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This systematic review aims to assess the cost-effectiveness of cardiac telerehabilitation in comparison with centre-based cardiac rehabili-
tation (CR). Evidence of cost-effectiveness is an important step towards implementation and reimbursement of telerehabilitation services.
Electronic databases were searched for economic evaluations of telerehabilitation programmes. Only randomized controlled trials (RCTs)
published in English were eligible for inclusion. Study quality and risk of bias were assessed using the Consensus Health Economic Criteria
(CHEC) list. A total of eight economic evaluations met the review inclusion criteria. The total sample size consisted of 751 patients rang-
ing from a minimum of 46 patients to a maximum of 162 patients per study. Maximal follow-up was 5 years. A total of seven of the eight
included studies demonstrated that telerehabilitation could lead to similar or lower long-term costs and are thus as cost-effective as trad-
itional centre-based CR. There is significant heterogeneity between all included telerehabilitation interventions in duration, used technol-
ogy, cost included and follow-up. Based on these small short duration trials, telerehabilitation may be as cost-effective as traditional
centre-based approaches. However, more assessments of the value for money of telerehabilitation in larger and longer RCTs are needed
both in high- as low-income countries.
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Introduction

Ischaemic heart disease (IHD) and heart failure (HF) are the most im-
portant causes of death in most European countries.1 Next to a high
mortality, they are also associated with a high number of recurrent
events, rehospitalizations and negative impact on quality of life.2

Ischaemic heart disease and HF also have a significant impact on
healthcare budgets.1 The high rate of recurrent disease leads to the
need of self-management or secondary prevention programmes. The
first step of secondary prevention is often cardiac rehabilitation
(CR).3 The effectiveness and cost-effectiveness of CR in reducing
morbidity and mortality along with increasing quality of life and

psychological well-being are well-established.4–6 A recent position
paper by Ambrosetti et al.7 defined the following core components
of CR: patient assessment, management and control of cardiovascular
risk factors, physical activity counselling, prescription of exercise
training, dietary advice, psychosocial management, and vocational
support. Unfortunately, the EUROASPIRE surveys demonstrated
that only few of the eligible patients participate in CR.8 Important bar-
riers for participation are often lower health literacy or transport, fa-
milial, vocational, and schedule constraints.9,10 Telerehabilitation or
home-based CR are suggested as solutions for these patients.
Telerehabilitation is defined as the use of digital innovations such as
smartphone applications, smartwatches, and teleconsultations to
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.
deliver CR from a distance.11 Telerehabilitation enables the remote
monitoring of patients and the provision of objective feedback. This
could enhance patients’ self-management skills and, subsequently
support more sustainable behavioural change.11

Multiple trials have established that telerehabilitation is as effective
as centre-based with similar healthcare costs.12 In recent years, the
use of digital health-supported remote delivery of CR has gained at-
tention to overcome these barriers and to improve CR access and
uptake. Telerehabilitation could be used as add-on to standard CR or
even replace conventional in-hospital CR.10 Some small and medium-
sized trials already demonstrated that telerehabilitation could be as
effective as centre-based CR.13–15 This review aims to give an over-
view of studies that published economic evaluations of cardiac telere-
habilitation such as cost-effectiveness analysis, cost–utility analysis or
cost–benefit analysis.

Methods

The review was planned and conducted in accordance with PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines.16

Eligibility criteria
Eligible studies should report findings on the cost-effectiveness of Phase II
telerehabilitation of IHD or HF. Telerehabilitation is defined as remotely
delivered comprehensive CR delivered with the help of technology. For
this systematic review, both comprehensive telerehabilitation as
exercise-only CR programmes were included. Furthermore, both telere-
habilitation as add-on to standard CR and as replacement of conventional
in-hospital rehabilitation were also included. Technologies must be used
to offer education, to provide feedback or to monitor patients. Included
technologies comprise telephone, text messaging, email, smartphone ap-
plication, smartwatch or pedometer-based interventions, video consult-
ation, and internet-based interventions. Only peer-reviewed randomized
controlled trials (RCTs) comparing telerehabilitation with usual in-centre
CR were eligible. The review was limited to articles published in peer-
reviewed journals in English. To be eligible, studies had to assess at least
one of the following main outcome measures: (i) cost-effectiveness, (ii)
cost–utility. Specifically, outcomes of interest from the cost-effectiveness
studies included the incremental cost-effectiveness ratio (ICER). The out-
come of interest from the cost–utility analysis was cost per quality-
adjusted life-year (QALY).

