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ABSTRACT

INTRODUCTION: Alternatives such as remotely delivered therapy in the home environment or telehealth represent an opportunity to increase
overall cardiac rehabilitation (CR) utilization. Implementing alternatives into regular practice is the next step in development; however, the cost
aspect is essential for policymakers. Limited economic budgets lead to cost-effectiveness analyses before implementation. They are appropriate
in cases where there is evidence that the compared intervention provides a similar health benefit to usual care. This systematic review aimed to
compare the cost-effectiveness of exercise-based telehealth CR interventions compared to standard exercise-based CR.

EVIDENCE ACQUISITION: PubMed and Web of Science databases were systematically searched up to August 2022 to identify randomized
controlled trials assessing patients undergoing telehealth CR. The intervention was compared to standard CR protocols. The primary intent was
to identify the cost-effectiveness. Interventions that met the criteria were home-based telehealth CR interventions delivered by information and
communications technology (telephone, computer, internet, or videoconferencing) and included the results of an economic evaluation, compar-
ing interventions in terms of cost-effectiveness, utility, costs and benefits, or cost-minimization analysis. The systematic review protocol was
registered in the PROSPERO Registry (CRD42022322531).

EVIDENCE SYNTHESIS: Out of 1525 identified studies, 67 articles were assessed for eligibility, and, at the end of the screening process, 12
studies were included in the present systematic review. Most studies (92%) included in this systematic review found strong evidence that exer-
cise-based telehealth CR is cost-effective. Compared to CBCR, there were no major differences, except for three studies evaluating a significant
difference in average cost per patient and intervention costs in favor of telehealth CR.

CONCLUSIONS: Telehealth CR based on exercise is as cost-effective as CBCR interventions. Funding telehealth CR by third-party payers
may promote patient participation to increase overall CR utilization. High-quality research is needed to identify the most cost-effective design.

(Cite this article as: Batalik L, Filakova K, Sladeckova M, Dosbaba F, Su J, Pepera G. The cost-effectiveness of exercise-based cardiac telerehabilita-
tion intervention: a systematic review. Eur J Phys Rehabil Med 2023;59:248-58. DOI: 10.23736/S1973-9087.23.07773-0)

KEey worps: Telemedicine; Cardiac rehabilitation; Costs and cost analysis; Exercise.

Introduction tion.! After a cardiac event, cardiac rehabilitation (CR) is

recommended to patients as part of secondary prevention,

he incidence of cardiovascular diseases is increasing an intervention usually based on exercise and lifestyle
on a European scale due to the aging of the popula- changes.2 3 It has been confirmed that exercise-based CR
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interventions reduce morbidity and mortality and posi-
tively affect overall well-being and quality of life.4 5 In
Europe, CR is available in 91% of countries, and approxi-
mately 655,000 patients start intervention annually.¢ How-
ever, few eligible patients participate in these programs.
The most common barriers are psychosocial, transaction-
al, or financial.” Alternatives such as remotely delivered
therapy in the home environment or telehealth represent
an opportunity to increase overall CR utilization. Espe-
cially during the covid-19 pandemic, the remote-guided
approach was even more highlighted, as it was possible
to provide CR in light of quarantine and public health re-
strictions.8. 9 Remotely delivered CR using telehealth rep-
resents the provision of CR in a home-based setting via
modern Information and Communications Technology
(ICT). For example, smartphone applications, web-based
exercise platforms, heart rate (HR) sensors, or virtual re-
ality. In addition, this approach enables telemonitoring
and telesupervision to monitor safety and provide expert
guidance.!%. 11 A recent meta-analysis of telehealth CR
studies by Antoniou et al. demonstrated a similar effect
in increasing cardiorespiratory fitness and quality of life
as standard CR in a hospital center (CBCR).!12 Moreover,
patients reported the high acceptability of the telehealth
approach, more lasting effects, and high safety of home-
based exercise.!3: 14 Therefore, these alternatives supple-
ment CBCR and could represent a strategy to increase
participation.!5. 16 Implementing alternatives into regular
practice is the next step in development; however, the cost
aspect is essential for policymakers. Limited economic
budgets lead to cost-effectiveness analyses, i.e., the ratio
of the health benefit of the intervention to the costs, before
implementation, and are appropriate in cases where there
is evidence that the compared intervention provides a simi-
lar health benefit to usual care. The resulting differences in
economic benefits are usually expressed in monetary units.
An earlier systematic review of economic evaluations of
CR interventions demonstrated cost-effectivity, especially
with exercise as a component.!” Telehealth CR analysis
of 4 trials provided evidence ranging from dominant to $
588,734 per QALY and was cost-effective in exercise in
all relevant trials, whereas the results are subject to un-
certainty. Inconclusive evidence that home-based alterna-
tives to CR are not only less expensive but also similarly
effective to hospital programs was provided by a review
by Lee ef al.!8 This systematic review aimed to compare
the cost-effectiveness of exercise-based telehealth CR in-
terventions compared to CBCR. Our study provides a new
perspective and recent evidence to the literature, which
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has increased significantly in the last five years,!° to enable
a more accurate assessment of the cost-effectiveness of
telehealth CR. Furthermore, the review critically analyzes
the evidence,20-3! identifies research gaps, and provides a
perspective for future research.

