%) 48.3
Atopic dermatitis (%) 61.7
Allergic reaction (%) 63.3
Food allergy (%) 25
Passive smoker (%) 45
Hemoglobin (g/dL) 13.75+0.92
FeNO first visit (ppB) 31 (46.5)
Total eosinophils (mcl) 335 (349)
Tanner
Stage 1 (%) 36.7
Stage 2 (%) 26.7
Stage 3 (%) 6.7
Stage 4 (%) 3.3
Stage 5 (%) 26.7
Lung function
FEV. (L) 2.29 (0.94)
FEV, (z.score) -0.95 (1.38)
FVC (L) 2.76 (0.91)
FVC (z-score) -0.47 (1.42)
FEV1/FVC (absolute) .82 (0.1)
FEV1/FVC (z-score) -0.9 (1.62)
FEF 259759 (L/min) 2.16 (1.51)
FEF 259759 (z-score) -1.35 (1.73)

IG CG P
60 57.1 .825
12.1+£21 11.1£29 119
.79£0.90 41+121 .185
.34+£1.02 .20+£1.03 .595
.95+£1.08 4214 119
49 £0.05 47 £0.07 418
56.0 42.9 315
64 60 .753
68 60 526
24 257 .880
52 40 .357
13.83+0.93 13.69+0.93 593
21 (29.5) 17 (24) 453
280 (241) 420 (375) .309
066
20 48.6
36 20
8.6
8 0
32 22.9
2.44 (0.55) 1.91 (0.95) 072
-0.94 (1.29) -1.06 (1.29) .759
2.81 (0.55) 2.3 (0.86) 019
-0.45 (1.37) -0.5 (1.8) 922
.82 (0.1) .84 (0.12) 534
-0.93 (1.53) -0.88 (1.7) .554
2.22 (1.35) 2.13 (1.76) 414
-1.7 (1.75) -0.79 (1.67) 440

Note: Values expressed as mean * standard deviation or median (inter-quartile range).
Abbreviations: CG, control group; EIB, exercise-induced bronchoconstriction; IG, intervention group; FEV4, forced expiratory volume in one second;
FEF,5.759, forced expiratory flow between 25% and 75% of vital capacity, FVC, forced vital capacity.

curl (P=.001; 77=0217), high row (P=.003; 7’ =0.167), low row
(P=.009; npz =0.128) and quadriceps leg extension (P =.015; npz =0.108),
respectively. In the IG, 80% to 92% of the participants improved
strength, while in the CG only 41% to 62% of participants presented
improvements. Adherence to the exercise program was 83.4%

4 | DISCUSSION

The results of the present study demonstrated that a 12-week pro-
gram of combined exercise training (resistance and aerobic) im-
proved cardiorespiratory fitness and muscle strength in children and
adolescents with controlled asthma and exercise symptoms. How-
ever, no significant changes were found for quality of life and func-

tional mobility after the 3 months of the intervention.

The improvement in cardiorespiratory fitness confirmed
previously reported findings in children with asthma that de-
monstrated a significant increase in VOypeak after exercise in-
terventions.’®?” In our study, the training program increased
VO,peak and the test duration on treadmill when compared to
the CG. Moreover, data has shown a decrease in the Vg/VO, at
VT4, suggesting an improvement in the ventilatory efficiency of
subjects, which may contribute to attenuate breathlessness, im-
prove exercise capacity at submaximal levels and also contribute
to the well-being of patients during their daily activities.”® Among
the main factors that seem to contribute to greater effectiveness
of physical training protocols in cardiorespiratory fitness in
asthmatic patients are the adequate intensity prescription (es-
tablished at the ventilatory threshold), as well as the frequency

and duration of training. To date, all studies showing increased
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TABLE 2 Exercise capacity, muscle strength, quality of life, and functional tests at baseline

Variables evaluated Total

Physical activity

PAQ 2.39 (0.73)
CPET
Ventilatory threshold
HR (bpm) 136.5 (19.25)
VO, (mLkgtmin™}) 2.1 (3.93)
VO, (%VO,peak) 57.4 (11.5)
Ve (Lmin?) 22.15 (1.8)
Ve/VO, 27 (4)
Ve/VCO, 31 (5)
Peak exercise
HR (bpm) 190 (13.5)
VO, (mLkgtmin™?) 35.05 (7)
Ve (Lmin?) 53.55 (32.5)
Ve/VO, 34 (6)
Ve/VCO, 32 (4.75)
RER 1.09 (0.21)
Time (min) 9.4 (2.6)
Relative strength (kg/wt)
Hamstring curl .65 (0.4)
Leg press 1.44 (0.75)
High row .66 (0.29)
Low row .63 (0.3)
Leg extension 1.01 (0.49)
Bench press .7 (0.25)
Quality of life-PAQLQ
Global 6 (1.5)
Emotional sphere 6 (2.2)
Physical activity limitation 6.63 (0.94)
Symptom 6.04 (0.78)
Functional test (s)
3 meter test 3.56 (0.62)
12 stair test 6.62 (0.94)

i)

