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ABSTRACT
Objective: To determine the characteristics of individuals with asthma who are responsive 
to aerobic training. Methods: This post hoc analysis of pooled data from previous 
randomized controlled trials involved 101 individuals with moderate to severe asthma 
who underwent aerobic training. Participants underwent a maximal cardiopulmonary 
exercise test and completed the Asthma Control Questionnaire and the Asthma Quality 
of Life Questionnaire before and after a 24-session aerobic training program. Better 
and worse responders to aerobic training were identified by cluster analysis. Results: 
Two clusters were identified according to the improvement in peak VO2 after aerobic 
training (better and worse responders). Characteristics of the better responder group 
were being older, being female, having higher BMI, and having higher cardiac reserve 
at baseline when compared with the worse responder group. Also, better responders 
had worse clinical control, worse quality of life, and lower physical capacity at baseline. 
After training, worse responders, in comparison with better responders, showed half the 
improvement in Δpeak VO2 (7.4% vs. 13.6%; 95% CI, −12.1 to −0.92%; p < 0.05) and 
worse asthma control. A weak, negative, but significant association (r = −0.35; p < 0.05) 
was observed between clinical control and aerobic fitness only in the better responder 
group. Both groups showed significant improvement in quality of life. Conclusions: 
Obese individuals with worse exercise capacity, clinical control, and quality of life 
showed improvement with aerobic training. Moreover, worse responders also improved 
with training, but to a lesser extent.

Keywords: Asthma; Exercise therapy; Cluster analysis; Status Asthmaticus; Quality of 
Life; Rehabilitation.
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INTRODUCTION

Asthma is defined as a heterogeneous disease, usually 
characterized by chronic airway inflammation.(1) Asthma 
leads to systemic inflammation, exercise-induced 
bronchospasm, and development of comorbidities. In 
addition, this condition promotes increased levels of 
anxiety and depression and reduced physical activity 
levels, leading to a reduction in the physical capacity of 
these individuals.(2) However, the increase in exercise 
capacity by means of physical training at moderate 
intensity in individuals with asthma improves immune 
responses and reduces airway inflammation.(3) Exercise 
also decreases exercise-induced bronchoconstriction(3) 
and corticosteroid use.(4) In addition, physical training 
in individuals with moderate to severe asthma improves 
clinical asthma control(5,6) and health factors related to the 
individual’s quality of life(3,7); conversely, the association 
between physical fitness and clinical control is still poorly 
understood.

It remains unknown who would most benefit from a 
physical training program(8) and whether there would be 
a certain subgroup of individuals who do not respond to a 
specific training program.(9) Pulmonary rehabilitation is an 
expensive and time-consuming program. Ambrosino and 
Clini(10) stated the importance of knowing the predictors 
of a successful pulmonary rehabilitation program in 
individuals with COPD to optimize the use of financial 
resources in this field. The response to a pulmonary 
rehabilitation program is multidimensional.(11) For example, 
COPD responders to pulmonary rehabilitation presented 
with more severe dyspnea symptoms, greater number 
of hospitalizations, more severe anxiety and depression 
symptoms, greater BMI, worse health condition, and 
worse exercise performance prior to the intervention. (11) 
Another study demonstrated that obese individuals with 
COPD with better lung function and worse physical activity 
levels at baseline benefited more from a pulmonary 
rehabilitation program.(12)
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Despite the well-known benefits of improving 
exercise capacity in individuals with asthma, the 
factors determining those who respond to a pulmonary 
rehabilitation program have been exclusively reported 
in individuals with COPD. Although these factors 
could be obvious and may be applied to other chronic 
pulmonary diseases, determining these factors is 
mandatory due to the specific characteristics and 
impact on the lives of patients with asthma. So far, 
there is no information on which individuals with asthma 
respond to aerobic training or pulmonary rehabilitation 
programs. Therefore, this study aimed to determine 
the characteristics of individuals with moderate to 
severe asthma who respond to aerobic training and 
the relationship between that response with changes 
in clinical control, quality of life, and exercise capacity.

