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Abstract

Backeround and Objective: Breathing and aerobic exercises are known to be beneficial for patients with
asthma. However, research on combining these exercises is limited. Therefore, this study investigated the effects
of a combining breathing with aerobic exercise on physical fitness and quality of life in asthmatic patients.
Methods: This study was a single-blind, randomized controlled trial. Thirty patients with asthma were randomly
allocated to either a control group (CG) or a training group (TG) in 1:1 ratio. Participants in the CG performed
aerobic exercise only, whereas those in the TG participated in both aerobic exercise and breathing exercise
program. Both groups exercised for 50 minutes per session, 3 times per week, for a duration of 12 weeks.
Physical fitness parameters including static balance (one leg stand test; OLST), dynamic balance (time up and
go test; TUGT), and lower limb strength (five-time sit to stand test; FTSST), along with quality of life (mini
asthma quality of life questionnaire; mini-AQLQ) were evaluated at baseline, mid-intervention (6 weeks), and
post-intervention (12 weeks).

Results: Both exercise interventions significantly increased OLST, TUGT, FTSST, and mini-AQLQ scores at both
6 and 12 weeks of the study period when compared with baseline (p < 0.05). Interestingly, the TG showed
significantly greater improvements in OLST, TUGT, FTSST, and mini-AQLQ (total scores and symptom domain)
compared to the CG at 12 weeks (p < 0.05).

Conclusions: These results suggest that the combination of breathing and aerobic exercises effectively improve

physical fitness and quality of life in asthmatic patients.

Keywords: aerobic exercise, asthma, breathing exercise, physical fitness, pulmonary rehabilitation
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Introduction

As one of the most widespread chronic respiratory
diseases, asthma affects people of all ages, and its
prevalence is significantly increasing worldwide. The
inflammatory nature of asthma causes recurring
symptoms like wheezing, dyspnea, chest tightness,
and coughing, which fluctuate in occurrence, frequency,
and intensity'. These symptoms frequently discourage
exercise participation due to concerns about
exacerbations. This avoidance behavior can result in
a sedentary lifestyle and subsequent negative health
outcomes, including heightened fatigue, decreased
daily activity, and reduced physical fitness”. Ultimately,
this can contribute to inadequate asthma control and
a poor quality of life’.

Pulmonary rehabilitation, non-pharmacological
treatment, is well-established, with exercise training
being a key component. Evidence from systematic
reviews suggests that aerobic exercise training can
enhance physical performance, decrease the
likelihood of asthma exacerbations, and improve
exercise capacity and pulmonary function®”. These
improvements hold the potential to facilitate better
asthma management and enhance overall quality of
life.

Moreover, breathing exercise commonly appear
as an educational component of pulmonary
rehabilitation program to help asthmatic patients
achieve better breathing patterns with longer
exhalations and lower respiratory rates, thus reducing
hyperventilation and hyperinflation®. Breathing
exercise has also been found to improve pulmonary
function, hyperventilation symptoms, asthma control
and quality of life in asthmatic patients’.

A previous study revealed that aerobic exercise
and breathing exercise programs presented similar
results in asthma control, quality of life, asthma
symptoms, physical activity, and airway inflammation’.
Nevertheless, research specifically examining the
effectiveness of a combined exercise program for
individuals with asthma remains limited. Therefore,

the aim of present study was to investigate the effects

of an exercise intervention incorporating both aerobic
and breathing exercises on physical fitness, as
measured by balance and lower limb muscle strength,
and on quality of life, as assessed by an asthma
quality of life questionnaire (AQLQ), in asthmatic
patients. We hypothesized that the effect of
combined breathing and aerobic exercise approach
would increase in physical fitness and improve

quality of life among individuals with asthma.

Methods

Study design

A single-blind, randomized controlled trial was
conducted following ethical approval from the Khon
Kaen University Ethics Committee for Human Research
(HE651440) and prospective registration with the Thai
Clinical Trials Registry (TCTR20230913002). Participants
were recruited from Srinagarind and Nong Ruea
Hospitals in Thailand, and all provided written
informed consent prior to enrollment. Following
baseline assessments, they were randomly allocated
to either the control group (CG) or the training group
(TG) using a computer-generated randomization
sequence with unique identifiers in a 1:1 ratio.
Participants in the CG engaged in aerobic exercise
alone, while those in the TG commenced a combined

aerobic and breathing exercise program.

