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Abstract

Background: Cardiovascular diseases (CVDs) cause most deaths globally and can reduce quality of life (QoL) of rehabilitees
with cardiac disease. The risk factors of CVDs are physical inactivity and increased BMI. With physical activity, it is possible
to prevent CVDs, improve QoL, and help maintain a healthy body mass. Current literature shows the possibilities of digitalization
and advanced technology in supporting independent self-rehabilitation. However, the interpretation of the results is complicated
owing to the studies’ high heterogeneity. In addition, the added value of this technology has not been studied well, especially in
cardiac rehabilitation.

Objective: We aimed to examine the effectiveness of added remote technology in cardiac rehabilitation on physical function,
anthropometrics, and QoL in rehabilitees with CVD compared with conventional rehabilitation.

Methods: Rehabilitees were cluster randomized into 3 remote technology intervention groups (n=29) and 3 reference groups
(n=30). The reference group received conventional cardiac rehabilitation, and the remote technology intervention group received
conventional cardiac rehabilitation with added remote technology, namely, the Movendos mCoach app and Fitbit charge
accelerometer. The 12 months of rehabilitation consisted of three 5-day in-rehabilitation periods in the rehabilitation center.
Between these periods were two 6-month self-rehabilitation periods. Outcome measurements included the 6-minute walk test,
body mass, BMI, waist circumference, and World Health Organization QoL-BREF questionnaire at baseline and at 6 and 12
months. Between-group differences were assessed using 2-tailed t tests and Mann-Whitney U test. Within-group differences were
analyzed using a paired samples t test or Wilcoxon signed-rank test.

Results: Overall, 59 rehabilitees aged 41 to 66 years (mean age 60, SD 6 years; n=48, 81% men) were included in the study.
Decrement in waist circumference (6 months: 1.6 cm; P=.04; 12 months: 3 cm; P<.001) and increment in self-assessed QoL were
greater (environmental factors: 0.5; P=.02) in the remote technology intervention group than the reference group. Both groups
achieved statistically significant improvements in the 6-minute walk test in both time frames (P=.01-.03). Additionally, the remote
technology intervention group achieved statistically significant changes in the environmental domain at 0-6 months (P=.03) and
waist circumference at both time frames (P=.01), and reference group achieve statistically significant changes in waist circumference
at 0-6 months (P=.02).

Conclusions: Remote cardiac rehabilitation added value to conventional cardiac rehabilitation in terms of waist circumference
and QoL. The results were clinically small, but the findings suggest that adding remote technology to cardiac rehabilitation may
increase beneficial health outcomes. There was some level of systematic error during rehabilitation intervention, and the sample
size was relatively small. Therefore, care must be taken when generalizing the study results beyond the target population. To
confirm assumptions of the added value of remote technology in rehabilitation interventions, more studies involving different
rehabilitees with cardiac disease are required.
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Introduction

Background
Technology-based rehabilitation with physical activity has been
widely studied in rehabilitees with several diseases [1,2].
Cardiovascular diseases (CVDs) are the leading cause of death
worldwide. They caused >30% of deaths in 2019 [3];
furthermore, heart diseases cause approximately 16% of deaths
globally [4]. However, the effectiveness of technology-based
rehabilitation and the added value of technology-assisted
home-based self-rehabilitation has not been widely studied in
rehabilitees with cardiac disease in rehabilitation settings.
Self-rehabilitation is planned with the consultation of health
care professionals and considers the needs of rehabilitees under
rehabilitation as well as evidence-based practices [5].

Telehealth- (telephone, computer, internet, and
videoconferencing) [6] and smartphone-based [7] cardiac
rehabilitation has been found to be as effective as center-based
rehabilitation in decreasing coronary risk factors [6,7]. The
best-known evidence-based practices are traditionally based on
minimizing CVD risk factors, such as high blood pressure,
physical inactivity, unhealthy diet, tobacco consumption, and
harmful use of alcohol [3,8], as well as increased BMI [9-11].
Increasing moderate physical exercise reduces the risk of CVDs
and their symptoms [12]. In cardiac rehabilitation, rehabilitees
should undertake regular physical activity that slows the
progression of CVDs [13]. Physical activity can prevent CVDs
and improve quality of life (QoL) [14].

The current goal of rehabilitation is to support and maintain
individuals’ physical, mental, and social resources [15] and to
maintain or achieve a healthier lifestyle and well-being using
mixed methods of face-to-face rehabilitation and
self-rehabilitation using remote technology [16,17]. The current
literature shows that digitalization and advanced technology
can support independent home-based rehabilitation in different
rehabilitation groups [1,18-21] and improve physical activity
[22] and body composition [23]. Technology-based interventions
may also improve lifestyle risk factors and disease management
in rehabilitees with cardiac diseases [24-26]. In addition, mobile
technology can increase cardiac rehabilitation adherence [27]
and compliance [28].

There is a lack of specific knowledge regarding the effectiveness
or added value of remote technology-based rehabilitation in
rehabilitees with CVD. To the best of our knowledge, 2 studies
have examined the added value of digital health interventions
and yielded contradictory results [29,30] on body composition
compared with conventional cardiac rehabilitation. Widmer et
al [29] found that smartphone- and web-based groups achieved
statistically significant improvements in weight loss compared

with usual care, but Pfaeffli Dale et al [30] did not find
statistically significant differences between the mobile health
and usual care groups in weight, BMI, or waist-to-hip ratio.