METHODS

This was a post hoc analysis of pooled data from 
previous randomized controlled trials.(3,6,13) These 
trials involved individuals with moderate to severe 
asthma who had previously participated in a pulmonary 
rehabilitation program in our center and underwent 
aerobic training (Chart 1).(3,6,13) There was no overlap 
of individuals among the studies. All individuals were 
followed at the same university hospital. The research 
ethics committee of the institution approved the clinical 
studies (CAAE no. 0121/10; no. 07137512.9.0000.0068; 
and no. 18178013.9.0000.0068).(3,6,13) All of the 
participants completed the aerobic training program 
between 2015 and 2019. Cardiopulmonary exercise test 
(CPET) variables, asthma clinical control, and quality of 
life were evaluated before and after the intervention.

Individuals aged 20-60 years and with a diagnosis of 
asthma (severity level in accordance with the criteria 
established by the Global Initiative for Asthma)(1) in 
each of the studies, based on the level of treatment 
needed to control exacerbations and symptoms, were 
included in the present study. Individuals should have 
had medical follow-up for at least six months, using 
optimized medical treatment for asthma, and clinical 
stability (no need to change medications, no visits to 
the emergency room, and no hospitalizations within 
30 days at least).

Exclusion criteria were having other chronic 
lung disease, cancer, cardiovascular disease, or 
musculoskeletal dysfunction that could interfere 
with the assessments and/or physical exercises. In 
addition, those who were pregnant, current or former 
smokers (≥ 10 pack-years), unable to understand the 
instructions given by researchers, or participating in 
another research protocol were also excluded.

All individuals underwent a 24-session aerobic training 
program. Training parameters were determined by 
assessing VO2 during a pre-rehabilitation CPET, and 
they were similar among the studies (Chart 1). Before 
and after the intervention, pulmonary function was 
assessed via spirometry,(14) and FEV1 and FVC were 
analyzed using the predicted values for the Brazilian 
population.(15) Clinical control was assessed using the 
Brazilian-Portuguese version of the 7-item Asthma 
Control Questionnaire (ACQ-7).(16) The questions on 
the ACQ-7 are related to symptoms, activity limitations, 
dyspnea, wheezing, and use of rescue bronchodilators 
in the last week.(16) The last item on the ACQ-7 refers 
to a question that assesses FEV1 (in % of the predicted 

Chart 1. Aerobic training protocols performed by the patients included in the studies during 24 sessions.

Study Session duration Intensity Progression Ergometer
França-Pinto et al.(6) 30-35 min 60% of peak VO2 in the first 2 

weeks and then progression 
to 70% of peak VO2

If the individual had 
no symptoms in 2 

consecutive sessions, 
intensity was increased 

by 5% of HR up to a 
maximum of 80%

Treadmill

Freitas et al.(10) 60 min 50-60% of peak VO2 in the 
first 2 weeks

If the individual had no 
symptoms, intensity was 
increased by 5% of HR 
every 2 weeks, up to a 

maximum of 75%

Treadmill, cycle 
ergometer, 
or elliptical 
ergometer

Silva et al.(19)

Continuous training 
group

40 min 60% of peak VO2 in the first 2 
weeks and then progression 

to 70% of peak VO2

If the individual had 
no symptoms in 2 

consecutive sessions, 
intensity was increased 

by 5% of HR, up to a 
maximum of 80%

Cycle ergometer

Silva et al.(19)

Interval training 
group

40 min, with cycles 
of 30 seconds of 

activity, alternating 
with 30 seconds of 

recovery

In the first 2 weeks, periods 
of high-intensity (80% of 

maximum work rate) with 
low-intensity intervals

In the 3rd and 4th 
weeks, intensity 
reached 100% of 

maximum work rate. 
If the individual had a 

reduction in symptoms, 
intensity was increased 

by 5% of the load

Cycle ergometer
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value, pre-bronchodilator). This questionnaire contains 
seven items on a 7-point scale (0 = no limitation and 6 
= maximum limitation). Higher scores indicate worse 
clinical control. A score of 1.5 or greater is considered 
uncontrolled asthma.(17) A change of 0.5 point in the 
ACQ-7 score is considered clinically effective.(18) In 
addition, the health-related quality of life in asthma 
was assessed by the Brazilian-Portuguese version of 
the Asthma Quality of Life Questionnaire (AQLQ).(19) 
The AQLQ contains 32 items and is divided into four 
domains: activity limitations, symptoms, emotional 
function, and environmental exposure. Higher scores 
indicate better quality of life. A change of 0.5 point 
in the AQLQ score is considered clinically effective.(20)