Search methods
For this systematic review, the following literature databases were used:
Medline/Pubmed, Web of Science, Scopus, and Embase. All search terms
are included in Table 1. Systematic searches were conducted by combin-
ing the search terms of category one with category two. Reference lists
of key full-text articles included in the review were checked to identify
any potentially eligible studies. The searches were not limited by historical
time-constraints. The search results were exported to Mendeley where
duplicates were excluded. Included studies were manually screened in
order to select other relevant studies.

Study selection
As a first step, relevant articles were considered on the basis of their title
and abstract. Secondly, full-text versions of selected papers were exam-
ined and assessed with regard to effect sizes and methodological quality.
The first author oversaw the search strategy and removed duplicates

using Mendeley. Following the above inclusion and exclusion criteria, two
reviewers (M.S. and M.F.) without consideration for the results per-
formed assessment of studies for potential inclusion independently. Any
differences in opinions were resolved by a third independent reviewer.
This process ensured that bias is minimized when deciding whether or
not to include or exclude certain studies. The two reviewers independ-
ently conducted the data extraction from each study.

Data extraction and management
Data were extracted in duplicate by one investigator (M.S.). Domains
included: author, year, country of origin, population, outcomes, interven-
tion, comparator, details about costs (included costs, time frame, and cur-
rency) and results (both clinical as economic evaluations). Study quality
and risk of bias was assessed using the Consensus Health Economic
Criteria (CHEC) list, a checklist that can be used to critically appraise
published economic evaluations.17 The CHEC list was completed in du-
plicate (M.S. and M.F.). Differences in opinions were resolved by a third
independent reviewer (P.D.) (Annex 1).

Data analysis
This systematic review included several studies with very heterogeneous
study designs and sources. Therefore, the results and key information
obtained from each of the related articles was synthesized in a narrative
summary.

Results

Selection of studies
Overall, the search of MEDLINE, Web of Science, EMBASE, and
Scopus yielded 3841 articles. A search through other sources identi-
fied 10 additional records. Among all, 1010 were identified as dupli-
cates. Therefore, 2841 articles were screened through title and
abstract reading. At the end of this process, 29 articles were consid-
ered eligible. After full-text assessment, another 21 articles were
excluded. There were thus eight articles eligible for this systematic
review. These eight studies were RCTs conducted in six countries
(Australia, Belgium, Denmark, New Zealand, The Netherlands, and
the UK). Details of the study selection are depicted in Figure 1.

Characteristics of included studies
The total sample extracted from the eight studies consisted of 751
patients with IHD or HF ranging from a minimum of 46 patients to a
maximum of 162 patients per study. The study of Frederix et al.
(2017)14 is a long-term analysis of the same population as the study
of Frederix et al. (2016).18 Both studies were included in this system-
atic review.14,18 The mean age of patients ranged from 56 to 67 years.
The proportion of males ranged from 75% to 91.3%. Of the eight
studies, two were undertaken in Australia,19,20 two in Belgium,14,18

and one each in the UK, Denmark,21 New Zealand,15 and the
Netherlands.22 The majority of studies (n = 5) did only include
patients with IHD.14,15,18,19,22 Two studies included only HF
patients20,23 and one study included HF, IHD, and cardiac surgery
patients.21 All but two investigated telerehabilitation as a replacement
of conventional in-hospital CR. The studies of Frederix et al.14,18

studied telerehabilitation as an add-on to conventional in-hospital
CR.14,18 Quality of life was assessed in six of the included studies with
the EuroQol 5D (EQ-5D).14,15,18–20,23 The other two studies used
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Table 1 Complete search strategy

