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ABSTRACT

Background: Exercise Training has proven to be very effective in improving functional capacity, in reducing
dyspnoea and improving quality of life However, from healthcare perspectives, in low income countries like
India, there are various barriers to attending such programs like low awareness, less recognition of
physiotherapy services, covid 19 and access cost like transport etc.Novel strategies such as tele-
rehabilitation are of great interest as they increase convenience and reduce barriers which are associated
with centre based programs. We seek to compare the effects of home based exercise training program via
video-conferencing with centre based training program on health related quality of life (HRQOL),exercise
capacity, and sleep quality index in children with asthma.

Methods: Participants diagnosed with persistent asthma were randomized to either a home based exercise
training group (HG) supervised via video-conferencing or a centre based exercise training group (CG). Both
the groups received aerobic exercises training using step aerobics three times per week for eight weeks.
Results: Sixty-two out of 76 participants completed the study i.e 31 in each group .There was no statistically
significant between group differences for health related quality of life (t=.495, p=.622), Exercise capacity
(t=.183, p=.855)and sleep quality index (t=.615, p=.541)between the two groups. However both the groups
achieved significant improvement in all the parameters after 8 weeks of training.

Conclusion: Home-based exercise training via video-conferencing achieved equivalent improvement as
compared to centre based exercise training. This innovative model has the potential to revolutionize
healthcare delivery in countries like India where accessibility and reach are significant challenges, thereby
increasing access to quality care for a larger population.
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Introduction: Paediatric asthma is the most common chronic paediatric lung disease that has traditionally
been defined as a syndrome of airway inflammation characterized by clinical symptoms of cough and
wheezel.lt is a major global public health problem which is ruining the quality of life of Children and their
families. Worldwide, asthma symptoms are increasing at a rapid pace especially in the second half of the last
century2.There is a substantial burden of asthma symptoms in school aged children; around 1 in 20 school-
aged children have asthma symptoms which are severe3. In developing country like India, there is a 14 fold
increase in the asthma symptoms in the last five decades®. Exercise training has been widely used as a
complimentary therapeutic approach in the management of Asthma. It is safe and well tolerated in patients
with asthma and should be prescribed for overall improvement in general and respiratory health® . An
individualized exercise training program in children with asthma improves cardiopulmonary fitness and has
the capacity to improve exercise induced bronchoconstriction®.

Regular physical exercise can significantly improve lung function, body composition, exercise ability,
systemic inflammation and quality of life in children with bronchial asthma’. 890, As asthmatic children has
lower aerobic capacity so it is recommended that cardiopulmonary exercise and lower limb muscle
endurance should be given due consideration during physical training programs in children with asthmat? 12,
Various aerobic training programs have been suggested in the literature but there is no agreement for the
same. Literature shows that 6-12 weeks of training programs is efficient in improving HRQOL and improving
asthma symptoms.

A recent review on exercise and lifestyle changes in paediatric asthma recommends that training programs
should have an intensity goal of a ventilator threshold or 80% of maximal heart rate!s.

In children with asthma, pulmonary rehabilitation has proven to be very effective in improving functional
capacity, in reducing dyspnea and improving quality of life*4. However, from healthcare perspectives, in low
income countries like India, there are various barriers to attending such programs like low awareness, less
recognition of physiotherapy services, covid 19 and access cost like transport etc.These barriers are both at
the interpersonal and community levels and prevent children and young people with asthma from
accomplishing benefits of physical fitness 1516,
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Novel strategies such as tele-rehabilitation are of great interest as they increase convenience and reduce
barriers which are associated with centre based programs. A scoping review on tele-rehabilitation in subjects
with respiratory disease concluded tele-rehabilitation to be safe, feasible and a viable first line option for
patients with respiratory disease?’. In covid 19 pandemic, it was well accepted by patients and it improved
their clinical outcomes 8,

Previous studies have demonstrated the usage of tele-rehabilitation in COPD with a variety of protocols and
have showed equivalent improvement as compared to centre based program?®.However, none of the study
has compared home based and centre based exercise training program in children with asthma. Home based
exercise training via video-conferencing has the potential to overcome various barriers of pulmonary
rehabilitation participation. So, this study has been designed to compare the effects of home based exercise
training program via video-conferencing with centre based training program on quality of life , exercise
capacity, sleep quality index in children with asthma.

