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Abstract

Introduction: The benefits of cardiac rehabilitation (CR) on the reduction
of cardiac and all-cause mortality are well documented. However,
adherence remains sub-optimal in China. It is clear that traditional CR does
not meet the needs of many eligible patients and innovation is required to
improve its application. Home-based CR (HBCR) is a cost-effective
method that may be a valuable alternative for many individuals in China.
In HBCR, it is essential to maintain an exercise intensity that is both
effective and within safe limits. Mobile health interventions have the
potential to overcome these obstacles and may be efficacious in improving
adherence. The purpose of this study is to evaluate whether an Intelligent
Exercise Rehabilitation Exercise System (IERMS)-based HBCR could
improve adherence to CR and to assess the effects on exercise capacity,

mental health, self-efficacy, quality of life and lifestyle-related risk factors.

Methods and analysis: We propose a single-blinded, two-arm,
randomized control crossover study of 54 patients with coronary heart
disease (CHD). Participants will be randomly assigned in a 1:1 ratio to one
of two groups. Patients in Group 1 will receive the IERMS intervention
together with usual care for the first six weeks and usual care for the last
six weeks, while patients assigned to Group 2 will receive usual care for
the first six weeks and will use IERMS in the last six weeks. The primary

outcome is adherence to the program and secondary outcomes include
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exercise capacity, psychological well-being, quality of life, self-efficacy
and lifestyle-related risk factors. All secondary outcomes will be measured

at baseline, six weeks and 12 weeks.

Ethics and dissemination: This study has been approved by the Human
Research Ethics Committee of the School of Nursing, Jilin University

(HREC 2019120901). The results will be published in peer-reviewed

journals and at conferences.

Trial registration number: ChiCTR1900028182; Pre-results.

Key words: Cardiac rehabilitation, adherence, coronary heart disease

Strength and Limitations of this study

1. Our home-based cardiac rehabilitation program (HBCR) is technology-
based and may improve adherence of CR in patients with coronary heart

disease (CHD).

2. The measurements of plantar pressure and heart rate (HR) used in this
study are accurate in evaluating exercise type and intensity. This is
essential for reminding patients to exercise appropriately within safe

limits during CR sessions at home.

3. The crossover study design allows us to observe the maintenance of

effects after the three-week IERMS intervention.
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4. The study is of relatively short duration and long-term effectiveness will

not be observed after 12 months.

5. The study is limited to patients with smartphones and internet access.

1. Background

Coronary heart disease (CHD) is the leading cause of mortality in
China and has increased by 20.6% from 1990 to 20171, Studies over the
past few decades have shown an increased prevalence and incidence of
CHD and it was estimated that about 11 million patients suffered from it in
2017121, Patients with CHD have severe physical and often psychological
problems and show reduced health-related quality of life (HRQoL) scores,

which is associated with high mortality and additional cardiac events [>-4,

Cardiac rehabilitation (CR), an integral component of the continuum
of care for patients with CHDI?], has been demonstrated to reduce mortality
by up to 37% [6-71to improve both physical functioning and quality of lifel®-
191 and is recommended by the American Heart Association (AHA)/
American College of Cardiology (ACC) and the European Society of

Cardiology (ESC) guidelines for patients with CHDI!!-12],

Despite proven benefits, the use of and adherence to CR remains sub-
optimal, with participation rates of between 10.3% and 16.3% [13] and

dropout rates of between 40% and 55% ['#15], In China, access to CR
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services remains very low, with the estimated availability of CR programs
about two programs per 100 million inhabitants[!l. This may due to poor
availability and problems with supplying CR in China, including a lack of
facilities, funding, staff training, and reimbursements for participating
patients [17-18], Drop-out or non-adherence may lead to negative outcomes
in CHD ["°1, Therefore, innovation is needed to improve the implementation

of CR in China.

Besides center-based CR, home-based CR (HBCR) is an alternative
method recommended by AHA and ACC. HBCR may be more effective
in the provision of CR to many patients in Chinal?’l and has proved to be
effective in improving adherence ['l. However, while -effective
performance of the prescribed exercises is essential, difficulties, such as
managing the exercise type, intensity and duration appropriately at home,
occur with HBCR 2. With the development of science and technology,
mobile health (m-health) interventions have emerged and have the
potential to deliver HBCR safely and effectively 2251, The m-health
interventions could help patients monitor exercise intensity, provide
objective feedback data and encourage patients to track their own progress,
which could help them self-manage their CR and may be useful in
improving their adherence. In addition, patients with CHD have shown
great interest in using m-health at home, providing clear signs of

developing such interventions [26],
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The Intelligent Exercise Rehabilitation Management system (IERMS)
has been designed to meet these requirements. It introduces a closed-loop
rehabilitation management system that supports the home-based
management of prescribed CR and lifestyle-related risk factors for patients
with CHD. The purpose of this study is to evaluate whether IERMS-based
HBCR could improve adherence to CR and to assess its effects on exercise
capacity, mental health, self-efficacy, quality of life and lifestyle-related
risk factors. The results of the trial are expected to facilitate the

development of effective m-health interventions for HBCR.

2. Methods

2.1 Study Design

A single-blinded, two-arm, randomized control crossover study will
be conducted to evaluate the role of IERMS-based HBCR on adherence,
exercise capacity, mental health, self-efficacy, quality of life and lifestyle-
related risk factors. All participants will be recruited from the CR
outpatient setting of a medical center in Changchun, China. A total of 54
participants will be randomly assigned to one of two groups. Patients in
Group 1 will use IERMS in the first stage and receive usual care in the last
stage, while patients in Group 2 will receive usual care in the first stage
and [IERMS-based HBCR in the last stage. Each stage of the study will last

for six weeks. As one of our main objectives is to assess whether there is
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an interaction at the end of the intervention and to observe the maintenance
of the effects after the intervention, this study does not allow a wash-out
period. The profile of the study design is displayed in Figure 1. The trial
conforms to the SPIRIT reporting guidelines ?71 and is registered at

Clinical Trials.gov: ChiCTR1900028182.
2.2 Eligibility and Recruitment

Patients will be eligible to participate if they have: (1) a documented
diagnosis of CHD and having had a hospitalization incident within six
months prior to randomization; (2) been assessed as suitable by a
cardiologist and a physical therapist to participate in their CR; (3) no
contraindications to undergo a cardiopulmonary exercise test; (4) if they
are willing and able to participate in the study and to provide written

informed consent.

Exclusion criteria include: (1) severe heart failure (NYHA class 1V);
(2) unstable angina; (3) unstable clinical status; (4) coronary artery bypass
grafting within the last three months; (5) patients are unable to use the
IERMS-enabled devices after instruction; (6) lack of internet access at
home; (7) requiring a walking aid for mobility; (8) participation in another

clinical trial.

We will recruit participants at a medical center in Changchun, China.

Patients admitted with CHD and eligible for CR will be screened and those
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meeting the inclusion criteria will be invited to participate. We will inform
them of the study details, and if they agree to participate in the study, they

will be asked to sign the consent form.
2.3 Sample Size Calculation

This study selects the main outcome indicators of HBCR adherence
as the calculation standard. A previous study has shown CR adherence

rates of ~68% and ~94% for technology-based HBCR [28], We will use two

Zg e (1 - T[c) (Ql_1 + Qz_l)
sample  rate  calculation  formula:  N=[- +

Ty — T2

ZB\/nl (1—m) /Qi+m (1—m) /Q2

T — T2

] with 90% power (type I error = 5%) to
calculate the sample size, and a total sample size of 54 across both arms

will be used in this study.

2.4 Randomization, Blinding and Concealed Allocation

After signing an informed consent, patients will complete baseline
measurement. They will then be randomized in a 1:1 ratio to either Group
1 or the Group 2 by a computer-generated randomization list, using block
randomization and randomly selected block sizes of 4, 6, or 8. This
assignment will be done by independent individuals who will not
participate in the recruitment process. Given the characteristics of the
intervention, the participants or researchers implementing the intervention
cannot be blinded. However, researchers evaluating the results will be

unaware of patient assignments. To ensure hidden assignments and

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

minimize selection bias, independent designated members of the School of
Nursing, Jilin University will assign random numbers based on local

researcher requirements.

2.5 Usual care

Regardless of the IERMS intervention, all patients will receive usual
care. Patients will receive health education about CR provided by a
cardiologist and a physical therapist will give them personalized exercise
prescriptions according to the results of their cardiopulmonary exercise test
(CPET). Patients will be free to participate in any type of exercise classes,
Tai Chi programs, group dancing and available CR programs after
discharge from rehabilitation facilities. All patients are required to record
exercise logs, including exercise type, intensity and duration at home and

will receive follow-up calls at six weeks and 12 weeks.

2.6 Key components of IERMS

The IERMS is a closed-loop rehabilitation management system which
can facilitate management of exercise prescription and lifestyle-related risk
factors and consists of three main components: Professional System,
Patient Station and the Cloud (Figure 2). This system has been authorized
as a China Invention Patent (Publication Patent Number (PPNO):

201810114305.3).

Patient Station
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The Patient Station consists of one mobile application and two
monitoring devices which including a pair of smart insoles and a heart rate

(HR) monitor.