Category 1 Category 2 Category 3

Telerehabilitation Stroke Cost-effectiveness

Home exercise training Heart diseases Costs

Home-based exercise training Myocardial ischaemia Financial

Home-based cardiac rehabilitation Coronary disease Cost

Home-based CR Heart valve disease Cost analysis

Mobile health rehabilitation Pulmonary heart disease Budget

Telemedicine cardiac rehabilitation Rheumatic heart disease Health care cost

Heart failure

Cardiac arrhythmias

Peripheral arterial disease

Congenital heart defects

Brain ischaemia

Hypoxia–ischaemia brain

Aortic diseases

Cardiomyopathies

Myocarditis

Thromboembolism

Venous thromboembolism

Records iden�fied through 
database searching 

(n = 3841  )

Addi�onal records iden�fied 
through other sources 

(n = 10  )

Records a�er duplicates removed 
(n = 2541) 

Records screened 
(n = 2541) 

Records excluded 
(n =  2512 ) 

Full-text ar�cles assessed 
for eligibility 

(n = 29  )

Full-text ar�cles excluded, with 
reasons (n = 21 ) 

Not phase II CR (n = 6 ) 
No data about cost-
effec�veness (n = 5 ) 

Not an RCT (n= 2 ) 
No comparison with standard 

CR (n= 4 ) 
No use of technology (n= 4) 

Studies included in 
qualita�ve analysis 

(n = 8 )

Figure 1 Flowchart of the results of the literature search.16

22 M. Scherrenberg et al.
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.
the 36-Item Short Form Health Survey (SF-36).21,22 The included
studies had very divergent follow-up duration ranging from 6 months
to 5 years. Finally, the study interventions were heterogeneous in
duration, technology used and number of contacts with a health pro-
fessional during the telerehabilitation service. The included costs dif-
fered between the eight studies and are summarized in Table 2.
Intervention costs such as equipment and staff costs were included in
all studies. Most of the studies also included healthcare cost which
could include only readmissions or a combination of primary care
use, medication cost, specialist visits, and diagnostics. Only one study
included non-healthcare cost such as (paid) absenteeism and present-
eeism.22 Table 2 provides additional information concerning patient
characteristics, interventions, and settings.

Quality of included studies
Median quality score of all articles on the CHEC was 89%, the lowest
quality score being 68%, whereas none of the studies had a score of
100%.

Narrative review
Cowie and Moseley23 investigated the cost-effectiveness of home-
based CR for HF patients in comparison with centre-based CR and a
control group in 2013 in the UK. In total, 46 patients finished the
complete study period. The telerehabilitation intervention consisted
of 8 weeks of home-based training with a Digital Versatile Disc and
monitoring by a senior CR physiotherapist by telephone. Cowie and
Moseley23 demonstrated that both the home-based and centre-
based training programmes incurred similar costs, which were offset
by a reduction in emergency admission costs, compared with con-
trols. Although in-hospital training offered greater potential for
reducing admission costs, with larger patient numbers the costs of
home-training per patient would decrease, increasing its likelihood of
being the more cost-effective option.

Whittaker and Wade19 investigated a 6-week home-based CR
programme in 2014 in comparison with a standard hospital-based
programme in Australia. A total of 120 patients were randomized.
Participants in the telehealth group received a mobile phone, a
Wellness Diary, and a Wellness web portal, with daily text messaging.
Whittaker and Wade19 concluded that cost of delivery by telehealth
was slightly lower than for patients attending a rehabilitation service
in person both from the provider’s perspective as the patient
perspective.

Frederix et al.18 performed a multi-centre RCT investigating tele-
rehabilitation in 2015 and did a new long-term analysis based on the
same population in 2017 in Belgium.14 A total of 140 patients were
included in the study. Intervention group patients received a 24-week
internet-based, comprehensive telerehabilitation programme in add-
ition to the conventional centre-based CR. The programme focused
on multiple CR core components and used both physical activity tele-
monitoring and dietary/smoking cessation/physical activity telecoach-
ing strategies. Intervention group patients were instructed to
continuously wear the hip-worn accelerometer and to weekly trans-
mit their registered activity data to the telerehabilitation centre’s
local server. These data enabled a semi-automatic telecoaching sys-
tem to provide the patients with feedback, encouraging them to grad-
ually achieve predefined exercise training goals. Frederix et al.14,18

demonstrated that the addition of cardiac telerehabilitation to

conventional centre-based CR to be more cost-effective than
centre-based CR alone both after 1-year and 2-year follow-up.

