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A B S T R A C T

Background: Telerehabilitation is imperative and impending in the management of chronic obstructive pulmonary
disease patients. However, its feasibility in low- and middle-income nations such as India remained unclear.
Objective: To assess the feasibility of administering a smartphone-based telerehabilitation program for chronic
obstructive pulmonary disease patients in India.
Material and method: An online cross-sectional survey was administered to stakeholders of the telerehabilitation
program: chronic obstructive pulmonary disease patients, health care professionals including pulmonary care
physicians, rehabilitation nurses and physiotherapists. The survey sought to ascertain the causes, barriers, and
facilitators associated with the implementation of smartphone-based telerehabilitation, as well as strategies for
practice improvement.
Results: While 71% (n ¼ 37/52) of the 52 healthcare professionals surveyed were aware of smartphone-based
telerehabilitation, implementation was found to be extremely low (n ¼ 4/37; 10%). The majority of patients
with chronic obstructive pulmonary disease (n ¼ 21/30; 70%) agreed to accept smartphone-based tele-
rehabilitation as one of their treatment options. In India, challenges to efficient telerehabilitation implementation
included a lack of infrastructure, perceived time consumption, a lack of expertise and training, organizational
support, and perceived inefficacy.
Conclusion: While knowledge of smartphone-based telerehabilitation is high among healthcare professionals and
chronic obstructive pulmonary disease patients, implementation of this novel intervention measure has been
limited due to perceived constraints associated with smartphone-based telerehabilitation. Adapting national and
organizational policies to support smartphone-based telerehabilitation services is critical during this decade of
social isolation.
1. Introduction

Chronic obstructive pulmonary disease (COPD) is a progressive lung
illness caused by a variety of factors and defined by chronic airflow re-
striction. Apart from the debilitating respiratory symptoms (exertional
dyspnea, cough, and recurring chest infection) that impair everyday ac-
tivities, the extra pulmonary effects (muscle wasting, balance problems,
osteopenia, and mental health problems) impair COPD patients' quality
of life (Cox et al., 2021; Wageck et al., 2021). Pulmonary rehabilitation
("individually tailored multicomponent intervention encompassing
apareddy).
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exercise training, diet modification, and lifestyle modification") com-
bined with pharmacological optimization reduces musculoskeletal
morbidity, exacerbation risk, and repeated hospitalization in COPD pa-
tients, while also improving their quality of life (Holland et al., 2021;
Spruit et al., 2013; Wouters et al., 2018). However, low participation and
non-adherence to traditional institutional-based pulmonary rehabilita-
tion (PR) continue to be a barrier to long-term COPD care (Cox et al.,
2021; Wouters et al., 2018). Home-based PR is seen to be more cost
efficient due to reduced travel and caregiver strain, more compliance
with PR programs, and long-term behavioral change (Holland et al.,
t 2021
ticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

mailto:kreddy@sharjah.ac.ae
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2021.e07857&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2021.e07857
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2021.e07857


K.C. Bairapareddy et al. Heliyon 7 (2021) e07857
2021). However, the presence of a physician or therapist through virtual
means may enhance the success of home-based public relations cam-
paigns. As a result, there is a need for a combination of institutional- and
home-based PR programs, in which participants continue the prescribed
exercise regimen, nutritional advice, and lifestyle modification in their
homes under the monitoring of health care specialists (Hansen et al.,
2020).

Telerehabilitation via smartphones is a key solution that combines the
benefits of institutional and home-based rehabilitation programs and
delivers public relations services via information and communication
technologies (Hansen et al., 2020). Additionally, telerehabilitation en-
compasses a range of rehabilitation services that include symptom
assessment and monitoring, exercise planning and supervision, and life-
style modification that address comorbidities in real-time, thereby
increasing self-efficacy and determination to maintain long-term
compliance with PR programs with less support (Donner et al., 2018).
Components of an ideal telerehabilitation involve: (i) End-user commu-
nicationdevices usually smartphones orwebcam installed computerswith
the facilities of texting, videoconferencing andmotivational interviewing;
(ii)client-therapist interface that is blue-tooth or Wi-Fi secured; (iii) a
central cloud server that stores the data and provides secure access for
documentation and monitoring the progress (Bairapareddy et al., 2018).