Smart insoles have been independently developed in this study and
are able to measure gait parameters using inserted plantar pressure sensors
and accelerometers during CR sessions. This has been shown to be accurate
in identifying the type of exercise and in calculating energy expenditure [2-
301, The data collected by the smart insoles will be uploaded to the cloud
which will analyze the metabolic equivalent (METs) and then present the
results on the app. The HR monitor used in this study is tied around the

chest and can monitor HR in real-time.

The mobile application and these monitoring devices are connected
by Bluetooth. The mobile application is thus able to synchronize the data
collected by the sensors and provide real-time motivational feedback
automatically generated from actual exercise performances. Furthermore,
the mobile application can present educational materials and exercise
prescriptions prescribed by professionals and upload patients’ data to the

professional system.
The cloud

The cloud is the core part of the data processing, which stores and

analyzes the data transmitted by the monitoring devices and then
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distributes the results to the patient station and professional system. The
cloud will use deep neural network models to train and evaluate the data
and generate feedback on the patient's exercise and send them to the mobile
application on the patient station. The cloud will also send a report of the
exercise performance of patients in CR sessions to the professionals

allowing them to update the exercise prescription for reference.

Professional System

The Professional System i1s a web-based tool for medical
professionals, which can manage patients' CR exercise at home. Patient
files are stored in the system, including the patient's medical history, past
exercise prescriptions and lifestyle-related risk factors. The system can also
synchronize the patient's exercise progress, weight, HR and BP, etc. The
professionals can thus monitor the patient's health situations remotely

through the system and perform continuity of care for patients.

2.7 Description of the IERMS intervention

Eligible and consenting participants will be enrolled prior to discharge
from an outpatient ambulatory CR program and will learn and practice all
features of the system in the hospital. Participants will be given a pair of
smart insoles, an HR monitor and a mobile application will be installed on

their smartphones.

Tele-monitoring CR sessions
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In order to ensure the patients’ safety, a series of confirmations will
be performed before CR sessions including BP, HR and the presence or
absence of cardiac symptoms, such as dyspnea and chest distress. Patients
will receive immediate feedback on whether they are safe to exercise at

that time, and if not, the exercise time will be changed.

During the exercise sessions, patients will be asked to wear a pair of
smart insoles and an HR monitor, which can monitor the intensity and type
of exercise to ensure both safety and effectiveness. Endurance and
resistance training are both included in CR sessions. The goal of the
endurance training is to reach the individual, pre-defined target zonel3!l,
which will make sure the patient is safe while also allowing effective
exercise. When the exercise intensity is not enough, the mobile application
will automatically encourage the patients to speed up, and if the exercise
intensity is excessive or the exercise type is not appropriate, the mobile
application will remind the patients to slow down or change the type of

training.
Encouraging self-management

The IERMS will provide an individualized exercise target according
to the prescribed exercise program developed by the physical therapists,
and which will be progressively updated weekly. The medical staff will be

able to monitor the exercise frequency, intensity and type of participants
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through the information collected by the monitoring devices and give
feedback on the completion of the rehabilitation exercise and set goals,
which can encourage patients to track their exercise progress. In addition,
patients can communicate with the professionals through the mobile

application and receive feedback within 24 hours.

The IERMS encourages patients to upload BP, HR, weight, smoking
situation, and physical activity to the mobile application. This enables them
to track their own progress to motivate them to quit smoking, lose weight,
improve physical activity and reduce sedentary behaviors, which can, in
turn, improve their self-monitoring, thereby increasing patients’ adherence.
Participants will also be encouraged to participate in other different types

of physical activities, such as jogging, Tai Chi and group dancing.

2.8 Outcome Measures and data collection

Outcome measures will be analyzed by researchers blinded to the
group allocation. All assessments will be performed at baseline, six weeks,
and 12 weeks (Figure 3). The profile of the outcome measures for the study
is outlined in Table 1.

Table 1 Completed SPIRIT diagram for the study

STUDY PERIOD

Enrollmen Allocation Post- Allocation Close-out
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TIMEPOINT* -t1 0 t1 t2 t3
ENROLLMENT:
Eligibility screen X

Informed consent X X X

Randomization X X X

Allocation X X X
INTERVENTIONS:

Group 1* < >

Group 2** < >
ASSESSMENTS:

Adherence X X

VO,peak X X X

GAD-7 X X X

PHQ-9 X X X

SF-12 X X X

GSES X X X

Life-related risk X X X
factors™**
Adverse event

Reporting ) ]

Satisfaction/usability X X
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Tests

t] = six weeks, t2 = 12 weeks

* JERMS in the first phase and usual care in the second phase.
** Usual care in the first phase and [ERMS in the second phase.

***Part of routine care and therefore assessed before informed consent.

*#*kSatisfaction/usability test will only be performed after [ERMS intervention in each
group.

GAD-7, Generalized Anxiety Disorder Scale-7; PHQ-9 Patients’ Health Questionnaire
Depression Scale-9; SF-12, the 12-item Short Form Health Survey; GSES, General Self
-Efficacy Scale.

Primary outcome

The primary outcome will be adherence for CR. Adherence is defined
as attendance for four weeks (eight or more sessions) for usual care or
uploading of four weeks’ data for IERMS-based HBCR, and attending six-
week assessments (both groups), as described in a similar study by Dalal
et al. (2007)B2, The participation information in IERMS-based HBCR
phase will be collected by the IERMS, while the adherence in the usual

care phase will be analyzed from the training log.
Secondary outcomes

The secondary outcome measures for the trial are outlined in Figure
3. In general, all secondary outcomes will be measured at baseline, six
weeks and 12 weeks. Secondary outcomes include VO,peak, the
Generalized Anxiety Disorder Scale-7 (GAD-7); Patients’ Health

Questionnaire Depression Scale-9 (PHQ-9); the 12-item Short Form
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Health Survey (SF-12); General Self-Efficacy Scale (GSES) and lifestyle-
related risk factors which include weight, smoking situation and physical
activity. Satisfaction/usability tests will be measured at the end of the

IERMS intervention in each group.

2.9 Adverse events monitoring

We will report all adverse events that occurred during the 12 weeks
study period in the final paper. Adverse events during exercise training
sessions are defined as deaths or other medical occurrences resulting in
hospitalization during CR sessions or immediately after training sessions
in an hour. Other adverse events are defined as medical occurrences
resulting in hospitalization, disability or deaths without connection to
training sessions. We will report all these adverse events to the Ethics

Committee as required.

3.0 Data collection, management and analysis

All patients’ data will be recorded by trained clinical researchers using
a standardized case report form (CRF). We will record raw data
appropriately and accurately and will keep copies of the laboratory reports.

We will also store the CRFs in areas with restricted access.

3.2 Statistical analysis

Test for Significance
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Categorical variables will be described as frequencies and percentages,
and the difference between two groups will be compared using the %2 test
or Fisher’s exact test. Continuous variables will be reported as mean and
standard deviation, the t-test will be used if the data shows a normal
distribution, and effects if the data does not show normal distribution. We
will also compare the differences between patients who are adherent and
those who are non-adherent to analyze the factors that influence adherence.
Furthermore, the secondary comparison will be conducted according to the
intent-to-treat comparison, which will include the full sample of
randomized patients. All statistical analyses will be two-sided, and P<0.05
will be considered statistically significant. SPSS 20.0 will be used for data

analysis.

Test for Carryover Effects

Carryover effects will also be analyzed in this specific context. We
will analyze the changes in the two groups at 12 weeks, in other words, the
changes in the first stage plus the changes in the second stage. Continuous
variables will be analyzed using the t-test or rank test to compare the
differences between the two groups. Categorical variables will be
compared using the x2 test. No significant difference indicates no

carryover effect.

3. Ethics and dissemination
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The Human Research Ethics Committee of the School of Nursing at
Jilin University has approved for the study (HREC 2019120901). Research
reports will be disseminated through scientific forums, including peer-
reviewed publications and presentations at national and international

conferences.
4. Discussion

The IERMS-based HBCR program developed in this study evaluates
the role of HBCR by combining mobile health interventions (monitoring
devices, internet and mobile applications) with evidence-based CR
guidance strategies, including exercise intensity monitoring, feedback on
CR progress and self-management life-style risk factors. The purpose of
this study is to investigate whether HBCR using IERMS could improve
adherence of CR in patients with CHD and the maintenance of the

intervention.

CR is a Class I recommendation for managing CHD patients (331,
However, despite increasing evidence that has proven its cost-effectiveness
and efficacy in reducing cardiovascular morbidity and mortality, CR
services remain limited in China [ 151, HBCR is a method to increase the
CR participation rate in CHD patients [?!], Setting the prescribed amount of
exercise and monitoring its intensity are the key points of HBCR to ensure

that the exercise is both appropriate and within safe limits 34, The planter
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pressure sensors have been proven to be accurate in measuring the patient's
exercise type and intensity [2°-3%, Combined with intelligent insoles and
wearable HR monitors, our system can evaluate whether patients reach the
required exercise intensity and are able to promptly alert patients should
the intensity fall outside the preset range. Furthermore, before each CR
session, the cardiologist will evaluate the suitability of the exercise
program according to the patients’ health data patients synchronized by
IERMS to ensure patient safety. IERMS also encourages patients to upload
BP, HR, weight and physical activity to track their own progress and give
objective feedback, which could motivate self-monitoring, thereby

improving patients’ adherence.