Objective
In this study, a biopsychosocial perspective on technology-based
self-rehabilitation was considered. This study aimed to
investigate at the individual level the added value of remote
technology in cardiac rehabilitation on physical function,
anthropometrics, and QoL in participants with CVD compared
with conventional rehabilitation. Rehabilitees attended standard
group-based cardiac rehabilitation courses at a rehabilitation
center in Finland. Because of the possibility of
cross-contamination between the experimental and control
groups, cluster randomization was performed.

Methods

Study Design and Randomization
This study (registration number ISRCTN61225589) was a
cluster randomized trial. Recruitment and data collection were
conducted between September 2015 and May 2017 at the
Finnish Rehabilitation Center. This study was a real-life research
project with a 1-year data recruitment period.

Rehabilitees were distributed into 6 groups by officers of the
Social Insurance Institution of Finland. Randomization occurred
at the group level in pairs of 2 consecutive groups with following
two experimental arms: (1) conventional cardiac rehabilitation
with remote technology (remote technology intervention) group
and (2) conventional cardiac rehabilitation (reference) group.
The rehabilitees were randomized into 3 remote technology
intervention clusters and 3 reference clusters. Rehabilitees were
cluster randomized into cluster pairs, which bypassed any
systematic bias that occurred because of the season. The clusters
began in autumn (September to November), winter (December
to February), and spring (March to May). The other cluster
randomization–specific confounding factors, such as department
and caregiver factors, were controlled in the study design using
the same rehabilitation center and caregivers in all remote
technology interventions (n=3) and reference groups (n=3).

Randomization was accomplished with sealed envelopes within
rehabilitation groups, and a person outside the research group
(researcher of the gerontological research center) processed the
randomization under the supervision of 2 researchers (TS and
Heikki Kivistö). Randomization was performed 3 times for 2
consecutive groups, considering the season and months. In total,
59 rehabilitees were randomly assigned in pairs into (1) the
remote technology intervention group (n=29) or (2) the reference
group (n=30) in consecutive order. At the beginning of the
rehabilitation, the researchers (TS and HK) informed the
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rehabilitees about the group (n=6) their rehabilitation group had
been randomized. After randomization, rehabilitees provided
written consent for their participation in the intervention.
Because of the nature of the intervention, it was not possible to
blind the rehabilitees and caregivers in terms of the intervention.
The outcome assessor was not blinded to the intervention, but
one educated person who was not involved in the study group
performed the anthropometric measurements, and another person

performed the 6-minute walk tests (6MWTs). The statistician
was blinded to the interventions.

Cardiac rehabilitation was implemented in groups of
rehabilitees. The rehabilitees attended 3 sessions during the
5-day in-rehabilitation period in the rehabilitation center.
Between these rehabilitation periods, there were two 6-month
self-rehabilitation phases. All outcome measurements were
performed at baseline and at the 6- and 12-month follow-ups
(Figure 1).

Figure 1. The design of the cardiac rehabilitation study.

Ethics Approval
The study was approved on October 15, 2015, by the Ethics
Committee of the Central Finland Health Care District (Dnro:
12 U/2015).

Rehabilitees
A total of 59 rehabilitees within the 6 rehabilitation clusters
were recruited among the rehabilitees attending coronary heart
disease rehabilitation courses between September 2015 and
May 2017. The rehabilitees applied for the course with a
physician’s referral. The primary eligibility criterion for the
study was an adult (aged <18 years) with coronary heart disease
and having independent basic level of management of IT and
remote technology applications. The exclusion criteria included
having serious musculoskeletal disorders, cognitive diseases,
and memory diseases that affect essential functional abilities to
ensure the capability of rehabilitees to use technology. The
inclusion and exclusion criteria were based on functional ability
because this study is interested in the added value of technology
in cardiac rehabilitation, regardless of the background of the
rehabilitees, for example, medication or comorbidities. All
rehabilitees who underwent cardiac rehabilitation fulfilled the
inclusion criteria. There were no statistically significant
differences in the demographic and clinical characteristics at
baseline between the remote technology intervention and
reference groups (Table 1).

The risk of comorbidities and cointerventions was evaluated
before the rehabilitation intervention using a baseline
questionnaire. The number and type of comorbidities were
assessed in the questionnaire (Table 1). The risk of
cointervention was evaluated by asking whether the rehabilitees
had made lifestyle changes during the previous 12 months.
There were no statistically significant differences in the number
of comorbidities (P=.65) at baseline and only minor lifestyle
changes were observed before the intervention. Of the 59
rehabilitees, 8 (14%) reported changing their lifestyle to a
healthier direction during the last 12 months. Rehabilitees
reported minor changes, such as eating more vegetables (n=4),
changing the quality or amount of fat (n=2), decreasing salt use
(n=1), or losing weight (n=1; Table 1). In Finland, it is possible
to participate in only 1 rehabilitation intervention at the same
time as the Social Insurance Institute of Finland affirmed
rehabilitation interventions. During the intervention, the
rehabilitees had normal health care services, if needed. In
addition to questions regarding comorbidities and lifestyle
changes, the baseline questionnaire included questions regarding
lifestyle habits, such as what kind of fat rehabilitees used on
bread and in cooking. There was also a question regarding what
kind of milk the rehabilitees used and how much alcohol they
used.

