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ORIGINAL RESEARCH ARTICLE

Effects and costs of real-time cardiac
telerehabilitation: randomised controlled non-

inferiority trial

Ralph Maddison, " Jonathan Charles Rawstorn, " Ralph A H Stewart,’
Jocelyne Benatar,® Robyn Whittaker,” Anna Rolleston,* Yannan Jiang,” Lan Gao,”
Marj Moodie,” lan Warren,® Andrew Meads,® Nicholas Gant’

ABSTRACT

Objective Compare the effects and costs of remotely
monitored exercise-based cardiac telerehabilitation
(REMOTE-CR) with centre-based programmes (CBexCR)
in adults with coronary heart disease (CHD).

Methods Participants were randomised to receive

12 weeks of telerehabilitation or centre-based
rehabilitation. REMOTE-CR provided individualised exercise
prescription, real-time exercise monitoring/coaching

and theory-based behavioural strategies via a bespoke
telerehabilitation platform; CBexCR provided individualised
exercise prescription and coaching via established
rehabilitation clinics. Outcomes assessed at baseline,

12 and/or 24 weeks included maximal oxygen uptake
(\'/Ozmax, primary) modifiable cardiovascular risk factors,
exercise adherence, motivation, health-related quality of
life and programme delivery, hospital service utilisation
and medication costs. The primary hypothesis was a non-
inferior between-group difference in VO, max at 12weeks
(inferiority margin=—"1.25 mL/kg/min); inferiority margins
were not set for secondary outcomes.

Results 162 participants (mean 61+12.7years, 86%
men) were randomised. VO, max was comparable in

both groups at 12 weeks and REMOTE-CR was non-
inferior to CBexCR (REMOTE-CR-CBexCR adjusted mean
difference (AMD)=0.51 (95% Cl —0.97 to 1.98) mL/kg/
min, p=0.48). REMOTE-CR participants were less sedentary
at 24 weeks (AMD=-61.5 (95% Cl —117.8 to —5.3) min/
day, p=0.03), while CBexCR participants had smaller waist
(AMD=1.71 (95% Cl 0.09 to 3.34)cm, p=0.04) and hip
circumferences (AMD=1.16 (95% C| 0.06 to 2.27)cm,
p=0.04) at 12 weeks. No other between-group differences
were detected. Per capita programme delivery (NZD1130/
GBP573 vs NZD3466/GBP1758) and medication costs
(NZD331/GBP168 vs NZD605/GBP307, p=0.02) were
lower for REMOTE-CR. Hospital service utilisation costs
were not statistically significantly different (NZD3459/
GBP1754 vs NZD5464/GBP2771, p=0.20).

Conclusion REMOTE-CR is an effective, cost-efficient
alternative delivery model that could—as a complement
to existing services—improve overall utilisation rates

by increasing reach and satisfying unique participant
preferences.

INTRODUCTION

Exercise-based cardiac rehabilitation (exCR) is a
critical component of the secondary prevention
of coronary heart disease (CHD) that confers

numerous beneficial cardiovascular and metabolic
adaptations and reduces mortality.' Despite these
benefits, uptake and adherence to traditional centre-
based programmes are low.* To address this, partic-
ipants should be offered a range of programme
delivery options that meet their individual needs
and preferences’; however, few alternatives exist.
Innovation is needed to improve access, uptake
and adherence in order to optimise the individual,
clinical and economic benefits of exCR and assess
sustained effects.

Technology-assisted delivery models (telereha-
bilitation) can overcome accessibility barriers but
have commonly been limited to technologies that
confine participants to fixed locations (eg, tele-
phone, desktop computer, videoconferencing).®
Increasingly powerful mobile technologies (eg,
smartphones, wearable sensors) can support more
sophisticated, flexible, responsive and interactive
delivery models but are not widely used in exCR.
We developed a bespoke telerehabilitation platform
to address this unmet opportunity. We compared
the effectiveness and costs of real-time remotely
monitored exercise-based cardiac telerehabilitation
(termed REMOTE-CR) with traditional centre-
based programmes (CBexCR) among adults with
CHD. We hypothesised REMOTE-CR would be
at least as effective (ie, non-inferior) and less costly
than CBexCR.