Another key point which has impact on HBCR is the maintenance of
the rehabilitation. The effectiveness of rehabilitation programs after
stopping intervention has proven to be unsustainable in both CBCR and
HBCR B3, We will, therefore, also evaluate if there are any significant
carryover effects in order to observe the maintenance of effects after the

termination of the intervention.

An improvement in adherence may be associated with better physical
and psychological states. We will also evaluate these in this study. CPET
can be used to assess a patient's exercise performance and peak VO, which
has been shown to be the strongest predictor of mortality 36! and which we

have, therefore, chosen as a secondary outcome. In addition, mental status,
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self-efficacy, quality of life and lifestyle risk factors are important for

HBCR assessment, thus our study will also evaluate them.

In China and other lower middle-income countries (LMICs) where
access to CR is often limited, mobile health interventions, such as IERMS
used in our study, may effectively overcome barriers, such as
inconvenience, geographical isolation and financial burden, and deliver the

core components of HBCR to many patients with CHD.

Limitations

Our current study has several limitations. Firstly, as the study is of
relatively short duration, no data will be available beyond 12 months and
longer-term effectiveness will not be able to be evaluated. Secondly, the
study is limited to patients with smartphones and internet access which
may cause selective bias. Thirdly, we will not be able to allow participants

to have a familiarization period of several weeks before using [IERMS.

4. Conclusion

In conclusion, our study will evaluate the role of the IERMS
intervention on the delivery of HBCR as advocated in various guidelines.
If this technology-based HBCR intervention is shown to be effective, it
may be an alternative method to implement evidenced-based CR for

patients with CHD.
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Figure 1 Profile of the randomized controlled crossover study design.
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Figure 3 Assessment time points for primary and secondary outcomes.

i Exercise logs —‘|

Cross-over
9 Baseline point End
10 | ;
1:1 | :

Patients -------—» Lo 1
n Randomization ™~ Usual care (group 2) /T\Ifs.ual care (group 1)
12 | :

n=54

oNOYTULT D WN =

13 Satisfaction/usability tests Satisfaction/usability tests
14 (Group 1) (Group 2)
15 Both group: Both group: Both group:
*+ VO,peak * Adherence + Adherence
17 « GAD-7 * VO,peak * VO,peak
+ PHQ-9 * GAD-7 + GAD-7
* GSES * PHQ-9 + PHQ-9
19 + SF-12 * GSES * GSES
20 + Life-related risk factors = SF-12 + SF-12
21 * Life-related risk factors + Life-related risk factors

4 VO,peak, peak oxygen uptake; GAD-7, the Generalized Anxiety Disorder
26 Scale-7; PHQ-9, Patients’ Health Questionnaire Depression Scale-9; SF-
29 12, the 12-item Short Form Health Survey; GSES, General Self-Efficacy

31 Scale.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

aauuuuuuuuuuuUubdDDbdDDAMDAEDNDMNDIMNDAEDANDNWWWWWWWWWWRNNNNNNNNNN=S 2 @2 @9 Q9 @029
CQVWoONOOCULDPDWN—_,LOVOVONOOUDdMWN—_,POVONOOCULPPWN—_,PrODVOVOONOOCULDdDWN—_,POOVOUONOUDA,WN=—=O

BMJ Open

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 28 of 39


http://bmjopen.bmj.com/

Page 29 of 39

oNOYTULT D WN =

aOuvuuuuuuuuundADdDDDIEDNDMNDIAEDNDMNDAEWWWWWWWWWWNNNDNNNDNNNDN=S S @92 Qa0
VWO NOOCULLhAWN-_rOCVONOOCTULDWN—_,rOCVOONOOCULDDWN=—_,rOUOVUONOOCULPMNWN—_ODOVUONOUVPSD WN =0

BMJ Open

_ﬁﬁ‘ﬂ @Mﬁ&ﬁﬁﬁﬂﬁ&: OmEMITBAElTH: OF

56 4% ) BLAT (R U

#ﬁnﬂuﬁﬂﬁ.%mmwa.ﬁmmﬁﬂ

2 5 — B B L L PR R U AR

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 30 of 39

RIS A=A« RS 5 R

FRMEE:

EECamizE N RSB EE R MO ER o AT EIE &S I —
W5, AR A 2018 4 3 Kk K 22 [ R B It K WH, W8S
2018004 o AR T RCOELHEE_ EHRREP R REZASEE X, FEEFTIRK
WL

FEEPUE - B SINIX W FLZ A, 18T B4 B 132 AR A . e ] AFS B 1 fd 1% 70
WL L BN B AT IR R 72, B C AR P AIRR . S INBi 70 J5 o] B4R I SR A Ak XU
MAE. R EEE, BETUNMERSRE. A —EITE, BEEEEAS TR, K
T PRE

—  BABRMFITEK

1. 1 ZI% SR AG T ELO

st (Coronary heart disease, CHD) & H ARSI A FIBEERAUR, S BBk
Fr D & A MR O AE SR . WHO Seit ek, 2EF 740 AL Tb0oi, FF
TR 2] 2020 4F 5t CoJi g A BRI £ B . OAEREE  (Cardiac rehabilitation, CR) &
CHD Ab B ANTT S AL RES 7, B SO R =P 29T i8shidkTs . E5%
W7 BE . BREAT TGS KIRE TR, HoawmkEolEhe (AHA) A
O ER 4 (ACC). BRI ERT 244 (ESC) 31 CHD #6970 1 25422, HaTc g kK
G ARWE FTUERIESL: CR BefBff CHD B E M HEA 272 0 M acE, i1 AR
BREE, BB RITT R, fEEE B E L OEREESE . B2 CR B
Ab CBEIESE, (HFF AR REAE SZ B A gl K UK B BAE 4 X A R D S, A7 AE CR A KIFE A
ZHEMR. MMNEZESER . Fik, wefEst o it R s, oo O iR R T E R
FEEIT IS5 2 1 B KBk .
1.2 XS EHB
ATH T AT R Zies EEEH RS (JERMS), 1] Sy I & 2 112 3l 5
S, B EEALT RS, B IERMS KRG BAEREZIEERNS 5K, KM
P TE R R, B ThRE . ia8hae )1 SO BRASE Z4EE R 1) CHD &3 | KO E
R IEENRKMNER R K 2 FR@ T vk 28 AR5, KRR T IR I 4EFR RN
1. 3 RS MBS PTHANSRE FIE
MR BB HRORFE b, Sl 54 A
=\ B NNES IR
Qs ER A SAE (B, REWRTHIEMEOEE, M™EIPO I, JoikEklm
R BRI, BB AEshiRE]D; @48 %5 Lk IERMS Mk & OB A A
HIRWIER:; @FBEMATIRA AT O mHEAbIlE IR KL
=\ RSNk FERT A7
1. EENEFRT, EAKER . CxEBRES, Hd#T _mERE .
BREMBPMAE, BTERES M T, ZFEMERET.
WIEABS I, AT RS = s
2. HEABZITT, il B BRiHAT
EAEHBLHT, TEES—HanE, HiblE, HRERASESR ErEshidT, LA
MRS SR ECG Wi RReHEE, T APP. RIFKHITREAXOMEIFEE. Hix
Ja 6 . 12 B ERPEHEITEE.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 31 of 39 BMJ Open

oNOYTULT D WN =

3. TR EEHCA A F T

AR MELEMBEVI a5 __ b, Jssh HAE  OREBHS (RETF B
G mrpedd il BRI 7RIS RIS D0 IRE VT ARS 2L, Oy BR AR I A
RMNRIT RS HIEEN, IF T,

iR RS, JRER AN BUHIES BRIk ICS. BERIRBEDIN
FLAVTE AR e 259 e A, IR BRI ek, Ul aREeEs)
PRI AR SR HI ) 250 o

V0. SINHT ST RE R 3 2

B AL s _ e BRSSO s R MM E  AWERITRL H
RIFARERUEXR B H BT AT AR BEIaEE T ARG  AZEH
OIEREEIEZ)  FME—- k. W B RIS SRR B A S SRR LR, &

A DL R AR T 1) A ) RESRAS I B AUE B

B SMPFATRKARRN. REMAE. A5 E

QU RAERT SO R G BT AN, B T R BT AR AL, BT R AME O, AR
BEWIA R, PN SNSRI RIEA, /R s AR H AR5 5 d 2 BT AR

AW TR o BN BB BB Vg, M 2eAed, X4 SR L TR, Al Rg
20 S IE PRI BT RANTT

7Sy BR#H

AR R AR ECG I 2 T 4, [BIBe R A I B 47 0o i iz 356 (CPET)
(128 75 B CkdH .

&AM R4 T AR T BT AW LT Re T R I . WERAE IR PR REE H HEA R
H, BELERERSWSEEHEREARTHA K. HIpE ¥ IR E R e x5 {5
FHIC I R HETE T 1Y 9 F S AH B I 2 B A M

T 1858 [R) B 5 9 10 AR08 BT 7 R AU 2, B ANTE S SR IRTE L 2 Y

. PAEERRE

TR iCS (WP /CRE. AL30 555 K g B IR AE RS P EiZ I S Bt - R AR
SRR E R A S FRAC R AR I o WFFTE . AR BRZR Gy M2 i B B T
R AV BRI BT e % o AR(TA KA LA R AT R A S DN
o BATRAEZEAVFIVEEN, KO8 RGN NEST SRR

WA T, B T NBRAVE BN, wlieBdmf it A e E At s, Al
AR R T2 2% (i 7 8 12, PRIEAS & R AR T ABSALE

N BHRBEZHER?