Evidence acquisition

A systematic literature search and review were conduct-
ed to identify economic evaluations of home-based tele-
health CR interventions. This systematic review followed
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Guidelines. The systematic re-
view protocol was registered in the PROSPERO registry
(CRD42022322531).

Eligibility criteria

The Populations, Interventions, Comparisons, Outcomes,
and Study designs (PICOS) framework was used to in-
form eligibility criteria. The inclusion criteria were: 1) P
— people with a medical diagnosis of CVD; 2) I — inter-
vention group received home-based telehealth CR inter-
vention delivered by ICT (telephone, computer, internet,
or videoconferencing) including the use of telemonitoring
devices, and telephone calls; 3) C — active comparator, in
our case, exercise-based CBCR; 4) O — results measured
and reported cost-effectiveness; and 5) S — randomized
controlled trial and English language. Only randomized
controlled trial studies were included to generate the best
evidence. The exclusion criteria were as follows: 1) quasi-
experimental, qualitative, or case studies; 2) conference
abstracts; and 3) unavailable full text even after contacting
the authors.

Search methods

The search was structured to identify the cost-effec-
tiveness of exercise-based telehealth CR interventions
published since 2000 in English. An electronic litera-
ture search was conducted in August 2022 through the
PubMed database and the Web of Science metasearch
engine. Search terms included CR terminology and eco-
nomic evaluation terms based on specific search filters
for economic evaluation articles.32 The selection process
involved a keyword search that is summarized in Supple-
mentary Digital Material 1 (Supplementary Table I). After
the initial literature search, relevant articles were selected
according to keywords. Articles were then manually as-
sessed by two independent reviewers (LB and KF) based
on title and abstract. After the first round, the relevance of
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articles based on the inclusion criteria was assessed us-
ing full text; differences of opinion were discussed and
resolved with a third reviewer (FD).

Data extraction and synthesis

Data extraction included intervention methods and out-
comes. Interventions were critically analyzed using ex-
tracted data from reviewers (LB and KF), with final results
subsequently discussed with a third reviewer (FD). Due
to the heterogeneity between the included interventions,
quantitative data synthesis was impossible, and a narrative
approach was used to summarize the findings. The synthe-
sis of systematic reviews of economic evaluations com-
monly takes a narrative approach, whereas a meta-analysis
is a common step for reviews of clinical evidence.3? Cost
values in included studies were converted to the single
currency Euro (€) according to the Current Exchange In-
dex (September 21, 2022) for better comparison. To con-
vert to USA ($) and Pounds (£), multiply by 0.98 and 1.16
(e.g., 1000 € is equivalent to 980 USA $; 1000 USA § is
equivalent to 1020 €; 1000 € is equivalent to 861 £; 1000
£ is equivalent to 1162 €).