METHODS

Design

The effectiveness of CBexCR is well documented.®
As REMOTE-CR adapted similar intervention
support to a remote delivery model, superior treat-
ment effects were unlikely; however, if compa-
rably effective, REMOTE-CR could improve
accessibility, acceptability, adherence and delivery
costs. Therefore, a two-arm parallel randomised
controlled non-inferiority experimental design
was chosen. The trial protocol was submitted for
registration before enrolling participants (www.
anzctr.org.au, ACTRN12614000843651) and has
been published’; no changes were made during
the trial. All participants provided written consent.
Trial development and reporting were informed by
Consolidated Standards of Reporting Trials state-
ments for randomised, non-inferiority and equiva-
lence, and eHealth trials.
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Figure 1

Participants

Potential participants were identified via metropolitan hospi-
tals, outpatient clinics and community-based cardiac rehabil-
itation seminars in Auckland and Tauranga (New Zealand).
Eligible participants were clinically stable, English-speaking
adults (=18 years) with a documented diagnosis of CHD within
6months (atherosclerosis, angina pectoris, myocardial infarc-
tion, coronary revascularisation). Participants were excluded if
they had been admitted to hospital with heart disease within
6weeks; had terminal cancer, a pacemaker or implantable
cardioverter-defibrillator, or significant non-CHD exercise
limitations; were contraindicated for maximal exercise testing;
completed =150min/week moderate to vigorous physical
activity or were currently participating in supervised exCR. This
cohort was comparable to previous exCR trials.®

Treatments

All participants retained access to usual care cardiac rehabili-
tation (eg, inpatient rehabilitation, outpatient clinics, commu-
nity-based education seminars, which included aspects such as
diet and psychological support); usual care service utilisation
was not assessed in this trial. In addition, participants received
either centre based (control) or remotely delivered (interven-
tion) exCR. Participants completed face-to-face assessments at
baseline, 12 and 24 weeks.

Intervention

REMOTE-CR comprised 12weeks of individualised exer-
cise prescription, exercise monitoring and coaching plus theo-
ry-based behavioural strategies to promote exercise and habitual
physical activity, delivered via a bespoke telerehabilitation plat-
form. Participants logged into the programme during available
monitoring hours that aligned with the control programmes
to ensure equal treatment availability. Intervention design and
content development are described in detail elsewhere® but key
components are outlined herein.

The REMOTE-CR platform comprised a smartphone and
chest-worn wearable sensor (BioHarness 3, Zephyr Technology,
USA), bespoke smartphone and web apps and custom middleware
(figure 1). The sensor provides information on heart and respira-
tory rates, single lead ECG and accelerometry. Smartphones with
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Remotely monitored exercise-based cardiac telerehabilitation platform schematic.

a mobile data subscription (NZD1.50/GBP0.76 per week) were
loaned to participants at no cost. Custom middleware connected
smartphone and web apps and managed communication and
logistic functions including data security, network connec-
tivity and device resource usage. Authentication protocols in
both apps, a secure webserver and encrypted data transmission
ensured security and privacy.

Participant-facing smartphone and exCR specialist-facing
web apps were designed specifically for remote exCR delivery
by the research team. App features enabled real-time remote
exercise monitoring and coaching, retrospective exercise
performance review, goal setting, behaviour change educa-
tion and social support. The smartphone and web apps are
compatible with Android (=V.4.0) and desktop/mobile web
browsers, respectively, thereby enabling participants and
exCR specialists to operate from any location with an internet
connection. Participants accessed REMOTE-CR via the native
bespoke app only.

Behavioural intervention content was grounded in self-efficacy
and self-determination theories, and the Taxonomy of Behaviour
Change Techniques.”! Periodic smartphone app updates were
deployed via Google Play to optimise stability; intervention
content and core functionality remained consistent.

During exercise training, participants’ physiological (heart and
respiratory rate, single lead ECG) and geopositional data were
displayed in the smartphone app for self-monitoring, streamed
to a web server via 3G/4G/Wi-Fi, and visualised in the web app
for exCR specialist review. These processes occurred in real-
time, and simultaneous monitoring of multiple participants was
supported. ExCR specialists provided real-time individualised
audio coaching, feedback and social support throughout (but
not prior to) real-time exercise monitoring. Participants received
audio communications via earphones to optimise usability and
preserve the real-time context of message content. Outside of
real-time interaction, participants could review all recorded exer-
cise performance data, set individualised goals and review auto-
mated goal achievement feedback to facilitate self-monitoring.
Communication was predominantly unidirectional but partic-
ipants could respond if needed. Finally, participants received
behaviour change education via direct messaging. Content
drew on theory-based short message service interventions that
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Table 1 Baseline demographic and clinical characteristics

REMOTE-CR (n=82) Centre-based (n=80)