Study population

Individuals diagnosed with asthma according to
the global Initiative for asthma guidelines (GINA)" were
recruited. Eligible participants were adults aged 20-65
years who were not engaging in any other exercise
program and who maintained stable asthma medication.
Exclusion criteria included other respiratory diseases
(e.g., chronic obstructive pulmonary disease, infections),
asthma exacerbation within the prior month,
cardiovascular conditions (e.g., heart failure, ischemic
chest pain), physical limitations affecting the ability

to exercise, and pregnancy.
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Sample size calculation

The sample size was calculated based on the
change in total score of AQLQ between the two
groups after breathing exercise in asthmatic patients’.
A sample size was calculated to be 12 participants
per group with a power of 80% and a significance
level of 5%. To accommodate the approximately 20%
drop out rate, the sample size was increased to 15

subjects per group.

Randomization and blinding

Following informed consent, participants were
randomly assigned in a 1:1 ratio to either the CG or
the TG using computer-generated simple randomization,
with allocation concealment implemented as follows.
Opaque, sequentially numbered envelopes was
prepared by the researcher. Each envelope contained
a slip of paper indicating group allocation arranged
according to the randomization sequence generated
by https://www.randomizer.org/. The envelopes were
then be sealed to prevent disclosure. A research
assistant invited each participant to select one
envelope, and the researcher subsequently informed
the participant of their group assignment based on
the letter inside the envelope. An outcome assessor
was blinded to both the clinical context and group

allocation of each participant.

Physical fitness measurements

(1) One leg stand test (OLST). To assess static
balance control, the OLST was administered. Participants
were instructed to stand on one leg with their eyes
open, ensuring the non-supporting leg did not contact
the stance limb, and to maintain this stance for the
longest possible duration. Three trials were conducted
for each leg, and the maximum holding time was used
for analysis".

(2) Time up and go test (TUGT). To evaluate
dynamic balance control, the TUGT was administered.
Participants were instructed to stand from a standard
chair (around 46 cm seat height) without using their

hands, walk around a cone placed 3 meters away,

and return to sit down at a comfortable and safe pace.
The time from standing up to sitting down was
recorded, and the average of three trials was used for
analysis".

(3) Five times sit to stand test (FTSST). This test
measures lower limb muscle strength and serves as
a reliable assessment of functional outcome in
individuals with asthma undergoing pulmonary
rehabilitation. Participants were instructed to
complete five consecutive sit-to-stand cycles
as quickly as possible from a standard chair
(approximately 46 cm high) with their arms crossed
and without using the chair back for support. The time
taken from the “Go” signal until the final sit was
recorded, and the average of three trials was

calculated™.

Asthma-related quality of life

The quality of life of asthmatic patients was
assessed using the mini asthma quality of life
questionnaire (mini-AQLQ), a 15-item instrument
evaluating four domains: symptom, activity, emotional
well-being, and environmental factors”. The
questionnaire utilizes a seven-point rating scale for
each item (1 = a great deal, 7 = not at all). On this
scale, 7 indicates no impairment, and 1 indicates
maximum impairment. For individual items, A change
of 0.5 is the minimal clinically important difference
(MCID) while changes of 1.0 and >1.5 represent

moderate and large differences, respectively™.

Procedure of exercise intervention

The 12-week exercise intervention involved 36
sessions (3 times weekly). The intervention for the TG
in each session consisted of a 5-minute warm-up,
a 30-minute aerobic exercise period, a 10-minute
breathing exercise (including 5 minutes of pursed-lip
breathing and 5 minutes of diaphragmatic breathing),
and a 5-minute cool-down, for a total duration of 50
minutes. The intervention for the CG in each session
consisted of a 5-minute warm-up, a 40-minute

aerobic exercise period, and a 5-minute cool-down,
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also totaling 50 minutes. Aerobic exercise intensity of
both groups was maintained at 55-70% of the
participants’ maximal heart rate (HRmax)'®, with heart
rate monitor using the Polar RS800CX (Polar Electro
Oy, Finland). The researchers developed this low-
impact program, guided by the ACSM’s 2012
recommendations for group exercise and adapted for
individuals with asthma, utilizing a 4-inch step and a
tempo of 120-130 bpm'®. The aerobic exercise
comprised 10 movements on a bench (v-step, basic
in-out, tap up, side tap, knee up, over the top, turn
step, cross back, across the top chasse, and indecision),
each performed 10 times. All sessions were conducted
under the direct supervision of a qualified physiotherapist
with five years of professional experience. Adherence
to the intervention was defined as completing 29 or

more of the scheduled sessions.

