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Objective: Chronic obstructive pulmonary disease (COPD) is one of the leading causes of death worldwide. Telehealth rehabilitation
may offer new opportunities in patient therapy. This systematic review aimed to evaluate the effects of internet-mediated telerehabil-
itation and compare them with the outcomes of conventional pulmonary rehabilitation in COPD patients.

Methods: Electronic databases PubMed, Prospero, Scopus, and Cochrane were searched for randomized controlled trials from
January 2005 to December 2021. Two investigators reviewed studies for relevance and extracted study population, methods, and
results data.

Results: Ten studies were eligible for systematic review from the initial selection (n = 1492). There was considerable heterogeneity in
telerehabilitation approaches. Functional exercise capacity and quality of life were assessed in all studies. None of the results were
inferior to conventional care. High adherence and high levels of safety were observed.

Conclusion: Telerehabilitation in COPD patients is a safe therapy approach that increases and maintains functional exercise capacity
and quality of life, making it an equivalent option to conventional outpatient rehabilitation. However, there is currently a lack of
a unified approach to the composition of therapy and the use of technology, which needs to be addressed in the future.
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Introduction

Chronic obstructive pulmonary disease (COPD) is the third leading cause of death worldwide.' The overall prevalence is
approximately 14.3% in men and 7.6% in women over 30, with an increasing incidence.” The high number of cases, the
rapidly increasing incidence of COPD, and the associated severe socio-economic impacts require more effective and
affordable treatment options.” The essential element of non-pharmacological treatment of patients with COPD is
pulmonary rehabilitation (PR), which represents an established and proven intervention. PR is a highly effective
therapeutic approach to improve exercise tolerance, shortness of breath, and health status.* However, several limitations
in the provision of PR exist, including geographical constraints due to inaccessibility, comorbidities, excessive centra-
lization in specialized workplaces, and thus relatively low usability for a wide range of patients who could otherwise
benefit from this intervention.>® Alternative home-delivered PR models using telemedicine, allowing remote monitoring
of clinical indicators or even PR itself, could be a potential solution to the shortcomings mentioned above.”* In a recent
Cochrane analysis, a positive effect of PR on the patient’s functional capacity and overall psychological well-being was
described, with simultaneous relief of symptoms (shortness of breath, fatigue).” In addition, telemedicine is cost-effective
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and is considered a valuable means of reducing the costs associated with COPD treatment. All the benefits described
above have the potential to provide a higher standard of care for patients with COPD, primarily by increasing the
availability of effective treatment.'%"!

Several meta-analyses focused on the feasibility and comparison of telerehabilitation (TR) clinical outcomes in
patients with COPD.'*'> However, this systematic review focuses only on those studies that use advanced telehealth
technologies to monitor PR in COPD. The main criterion of advanced telehealth from our point of view was whether the
results of the intervention were reported to the health center via the Internet. For example, a mobile app that sends the
collected data to health professionals or a web interface where the collected data is stored. We do not consider a phone or
video call to be advanced telehealth. Studies that used these approaches were included in the previously mentioned meta-
analyses.

The main goal of this systematic review is to evaluate the effects of PR in patients with COPD using various Internet
platforms for data transmission, which have then been compared to regular outpatient PR programs.

Materials and Methods

This prospectively registered protocol for this systematic review was designed according to the International prospective
register of systematic reviews (PROSPERO registration number: CRD42022304699).

Search Strategy

Electronic databases were searched for relevant studies published between 2005 and December 2021, including PubMed,
Prospero, Scopus, and Cochrane Library. Gray literature and reference lists from relevant articles were also reviewed.
The search was limited to publications in English, in adults, and to clinical randomized trials. The sensitivity-maximizing
strategy combined terms related to COPD; telehealth or telerchabilitation; home care; technology; PR, or exercise
training. The selection process involved a keyword search that is summarized in Supplementary Table 1.

The titles and abstracts of the included articles were screened independently by two reviewers (MH and FD) to
identify relevant studies. Discrepancies were resolved after a discussion between the two reviewers. The unresolved
disagreements were settled by a third reviewer LB. The full text of relevant papers was searched and checked by 2
reviewers according to inclusion and exclusion criteria. In case of missing or ambiguous data, authors of relevant papers
were contacted to ascertain eligibility status and to retrieve missing data. Data related to study design, number of
subjects, study population, study outcomes, and a description of the intervention and technology used in the delivery of
telerchabilitation were extracted for analysis. This data extraction process was repeated after seven days by another
independent reviewer.

Inclusion and Exclusion Criteria

Randomized controlled trials (RCT) were included if they assessed the effects of home-based exercise (eg, PR or another
exercise such as aerobic or resistance training) delivered using advanced telehealth technology in adult patients with
COPD.

