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Background: Children with uncontrolled asthma are less tolerant to exercise due to 
ventilatory limitation, exercise-induced bronchoconstriction (EIB), or physical decondition-
ing. The contribution of these factors in children with controlled mild-to-moderate asthma is 
unknown.
Objective: To explore the underlying mechanisms of reduced exercise capacity in children 
with controlled mild-to-moderate asthma.
Methods: This was a cross-sectional study of 45 children and adolescents (age 8–18 years) 
with controlled mild-to-moderate asthma (asthma control test score 21–25) and 61 age- 
matched healthy controls. All participants completed a physical activity questionnaire and 
performed spirometry and cardiopulmonary exercise testing (CPET; maximal incremental 
protocol). Spirometric indices and CPET parameters were compared between the two groups. 
The effect of EIB (FEV1 decrease >10% post CPET), ventilatory limitation and physical 
deconditioning on maximum oxygen uptake (V

:

O2peak), was assessed by multivariable linear 
regression.
Results: 62.2% of children with asthma and 29.5% of controls (P = 0.002) were categorized 
as inactive. Reduced exercise capacity (V

:

O2peak <80%) was noted in 53.3% of asthmatics 
and 16.4% of controls (P < 0.001). EIB was documented in 11.1% of participants with 
asthma. Physical deconditioning was noted in 37.8% of children with asthma and in 14.8% 
of controls (P = 0.013). Physical deconditioning emerged as the only significant determinant 

of V
:

O2peak, irrespective of asthma diagnosis, body mass index, ventilatory limitation and 
EIB.
Conclusion: Children with controlled mild-to-moderate asthma are less tolerant to stren-
uous exercise than their healthy peers. The decreased exercise capacity in this population 
should mainly be attributed to physical deconditioning, while the contribution of ventilatory 
limitation and EIB is rather small.
Keywords: asthma, cardiopulmonary exercise testing, children, exercise

Plain Language Summary
Why was the study done?

Children with severe or uncontrolled asthma experience exercise intolerance due to 
ventilatory limitation and exercise-induced bronchoconstriction. The contribution of these 
factors in children with controlled mild-to-moderate asthma is unknown.

What did the researchers do and find?
In this study, 45 children and adolescents with controlled mild-to-moderate asthma and 

61 age-matched healthy controls performed cardiopulmonary exercise testing. We found that 
children with controlled mild-to-moderate asthma were less tolerant to strenuous exercise 
than their healthy peers. However, their decreased aerobic capacity was mainly attributed to 
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physical deconditioning, while the contribution of ventilatory 
limitation and exercise-induced bronchoconstriction was 
minimal.

What do these results mean?
Our findings suggest that children with mild-to-moderate 

asthma do not present exercise limitation due to the disease itself 
and, thus, should be encouraged to participate in physical activ-
ities systematically and without constraints.

Introduction
Asthma represents the most frequent chronic respiratory 
disorder in childhood.1 The disease is characterized by 
recurrent episodes of reversible airway obstruction that 
differ in frequency and severity depending on the level 
of asthma control.2 Children with controlled disease do not 
experience day- or night-time symptoms or limitation of 
their physical activity; however, exposure to triggering 
factors, such as viral respiratory infections, allergens, and 
physical exercise, may unveil asthma symptoms and lead 
to disease exacerbation.2

Although physical activity should be encouraged in 
children with asthma,3 imposed restrictions are not uncom-
mon in this population.4 Such attitudes relate primarily to 
the parental perception that physical exercise may precipi-
tate asthma symptoms5 and/or to children’s belief that the 
disease may significantly decrease their physical 
performance.6 However, evidence of a causal relationship 
between asthma and reduced exercise capacity (ie the 
amount of physical exertion that an individual can sustain) 
does not exist,7–11 although children with exercise induced 
bronchoconstriction (EIB) or those with uncontrolled dis-
ease tend to be less active than their peers.8,10–13 The few 
studies in which cardiopulmonary exercise testing (CPET) 
was employed, suggest that a substantial percentage of 
children with troublesome disease have reduced exercise 
capacity simply due to physical deconditioning (ie 
a decline in physical function of the body as a result of 
physical inactivity and disuse).13–15 The combined effect 
of EIB, ventilatory limitation (ie a ventilatory output dur-
ing exercise that closely approaches or matches maximal 
ventilatory capacity) and physical deconditioning on exer-
cise capacity of pediatric patients with controlled mild- 
moderate disease, ie on the vast majority of children with 
asthma,1,2 remains largely unknown.