Age (years, mean=SD) 61.0+13.2 61.5+12.2
Sex (n/%)
Male 69/84.2 70/87.5
Female 13/15.9 10/12.5
Ethnicity (n/%)*
NZ European 61/74.4 61/76.3
NZ Maori 2/2.4 5/6.3
Pacific 4/4.9 0/0.0
Asian 4/4.9 9/11.3
Other 13/15.9 7/8.8
Household income (n/%)t
<NZD70 000 32/39.0 32/40.0
>NZD70 000 38/46.3 45/56.3
Don't know/refuseto answer ~ 12/14.6 3/3.8
Medical history (n/%)
Hypertension 53/64.6 49/61.3
Diabetes 15/18.3 14117.5
Hypercholesterolaemia 63/76.8 70/87.5
Angina pectoris 33/40.2 35/43.8
Myocardial infarction 61/74.4 60/75.0
Angioplasty 54/65.9 51/63.8
CABG 17120.7 22/27.5
Never smoked 46/56.1 41/51.3
Ex-smoker 36/43.9 38/47.5
Current smoker 0/0.0 1171.2
Medications (n/%)
Beta blocker 54/65.9 52/65.0
Calcium channel blocker 13/15.9 12/15.0
ACE inhibitor 48/58.5 44/55.0
Aspirin 75/91.5 79/98.8
Anticoagulant 59/72.0 59/73.8
Statin 78/95.1 74192.5

Anticoagulants are a class of drugs with different mechanisms of action that share
the common goal of preventing intravascular blood clots and limiting the growth of
existing thrombi (eg, warfarin).

*Participants could identify with multiple ethnicities.

tCategorised above/below median NZ household income (=NZD70 000/

GBP35 504).%°

CABG, coronary artery bypass graft; NZ, New Zealand; NZD, New Zealand Dollar;
REMOTE-CR, remotely monitored exercise-based cardiac telerehabilitation.

improve lifestyle behaviours'* * and was adapted for the real-

time communication paradigm and larger character allowance.

Consistent with clinical exercise prescription guidelines,*
REMOTE-CR comprised three exercise sessions per week
over 12 weeks and encouragement to be active =5 days per
week. Prescribed session duration and intensity level ranged
from 30 to 60 min (including warm-up and cool-down phases)
and 40%-65% heart rate reserve, respectively; intensity level
was adjusted to optimise physiological adaptation without
inducing abnormal clinical signs or symptoms. Walking was the
most accessible exercise mode but participants could choose
alternatives if preferred. Exercise prescription was individual-
ised and progressive, based on participants’ maximal aerobic
exercise capacity (VO,max), exercise-induced signs and symp-
toms, age, sex, exercise tolerance and preferences. Partic-
ipants could not access REMOTE-CR after their 12-week
intervention.

Control

CBexCR comprised 12weeks of supervised exercise delivered
by clinical exercise physiologists in cardiac rehabilitation clinics.
Exercise prescription was comparable to REMOTE-CR and
studies that have established the effectiveness of CBexCR.

Outcomes

The primary (non-inferiority) outcome was the between-group
difference in VO,max at 12weeks. VO,max is an important
surrogate and clinical outcome associated with reduced
mortality and morbidity, and aligns with recommendations to
prioritise functional capacity as a primary end point in cardiac
rehabilitation research.' '® Secondary (superiority) outcomes
included fasted blood lipid (total, high-density and low-density
lipoprotein cholesterol; triglyceride) and glucose concentra-
tions, anthropometry (height, weight, body mass index (BMI),
waist/hip circumference), blood pressure (systolic/diastolic),
physical activity (accelerometry), exercise-related motiva-
tion (self-efficacy, intention, confidence, locus of causality),
exercise adherence, adverse events (any self-reported change
in health state) and health-related quality of life (HRQoL).
These outcomes are comparable to studies that have estab-
lished the effectiveness of CBexCR. VO,max, lipid and glucose
concentrations were assessed at 12 weeks; remaining outcomes
were assessed at 12 and 24 weeks. A within-trial cost-utility
analysis—conducted from a healthcare system perspective—
included programme delivery, hospital service utilisation and
medication costs over 24 weeks. The usability and acceptability
of the REMOTE-CR intervention were assessed among partic-
ipants allocated to the intervention group; these data will be
reported separately.

VO, max was measured with an online metabolic cart during
individualised treadmill cardiopulmonary exercise tests,
conducted by blinded exercise physiologists in accordance with
clinical guidelines.'* Baseline tests were initiated at 0% gradient
and a self-selected velocity, thereafter gradient increased by 1%)/
min until volitional fatigue or clinical indications for test termi-
nation. Baseline protocols were replicated at 12-week follow-up;
however, modifications were permitted after surpassing the
baseline duration if required to elicit VO,max.