S n] DAAEATE AT IR 18] $72 HH AT SCASIRURIT FC XA ART il L, A5 20AH L PR 5

WRAED UL IR AT EZ S S, WA gk 2L S it 78 i) = i, 8
PR = I I A

Jus AU B BIEEES NG UM AR IRR T T
DS T e SRR TR . BT LHEES I e, sEmt el 2 4 )

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

AEART I TR AR AW FT, XA M MR AL R OR 2, ARAS 2 REM 0 S8 A B2 7 A
At 5 T A 2 R 453 2K

H xR R 2558, RS O Al e AR O R Hh Bl A b S 4k 2 2 Tn
AT T o

USRI RUONAE AT IR AT ST AR - 8] BRI 1A A SRS AR A IR 25 M s ot .
REAEVNTE, G0 REGERIAT SIS A .

+. BEZBHA?
B ZINAT FHEE . CRERHND JUE.
TR Z MBI FE R E /T, 15 AT BE [ R F8 12 A2 180 19 A 5K ] 7L
SRR B S LA EAPRL . i RIS S SRR 5T, S IR, /e el —

VI ST . ROk
RO A = RS
I RAFF LR B 469K 2T TERMS (9 4 ]RSO IR REAT P R A 1Y SEHIRL AT AT

VR AR HE B B DA AL
PR P AL =L VN

REESHRS: 2018A04
[ & 75 B

WOEgM L 7 ERARAT A E, T HA P2 7T S A R IR R
Ao B P R A 2 TR A R

TENE Z IMAB TR Be AR R A2 28 . ARSI 782 B IR, A CH
TS A EREAT RS, 1 HLB A -

o  JRATLABEM A A A 2 A5 B

o RATDIBERNR AT, WA ZPEM B R, BIr A7l S5 A= 2 20,

AR, WREAEIB BT, Rl b T 2R R R ERIR Hwr 7o, B
R MR tE AR S YRR A, e AR N AR RS A B AT AR B, RORE X B AN T+ 0 A

AR PR G AL T ZER R AT AR I 2593677, e RibREANE R, B
fEH e s H R,

HF) 2 b B B T AR R R S U A B AR T B T B

PR AT — M 2 25 44 L B H I RS R R AR .

wJa, WREFRBES AT, T RIEREE M.

BEBA: B H H
R AR LA

ik B E R T AR EAE oL, BB R AT RER 2 st MRS, JF25
— R E RIS F R R

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 32 of 39


http://bmjopen.bmj.com/

Page 33 of 39

oNOYTULT D WN =

BMJ Open

BEA2544 T H
P A 1) LA L1

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 34 of 39

Reporting checklist for protocol of a clinical trial.
Based on the SPIRIT guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find
each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and
provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.
In your methods section, say that you used the SPIRITreporting guidelines, and cite them as:

Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Getzsche PC, Krleza-Jeri¢ K, Hrébjartsson A, Mann
H, Dickersin K, Berlin J, Doré C, Parulekar W, Summerskill W, Groves T, Schulz K, Sox H, Rockhold
FW, Rennie D, Moher D. SPIRIT 2013 Statement: Defining standard protocol items for clinical trials.

Ann Intern Med. 2013;158(3):200-207

Reporting Item Page Number
Administrative
information
Title #1 Descriptive title identifying the study design, P1
population, interventions, and, if applicable, trial
acronym
Trial registration #2a  Trial identifier and registry name. If not yet P7
registered, name of intended registry
Trial registration: #2b  All items from the World Health Organization Trial P7
data set Registration Data Set
Protocol version #3 Date and version identifier n/a
Funding #4 Sources and types of financial, material, and other P21
support
Roles and #5a Names, affiliations, and roles of protocol P21
responsibilities: contributors

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"1yBuAdoo Ag paroslold 1senb Aqg +Z0z ‘9T Iudy uo /wod fwg uadolwa//:dny woly pspeojumod "020Z SunC ST U0 02.9€0-6T0Z-uadolwa/9eTT 0T Se paysiignd 1siy :uadoO rINg


https://www.goodreports.org/spirit/info/#1
https://www.goodreports.org/spirit/info/#2a
https://www.goodreports.org/spirit/info/#2b
https://www.goodreports.org/spirit/info/#3
https://www.goodreports.org/spirit/info/#4
https://www.goodreports.org/spirit/info/#5a
http://bmjopen.bmj.com/

Page 35 of 39

oNOYTULT D WN =

contributorship

Roles and #5b
responsibilities:

sponsor contact
information

Roles and #5C
responsibilities:
sponsor and funder

Roles and #5d
responsibilities:
committees

Introduction

Background and #6a
rationale

Background and #6b
rationale: choice of
comparators

Objectives #7

Trial design #8

Methods:
Participants,
interventions, and
outcomes

BMJ Open

Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study
design; collection, management, analysis, and
interpretation of data; writing of the report; and the
decision to submit the report for publication,
including whether they will have ultimate authority
over any of these activities

Composition, roles, and responsibilities of the
coordinating centre, steering committee, endpoint
adjudication committee, data management team,
and other individuals or groups overseeing the trial,
if applicable (see Iltem 21a for data monitoring
committee)

Description of research question and justification for

undertaking the trial, including summary of relevant
studies (published and unpublished) examining
benefits and harms for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg,
parallel group, crossover, factorial, single group),
allocation ratio, and framework (eg, superiority,
equivalence, non-inferiority, exploratory)
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Description of study settings (eg, community clinic,  P6
academic hospital) and list of countries where data

will be collected. Reference to where list of study

sites can be obtained

Inclusion and exclusion criteria for participants. If P7
applicable, eligibility criteria for study centres and
individuals who will perform the interventions (eg,
surgeons, psychotherapists)

Interventions for each group with sufficient detailto  P9-13
allow replication, including how and when they will
be administered

Criteria for discontinuing or modifying allocated n/a, intervention
interventions for a given trial participant (eg, drug did not involve
dose change in response to harms, participant harms or others

request, or improving / worsening disease)

Strategies to improve adherence to intervention P9-13
protocols, and any procedures for monitoring
adherence (eg, drug tablet return; laboratory tests)

Relevant concomitant care and interventions that P9
are permitted or prohibited during the trial

Primary, secondary, and other outcomes, including  P13-15
the specific measurement variable (eg, systolic

blood pressure), analysis metric (eg, change from

baseline, final value, time to event), method of

aggregation (eg, median, proportion), and time point

for each outcome. Explanation of the clinical

relevance of chosen efficacy and harm outcomes is

strongly recommended

Time schedule of enrolment, interventions (including Figure 1
any run-ins and washouts), assessments, and visits

for participants. A schematic diagram is highly

recommended (see Figure)

Estimated number of participants needed to achieve P8
study objectives and how it was determined,
including clinical and statistical assumptions
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supporting any sample size calculations

1
; Recruitment #15  Strategies for achieving adequate participant P7-8

‘51 enrolment to reach target sample size

? Methods:

8 Assignment of

?o interventions (for

11 controlled trials)

12

1‘31 Allocation: sequence #16a Method of generating the allocation sequence (eg, P8-9

15 generation computer-generated random numbers), and list of

1? any factors for stratification. To reduce predictability

18 of a random sequence, details of any planned

;g restriction (eg, blocking) should be provided in a

21 separate document that is unavailable to those who

;g enrol participants or assign interventions

;g Allocation #16b Mechanism of implementing the allocation P8-9

26  concealment sequence (eg, central telephone; sequentially

;273 mechanism numbered, opaque, sealed envelopes), describing

29 any steps to conceal the sequence until

g? interventions are assigned

g; Allocation: #16¢c Who will generate the allocation sequence, who will  P8-9

gg implementation enrol participants, and who will assign participants

36 to interventions

37

:g Blinding (masking) #17a Who will be blinded after assignment to P8-9

40 interventions (eg, trial participants, care providers,

2; outcome assessors, data analysts), and how

22 Blinding (masking): #17b If blinded, circumstances under which unblindingis  n/a, not blind to
45  emergency permissible, and procedure for revealing a participants or
j? unblinding participant’s allocated intervention during the trial researchers
48

49 Methods: Data

g? collection,

52 management, and

;31 analysis

22 Data collection plan ~ #18a Plans for assessment and collection of outcome, P15-16

57 baseline, and other trial data, including any related

22 processes to promote data quality (eg, duplicate
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measurements, training of assessors) and a
description of study instruments (eg, questionnaires,
laboratory tests) along with their reliability and
validity, if known. Reference to where data
collection forms can be found, if not in the protocol

(op

Data collection plan: 18b Plans to promote participant retention and complete

retention follow-up, including list of any outcome data to be
collected for participants who discontinue or deviate
from intervention protocols