Kidholm et al.21 conducted an RCT in 2016 in Denmark investigat-
ing cardiac telerehabilitation in comparison with a traditional rehabili-
tation programme at the hospital or healthcare centre. A total of 151
patients with a clinical diagnosis of atherosclerosis (myocardial infarc-
tion, angina pectoris), coronary artery bypass surgery, valve surgery,
and HF were included. The telerehabilitation intervention consisted
of a 3-month programme in which the patient received a tablet com-
puter, digital blood pressure device, weight scale, electrocardiogram,
a Fitbit Ultra, and follow-up software. Kidholm et al.21 concluded that
the mean total cost per patient was e1700 higher in the intervention
group compared to the control group. This was mainly caused by the
high number of contacts with physiotherapists in the intervention
group. The QALYs gain was higher in the intervention group, but this
difference was not statistically significant. Therefore, the incremental
CU ratio was more than e400 000 per QALY gained.21

In 2017, Kraal et al.22 conducted an RCT in the Netherlands where
they investigated home-based training with telemonitoring in compari-
son with hospital-based CR in 90 patients. Patients in the home-based
group received three supervised training sessions in the outpatient clin-
ic, before they continued their training programme in their home envir-
onment. In addition, they received a heart rate monitor with a chest
strap (Garmin FR70) and were instructed on how to upload recorded
heart rate data to a web application. Once a week the patient received
feedback on training frequency, duration, and intensity via telephone by
the physical therapist. They reported no differences between home-
based training with telemonitoring guidance and centre-based training
on physical fitness, physical activity level or health-related quality of life.
However, home-based training was associated with a higher patient sat-
isfaction and, while not statistically significant, appears to be more cost-
effective after 1-year follow-up than centre-based training.22

Hwang et al.20 conducted an RCT in 2019 in Australia where they
investigated the cost-effectiveness of telerehabilitation in comparison
with centre-based CR in 53 HF patients. The telerehabilitation inter-
vention consisted of 12 weeks of group-based exercise and educa-
tion delivered into the home via online videoconferencing. Hwang et
al.20 revealed that this telerehabilitation approach for HF patients
appeared to be less costly and as effective as traditional centre-based
rehabilitation.

Maddison et al.15 performed the REMOTE-CR trial in 2019 in New
Zealand. They randomized 162 patients to either centre-based CR or
telerehabilitation. The telerehabilitation intervention consisted of
12 weeks of individualized exercise prescription, exercise monitoring,
and coaching plus theory-based behavioural strategies to promote ex-
ercise and habitual physical activity. Participants received a smartphone
and chest-worn wearable sensor and received feedback through a
smartphone application and direct messaging. They concluded that
REMOTE-CR is an effective and cost-efficient alternative model after a
2-year follow-up that could potentially improve overall utilization rates
by increasing reach and satisfying unique participant preferences.15

