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Abstract

Background: Exercise and medication have similar benefits in reducing
blood pressure (BP); however, hypertension management initiatives primar-
ily focus on medicines. This is due to scarce research on the effectiveness of
implementation strategies for optimal exercise adoption and adherence.
Smartphones were found to be effective in delivering hypertension care and
increase exercise adherence. Despite this, only a small number of research
projects in India have used smartphones as a strategy for managing
hypertension.

Methods: We hypothesized that smartphone application-based care would
lead to higher exercise adherence among adults (30-79 years) with
hypertension compared to those who receive usual care. It will be a
multicentric, randomized controlled, parallel-design, superiority clinical trial.
The outcome assessor and data analyst will be blinded to group allocation.
Participants in the intervention group will receive mobile application-based
care for 6 weeks. Participants in the usual care group will receive a standard
intervention. Both groups will receive the same number of follow-ups.
Results: The primary outcome is the difference in the proportion of people
adherent to the recommended level of physical activity evaluated using an
exercise adherence rating scale in the intervention group and the control
group. Exercise adoption will be measured as the percentage of eligible
participants in each study setting willing to initiate the exercise program. The
secondary outcome includes differences in systolic and diastolic BP and self-
management (evaluated using the Hypertension Self-Care Profile). The trial
outcome will be accompanied by a process evaluation.

Conclusions: This research will inform about the comparative effectiveness
of conventional and m-health interventions for exercise adoption and
adherence in people with hypertension in resource-constrained settings.
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Key points

1 | INTRODUCTION

The burden of hypertension has doubled over the past
three decades worldwide with increasing prevalence in
low- to middle-income countries (LMICs)."”? This is
alarming because hypertension accounts for almost half
of the heart disease or stroke-related deaths.® In LMICs,
despite the availability of evidence-based treatment,
hypertension management is poor due to low rates of
awareness, treatment, and control.* In India, nearly a
quarter (24.2%) of the population has hypertension, with
prevalence higher among males (24.0%) than females
(21.0%).>° However, over two decades, less than half of
the population with hypertension (46.8%) knew about
having high blood pressure (BP), and less than one-fifth
(17.5%) had their BP under control.”

Several initiatives have been taken to address low
control rates of hypertension. A population-level hyper-
tension program called the “India Hypertension Control
Initiative” was conducted in 26 districts across five
Indian states in their primary care clinics. In that
program, control in BP averaged 43% among half-
million individuals with hypertension.7 However, this
program and others like mPower Heart, SMART Health
India, and m-Wellcare projects were carried out in
public healthcare facilities thereby restricting its reach
to almost 80% of the population with hypertension who
might seek treatment in the private healthcare sec-
tor.2™! The Mumbai hypertension project is an initiative
conducted in the private healthcare sector, but its
impacts were confined to the program's participants
rather than the population with hypertension.'?

Inadequate access to healthcare services and poor
adherence to recommended treatment are two of the
main factors linked to poor control of BP.>”' People
with limited access have been forced to travel great
distances to reach government healthcare facilities, wait
longer to receive treatment there, endure poor commu-
nication and counseling from healthcare providers, or
choose to pay more for suboptimal care at private
healthcare facilities.''*'” On the other hand, people's
dearth of awareness about hypertension, the fact that
hypertension is asymptomatic, a lack of exercise, a
higher intake of salt, and so on, contribute to poor

TM and Translational Medicine

e Less than one-fifth of the Indian population with hypertension had their
blood pressure under control due to inadequate access to healthcare and
poor treatment adherence.

o Exercise has similar effectiveness at lowering BP as the majority of
antihypertensive drugs.

o Lack of implementation strategies has led to structured exercise not being
evaluated as extensively as antihypertensive medications.

o Smartphones could be a potential tool for improving healthcare access and
self-management of hypertension in resource constraint settings like India.

treatment adherence.'® Therefore, the control of hyper-
tension in India requires an organized care delivery
approach that focuses on the unmet needs of those who
experience it.