The main criterion of advanced telehealth was whether the intervention results were reported to the health center via
the Internet, regardless of how the exercise data were sent. Studies using only telephone or video calls were not
considered advanced telehealth interventions and therefore were not included. We included studies published in
English from 2005 to 2021. At least one of the following parameters had to be reported: functional exercise capacity,
quality of life, and dyspnoea.

Studies related to other pulmonary diseases or including patients with severe comorbidities (cardiologic, neurologic,
oncologic, or other diseases that significantly impacted the patient’s clinical condition) were excluded. Systematic
reviews, meta-analyses, prospective and retrospective observational cohort studies, expert comments, letters, and case
reports were not included.
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Data Extraction and Quality Assessment

Data extraction was conducted independently by two authors (MH & FD), and any disagreement in the interpretation of
data was resolved by a third author (LB). The authors used an Excel file to extract data, including (a) the origin of the
papers: authors, year, and country; (b) participants’ characteristics: sample, age, sex, and baseline pulmonary function;
(c): study design: summary of intervention and control, intervention dosage, and study duration (d) data-collection time
point, (¢) measurements, (f) the method of sending training data and (g) adverse events.

The methodological quality of the included studies was assessed using the TESTEX tool.'* The TESTEX tool was
chosen for its reliability and suitability for exercise researchers as it facilitates a comprehensive review of exercise-based
studies. The advantage of this tool is that it considers the criteria for blinding participants or study investigators, which
are very difficult to implement in exercise-based studies. TESTEX contains 12 criteria, some of which can be evaluated
with more than 1 point, allowing one study to obtain a maximum of 15 points. A total of 5 points can be obtained for the
study’s methodological quality, while 10 points can be obtained for the reporting of the study. Higher scores signify better
quality of the study and study reporting. The studies were classified according to their scores as follows: high quality as
12 points or above, good quality as 7 to 11 points, and low quality as 6 points or below. High-quality interventions were
defined as highly relevant, reproducible, and very well methodologically described, with excellent reporting outcomes.
Good quality interventions were defined as moderately clinically relevant, with limitations in results and good reprodu-
cibility for further experiments. Low-quality interventions showed substantial limitations regarding relevance and the
method used with low reproducibility. This individual approach was chosen because validated TESTEX cut-off scales
have not yet been recommended.

Results

We identified 1525 potentially relevant records. After removing duplicates from screening the title and abstract for
irrelevant material, 67 full-text papers met the entry criteria and were selected to be further assessed for inclusion. After
a detailed review of the selected papers, 56 were excluded because of the study protocol (n = 10), lacked data transfer
functionality in the intervention (n = 24), not a RCT (n = 9), mixed samples (included patients with different pulmonary
disease — COPD, Cystic fibrosis, Asthma) (n = 8), insufficient pulmonary telerchabilitation description for eligibility
evaluation (n = 6). Thus, a total of 10 studies were found to be eligible for inclusion in the systematic review. The
PRISMA diagram is shown in Figure 1.

Studies Included/Study Selection

The characteristics and findings of the ten included studies'>=*

are listed in Table 1. Methodological quality, incidence of
adverse events, and adherence to exercise prescription are provided in Table 2. Two of the ten studies were conducted in
the Netherlands,15 20 two in the USA,21’22 and two others were conducted in Taiwan.?>** One study was conducted in
each of the following countries, including the United Kingdom,'” Spain,'® and Greece.'® One study was multicentric,
with centers in Belgium, Greece, the United Kingdom, Switzerland, and the Netherlands.'® Three studies were published
between 2008 and 2014,'>2*** and seven were published from 2015 to 2021.'¢%2

Sample Size and Recruitment
Only two studies'®"?
included studies was 1210. Among these, 645 participants were in the intervention group (IG), and 565 were in the

provided information on the sample size calculation. The total number of participants from the

control group (CG). The sample size of the studies ranged from 30 to 343 participants. None of the included studies
reported any barriers to patient recruitment.

Participants
All participants in the included studies were adult patients with COPD with various disease severity, but GOLD COPD
stages were not reported. Almost 80% of participants were males, with one study enrolling only male participants.>* The
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Identification of studies via database, meta-search engine and other sources
Records identified through Additional records identified
database searching through other sources
(n=1492) (n=33)
v A\ 4
Records after duplicates removed
(n=729)
A4
Records screened R Records excluded
(n=796) i’ (n=729)
Y
Full-text articles assessed Full-text articles excluded,
for eligibility »| with reasons (n =57)

(n=67) -Intervention (No data
transfer) (n = 24)
-Study protocol (n = 10)
-Study type (n=9)
-Mixed samples (n = 8)
-Insufficient TR description
(n=6)

Studies included in review
(n=10)

Figure | Flow diagram detailing the search strategy.

mean age of participants ranged from 63 to 72 years. The mean percentage of the predicted normal for forced expiratory
volume in one second (FEV1) was between 42% predicted and 80% predicted.