The aim of this study was to explore the underlying 
mechanisms of reduced exercise capacity in children with 
controlled mild-to-moderate asthma using CPET. Based on 
evidence from children with uncontrolled disease,15 we 

hypothesized that ventilatory limitation and EIB may 
have minimal contribution to the level of exercise capacity 
in this population.

Materials and Methods
Study Design and Population
This was a cross-sectional study of Caucasian European 
children aged 8–18 years with mild-to-moderate asthma 
and age-matched healthy controls. The study was con-
ducted at the CPET laboratory of the Pediatric 
Respiratory Unit of the University Hospital of Patras, 
Greece, between June 10 and September 6, 2019.

Participants with asthma were children who: a) attended 
our Outpatient Asthma Clinics regularly in the last two 
years, b) had at least one spirometry with FEV1 < 80% or 
FEV1 reversibility ≥12% in the previous year, c) were under 
controller therapy for at least six months in the 
previous year and, d) were classified as having well con-
trolled, mild-to-moderate asthma (treatment steps 1 and 2), 
according to Global Initiative for Asthma (GINA) criteria2 

and the Asthma Control Test (ACT) (ie score ≥20). All had 
interrupted their controller medication for at least four 
weeks prior to CPET. Healthy controls were recruited 
from local public schools;16 they all had normal spirometry 
and no asthma diagnosis or prescription of relevant medica-
tion within the last two years. All participants had normal 
echocardiographic examination on the day of enrolment. 
Exclusion criteria for both groups were: cardiac disease, 
major disabilities (neurological, muscular, neurodevelop-
mental), lower respiratory infection in the last month or 
non-specific respiratory symptoms (including symptoms of 
allergic rhinitis) in the week prior to enrollment.

The study protocol was approved by the Ethics 
Committee of the University Hospital of Patras. Study 
participants and their parents were informed about the 
purpose of the study. Parental informed written consent 
and child’s informed verbal assent were obtained at enroll-
ment. The study was conducted in accordance with the 
Declaration of Helsinki.

ACT and Physical Activity Questionnaire
On the day of study visit, demographic data were col-
lected, and height and weight were measured. The body 
mass index (BMI) was calculated and assessed (z scores) 
according to the International Obesity Task Force norms.17 

Children with asthma were asked to complete the age- 
appropriate Greek version of ACT (https://www.asthma 
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controltest.com). In addition, all participants completed 
the Greek version of the International Physical Activity 
Questionnaire - Short Form (IPAQ-SF)18 to estimate the 
intensity, frequency, and duration of their physical activ-
ities. Children with at least 60 minutes of moderate-to- 
vigorous physical activity per day19,20 were classified as 
“active”, otherwise they were considered to be “inactive”. 
The ACT and the modified IPAQ-SF were completed in 
the presence of one of the investigators.

Spirometry
All participants underwent spirometry using a Micro 5000 
spirometer (Medisoft, Sorinnes, Belgium) according to the 
ERS/ATS guidelines.21 Forced expiratory volume at 1 s 
(FEV1), forced vital capacity (FVC), FEV1/FVC ratio, and 
forced expiratory flow between 25 and 75% of FVC 
(FEF25–75) values were assessed according to Global 
Lung Initiative normative data.22 Spirometry was repeated 
at 5, 10, 15 and 20 min after CPET; a decrease of ≥10% in 
at least one of these time points was defined as EIB.

Cardiopulmonary Exercise Testing
Exercise testing was performed in an air-conditioned 
room at a temperature of 21–22°C and relative humidity 
of 50–60%, using the Ultima CPX CPET (MGC 
Diagnostics, Saint Paul, MN) with a cycle ergometer. 
Following a 3 min warm-up period of free pedaling, the 
imposed workload was increased in a linear ramp pattern 
by 15 watts/min if subject’s height was <150 cm or by 20 
watts/min if subject’s height was ≥150 cm, up to 
exhaustion.23 Participants were instructed to maintain 
a constant pedaling rate of 60 ±5 rpm throughout the 
trial. Continuous electrocardiographic, blood pressure, 
and oxygen saturation (SpO2; special ear-lobe sensor) 
monitoring was also undertaken. The test was terminated 
when the child was unable to maintain the pedaling speed 
despite encouragement or when specific adverse events 
(eg symptoms: chest pain, excessive dyspnea, dizziness, 
headache, nausea, pallor; electrocardiographic abnormal-
ities; SpO2 <92%) occurred.24