However, telerehabilitation and its services for the optimization of
COPD management in low-middle income countries are in infancy and
underutilized. Smartphone-based tele monitoring is found to reduce
hospital admissions of patients with COPD. But the feasibility and effi-
cacy in implementation of PR using smartphones in low-middle income
countries remain unclear. Further, the perceived barriers and facilitators
among the stakeholders (patients and healthcare professionals) of tele-
health based PR services remain unexplored. Hence, the objective of the
present cross-sectional trial was to find the perceived benefits and bar-
riers among the patients and healthcare professionals regarding the
implementation of smartphone-based telerehabilitation services for
effective PR delivery in COPD patients of India.

2. Method

The study was initiated following clearance by the Institutional Ethics
Committee of Kasturba Hospital. Between August 2018 and January
2019, a cross-sectional study was undertaken.

Study design: The authors conducted an online survey of patients and
health care professionals in India who have been using and practicing
smartphone-based telerehabilitation (pulmonary care physicians, reha-
bilitation nurses, physical and respiratory therapists). The purpose of this
study was to ascertain stakeholder perspectives regarding the barriers
and facilitators associated with smartphone-based telerehabilitation in
the management of COPD.

Participants: Primary respiratory care physicians, rehabilitation
nurses, physical therapists and respiratory therapists who were prac-
ticing PR in India were invited to participate in the study through
Facebook, Research Gate and Twitter. The potential participants were
found eligible to participate in the study if they (1) belong to a multi-
disciplinary PR team – respiratory care physicians, rehabilitation nurses,
postgraduate physical therapists and respiratory therapists specialized in
PR programs; (2)involved in delivering PR services especially COPD
management for at least two years; (3) have experience on both home
and institutional-based PR programs for at least 2 years; (4) the health-
care professionals involved in referring and administering routine PR
services(part-time or full time); (5) should have access to seamless
internet access at the institution or at their primary care services. The
potential participants of the multidisciplinary health care team who
responded to the invitation were also requested to share the e-mail
address or contact numbers of patients who were undergoing PR pro-
grams either institution-based or home-based PR services. The primary
author invited the patients referred by the multidisciplinary health care
professionals for the online survey. To be eligible the patients who were
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potential participants should be: (1) Mild (stage 1 GOLD criteria) COPD
to severe (stage 3 GOLD criteria); (2) has undergone PR programs for at
least one year and has experienced at least some form of tele-health
services such as smartphone based or web-based consultations. Further
participants should be able to fill the survey questionnaire without dif-
ficulties. The patients who volunteered but had any one of the following
criteria: (1) bedridden; (2) mentally not stable or cognitively impaired
were excluded.

2.1. Survey questionnaire development

Two bespoke questionnaires were developed separately for enquiring
patients and health care professionals who are utilizing or administering
the PR programs including the smartphone-based telerehabilitation ser-
vices. The questions that would be signaling about the barriers and fa-
cilitators in the end-users were developed and validated under the
guidance of an expert panel comprising of two pulmonary care physi-
cians, one respiratory therapist and four physical therapists. The ques-
tions to signal the knowledge of telerehabilitation among patients and
healthcare professionals is shown in Supplementary File (S1 & S2).

Questionnaire for Health care professionals: The questionnaire consisted
of six sections with 21 questions enquiring about the: (1) demograph-
ics(one question); (2) awareness of telerehabilitation (two questions); (3)
knowledge of telerehabilitation (11 questions); (4) skills required for
smartphone-based telerehabilitation(five questions); (5) perception of
barriers and facilitators for smartphone-based telerehabilitation imple-
mentation (five questions) and (6) scope for research in smartphone
based telerehabilitation(two questions).

Questionnaire for patients with COPD: The questionnaire for patients
with COPD consisted of four sections comprising 17 questions signaling
about: (1) perception of barriers and facilitators (nine questions); (2)
optimal utilization of telerehabilitation (five questions); (3) perception of
acceptability of telerehabilitation (three questions). All the questions
presented to the patients were closed-ended and the patients were
allowed to choose from the options ``strongly agree", "Agree", "Disagree"
or" strongly disagree" based on their opinion. The reliability of the
questionnaire was measured using internal consistency (Cronbach's
alpha ¼ 0.822, p < 0.05). The questionnaire was also translated to the
local language (Kannada)of the patients with COPD before e-mailing the
participants online.