Control Groups

15-20

In six studies, patients received usual care: medications, physiotherapy, exercise recommendation, leaflet informa-

23,24

tion, and/or group sessions at local physiotherapy practices. Patients in two studies underwent the same training

21,22

protocol as the intervention group but without a telerehabilitation approach. In two studies, participants received

pedometers as an addition to usual care, but no further information was given regarding their use.

Interventions
Training interventions varied among trials. Seven studies were unimodal based only on aerobic exercise,'>'*?°2* and

three used other modalities such as resistance training or chest physiotherapy.'®!”!® Three trials were designed as

k'®" or 12-week® outpatient hospital PR program.

maintenance programs after completing an 8-wee

In most studies, exercise training frequency, intensity, and duration varied, making a comparison among studies
difficult. The most commonly used aerobic modality was walking, which was included in all trials except one'® in which
cycle ergometry was used. Three studies included upper and lower extremity resistance exercises.'®'”'* One study'®
included chest physiotherapy to aerobic and resistance exercise. No study specified whether they followed local or

international guidelines when developing the exercise program.
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Table | Characteristics of Studies That Evaluated the Effects of Internet Mediated Rehabilitation in COPD Patients

Pedometer. Data
stored on the web-
based platform

Arm and leg

exercise

Study Study N Sex Age Duration/ Technology Exercise Data Monitoring/Feedback Outcomes Primary/
Type Frequency Program Collection Secondary
Galdiz Multicentre | 94 MW 63 48 weeks Smartphone, Aerobic training - Uploaded by Mobile application with 6MWT, HRQoL (SF-36,
(2020)'¢ RCT (I:1) 3/week delivering data to 30 min of leg cycle patient after exercise diary, pulse oximeter CRQ)/BODE
web-based platform ergometry. every session
Strength training -
30 min of weight
lifting.
Chaplin RCT (I:1) 103 MW 66 8 weeks Interactive web- Aerobic training - Recorded by Online application - ISWT, ESWT, HADS, CAT,
(2017)"7 7lweek based PR walking at 85% patient after questionnaires, self-reporting, PRAISE, BCKQ, HRQoL
programme intensity of each training exercise diary (Euro QOL, CRQ)
baseline ESWT.
Strength training -
upper and lower
extremity
resistance training.
Demeyer Multicentre | 343 MW 67 12 weeks Smartphone Aerobic training - NR Step counter. Automated Physical activity (steps
(2017)'® RCT (I:1) 4-T7Iweek application, step walking/steps coaching in application - per day)/6MWT, isometric
counter with daily per day. If activity goal, graphical quadriceps force, CAT,
activity goal, text participant meet representation of CCQ, mMRC
messages the goals, next performance. Weekly text
week daily goal message with activity
increase by 500 proposal. Telephone contact
steps. in case of non-compliance.
Vasilopoulou | RCT (l:I:1) | 150 MW 67 (64) 48 weeks Tablet application - | Aerobic training — Uploaded by Pedometer, Spirometer, Lung function, 6MWT,
(2016)"° 3/week individualized Individual walking patient on Oximeter, Questionnaires, Peak Work Rate, HRQoL
training plan. drills specific days Training log. Phone or video (SGRQ, CAT, mMRC)
Spirometer. Strength training - every week call once a week

(Continued)
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Table 1 (Continued).

Study Study N Sex Age Duration/ Technology Exercise Data Monitoring/Feedback Outcomes Primary/
Type Frequency Program Collection Secondary
Vorrink Multicentre | 157 MW 63 24 weeks Smartphone Aerobic training - | Automatically Accelerometer embedded in Steps per day/6MWT,
(2016)* RCT (1:1) 7iweek application for walking - 1) steps smartphone. Application HRQoL (CRQ), BMI
patients, website for | per day 2) 30min showing physical activity in
physiotherapists of intensive quantitative and qualitative
walking per day; form
Intensity: baseline
+20%
Moy (2015)%' RCT (2:1) | 239 MW 67 16 weeks Website with Aerobic training - Uploaded by Pedometer HRQoL (SGRQ)/daily
5-7/week individualized goal Walking/daily step- | patient at least step count
setting, iterative count. once a week
feedback,
educational and
motivational
content, online
community forum
Moy (2016)* RCT (2:1) | 239 MW 67 32 weeks Website with Aerobic training - Uploaded by Pedometer HRQoL (SGRQ)/daily
5-7/week individualized goal Walking/daily step- | patient at least step count
setting, iterative count. once a week
feedback,
motivational
content, online
community forum
Wang RCT (I:1) 30 M 72 24 weeks Mobile application - | Aerobic training - Automatically Mobile application - time of ISWT, muscle strength
(2014)% 4-6/week music with preset Walking at walking at preset speed.

walking tempo,
website for

collecting data

constant speed
with individualised
tempo.
Intensity: 80% of
maximal capacity
predicted from
ISWT

Phonecall when patient missed
one day of training
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walking tempo,
questionnaires for
respiratory

symptoms

at constant speed
with individualised

tempo.