According to a meta-analysis consisting of more
than 350 randomized controlled trials (RCTs), exercise
(-8.96 mmHg, 95% confidence interval [CI]: -10.27
to -7.64) and medicine (-8.80 mmHg, 95% CI: -9.58
to —-8.02) have similar benefits in reducing systolic blood
pressure in people with hypertension.'® Despite this,
hypertension care delivery initiatives predominantly
focus on pharmacological treatment and patient educa-
tion.'® These findings are attributed to scarce evidence
related to the effectiveness and comparative effective-
ness of implementation strategies for optimal exercise
adoption and adherence.'?

Implementation of hypertension care using smart-
phones is found to be effective and considered to be one
of the strategies to improve adherence to treatment.”**!
Access to mobile phones is continuously increasing with
more than 50% of the Indian population owning it.**

Despite this level of penetration of mobile phone
services, a promising tool for healthcare access as well
as self-management, only a handful of research initia-
tives have utilized it.*>*

Therefore, this research will be carried out to inform
about the comparative effectiveness of a conventional and
an m-health strategy for exercise adoption and adherence
in people with hypertension. This research will also
address the barriers related to accessing hypertension
care and exercise adherence by focusing on a smartphone-
enabled self-management intervention.

1.1 | Objectives

The primary objective of this study is to determine:
The effectiveness of mobile application-based care in
increasing exercise adherence in people with hyper-
tension (HTN) as compared with usual care.

The secondary objectives are: (1) to determine the
effectiveness of the mobile application-based care as
compared with usual care on self-management, diastolic
blood pressure (DBP), and systolic blood pressure
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(SBP); and (2) to collaboratively involve people with
hypertension as research partners in the trial.

2 | METHODS

2.1 | Study design

It will be a multicenter randomized controlled, parallel-
design, superiority clinical trial (Figure 1). Participants
will be randomized to either the mobile application-
based care or usual care. Reporting the protocol is done
according to the Standard Protocol Items: Recommen-
dations for Interventional Trials (SPIRIT).**

2.2 | Setting

People with hypertension receiving care in tertiary care
hospitals and the physiotherapy department of the Anand
and Kheda districts of Gujarat state will be assessed for
eligibility (Supporting Information: Appendix 1).

2.3 | Eligibility
2.3.1 | The following criteria must be met by
all trial participants

(1) Male and female of 30-79 years of age****® (2)
SBP > 140 mmHg and/or DBP>90 mmHg*’ (3) People
with hypertension who have been prescribed antihyperten-
sive medicine though they may or may not have adhered to
the prescription. (4) People with hypertension or their
caregivers who have used an android-based smartphone for
the past>1 year.

2.3.2 | Exclusion criteria

Known or suspected complications of hypertension (i.e.,
myocardial infarction, cerebrovascular stroke, heart
failure, or kidney failure). (2) Known or suspected
physical limitation(s) rendering them incapable of
performing the requested level of physical activity. (3)
Current participation in a structured physical activity

People with HTN in the study setting

Selection of participants based upon the eligibility criteria
Written informed consent will be obtained from the participants

Number of participants

Completion of eligible participant’s baseline data

exclusion

] excluded & reason for

|
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!

Follow-up at weeks 2, 4, 6, 8

!
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FIGURE 1 Planned flow of participants through the trial.
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program. (4) People who cannot consent due to lack of
mental capacity.

2.4 | Recruitment procedure

Figure 1 includes information on the recruitment
procedure.”® A study information letter will be given to
the individual who may be eligible. In the letter, the
research team informs people with hypertension that
they will be contacted to discuss participation and
provides information about the study's protocols. The
written informed consent will be procured by a
physiotherapist from the eligible individuals during the
consultation.