The following variables were recorded: workload (in 
watts), oxygen uptake (V

:

O2; in mL/kg/min), carbon dioxide 

output (V
:

CO2; in mL/kg/min), respiratory exchange ratio 

(RER; V
:

CO2/V
:

O2), heart rate (HR; in bpm), and minute ven-

tilation (V
:

E; in L/min); all parameters were obtained in 
a breath-by-breath mode and averaged over an 8-breath mov-

ing window. The maximum (“peak”) value of V
:

O2, V
:

CO2, 

RER, V
:

E and HR was defined as the average value of the last 

15 s of the trial. Predicted V
:

O2peak values were calculated 
using the equations proposed by Cooper et al.25 The ratios 

V
:

O2peak to maximum workload (V
:

O2peak/w), V
:

O2peak to 

maximum HR (V
:

O2peak/HR), V
:

Epeak/V
:

O2peak, V
:

Epeak/ 

V
:

CO2peak, V
:

Epeak to maximal voluntary ventilation (MVV, 

calculated as 35×FEV1) and V
:

Epeak to 30×FEV1
26 were 

determined. The ventilation efficiency slope (V
:

E/V
:

CO2slope) 
was also computed. The anaerobic threshold (AT) was deter-
mined by the V-slope method, while the level of breathing 
discomfort at the end of the test was assessed by the modified 
10-point Borg scale.

A CPET trial was considered maximal when: a) the 
child presented signs of maximum physical effort (sweat-
ing, fatigue), b) the HR was ≥85% of the age-predicted 
value, and c) the RER was >1.05. Ventilatory limitation 
was defined as maximum V

:

Epeak/30×FEV1 >0.8526 in 

a child with V
:

O2peak <80% of predicted. Participants 

with V
:

O2peak <80% of predicted and an early plateau in 

the V
:

O2peak/HR or a drop of V
:

O2peak/HR before peak 
exercise were categorized as having cardiac impairment. 

Physical deconditioning was defined as V
:

O2peak <80% of 
predicted, without ventilatory limitation or cardiac 
impairment.27

Statistics
Continuous variables are presented as mean ±SD or med-
ian with range; comparisons between the two study groups 
were performed with Student’s t or Mann–Whitney U-tests, 
respectively. The chi-square or Fisher’s exact tests were 
used for the comparisons of categorical variables. 
Univariable and multivariable linear regression was used 
to assess the effect of sex, age, BMI (z-score), asthma, 
EIB, ventilatory limitation and physical deconditioning on 
the achieved V

:

O2peak. All predictors were first tested for 
collinearity and if it was present, the predictor was 
excluded from the model. Statistical analyses were per-
formed with the IBM SPSS version 25 (IBM Corp., 
Armonk, NY).

Results
A total of 106 children participated in the study, 45 with 
controlled mild-moderate asthma and 61 healthy controls. 
The baseline characteristics of the study population are pre-
sented in Table 1. There were no differences in age, height, 
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and weight between the two groups; children with asthma had 
higher BMI z-score. The median ACT score of children with 
asthma was 23 (range 21–25). According to the IPAQ-SF, 
62.2% of the participants with asthma and 29.5% of their 
healthy peers were categorized as inactive (P=0.002; Table 1).

The children in the asthma group had lower FEV1, 
FEV1/FVC and FEF25–75 as compared with controls 
(Table 1). At study entry, the lowest value for FEV1 in 
children with asthma was 82.7% of predicted (–1.52 
z-scores) and for FEV1/FVC 0.81 (–0.97 z-scores). The 
lowest values for FEV1 and FEV1/FVC in the non-asthma 
group were 85.3% of predicted (–1.23 z-scores) and 0.84 
(–0.29 z-scores), respectively.

All participants performed CPET that met the max-
imal criteria. The CPET parameters are presented in 
Table 2. The children with asthma achieved significantly 
lower mean V

:

O2peak, maximal work, and V
:

O2peak/HR; 

they also had lower V
:

Epeak, V
:

Epeak/MVV and 

V
:

Epeak/30×FEV1 (Table 2). Conversely, there were no 

differences between the two groups in HRmax, V
:

O2peak 

/work, RER, V
:

Epeak/V
:

O2peak, V
:

Epeak/V
:

CO2peak, 
ventilation efficiency slope and level of desaturation; 
the Borg dyspnea scores were also comparable 
(Table 2). 