Tabak RCT (I:1) 34 MW 65 4 weeks Smartphone Aerobic training - Data from Pedometer, symptom diary. Number of steps per day/
(2014)'® 4—7Iweek application, 3D Walking/daily step- | accelerometer | Automatic feedback messages CCQ, MRC, MFI-20
accelerometer for count. automatically, - summary of activity
activity registration. diary filled by behaviour and advice how to
Web portal with patient improve or maintain it.
a symptom diary for
self-treatment of
exacerbations
Liu (2008)** RCT (I:1) 60 M 72 48 weeks Mobile application - | Aerobic training - Automatically Website - monitoring ISWT, Spirometry, Short
7Tlweek music with preset Endurance walking frequency of performance and Form-12

the duration of the endurance
walking. Phonecall when
patient missed one day of

training

Abbreviations: 6MWT, 6 minute walking test; CCQ, Clinical COPD Questionnaire; CRQ, Chronic Respiratory Questionnaire; mMRC, modified British Medical Research Council; CAT, COPD Assessment Test; HADS, Hospital
Anxiety and Depression Scale; HRQoL, Health Related Quality of Life; SGRQ, St. George’s Respiratory Questionnaire; CG, control group; |G, intervention group; PR, PR; ISWT, Incremental Shuttle Walking Test; ESWT, Endurance
Shuttle Walking test; PRAISE, PR Adapted Index of Self-Efficacy; BCKQ, Bristol COPD Knowledge Questionnaire; VAS, Visual Analogue Score; MFI-20, Multidimensional Fatigue Inventory; NR, not reported.
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Table 2 Methodological Quality of Studies That Have Evaluated the Effects of Internet Mediated Rehabilitation in COPD Patients

Study Randomization Process Blinding Intention-to-Treat Adverse Events Adherence/Compliance
of Analysis
Assessors
Galdiz (2020)'® Stratified by centre No Yes 56 acute exacerbations (26 patients) in IG vs 47 in | Adherence to scheduled appointments 92.4% in IG
CG (21 patients) and 84.4% in CG
Chaplin (2017)"7 Simple randomization Yes No - 41 dropouts No NR
Demeyer (2017)'® Stratified by centre Yes No - 15 dropouts 48 patients (30%) from CG and 43 patients (27%) Patients used step counter >6 days out of 7.
from |G experienced at least one exacerbation. Minimum was 4 days out of 7
I'l musculoskeletal events in IG, 2 in CG
Vasilopoulou (2016)"? Simple randomization No No - 3 dropouts NR Overall compliance to the different components of
home-based maintenance tele-rehabilitation was
93.5%
Vorrink (2016)%° Simple randomization, no Yes No - 36 dropouts NR Adherence in wearing the device 89%. On average,
stratification physical activity goal obtained only in 34% of days
Moy (2015)%' Stratified by modified Medical Yes Yes Minor musculoskeletal adverse events significantly | Adherence in IG: 94% of participants completed
Research Council dyspnea more in |G (26,6%, 41/154) compared to CG the survey and 86% uploaded valid data. In CG:
score and urban versus rural (4,8%, 4/84) 95% completed the survey and 81% uploaded valid
status data
Moy (2016)% Stratified by modified Medical Yes Yes Minor musculoskeletal adverse events significantly Adherence significantly higher in IG with mean
Research Council dyspnea more in |G (27,9%, 43/154) compared to CG 76.7% of the 366 days having valid data versus CG
score and urban versus rural (10%, 8/84) in addition in 1G:6 pulmonary, 3 mean 63.7%. Number of log-ins to the website in
status cardiac, 5 others. CG: | pulmonary, | cardiac, 3 IG decreased significantly (mean 6.8 at month |
other declined to mean 3 at month 12)
Wang (2014)% Simple randomization No No - 6 dropouts NR NR
Tabak (2014)'> Stratified by gender No No - 4 dropouts NR On average was the device worn in 109% of
prescribed sessions. Overall compliance with
activity coach (monitoring device) was 86%.
Patients made only 58% of prescribed reports
Liu (2008)** Simple randomization No No - 12 dropouts NR 100% adherence during supervised period. 50%

adherence in self-managed period

Abbreviations: NR, not reported; IG, intervention group; CG, control group.
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To promote motivation, automated coaching and motivational or educational tips were sent to patients weekly'’-*!~>

or daily.'>'®2% In three studies, patients were contacted by phone if they missed a preset count of exercise sessions.'®#>*
The intervention period ranged from 1 to 12 months. The number of exercise sessions per week was between 3 and 7,
but in most studies, the frequency of exercise prescription was 4-7 times a week.'>'”!%22% The duration of one