2.5 | Sample size

G*Power (version 3.1.9.7) was utilized to perform the
priori power analysis to compute the required sample
size. With an initial total sample size of 128 (64 + 64),
factoring in a 20% dropout rate, the adjusted total
sample size will be 154 (77 + 77). A sample size of 154
people with hypertension, 77 in each group, is
sufficient to find a clinically important difference of
20% (p1:0.28 and p2:0.08)*°' between groups for
improving exercise adherence using a two-tailed
Fisher's exact test of proportions between two groups
with 80% power, allocation ratio of 1:1 and a 5% level of
significance.

2.6 | Randomization procedure

Random sequencing of participants will be done using
https://www.randomizer.org/ by an investigator with no
clinical involvement in the trial. Random assignment of
the participants into two groups (77 in each) will be
performed via a central randomization method. A
physiotherapist who is trained by the primary investiga-
tor in the recruitment, participant's education, mobile
application installation, and data collection procedure
will telephone a contact who will be independent of the
recruitment process for allocation consignment. A
bachelor's degree in physiotherapy will suffice for the
data collector. The outcome assessor (exercise adher-
ence and self-management) and data analyst will be
blinded to group allocation.

The criteria for withdrawal from the study and
unblinding after recruitment include: (1) Lack of interest
to continue the participation in the study determined by
telephonic communication established at every 2 weeks
interval. (2) Hospital admission due to hypertensive
emergencies that is, due to acute myocardial infarction,
neurological deficit, pulmonary edema or renal failure.
(3) Death of the participant.

TM and Translational Medicine

2.7 | Details of intervention and control

group

The intervention description and replication (TIDieR)
template is utilized to describe the intervention and
control group conditions.®* Training session(s) will be
conducted to train a physiotherapist to collect partici-
pants' data and to deliver interventions to both the
groups. At the time of recruitment, baseline details such
as the socio-demographics (i.e., age, gender, etc.), risk
factors of hypertension, previous m-health experience,
self-management skills, preferred days and time to
exercise, BP value and type of medication prescribed
will be recorded for participants of both the groups
(Supporting Information: Appendix 2).

2.7.1 | Control group: Usual care
group (UC)

Participants in this group will receive Usual care and
education regarding hypertension self-management.

uc
Participants will be prescribed antihypertensive medi-
cation as well as be appraised about their BP value.

Education regarding hypertension self-management

A physiotherapist will educate participants about
hypertension self-management using a manual based
on the recommendations of the International Society of
Hypertension (ISH) “ISH 2020 Global Hypertension
Practice Guidelines.””” There will be a single session
provided at the time of trial entry. Participants will be
encouraged to perform 30-40 min of moderately intense
activity for at least 5 days per week in a home/
community setting as per the recommendation of
American College of Sports Medicine (ACSM-2018).%*

2.7.2 | Intervention group: Mobile
application-based hypertension care (MA)

Participants randomized to the MA group in addition to
the usual care will be provided with mobile application-
based care for 6 weeks. It will include: (1) consultation
and training to use the mHealth application; (2)
provision of mHealth intervention for self-managing
hypertension.

Consultation and training to use the m-health
application

At the time of recruitment, a 6-min walk test (6MWT)
will be performed, based upon which the walking speed
of the participant will be calculated. It provides an
estimate to the participant of the distance required to
cover during the training session.*® A physiotherapist
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will teach participants to measure and record their pulse
rate, level of exertion, walk distance, and duration.

The physiotherapist will install the mobile applica-
tion on the phones of the participants. The physio-
therapist will provide them with at least one mobile
application familiarization session. They will be invited
to utilize the application in the presence of the
physiotherapist, and if any problems occur, then it will
be rectified. When participants access and use all
components of the mobile application-based interven-
tion at least once without assistance, they will be
regarded to have received enough training.