Quality of reporting

Economic evaluation Quality of reporting for CTR and
CBCR interventions was conducted using the Consoli-
dated Health Economic Evaluation Reporting Standards
2022 (CHEERS 2022). These standards include an updat-
ed checklist of 28 items.3* The CHEERS 2022 checklist
aims to ensure that health economic evaluations are iden-
tifiable, interpretable, and useful for decision-making. The
28 item-checklist is divided into seven main sections: 1)
title (one item); 2) abstract (one item); 3) introduction (one
item); 4) methods (eighteen items); 5) results (four items);
6) discussion (one item); and 7) other relevant informa-
tion (two items). Several studies in the health economic
evaluation in the rehabilitation field have used this check-
list.35. 3¢ The economic Quality of reporting of included
studies was conducted independently by two reviewers
(KF and FD). Disagreements were discussed with a third
reviewer (LB) until a consensus was reached. Consistency
of item ratings was ensured by following the CHEERS
2022 Checklist Guidelines. Individual items were rated as
“yes,” “no,” “partially,” “unclear,” or “not applicable.” Fi-
nally, the number of studies that received a yes rating for
the overall Quality of Reporting evaluation was counted. A
score was given for each applicable item, and a total score
(out of 28) was obtained for each study. The higher the
score, the better the quality of study reporting. The total
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score was obtained, ranging from 0 to 28 points. The stud-
ies were classified according to the average score: high-
quality as 22 points or more (80%), good-quality as 12
to 21 points, and low-quality as 11 points or less (40%).
High-quality studies were defined as highly relevant, re-
producible, and excellent methodically described results
reports. Good-quality studies were defined as moderately
clinically relevant, with limitations in reporting results.
The low-quality studies reported substantial relevance
limitations and methods with low reproducibility. This
individual approach was used since the CHEERS cut-off
scales were not yet recommended.

Evidence synthesis

A total of 1525 records were identified in the database and
metasearch engine search (Figure 1). Screening of titles
and abstracts showed that 1458 publications did not meet
the inclusion criteria. The remaining 67 publications were
subjected to a detailed full-text examination, from which
55 were excluded. Thus, there were twelve eligible articles
for inclusion in the qualitative synthesis of this systematic

Identification of studies via databases and registers

= Records identified from: Records removed before screening:
£ Databases (N.=1525) || * Duplicate records removed
] Registers (N.=0) (N.=729)
= * Records marked as ineligible by
3 automation tools (N.=0)
= * Records removed for other reasons
(N.=0)
Y
Records screened 3 Records excluded
(N.=796) (N.=729)

Y
g R h R ieved
£ eports sought eports not retrieve
§ for retrieval (N.=0)
3] (N.=67)
%)

Y

Reports assessed Reports excluded
for eligibility —>>| * No economic evaluation (N.=18)
(N.=67) * Study protocol (N.=10)
* Study type (N.=9)
* Different health area (N.=8)
- Y * Control group (N.=6)
i Studies included + Intervention (N.=4)
= in review (N.=12)
S Reports of included
studies (N.=0)

Figure 1.—Flow diagram detailing the search strategy.

April 2023



COST-EFFECTIVENESS IN CARDIAC TELEREHABILITATION

review.2031 An overview of study characteristics is pre-

sented in Table 1.20-31

Included studies

Two studies from samples were conducted in the
USA,2L30 New Zealand,28- 29 Australia,?4 31 Belgium,22. 23
and the Netherlands;2% 26 one each was conducted in Bra-
zil27 and Denmark.25 Most studies (10/12, 83%) were
published in the last ten years, and six (50%) were pub-
lished in the last five years. The number of participants in

TABLE I.—Study characteristics.
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the included studies ranged from 53 to 300 participants.
The average age was 60.6 years (range: 55.6-67.0), and
the representation of men was, on average, 82.7% (range:
75.0-88.9). Most studies included a wide range of age
groups. A total of 1,546 participants were included in
the systematic review. Participants in the included stud-
ies survived different types of CVD. As expected, Table
12031 shows significant differences in study populations,
as CR is recommended for multiple groups of patients.
Four studies only included participants with coronary ar-