Statistical analysis

The normality of the data was assessed using
Shapiro-Wilk test. Means and standard deviations (SD)
summarize the descriptive statistics. Independent
t-tests compared differences between groups, and
repeated measures ANOVA assessed within-group
changes across the baseline, 6-week, and 12-week
time points to evaluate the intervention’s effect.
Statistical significance was set at p < 0.05. IBM SPSS
version 20 was used for all statistical computations,

and GraphPad Prism 9 facilitated data visualization.

Results

Baseline characteristics of both groups are
shown in Table 1. The CG and the TG displayed no
significant difference in age, height, weight, BMI, FEVl,
mini-AQLQ when compared between groups. Of the
30 patients with asthma who were recruited for this
study, one patient dropped out due to COVID-19
infection and incomplete exercise program; therefore

29 subjects completed the study.

Effect of breathing and aerobic exercise program
on physical fitness

The results for physical fitness are illustrated in
Figure 1. Comparison within-group in the CG, the
results demonstrated a significant improvement in
static balance, as indicated by OLST at 6 and 12 weeks
(from 54.76 + 8.48 seconds at baseline to 76.89 + 9.74
seconds at 6 weeks, and to 100.55 + 3.70 seconds at
12 weeks, p < 0.001). Furthermore, the CG showed
a significant improvement in dynamic balance,
as indicated by TUGT (from 9.22 + 0.71 seconds
at baseline to 7.80 + 0.53 seconds at 6 weeks, and
to 7.04 + 0.55 seconds at 12 weeks, p < 0.001).
Moreover, the CG showed a significant improvement
in lower limb muscle strength, as indicated by FTSST
(from 10.41 + 0.88 seconds at baseline to 9.16 + 0.91
seconds at 6 weeks, and to 7.10 + 0.75 seconds
at 12 weeks, p < 0.001).

For within-group comparison in the TG, the
results demonstrated a significant improvement in
OLST at 6 and 12 weeks (from 58.18 + 6.85 seconds
at baseline to 74.70 + 7.14 seconds at 6 weeks, and
to 115.33 + 4.95 seconds at 12 weeks, p < 0.001).
Furthermore, the TG showed a significant improvement
in TUGT (from 9.27 + 1.11 seconds at baseline to 7.07
+ 0.79 seconds at 6 weeks, and to 5.05 + 0.87 seconds
at 12 weeks, p < 0.001). Moreover, the TG showed a
significant improvement in FTSST (from 10.64 + 0.92
seconds at baseline to 8.85 + 0.89 seconds at 6 weeks,
and to 5.85 + 0.37 seconds at 12 weeks, p < 0.001).

In the comparison between groups, the TG
showed significantly greater improvement in TUGT
(p < 0.001), OLST (p < 0.001), and FTSST (p < 0.05)
compared to the CG at 12 weeks.

Effect of breathing and aerobic exercise program
on quality of life

The mini-AQLQ scores for each group are
presented in Table 2. In the within-group comparison,
both CG and TG showed significant improvements in
the total mini-AQLQ score, as well as in the symptom

domain score, activity domain score, and environmental
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domain score at both 6 and 12 weeks of the study
period (p < 0.05). Notably, comparison between
groups, the TG demonstrated significantly greater
improvements in the total score and symptom
domain score compared to the CG at 12 weeks
(p < 0.001 and p = 0.003, respectively). In contrast,
improvements in the activity, emotional, and
environmental domains were not significantly

different between the two groups.

Discussion

The findings of this study demonstrated
statistically significant improvements in physical
fitness and in the total, symptom, activity, and
environmental domain scores of asthma-related
quality of life in both groups. Notably, the group
engaging in both breathing and aerobic exercise
training exhibited more substantial improvements in
physical fitness and in total scores and symptom
domain scores of asthma-related quality of life
compared to participants who underwent aerobic
exercise training alone.

This study provides evidence that asthmatic
patients who performed aerobic exercise alone or a
combination of aerobic and breathing exercises can
improve dynamic balance (TUGT), static balance
(OLST), and lower limb strength (FTSST) because of
their engagement in aerobic exercise on a bench
within the exercise program. These results are
consistent with a previous study that found 8 weeks
of aerobic exercise on a bench improves balance and
lower limb strength in elderly women'’. The
enhanced performance in lower limb strength could
be attributed to a mechanism involving nervous
system and muscle stimulation, followed by eccentric
and concentric contractions. The rapid nature of these
contractions may promote the activation of motor
units, specifically fast-twitch muscle fibers, leading to
increased muscle contraction speed and power
output'™". Moreover, executing stepping movements
in multiple directions necessitates ongoing regulation

of the body’s center of gravity to facilitate accurate

and smooth movement, potentially improving
balance.