©

Data management 1 Plans for data entry, coding, security, and storage,
including any related processes to promote data
quality (eg, double data entry; range checks for data
values). Reference to where details of data
management procedures can be found, if not in the

protocol

Statistics: outcomes 20

Q

Statistical methods for analysing primary and
secondary outcomes. Reference to where other
details of the statistical analysis plan can be found,
if not in the protocol

Statistics: additional  #20b Methods for any additional analyses (eg, subgroup

analyses and adjusted analyses)

Statistics: analysis #20c Definition of analysis population relating to protocol
population and non-adherence (eg, as randomised analysis), and
missing data any statistical methods to handle missing data (eg,

multiple imputation)

Methods:

Monitoring

Data monitoring: #21a Composition of data monitoring committee (DMC);

formal committee summary of its role and reporting structure;
statement of whether it is independent from the
sponsor and competing interests; and reference to
where further details about its charter can be found,
if not in the protocol. Alternatively, an explanation of
why a DMC is not needed

Data monitoring: #21b Description of any interim analyses and stopping
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interim analysis

Harms

Auditing

Ethics and
dissemination

Research ethics
approval

Protocol
amendments

Consent or assent

Consent or assent:
ancillary studies

Confidentiality

Declaration of
interests

Data access

#24

#27

BMJ Open

guidelines, including who will have access to these
interim results and make the final decision to
terminate the trial

Plans for collecting, assessing, reporting, and
managing solicited and spontaneously reported
adverse events and other unintended effects of trial
interventions or trial conduct

Frequency and procedures for auditing trial conduct,
if any, and whether the process will be independent
from investigators and the sponsor

Plans for seeking research ethics committee /
institutional review board (REC / IRB) approval

Plans for communicating important protocol
modifications (eg, changes to eligibility criteria,
outcomes, analyses) to relevant parties (eg,
investigators, REC / IRBs, trial participants, trial
registries, journals, regulators)

Who will obtain informed consent or assent from
potential trial participants or authorised surrogates,
and how (see Item 32)

Additional consent provisions for collection and use
of participant data and biological specimens in
ancillary studies, if applicable

How personal information about potential and
enrolled participants will be collected, shared, and
maintained in order to protect confidentiality before,
during, and after the trial

Financial and other competing interests for principal
investigators for the overall trial and each study site

Statement of who will have access to the final trial
dataset, and disclosure of contractual agreements
that limit such access for investigators
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Ancillary and post #30  Provisions, if any, for ancillary and post-trial care, n/a, not needed
trial care and for compensation to those who suffer harm from in this study
trial participation

Dissemination policy: #31a Plans for investigators and sponsor to communicate P17
trial results trial results to participants, healthcare professionals,

the public, and other relevant groups (eg, via

publication, reporting in results databases, or other

data sharing arrangements), including any

Q

publication restrictions

Dissemination policy: #31b Authorship eligibility guidelines and any intended P16-17

authorship use of professional writers

Dissemination policy: #31c Plans, if any, for granting public access to the full P16-17

reproducible protocol, participant-level dataset, and statistical

research code

Appendices

Informed consent #32 Model consent form and other related n/a, not needed

materials documentation given to participants and authorised  in this study
surrogates

Biological specimens #33  Plans for collection, laboratory evaluation, and n/a, not needed
storage of biological specimens for genetic or in this study

molecular analysis in the current trial and for future
use in ancillary studies, if applicable

None The SPIRIT checklist is distributed under the terms of the Creative Commons Attribution
License CC-BY-ND 3.0. This checklist can be completed online using https://www.goodreports.org/, a

tool made by the EQUATOR Network in collaboration with Penelope.ai
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Abstract

Introduction: The benefits of cardiac rehabilitation (CR) on the reduction of cardiac and all-cause

mortality are well documented. However, adherence remains sub-optimal in China. It is clear that

traditional CR does not meet the needs of many eligible patients and innovation is required to improve

its application. Home-based CR (HBCR) is a cost-effective method that may be a valuable alternative

for many individuals in China. In HBCR, it is often difficult to maintain an exercise intensity that is both

effective and within safe limits, factors that are essential for patient safety. Mobile health interventions

have the potential to overcome these obstacles and may be efficacious in improving adherence. The

purpose of this study is to evaluate whether an Intelligent Exercise Rehabilitation Exercise System

(IERMS)-based HBCR could improve adherence to CR and to assess the effects on exercise capacity,

mental health, self-efficacy, quality of life and lifestyle-related risk factors.

Methods and analysis: We propose a single-blinded, two-arm, randomized control crossover study of

70 patients with coronary heart disease (CHD). Participants will be randomly assigned in a 1:1 ratio to

one of two groups. Patients in Group 1 will receive the IERMS intervention together with usual care for

the first six weeks and usual care for the last six weeks, while patients assigned to Group 2 will receive

usual care for the first six weeks and will use IERMS in the last six weeks. The primary outcome is

adherence to the program and secondary outcomes include exercise capacity, psychological well-being,

quality of life, self-efficacy and lifestyle-related risk factors. All secondary outcomes will be measured

at baseline, six weeks and 12 weeks.

Ethics and dissemination: This study has been approved by the Human Research Ethics Committee of

the School of Nursing, Jilin University (HREC 2019120901). The results will be published in peer-
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reviewed journals and at conferences.

Trial registration number: ChiCTR1900028182; Pre-results.

Key words: Cardiac rehabilitation, adherence, coronary heart disease

Strength and Limitations of this study

Our home-based cardiac rehabilitation program (HBCR) is technology-based and may improve

adherence of CR in patients with coronary heart disease (CHD).

The measurements of plantar pressure and heart rate (HR) used in this study are accurate in

evaluating exercise type and intensity. This is essential for reminding patients to exercise

appropriately within safe limits during CR sessions at home.

The crossover study design allows us to observe the maintenance of effects after the six-week

IERMS intervention.

The study is of relatively short duration and long-term effectiveness will not be observed after 12

months.

The study is limited to patients with smartphones and internet access.

Background

Coronary heart disease (CHD) is the leading cause of mortality in China and has increased by 20.6%

from 1990 to 2017!1. Studies over the past few decades have shown an increased prevalence and
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incidence of CHD and it was estimated that about 11 million patients suffered from it in 2017[2. Patients

with CHD have severe physical and often psychological problems and show reduced health-related

quality of life (HRQoL) scores, which is associated with high mortality and additional cardiac events [*-

4]-

Cardiac rehabilitation (CR), an integral component of the continuum of care for patients with CHD!,

has been demonstrated to reduce mortality by up to 37% [71to improve both physical functioning and

quality of 1ifel®191 and is recommended by the American Heart Association (AHA)/ American College

of Cardiology (ACC) and the European Society of Cardiology (ESC) guidelines for patients with CHDI!!-

12]

Despite proven benefits, the use of and adherence to CR remains sub-optimal, with participation

rates of between 10.3% and 16.3% ['3] and dropout rates of between 40% and 55% (14151, In China, access

to CR services remains very low, with the estimated availability of CR programs about two programs

per 100 million inhabitants['®l. This may be due to poor availability and problems with supplying CR in

China, including a lack of facilities, funding, staff training, and reimbursements for participating patients

[17-181 Drop-out or non-adherence may lead to undesirable outcomes in CHD [!°], Therefore, innovation

is needed to improve the implementation of CR in China.

Besides center-based CR, home-based CR (HBCR) is an alternative method recommended by AHA

and ACC. HBCR may be more effective in the provision of CR to many patients in China?”l and has

proved to be effective in improving adherence [?'1. However, while effective performance of the

prescribed exercises is essential, difficulties, such as managing the exercise type, intensity and duration

appropriately at home, occur with HBCR [2%1. With the development of new digital technologies, mobile
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health (m-health) interventions have emerged and have shown the potential to deliver HBCR safely and

effectively (2251, The m-health interventions could help patients monitor exercise intensity, provide

objective feedback data and encourage patients to track their own progress, which could help them self-

manage their CR and may be useful in improving their adherence. In addition, patients with CHD have

shown great interest in using m-health at home, providing clear potential for developing such

interventions [26],

In HBCR, m-health that could accurately monitor the intensity and type of exercise is required to

ensure both safety and effectiveness. The Intelligent Exercise Rehabilitation Management system

(IERMS) has been designed to meet these requirements. It introduces a closed-loop rehabilitation

management system that supports the home-based management of prescribed CR and lifestyle-related

risk factors for patients with CHD. The purpose of this study is to evaluate whether [IERMS-based HBCR

could improve adherence to CR and to assess its effects on exercise capacity, mental health, self-efficacy,

quality of life, and lifestyle-related risk factors. The results of the trial are expected to facilitate the

development of effective m-health interventions for HBCR.

2. Methods

2.1 Study Design

A single-blinded, two-arm, randomized control crossover study will be conducted to evaluate the

role of IERMS-based HBCR on adherence, exercise capacity, mental health, self-efficacy, quality of life

and lifestyle-related risk factors. All participants will be recruited from the CR outpatient setting of a

medical center in Changchun, China. A total of 70 participants will be randomly assigned to one of two

groups. Patients in Group 1 will use IERMS in the first stage and receive usual care in the last stage,
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while patients in Group 2 will receive usual care in the first stage and IERMS-based HBCR in the last

stage. Each stage of the study will last for six weeks. As one of our main objectives is to assess whether

there is an interaction at the end of the intervention and to observe the maintenance of the effects after

the intervention, this study does not allow a wash-out period. An illustration of the study design is

displayed in Figure 1. The trial conforms to the SPIRIT reporting guidelines > and is registered at

Clinical Trials.gov: ChiCTR1900028182.