QALY Costs (€) ICER per  Time
Study Population Intervention K - QALY  horizon
TCR CBCR Difference TCR CBCR Difference € (weeks)
Brouwers et al.20 CAD CTR (HR monitor, telesupervision, 0.841 0.844  -0.004 4787 5507 -720 0 36
(N.=300) ICT platform, 2-5 exercise/week,
20—60 min)
Carlson et al2!  MI; CABG Hybrid CR; 0-4weeks CBCR + NR NR NR 1549 2396 -847 NR 24
(N.=80) 5-25 weeks HBCR (3 exercise/
week, 30-40 min)
Frederix et al?2 CAD; CHF Internet-based CTR 0.07 -0.15 0.22 3262 4140 -878 -3993 12
(N.=140) (accelerometer, telemonitoring,
coaching, >2 exercise/week,
45-60 min)
Frederix et al.2? CAD; CHF Comprehensive CTR 039 036 0.026 2155 2720 -565 -21707 24
(N.=126) (accelerometer, telemonitoring,
coaching, >2 exercise/week,
45-60 min)
Hwang et al.2¢  CHF CTR (online videoconferencing 036  0.36 0 2372 3994  -1622 -4240 12
(N.=53) platform, telesupervision, 2
exercise/week, 60min)
Kidholm et al.23 CAD; MI; CHF; CTR (ICT platform, digital 0.089 0.085 0.004 5724 4057 1667 483608 12
(N.=151) exercise diary, one personal
supervision, 2 exercise/week)
Kraal et al.26 I-II CVR HBCR (HR monitor, web 0.77  0.78 0.01 2855 2419 -436 NR 12
(N.=90) application, telemonitoring,
telefeedback, >2 exercise/week,
45-60 min)
Lima et al.?’ MI; CABG HBCR (HR monitor, personal NR NR NR 61 138 =77 NR 12
(N.=49) diary, telesupervision, 5 exercise/
week, 50-60 min)
Maddison et al.28 THD mobile phone CR (web-videoand ~ NR NR NR NR NR NR 15247 12
N.=171) text messages, >5 exercise/week,
30 min)
Maddison e al.2® CAD real-time CTR (web platform, NR NR -0.03 2894 5610  -2716 NR 12
(N.=162) smartphone, HR monitor, remote
monitoring and coaching)
Southard ef al3° CAD Internet-based CR (web-education ~ NR NR NR 462 1446 -990 NR 24
(N.=104) modules, online chat discussions,
telefeedback)
Whittaker ez al.3! MI HBCR (mobile phone, Wellness NR NR NR 1747 2290 -543 NR 24
(N.=120) Diary and web portal, daily text

messaging, exercise most days/

week, 30 min)

CAD: coronary artery disease; MI: myocardial infarction; CHF: chronic heart failure; CR: cardiac rehabilitation; CTR: cardiac telerehabilitation; HBCR: home-based
cardiac telerehabilitation; HR: heart rate monitor; CBCR: center-based cardiac rehabilitation; ICT: information and communications technology; QALY: quality-
adjusted life year; ICER: Incremental Cost-Effectiveness Ratio; TCR: telehealth cardiac rehabilitation.
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tery disease (CAD).20.28-30 Another two studies included
a combination of participants after myocardial infarction
(MI) or coronary artery bypass graft (CABG),2!. 27 and
two studies included a combination of CAD and chronic
heart failure (CHF).22.23 The remaining studies included
participants with CHF,24 cardiovascular risk stage I-11,2¢
MI, or a combination of participants with cardiac dis-
ease,25 such as CAD or MI or CHF or CABG. Differ-
ences in the characteristics of CVD between studies did
not allow a more precise distinction of subgroups of the
population with CVD. Therefore, the study set is consid-
ered as a whole.

Intervention

All studies compared telehealth CR with an active control
group of CBCR or community-based CR. The design of
the telehealth CR intervention varied considerably across
studies (Table I).20-31 The intervention period ranged from
3 to 9 months; most often (58%), the 3-month CR model
was used. All studies included various forms of remote
monitoring and telehealth CR counseling. However, com-
paring exercise prescriptions is complicated because of the
diversity. Ten studies (83%) reported a specific exercise
prescription.2% 30 The prescribed weekly exercises ranged
from 2 to “exercise most days a week.” Most often, two or
more exercises per week20-26 were recommended. Session
durations were prescribed in nine of the twelve studies;
the time range of the exercise session was 20-60 min. Two
studies included real-time exercise monitoring.24 29 Other
studies used telemonitoring postexercise. An ICT platform
was used for telemonitoring20: 22, 26, 28-31 or a personal ex-
ercise diary combined with telesupervision.2’- 30 Patients
used HR monitor,2% 21, 26, 27, 29 gccelerometer,22 23, 26 web-
application?28. 29,31 to monitor exercise intensity. Telesuper-
vision was provided through text messages,22 23, 28, 30, 31
telephone calls,20. 26,27 audiovisual calls,24 29 or personal
visits.2!, 25 In studies, monitoring and teleconsultation are
mostly performed by physiotherapists,20 24, 26, 27 commu-
nity care teams,2! 28, 29, 31 nurses,25 30 or semi-automatic
web systems.22 23 Teleconsultations included monitoring
adherence to the exercise intervention through training
diaries, feedback, motivation for the next period, and iden-
tifying barriers to exercise or adverse events.