The mean age of the rehabilitees was 60 (SD 6; range 41-66)
years, and 81% (48/59) of them were men. Rehabilitees
underwent coronary angioplasty or coronary artery bypass 3-12
months before the intervention.
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Table 1. Baseline demographic and clinical characteristics of the rehabilitees.

P valueReference group (n=29)Remote technology intervention
group (n=30)

.6459.2 (6.1)59.7 (6)Age (years), mean (SD)

Sex, n (%)

4 (14)7 (23)Female

25 (86)23 (77)Male

.3486.7 (16.2)86.9 (19.1)Baseline body mass (kg), mean (SD)

.3728.5 (4)29 (5.2)Baseline BMI (kg/m2), mean (SD)

.61103.5 (11.6)103.7 (12.9)Baseline waist circumference (cm), mean (SD)

.213.3 (1.1)3.8 (1.2)Number of comorbidities, mean (SD)

27 (100)30 (100)Number of angioplasties, n (%)

24 (89)25 (83)0-1

2 (7)4 (13)2-3

1 (4)1 (3)4-6

Bypass surgery, n (%)

2 (7)7 (23)Yes

25 (93)23 (77)No

Myocardial infarction, n (%)

19 (68)11 (37)Yes

7 (23)18 (60)No

26 (100)30 (100)Time of the operation (months), n (%)

3 (11)3 (10)0-3

8 (29)2 (7)3-6

10 (36)14 (47)6-12

4 (14)10 (33)>12

1 (4)1 (3)During the rehabilitation

28 (100)24 (100)Education, n (%)

3 (11)5 (21)No occupational education

4 (14)1 (4)Course-based education

9 (32)13 (54)Vocational education

6 (21)2 (8)Community college

5 (18)2 (8)Higher education

1 (4)1 (4)Other

28 (100)23 (100)Working status, n (%)

11 (39)14 (61)Full-time job

2 (7)1 (4)Part-time job or part-time retired

6 (21)2 (9)Unemployed, laid off, on long-term sick leave, or rehabilitation
support

4 (14)4 (17)Retired

5 (18)2 (9)Other

29 (100)30 (100)Comorbidities, n (%)

15 (52)14 (47)High blood pressure

20 (69)14 (47)High blood cholesterol
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P valueReference group (n=29)Remote technology intervention
group (n=30)

7 (24)1 (3)Diabetes

13 (45)11 (37)Heart attach

21 (72)24 (80)Coronary artery disease or angina pectoris

0 (0)0 (0)Cancer

2 (7)1 (3)Rheumatoid arthritis

8 (28)8 (27)Back disease

0 (0)2 (7)Chronic bronchitis

1 (3)3 (10)Depression

1 (3)1 (3)Other mental problem

3 (10)2 (7)Asthma

1 (3)1 (3)Stomach disease (eg, gastritis)

28 (100)29 (100)Eating habits (points), mean (SD)

.153.1 (1.7)3.8 (2)What kind of fat you use on a bread?

.853.1 (2.8)3.3 (2.7)What kind of fat you use in cooking?

.744.7 (1.2)4.8 (1.4)What kind of milk you use?

.674 (1.3)4.1 (1.2)How often you drink alcohol?

Intervention
Cardiac rehabilitation courses were held at the Finnish
Rehabilitation Center and arranged by the Social Insurance
Institution of Finland. The aim of conventional Finnish cardiac
rehabilitation courses was to promote the biopsychosocial
functional ability of rehabilitees and their ability to work [31].
The total duration of the cardiac rehabilitation intervention was
12 months. In cardiac rehabilitation, evidence-based
rehabilitation methods and Finnish guidelines [15] were used.

Conventional Cardiac Rehabilitation
Both the remote technology intervention and reference groups
received conventional cardiac rehabilitation. The initiation of
the intervention included a 5-day in-rehabilitation period.
Furthermore, 2 follow-up periods of 5 days at the 6- and
12-month time points in the rehabilitation center were included
in the study (Figure 1). Between these periods, the rehabilitees
followed a 6-month home exercise program. At the rehabilitation
center, conventional cardiac in-rehabilitation consisted of
multidisciplinary rehabilitation; medical examination;
physiotherapy; aqua therapy; gym training; stretching; aerobic
exercises; and group discussions with a nutritionist, social
worker, physiotherapist, psychologist, and physician.
Rehabilitees received information and pamphlets regarding
CVDs and the management of daily activities, such as dietary
habits, relaxation, physical activity, social security benefits,
self-care, and self-rehabilitation while living with CVDs. In
addition, they underwent various tests for different health-related
functions. During the in-rehabilitation periods (baseline and 6
and 12 months), the researcher (HK) provided group-based
feedback on physical activity in group discussions to the remote
technology intervention and reference groups. After the
intervention, the rehabilitees received personal information on
physical activity and other outcomes on a paper form.

The researchers at the University of Jyväskylä, Finland, were
in equal contact with the rehabilitees in the remote technology
intervention and reference groups during the different phases
of the study. Furthermore, intervention, initiation, and follow-up
periods in the remote technology intervention and reference
groups were equal in the time sequence of the rehabilitation
stages.