Exercise capacity was assessed via a maximal 
CPET to the limits of tolerance performed either on a 
treadmill(3) or on a cycle ergometer.(6,13) The protocols 
used were previously established for treadmill(21,22) 
and cycle ergometer.(23) The comparison between 
predicted VO2max values obtained on two ergometers 
was corrected according to the equation(24): 

VO2max = 45.2 − 0.35 × age − 10.9 × sex − 0.15 
× weight + 0.68 × height − 0.46 × exercise mode

where VO2max is in mL·kg–1·min–1; age, in years; sex 
(male = 1; female = 2); weight, in lb; height, in inches; 
and exercise mode (treadmill = 1; cycle ergometer = 2). 
That was required due to the difference between the 
energy expenditure assessed on the two ergometers. (25) 
The CPET variables were VO2 at baseline, in mL/min; 
anaerobic threshold (AT), in mL·kg–1·min–1; and peak 
exercise, in % predicted.(24) In addition, Ve, maximum 
HR, and respiratory exchange ratio (RER) were recorded 
at the end of the test.

Data were analyzed for normality using the 
Kolmogorov-Smirnov test. Cluster analysis was 
performed in two steps.(26) Initially, a hierarchical 
analysis using Ward’s method automatically determined 
the number of clusters. Subsequently, the k-means 
algorithm analysis was used to group the individuals into 
the clusters. Cluster analysis was performed including 
the following variables: age; FEV1 (% predicted); 
BMI; pre-intervention VO2AT; pre-intervention peak 
VO2; (post/pre-intervention) ΔAQLQ score; (post/
pre-intervention) ΔACQ-7 score; and post/pre test 
Δpeak VO2. The t-test was used to compare the clusters. 
The z-test was used to compare proportions between 
the clusters. Pearson’s tests were used to analyze the 
correlation between ΔVO2 and ΔACQ-7 in both clusters. 
The Statistical Package for the Social Sciences, version 
12.0 (SPSS Inc., Chicago, IL, USA) and the SigmaStat 
software, version 3.5 (Systat Software Inc., Chicago, 
IL, USA) were used. The significance level was set al 
5% (p < 0.05).

RESULTS

This study involved 101 individuals with asthma who 
completed an aerobic training program: 22 from the 

study by França-Pinto et al.,(3) 26 from the study by 
Freitas et al.,(6) and 53 from the study by Aparecido da 
Silva et al.,(13) allocated in two groups: interval training 
group and continuous training group.

Among all of the individuals included, 55 (54.5%) were 
obese (BMI > 30 kg/m2), 49 (48.5%) presented with 
moderate airway obstruction (Table 1), and 67 (66.3%) 
had uncontrolled asthma. Regarding the response 
to maximum CPET, 32 (31.7%) of the individuals 
presented limitations in the ventilatory system, as 
did 51 (50.5%) in the cardiovascular system and 65 
(64.4%) in the peripheral muscle system.

After cluster analysis, the two groups were determined 
based on the improvement in peak VO2 after aerobic 
training. The groups were classified as better or worse 
responders to aerobic training (Table 2). Before the 
intervention, the better responder group mostly 
consisted of females and older individuals with higher 
BMI and higher cardiac reserve in comparison with 
the worse responder group. In addition, the better 
responder group presented with worse clinical control 
and worse quality of life before training and lower 
physical capacity (peak VO2 and VO2AT) than did the 

Table 1. Baseline clinical and anthropometric characteristics 
(N = 101).a

Characteristics Values
Female 86 (85)
Age, years 43.0 (36.5-51.0)
Body mass, kg 76.5 (67.8-86.4)
BMI, kg/m2 30.3 (25.8-34.7)
Uncontrolled asthmab 67 (66)
Pulmonary function

FEV1, % predicted 74.5 (62.5-87.0)
FEV1/FVC 0.70 (0.63-0.78)

Clinical control
ACQ-7, score 1.90 (1.00-2.57)

Quality of Life (AQLQ)
Activity limitations 3.84 (2.73-4.75)
Symptoms 4.42 (3.16-5.60)
Emotional Function 4.00 (2.40-5.40)
Environmental exposure 3.75 (2.25-5.00)
AQLQ, total score 4.04 (2.94-5.25)