Methods:

Design

A randomized, parallel group trial was conducted at civil hospital, Panchkula. Ethical approval was taken from
The Ethical Committee of RIMT University. After the approval, trial was registered with Clinical Trials
Registry-India. (CTRI/2024/02/063306)

e Participants: Patients diagnosed with persistent asthma was taken from paediatric outpatient department
of civil hospital Sec 6, Panchkula as per the inclusion and exclusion criteria. Ethical approval was taken from
The Ethical Committee of RIMT University. Inclusion criteria decided was: Children of age group 7-17 years
diagnosed with asthma according to GINA guidelines, Children with stable persistent asthma controlled by
low or moderate doses of inhaled corticosteroid for at least 6 months, Absence of any acute exacerbation or
change of medication in the preceding one month, Children having smart phones or laptops at home.
Participants will be excluded if they are suffering from any other lung disorder, cardiovascular or any other
musculoskeletal condition, Involvement in any other exercise training program, Participation in any other
research studies or has language difficulties and Children who are unable to follow verbal instructions and
suffer from cognitive impairment.

Exercise Capacity

Six minute step test (6MST) was performed as mentioned in earlier studies 2% 21, Subjects were familiarized
with the stepper prior to the test. A 20cm step (with non-slip rubber surface) was used. Cadence was free
and the patient had to target maximum number of steps. There was no upper-limb support. Oxygen
saturation, heart rate, dyspnea and fatigue of lower limbs was assessed after every 2 minutes. Blood
pressure and Respiratory rate was assessed before and immediately after the test. The total no of steps
during the six minutes was used for analysis. A 10-point Borg scale was used to assess perceived dyspnea
and fatigue of lower limbs. Heart rate and SpO2 was assessed using pulse oximeter and blood pressure was
assessed using sphygmomanometer.

Quality of Life

Quality of life was assessed by Paediatric Asthma quality of life questionnaire (PAQLQ) 22. It has 3 domains
(symptoms, activity & emotional function). The questionnaire contains 13 questions of symptoms (such as
wheezing & cough), 5 questions of activity limitation (such as play, sport) and the 8 questions of emotional
function (such as frightened, frustrated). Permission has been taken to use this questionnaire in both English
and Hindi language.

Sleep Quality

Assessment of child’s sleep quality was done by Sleep disturbance scale for Children (SDSC). It is a 27 item
scale which is useful in determining sleep disturbances in clinical and non-clinical population 23. It helps in
evaluating sleep of children aged 3-18 years. This questionnaire was developed by Olivier Bruni. Permission
has been taken to use this questionnaire.

Procedure: After comprehensive description of the study, any one parent of the child was asked to sign a
consent form and child signed the assent form.

Baseline evaluation at the hospital: All the children were evaluated for height, body weight and body mass
index (BMI) using weight & height scale. Exercise capacity, sleep quality and Quality Of Life were evaluated
before the start of the intervention (pre-program) and at the end of 8 weeks of intervention (post program).

At the commencement of the study, all the children were instructed about the methods, procedure and
benefits of the study. Participants were randomized using sealed envelopes by an investigator who was not
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involved in the assessment, diagnosis and treatment. Randomization was done into a home based exercise
training group (HG) and a centre based group (CG) .

Home based Group (HG)

During initial visit by the therapist, a smart phone or laptop with inbuilt camera was positioned at an
appropriate place where therapist could see the participant exercising. Remotely supervised exercise training
at home was conducted thrice a week for 8 weeks, in the groups of 4-6 participants at a time supervised by
the therapist using real time video-conferencing using zoom. Participants were able to see and talk to both
the therapist and other participants.

The aerobic training program consisted of 3 parts: warm up/stretching, aerobic training and cool down.

Warm up/stretching: The warm up was of 5 minutes and consisted of active exercises of upper limb & lower
limb. Stretching was also of 5 minutes and included self-stretching of quadriceps, hamstrings, pectoralis
major and trapezius muscles .Stretch was held for 30sec.

Aerobic Training:

The training protocol was designed in accordance with the guidelines recommended by the American
College Sports Medicine2*.Aerobic training consisted of step aerobics.

Step Aerobics was performed according to previous studies 25 26, Step aerobics training consisted of 3
sessions per week, 30-60 minutes per session for 8 weeks. Step aerobics training was performed using the
low-impact version, in which 1 foot remained in contact with the floor at all times, so not allowing any hopping
movements. The SA included patterns such as the basic step; “A” step; “L” step; “V” step to both the right and
left side; alternating step knee-lift sequences; alternating leg up, up, down, down patterns; and step
kicks. Arm movements such as biceps curls and arm raises at the shoulder level and above the head was
incorporated simultaneously with some steps. Subjectsreceived a sound track with music cadence between
120 and 126 foot strikes per minute. At the beginning of the first exercise session, the resting HR of subjects
was measured by a HR monitor (Polar Electro™,). Heart rate was measured every 5 minutes of each
session.