Reference Group
The rehabilitees in the reference group only received printed
materials for conventional cardiac rehabilitation. They did not
have any mobile phone apps or other remote technology, but
the reference group had standard phone communication with
rehabilitation staff if needed. In the reference group,
self-monitoring was performed using pen and paper.

Remote Technology Intervention Group
At baseline, during the initiation of the 5-day in-rehabilitation
period in the rehabilitation center, the remote technology
intervention group received instructions on how to use the
Movendos mCoach internet software (Movendos Ltd) via a
mobile phone, computer, or tablet computer. Movendos mCoach
is a browser-based tool that enables communication between
the rehabilitee and instructor and monitors the progress of
rehabilitee. Wrist-worn Fitbit Charge HR (Fitbit) accelerometers
were used for self-monitoring and motivating physical activation
during the 12-month intervention period. The accelerometers
were guided to be worn daily and to follow the number of steps
and other parameters describing physical activity. If required,
the rehabilitees had an opportunity to use the Fitbit app, which
described graphically and cumulatively reported daily, weekly,
and monthly activity levels.

During the in-rehabilitation periods, the rehabilitees used the
Movendos mCoach app, for example, in goal setting and

J Med Internet Res 2023 | vol. 25 | e42455 | p. 5https://www.jmir.org/2023/1/e42455
(page number not for citation purposes)

Lahtio et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


exercise instructions, and Fitbit accelerometers for
self-monitoring of physical exercises. In addition, the
accelerometer serves as a motivational tool. In the remote
technology intervention group, the remote technology
application was used in home exercise instructions, advice, and
monitoring of the rehabilitees during the 5-day in-rehabilitation
and 6-month self-rehabilitation periods. Researchers and health
care professionals did not receive real-time feedback from the
accelerometers.

During the self-rehabilitation period, the remote technology
intervention group performed monthly tasks that aimed to
increase participants’ ability to cope with cardiac illness in
everyday life. Web-based software (Movendos) sent monthly
automatic motivational messages. In addition, peer support was
possible in group discussions. The coaching software also
allowed for changing experiences with the peer group. If
required, the rehabilitees formed WhatsApp (Meta) groups, but
this was not part of official rehabilitation. There was also the
possibility of sending messages to the physiotherapist through
coaching software. In addition, rehabilitees had an opportunity
to contact the researcher responsible for measurement and
technical support in problems related to the use of technology,
if needed.

Outcome Measurements
The primary outcome of this research project was a physical
activity assessment published by Hakala et al [22]. This
secondary study used individually measured outcomes, which
were chosen based on the following biopsychosocial model:
the 6MWT, BMI, waist circumference, and the World Health
Organization QoL-BREF (WHOQOL-BREF) questionnaire.
Measurements were performed at the rehabilitation center at
baseline and at the 6- and 12-month measurement points.
Anthropometrics were measured by a nurse, 6MWTs were
measure by physiotherapists, and the WHOQOL-BREF
questionnaires were measured by the researchers.

Physical Function
Physical function was evaluated using the 6MWT. In the
6MWT, a rehabilitee walked at a self-selected pace for a
6-minute period. The rehabilitees were allowed to stop if needed
and continue walking when they felt comfortable doing so
[32,33]. The distance walked, heart rate, and symptoms of
rehabilitees were recorded. The 6MWT is a valid and reliable
field test [32,34].

Anthropometry
Body mass was measured using a calibrated floor scale. The
rehabilitees wore light clothes, such as T-shirts and shorts or
tights, and shoes were off. BMI was calculated by dividing the
weight by the square of the height in meters [35]. Waist
circumference was measured on bare skin from the midpoint
of the lowest rib to the iliac crest [36,37]. Overweight and

obesity are defined at the population level as a BMI ≥25 kg/m2

and >30 kg/m2 [35], respectively. According to the World Health
Organization, in 2016, approximately 39% of adults globally
were overweight and 13% were reported to be obese [35]. It
has been estimated that approximately 80% of people with
coronary heart disease are overweight or obese [38]. They are

also at a high risk of having a reduced QoL [13,39], and they
require structured support to regain their QoL [40].

QoL Measurement
QoL was measured using the WHOQOL-BREF questionnaire.
The researchers were responsible for completing the
questionnaires at the rehabilitation center in paper format. The
questionnaire has 26 questions, one of which is related to general
health and the other to overall QoL. The other 24 questions are
related to 4 different domains: physical (7 items), psychological
(6 items), social (3 items), and environmental (8 items). Higher
scores reflected higher QoL. The WHOQOL-BREF has been
translated into several languages, such as Finnish, German, and
Japanese [40], and the Finnish version was used in this study.

Statistical Analyses
Changes between the remote technology intervention and
reference groups were compared between baseline and month
6 and between baseline and month 12. The changes in the
measurement results were obtained by subtracting the results
of the previous measurements from those of the previous
measurements. Because of missing observations, testing was
always performed by testing one time frame at a time, not all
time frames at once. This approach provided an opportunity to
test periods other than consecutive periods, for example, from
baseline to 12 months.