Provision of m-health intervention for self-managing
hypertension
Participants will be prescribed a structured exercise
program (Table 1) according to the guidance of the
ACSM.** This trial offers a walking program to the
participants because an aerobic exercise like walking is
extensively studied in people with hypertension.”® To
encourage adherence, participants will be offered the
choice to perform continuous or interval walking in their
homes or community dwellings. Every day, participants
will have to walk for 30-40 min at least 5 days a week at a
moderate intensity. In this trial, the intensity of walking
will be determined using the Gellish et al. maximum heart
rate method (MHR =207 - [0.7 x age]).*® Some people with
hypertension who received a prescription for beta-blockers
may metabolize the medication differently, resulting in a
different response of heart rate to exercise. For these
people, the rate of perceived exertion scale (RPE) will be
used to guide the walking intensity. The walking session
will include a 10-min warm-up and cool-down period. The
walking duration will increase by 10 min upon completion
of the second week of the trial program.

The foundation of the trial is the mobile application
and the gaps in the usual care which it will address are
as follows.

Shortfall of healthcare workforce®. Relationships with
healthcare providers are a key factor affecting adherence
to prescribed care.'® However, healthcare providers
have inadequate time to communicate with people with

TABLE 1 Exercise program.
Weekly
Location Weeks sessions Walk duration (mins)
Home/community 1-2 At least 5 Total time: 30-40
based Training:

hypertension due to a higher workload.>*' So, the
mobile application in this trial, enabled with a decision
support system, will provide targets and recommenda-
tions for hypertension care and an exercise plan
concurrent with current guidelines for people with
hypertension. It will register and record a person's
health data for decision-making, tracking, and follow-
ups. These application functions will assist by shifting
some of the patient management tasks from the
healthcare provider and provide accessible, evidence-
based care to the people with hypertension.

Advice for lifestyle modification. Limited time to com-
municate with patients makes it quite challenging for the
healthcare provider to discuss measures required to
modify patient lifestyle.>*" Therefore, there is a need to
provide evidence-based information about hypertension
and lifestyle modification through alternative methods.
So, the mobile application in this trial provides guideline-
recommended information to improve awareness among
people with hypertension and their families in the local
language to assist in modifying one's lifestyle.

Adherence support. By employing patient-centered care,
adherence to self-management and hypertension man-
agement techniques can be significantly improved.*® In
this trial, the primary focus of the mobile application is
on individuals with hypertension and their families, who
constitute the target users. These users will gain access
to pertinent information concerning hypertension and
effective lifestyle modifications. Furthermore, the appli-
cation will play a pivotal role in delivering timely
notifications and reminders, thereby facilitating the
incorporation of a recommended exercise regimen into
their routine. To ensure consistent adherence to
exercise programs, the application will also provide a
mechanism for tracking progress. This will be accom-
plished by periodically prompting users to provide
feedback on their adherence level using the Exercise
Adherence Rating Scale (EARS), a standardized assess-
ment tool. These EARS responses will be collected every
2 weeks, offering a comprehensive view of the users'
commitment to the exercise regimen.

Intensity Mode of exercise

MHR: 64%-76%
and RPE: 12-13

Walking at
80%-90% speed of 6MWT

continuous or interval (*each
interval session of at least 10)

3-6 At least 5 Total time: 40-50

Training:

MHR: 64%-76%
and RPE: 12-13

Walking at 80%-90% speed of 6MWT
(Distance increased by 45-55 m)

continuous or interval (*each
interval session of at least 10)

Abbreviations: 6MWT, 6-min walk test; MHR, maximum heart rate; RPE, rate of perceived exertion.
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2.7.3 | Follow-up

Participants of both groups will receive the same
number of appointments and follow-ups. They will
receive a phone call from a physiotherapist at the end of
the 2nd, 4th and 6th week following group allocation.
For participants in the intervention group who missed
reporting the duration and distance of a walk for two or
more sessions, an additional phone call will be placed to
document the reasons for a missed session(s) or
cessation of the program. Maximum follow-up of the
participants will be limited to 8 weeks.

2.74 | Adverse event

Participants will be provided with a list of termination
criteria for exercise and possible symptoms that, if they
materialize, must immediately report to the physio-
therapist. They will be transferred to a tertiary care
hospital for further assessment and management. Once
the event(s) have been documented, participants will be
unblinded and removed from the study.