15:18.2022 1 measured time of

exercise session was individualized, with the goal being a prescribed daily step count
walking ability at a prescribed pace.>* Only one study provided 30 minutes of aerobic and 30 minutes of resistance
exercise.'® In two studies, the duration of the exercise was not specified.'”""?

One trial used Endurance Shuttle Walking Test (ESWT) to set the training intensity, and the intensity was set at 85%
of the baseline ESWT.'” In two studies, the exercise intensity for aerobic training was based on the initial outcome of the
Incremental Shuttle Walking Test (ISWT)?**** and was set at 80% of maximal capacity. Three studies used baseline mean
activity level in the initial week represented with steps per day.>’*? One study'” set reference activity for intensity based
on the difference between the baseline activity of the participant (measured during 1st week) and a social activity norm,
and patients were encouraged to be as or more active than the reference activity. One study’s exercise intensity of
resistance training was set using a visual analog scale (VAS).'” Other authors did not report intensity setting for
resistance training. Exercise progression was described in seven studies. Weekly automatic (software) assessment and
adjustment were conducted in three trials.'®?'*? In another three studies, exercise progression was made by a specialist,

2324 or irregularly based on supervisor consideration.?’ In the last study,'” the

either regularly or on prescribed visits
research team instructed patients to increase the walking time and resistance training intensity progressively, maintaining

a Visual Analog Scale (VAS) in the 4-7 range.'”

Monitoring and Training Data Transfer

No study incorporated real-time PR monitoring, all studies used an asynchronous model of patient monitoring. Four
studies collected data using web-based platforms in which patients essentially self-reported and manually input data
about their training and health status'” and/or uploaded data from a pedometer or accelerometer.'>*'*** The other six
studies used mobile phone or tablet applications to monitor patients or used other devices, such as accelerometers

18-20,23,24 .
8-20.23.24 and in the other

connected to phone applications. Five out of six trials transferred training data automatically,
study, patients delivered collected data to a web-based platform “by hand” after each session.'® One study monitored vital

signs using oximetry'® and one oximetry combined with a portable spirometer.'’

Adherence and Compliance

Adherence or compliance was assessed and reported in almost all of the studies, with only two'’*

studies not
reporting this information. Adherence in trials was defined as a percentage of the prescribed exercise sessions,
including attendance to scheduled appointments, uploading valid data, or wearing dedicated devices. Five studies

16,20-22,24

reported adherence, and the adherence rate was moderate to high. The intervention group ranged from 76.7%

to 100%, and CG ranged from 63.7% to 100%. Compliance was reported in four studies'>'¢!%19

and was mainly
assessed as a count or percentage of completed prescribed exercise sessions. In three studies,'>'®!'* high compliance
with prescribed frequency was reported at 82-93%. One study'® showed moderate compliance with the performance of
scheduled exercise with 60%. One study team assessed patients’ training group preferences regardless of the
randomization. Before the randomization, 38% of patients wanted to be in the telerechabilitation group, the most
significant portion of patients with the statement. After finishing the program, 54% of patients in the conventional PR
group preferred to would have done web program, and only 14% of patients in the telerehabilitation group would

instead attend regular PR sessions."’

Safety and Adverse Events

Reporting adverse events was lacking since only
18,22

41618:21.22 £ 10 studies provided data about safety with variable reporting.

In two trials, authors assessed the number of participants affected by adverse events. Demeyer et al'® reported patients
with at least one exacerbation in IG (27%, 43/172) and in CG (30%, 48/171), with no statistical difference (p = 0.54). In the
other trial,? there were significantly more patients with adverse events in IG (27.9%, 43/154) compared to CG (10%, 8/84;
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p <0.001). Two trials assessed several adverse events. One study'® registered episodes of acute exacerbation of COPD with
no significant difference between groups, with 56 exacerbations in IG affecting 57% of participants in the group versus 47
in CG in 44% of participants. Another work?' reported a significant difference between groups. There were 41 adverse
events in the intervention group and 4 in the control group (p = 0.003). The previous study'’ only stated no severe adverse
events, but no statistical data were presented.