Discussion

This systematic review evaluates the cost-effectiveness of cardiac tel-
erehabilitation interventions in comparison with centre-based CR.
The majority of studies were conducted in a population of IHD
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.
patients. Two papers investigated telerehabilitation in HF patients and
one paper included patients with a wide array of cardiovascular dis-
ease. First thing to notice is the heterogeneity between all telerehabili-
tation interventions. The trials strongly differed in duration, used
technology, cost included, and follow-up. This makes generalization of
the results difficult. There is also high heterogeneity in the delivery of
CR components. Some studies only focus on exercise where other
studies also focus on all core components of CR.7 Important to men-
tion is that telerehabilitation is more than the remote delivery of exer-
cise training. Telerehabilitation is defined as the remote provision of
the core components of CR. The use of digital technology enables
more personalization of the CR content to the preferences of the pa-
tient. This could possibly make CR more feasible and attractive for
subgroups who are currently underrepresented in CR (women, eld-
erly, low educated patients). In the future, more research is needed of
comprehensive and personalized remote CR services. A total of
seven of the eight included studies demonstrated that telerehabilita-
tion could lead to similar or lower long-term costs as centre-based
CR programmes with equal or superior clinical effects. The trial of
Kidholm et al.21 was the only one that concluded that telerehabilita-
tion was not cost-effective in comparison with centre-based CR.
They revealed an incremental cost ratio of more than 500 000 Euro
per QALY. This result could be explained by the high intervention
cost control and no significant impact on the quality of life in compari-
son with the control group. Another potential explanation is the fact
that only hospital visits related to heart disease were included in the
estimation. However, it is possible that the added costs of telerehabili-
tation may result in other desirable outcomes that were not consid-
ered in the current study. Furthermore, the potential savings for the
patient and for the municipalities related to the possible improvement
in the patients’ quality of life were not taken into account. There is
also the possibility that the volume and intensity of the CR compo-
nents was too low. Both volume and intensity have a significant impact
on quality of life and exercise capacity.24

An important note is that the economics of telerehabilitation will
probably be very different in a real-world setting because upscaling
can lead to reduced costs.

There are several limitations to this systematic review. Most studies
were limited by small sample sizes. The heterogeneity of the studies in
terms of duration of telerehabilitation services, the technology used,
telerehabilitation as add-on or as a replacement of in-hospital CR, use
of home-visits, the costs collected and the follow-up time for collec-
tion of outcomes and costs is another limitation. Finally, most trials are
performed in Northwest Europe or Oceania which could reduce the
generalizability to low/middle-income countries, despite 80% of
cardiovascular-related deaths occurring in these countries.25 In conclu-
sion, based on these small short duration trials, telerehabilitation may
be as cost-effective as traditional centre-based approaches. However,
more assessments of the value for money of telerehabilitation in larger
and longer RCTs are needed both in high- as low-income countries.

Data availability

Data sharing is not applicable to this article as no new data were cre-
ated or analyzed in this study.
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Annex 1 CHEC list

.........................................................................................................................................................................................................................
CHEC list Cowie23 Whittaker19 Frederix18 Kidholm21 Frederix14 Kraal22 Hwang20 Maddison15

1. Is the study population clearly

described?

X X X X X X X X

2. Are competing alternatives clear-

ly described?

X X X X X X X

3. Is a well-defined research ques-

tion posed in answerable form?

X X X X X X X X

4. Is the economic study design ap-

propriate to the stated

objective?

X X X X X X X X

5. Is the chosen time horizon appro-

priate in order to include rele-

vant costs and consequences?

X X X X X X X X

6. Is the actual perspective chosen

appropriate?

X X X X X X X X

7. Are all important and relevant

costs for each alternative

identified?

X X X X X X X X

8. Are all costs measured appropri-

ately in physical units?

X X X X X X X X

9. Are costs valued appropriately? X X X X X X X

10. Are all important and relevant

outcomes for each alternative

identified?

X X X X X X X X

11. Are all outcomes measured

appropriately?

X X X X X X X X

12. Are outcomes valued

appropriately?

X X X X X X X X

13. Is an incremental analysis of costs

and outcomes of alternatives

performed?

X X X X X X

14. Are all future costs and outcomes

discounted appropriately?

X

15. Are all important variables,

whose values are uncertain, ap-

propriately subjected to sensi-

tivity analysis?

X X X X X

16. Do the conclusions follow from

the data reported?

X X X X X X X X

17. Does the study discuss the gener-

alizability of the results to

other settings and patient/cli-

ent groups?

X X X X X X X

18. Does the article indicate that

there is no potential conflict of

interest of study researcher(s)

and funder(s)?

X X X X X X X

19. Are ethical and distributional

issues discussed appropriately?

X X X

Percentage 95% 68% 89% 84% 89% 89% 84% 95%
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