2.2. Procedure

After the ethical clearance from the institutional review board of a
multifaceted university, the online survey questionnaires developed on
the Google forms for health care professionals and the patients were e-
mailed individually with the consent form attached.

After individuals consented to participate, they were asked to com-
plete the questionnaire. Both healthcare professionals and patients
completed the questionnaires in an average of 8–10 min. On October 28,
2018, healthcare providers and patients received an e-mail with a
welcome message and a link to the questionnaires. After three weeks,
first reminder e-mail was sent to the non-respondents to participate in the
study (17, November 2018). Two weeks later, the second reminder e-
mail was sent to potential participants, along with the online question-
naires (3, December 2018). The participants' replies were downloaded
as.csv files from Google forms, and the questionnaires were anonymized
using patient identifiers before further analysis.

2.3. Statistical analysis

The continuous variables (age, BMI) were expressed as mean and
standard deviations while categorical variables (responses regarding
telerehabilitation services, educational levels) of both patients and the
healthcare professionals were depicted by frequency statistics (n, %). The
association between the knowledge and the implementation practices of
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telerehabilitation services were explicitly analyzed through Chi-square
statistics at a 95% level of significance. All the statistical analyses were
treated in SPSS v.16.0 (SPSS, IBM, USA).

3. Results

The questionnaires were e-mailed to 164 potential participants,
including 88 health care professionals and 76 individuals with COPD
identified using PR services by health care providers. Only 52/88 health
care professionals (response rate ¼ 59%) and 39/76 COPD patients
(response rate ¼ 51%) volunteered for the study after three reminders.
However, nine patient responses were classified as "drop outs" due to a
recent exacerbation and a recent fall. As a result, 52 healthcare pro-
fessionals and 30 patients' replies were analyzed. The flow of the par-
ticipants is depicted in Figure 1.

3.1. Characteristics of the participants

Of 52 health care professionals responded to the survey, majority (n¼
30/52; 57%) are physiotherapists, 19% (n ¼ 10/52) respiratory care
therapists, pulmonary care physicians (n ¼ 8/52 and 8% (n ¼ 4/52)
rehab nurses. 34% (n ¼ 18/52) of the health care professionals are fe-
males. All the health care professionals are young adults andmiddle-aged
(35 � 6 years) and had sufficient experience (6.2 � 1.3 years) in
implementing PR. Of the 30 patients, 20% (n ¼ 6/30) were females,
mostly middle age (54.25 � 12.76 years). The patients involved in the
study were with a history of COPD for almost 8.16� 5.35 years and were
attending some form of PR for at least 4.26 � 2.76 years. Most of the
patients who participated in the survey were undergraduate (n ¼ 22/30;
73%) and knew about telerehabilitation for at least 1.02 � 0.15 years.
Table 1 shows the baseline characteristics of the healthcare professionals
and patients who responded to our survey.

3.2. Healthcare professional's perceptions on telerehabilitation services

The majority of the healthcare professionals (n ¼ 37/52; 71%) were
found to be aware of smartphone-based telerehabilitation benefits and
the overview of the functioning. However, only few (n ¼ 4/37; 10%)
implemented telerehabilitation successfully in their settings. Health care
professionals were exposed to telerehabilitation services at various
educational levels: (1) under-graduation (n ¼ 17/37; 37%); (2) clinical
internship (n ¼ 14/37; 37%) and (3) post-graduation (n ¼ 6/37; 16%).
Figure 1. Flowchart of the partici
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Few of healthcare professionals (n ¼ 6/37; 16%) were from rural back-
ground. All the postgraduates (n¼ 6/37; 16%) were pursuing respiratory
care focusing on pulmonary rehabilitation as their major.