Between-group differences were assessed using 2-tailed t tests
and Mann-Whitney U tests. The normality of the groups had to
be tested because the sample size in both groups was  50.
Normality was tested using the Shapiro-Wilk test. If the P value
was >.05, an independent samples t test was performed;
otherwise, the Mann-Whitney U test was used. Variance in
group equality was tested using Levene test. This was used in
the case of the independent samples t test. If the P value was
 .05 Levene test, 1-way ANOVA was performed. Otherwise,
the variances were assumed to be equal and 2-way ANOVA
was performed. Changes within groups were analyzed using a
paired samples t test or Wilcoxon signed-rank test. In addition,
between-clusters (1-6) differences were tested using 1-way
ANOVA and Tukey test (0-6 and 0-12 months).

Results

Overview
Among the 59 rehabilitees, the dropout rate was 10% over the
12-month period (Figure 2). At the 6-month follow-up point, 2
and 3 rehabilitees dropped out of the remote technology
intervention and reference groups, respectively. At the 12-month
follow-up, only 1 rehabilitee from the remote technology
intervention group withdrew from the study. No serious adverse
events occurred during the study. In the baseline questionnaire,
statistically significant difference was reported regarding the
fat content of bread. The mean value in the remote technology
intervention group was 3.8 (SD 2) and in the reference group
was 3.1 (SD 1.7; P=.02). At baseline, the remote technology
intervention group used unhealthier fat than did the reference
group. However, for other diet-related questions, there were no
statistically significant between-group differences.
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Figure 2. Flowchart of the intervention.

Outcome Measurements
The waist circumference decreased significantly more at the
6-month (1.6 cm; P=.04) and 12-month (3 cm; P<.001)
follow-up points in the remote technology intervention group
than at those in the reference group (Table 2). Regarding the
QoL, the environmental domain improved more in the remote
technology intervention group than in the reference group (0.5;
P=.02). There were no statistically significant differences in the
other outcomes. In the between-cluster difference analysis, there
were no statistically significant differences in any outcome.

In the within-group analyses, statistically significant changes
in waist circumference were seen in both groups at 0-6 months
(intervention: P=.01; reference: P=.02) and in the remote
technology intervention group at 0-12 months (P=.01; Figures
3 and 4 and Table 3). In addition, the 6MWT in both groups
and both time frames achieved statistically significant changes
(intervention: P=.01 for both; reference: 0-6 months, P=.03 and
0-12 months, P=.01), as did the environmental domain in the
remote technology intervention group at 0-6 months (P=.03;
Figures 3 and 4 and Table 3).
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Table 2. Between-group differences of 6-minute walk test (6MWT), body mass, BMI, waist circumference, and World Health Organization quality of
life (QoL)-BREF in the remote technology intervention and reference groups.

Change to
month 12, mean
(SD; 95% CI)

Change to
month 6, mean
(SD; 95% CI)

Baseline, mean (SD)

P valueReference
(n=25)

Remote technol-
ogy interven-
tion (n=24)

P valueReference
(n=25)

Remote technol-
ogy interven-
tion (n=26)

Reference
(n=29)

Remote technolo-
gy intervention
(n=28)

.4723.1 (40.5;
−17.4 to
36.9)

32.9 (48.6;
−17.4 to 37.2)

.5220.3 (42.5;
−17.2 to
33.8)

28.6 (44.3;
−17.2 to 33.8)

664 (84.2)610 (68.1)6MWTa,b (m)

.970.6 (2.5;
−2.5 to 0.9)

−0.2 (3.4; −2.5
to 1)

.95−0.2 (2.2;
−1.4 to 1.5)

−0.2 (2.8; −1.4
to 1.5)

86.7 (16.2)86.9 (19.2)Body massc (kg)

.690.2 (0.8;
−0.9 to 0.3)

−0.1 (1.2; −0.9
to 0.3)

.250.07 (0.8;
−0.4 to 0.5)

−0.03 (0.9; −0.4
to 0.5)

28.5 (4.3)29 (5.2)BMIc (kg/m2)

<.0010.8 (3.7;
−4.2 to 0.3)

−3 (3.1; −4.2 to
−0.3)>

.04−1.5 (3; −3.2
to 0.1)

−3.1 (2.6; −3.2
to −0.1)

103.5 (11.6)103.7 (13)Waist circumference
(cm)

QoLd

.54−0.2 (2.9;
−0.9 to 1.8)

0.2 (1.6; −1 to
1.8)

.520.03 (2.1;
−0.7 to 1.4)

0.4 (1.7; −0.8 to
1.5)

14 (2.7)14 (2.3)Physical (4-20)

.970.3 (2.2;
−1.2 to 1.2)

0.2 (1.8; −1.2 to
1.2)

.53−0.1 (1.3;
−0.6 to 1.1)

0.2 (1.6; −0.6 to
1.1)

14.8 (2.6)15 (2.2)Psychological (4-
20)

.58−0.4 (2.2;
−1.7 to 0.9)

−0.7 (2.1; −1.7
to 0.9)

.390.5 (2.2;
−0.7 to 1.9)

0.02 (2.2; −0.7
to 1.9)

14.3 (3.8)15.9 (2.8)Social relation-
ships (4-20)

.590.2 (1.6;
−0.6 to 1.1)

0.5 (1.4; −0.7 to
1.1)

.02−0.3 (1.2;
0.1 to 1.5)

0.5 (1.2; 0.1 to
1.5)

14.9 (2.1)14.6 (2.2)Environmental (4-
20)

a6WMT: 6-minute walk test.
bDifferences in sample size: 6MWT remote technology intervention group n=22; reference group n=25.
cBody mass and BMI: remote technology intervention group n=23; reference group n=26.
dQoL: remote technology intervention group n=24; reference group n=22.