Remarkably, the incorporation of breathing and
aerobic exercise training led to a significantly greater
increase in balance and lower limb strength compared
to aerobic exercise alone, which aligns with the
objective of this study. This finding is consistent with
prior research showing that diaphragmatic breathing
exercise effectively improves balance in healthy
individuals”™. Respiratory muscles influence respiratory
function and also play a role in controlling balance.
Diaphragmatic breathing enhances the activity of core
muscles, including those in the trunk, diaphragm, and
abdomen, leading to elevated intra-abdominal
pressure, which subsequently increases lumbar
stiffness”’. Moreover, prior research indicates that
breathing exercise or respiratory muscle training
improves diaphragmatic and low back proprioception,
trunk control, trunk activity, and respiratory

strength”*

. Therefore, the implemented breathing
exercises and the consequent increase in diaphragmatic
breathing may have augmented the strength of both
the diaphragm and the deep core musculature. This
improvement in strength and proprioception, in turn,
may have contributed to the observed gain in
balance. Furthermore, the contraction of the
diaphragm stimulates the respiratory region of the
primary motor cortex, which is adjacent to the areas
controlling limb musculature. This proximity may
facilitate enhanced recruitment of limb muscles,
potentially resulting in improved motor performance,
such as greater coordination and strength”. Based on
the aforementioned evidence, breathing exercise
combined with aerobic exercise are more effective in
improving balance and lower limb muscle strength,
than aerobic exercise alone.

The present study demonstrated that the both
implemented aerobic exercise programs led to
notable improvements in quality of life, as evidenced
by increased scores on the mini-AQLQ that exceed
the MCID (> 0.5 points) in both groups. Interestingly,

a combination of breathing and aerobic exercises led
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to significantly greater improvement in mini-AQLQ,
especially in total and symptom domain scores, when
compared with aerobic exercise alone, thus achieving
the aim of this research. Our results are consistent
with previous research showing that aerobic exercise
programs improve quality of life in asthmatic patients,
as indicated by clinically significant increases in AQLQ
scores after a 12-week treadmill-based program??'.
Similarly, another previous study observed a significant
improvement in quality of life, as measured by
mini-AQLQ, following a 12-week aerobic intervention,
with a clinically significant change of more than 0.5
points™.

A prior study showed that six months of
diaphragmatic breathing exercises led to a notable
improvement in AQLQ scores among individuals with
asthma”. Diaphragmatic breathing is a technique
characterized by slow and deep breathing that reduces
respiratory rate and increases tidal volume, thus
enhancing the efficiency of ventilation for gas
exchange through alveolar expansion, improving
alveolar ventilation, and increasing arterial oxygen
saturation”. Furthermore, an eight-week program of
diaphragmatic breathing has been shown to reduce
dyspnea and enhance physical activity’', which may
contribute to improved quality of life. Pursed-lip
breathing is a type of breathing exercise in which air
is slowly inhaled through the nose and then exhaled
slowly through pursed lips. This technique helps to
expel more air from the lungs, thereby improving gas
exchange®. A previous study demonstrated that
pursed-lip breathing alleviates dyspnea, possibly by
increasing positive expiratory pressure during expiration,
which subsequently decreases airway narrowing and
reduces hyperinflation”. Therefore, diaphragmatic and
pursed-lip breathing have a potential to improve gas
exchange, decrease the energy expenditure of breathing,
and alleviate dyspnea™”, leading to improve quality
of life.

Aerobic exercise enhances balance and lower
limb muscle strength, which can improve the ability
to perform various activities. This, in turn, positively
impacts the activity domain of asthma-related
quality of life. Additionally, breathing exercises help
reduce dyspnea, thereby improving the symptom
domain of asthma-related quality of life. As a result,
combining breathing exercise with aerobic exercise
produces greater improvements in the total quality
of life scores in asthmatic patients compared to
aerobic exercise alone. Further studies should
investigate the underlying mechanisms of the
combined exercise program, specifically its effects on
airway inflammation, inflammatory cytokines,
oxidative stress, as well as their impact on muscle
function, lung function, and symptoms in patients
with asthma. This approach would help clarify the
pathways through which the intervention enhances
asthma outcomes and physical performance.