IG CG P

2.22 (0.84) 2.5 (0.77) 213
134 (18) 137 (21) .600
20 (3.6) 2.1 (3.6) .333
56.2 (11.6) 58.2 (13.6) .910
23.9 (1.8) 2.6 (12.6) 056
27 (5.5) 27 (4) .786
31 (5) 32 (5) 465
190 (1.5) 188 (16) .641
34.8 (8.35) 35.3 (11) .154
64.3 (27.85) 44.4 (2.7) 073
36 (6.5) 34 (5) .088
31 (4.5) 32 (6) 493
1.11 (0.17) 1.05 (0.21) .148
9.4 (2.2) 10 (2.6) 470
.74 (0.37) .59 (0.33) 391
1.22 (0.69) 1.56 (0.93) 256
.64 (0.27) .7 (0.32) 761
.67 (0.25) .63 (0.42) .353
1.02 (0.39) 1(0.6) 573
.7 (0.19) .7 (0.43) .755
6 (1.9) 6 (1.3) .825
6(2.2) 5.6 (1.8) 494
6.5 (1.69) 6.75 (0.63) .308
6.02 (1.21) 6.04 (0.65) .787
3.56 (0.56) 3.6 (0.71) 714
6.62 (0.70) 6.62 (1.66) 549

Note: Values expressed as mean * standard deviation or median (inter-quartile range).

Abbreviations: CG, control group; CPET, cardiopulmonary exercise testing; HR, heart rate; IG, intervention group; PAQ: Physical activity questionnaire;
PAQLQ, pediatric quality of life questionnaire in asthmatics; RER, respiratory exchange ratio; Vg, minute ventilation; Vg/VCO,, ventilatory equivalent
ratio for carbon dioxide production; Vg/VO,, ventilatory equivalent ratio for oxygen uptake; VO,, maximal oxygen uptake.

VO,peak after an exercise program performed training with in-
tensity at VT4, three times per week, for at least 3 months.
Although there is variability in training programs for asth-
matic patients, aerobic training is the most commonly used for
children with asthma. To the best of our knowledge, this is the
first study to use a combined exercise training (resistance and
aerobic) to demonstrate improvement in muscle strength in
children and adolescents with asthma. Studies have demon-
strated that cardiorespiratory and muscular fitness are asso-
ciated with cardiovascular disease risk factors in childhood and
adolescence,'?*® highlighting the importance of peripheral mus-
cle function on these effects. Moreover, Castro-Pifero et al'®

found an association of muscle fitness with present and future

cardiovascular health in youth, in an effect independent of car-
diorespiratory fitness, reinforcing the importance of resistance
training for this age group. The decrease in peripheral muscle
strength has been observed in chronic lung diseases®’?® and it is
plausible to hypothesize that children with asthma would also
develop similar impairments. Muscle impairments are usually
associated with chronic use of corticosteroids, sedentary life-
style, and reduction in aerobic capacity, although the literature
on peripheral muscle function in asthmatic subjects is still scarce.
Villa et al’® described a reduction in skeletal muscle function and
observed that endurance was lower in the quadriceps muscle of
severe asthmatic patients compared to moderate and inter-

mittent disease, although there was no difference in strength.
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TABLE 3 Comparison of cardiopulmonary exercise variables, lung function, asthma control, quality of life and functional tests between the
intervention and control group