Figure 3. Within-group differences (median and IQR) in 6-minute walk test (6MWT), body mass, BMI, and waist circumference.
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Figure 4. Within-group differences (median and IQR) in World Health Organization quality of life-BREF (WHOQOL-BREF; physical domain,
psychological domain, social relationships, and environmental domain).

Table 3. Within-group changes in the 6-minute walk test (6MWT), body mass, BMI, waist circumference, and quality of life (QoL).

0-12 months0-6 months

P valueChange, mean (SD)P valueChange, mean (SD)

Changes in the remote technology intervention group

.0132.9 (48.6).0128.6 (44.3)6MWT (m)

.75−0.2 (3.4).78−0.2 (2.8)Body mass (kg)

.65−0.1 (1.2).89−0.03 (0.9)BMI (kg/m2)

.01−3 (3.1).01−3.1 (2.6)Waist circumference (cm)

Qo L

.570.2 (1.6).250.4 (1.7)Physical domain (4-20)

.530.2 (1.8).620.2 (1.6)Psychological domain (4-20)

.11−0.7 (2.1).960.02 (2.2)Social relationships (4-20)

.110.5 (1.4).030.5 (1.2)Environmental domain (4-20)

Changes in the reference group

.0123.1 (40.5).0320.3 (42.5)6MWT (m)

.270.6 (2.5).66−0.2 (2.2)Body mass (kg)

.240.2 (0.8).65−0.07 (0.8)BMI (kg/m2)

.29−0.8 (3.7).02−1.5 (3)Waist circumference (cm)

Qo L

.71−0.2 (2.9).950 (2.1)Physical domain (4-20)

.600.3 (2.2).69−0.1 (1.3)Psychological domain (4-20)

.46−0.4 (2.2).270.5 (2.2)Social relationships (4-20)

.510.2 (1.6).330.3 (1.2)Environmental domain (4-20)
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Discussion

Principal Findings
In this study, cardiac rehabilitation including remote technology
decreased waist circumference more than conventional
rehabilitation without remote technology during the 6- and
12-month follow-ups. Our waist circumference results were
similar to those reported in previous studies [29,30]. Widmer
et al [29] found statistically significant reductions in waist
circumference, body mass, and BMI. In contrast, we did not
find statistically significant results for body mass or BMI, in
accordance with the study by Dale et al [30]. The differences
in intervention content may at least partly explain the
contradictory results. Widmer et al [29] used self-monitoring
through web- and smartphone-based cardiac rehabilitation
platforms, whereas Dale et al [30] used automated daily text
messages and access to a website.

Previous obesity-related, technology-based systematic reviews
and meta-analyses in rehabilitation settings compared
experimental groups with heterogeneous control groups [23].
The differences in the content of the experimental and control
groups varied greatly, and because of this, the added value of
the technology remains unclear. For example, in the study by
Lahtio et al [23], none of the included studies examined the
added value of technology. In most cases, for in-rehabilitation
interventions, both technology and face-to-face meetings are
used in experimental groups [23]. These were the main reasons
why the interest in this study was to determine the added value
of technology. Therefore, in this study, the only difference
between the remote technology intervention and the reference
groups was the use of technology. With this study’s design, it
was possible to determine the added value of the technology.

Previous studies have demonstrated that a clinically significant
change, 5% to 10% weight loss, is associated with health
benefits [41], such as improvements in blood pressure [42,43],
high density lipoprotein cholesterol [42], CVD risk factors [44];
and psychological changes, such as self-esteem and body
satisfaction [45]. Therefore, sustained weight loss ranges from
3% to 5%, which can lead to clinically meaningful reductions
in CVD risk factors [46]. It is important to note that both groups
received rehabilitation and home exercises; however, the remote
technology intervention group exhibited slightly better results
than the reference group. The remote technology intervention
and reference groups received small, positive, and statistically
significant changes in waist circumference. However, there was
only small nonsignificant changes in body mass:  0.2 kg (0.2%)
in the remote technology intervention group and  0.2 kg (0.7%)
in the reference group. However, these changes were not
clinically significant.

However, in our study, statistically significant changes were
observed in waist circumference, which is a clinically
meaningful outcome in cardiac rehabilitation because increased
waist circumference is associated with CVD risk and CVD
mortality [36,47,48]. According to the Guidelines for Obesity
Treatment (2015) [46], obesity treatment should focus not only
on weight loss but also on waist circumference reduction and
body composition improvement [41]. According to Ross et al

[36], in each BMI category, participants with a high waist
circumference had a greater risk of adverse health outcomes
than those with normal waist circumference levels [36]. There
are no general cutoff points for waist circumference [46];
however, in previous studies, a 5-cm reduction in waist
circumference was found to be a clinically significant reduction
[49], and a 10% waist circumference reduction was associated
with improvements in blood pressure, lipids, and glycemia [42].
Correspondingly, every 5-cm increase in waist circumference
increases the risk of death by 17% in men and 13% in women
[36], and a 1-cm increase increases the future risk of CVDs by
2% [47]. Therefore, decreasing waist circumference is an
important target for reducing adverse health risks because of
its role in improving cardiometabolic risk factors [36]. In this
study, the rehabilitees had a waist circumference reduction of
3 cm (3%) in the remote technology intervention group and 0.8
cm (0.8%) in the reference group at the 12-month time point.
Therefore, according to our study, remote technology has the
effect of decreasing waist circumference by 2.2 cm (9%). The
findings in this study, namely, the changes in waist
circumference, are not clinically relevant but support the idea
that adding remote technology to cardiac rehabilitation may
increase beneficial health outcomes.