During training session, intensity was controlled by maintaining HR between 70%-80% of the predicted
maximum heart rate with reference values calculated according to karnoven’s formula?’. Dyspnea and/or
fatigue was maintained between 4 and 6 on the modified Borg scale. The participants were instructed to take
bronchodilators prior to or during the exercise if required.

After completion of eight weeks, Participants were evaluated for the same parameters at the hospital.

Centre Based Group

Aerobic Training was exactly same as stated in Home based group but was conducted in rehabilitation
centre.

Data Analysis: Statistical Analysis was done using SPSS software. A total of 62 participants were randomly
allocated to home based exercise training group (HG) and centre based exercise training group (CG) i.e. 31
in each group. Data normality was assessed using Kolmogorov-Smirnov test. Data was presented as meanzt
standard deviation. Between groups comparisons was done using non paired t test and paired t-test was
used to evaluate differences with-in the groups. The level of statistical significance was set at 5% for all the
tests. (p<0.05)

Results:

Movement of participants throughout the study is illustrated in fig.1.

There were 85 eligible patients. Five of them refused to participate so total 80 asthmatic patients were
randomized into two equal groups. 40 in home based group (HG) and 40 in centre based group (CG). In the
home based group, 9 participants dropped out in the first week due to internet issues. In the centre based
group, 5 participants dropped out because of lack of family support and 4 left due to transfer problems. So 31
participants in each group finally completed the study.

Baseline characteristics

Baseline characteristics of 62 participants who completed the study are shown in Table 1. As demonstrated
in Table 1, there were no significant differences between the Group HG and Group CG at the beginning of
the study with regard to their age, BMI, , 6MST, and PAQLQ (p>0.05). All the patrticipants included in the
study had comparable levels ofPAQLQ, SDSC and 6MST baseline scores . Table 2. Depicts the normality
analysis of the data according to one sample Kolmogorov —Smirnov test. The p value decided was 0.05. As
the p value for the above shown variables is more than 0.05. Hence data is normal and parametric test is
applied for analysis.
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Fig :1 Movement of participants throughout the study .

Discontinued
intervention due to

internet issues n=9

Table 1 Baseline characteristics of subjects:

Characteristics Group HG Group CG p-value
Mean #S.D | Mean +S.D
N 31 31
Age 12.74+3.36 | 11.81+¥3.29 | 0.272
BMI 20.05+4 19.85+2.68 | 0.809
FEV1 66.39+6.58 | 67.48+6.52 | 512
FVvC 80.68+6.33 | 79.71+4.95 | .505
FEV1/FVC 82.55+6.3 84.61+5.74 | .183
PEFR 67.13£7.79 | 69.361£5.19 | .191
PAQLO-Total 3.91+0.38 3.96+0.41 .607
PAQLQ symptom | 3.96+0.45 3.99+0.45 .655
PAQLQ Activity 3.82+0.45 3.88+0.53 .606
PAQLQ-Emotion | 3.95+0.30 3.98+0.34 .692
SDSC 70.58+£12.31 | 68.61+12.51 | .535
6MST 139.07+6.41 | 141.10+6.83 | .232

Note:Significant at p<0.05

Abbreviations: HG: Home based group, CG: Centre based group,BMI: Body Mass Index,FVC:Forced Vital
Capacity,FEV1: Forced Expiratory Volume in lsec,PEFR:Peak Expiratory Flow Rate,PAQLQ: Pediatric
asthma quality of life Questionairre, SDSC: Sleep disturbance scale for children, 6MST: 6-minute step test.

Table 2: Normality Analysis

Group Group HG Group CG

N | Kolmogorov-Smirnov Z | p-value | N | Kolmogorov-Smirnov Z | p-value
PAQLQ(Total) 31 | .698 715 31| .758 .614
PAQLQ(Symptom) | 31 | .834 490 31| .694 721
PAQLQ(Activity) 31| .724 671 31| .861 449
PAQLQ(Emotion) | 31 | .791 559 31| .752 624
SDSC 31| .898 .396 31].914 .374
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| 6MST

[ 31 ] .656

| .783

[ 31 ].748

[ 631 ]

Abbreviations: HG: Home based group, CG: Centre based groupPAQLQ: Pediatric asthma quality of life

Questionnaire, SDSC: Sleep disturbance scale for children, 6MST: 6-minute step test.
Comparison of study variables:

Table 3: Pre and post treatment of HRQOL, exercise capacity and sleep quality index within each

group
HG Group CG group

GROUP A Pre Post p-value | Pre Post p-value
PAQLQ

PAQLO-Total 3.91+0.38 5.27+0.50 .0001* | 3.96+0.41 5.34+0.52 .0001*
PAQLQ symptom | 3.94+0.45 5.25+0.62 .0001* | 3.99+0.45 5.371£0.63 .0001*
PAQLQ Activity 3.8240.45 5.12+0.39 .0001* | 3.89+0.53 5.174+0.46 .0001*
PAQLQ-Emotion | 3.95+0.30 5.35+0.51 .0001* | 3.98+0.33 5.42+0.52 .0001*
SDSC 70.58+12.31 | 48.7146.38 .0001* | 68.61+12.51 | 47.6846.82 .0001*
6MST 139.07+6.41 | 168.58+14.26 | .0001* | 141.1+6.83 | 167.90+14.82 | .0001*

Note:Significant at p<0.05

Abbreviations: HG: Home based group, CG: Centre based group, PAQLQ: Pediatric asthma quality of life
Questionairre, SDSC: Sleep disturbance scale for children, 6MST: 6-minute step test.

Pediatric Asthma Quality of life questionnaire:

As demonstrated in table 3, Pre post treatment comparison with in the groups indicated significant
differences in all the measures of quality of life such as symptoms,activity,emotion and overall scores in both
home based as well as centre based group.However as shown in table 4 , between group comparison
showed no significant difference (p>0.05) in all the measures of quality of life indicating similar improvement
of quality of life in home based as well as centre based groups.

Exercise capacity:

As represented in table 1, comparison of mean pre-treatment values of 6MSThetween home based and
centre based group indicated non-significant differences (p>0.05). At the completion of the study, both the
groups showed significant improvement in exercise capacity as shown in table 3 (p<0.05).Moreover as
shown in Table 4 , the between-group comparison revealed no significant difference in the 6 minute step test,
indicating comparable improvements in exercise capacity for both home based and centre based groups.

Sleep Quality Index

Table 1 shows that the mean pre-treatment values of sleep disturbance scale for children were similar for
both home based and centre based groups with no significant differences. By the end of the study, both the
groups demonstrated significant improvements in sleep quality (Table 3). Furthermore, as shown in Table 4,
the between group comparison revealed no significant difference in sleep disturbance scores, indicating
equivalent improvements in sleepquality for both the groups.

Table 4 : PAQOL, exercise capacity and sleep quality index between the two groups post treatment

Post 8weeks exercise training

HG group CG group p-value

Mean£S.D MeanS.D p-value
PAQLO-Total 5.271+0.503 5.335+0.523 .622
PAQLQ 5.252+0.616 5.365+0.632 479
symptom
PAQLQ Activity 5.123+0.385 5.174+0.464 .635
PAQLQ-Emotion | 5.345+0.505 5.419+0.521 571
SDSC 48.710 47.677 541
6MST 168.581+14.261 167.903+14.820 .855

Note:Significant at p<0.05

Abbreviations: HG: Home based group, CG: Centre based group, PAQLQ: Pediatric asthma quality of life

Questionnaire, SDSC: Sleep disturbance scale for children, 6MST: 6-minute step test.
Cuest.fisioter.2025.54(4):5590-5598
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Discussion:

The present study was done to compare the efficacy of home based and centre based exercise training in
children with asthma. The outcome measures were Pediatric asthma quality of life questionnaire, six minute
step test and Sleep disturbance scale for children. This is the first study which used home based exercise
training with supervision of all exercise sessions using virtual web meetings via zoom and compared it with
centre based exercise training.

The study population who completed the study were divided into two groups, Home based group (Group HG)
and centre based group (Group CG) each consisting of 31 participants. Mean age of 31 participants in group
A was 12.74 years where as mean age of 31 participants in Group B was 11.81 years. There was no
significant difference between the groups signifying the groups were matched.

The major findings of this study showed that asthmatic children in both the groups showed improved exercise
capacity, sleep quality and quality of life. These findings were obtained through a program involving
moderate-intensity exercise using step aerobics. The asthmatic children had a satisfied participation program
without asthma restrictions or attack.

Quality of life:

Health-related Quality of Life has emerged as a crucial outcome measurein the management and
assessment of chronic disorders?®. Beyond experiencing reduced exercise capacity and symptoms like
dyspnoea,cough and wheezing, children with this condition also face significant physical,social,educational
and emotional challenges that impact their overall well-being?®.The current study showed significant
improvement of Health related quality of life evidenced by both overall PAQLQ scores, as well as specific
scores of the activity limitation domain, symptoms, and emotional function in both Group HG and Group CG.
The observed improvements in quality of life may be attributed to enhanced cardiopulmonary endurance?,
improved lung function3! and the positive psychosocial benefits associated with participating in a structured
exercise program.Our results align with existing research done by Basaran, which demonstrated that an 8
week sub maximal exercise intervention yielded significant quality of life improvements in paediatric patients
with asthma32.