Methodological Evaluation and Study Quality Results
Study quality and reporting results using the TESTEX scale (Supplementary Table 2) showed that the overall quality was

good, with an average score of 9.4 points (range: 6—13). Study quality was assessed with an average score of 3.3 points
(range: 2—4 points), and study reporting was assessed with an average score of 6.1 points (range: 4-9 points).

The study quality assessment showed an above-average level of study design and reporting. Three of the ten studies
were below average, indicating that this set is a good sample with strong research foundations and is likely to be
reproduced well. Only one study was rated high quality, and only one was rated low quality.

Outcomes

Functional Exercise Capacity

Seven studies assessed functional capacity with a walking test, although various types were used. Several authors used
the 6MWT.'®!'82% Another evaluation method was Incremental Shuttle Walk Test,'”**** respectively ISWT, and
Endurance Shuttle Walk Test."”

In four of the ten studies, significant improvement in functional capacity was reported in the IG exercise
group.' 182324 Iy other studies, there was no significant difference in functional capacity between baseline and end of
training programs in IG or CG.'®!%2°

One study'® compared a control group with two intervention groups: telerehabilitation and a Hospital-Based PR
program. A total of 6 studies compared the results of functional capacity between one intervention and one control
group,'® 8202324 and three of them reported significant improvement in functional capacity in the intervention group
over the control group.'®?*-** The remaining three studies found non-significant differences between groups.'®'”*° One

study did not report statistical differences between groups in functional capacity.'®

Physical Activity - Steps per Day

Five trials assessed daily physical activity with the number of steps per day.'>'®2°2? The physical activity results were
compared between one intervention and one control group in three studies.'***?! Two reported significant improvements
in physical activity in the intervention group over the control group.'®?! On the other hand, other authors® reported that
physical activity assessed by steps per day significantly decreased in both IG and CG. However, there was no significant
difference between groups, and at the same time, there was no significant difference in the 6 MWT results compared with
the baseline. Another study® reported that after eight months of follow-up, the primary significant difference between
groups (gained during the supervised program) was again non-significant. One study did not report statistical differences
between groups in physical activity.'> Only a non-significant increase in IG and a non-significant decrease in CG were
present compared with baseline physical activity.

Dyspnoea and Respiratory Symptoms

There was no significant difference in dyspnea evaluation between groups in any reviewed study, for assessment authors
used Medical Research Council (MRC),"> Modified Medical Research Council (mMRC),'®!” and dyspnoea domain from
Chronic Respiratory Disease Questionnaire (CRQ).'®!'”-*° Significant improvement of dyspnoea in the intervention group
(p < 0.001) was reported in one trial.'” Respiratory symptoms were assessed using CAT in three works,'” ' but no
significant outcomes were found.

Quality of Life
Only one of 10 studies® did not use any questionnaire to assess the quality of life (QoL). The QoL measures included the
St. George’s Respiratory Questionnaire (SGRQ),'”?!** Clinical COPD Questionnaire (CCQ),">'® CRQ,"*'"** Short

2314 s International Journal of Chronic Obstructive Pulmonary Disease 2023:18
Dove!


https://www.dovepress.com/get_supplementary_file.php?f=425218.docx
https://www.dovepress.com
https://www.dovepress.com

Dove Hartman et al

Form-36'® and Short Form-12.>* Two studies reported significant differences between groups in the evaluation of the
quality of life domains, Liu et al** found significantly greater values in Short Form-12 physical of the IG compared to
CG (45.4 £ 1.1 versus 34.3 = 1.5; p < 0.001). In one trial'® significant difference between groups in CCQ — functional
state (p < 0.026) was reported.'® Other authors did not find a significant difference between IG and CG. Nevertheless,
there was a significantly better outcome in the intervention group in some works.'>'®2! One team reported the capability
of their telerehabilitation program to preserve the benefits of the primary PR program over 12 months when evaluating
the quality of life using SGRQ, compared to deterioration in CG. However, patients in the control group did not undergo
primary PR."

Discussion

This systematic review provides an overview of internet-mediated rehabilitation’s primary effects on patients with
COPD. Recently, several papers dealing with this topic have been published. However, this systematic review has
aimed to evaluate the effect and describe the telerehabilitation methodologies provided exclusively using various Internet
platforms for data transmission in COPD patients. Only ten clinical randomized controlled trials were included in this

15724 which indicates the newness of this type of work. Studies that only used a phone or video for communication

review,
or included patients with other pulmonary diseases and/or comorbidities were not included. This is the first review article
to focus on this specific type of intervention in COPD patients.