There were likewise some limitations in this
study. First, the sample size was relatively small,
which may limit the generalizability of the findings to
the broader asthma population. A larger cohort would
be necessary to confirm the observed effects and to
assess the impact of combined interventions. Second,
the long-term sustainability of the effects of the
training program after the intervention period was not
assessed. As a result, it is unclear whether the
observed benefits persist once training has concluded,
highlighting the need for future studies incorporating
longer follow-up periods. Finally, individual differences
in daily physical activity were not controlled which

could act as potential confounders.
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Table 1 Baseline characteristics of the participants.

Variables CG (n = 15) TG (n = 14) p-value
Age (yr) 45.08 + 10.65 4771 + 13.62 0.620
Gender (male/female) a/11 4/10 0.617
Weight (kg) 65.15 + 8.65 63.87 £14.57 0.088
Height (m) 1.60 = 0.06 1.58 +0.10 0.337
BMI (kg:m™) 25.42 + 2.68 25.74 + 3.80 0.359
FEV (% predicted) 84.15 + 12.25 81.64 + 15.75 0.325
FEV (U 2.05+0.35 2.13 +0.47 0.503
FVC (% predicted) 93.07 + 13.14 97.78 £ 8.97 0.278
FVC (V) 2.98 + 0.94 2.81 £ 0.59 0.582
FEV /FVC 76.65 + 10.00 72.00 + 6.60 0.940
The mini-AQLQ (score)

Total score 4.67 £0.81 4.83 = 0.61 0.467
Symptom domain 4.37 + 0.46 4.31 + 0.64 0.789
Activity domain 561 +0.81 6.03 + 0.91 0.300
Emotional domain 5.12 + 0.96 5.19 + 0.36 0.876
Environmental domain 4.02 £ 1.00 3.90 £ 0.21 0.772

Data are presented as mean + SD. Abbreviations: CG = control group; TG = training group; BMI = body mass
index; FE\/1= forced expiratory volume in the first second; FVC = forced vital capacity; mini-AQLQ = the mini-

asthma quality of life questionnaire.

Table 2 Outcomes of asthma-related quality of life in all experimental groups.

Week 0 Week 6 Week 12

QOutcomes
CG(n=15 TG(h=14) CG(n=15 TG(h=14) CG(n=15 TG (n=14)

mini-AQLQ, score
Total score 467+081 483+061 546+031" 572+062% 6.16+055" 677 +0.29 ™+
Symptom domain 437 +046 431+064 523+036°% 551+059" 635+047" 681 +0.247"t
Activity domain 561+081 603+091 643+057" 673+050" 677+040" 696 +0.63"
Emotional domain 512+096 519+036 555+ 1.16 553+0.78 565111 5.86 + 0.80
Environmental 402+ 100 390+021 480+137" 495+071" 535+117" 571+033"F

domain

Data are presented as mean =+ SD. CG = control group; TG = training group; mini-AQLQ = the mini-asthma quality of life
questionnaire. *p < 0.01 comparison between groups, #p < 0.05 comparison with baseline, and 1 p < 0.05 comparison

with week 6.
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Fig. 1 Comparison of all participants in physical fitness include OLST (A) TUGT (B) and FTSST (C) following the

exercise intervention.

CG: control group; TG: training group; OLST: one leg stand test; TUGT: time up and go test; FTSST: five times sit

to stand test.

*p < 0.001 comparison between groups, ’ p < 0.05 comparison between groups, # p < 0.001 comparison with

baseline, and + p < 0.001 comparison with week 6.

Conclusion

The results obtained from this study revealed
that the 12-week combination of breathing and
aerobic exercises effectively improve physical fitness
by increasing static and dynamic balance, as well as
lower limb muscle strength and improve quality of
life by increasing total scores and symptom domain
scores in asthmatic patients. These findings have
meaningful implications for the use of combination

of breathing and aerobic exercises for nonpharma-

cological intervention in these patients. Further study
should investigate the benefits of individualized
exercise programs tailored to baseline fitness levels,
asthma severity, and personal preferences in order
to optimize both adherence and outcomes. Moreover,
future research should assess the impact of these
programs on clinical outcomes such as pulmonary
function, medication usage, and the frequency of

asthma exacerbations.
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