2.2 Eligibility and Recruitment

Patients will be eligible to participate if they have: (1) a documented diagnosis of CHD and having

had a hospitalization incident within six months prior to randomization; (2) been assessed as suitable by

a cardiologist and a physical therapist to participate in their CR; (3) no contraindications to undergo a

cardiopulmonary exercise test; (4) should own a smartphone and be willing and able to upload data and

that they should have access to internet at home; (5) if they are willing and able to participate in the study

and to provide written informed consent.

Exclusion criteria include: (1) severe heart failure (NYHA class IV); (2) unstable angina; (3)

unstable clinical status; (4) coronary artery bypass grafting within the last three months; (5) patients are

unable to use the IERMS-enabled devices after instruction; (6) requiring a walking aid for mobility; (7)

participation in another clinical trial.

Our research group has formed a team with experienced clinical nurses and rehabilitation therapists

in the cardiovascular department at a medical center in Changchun, China. Experienced clinical nurses

and researchers in our team will be responsible for recruiting participants. Patients admitted with CHD

and eligible for CR will be screened and those meeting the inclusion criteria will be invited to participate.
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Rehabilitation therapists will inform them of the study details, and if they agree to participate in the

study, they will be asked to sign the consent form. If complex clinical problems are encountered, our

researchers, nursing experts, and rehabilitation therapists will work together to develop a solution.

2.3 Sample Size Calculation

This study selects the main outcome indicators of HBCR adherence as the calculation standard. A

previous study has shown CR adherence rates of ~94% for technology-based HBCR and ~68% for

zafme (1—m) (@' +0Q:Y)

2
traditional CR 281, We will use two sample rate calculation formula: N=[ P— +

zpm (I=m1) /Qi+m (1—-m) /Q.

T — 1

1 with 90% power (type I error = 5%) to calculate the sample size, and
p yp

a total sample size of 54 across both arms will be used in this study. Allowing for an estimated 20% loss

to follow-up, a total of 70 participants will be recruited.

2.4 Randomization, Blinding and Concealed Allocation

After signing an informed consent, patients will complete a baseline assessment. They will then be

randomized in a 1:1 ratio to either Group 1 or the Group 2 by a computer-generated randomization list,

using block randomization and randomly selected block sizes of 4, 6, or 8. This assignment will be done

by independent individuals who will not participate in the recruitment process. Given the characteristics

of the intervention, the participants or researchers implementing the intervention cannot be blinded.

However, researchers evaluating the results will be unaware of patient assignments. To ensure hidden

assignments and minimize selection bias, independent designated members of the School of Nursing,

Jilin University will assign random numbers based on local researcher requirements.

2.5 Usual care

Regardless of the IERMS intervention, all patients will receive usual care. Patients will receive
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health education about CR provided by a cardiologist and a physical therapist will give them personalized

exercise prescriptions according to the results of their cardiopulmonary exercise test (CPET). Patients

will be free to participate in any type of exercise classes, Tai Chi programs, group dancing and available

CR programs after discharge from rehabilitation facilities. All patients will be required to upload exercise

logs weekly at home, including exercise type, intensity and duration. Patients using IERMS will have

exercise logs automatically recorded by the system and are required to upload them to the research team.

Patients under usual care will record exercise logs in any form they like in the memorandum, and we will

remind them to send them to us weekly through WeChat which is a popular social media site in China.

In addition, all patients will receive follow-up calls at six weeks and 12 weeks.

2.6 Key components of IERMS

The IERMS is a closed-loop rehabilitation management system which can facilitate management

of exercise prescription and lifestyle-related risk factors and consists of three main components:

Professional System, Patient Station and the Cloud (Figure 2). This system has been authorized as a

China Invention Patent (Publication Patent Number (PPNO): 201810114305.3).

Patient Station

The Patient Station consists of one mobile application and two monitoring devices which include

a pair of smart insoles and a heart rate (HR) monitor.

Smart insoles have been independently developed in this study and are able to measure gait

parameters using inserted plantar pressure sensors and accelerometers during CR sessions. This has been

shown to be accurate in identifying the type of exercise and in calculating energy expenditure [2%-301. The

data collected by the smart insoles will be uploaded to the cloud, and the cloud will analyze the metabolic
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equivalent (METs) through an algorithm which has been developed specifically for this study, and then

present the results on the mobile application. The HR monitor used in this study is attached around the

chest and can monitor HR in real-time.

The mobile application and these monitoring devices are connected by Bluetooth. The mobile

application is thus able to synchronize the data collected by the sensors and provide real-time

motivational feedback automatically generated from actual exercise performances. Furthermore, the

mobile application can present educational materials and exercise prescriptions prescribed by

professionals and upload patients’ data to the professional system.

The cloud

The cloud is the core part of the data processing, which stores and analyzes the data transmitted by

the monitoring devices and then distributes the results to the patient station and professional system. The

cloud will use deep neural network models to train and evaluate the data and generate feedback on the

patient's exercise and send them to the mobile application on the patient station. The cloud will also send

a report of the exercise performance of patients in CR sessions to the professionals allowing them to

update the exercise prescription for reference.

Professional System

The Professional System is a web-based tool for medical professionals, which can manage patients'

CR exercise at home. Patient files are stored in the system, including the patient's medical history, past

exercise prescriptions and lifestyle-related risk factors. The system can also synchronize the patient's

exercise progress, weight, HR and BP, etc. The professionals can thus monitor the patient's health

situations remotely through the system and perform continuity of care for patients.
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2.7 Description of the IERMS intervention

Eligible and consenting participants will be enrolled prior to discharge from an outpatient

ambulatory CR program and will learn and practice all features of the system in the hospital. Participants

will be given a pair of smart insoles and an HR monitor and a mobile application will be installed on

their smartphones.

Tele-monitoring CR sessions

In order to ensure the patients’ safety, a series of confirmations will be performed before CR

sessions including BP, HR and the presence or absence of cardiac symptoms, such as dyspnea and chest

distress. Patients will receive immediate feedback on whether they are safe to exercise at that time, and

if not, the exercise time will be changed.

During the exercise sessions, patients will be asked to wear a pair of smart insoles and an HR

monitor, which can monitor the intensity and type of exercise to ensure both safety and effectiveness.

Endurance and resistance training are both included in CR sessions. The goal of the endurance training

is to reach the individual, pre-defined target zonel®'l, which will make sure the patient is safe while also

allowing effective exercise. When the exercise intensity is not enough, the mobile application will

automatically encourage the patients to speed up, and if the exercise intensity is excessive or the exercise

type is not appropriate, the mobile application will remind the patients to slow down or change the type

of training.

Encouraging self-management

The IERMS will provide an individualized exercise target according to the prescribed exercise

program developed by the physical therapists, and which will be progressively updated weekly. The
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medical staff will be able to monitor the exercise frequency, intensity, and type of exercise through the

information collected by the monitoring devices and give feedback on the completion of the rehabilitation

exercise and set goals, which can encourage patients to track their exercise progress. In addition, patients

can communicate with the professionals via short message service (SMS) built into the mobile

application and receive feedback within 24 hours.

The IERMS encourages patients to upload BP, HR, weight, smoking situation, and physical

activity to the mobile application. This enables them to track their own progress to motivate them to quit

smoking, lose weight, improve physical activity and reduce sedentary behaviors, which can, in turn,

improve their self-monitoring, thereby increasing patients’ adherence. Participants will also be

encouraged to participate in other different types of physical activities, such as jogging, Tai Chi and

group dancing.

2.8 Outcome Measures and data collection

Outcome measures will be analyzed by researchers blinded to the group allocation. All

assessments will be performed at baseline, six weeks, and 12 weeks (Figure 3).A summary of the

outcome measures for the study is outlined in Table 1.

Table 1 Completed SPIRIT diagram for the study

STUDY PERIOD
Enrollment Allocation  Post- Allocation Close-out
TIMEPOINT* -t1 0 tl 2 t3
ENROLLMENT:
Eligibility screen X
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1
2
3
4 Informed consent X X X
5
6 Randomization X X X
7
8 Allocation X X X
9
10 INTERVENTIONS:
N « < >
12 Group 1
13 < >
14 Group 2%* - 4
15
16 ASSESSMENTS:
17
18 Adherence X X
19 VO,peak X X X
20 2pe
21 GAD-7 X X X
22
23
PHQ-9 X X X
24 Q
2 SF-12 X X X
26
27 GSES X X X
28
gg Life-related risk factors*** X X X
g ; Adverse event reporting < >
g i Satisfaction/usability tests X X
35 .
36 tl = six weeks, t2 = 12 weeks
37
38
39 * JERMS in the first phase and usual care in the second phase.
40
2; ** Usual care in the first phase and IERMS in the second phase.
43
44 ) )
45 ***Part of routine care and therefore assessed before informed consent.
46
47
48 **#*Satisfaction/usability test will only be performed after [IERMS intervention in each group.
49
50
51 GAD-7, Generalized Anxiety Disorder Scale-7, PHQ-9 Patients’ Health Questionnaire Depression
52
53
54 Scale-9; SF-12, the 12-item Short Form Health Survey; GSES, General Self -Efficacy Scale.
55
56
57 Primary outcome
58
59
60

The primary outcome will be adherence for CR. Adherence is defined as attendance for four weeks
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(eight or more sessions) for usual care or uploading of four weeks’ data for [IERMS-based HBCR, and

attending six-week assessments (both groups), as described in a similar study by Dalal et al. (2007)1321,

The participation information in [IERMS-based HBCR phase will be collected by the IERMS, while the

adherence in the usual care phase will be analyzed from the training log.