CPET
Peak VO2, mL*min-1 1,608 (1,324-1,886)

mL*kg-1*min-1 21.6 (16.8-26.6)
Peak VO2/predicted VO2max, %c 83.9 (71.1-92.8)
VO2 AT, mL*min-1 1,010 (806.8-1,127)

mL*kg-1*min-1 13.5 (10.3-15.8)
Peak RER 1.16 (1.07-1.22)
Ventilatory reserve, % 25.1 (13.8-47.0)
Cardiac reserve, % 14.37 (5.94-22.7)

ACQ-7: 7-item Asthma Control Questionnaire; 
AQLQ: Asthma Quality of Life Questionnaire; CPET: 
cardiopulmonary exercise test; VO2AT: anaerobic 
threshold oxygen consumption; and peak RER: 
respiratory exchange ratio at peak effort. aValues are 
expressed as n (%) or median (IQR). bUncontrolled 
asthma: ACQ-7 score ≥ 1.5.(18) cScott et al.(34) 
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worse responder group. In contrast, pulmonary function 
(FEV1 and FEV1/FVC ratio) and ventilatory reserve 
were similar between the groups. After the training 
program, the better responder group showed twice 
the improvement in Δpeak VO2 when compared with 
the worse responder group. Only the better responder 
group showed a clinically significant improvement on 
clinical asthma control (a decrease ≥ 0.5 in the ACQ-7 
score), which was associated with aerobic power 
improvement (Figure 1).

Both groups had a clinically significant improvement 
in health-related quality of life (an increase ≥ 0.5 in 
AQLQ score) after the intervention (Table 2). Cardiac 
and respiratory reserves, VO2AT, and peak VO2 after 
the CPET were similar between the groups.

DISCUSSION

Our results showed the characteristics of individuals 
with moderate to severe asthma who significantly 
responded to aerobic training. Females and older 
individuals with a higher BMI, as well as with worse 
aerobic capacity, clinical control, and quality of life, 
had a good response to aerobic training. Although 

these results seem intuitive, this is the first study to 
investigate such clinical characteristics. In addition, 
it was observed that both groups showed clinically 
significant improvement in health aspects related to 
quality of life.

Several systematic reviews have investigated the 
benefits of physical exercise in improving exercise 
capacity, quality of life, and symptoms in individuals with 
asthma.(27-29) However, limited information regarding 
which individuals with asthma benefit more from 
aerobic training is available. In this study, there was 
a predominance of females in the better responder 
group, and two explanations can support this finding. 
First, there is a higher prevalence of adult females with 
moderate to severe asthma.(30) Second, middle-aged 
females tend to be more sedentary, to be overweight/
obese, and to present worse physical conditioning even 
when they do not have asthma.(31,32) This may also 
explain the differences in age between the groups. 
However, we do not believe that our results establish a 
priority for physical training in female individuals with 
asthma. Instead, the priority should be on individuals 
having low physical conditioning, obesity, and clinically 
uncontrolled disease.

Table 2. Comparison of baseline characteristics and effect of aerobic training between clusters.
Characteristic Group 95% CI of the difference 

between groupsBetter responder Worse responder
(n = 67) (n = 34)

Anthropometric
Female 67 (100) 19 (56) 0.29-0.59
Age, years 44.7 (38.3-51.0) 39.6 (29.0-50.0) −9.29 to −0.96
Pre BMI, kg*m-2 32.9 (29.7-36.2) 25.3 (21.7-28.4) −9.62 to −5.59

Pulmonary function
Pre FEV1, % predicted 73.6 (60.8-87.8) 76.3 (63.0-86.0) −10.2 to 4.94
Pre FEV1/FVC 0.69 (0.61-0.78) 0.72 (0.63-0.81) −0.08 to 0.03

Clinical control
ACQ-7, pre score 2.14 (1.46-2.57) 1.43 (0.57-2.14) −1.10 to −0.32
ΔACQ-7, score −0.59 (−0.96 to −0.04) −0.18 (−0.57 to 0.14) 0.09-0.73
Clinical improvement 39 (58) 9 (26) 0.11-0.53

Quality of life
Pre AQLQ, total score 3.79 (2.73-4.84) 4.52 (3.56-5.84) 0.18-1.27
ΔAQLQ, total score 0.73 (0.01-1.50) 0.68 (0.09-1.31) −0.51 to 0.41
Clinical improvement 34 (51) 20 (59) −0.29 to 0.13