Variables evaluated IG CG P npz
CPET
A Ventilatory threshold
HR, bpm 432+ 1547 -1.54+10.06 .080 .052
VO,, mL-kg™tmin™? 1.58+3.39 -0.21+4.48 .100 046
VO,, %VO,peak -0.88+10.18 -1.09+9.94 936 <.001
Vg, L'min™! 1.61+5.33 99+57 672 .003
Ve/VO, -1.2+3.73 .8+3.04 025 .083
Ve/VCO, -1.16+3.17 14+4 182 031
A Peak exercise
HR, bpm 2.6+17.14 -3.46+9.67 .087 .050
VO,, mL-kg™tmin™t 3.61+4.03 .59+ 4.29 .008 116
Vg, L'mint 5.89+11.18 344+7.14 .304 018
Ve/VO, -0.92+6.11 1.14+3.37 .099 046
Ve/VCO, -0.24 +4.03 23+4.09 .661 .003
RER 0+0.17 0+£0.14 .942 .001
Test time, min .96 +£2.09 -0.11+1.17 014 .100
A Lung function (z-score)
FEV, -0.05 (0.93) -0.15 (1.88) 412 013
FvC -0.19 (0.85) -0.10 (1.31) 722 .002
FEV4/FVC .32 (0.73) -0.03 (1.05) 066 064
FEF259%.75% .31 (1.06) -0.01 (1.38) 245 016
A Asthma control
ACT 1(4) .5 (5.75) 430 012
A Quality of life-PAQLQ
Global .61 (1.2) .22 (1.05) .327 .02
Emotional sphere .25 (1.16) 0 (0.69) .888 .047
Physical activity limitation .1 (1.55) 2 (1) 127 <.001
Symptom 45 (1.6) .3 (1.25) 327 .02
A Functional test (s)
3 Meter test -0.18 (0.62) -0.14 (0.33) 712 .003
12 Stair test -0.36 (0.82) -0.1 (0.89) 061 066

Note: Values expressed as mean * standard deviation or median (inter-quartile range); A, increment after-before intervention.

Abbreviations: ACT, asthma control test; CG, control group; CPET, cardiopulmonary exercise testing; FEF 5 759, forced expiratory flow between 25%
and 75% of vital capacity; FEV4, forced expiratory volume in one second; FVC, forced vital capacity; HR, heart rate; IG, intervention group; PAQLQ,
pediatric quality of life questionnaire in asthmatics; RER, respiratory exchange ratio; Vg, minute ventilation; Vg/VCO,, ventilatory equivalent ratio for
carbon dioxide production; Vg/VO,, ventilatory equivalent ratio for oxygen uptake; VO,, maximal oxygen uptake.

(A) (B)  ----- G IG (C)
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FIGURE 2 Effects of combined aerobic and resistance training on cardiopulmonary exercise testing in variables. A, Ventilatory equivalent
for oxygen consumption (Vg/VO,) at ventilatory threshold (VT4). B, Peak oxygen consumption (VO,peak). C, Test duration. *indicates significant
differences at P <.05. CG, control group; IG, intervention group
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FIGURE 3 Effects of combined aerobic and resistance training on relative muscle strength. CG, control group; IG, intervention group.

*indicates significant differences at P <.05

The majority of studies evaluating the effects of exercise training
in asthmatic subjects demonstrated improvements in quality of
life,?”>? evidenced by both overall PAQLQ scores, as well as specific
scores of the activity limitation domain, symptoms, and emotional
function. In our study, no significant differences in quality of life were
found between groups, although the variation (delta) in the quality of
life questionnaire scores was higher in the intervention group.
Moreira et al®® that also evaluated a 12-week exercise training
program, did not find differences between exercise and control
groups, which may be related to a good quality of life at baseline,
with little possibilities of improvement.

Several studies,>®1%%%%

as well as data presented here, have
shown that exercise training has no relevant impact on lung function
in asthmatic children. These findings are also in agreement with a
study in adults, suggesting that lung volumes and lung function do
not appear to be improved with the practice of regular exercise.>® In
contradiction, Abdelbasset et al*’ demonstrated a significant in-
crease in both FEV; and FVC following a 10-week exercise training
intervention. On the other hand, studies®*? have shown that only
peak expiratory flow seems to slightly improve after exercise train-
ing, probably due to an increase in respiratory muscle strength, al-
though this variable was not evaluated in the present study.

The study has also some limitations, including the mild to mod-
erate severity of the disease. The effects of a combined exercise
training program in severe or therapy-resistant patients are still to be
addressed. In addition, evaluation of respiratory muscle strength
would have provided further insights into the mechanisms involved in
the effects of the exercise intervention.

In conclusion, the present study shows that a combined ex-
ercise training program (resistance and aerobic) may improve
cardiorespiratory fitness and muscle strength in children and
adolescents with controlled asthma and exercise symptoms. The

incorporation of controlled exercise training including resistance

exercises as part of the treatment may benefit children and
adolescents with asthma.
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