Blood lipid and glucose concentrations were measured
with point of care analysers; participants were asked to fast
for =3 hours prior to assessments. Height and weight were
measured using a calibrated stadiometer and electronic scale,
respectively, and BMI was calculated. Waist and hip circumfer-
ence measurement followed standard anthropometric proto-
cols. Blood pressure was measured with a calibrated automated
sphygmomanometer (T9P, Omron Healthcare, Netherlands)
after =5min of seated rest. These outcomes were measured
prior to exercise testing.

Physical activity was assessed objectively using the Actrigraph
(GT1M, ActiGraph Corp, USA) uniaxial accelerometer, worn at
the waist, over seven consecutive days prior to assessments. Data
were processed according to accepted procedures!” and mean
daily sedentary, light, moderate and vigorous activity durations
were calculated. Valid measurement required >10hours wear
time on =3 weekdays plus one weekend day; non-wear time was
defined as >60min of consecutive zero values.

Exercise-related task and barrier self-efficacy, intentions,
confidence and locus of causality were assessed using valid, reli-
able questionnaires.'® ™" Exercise adherence was calculated as
the completion of prescribed exercise sessions (maximum=36).
Self-reported adverse events were collected at study assessments
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using a custom questionnaire. HRQoL was assessed using the
EuroQol 5-dimension (EQ-5D).%!

Pathway analyses identified programme delivery resource items
and cost data were derived from project records. Programmes
were assumed to operate in steady state, therefore, REMOTE-CR
development costs were excluded. Sensitivity analyses assessed
the impact of varying two REMOTE-CR costs: wearable sensor
annuitising rate and efficiency of exCR specialist time use. Costs
are expressed in 2014 New Zealand dollars with indicative
Pound Sterling equivalents (assuming NZD1=GBP0.5072). No
discounting was necessary for the 24 week analysis time horizon.

Hospital service and medication utilisation were extracted
from the New Zealand Ministry of Health National Minimum
Dataset and Pharmaceuticals Collection, respectively. Hospital
service data included the nature, type, duration, diagnoses (coded
using ICD-10-AM-v6) and geographic location of admissions
and emergency department visits. ICD codes were converted
to Australian refined diagnosis-related group codes (AR-DRG;
also used in New Zealand). Cost weights were sourced from the
New Zealand Ministry of Health to derive hospitalisation unit
costs using the Australian Consortium for Classification Devel-
opment mapping table.”> ** Costs were adjusted for admission
duration; if a single diagnosis included multiple AR-DRG codes
(eg, multiple disease severity levels), the average cluster cost was
used. Medication utilisation costs included Government and
patient components.

HRQoL utility weights were derived from EQ-5D scores
following accepted methods.”! If HRQoL differed between
groups, quality-adjusted life year (QALY) gains were calculated
as

QALY = incremental utility weight change * 24 week trial period

and the incremental cost-effectiveness ratio (ICER) was calcu-
lated as
ICER = (CostremoTE—cr — Costcpexcr) / (QALYREMOTE—CR — QALY CBexcr)

Sample size

ExCR typically elicits 10%-15% improvements in VO,max.’
Assuming a 2.4+2.7 ml/kg/min improvement for CBexCR** and
accounting for 10% loss-to-follow-up, we estimated 162 partic-
ipants (81 per group) would provide 80% power (one-sided
a=0.025) to demonstrate REMOTE-CR VO,max would be no
more than 1.25 mL/kg/min lower than CBexCR. This inferiority
margin is clinically significant and associated with lower cardio-
vascular mortality.'®

Randomisation and blinding

Participants were randomised (1:1) to receive REMOTE-CR
(intervention) or CBexCR (control) using a computer-gener-
ated sequence—created by a blinded statistician—that included
variable blocking (n=2/4) and stratification (sex/study site).
Treatment allocation was concealed until completion of baseline
assessment in sequentially numbered, sealed, opaque envelopes.
Participants could not be blinded to treatment allocation but
staff performing VO,max testing at 12weeks were blinded to
treatment allocation.

Statistical analysis

Analyses were conducted using SAS V.9.4 and R V.3.3 (R Foun-
dation for Statistical Computing, Austria). Baseline characteris-
tics and outcomes were summarised descriptively, continuous
variables as mean+SD and categorical variables as frequencies
and percentages. Treatment evaluations were performed on

the principle of intention-to-treat. Multiple imputations were
applied to missing primary (but not secondary) outcome data
using the Markov chain Monte Carlo method assuming the data
were multivariate normally distributed and the missing data were
missing at random. In line with recommendations for non-inferi-
ority trials,” a prespecified sensitivity analysis was conducted on
observed primary outcome data to estimate sensitivity to attri-
tion. Statistical tests were one sided at =0.025 for the primary
non-inferiority outcome and two sided at 0=0.05 for secondary
outcomes. Between-group treatment effects were evaluated using
analysis of covariance adjusted for the baseline outcome, age and
sex. The primary hypothesis was assessed using the non-infe-
riority CI method.” Random effects mixed models were used
on secondary outcomes measured repeatedly at 12/24 weeks.
Estimates of treatment effects are reported as mean between-
group differences with 95% CI and probability values. Unpaired
t-tests were conducted to evaluate between-group differences in
hospital service and medication utilisation costs.