Despite the recommendations for PR application,” we can find many differences in various traditional PR programs
in training modalities, frequency, duration, and intensity,”® and the same situation is present in telehealth PR interven-
tions. Given these differences, comparing the training in this review is difficult, but we can compare the expected
endpoint. All studies assessed functional exercise capacity, and in all of them, outcomes in telehealth intervention were
not inferior to usual care. Results in functional capacity between IG and CG were either equal or even statistically better
in IG in four trials."®?!>32* These results support the usability of telehealth PR as an equivalent substitute to traditional
outpatient PR in this area. In addition, all trials used an asynchronous model, giving health specialists more flexibility and
might allow them to treat more patients in a given time.

COPD is a heavy burden for patients, as the illness follows an inevitable trajectory of progressive worsening of lung
function, accompanied by symptoms (eg, dyspnoea, fatigue). Advancing decline in physical, emotional, and social
functioning is typically seen, resulting in reduced quality of life.?”-*® Concerning the quality of life, any of the authors in
this review reported significant differences between groups. There were statistically significant improvements in the two
trials only in specific domains of QoL assessments.'®** These outcomes show that telehealth PR can be as beneficial as
usual care. However, this area deserves more aimed research because we assume telehealth can bring more benefits in
QoL once the programs are well established.

Adherence to PR is a common problem in managing patients with COPD. Predictors of non-adherence include
smoking, advanced age, limited functional capacity, social situation, and traveling distance.”’ To overcome these
different barriers, an individual approach is needed for each patient.>® Nevertheless, overall adherence was reported to
be moderate to high in the compared studies. Although the data are not extensive and adherence in the control groups was
not significantly lower, motivation and control played a major role. In some studies, patients received motivational
messages regularly; in others, they were warned if they did not perform the assigned tasks. Moreover, it is in the ability to
motivate and alert the patient, ideally by automated mechanisms, that we see great benefit and promise for future good
adherence to telehealth PR.

On the other hand, technology brings the additional obstacle of the need to master the control of it. Bentley et al’'
reported that 47% of participants in their randomized controlled feasibility study withdrew mainly because of difficulty
using the technology and that simplicity and usability were more critical for engagement than personalization. Therefore,
the intervention should be simplified for future use. This and the mentioned need for an individual approach suggests that
work will have to be done in both individualization and simplification to improve and support adherence.

Long-term maintenance of improvements achieved after the rehabilitation intervention phase would benefit patients
with COPD. Continued supervised maintenance programs can reduce healthcare use in patients with COPD*? and
improve health-related quality of life and exercise capacity at 6 to 12 months.*® Three studies were designed as a 12-
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month maintenance program after an initial supervised hospital-based program. While Vorrink et al*® reported that their
telehealth intervention did not improve or maintain physical activity nor had an effect on functional exercise capacity or
HRQoL, the other two trials'®'® reported a good effect in preserving the initial clinically meaningful improvement in
observed outcomes with significant differences between IG and CG, meaning TR was equally effective as usual care'® or
hospital-based maintenance rehabilitation.'® Tabak et al'> reassessed outcomes after a 9-months self-management period
following three months of supervised TR and found that initial improvement lasted in participants in the intervention
group. We cannot conclude any outcome from this limited information and more evidence is still needed to support the
capability of long-term maintenance. However, at least the data seems promising, indicating that telehealth PR can help
maintain primary intervention improvements.

Impact on the reduction of the risk for acute exacerbations, visits to the emergency department, and hospitalizations
was monitored by Vasilopoulou et al.'> In multivariate analysis, they reported that home-based telerehabilitation and
hospital-based, outpatient rehabilitation were in 12-month follow-up an independent predictor of a lower risk for acute
exacerbation of COPD, incidence rate ratio (IRR) was 0.517; p < 0.001 for home-based TR and IRR 0.635; p = 0.003 for
the home-based PR group. Both also remained independent predictors of a lower risk for hospitalizations for acute
exacerbation of COPD (IRR 0.189; p < 0.001) and (IRR 0.375; p = 0.001) for home-based TR and hospital-based PR,
respectively. Similar outcomes were reported in other studies with initial PR programs with follow-up home maintenance
training.***> Vasilopoulou et al'® also calculated cost savings for delivering their home-based telerehabilitation and
reported that the total cost per patient in the TR program is equivalent to 60% of the total estimated cost®® per patient
and year. Thus, a decrease in exacerbations and hospitalizations can bring down expenses for COPD patients’ treatment,
and some lately published works support this.>’** Unfortunately, such information was rare among the studies evaluated.
In the future, more emphasis should be placed on this topic to justify the financial efficiency of telehealth PR.

Adverse events associated with TR were reported only in 5 studies,'® %!

and no participant suffered any severe
complication associated with the telerchabilitation intervention. From our perspective, reporting adverse events seems
insufficient when only 50% of studies reported them. Since patients rehabilitate on their own, without any supervision,
and in some cases, the training same as an in- or outpatient hospital PR program, the question of safety and adverse
events management should be analyzed more, even though classic home-based PR is considered as safe,’**' more
confirmative data of internet-mediated telerehabilitation safety would be beneficial.