CPET
Pre peak VO2, mL*kg-1*min-1 18.5 (16.0-21.0) 27.7 (26.5-30.2) 7.80-10.68
Pre peak VO2, mL*min-1 1,466 (1,253-1,623) 1,888 (1,717-2,113) 291.5-551.3
Δpeak VO2, mL*kg-1*min-1 2.38 (0.90-3.98) 1.78 (0.00-3.90) −1.73 to 0.53
Δpeak VO2/pre peak VO2, % 13.6 (4.57-22.5) 7.14 (0.00-13.8) −12.1 to −0.92
Pre VO2AT, mL*kg-1*min-1 11.6 (9.75-12.7) 17.2 (14.9-20.0) 4.27-6.86
ΔVO2AT, mL*kg-1*min-1 1.43 (0.00-3.15) 1.27(−1.40 to 3.00) −1.58 to 1.27
Pre ventilatory reserve, % 27.1 (14.8-47.5) 21.1 (4.06-39.4) −0.19 to 0.07
Δventilatory reserve, % −9.84 (−19.1 to 0.00) -9.83 (-14.3-0.00) −0.07 to 0.07
Pre cardiac reserve, % 17.4 (11.0-23.7) 8.37 (−1.55 to 16.3) −0.14 to −0.04
Δcardiac reserve, % −2.59 (−9.49 to 3.57) −2.14 (−5.37 to 1.10) −0.03 to 0.04

Pre: pre-intervention; ACQ-7: 7-item Asthma Control Questionnaire; AQLQ: Asthma Quality of Life Questionnaire; 
CPET: cardiopulmonary exercise test; and VO2AT: anaerobic threshold oxygen consumption. aValues are expressed 
as n (%) or median (IQR).
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Previous studies reported that nonobese individuals 
with controlled asthma(3,5) and obese individuals 
with uncontrolled asthma(6) improve their aerobic 
conditioning and quality of life after a physical training 
program. These findings support our results, because 
we found no differences regarding quality of life 
between the groups after a physical training program. 
However, the better responder group showed twice the 
improvement in aerobic capacity (Δpeak VO2) than 
did the worse responder group. This improvement 
cannot be associated with differences among the 
training programs, because exercise intensity was 
similarly established based on a CPET in all studies, 
regardless of the training modality (continuous or 
interval training).(13) Likewise, we believe that using 
a treadmill for half of the sample instead of a cycle 
ergometer did not interfere with the results since all 
of the participants improved their aerobic capacity. 
Our results indicated that individuals with moderate 
to severe asthma with low AT and aerobic power had 
a greater increase in their physical conditioning after 
aerobic training.

Individuals with uncontrolled asthma before training 
mostly benefit from controlling asthma symptoms and 
present a clinically significant change (> 0.5 point 
in ACQ-7).(5,6,17) Obesity and poor clinical control of 
asthma have been associated with worse physical 
conditioning(30); therefore, it is more common to identify 
individuals who have more than one factor associated 
with exercise response. We consider that aerobic 
training prescription for individuals with asthma should 

be recommended for those who have poor asthma 
control, despite having optimized pharmacological 
treatment (inclusion criteria of all patients in the 
present study). In addition, our results support that 
the benefits of exercise training should be analyzed 
differently in individuals with and without asthma 
control in future studies. This approach may improve 
our understanding of the effects of physical training 
in this population.

Three theories have been suggested to explain how 
the improvement in aerobic capacity in individuals with 
asthma reduces symptoms and improves asthma control: 
improvement in ventilatory capacity,(27) improvement 
in pulmonary function,(28) and reduction in pulmonary 
and systemic inflammation.(3,6) Our results showed 
that individuals with asthma had reduced ventilatory 
reserve at baseline (25% on average) in comparison 
with the general population (approximately 50%) 
and close to the cutoff value to establish a ventilatory 
limitation (< 20%).(23) Furthermore, we observed that 
individuals with asthma had reduced aerobic capacity 
and cardiac reserve, strongly suggesting that they 
were physically unfit before exercise training. Thus, 
our results reinforce that exercise training improves 
aerobic fitness in individuals with asthma, demanding 
an increase in ventilatory capacity.