Secondary outcomes

The secondary outcome measures for the trial are outlined in Figure 3. In general, all secondary

outcomes will be measured at baseline, six weeks and 12 weeks. Secondary outcomes include VO,peak,

the Generalized Anxiety Disorder Scale-7 (GAD-7); Patients’ Health Questionnaire Depression Scale-9

(PHQ-9); the 12-item Short Form Health Survey (SF-12); General Self-Efficacy Scale (GSES) and

lifestyle-related risk factors which include weight, smoking situation and physical activity.

Satisfaction/usability will be measured at the end of the IERMS intervention in each group, using a 5-

point Likert scale specifically designed for this study.

2.9 Adverse events monitoring

We will report all adverse events that occurred during the 12 weeks study period in the final paper.

Adverse events during exercise training sessions are defined as deaths or other medical occurrences

resulting in hospitalization during CR sessions or immediately after training sessions in an hour. Other

adverse events are defined as medical occurrences resulting in hospitalization, disability or deaths

without connection to training sessions. We will report all these adverse events to the Ethics Committee

as required.

2.10 Data collection, management and analysis

All patients’ data will be recorded by trained clinical researchers using a standardized case report
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form (CRF). We will record raw data appropriately and accurately and will keep copies of the laboratory

reports. We will also store the CRF's in areas with restricted access.

2.11 Statistical analysis

Test for Significance

Categorical variables will be described as frequencies and percentages, and the difference between

two groups will be compared using the 2 test or Fisher’s exact test. Continuous variables will be reported

as mean and standard deviation, the t-test will be used if the data shows a normal distribution, and effects

if the data does not show normal distribution. We will also compare the differences between patients

who are adherent and those who are non-adherent to analyze the factors that influence adherence.

Furthermore, the secondary comparison will be conducted according to the intent-to-treat comparison,

which will include the full sample of randomized patients. All statistical analyses will be two-sided, and

P<0.05 will be considered statistically significant. SPSS 20.0 will be used for data analysis.

Test for Carryover Effects

Carryover effects will also be analyzed in this specific context. We will analyze the changes in the

two groups at 12 weeks, in other words, the changes in the first stage plus the changes in the second

stage. Continuous variables will be analyzed using the t-test or rank test to compare the differences

between the two groups. Categorical variables will be compared using the y2 test. No significant

difference indicates no carryover effect.

2.12 Patient and Public Involvement

Patient and Public Involvement (PPI) has played an important part in this research. During the
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IERMS development, CHD patients were invited to participate in surveys and discussions to help the

research team better design the function and interface of the [IERMS according to patients’ priorities and

preferences. In the pilot study, we also invited patients to give constructive feedback which allows us to

better understand of their needs and barriers in HBCR and valuable suggestions in IERMS. In addition,

patients were also invited to give reasonable recommendations for study design, questionnaire selection,

and outcome measurements while considering the burden of intervention. The results of the study will

be disseminated to participants who wish to be notified.

3. Ethics and dissemination

The Human Research Ethics Committee of the School of Nursing at Jilin University has approved

for the study (HREC 2019120901). Research reports will be disseminated through scientific forums,

including peer-reviewed publications and presentations at national and international conferences.

4. Discussion

The IERMS-based HBCR program developed in this study evaluates the role of HBCR by

combining mobile health interventions (monitoring devices, internet and mobile applications) with

evidence-based CR guidance strategies, including exercise intensity monitoring, feedback on CR

progress and self-management life-style risk factors. The purpose of this study is to investigate whether

HBCR using IERMS could improve adherence of CR in patients with CHD and the maintenance of the

intervention.

CR is a Class I recommendation for managing CHD patients 331, However, despite increasing

evidence that has proven its cost-effectiveness and efficacy in reducing cardiovascular morbidity and

mortality, CR services remain limited in China [3- 131, HBCR is a method to increase the CR participation
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rate in CHD patients [2!]. Setting the prescribed amount of exercise and monitoring its intensity are the

key points of HBCR to ensure that the exercise is both appropriate and within safe limits [34]. The planter

pressure sensors have been proven to be accurate in measuring the patient's exercise type and intensity

(2930, Combined with intelligent insoles and wearable HR monitors, our system can evaluate whether

patients reach the required exercise intensity and are able to promptly alert patients should the intensity

fall outside the preset range. Furthermore, before each CR session, the cardiologist will evaluate the

suitability of the exercise program according to the patients’ health data patients synchronized by IERMS

to ensure patient safety. IERMS also encourages patients to upload BP, HR, weight and physical activity

to track their own progress and give objective feedback, which could motivate self-monitoring, thereby

improving patients’ adherence.

Another key point which has impact on HBCR is the maintenance of the rehabilitation. The

effectiveness of rehabilitation programs after stopping intervention has proven to be unsustainable in

both CBCR and HBCR B3l We will, therefore, also evaluate if there are any significant carryover effects

in order to observe the maintenance of effects after the termination of the intervention.

An improvement in adherence may be associated with better physical and psychological states.

We will also evaluate these in this study. CPET can be used to assess a patient's exercise performance

and peak VO, which has been shown to be the strongest predictor of mortality 37 and which we have,

therefore, chosen as a secondary outcome. In addition, mental status, self-efficacy, quality of life and

lifestyle risk factors are important for HBCR assessment, thus our study will also evaluate them.

In China and other lower middle-income countries (LMICs) where access to CR is often limited,

mobile health interventions, such as IERMS used in our study, may effectively overcome barriers, such
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as inconvenience, geographical isolation and financial burden, and deliver the core components of HBCR

to many patients with CHD.

Limitations

Our current study has several limitations. Firstly, as the study is of relatively short duration, no data

will be available beyond 12 months and longer-term effectiveness will not be able to be evaluated.

Secondly, the study is limited to patients with smartphones and internet access which may cause selective

bias. Thirdly, we will not be able to allow participants to have a familiarization period of several weeks

before using IERMS.

5. Conclusion

In conclusion, our study will evaluate the role of the IERMS intervention on the delivery of HBCR

as advocated in various guidelines. If this technology-based HBCR intervention is shown to be effective,

it may be an alternative method to implement evidenced-based CR for patients with CHD.
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Figure Legends

Figure 1 Illustration of the randomized controlled crossover study design.

CHD, Coronary heart disease; [ERMS, Intelligent Exercise Rehabilitation Management System.

Figure 2 Components of the IERMS.

IERMS, Intelligent Exercise Rehabilitation Management System.

Figure 3 Assessment time points for primary and secondary outcomes.

VO,peak, peak oxygen uptake; GAD-7, the Generalized Anxiety Disorder Scale-7; PHQ-9, Patients’

Health Questionnaire Depression Scale-9; SF-12, the 12-item Short Form Health Survey; GSES, General

Self-Efficacy Scale.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 30


http://bmjopen.bmj.com/

Page 23 of 30

oNOYTULT D WN =

Participants screening

BMJ Open

. Baseline Cross-over point The end
and recruitment , )
—_—
Patients sign informed
consent IERMS Intervention
S S— Group | Usual care
+ usual care
1:1 Randomisation Baseline QOutcomes Outcomes
(n=70) \ assessment evaluation evaluation
IERMS Intervention
Group 2 Usual care
+ usual care
| : —>
Ty T1=6 weeks T2=12 weeks

Figure 1 Illustration of the randomized controlled crossover study design.

CHD, Coronary heart disease; IERMS, Intelligent Exercise Rehabilitation Management System.
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Figure 2 Components of the IERMS.
IERMS, Intelligent Exercise Rehabilitation Management System.
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26 Figure 3 Assessment time points for primary and secondary outcomes.
VO2peak, peak oxygen uptake; GAD-7, the Generalized Anxiety Disorder Scale-7; PHQ-9, Patients’ Health
Questionnaire Depression Scale-9; SF-12, the 12-item Short Form Health Survey; GSES, General Self-
Efficacy Scale.
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Reporting checklist for protocol of a clinical trial.

Based on the SPIRIT guidelines.