The largest reduction in waist circumference occurred during
the first 6 months in the remote technology intervention group.
This result was also sustained at the 12-month measurement,
but waist circumference did not decrease further during the 6-
to 12-month period. These results are consistent with those of
previous studies demonstrating that the largest weight reduction
occurs during the first 6 months of the intervention [50,51].
However, it is important that the body mass, BMI, and waist
circumference do not increase during rehabilitation. Preventing
weight gain is a crucial behavioral strategy for achieving better
health outcomes [52].

This study focused on weight loss more broadly than previous
studies, including physical function and QoL. Only the
environmental domain achieved a statistically significant
between-group difference at the 6-month measurement point.
Within-group differences in the 6MWT at every measurement
point and in the environmental domain in the remote technology
intervention group at the 6-month measurement point showed
statistically significant changes. To our knowledge, only one
study [53] has investigated weight loss, physical activity, and
QoL in web-based weight loss programs. However, this study
did not include cardiac rehabilitation and the outcome
measurements differed from those in our study. The combination
of weight loss, physical activity, and QoL is essential because
physical activity can prevent CVDs, improve QoL, and help
maintain a healthy body mass [14].

This study included social support from other rehabilitees and
health care professionals twice a month. Rehabilitees also had
their own Facebook groups; however, they were inactive in peer
support, groups, and using Movendos. In this study, as the
remote technology intervention and reference groups were
randomized in the clusters, there was a possibility to evaluate
whether there were statistically significant changes in the
outcomes that occurred in the remote technology intervention
(between clusters 2, 4, and 6) and reference (between clusters
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1, 3, and 5) groups during the intervention (0-6 and 0-12
months). In this study, there were no statistically significant
changes in any outcome between clusters. The sample size of
the clusters was small, which could have affected the results.
Therefore, the results of the cluster analyses were indicative.
In the future, it is important to study the individual and group
factors that affect the function of the group. A possible cluster
effect should be considered in the future when planning and
implementing rehabilitation interventions. For example, peer
support has been found to be important in the process of weight
loss, as rehabilitees learn together, share experiences, and feel
a sense of belonging. They value the support of their peers in
the same situation [54]. Social support is an important facilitator
of behavioral change, and it raises the motivation and
encouragement of rehabilitees [55].

Strengths and Limitations
The strength of this study is that the conventional cardiac
rehabilitation, rehabilitation staff, and background were the
same in both the groups. Another strength is that this study
evaluated the added value of technology in the everyday lives
of rehabilitees in their home environments during
self-rehabilitation periods. Most previous studies have evaluated
the effectiveness of technology in clinical settings; however, in
this study, we also investigated the effectiveness of rehabilitation
during the self-rehabilitation period. A strength of this study is
the comprehensive view it provides, in which the measurements
were based on the biopsychosocial aspect of a rehabilitee. To
the best of our knowledge, only one study [53] has investigated
the association between physical activity, weight loss, and QoL
in a web-based weight loss program in healthy adults. However,
their study did not include cardiac rehabilitees.

A strength of this study is that cardiac rehabilitation was
implemented by a multidisciplinary team. Previous studies have
revealed that multidisciplinary rehabilitation is effective in body
weight reduction [56-59]. The most effective weight loss
management should include in-person, high-intensity
comprehensive interventions that include individual and group
sessions [46]. According to Blaž et al [59], a successful method
for weight loss includes a multidisciplinary approach based on
individual work with rehabilitees or groups. All these elements
were included in this study. In technology-based weight loss
rehabilitation, 5 components should be considered for achieving
weight loss: self-monitoring, counselor feedback and
communication, social support, structured programs, and
individual programs [45,55]. Technology enables personalization
by using different methods of weight loss interventions (eg,
self-reporting, social support, and chat), which may enhance
engagement with interventions [52]. The current service
description of cardiac rehabilitation of the Social Insurance
Institution of Finland is that cardiac rehabilitation enables peer
and social support from health care professionals. Rehabilitation
should be tailored according to the individual needs and goals
of the rehabilitee [31].

The strength of this study was controlling for significant
background factors of rehabilitation (similarity of rehabilitation
context and seasonal effects) before intervention and the factors
of the rehabilitees (comorbidities and cointervention) at baseline.

There were only minor differences in the number of
comorbidities and no statistically significant differences in the
background factors of the rehabilitees at baseline. In addition,
the rehabilitees did not show statistically significant lifestyle
changes before the rehabilitation intervention. We used pairwise
randomization in a consecutive order to control seasonal variety
(winter, spring, and autumn), which may have caused systematic
effect bias. Because we were able to control several confounding
factors, the statistically significant changes in waist
circumference and environmental domain may be associated
with the added remote technology–assisted rehabilitation
intervention.