Reduced cardiopulmonary exercise capacity (V
:

O2peak 
<80% of predicted) was noted in 53.3% of children with 
asthma and in 16.4% of controls (P <0.001) (Figure 1). 
Five children, all with asthma, were diagnosed with EIB. 
Ventilatory limitation was noted in 13.3% of those with 
asthma and in 1.6% of controls (P=0.040); two children 
(4.4% of those with asthma) had both ventilatory limita-
tion and EIB. Physical deconditioning was noted in 37.8% 
of participants with asthma and in 14.8% of controls 
(P=0.013) (Figure 1).

Children with asthma, and those with increased BMI or 
physical deconditioning were more likely to achieve 
a lower V

:

O2peak. However, physical deconditioning 
emerged as the only significant determinant of cardiopul-
monary exercise capacity in the multivariable regression 
model, irrespective of asthma diagnosis, BMI z-score, 
ventilatory limitation and presence of EIB (Table 3).

Discussion
In this cross-sectional study we explored the exercise 
capacity of children with controlled mild-moderate 
asthma and the underlying mechanisms that may lead 
to its reduction in this population. We found that 

children with asthma were less exercise tolerant than 
their non-asthmatic peers; the main determinant of 
reduced exercise capacity was physical deconditioning, 
while the contribution of EIB and ventilatory limitation 
was minimal.

Studies employing CPET to assess the exercise capacity 
of children with asthma are sparse. Two earlier reports 
showed that children with newly diagnosed13 and those 
with persistent asthma14 had lower V

:

O2peak than their 
healthy peers; however, the underlying mechanisms of 
reduced exercise capacity (ie EIB, ventilatory or cardiovas-
cular limitation) were not explored.13,14 A recent case- 
control study confirmed that children with severe refractory 
asthma may be less tolerant to exercise.15 Using a CPET 
protocol similar to ours, the investigators also showed that 
EIB (documented in 30% of cases), physical deconditioning 
(25% of cases), and a combination of the two (25% of 
cases) could explain the reduced exercise capacity in that 
cohort.15 Similar studies in adults have yield contradictory 

results. Earlier reports suggest that the reduced V
:

O2peak in 
patients with controlled moderate-to-severe asthma cannot 
be attributed to airflow limitation,28 while others have 
shown that the reduced exercise capacity is linked to 
small airways disease, especially in subjects with EIB.29 

Finally, more recent reports conclude that most adults with 

mild-to-moderate asthma have normal V
:

O2peak and, thus, 
no truly reduced exercise capacity.30

To our knowledge, our study is the first to explore the 
mechanisms of reduced exercise capacity in children with 
well-controlled mild-to-moderate asthma. We found that 
the contribution of EIB was minimal; EIB was noted in 
11.1% of participants with asthma and did not emerge as 
a significant determinant of V

:

O2peak. In a recent meta- 
analysis, the pooled prevalence of EIB among children and 
adolescents with asthma was 46% (95% CI: 39–53%), but 
the estimates varied significantly depending on the method 
of exercise challenge and the severity of the disease (17– 
41% in mild versus 52–99% in severe asthmatics).31 

However, the analyzed studies were all based on EIB- 
oriented protocols, ie methods of exercise challenge that 
differ significantly from the standard incremental CPET 
protocol used in our study.32 In a study methodologically 
comparable to ours, EIB was documented in 55% of 
participants with asthma and emerged as major determi-
nant of reduced exercise capacity, but that study enrolled 
only subjects with severe refractory disease (ACT scores 
between 18 and 23).15
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The effect of ventilatory limitation in our cohort, 
was also small; only 13.3% of children with asthma 
had a V

:

Epeak/30×FEV1 ≥0.85,26 yet without significant 

influence on the achieved V
:

O2peak. The only other 
report that has examined ventilatory limitation in chil-
dren with asthma using CPET showed, surprisingly, that 
this mechanism was absent in patients with severe 
refractory disease.15 The different definition for ventila-

tion limitation (ie V
:

Epeak/MVV ≥0.80) compared to 

V
:

Epeak/30×FEV1 ≥0.85 in our study, may account for 
this striking difference. Of note, recent evidence sug-

gests that the criterion V
:

Epeak/30×FEV1 ≥0.85 is sig-

nificantly more accurate than the classical V
:

Epeak/MVV 

≥0.80 approach in children.26 Interestingly, in 4.4% 
(N=2) of participants with asthma both ventilatory lim-
itation and EIB were documented. This finding most 
likely confirms the presence of “breakthrough” EIB (ie 
bronchoconstriction that occurs during the exercise)12 in 
this population. The small number of children in this 
group did not permit for further analysis of this intri-
guing finding. It should be noted that all participants 
had a normal echocardiographic examination on the day 
of enrollment, and none presented signs of cardiovascu-
lar impairment during CPET.

The most important finding of this study is that physi-
cal deconditioning, defined as reduced cardiopulmonary 
exercise capacity in the absence of ventilatory limitation 

Table 1 Characteristics of the Study Groups

Asthma Group (n=45) Control Group (n=61) P-value

Male gender, n (%) 32 (71.1) 49 (80.3) 0.269

Age, years 12.2 ± 2.1 12.5 ± 2.3 0.481

Height, cm 154.9 ± 13.8 157.5 ± 15.1 0.360

Weight, kg 52.0 ± 15.5 50.1 ± 13.7 0.505

BMI, kg/m2 21.4 ± 4.5 19.9 ± 3.4 0.056

BMI, z-score 0.80 ± 0.91 0.32 ± 1.09 0.019

ACT, median (range) 23 (21–25) NA

Physical activity questionnaire

Inactive, n (%) 28 (62.2) 18 (29.5) 0.002

Spirometry

FEV1, L 2.4 ± 0.6 2.9 ± 0.9 <0.001

FEV1, % 91.3 ± 9.4 100.9 ± 10.5 <0.001

FEV1 z-score −0.74 ± 0.81 0.08 ± 0.89 <0.001

FVC, L 2.9 ± 0.7 3.3 ± 1.1 0.019

FVC, % 90.4 ± 14.1 96.4 ± 12.2 0.021

FVC, z-score −0.83 ± 1.21 −0.32 ± 1.04 0.022

FEV1/FVC 0.87 ± 0.05 0.91 ± 0.04 <0.001

FEV1/FVC z-score 0.01 ± 0.81 0.81 ± 0.83 <0.001

FEF25–75, L/sec 2.1 ± 1.1 2.8 ± 1.3 0.004

FEF25–75, % 80.3 ± 14.9 99.4 ± 19.6 <0.001

FEF25–75, z-score −0.94 ± 0.73 −0.04 ± 0.93 <0.001

Note: Values are mean ± SD unless stated otherwise. 
Abbreviations: BMI, body mass index; ACT, asthma control test; FEV1, forced expiratory volume at 1 s; FVC, forced vital capacity; FEF25–75, forced expiratory flow at 25– 
75% of FVC.
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or cardiac impairment, was documented in 37.8% of chil-
dren with asthma and in 70.8% of children with asthma 
and low V

:

O2peak. Furthermore, physical deconditioning 

emerged as the only significant determinant of V
:

O2peak in 
our cohort, irrespective of asthma diagnosis and the pre-
sence of EIB or ventilatory limitation. Physical decondi-
tioning also outperformed and masked the effect of BMI, 
which has been associated with reduced exercise capacity 
in other studies.8,11 The above finding is of particular 
importance, because it suggests that the decreased aerobic 
fitness in children with asthma7–15 should not be attributed 
to underlying cardio-respiratory mechanisms that reduce 
their exercise capacity, but rather to the lack of regular 
physical activity that leads to deconditioning. Indeed, 
60.7% of our children with asthma who were categorized 

as inactive were also physically deconditioned, while all 
children with asthma and physical deconditioning were 
inactive. To our knowledge, only one other study has 
explored the underlying mechanisms of reduced exercise 
capacity in children with asthma by means of CPET;15 that 
study focused on subjects with severe refractory asthma 
and reached conclusions similar to ours regarding the 
contribution of physical deconditioning. Of note, maximal 
incremental CPET has been shown to be the only reliable 
method to systematically assess the underlying etiology of 
reduced exercise capacity.33