Instructions to authors

Page 26 of 30

Complete this checklist by entering the page numbers from your manuscript where readers will find each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to include the missing information. If you are

certain that an item does not apply, please write "n/a" and provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the SPIRITreporting guidelines, and cite them as:

Chan A-W, Tetzlaff IM, Altman DG, Laupacis A, Getzsche PC, Krleza-JeriC K, Hroébjartsson A, Mann H, Dickersin K, Berlin J, Doré C,

Parulekar W, Summerskill W, Groves T, Schulz K, Sox H, Rockhold FW, Rennie D, Moher D. SPIRIT 2013 Statement: Defining standard

protocol items for clinical trials. Ann Intern Med. 2013;158(3):200-207

Reporting Item Page Number
Administrative
information
Title #1 Descriptive title identifying the study design, population, interventions, and, if P1
applicable, trial acronym
Trial registration #2a  Trial identifier and registry name. If not yet registered, name of intended registry P6
Trial registration: data #2b  All items from the World Health Organization Trial Registration Data Set P6
sct
Protocol version #3 Date and version identifier n/a
Funding #4 Sources and types of financial, material, and other support P17-18
Roles and #5a  Names, affiliations, and roles of protocol contributors P17
responsibilities:
contributorship
Roles and #5b  Name and contact information for the trial sponsor P18

responsibilities: sponsor

contact information
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Roles and
responsibilities: sponsor

and funder

Roles and
responsibilities:

committees

Introduction

Background and

rationale

Background and
rationale: choice of

comparators

Objectives

Trial design

Methods: Participants,
interventions, and

outcomes

Study setting

Eligibility criteria

Interventions:

description

Interventions:

modifications

#5¢

#5d

#6a

#6b

|¢t
O

H=
—_
S

F=
—_
—_—
)

T
—_
—_
c

BMJ Open

Role of study sponsor and funders, if any, in study design; collection,
management, analysis, and interpretation of data; writing of the report; and the
decision to submit the report for publication, including whether they will have

ultimate authority over any of these activities

Composition, roles, and responsibilities of the coordinating centre, steering
committee, endpoint adjudication committee, data management team, and other
individuals or groups overseeing the trial, if applicable (see Item 21a for data

monitoring committee)

Description of research question and justification for undertaking the trial,
including summary of relevant studies (published and unpublished) examining

benefits and harms for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses

Description of trial design including type of trial (eg, parallel group, crossover,
factorial, single group), allocation ratio, and framework (eg, superiority,

equivalence, non-inferiority, exploratory)

Description of study settings (eg, community clinic, academic hospital) and list of
countries where data will be collected. Reference to where list of study sites can be

obtained

Inclusion and exclusion criteria for participants. If applicable, eligibility criteria
for study centres and individuals who will perform the interventions (eg, surgeons,

psychotherapists)

Interventions for each group with sufficient detail to allow replication, including

how and when they will be administered

Criteria for discontinuing or modifying allocated interventions for a given trial

participant (eg, drug dose change in response to harms, participant request, or
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committee

P3-5

P3-5

P5

P5

P5-6

P6

P8-11

n/a, intervention

did not involve
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improving / worsening disease) harms or others
w
=
Interventions: #11c Strategies to improve adherence to intervention protocols, and any procedures for ~ P8-11 o
©
adherance monitoring adherence (eg, drug tablet return; laboratory tests) g
E.
Interventions: #11d Relevant concomitant care and interventions that are permitted or prohibited P8 o
=2
concomitant care during the trial )
g
. . . . o
Outcomes #12  Primary, secondary, and other outcomes, including the specific measurement P11-13 g
o
variable (eg, systolic blood pressure), analysis metric (eg, change from baseline, ||:
w
. . . . m
final value, time to event), method of aggregation (eg, median, proportion), and g
time point for each outcome. Explanation of the clinical relevance of chosen g'
@
efficacy and harm outcomes is strongly recommended :)
2
Participant timeline #13  Time schedule of enrolment, interventions (including any run-ins and washouts), Figure 1 '8
o
assessments, and visits for participants. A schematic diagram is highly g‘
recommended (see Figure) S
o
(&
Sample size #14  Estimated number of participants needed to achieve study objectives and how it P7 %
was determined, including clinical and statistical assumptions supporting any §
(=}
sample size calculations o
S
5
Recruitment #15  Strategies for achieving adequate participant enrolment to reach target sample size ~ P6-7 s?_s
@
o
Methods: Assignment 3
3
of interventions (for =
©
controlled trials) =
3
3
Allocation: sequence 16a Method of generating the allocation sequence (eg, computer-generated random P7 o
. . . . S =y
generation numbers), and list of any factors for stratification. To reduce predictability of a 3
o)
random sequence, details of any planned restriction (eg, blocking) should be g
provided in a separate document that is unavailable to those who enrol participants S
>
or assign interventions E
[
o
Allocation concealment  #16b  Mechanism of implementing the allocation sequence (eg, central telephone; P7 ey
N
. . o -
mechanism sequentially numbered, opaque, sealed envelopes), describing any steps to conceal g
the sequence until interventions are assigned =
]
. . . . . o
Allocation: #16c  Who will generate the allocation sequence, who will enrol participants, and who P7 3
@
implementation will assign participants to interventions g
3
Blinding (masking) 17a  Who will be blinded after assignment to interventions (eg, trial participants, care P7 é
providers, outcome assessors, data analysts), and how é
=0
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Blinding (masking): #17b

emergency unblinding

Methods: Data
collection,

management, and

analysis

Data collection plan 18a
Data collection plan: 18b
retention

Data management #19
Statistics: outcomes #20a
Statistics: additional #20b
analyses

Statistics: analysis #20c

population and missing

data

Methods: Monitoring

Data monitoring: formal #21a

committee

BMJ Open

If blinded, circumstances under which unblinding is permissible, and procedure for

revealing a participant’s allocated intervention during the trial

Plans for assessment and collection of outcome, baseline, and other trial data,
including any related processes to promote data quality (eg, duplicate
measurements, training of assessors) and a description of study instruments (eg,
questionnaires, laboratory tests) along with their reliability and validity, if known.

Reference to where data collection forms can be found, if not in the protocol

Plans to promote participant retention and complete follow-up, including list of
any outcome data to be collected for participants who discontinue or deviate from

intervention protocols

Plans for data entry, coding, security, and storage, including any related processes
to promote data quality (eg, double data entry; range checks for data values).
Reference to where details of data management procedures can be found, if not in

the protocol

Statistical methods for analysing primary and secondary outcomes. Reference to
where other details of the statistical analysis plan can be found, if not in the

protocol

Methods for any additional analyses (eg, subgroup and adjusted analyses)

Definition of analysis population relating to protocol non-adherence (eg, as
randomised analysis), and any statistical methods to handle missing data (eg,

multiple imputation)

Composition of data monitoring committee (DMC); summary of its role and
reporting structure; statement of whether it is independent from the sponsor and
competing interests; and reference to where further details about its charter can be
found, if not in the protocol. Alternatively, an explanation of why a DMC is not

needed
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P14

P14

P14

n/a, less safe risks

in this study
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Data monitoring:

interim analysis

Harms

Auditing

Ethics and

dissemination

Research ethics

approval

Protocol amendments

Consent or assent

Consent or assent:

ancillary studies

Confidentiality

Declaration of interests

Data access

Ancillary and post trial

carc

Dissemination policy:

trial results

BMJ Open

21b  Description of any interim analyses and stopping guidelines, including who will
have access to these interim results and make the final decision to terminate the

trial

#22  Plans for collecting, assessing, reporting, and managing solicited and
spontaneously reported adverse events and other unintended effects of trial

interventions or trial conduct

#23  Frequency and procedures for auditing trial conduct, if any, and whether the

process will be independent from investigators and the sponsor

#24  Plans for seeking research ethics committee / institutional review board (REC /

IRB) approval

#25  Plans for communicating important protocol modifications (eg, changes to
eligibility criteria, outcomes, analyses) to relevant parties (eg, investigators, REC /

IRBs, trial participants, trial registries, journals, regulators)

#26a  Who will obtain informed consent or assent from potential trial participants or

authorised surrogates, and how (see Item 32)

#26b  Additional consent provisions for collection and use of participant data and

biological specimens in ancillary studies, if applicable

#27  How personal information about potential and enrolled participants will be
collected, shared, and maintained in order to protect confidentiality before, during,

and after the trial

#28  Financial and other competing interests for principal investigators for the overall

trial and each study site

#29  Statement of who will have access to the final trial dataset, and disclosure of

contractual agreements that limit such access for investigators

#30  Provisions, if any, for ancillary and post-trial care, and for compensation to those

who suffer harm from trial participation

#3la Plans for investigators and sponsor to communicate trial results to participants,
healthcare professionals, the public, and other relevant groups (eg, via publication,
reporting in results databases, or other data sharing arrangements), including any

publication restrictions
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n/a, not apply
DMC in this trail

P15

P15

n/a

P8

n/a, not needed in

this study

P13-14

P18

n/a, not needed in

this study

n/a, not needed in

this study

P15
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1 Dissemination policy:
2

3 authorship

4

5 Dissemination policy:
? reproducible research
8

9 Appendices

10

n Informed consent

12

13 materials

14

15 Biological specimens

BMJ Open
#31b  Authorship eligibility guidelines and any intended use of professional writers
#31c Plans, if any, for granting public access to the full protocol, participant-level

dataset, and statistical code

#32  Model consent form and other related documentation given to participants and

authorised surrogates

#33  Plans for collection, laboratory evaluation, and storage of biological specimens for
genetic or molecular analysis in the current trial and for future use in ancillary

studies, if applicable

P15

P14-15

n/a, not needed in

this study

n/a, not needed in

this study

None The SPIRIT checklist is distributed under the terms of the Creative Commons Attribution License CC-BY-ND 3.0. This checklist

22 can be completed online using https://www.goodreports.org/, a tool made by the EQUATOR Network in collaboration with Penelope.ai
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