In this study, only the better responder group showed 
a linear association between improvements in physical 
conditioning and clinical control. A possible explanation 
for this association is that improving aerobic fitness 
improves aerobic capacity, reduces ventilation in 

60

40

20

0

-20

-40

-60

-2.50 -1.50 -0.50 0.50-2.00 -1.00 1.00 1.50 2.00 2.500.00

Δpeak VO2/pre-intervention peak VO2. %

ΔACQ-7

Clinically
sgnificant

Worse Responders
r = 0.007; p = 0.970

Better Responders
r = -0.354; p = 0.003

Figure 1. Linear correlations* between clinical control variationa (7-item Asthma Control Questionnaire [ΔACQ-7] 
score) and exercise capacity variation,a (Δpeak VO2/pre-intervention peak VO2, in %) in a sample of 101 individuals with 
moderate to severe asthma who underwent an exercise training program (intervention) and categorized as better or 
worse responders to the intervention. The dotted line shows the minimum 0.5-point reduction in the ACQ-7 score as a 
clinically significant improvement. The dashed lines show a linear association in the better responder group (black) and 
poor responder group (grey). aPost-intervention minus pre-intervention. *Pearson’s correlation coefficient.

J Bras Pneumol. 2023;49(1):e20220225 5/7



Characteristics of individuals with moderate to severe asthma who better respond to aerobic training: a cluster analysis

activities of daily living, and reduces asthma symptoms. 
Previous randomized and controlled studies also 
suggested that training improves immune response,(3,6) 
but a systematic review suggested that there was no 
effect in the immune response of asthma patients.(28) 
However, that review included patients with different 
levels of asthma severity and clinical control that might 
have interfered with data analysis. Furthermore, not 
all individuals included in our study were evaluated 
for pulmonary and systemic inflammation, making 
this type of analysis impossible.

Before training, individuals in both groups showed 
lower AQLQ scores in our study than in previous 
studies. (5,7,33,34) Better responders to aerobic training 
had AQLQ scores even lower than did worse responders. 
After training, both groups showed clinically significant 
improvement, and previous studies support our 
findings. (5,7,33,34) There was no association between 
improved aerobic power and quality of life. One 
hypothesis for this finding would be the multifactorial 
aspect of quality of life. The AQLQ has several domains 
(activity limitations, symptoms, emotional function, 
and environmental exposure) that can be modified by 
exercise training, regardless of the physical conditioning 
obtained by each individual.(20)

This study has limitations. First, this was a post hoc 
analysis of pooled data from previous randomized 
controlled trials, not a prospective study. However, 
this limitation is mitigated by the number of patients 
and variables evaluated, and all individuals underwent 
physical training in the same research center using 
similar exercise intensity. Furthermore, we believe no 
other center has such a large number of individuals 
undergoing physical training, based on CPET results, 
being assessed regarding asthma clinical control and 
quality of life. Second, most individuals in this study 
were females; however, this was expected due to the 
higher prevalence of asthma in female individuals, and 
the fact that females seek medical care more regularly 
than do males.(30) Furthermore, females with asthma 
have a high prevalence of obesity and uncontrolled 
asthma. However, our female patients had a wide 
distribution of obese and nonobese individuals with 
controlled and uncontrolled asthma. Third, the effect 
on inflammatory mediators was not included, because 
only two studies assessed this outcome,(6,13) making 

it impossible to include it in the statistical analyses. 
Additionally, muscle strength could be associated with a 
patient’s response to the physical training program, and 
the improvement in peripheral muscle response could 
also add important information; however, this variable 
was not evaluated by any of the studies herein included. 
Finally, exercise limitation was categorized as cardiac, 
ventilatory, and peripheral muscle systems, which can 
be considered a simplified way to understand individual 
limitations of the patients. However, this analysis has 
been considered in individuals with asthma(35) and 
in other populations.(23) In addition, we did not use 
these physiological responses to determine the main 
reason by which patients would necessarily interrupt 
the test. Instead, this analysis was secondarily used 
to understand the major limitation in each cluster.

The results of this study show that obese individuals 
with poor exercise capacity, clinical control, and quality 
of life obtained greater benefits from an aerobic 
training program. Therefore, individuals with these 
characteristics should be primarily referred to aerobic 
training programs in order to reduce asthma symptoms. 
Better and worse responders to aerobic training had 
similar improvements in their quality of life.
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