Control groups

Control group participants were given instructions in 8/12
(67%) trials. Other studies included an active control group
under supervision in a community-based CR program?s. 3!
or CBCR supervision without a detailed description of the
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exercise intervention or recommendations.25 30 Most stud-
ies provided a CR intervention according to guidelines
for the control group.21-27.29 Five studies (42%) designed
a similar exercise prescription regarding the duration and
frequency of sessions.22.23,26,27.29 One study described the
prescription as individually tailored, and intensity sessions
varied among patients2° or only as a comprehensive CR
program.2!

Characteristics of the methods

Twelve trials were included.20-3! The blinding method was
used in 7/12 (58%) studies. The primary outcome inves-
tigators24 2629 or all investigators were blinded.22 23 Four
studies did not include the method of blinding.25: 28, 30. 31
Blinding is a crucial method to limit the distortion of study
results. However, by the nature of training interventions
(e.g., exercises, devices, manual therapy), blinding for
therapists and patients in Physical Therapy Trials may be
challenging.37

Characteristics of study outcomes

The primary outcome in most studies was the effect on
functional capacity.22:23.26.28.29. Four studies had cost-ef-
fectiveness?0: 24. 25. 31 or adherence?’ as the primary out-
come. Secondary outcomes in the studies were quality
of life,20, 22-31 cost-effectiveness,2% 24, 25, 31 cardiovascular
rehospitalizations,?3-26 blood sampling,2!-23. 27. 28. 30 blood
pressure,21-23, 2730 functional capacity,2!. 27. 30, 31 physical
activity?2.23.26,29 and anxiety and depression.26

Cost methods

The description of cost-effectiveness was made from a so-
cietal and patient perspective. This included the costs of the
intervention and the costs of healthcare resources extract-
ed from the studies. Direct health care costs were assessed,
i.e., costs of using health care or costs directly related to
the delivery of the intervention. In more detail, healthcare
costs were categorized as intervention 12/12 (100%),20-31
hospitalization 8/12 (67%),20.22.23,25,26,29-31 gutpatient 8/12
(67%),20.22-26,29,30 diagnostics 3/12 (25%),22.23.29 commu-
nity care 2/12 (17%),25: 3! medication 2/12 (17%).20. 26,29
Other costs included presenteeism 2/12 (17%)20-26, absen-
teeism at work 2/12 (17%)2026, travel costs 2/12 (17%)25:31,
and unpaid labor 1/12 (8%).2¢ Sensitivity analysis was
performed in 7/12 (58%) studies.20. 22-26, 29 A cost-utility
analysis with quality-adjusted life-years (QALYs) as an
outcome measure was performed in 8/12 (67%) stud-
ies.20, 22-26, 29 Moreover, cost-utility data were compared
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by calculating of the incremental cost-effectiveness ratio
(ICER) in 8/12 (67%) studies.20 22-26,29 The incremental
effectiveness represents the change in total average QALY
between the telehealth and CBCR groups. ICER’s plane
was generated by bootstrapping the point estimates of the
costs and utilities. Data for generating QALYs included
health-related quality of life questionnaire surveys. There-
fore, the most frequently used EuroQol Five-Dimension-
al (EQ-5D) Questionnaire 6/12 (50%),20 22-24, 29, 31 Short
Form 36 Health Survey (SF-36) 4/12 (33%),25-28 or one
study used the Dartmouth COOP Charts Questionnaire
1/12 (8%).3° The EQ-5D and SF-36 questionnaires are
considered valid and reliable instruments for surveying
health-related quality of life in patients with CVD.38.39

Study results
Costs in providing the intervention

Costs varied between the studies included in the review
and are shown in Table 1.20-3! The majority of studies
(11/12, 92%) comparing telehealth CR and exercise-
based CBCR reported net costs of the intervention and
were associated in 10/12 (83%) with lower costs for pro-
viding telehealth CR (range -2716 to -77 €).20-24, 26,27, 29-31
Three also stated that the average cost per patient was
significantly lower (-565 €, P=0.01, -1622 €, P=0.001, re-
spectively -847 €, P=0.05).21. 22,24 Another study reported
significantly lower costs for providing the intervention
with CBCR (-1023 €).25 However, the authors judged that
a higher number of patient scenarios might result in re-
duced costs of the devices used in the intervention and
make the telehealth program more cost-effective over
the long term. One study reported only intervention costs
without comparison.28