Insufficient PR availability is challenging. However, the Covid pandemic has shown us the need for readiness for
unexpected situations that can cause interruption or impossibility to initiating PR in indicated patients. In addition, fear
and social distance at this time could lead to a deterioration in the psychological condition of patients with COPD and,
thus, a reduction in motivation to movement therapy.**** Considering this, the possibilities of telehealth in the field of PR
should pay due attention to how it integrates into the care of patients with COPD.**

After evaluating study quality and reporting of exercise, only one study in ten achieved a high-quality assessment.?'
Although the quality of most of the other studies can be assessed as average, the amount of information reported for each
study needs to be increased. Most often, the recruitment conditions were not specified, information on the blinding of the
data assessor and/or intention-to-treat analysis was missing, and exercise intensity was not adjusted during the treatment.
Despite the higher quality of some studies, the overall quality of a systematic review could be better, leading to
misinterpretation of results. However, this area will continue to develop, and we can expect an improvement in the
methodological quality and the possibility of better outcomes in future systematic reviews on this topic.

Our findings hold substantial significance within the context of modern healthcare delivery and patient-centered care.
The confirmation that both center-based and telehealth PR are equally effective provides healthcare practitioners with the
confidence to embrace technology-enabled care without compromising patient outcomes. This finding reinforces the
principle that quality care can be delivered through various modes, enabling healthcare systems to leverage innovative
approaches that address diverse patient needs and preferences. For patients who face geographical, mobility, or
scheduling constraints, the availability of telehealth-based PR offers a convenient and accessible alternative.*> This
finding thus promotes inclusivity by ensuring that patients who may have previously faced barriers to traditional center-

based rehabilitation can now benefit similarly from effective remote interventions. In conclusion, the equivalency of
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outcomes between center-based and telehealth PR carries profound implications for patient-centered care, resource
allocation, and the evolution of healthcare practices.

Future Directions
Future studies reporting telehealth PR training interventions for patients with COPD are recommended to report:

¢ limitations on recruitment flow and exercise intervention implementation

e between-group statistical comparisons

e cxercise intervention specification (modality, duration, frequency, intensity)

e activity monitoring in control groups

¢ adherence to exercise intervention and compliance with exercise prescription

e possibility of real-time assessment of patients if necessary (eg, if a deterioration of the parameters has been
detected) or at regular intervals (to ensure correct performance of the training).

For sufficient evidence of feasibility in the future methodological design of clinical trials is recommended:

unbiased randomization with description of the randomization method

specified eligibility criteria

allocation concealment

blinding of assessors
e intention-to-treat analysis.

Limitations

Due to the increasing number of new publications on the topic of telerehabilitation in COPD patients and despite our
constantly ongoing literature searches, it is possible that some eligible studies were not included in this systematic
review. Although only those studies that specifically use interventions based on various internet platforms for
telerehabilitation in COPD are included in this systematic review, the primary limitation of most of the included
studies is the high heterogeneity of the interventions used and the low sample size. However, these limitations are
balanced by similarly defined endpoints. It is, therefore, necessary in the future to create a uniform intervention
procedure that will be applicable in several different ways depending on the possibilities and habits of individual
telerchabilitation centers. It is the use of different training modalities in combination with the different duration of the
intervention that may have led to a reduction in the overall quality of the generalizable findings. Based on the findings,
we were unable to draw a conclusion as to which protocol is better for increasing endurance, improving strength or
BODE index. Further investigation on the effectiveness of different protocols is therefore warranted. Secondary
limitations include the impossibility of assessing usual care in most control groups, as it needs to be identifiable
what this care includes.

Another potential limitation of our study is the restriction to English-language publications. While we acknowledge
that this choice may introduce language bias and limit the generalizability of our findings, it was made to ensure the
feasibility of comprehensive data extraction and synthesis within the scope of this review.

Final limitation may be a potential bias in selecting patients suitable for inclusion. Despite the relatively higher mean
age, mainly motivated and technically able participants could have been selected. Therefore, the resulting sample may
not represent the general COPD population.

Conclusion

In conclusion, this review shows that telehealth PR can increase or maintain functional exercise capacity and quality of
life. It may also provide tools to intensify motivation and thus promote adherence to physical therapy in patients with
COPD. Therefore, it can be used as an adequate substitute for conventional PR in indicated cases. Currently, there is
a lack of consensus on the composition of PR and the technology and procedure used, making comparisons very difficult.
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Efforts in this area should focus on the development of at least a framework of uniform home training procedures, which

would allow comparison of different technological approaches and also improvement in methodological quality.
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