The relationship between asthma and physical activ-
ity in childhood remains unclear. A meta-analysis of 
studies that have used accelerometers concluded that 
children with asthma are engaged in similar amount of 

Table 2 CPET Parameters

Asthma Group (n=45) Control Group (n=61) P-value

Maximal work, watts 136.3 ± 29.2 151.9 ± 39.0 0.021

Test time, min 10.1 ± 1.4 10.6 ± 1.7 0.075

V
:

O2peak, mL/kg/min 36.1 ± 7.4 41.3 ± 6.7 <0.001

V
:

O2peak, % predicted 85.2 ± 19 93.8 ± 16.5 0.015

V
:

O2 at AT, mL/kg/min 25.1 ± 6.6 29.0 ± 6.0 0.002

AT % V
:

O2peak, % 69.1 ± 9.5 70.6 ± 10.4 0.448

HRmax, bpm 188 ± 9 188 ± 10 0.917

V
:

O2peak/HR, mL/beat 9.6 ± 2.3 10.9 ± 3.1 0.020

V
:

O2peak/work, mL/watts×min 13.2 ± 1.2 13.4 ± 1.5 0.478

RER 1.12 (1.1–1.4) 1.16 (1.1–1.4) 0.066

V
:

E, L/min 65.1 ± 14.7 72.8 ± 19.4 0.023

V
:

E/MVV 0.79 ± 0.12 0.73 ± 0.14 0.045

V
:

E/30×FEV1
0.77 ± 0.12 0.71 ± 0.13 0.041

V
:

E/V
:

O2
36.4 ± 4.4 36.1 ± 4.7 0.767

V
:

E/V
:

CO2
31.2 ± 3.3 31.6 ± 3.4 0.526

Ventilation efficiency slope 29.6 ± 3.4 30.2 ± 3.5 0.437

SpO2 decrease 2 (1–3) 2 (1–3) 0.876

Minimum SpO2 95 (94–98) 96 (94–98) 0.304

Borg dyspnea 7 (5–8) 7 (6–8) 0.422

Notes: Values are mean ± SD or median (range) and were compared with t test or Mann–Whitney U, respectively. 
Abbreviations: CPET, cardiopulmonary exercise testing; AT, anaerobic threshold; HR, heart rate; RER, respiratory exchange ratio; MVV, maximal voluntary ventilation.
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physical activity as their healthy peers;7 subsequent 
studies have also confirmed these findings.9,11 On the 
other hand, children with exercise induced 
bronchoconstriction,11,12 and those with newly 
diagnosed,10 uncontrolled,10,13 or severe asthma13 have 
been found to be less active than their peers. Since our 
study included children and adolescents with controlled 

mild-to-moderate asthma, the observed differences in 
physical activity between cases and controls were unex-
pected. A likely explanation is that the children of our 
cohort who were less active reported realistic estimates 
regarding the frequency and duration of their physical 
activities, as they were aware that an objective measure 
of cardiovascular fitness (ie the CPET) would follow. 

Table 3 Determinants of Cardiopulmonary Exercise Performance*

Factor Unadjusted Effect Adjusted Effect  
R2 0.455

Beta P Beta P

Male gender 0.089 (–0.11 to 0.28) 0.367 0.044 (–0.20 to 0.11) 0.567

Age 0.143 (–0.05 to 0.34) 0.143 0.005 (–0.15 to 0.16) 0.949

BMI, z-score –0.247 (–0.44 to –0.06) 0.011 –0.113 (–0.28 to 0.05) 0.173

Asthma –0.236 (–0.42 to –0.05) 0.015 –0.007 (–0.16 to 0.17) 0.932

EIB –0.025 (–0.22 to 0.17) 0.801 –0.057 (–0.22 to 0.11) 0.497

Ventilatory limitation –0.018 (–0.21 to 0.17) 0.853 –0.108 (–0.28 to 0.06) 0.213

Physical deconditioning –0.645 (–0.79 to 0.50) <0.001 –0.653 (–0.82 to 0.49) <0.001

Notes: Values are standardized linear regression coefficients beta with 95% confidence intervals in parenthesis. The unadjusted effect (univariable models) refers to the 
effect of each factor separately. The adjusted effect (multivariable model) refers to the combined effect of these factors when adjusted for each other. The achieved power of 
the multivariable model was 99.99%. *V

:

O2peak % predicted. 
Abbreviations: BMI, body mass index; EIB, exercise-induced bronchoconstriction.