Costs in unplanned healthcare services utilization

In addition to intervention costs, one study estimated hos-
pital medication costs, which revealed a significant differ-
ence (-159 €, P=0.02) in favor of telehealth CR.2

The incremental Cost-Effectiveness Ratio

ICER estimation was performed in half of the cas-
es,20,22-25,28 and in 5/6 (83%), the telehealth CR interven-
tion was considered cost-effective (from -21.707 € per
QALY to 15.247 € per QALY). The probability of cost-
effectiveness of telehealth CR was explicitly presented in
three studies and was similarly assessed as 69% and 86%,
72 and 90%, and 97% and 75%, respectively.20.26.29 Three
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other studies rated the probability of cost-effectivity tele-
health CR as highly probable, whereas they did not pro-
vide a rate.22-24

Cost in social aspects of CR participation

A comparison of costs per patient from a societal perspec-
tive consisting of absenteeism from paid and unpaid work
was demonstrated by two studies. A similar result in favor
of patients in telehealth CR was recorded, in savings, from
Absence from work (-2691 and -607€).20. 26 Patient travel
costs were analyzed in two studies for telehealth CR were
substantially less than for CBCR attendance (82 vs. 408 €),
respectively. One study revealed significantly lower extra
costs (43 € in telehealth CR vs. 68 € in CBCR, P=0.03).25.31

Quality of reporting according to CHEERS 2022 Guidelines

The quality of reporting economic evaluations (Supple-
mentary Digital Material 2: Supplementary Table II)
showed inconsistent results. Overall quality was “good,”
with an average score of 16.8 points (59.8%) ranging from
5 to 24 points. Two studies met the requirements of the
high-quality category.20: 24 Six were, on average,22-26, 28, 29
and four studies were in the low-quality category.2!. 27, 30,31
There were several items, particularly in the methodology
section, that showed low reporting in the selected stud-
ies, especially the item discount rate (17%), selection of
outcomes (17%), measurement of outcomes (33%), char-
acterizing heterogeneity (17%), approach to engagement
with patients and others affected by the study (8%). Other
items from the results section that were not frequently re-
ported were the effect of uncertainty (42%) and the effect
of engagement with patients and others affected by the
study (8%). On the other hand, some of the items that were
excellently reported in the included studies were the inclu-
sion of abstract (83%), followed by the item study popula-
tion (83%), perspective (92%), time horizon (100%), valu-
ation of outcomes (92%), measurement and valuation of
resources and costs (92%), study parameters (83%), study
findings, limitations, generalizability, and current knowl-
edge (83%), and item conflicts of interest (83%). The per-
centage of studies recorded for each item on the CHEERS
2022 Checklist is shown in Figure 2.

Discussion

This systematic review assessed the evidence evaluating
the cost-effectiveness of telehealth CR compared with
CBCR. 1t is the first systematic review of currently avail-
able literature that evaluates health-related costs in tele-
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Figure 2.—Quality assessment
of included studies.