RESULTS

Participant characteristics

Recruitment took place between August 2014 and January 2016
(figure 2). Participants were predominantly male, of New Zealand
European ethnicity, mean age 61years and approximately 50%
earned above the median national household income (table 1).
Most participants had previous diagnoses of myocardial infarc-
tion and/or angina pectoris; almost two-thirds had undergone
angioplasty, and one-quarter had undergone coronary artery
bypass graft surgery. Most participants were prescribed multiple
medications. Baseline demographic and clinical characteristics
were balanced between groups.

Treatment effects

Baseline, 12-week and 24-week outcomes are summarised in
table 2,and between-group effects are reported in table 3. As
hypothesised, VO,max was comparable in both groups at
12 weeks and the 95% CI indicated REMOTE-CR was non-in-
ferior to CBexCR. A sensitivity analysis of complete cases
supported this finding (adjusted mean difference=0.46 (95% CI
—0.92 to 1.84) mL/kg/min, p=0.51), suggesting it was not sensi-
tive to attrition.

Small between-group differences in waist and hip circum-
ferences favoured CBexCR at 12 but not 24 weeks, while a
small difference in sedentary time favoured REMOTE-CR at
24 weeks. Remaining secondary outcomes were comparable in
both groups.

Economic evaluation

REMOTE-CR programme delivery costs were substantially
lower than CBexCR (table 4, see online supplementary data for
itemised costs). ExCR specialist salary accounted for the majority
of REMOTE-CR costs (48.18%); wearable sensors (11.06%),
office lease (10.71%) and smartphones (5.61%) were also key
cost drivers. Exercise equipment (37.67%) and facility lease/util-
ities (31.83%) were the largest cost drivers for CBexCR, while
the equivalent exCR specialist salary represented only 16.09% of
total delivery costs. Sensitivity analyses indicate REMOTE-CR
delivery costs could be reduced to NZD811/GBP411 per capita
if exCR specialist time was utilised at full efficiency (ie, partic-
ipant capacity not limited by trial recruitment rate; NZD-272/
GBP-138) and wearable sensors were annuitised over 5 years
(NZD-47/GBP-24).
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Assessed for eligibility: 717

‘g’ Excluded: 555
£ Declined participation: 330
° Not interested: 237
i —  Intervention treatment preference: 66
Control treatment preference: 27
Ineligible: 205
Did not attend baseline assessment: 20
Randomised: 162
5 I
2
3 [ |
2 Allocated to intervention group: 82 Allocated to control group: 80
< Received treatment: 77 Received treatment: 78
Withdrew prior to treatment: 5 Withdrew prior to treatment: 2
[ I
Followed up at 12 weeks: 68 Followed up at 12 weeks: 72
Did not complete VO,max: 4* Did not complete VO,max: 3*
Reasons for attrition at 3 months Reasons for attrition at 3 months
Personal: 8 Personal: 5
e Health: 2 Health: 1
3 Alternative treatment preference: 1 Alternative treatment preference: 1
o Did not attend follow-up: 3 Did not attend follow-up: 1
(<)
w [ I
Followed up at 24 weeks: 65 Followed up at 24 weeks: 69
Reasons for attrition at 6 months Reasons for attrition at 6 months
Did not attend follow-up: 3 Did not attend follow-up: 2
Health: 1
[ I
% Analysed at 12 weeks: 68 Analysed at 12 weeks: 72
%‘ Analysed at 24 weeks: 65 Analysed at 24 weeks: 69
(=
<

* Acute health status contraindicated primary outcome assessment (VO,max).
Remaining outcome assessments were completed.

Figure 2 Trial flowchart.

Hospital service utilisation costs were not statistically signifi-
cantly different between groups, but medication costs were
significantly lower for REMOTE-CR (table 4). HRQoL (and,
therefore, QALY gain) did not differ between groups over
24 weeks (table 3), and thus, no incremental cost-effectiveness
ratio was calculated.