Regarding healthcare professional's knowledge on telerehabilitation
services, we found fair amount of awareness about inclusion criteria (n¼
17/37; 46%), implementation (n ¼ 13/37; 35%) and safety (n ¼ 32/52;
87%) regarding telerehabilitation COPD. However, the majority of the
participants in the health care professional group believed that patients
should be frequently monitored in case of smartphone-based tele-
rehabilitation (n ¼ 35/37; 95%) and adverse effects associated with
unsupervised exercise (n ¼ 25/37; 68%). Most of the participants learnt
smartphone-based telerehabilitation at lectures and symposiums (n ¼ 7/
37; 18.9%) next to peer group discussions (n ¼ 10/37; 27%). The ma-
jority of the participants perceived smartphones (n ¼ 29/37; 78%) and
video conferencing software (n ¼ 23/37; 62%) are the predominant in-
gredients for the successful implementation of smartphone-based tele-
rehabilitation services while the need for web cameras are least (n ¼ 12/
37; 32%). Most of the healthcare professionals (n ¼ 42/52; 81%)
believed that outcome measures such as six-minute walk test, peg-board
test, exercise capacity, outdoor mobility tests, physiological measures
such as saturation and heart rate can be successfully measured using
smartphone-based telerehabilitation services (Figure 2).

Our respondents who were healthcare professionals believed that
smartphone-based telerehabilitation should be implemented in smaller
towns (n ¼ 14/37; 38%) and rural villages (n ¼ 14/37; 38%), but not in
metropolitan cities (n ¼ 9/37; 24%). In addition, the respondents
perceived that pulmonologists (n¼ 29/37; 78%), physical therapists (n¼
29/37; 78%), and respiratory therapists (n ¼ 28/37; 76%) played a
pivotal role, while the role of rehab nurses (n ¼ 2/37; 4%), occupational
therapists (n ¼ 16/37; 43%), clinical psychologists (n ¼ 14/37; 38%) in
tele-rehabilitation should be explored further. Though the healthcare
professionals who responded were not naive to smartphone-based tele-
rehabilitation (n¼ 37/52; 71%), the majority of respondents (n¼ 28/37;
76%) perceived the need for specialized training in the implementation
of smartphone-based telerehabilitation programs, while few are confi-
dent in implementing PR, monitoring outcomes, and progression through
information technology. The majority of healthcare experts (n ¼ 12/37;
33%) suggested smartphone-based telerehabilitation once a week (n ¼
14/37; 38%) and a few one to three times a week (n ¼ 7/37; 19%). The
Chi square test demonstrated a substantial disparity in healthcare pro-
fessionals' knowledge and practice of telerehabilitation services (χ2 ¼
4.12; p < 0.01).
pants included in the survey.



Table 1. Baseline characteristics of the respondents.

Characteristics Healthcare Professionals Patients with chronic
obstructive pulmonary diseases

Sample (n) 52 30

Females (n. %) 14/52 (26.92%) 6/30 (20%)

Age (years) 35 � 6 54.25 � 12.76

Experience in pulmonary rehabilitation (years) 6.2 � 1.3 4.26 � 2.76

Mobility support (n, %) Supplemental oxygen NA 4/30 (13.33%)

Walking aid NA 7/30 (23.33%)

Education (n, %) Undergraduates 18/52 (34.62%) 22/30 (73.33%)

Postgraduates 34/52 (65.38%) 8/30 (26.67%)
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3.3. Perceived barriers and facilitators identified by healthcare
professionals

Poor health literacy (n ¼ 29/37; 81%), financial burden (n ¼ 27/37;
75%), lack of external reward or intrinsic motivation to administer
remote PR programs (n¼ 22/37; 61%), lack of technology/availability of
resources (n¼ 21/37; 58%) and lack of expertise (n¼ 19/37; 53%) were
Figure 2. List of outcome measures perceived to be effectively administered through
score of BMI, obstruction level, Dyspnoea level and exercise capacity through walk
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identified to be the predominant barriers to the successful implementa-
tion of the smartphone-based telerehabilitation programs for COPD pa-
tients. Table 2 demonstrates the various barriers and facilitators
identified by the health care professionals. Majority of the healthcare
professionals supported hospital initiated telerehabilitation services (n ¼
23/37; 62%) followed by smartphone-based telerehabilitation training
programs for healthcare professionals (n ¼ 21; 57%), patient education
tele-rehab based pulmonary rehab programs. Abbreviations: BODE – composite
test; PR – Pulmonary rehabilitation program.



Table 2. Barriers and facilitators identified by the healthcare professionals in the successful implementation of the smartphone-based tele-rehab program for COPD
patients.