Figure 1 Numbers (in boxes) and percentages (x-axis) of children with low V
:

O2peak, EIB, VL and physical deconditioning in the two study groups. The number of inactive 
participants is also presented. Comparisons were performed with chi-square or Fisher’s exact test. *Two children had both EIB and VL. 
Abbreviations: EIB, exercise-induced bronchoconstriction; VL, ventilatory limitation.
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The fact that the IPAQ-SF classification (ie active versus 
inactive) was in accordance with the percentage of chil-
dren categorized as fit or unfit by CPET analysis 
(Figure 1), renders further support to the above hypoth-
esis and to the validity of our results.

Physical activity is of great importance for children 
because it promotes cardiovascular health, improves cog-
nitive function, and establishes the foundations for lifelong 
health and well-being.19,20 Patients with asthma may have 
additional benefits, since exercise training reduces airway 
inflammation and bronchial hyperresponsiveness, thus 
improving respiratory symptoms and quality of life.34 

Moreover, the physically active children with asthma 
have lower body fat and are less likely to develop 
obesity.35 Unfortunately, despite these benefits, imposed 
exercise restrictions are not uncommon in this 
population,4 and relate primarily to parental and/or chil-
dren’s perception that more strenuous activities may pre-
cipitate asthma symptoms and affect physical 
performance, thus leading to devaluation by the social 
environment.6 In this regard, the findings of the present 
study are of importance, since we show that children with 
mild-to-moderate asthma are less tolerant to exercise due 
to physical deconditioning and not because of underlying 
cardio-respiratory mechanisms which limit their exercise 
capacity. Although the cross-sectional design of our study 
does not permit us to fully explore the direction of caus-
ality, the assumption that children with asthma may have 
adopted a less active lifestyle emerges as more plausible; 
such an indolent lifestyle may progressively lead to phy-
sical deconditioning and further deterioration of their exer-
cise capacity which may, in turn, feed into a vicious cycle. 
Thus, regular physical activity, such as training and parti-
cipation in sports, should be encouraged in all children 
with mild-to-moderate asthma. The importance of 
a thorough evaluation of the exercise capacity in these 
children, ideally by CPET, should also be highlighted.

Inevitably, our study has some limitations. First, the 
level of physical activity was not assessed by objective 
tools (eg accelerometers). The IPAQ-SF is –in princi-
ple– a subjective method; however, a systematic ana-
lysis of physical activity was not within the purposes 
of the present study. Second, measurements of allergic 
airway inflammation were not employed and, thus, it is 
not possible to assess its possible contribution. 
However, the study was performed in the summer 
months when the weather in Greece is typically hot 

and dry and the prevalence of respiratory allergies is 
extremely low. Moreover, as already discussed, the 
standard incremental CPET protocol may not be appro-
priate to assess the presence of EIB.32 Nevertheless, in 
contrast to similar studies,15 our cohort consisted of 
children with well-controlled mild-to-moderate asthma; 
therefore, the low prevalence of EIB reported herein is 
most likely valid. Finally, this study was not designed 
to assess the underlying causes that may lead children 
with mild-to-moderate asthma to inactivity and physi-
cal deconditioning. These children may be reluctant to 
participate in physical activities due to the belief that 
the disease has affected their performance or that exer-
cise may precipitate asthma symptoms, thus leading to 
stigmatization by their social environment. Parents, on 
the other hand, may not encourage children with 
asthma to participate in physical activities due to the 
misunderstanding that exercise may be harmful or due 
to lack of appropriate specialist guidance. Future stu-
dies should focus on these important issues, in order to 
uncover possible targets for individual- and family- 
oriented management strategies.

Conclusions
Children and adolescents with controlled mild-to-moderate 
asthma seem to be less capable of strenuous exercise than 
their healthy peers. However, the decreased exercise capa-
city in this population is mainly attributed to physical 
deconditioning, while the contribution of ventilatory lim-
itation and/or EIB is minimal. Therefore, pediatric patients 
with mild-to-moderate asthma should be encouraged to 
participate in physical activities systematically and without 
constraints.

Abbreviations
CPET, cardiopulmonary exercise testing; EIB, exercise- 
induced bronchoconstriction; ACT, asthma control test; 
IPAQ-SF, international physical activity questionnaire - 
short form.
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