Adverse events

Self-reported adverse events were higher in the REMOTE-CR
group during treatment, but comparable during post-treatment
follow-up (see online supplementary data). Most events were
mild (21/50) or moderate (25/50) severity and unrelated (42/50)
or possibly related (4/50) to treatments. Events that were prob-
ably or definitely related to treatments included soft tissue inju-
ries and a broken ankle.

DISCUSSION
Our trial is the first to compare the effectiveness and costs
of real-time remote exercise monitoring and coaching to

traditional face-to-face exCR. Consistent with a recent
meta-analysis of cardiac telerehabilitation,® the effects of
REMOTE-CR on functional, risk factor, and behavioural
outcomes were at least as favourable as CBexCR immediately
postintervention and at longer-term follow-up. Moreover,
REMOTE-CR realised a 70% reduction in programme delivery
costs, and very few adverse events were attributed to partici-
pation in the programme. Building on recent research,***” our
findings highlight the potential for REMOTE-CR to augment
existing exCR services by providing a complementary alter-
native option that is effective, cost-efficient, safe and satisfies
unique patient preferences that traditional programmes have
difficulty addressing.

REMOTE-CR extended our previous research that
demonstrated SMS-based exCR improves physical activity
but not maximal cardiorespiratory fitness.”> REMOTE-CR
provided responsive, individualised exercise monitoring and
coaching that was similar to centre-based programmes, in
order to improve adherence to prescribed intensity levels.
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Table 2 Descriptive outcome measures for the REMOTE-CR (intervention) and centre-based (control) programmes

REMOTE-CR (mean+SD)

Centre-based (mean=SD)

Baseline Week 12 Week 24 Baseline Week 12 Week 24

VO,max (mL/kg/min) 27.22+7.91 30.52+9.63 - 27.70+6.77 29.39+6.75 -
Physical activity (min/day)*

Sedentary 596.8+120.1 596.4+110.9 595.9+94.9 591.0+124.2 604.2+143.8 659.6+181.9

Light 256.7+67 258.3+65.2 253.9+51.4 260.5+65.6 287.0+74.2 270.5+68.3

Moderate 24.6+20.6 25.3+17.6 23.0+15.8 24.3+16.3 30.6+18.4 23.3+16.0

Vigorous 0.4+1.3 1.4+3.9 1.3+4.3 0.3+1.8 0.8+3.3 1.2+4.0
Body composition

Body mass (kg) 85.83+15.83 85.73+14.59 86.49+15.35 83.06+14.96 82.08+14.2 82.94+14.73

BMI (kg/mz) 29.09+4.59 29.03+4.32 29.13+4.50 27.94+3.49 27.58+3.34 27.90+3.44

Waist (cm) 103.30+10.97 103.20+10.82 102.90+11.10 101.50+9.99 99.60+10.11 101.10+10.11

Hip (cm) 106.00+8.59 106.00+8.22 105.80+8.19 103.60+6.68 102.30+6.34 103.70+6.83
Blood pressure (mm Hg)

Systolic 139.00+17.38 135.60+16.66 135.4+18.17 134.40+17.00 130.50+15.14 132.70+17.42

Diastolic 80.90+10.84 78.04+9.04 79.18+10.50 79.83+10.17 78.11+10.83 77.76+10.79
Blood lipids (mmol/L)

Total-C 3.39+0.79 3.62+0.98 - 3.45+0.79 3.55+0.92 -

LDL-C 1.80+0.69 1.95+0.97 - 1.68+0.58 1.71+0.59 -

HDL-C 1.05+0.37 1.15+0.40 N 1.09+0.37 1.13+0.37 -

Triglyceride 1.46+0.89 1.48+0.81 = 1.68+1.08 1.66+1.11 =

Blood glucose (mmol/L) 5.44+1.9 5.87+1.61 - 5.49+1.51 6.07+2.35 -
HRQoL

EQ-5D index 0.91+0.10 0.90+0.13 0.89+0.13 0.91+0.10 0.93+0.09 0.92+0.09

Health state (%) 68.95+18.56 71.24+14.23 78.84+16.19 71.16+19.26 81.21+12.42 81.28+13.76

Exercise motivation

Task self-efficacy (%) 63.44+21.90 79.48+18.26 72.45+21.64 70.56+15.51 80.09+14.04 78.14+17.79

Barrier self-efficacy (%) 75.52+18.79 75.06+20.04 71.05+22.79 80.72+15.45 81.09+15.37 77.54+19.3

Confidence to adhere (%) 91.92+14.58 91.50+13.87 83.42+22.19 83.42+22.19 89.65+15.65 88.79+18.41

Intentiont 6.73+0.52 6.53+0.98 6.25+1.01 6.81+0.71 6.60+0.83 6.53+0.91

Locus of causalityt 4.13+1.64 4.08+1.76 4.23+1.69 4.38+1.73 4.31+1.58 4.30+1.53

Exercise adherence (n/36) - 21+13 - - 2311 -

*Objective accelerometry.
tSeven-point Likert scale.