Barriers to successful implementation of tele-rehab Facilitators to overcome the barriers
by the health care professionals

Poor health literacy (n ¼ 29) 80.6% Positive Reinforcement (n ¼ 30) 81.1%

Financial Burden (n ¼ 27) 75% Counselling/information (n ¼ 24) 64.9%

Demotivated patients (n ¼ 22) 61.1% Family/peer support (n ¼ 23) 62.2%

Lack of technology and availability of resources (n ¼ 21) 58.3% Therapist guided modelling (n ¼ 23) 62.2%

Lack of awareness among health professionals (n ¼ 19) 52.8% Self-efficacy/determination (n ¼ 1) 2.7%

Lack of government initiatives and schemes (n ¼ 15) 41.7%

Lack of dedicated and trained professionals (n ¼ 14) 38.9%

Patients Beliefs (n ¼ 13) 36.1%

Time consuming (n ¼ 9) 25%

Lack of family support (n ¼ 7) 19.4%
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(n ¼ 21/37; 57%) and student-led start-ups (n¼ 21/37; 57%). Only 49%
(n ¼ 18/37) expressed their interest in conducting research on tele-
rehabilitation and its efficacy on COPD patients in India.

3.4. Patient's perceptions on the telerehabilitation services

The majority of the patients (60–80%) perceived smartphone-based
telerehabilitation to be an essential component of the PR program with
higher scores in communication, privacy, approachability and time effi-
cacy in COPD management. Further patients found smartphone-based
telerehabilitation for COPD as more comfortable (n ¼ 15/30; 50%) and
suitable (n ¼ 15/30; 50%). Table 3 represents the patient's perceptions
on smartphone based telerehabilitation services for COPD management.

4. Discussion

The purpose of this cross-sectional study was to ascertain perceived
barriers and facilitators to the introduction of smartphone-based tele-
rehabilitation services by both PR providers and patients. We observed
that while PR providers have a reasonable to good level of understand-
ing, their practice is limited due to organizational and economic factors.
Our study findings corroborate a recent Saudi Arabian survey about the
Table 3. Patient perceptions about the smartphone-based tele-rehab services and pro

Patient's perceptions about tele-rehab services

Perception of barriers and facilitators

Will telerehabilitation make home based respiratory care services easily accessible?

Will telerehabilitation save your time?

Do you think the use of telerehabilitation will make your therapist more approachable?

Lack of availability resources can hinder your therapy sessions.

Considering the lack of physical contact do you think all your queries regarding the condition c

Do you think these sessions can violate your privacy?

Will language be a barrier in your therapy?

Will the use of telerehabilitation add to your expenses?

Perception of ease of use of telerehabilitation

Do you think it will be easy to learn to use the necessary equipment's required for the sessions?

Will it be more convenient for you to contact your therapist using mobile/videoconference.

Perception of reliability

Will your therapist get a good understanding of your condition over the session?

Do you think you will be able to follow the instructions given by the therapist effectively?

Perception of need of telerehabilitation

Do you think live monitoring is required for every session?

Do you think Tele rehabilitation will improve your general health?

Perception of satisfaction and future use of telerehabilitation

Will you be comfortable in using telerehabilitation for long term care of your condition

Will you accept telerehabilitation as a suitable option for your condition?
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lack of telehealth-based physical therapy practices, though the study
showed increased telemedicine knowledge among physiotherapy experts
(Aloyuni et al., 2020). Similarly, patients responding to our survey
expressed a high level of interest in telerehabilitation services but
expressed concern about the availability and expertise of
telehealth-based PR treatments. The positive response of our patients to
telerehabilitation services was consistent with the findings of Simony
et al. (2019).

4.1. Barriers identified by the health care professionals

According to healthcare professionals, barriers to appropriate
implementation and adoption of smartphone-based telerehabilitation
services in low-resource settings in low-middle income nations include
limited health literacy, financial constraints, a lack of technology, and a
lack of competence. A recent systematic assessment of online home
consultations via telemedicine services highlighted internet quality,
communication, conflicts of interest, financial constraints, privacy, and
expertise, as well as policy laws (Almathami et al., 2020). We would like
to extrapolate the review's limits to low- and middle-income nations as
well, which would assist us in informing and guiding the intervention
mapping, particularly for telehealth-based services.
viders for the COPD management.