The figure shows the quality
of reporting of studies through
the CHEERS 2022 Checklist.
The vertical axis shows each
item on the checklist from 1 to
28. The horizontal axis shows
the percentage of studies that
met each item. Shades of gray
(colors in the online version)
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health CR interventions. Half of the included studies are
from the last five years, showing the early nature of this
approach. However, the results support actions to imple-
ment into regular practice and provide policymakers with
an up-to-date evidence base of the potential cost savings
that can be achieved. This work suggests similar clinical
outcomes of telehealth CR and CBCR interventions for
physiological and psychosocial parameters. In this regard,
some studies have reported further improvements in qual-
ity-of-life parameters and promoting lifestyle-related CR
interventions based on eHealth.40-44 Most studies included
in this systematic review found strong evidence that ex-
ercise-based telehealth CR is cost-effective. Compared to
CBCR, there were no major differences, except for three
studies evaluating a significant difference in average cost
per patient and intervention costs in favor of telehealth CR.
The evidence provides unclear certainty, whereas it shows
a more robust view of alternatives compared to recent re-
views.17. 18,45 Further studies will be needed, especially in
real-world settings, to confirm more robust significance.
The other result of this systematic review is that the exami-
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nation of the quality of economic reporting was variable.
The results of this study correspond with the current state
of the art of economic evaluation in the rehabilitation field.
A systematic review by Flemming et al. noted inconsis-
tent reporting, especially a mean score of 17.5 (72.9%),
indicating good-quality reporting across several rehabili-
tation domains.35 Indeed, these results highlight the need
to optimize the economic reporting of telehealth CR to
increase transparency and accuracy for decision-making.
Poor quality reporting can create concerns when determin-
ing whether reported results are valid. In order to expand
the CR field with alternatives, there is a need to produce
high-quality research that proves cost-effectiveness. Tele-
health CRs are considered effective and practical inter-
ventions with the potential for greater self-responsibility
and self-efficacy than CBCRs.4¢-51 On the other hand, the
disadvantage of telehealth CR is the lack of social con-
tact and fewer face-to-face interactions associated with
the group approach of CBCR.8. 16.52 The expanding CVD
base represented by different patient subgroups requires
the inclusion of diverse CR models to optimize health out-
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comes. Elderly patients have been found to prefer home-
based interventions over centrally-based ones.53 Logistical
barriers are a common reason for non-participation; tele-
health interventions may increase uptake.>* The chronic
nature of CVD usually requires readmission or additional
hospital treatment.>5: 56 Indeed, reducing the number of re-
admissions is a necessary result of cost-saving measures
in providing curative-preventive care. It is also a critical
outcome for patients and their families because of the po-
tential additional stress burden associated with CVD.57. 58
Moreover, remotely guided delivery strategies may be a
valuable option for patients from rural areas to prevent re-
current diseases associated with further rehospitalization.
The telehealth CR interventions described in this system-
atic review suggest potential benefits, including a lower
economic burden for preventive healthcare provision and
increased access to CR. The expanded access and increase
in the overall use of CR can lead to economic gains and cost
savings for CVD treatment. Implementation of telehealth
CR may also address patient logistical barriers or issues
with lower availability of preventive healthcare services
in this community. Furthermore, exercise-based telehealth
CR interventions using telemonitoring and telesupervision
can be effective on a broader scale. Since most patients
have internet access and ICT at home, a clinical or Physi-
cal and Rehabilitation Medicine specialist can relatively
easily use it in their clinical practice at a relatively low
cost.®0. 61 Especially in the current technological boom, the
price of ICT is expected to decrease, which should facili-
tate development on a larger scale in the future.62-64

Limitations of the study

One thing to note is the heterogeneity among included
telehealth CR interventions. The studies differed in design,
specifically in the duration and frequency of the exercise
intervention, the telehealth ICT used, or the individual
price costs and their analyses. This fact limits the overall
generalization of the results. Furthermore, the difference
in preventive components in telehealth CR models was
found. Some studies were based on exercise alone com-
pared with other studies providing a comprehensive pre-
vention approach.3 In addition, the cost-effectiveness of
telehealth interventions may differ significantly across pa-
tient groups.®s Our results may be influenced by the diver-
sity of characteristics between the patient groups. Specifi-
cally, diverse groups of patients after CVD were included.
Therefore, interventions should be targeted at a selected
subgroup in future studies. This review points to a lack
of evidence for low-middle-income countries, despite the
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significant rates of global CVD mortality in these coun-
tries.®¢ The research and practice in telehealth CR have
recently experienced significant expansion.!® This expo-
nential growth is also evident in the recent published study
protocols.®7-73 Further evidence will be essential to deter-
mine which telehealth forms of nutritional and/or psycho-
logical therapy might be cost-effective. ICT can provide
a more individualized approach focused on several pre-
ventive components. Therefore, providing telehealth CR
should be more than remote telemonitoring exercises. This
would make the telehealth approach suitable for integra-
tion among other subgroups of patients with CVD or other
chronic diseases in which the health benefit of providing
physical exercise was found.’+76 Given the recent calls
for comprehensive integration of the essential preventive
components of CR, this should support the expected pre-
ventive health outcomes.””. 78

Conclusions

Telehealth CR based on exercise is as cost-effective as
CBCR interventions. Funding telehealth CR by third-party
payers may promote patient participation to increase over-
all CR utilization. High-quality research is needed to iden-
tify the most cost-effective design.
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