BMI, body mass index; EQ-5D, EuroQol 5-dimension; HDL-C, high-density lipoprotein cholesterol; HRQoL, health-related quality of life; LDL-C, low-density lipoprotein cholesterol;
REMOTE-CR, remotely monitored exercise-based cardiac telerehabilitation; total-C, total cholesterol; VO,max, maximal aerobic exercise capacity.

REMOTE-CR also provided more frequent patient-to-exercise
specialist interaction than has been typical of previous telere-
habilitation interventions that incorporated telephone, email
or web-based communication. This enhanced interpersonal
interaction may have beneficial effects that extend beyond
exercise-induced adaptations such as enhancing enjoyment,
engagement, self-efficacy (ie, verbal persuasion) and self-de-
termined motivation (ie, relatedness).

REMOTE-CR was substantially cheaper to deliver than
CBexCR and sensitivity analyses identified opportunities
for further cost efficiencies if the programme was operating
at full participant capacity, rather than being limited by trial
recruitment rate. Furthermore, cost savings would likely
be compounded in large-scale implementation scenarios
as REMOTE-CR does not require duplication of centre-
based facility and equipment expenses in order to increase
programme capacity and reach. Telerehabilitation specialists
could be distributed across numerous geographic locations if
desired; alternatively, a large-scale programme could be coor-
dinated from a centralised location in order to maximise cost
efficiencies. The advantages of distributing exCR specialist
expertise across many geographic areas could benefit all
exCR participants; however, the impact is likely to be greatest

for individuals who have limited access to centre-based
programmes—particularly those in regional and rural areas
where accessibility barriers are exacerbated.?®

Medication costs were lower in the REMOTE-CR group;
however, our data cannot determine whether this reflected
reduced medication requirements or lower adherence to
prescribed medications.

Strengths and limitations

The REMOTE-CR platform is among the first to capitalise on
advances in wearable sensor and mobile communication tech-
nologies to deliver responsive, tailored and immersive exCR
support. Real-time remote exercise monitoring and coaching,
in particular, is unique in this population. The non-inferiority
randomised controlled trial design was adequately powered
to mitigate bias and provide valuable inferences about how
REMOTE-CR compared with gold-standard centre-based
programmes. The primary outcome aligns with recommenda-
tions to prioritise functional capacity as a principal end point
for CVD therapies'® and our findings can inform clinical prac-
tice, including decisions about whether to implement telere-
habilitation as a complementary option alongside existing
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Table 3 Between-group treatment effects
Adjusted mean difference (95% Cl)*

Week 12 Week 24
VO,max (mL/kg/min) 0.51(-0971t01.98) -
Physical activity (min/day)t
Sedentary —32.8 (—88.0 t0 22.4) —61.5(-117.8 to -5.3)%

Light -21.4 (-46.3 t0 3.5) —-7.1(-32.61018.5)

Moderate -2.7(-9.2t03.8) -1.7(-8.41t04.9)

Vigorous 0.4(-0.7t0 1.5) 0.0(-1.1t01.1)
Body composition

Body mass (kg) 0.42 (-0.74 10 1.58) 0.12 (-1.08 t0 1.32)

BMI (kg/mz) 0.16 (=0.29 to 0.60) —0.05 (-0.52 to 0.42)

Waist (cm) 1.71 (0.09 to 3.34)§ 0.17 (-1.52 t0 1.86)

Hip (cm) 1.16 (0.06 to 2.27)§ —0.10 (=1.24 to0 1.05)

Blood pressure (mm Hg)

Systolic
Diastolic

Blood lipids (mmol/L)
Total-C

3.21 (-1.89t0 8.32)
-1.00 (-3.88 to 1.87)

0.10 (=0.09 t0 0.29)

LDL-C 0.19 (-0.04 to 0.43)
HDL-C 0.04 (-0.03 t0 0.11)
Triglyceride —0.06 (-0.34 10 0.22)

Blood glucose (mmol/L)

—0.21 (-0.85 t0 0.42)

1.06 (—4.24 t0 6.37)
0.04 (-2.96 to 3.03)

HRQoL
EQ-5D index —0.03 (—0.06 to0 0.01) —0.03 (—0.06 to0 0.01)
Health state (%) —3.12 (-7.04 t0 0.79) —0.94 (—4.96 to 3.08)