A major limitation of this study is its small sample size, which
affects its generalizability. However, the dropout rates were low
in both groups. Because of the small sample size, we emphasized
the guidance provided by the technology use. In this study, there
was significant variance in the CIs. This could affect the internal
validity of the study, which is typical of small studies. Another
limitation of this study was blinding. It was not possible to blind
the participants, caregivers, or outcome assessors because of
the nature of the intervention. The protocol for cardiac
rehabilitation was strictly standardized by the Social Insurance
Institute of Finland, which is also responsible for rehabilitation
costs. In addition, the risk of selection bias is present because
the rehabilitees who participated in cardiac rehabilitation applied
to the rehabilitation of their own will. In Finland, everyone who
has undergone cardiac surgery has the opportunity to undergo
rehabilitation. However, it is known that everyone who has
undergone cardiac surgery does not apply for rehabilitation.
One limitation is that we did not control for the use of health
care services. The rehabilitees had normal health care services
if needed.

According to the nature of the study protocol, the inclusion
criteria were determined such that only severe functional ability
problems were determined as exclusion criteria. The main
purpose of the inclusion criteria was to ensure that the
rehabilitees were capable of using technology regardless of the
rehabilitation background. We kept the inclusion criteria broad
and created an opportunity for a larger number of rehabilitees
to participate in the study. All rehabilitees met the inclusion
criteria. Real-life interdisciplinary rehabilitation study designs
are valuable for producing new information on rehabilitation
that can be implemented directly in real-life situations and
environments, compared with laboratory research.
Unfortunately, in a real environment, we must make concessions
in some aspects of study design, such as determining the sample
size of the study population and using cluster randomization
instead of randomization at individual level. In the future, with
a larger study group, it would be important to study more
specifically the effects of individual factors, such as medication
or comorbidities, in added value of technology-based
rehabilitation.

Because there was some level of systematic (blinding and
selection bias) error during the intervention and samples were
relatively small, care must be taken in generalizing the study
results beyond the target population. In order to confirm the
perceptions of the added value of remote technology in
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rehabilitation interventions, more studies involving rehabilitees
with cardiac rehabilitation are required.

Several measurements were used in this cluster randomized
trial, which are widely used, but have some limitations. In the
6MWT, small changes in the test methodology can affect the
results. Therefore, the measurer should carefully follow the test
protocol [32]. The 6MWT can provide reliable information
about the daily activities of a rehabilitee [33], and with it, the
submaximal level of functional capacity can be assessed.
However, it does not test peak oxygen uptake and cannot replace
the maximal exercise test [60]. BMI alone is an imprecise
measurement, as it is an inadequate marker of abdominal fat
[36] and does not separate muscle mass weight from fat mass
[61]. The limitations of waist circumference are its inaccuracy
in separating subcutaneous fat from visceral fat [62] and its
cutoff points, which cannot be generalized universally [63].
Waist circumference has been used with BMI to evaluate
overweight and obesity [36]. It is widely used because it is
associated with all-cause and cardiovascular mortality [36].
Waist circumference is a simple measurement that is an
appropriate index of intra-abdominal fat mass [61]. The
WHOQOL-BREF is a valid and reliable measurement and has
been studied in a wide variety of nations and diseases. However,
some previous studies have reported a ceiling effect in the
WHOQOL-BREF, which means that items only measure
negative changes, not positive changes [64,65]. One limitation
is that the social domain has only a few items [64] and may
have low reliability [65].

Although weight loss has been widely studied, we still do not
understand all the aspects of weight loss. Therefore, in the
future, it would be important to study the factors considered
essential for cardiac or obese rehabilitation to help maintain
motivation for weight loss. Social support and the amount of

technology used are relevant to the effectiveness of an
intervention [55,66]. Therefore, these factors should be
investigated further in future studies. It is important to identify
the factors that increase the motivation for rehabilitation after
6 months, which is when the greatest weight loss typically
occurs. The role of remote technology in cardiac rehabilitation
is important to study further, and the question of whether remote
technology aids in maintaining motivation should also be further
investigated. It is also important to study the long-term effects
of cardiac rehabilitation with technology on body composition
and to study the effects that remain after the intervention and
perform follow-up measurements. In addition, it would be of
interest to determine whether the rehabilitees use technological
equipment, what the effects of the equipment are, and whether
they have managed to achieve their weight loss goal.

Conclusions
This study demonstrated that remote cardiac rehabilitation added
value to conventional cardiac rehabilitation in terms of waist
circumference and environmental QoL; however, the results
were clinically relatively small. There were no statistically
significant differences between the remote technology
intervention and reference groups in the 6MWT; body mass;
BMI; and physical, psychological, and social domains in the
WHOQOL-BREF. These findings support the idea that adding
remote technology to cardiac rehabilitation may improve
beneficial health outcomes. There was some level of systematic
(blinding and selection bias) error during the rehabilitation
intervention and samples were relatively small; care must be
taken in generalizing the study results beyond the target
population. To confirm the assumptions of the added value of
remote technology in rehabilitation interventions, more
randomized and controlled follow-up studies involving
rehabilitees with different cardiac rehabilitation are required.
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