Exercise capacity

The reduction in physical fitness resulting from decreased physical activity in children with bronchial asthma
plays a significant role in compromising their quality of life and control ofdisease®33. Muscle impairments are
often linked to long-term use of corticosteroids, sedentary life style and decreased aerobic capacity.
Therefore, enhancing exercise ability and improving quality of life can significantly alleviate asthma
symptoms.While exercise has long been recognised as a crucial component in managing childhood
asthma,exercise induced asthma remains a concern, often discouraging parents from encouraging physical
activity in their children.

The results of present study demonstrated that an 8-week program of aerobic exercise training improved
exercise capacity in children with asthma in both the groups. Theimprovement in exercise capacity is
inconsistent with a study done by sanz-santiago etal that demonstrated significant gains in cardiorepiratory
fitness in children and adolescents with asthma=°.

Our results are further supported by a meta-analysis conducted by Liu Y etal which revealed a significant
enhancement in exercise capacity following physical exercise3*. The improved exercise capacity in this study
suggests enhanced ventilator efficiency among participants, potentially leading to reduced breathlessness,
improved sub maximal exercise capacity and enhanced overall well being during daily activities3>.Despite
variations in training programs for individuals with asthma, aerobic training is consistently the most widely
recommended and utilized approach for children with asthma.This study pioneers the use of Step Aerobics
(SA) as a modality for aerobic training in asthmatic patients. The key factors contributing to enhanced
effectiveness of our physical training protocol on cardiovascular fithess appear to be the selection of
appropriate training modes, precise training prescription (established at the ventilatory threshold) and optimal
frequency and duration of training sessions. Step aerobic training has been shown to have a positive impact
on body composition in various populations, including older adults36, postmenopausal women37and patients
with chronic heart failure38. Additionally, step aerobics has been found to improve lower body strength in older
adults, likely due to repetitive stepping motion. So, the beneficial effects of step aerobic exercise may be
attributed to improvements in either cardiopulmonary fitness or peripheral muscle strength or both.

Sleep Quality

Sleep is a crucial consideration in the care of patients with asthma. Children with asthma often experience
night-time awakenings and poor sleep quality due to their condition. These sleep disturbances can have far-
reaching consequences, negatively impacting the quality of life of the children as well as their parents.
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Furthermore, sleep disturbances can affect academic performance, cognitive function and mental health
highlighting the importance of addressing sleep issues in asthma management=°.

A review conducted by Francisco etal investigated the impact of physical exercise on nocturnal symptoms in
asthma. The findings suggest that regular physical activity may alleviate nocturnal symptoms by reducing
their prevalence and frequency. However, the underlying mechanism responsible for this improvement
remains unclear warranting further research to elucidate the relationship between exercise and nocturnal
asthma symtomatlogy*°.This study reveals a significant enhancement in sleep qualityas assessed by sleep
disturbance scale for children, following an 8 week aerobic exercise training program in both the groups. The
observed improvement in sleep quality may be attributed to various factors including better asthma control,
reduced nocturnal symptoms“?, improved lung function and decreased anxiety related to their condition all of
which promote relaxation*! and contribute to enhanced sleep quality.

Between the group differences:

This pioneering study is the first to compare home based exercise training using video conferencing with
centre based exercise training in children with asthma. This study demonstrated that a home-based exercise
training model yields comparable improvement in quality of life, exercise capacity and sleep quality in
children with asthma suggesting its potential as an effective and accessible alternative to traditional centre
based programs. While the traditional centre-based pulmonary rehabilitation models have demonstrated
efficacy in clinical trials®27, their real-world impact is often limited by poor participation and adherence
rates,highlighting the need for alternative ,more accessible approach. The barriers to accessing rehabilitation
services are complex and multifaceted, including low referral rates, patient related challenges such as access
constraints, health complexities like co morbidities and the need for family support, which collectively hinder
uptake and adherence to these services. This novel telerehabilitation model revolutionizes asthma care by
delivering exercise training services in the comfort of their own homes, seamlessly bypassing obstacles such
as transportation Hassels, costly commutes and weather related disruptions. Unlike previous studies, this
research explores a rehabilitation model that leverages familiar, user friendly technology eliminating the need
for extensive technical support making it highly suitable for implementation in real world clinical settings.
Home based programs show great promise in addressing the limitations offering a practical and effective
solution. So this practical approach demonstrates significant potential for seamless integration into real-world
clinical settings, addressing existing limitations and paving the way for effective, home based intervention.
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