Exercise motivation

Task self-efficacy (%)
Barrier self-efficacy (%)
Confidence to adhere (%)

Intention|
Locus of causality]

1.24 (-3.91 t0 6.38)
-4.07 (-10.19 to 2.04)
3.28 (-2.54 10 9.10)
-0.05 (-0.36 t0 0.26)

—0.05 (—0.47 to 0.36)

—4.62 (-9.89 to 0.65)
-3.84(-10.10 t0 2.41)
—4.19 (-10.19 to 1.8)
-0.27 (-0.58 to0 0.05)
0.18 (-0.24 to0 0.60)

Exercise adherence (n/36) —1.97 (-5.74t01.81) -

Statistically significant between-group differences.

*REMOTE-CR (intervention)-centre-based (control), adjusted for the baseline
outcome, age and sex.

tObjective accelerometry.

+Seven-point Likert scale.

§p=0.03,

1p=0.04).

BMI, body mass index; EQ-5D, EuroQol 5-dimension; HDL-C, high-density lipoprotein
cholesterol; HRQolL, health-related quality of life; LDL-C, low-density lipoprotein
cholesterol; total-C, total cholesterol; VO,max, maximal aerobic capacity.

centre-based services. However, our findings do no indicate
how REMOTE-CR would compare to more traditional home-
based CR programmes, which typically comprise hard copy
education resources and landline telephone support.

Table 4  Per capita costs for REMOTE-CR (intervention) and centre-
based (control) treatments

REMOTE-CR Centre-based Difference

(NZD (GBP)) (NZD (GBP)) (NZD (GBP))*
Intervention 1130 (573) 3466 (1758) —2336 (-1185)
Hospital services 3459 (1754) 5464 (2771) —2005 (-1017)
Medications 331 (168) 605 (307) 274 (-139)t
Total 4920 (2495) 9535 (4836) -4615 (-2341)
*REMOTE-CR—centre-based.
p=0.02.

REMOTE-CR, remotely monitored exercise-based cardiac telerehabilitation.

In line with recommendations, we evaluated patient-centred
and usability outcomes® (reported in a separate paper) and
extended follow-up beyond the treatment period to demon-
strate the short-term sustainability of effects. Finally, our
economic evaluation addresses an urgent need for evidence
about the cost-effectiveness of telerehabilitation.

Our findings are limited by unexpectedly high attri-
tion—13.6% at 12 weeks and 17.3% at 24 weeks. In addition
to common participation barriers (eg, travel, work/family
commitments), the burden of maximal exercise testing may
have contributed to attrition. Furthermore, 30% of individuals
who declined trial participation were unwilling to undergo
randomisation due to strong preferences for REMOTE-CR
(n=66) or CBexCR (n=27) programmes; latent preferences
among participants who consented to randomisation may
also have increased attrition. These preferences reinforce our
assertion that optimising exCR utilisation will require multiple
delivery models to enable individuals to identify interventions
that best meet their needs.”® Our sample was demographically
comparable to previous exCR cohorts but effects of treatment
preferences on population sampling may limit the generalis-
ability of our findings. The change in VO, max for the CBexCR
group was smaller than expected. Both programmes adhered to
the same clinical exercise prescription guidelines but we were
not able to quantify CBexCR participants’ performance to
verify equivalent training loads. Self-reported outcomes were
subject to recall and social desirability biases. Finally, partici-
pants could not be blinded to treatment allocation; however,
blinded outcome assessment and objective primary outcome
measurement may mitigate this potential bias.

CONCLUSIONS

REMOTE-CR is an effective, cost-efficient alternative exCR
delivery model that closes the gap between home-based and
centre-based programmes by making responsive, individual-
ised intervention support available to individuals in almost any
location. As a complement to existing services, interventions
like REMOTE-CR could enhance overall exCR utilisation by
increasing reach and satisfying unique participant preferences.
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Key messages

What is already known about this topic?

» Exercise-based cardiac rehabilitation confers numerous
benefits but accessibility barriers contribute to persistent low
utilisation of traditional centre-based services.

» Telerehabilitation can overcome accessibility barriers but
previous interventions have been unable to deliver gold-
standard exercise coaching and supervision.

What does this study add?

» The remotely monitored exercise-based cardiac
telerehabilitation (REMOTE-CR) programme emulated centre-
based supervision and coaching, was comparably effective,
and offered considerable programme delivery cost savings.

How might this impact on clinical practice?

» As a complement to existing rehabilitation services, the
REMOTE-CR programme could increase overall utilisation
rates by increasing reach, overcoming accessibility barriers
and satisfying unique participant preferences.
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