Strongly agree Agree Disagree Strongly disagree

4 (13%) 20 (67%) 2 (7%) 4 (13%)

6 (21%) 13 (46%) 8 (29%) 3 (4%)

5 (18%) 16 (59%) 5 (18%) 4 (5%)

2 (7%) 16 (53%) 10 (33%) 2 (7%)

an be solved? 2 (7%) 14 (46%) 13 (43%) 1 (4%)

5 (7%) 0 (0%) 23 (90%) 2 (3%)

6 (20%) 6 (20%) 13 (43%) 5 (17%)

8 (27%) 7 (23%) 11 (37%) 4 (13%)

2 (7%) 17 (56%) 11 (37%) 0 (0%)

7 (24%) 15 (51%) 6 (21%) 2 (4%)

4 (13%) 9 (30%) 15 (50%) 2 (7%)

4 (13%) 19 (63%) 5 (17%) 2 (7%)

4 (13%) 20 (67%) 4 (13%) 2 (7%)

5 (17%) 17 (56%) 5 (17%) 3 (10%)

7 (23%) 15 (50%) 8 (27%) 0 (0%)

6 (20%) 15 (50%) 7 (23%) 2 (7%)
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The survey respondents recognized the importance of smartphones
and videoconferencing software over web cameras for efficient
smartphone-based telerehabilitation in COPD patients. Our findings
corroborate previous assertions that smartphone applications have
improved the local access and remote relationship between healthcare
professionals and patients by bridging the gap between telemedicine
structure and patients (Allaert et al., 2020). Additionally, the poor pref-
erence towards webcams is probably due to concerns about tele-
medicine's confidentiality, security, and privacy (Parmanto and Saptono,
2009).

While the majority of healthcare professionals who responded to the
questionnaire expressed confidence in administering tests such as the six-
minute walk test, peg-board test, exercise capacity, outdoor mobility
tests, and saturation measurement via smartphone-based tele-
rehabilitation services, recent empirical evidence suggests that remote
measurement of pulmonary care outcomes is not beneficial (Holland
et al., 2020) and recommend face to face standardized tests (Houchen--
Wolloff et al., 2020). Holland et al., (2020) conducted a meta-analysis of
84 studies that examined the clinometric properties of various outcome
measures in pulmonary rehabilitation and found that, while step tests
and time-up and go tests are feasible and valid, the six-minute walk
distance is found to be less valid when measured at home or in a virtual
environment versus center-based testing (Holland et al., 2020). As a
result, we propose that healthcare professionals in low- and
middle-income countries get familiar with the limitations and psycho-
metric features of various outcome measures prior to conducting remote
outcomes measurement.

Globally, healthcare disparities are frequent, with the majority of
healthcare settings, such as multispecialty hospitals, located in urban
regions and patients living in close proximity to the settings benefiting
the most, while rural patients receive the least attention (Bagchi, 2019;
Harkey et al., 2020). Telerehabilitation through smartphone is an inno-
vative management strategy that addresses the disparity in healthcare
utilization between rural and urban areas (Harkey et al., 2020). We are
not surprised that the majority of healthcare professionals surveyed
believed that smartphone-based telerehabilitation is more necessary in
rural areas than in urban areas, since the majority of COPD patients
cannot access conventional rehabilitation treatments.

4.2. Perceived barriers and facilitators to smartphone-based
telerehabilitation by patients

Our study found the majority of the patients perceived tele-
rehabilitation as an essential component of the PR. Time-saving, face to
face ease of consultation, less commute, engagement and motivation are
postulated to be the facilitators for the smartphone-based tele-
rehabilitation practice as perceived by the patients (Almathami et al.,
2020). Further, our respondents found significant comfort in utilizing the
smartphone-based telerehabilitation services compared to conventional
rehabilitation due to the following reasons: reduced commute, continued
use of home oxygen, less caregiver burden for rehab sessions, minimal
equipment and a safe environment. However, a sizable majority of pa-
tients reported that telerehabilitation would not save them time, raising
the possibility of further research in low- and middle-income nations.
Nevertheless, most of the participants did not agree that their healthcare
provider might not have a clear understanding of their problem if the
sessions were measured and monitored remotely. This hesitancy may be
probably due to the lack of reliability of equipment (pulse oximeter, er-
gometers) needed for measuring and monitoring the sessions and tech-
nical difficulties or concerns over security breaches which we have not
measured in the survey (Parmanto and Saptono, 2009).

Our study findings suggest that there is reluctance or hesitance in
using smartphone-based telerehabilitation by the patients, which may be
partly explained by the perceived lack of technical skills such as smart-
phone navigation or the perceived incompetence in internet skills (Inskip
et al., 2018; Polgar et al., 2020; Seidman et al., 2017). Nevertheless, we
6

found a potential age disparity among the healthcare providers and the
patients utilizing the tele-rehab services for COPD care. The above age
disparity among the healthcare providers and the patient population who
participated in the present survey may also be the reason behind the
disparity in the utilisation or knowledge of tele-rehab services for COPD
in low-middle income countries. Further lack of technical skills, language
barrier and lack of appropriate communication strategies for effective
tele-rehab may be attributed due to the age disparity among the
healthcare professionals and the COPD patients. In a quantitative survey
analysis, Seidman et al., dropouts 2017 found that self-rated computer
and internet skills or regular tablet or smartphone use or competence
regarding healthcare knowledge utilization were found to be crucial
determinants for effective telerehabilitation (Seidman et al., 2017).
Similarly, Polgar et al., (2020) reported 31% of the patients of the
high-income countries never had internet access and 79% of the re-
spondents preferred face to face rehabilitation rather than getting advice
virtually (Polgar et al., 2020). Extending the community support with
adequate training of healthcare professionals may alleviate the fear,
stress of the patients in the initial stages of the pulmonary rehabilitation
in the virtual mode (Inskip et al., 2018). Further one-third of our patient
respondents perceived language as a barrier to effective remote pulmo-
nary rehabilitation likely due to lack of access or navigation in the
smartphones in local languages other than English, which warrants
further investigations.

While smartphone-based telerehabilitation for COPD management
was well received by healthcare providers and patients, practices remain
suboptimal in Indian settings, most likely due to a lack of health literacy,
insufficient technical skills among healthcare professionals and patients,
and ineffective organizational and national policies. Inadequate organi-
zational policies (providing video conferencing software, secure cloud or
data servers, providing periodic training to involved staff, allocating
funds for mobile respiratory care) and national insurance policies
(reimbursement or ease of claim) may hinder adequate utilization of
smartphone-based telerehabilitation platforms.

4.3. Limitations of the present study

The potential limitations of the study are: (1) we recruited our par-
ticipants through social media such as ResearchGate, LinkedIn, and
Facebook, rather than a targeted approach that primarily contacted
medical professionals through their professional associations and col-
leges. The targeted approachmay have brought homogeneity to the study
(McRobert et al., 2018); (2) We did not include the other multidisci-
plinary members (social workers) of pulmonary rehabilitation programs
whose responses could change the present study results. We recommend
longitudinal studies to examine the barriers and requirements for
long-term telerehabilitation adherence in pulmonary care; (3) we found a
significant age disparity among the two respondents (healthcare pro-
fessionals and the COPD patients). Though, we could not control the
inclusion, this might have influenced the selection and the performance
bias that could be potential condounding our survey results. Future trials
should involve healthcare professionals of higher age group that could
address the confounding bias; (4) we have not analyzed separately the
barriers and facilitators to telerehabilitation among the healthcare pro-
fessionals who implemented and not implemented the telerehabilitation
in their settings. We believe that the perceived barriers to tele-
rehabilitation may differ across the setting and healthcare professionals
and are likely to influence the survey results; (4) we have framed the
potential barriers and facilitators for patients to utilize telerehabilitation
from the practitioner's background rather than the results of focused
interviews among the patients. This might have caused some missed
barriers from the patient's aspect. Future trials should involve qualitative
interviews to identify the potential barriers that might have been missed
in the present study.

In conclusion, although PR stakeholders (multidisciplinary healthcare
members and patients) have a reasonable to good understanding of
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telerehabilitation-based PR services, adoption of PR services via
smartphone-based telemedicine is low. To improve the implementation
of telerehabilitation-based PR services in low-resource settings, we
recommend frequent staff training in smartphone-based tele-
rehabilitation services, as well as environmental restructuring such as
strong Wi-Fi, video streaming software, and end-user screening devices.
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