Participants will be encouraged to contact their
physician related to their pharmacological management
during the trial. Prescription of a new drug(s), partici-
pation in a behavior therapy program(s), or an initiation
of an additional structured physical activity program
apart from the current program requested in this trial
will lead to the exclusion of the participants from the
study. Table 2 displays the study participants' schedule
and time commitment based on the SPIRIT statement.**

2.8 | Outcome measures

2.8.1 | Primary outcome measure
Exercise adherence
It refers to the degree to which trial participants comply
with the prescribed exercise program.®” Self-reported
measures of adherence such as questionnaires, diaries,
tally counters, and visual analog scales were commonly
used in a home-based setting. These measures, however,
did not undergo extensive psychometric testing.*®>°

In our study, EARS developed by Newman-Beinart
et al.® will be used as a measure of exercise adherence.
The EARS asks about the recommended exercise
(Section A: five-item), rates exercise adherence (Section
B: six-item) and investigate reasons for nonadherence
(Section C: 10-item). Test-retest reliability for EARS is
0.94, and its internal consistency is 0.81. EARS is
evaluated using a Likert scale (completely agree to
completely disagree) and a higher overall result indi-
cates better adherence to the advised exercise. Its total
score (Sections B and C) ranges from 0 to 64. The score
on the six-item adherence scale ranges from 0 to 24.

TM and Translational Medicine

The cut-off score is 17, participants are deemed to have
adhered to the recommended exercise program if they
get an average score above 17 out of 24 on a six-item
adherence scale.”>*!

Exercise adoption

Exercise program adoption is essential to exercise
adherence; it will be quantified as the percentage of
eligible participants in each study setting who are eager
to start the exercise program. The reasons that led to the
adoption—or lack thereof—of the exercise program will
be inquired from the participants.**?

2.8.2 | Secondary outcome measures
Self-management

Self-management is “actions directed toward oneself or
the environment to regulate one's functioning in the
interest of one's life, integrated functioning, and well-
being.”** Hypertension self-management is a compre-
hensive approach inclusive of adherence to prescribed
medication and multiple lifestyle behaviors such as
physical activity, moderation in salt intake, consump-
tion of fatty foods, management of body weight, alcohol
consumption, and smoking cessation. It also includes
regular follow-ups with doctors, BP monitoring, and
stress management.

The commonly used tools to measure hypertension
self-management include the Morisky scale and the
Hill-Bone Adherence Scale. However, these scales
focus on medication adherence. The Hypertension
Self-Care Profile (HBP-SCP) tool, assessing various
facets of hypertension self-management, will be em-
ployed in our trial to evaluate hypertension self-
management.”’ It is a self-administered questionnaire
with three sections: behavior, self-efficacy, and motiva-
tion. Each section has 20 items and is graded using a
Likert scale (never to always) with scores ranging from
20 to 80. The overall summated score ranges from 60 to
240, with the high score suggesting a high level of self-
care behavior, motivations, and self-efficacy related to
hypertension.

SBP and DBP
It will be assessed using a sphygmomanometer as per
the recommendation of ISH.*’

The exercise adherence rating scale and the hyper-
tension self-care profile will be translated into Gujarati
using the forward and backward translation process of
World Health Organization (WHO).*®

2.8.3 | Process outcome

Process evaluation includes fidelity assessment of
technology-based intervention. A retrospective analysis will
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TABLE 2 Schedule of study participants' enrollment, assessment and interventions.

STUDY PERIOD

Enrolment  Allocation

Post-allocation

Close- out

1£2
TIMEPOINT** Week Oto 1 days

ENROLMENT

-1to 0

2+2 3+2 4+2 5+2 6+2 72
days days days days days days

8 + 2 days

Eligibility screen

Informed consent

Allocation X

INTERVENTION

[Intervention A- usual care] ¢

[Intervention B- mobile

application based care] g

ASSESSMENTS

Baseline variables

Measurement of systolic X
and diastolic blood
pressure

Hypertension Self-Care X
Profile (HBP-SCP)

Exercise Adherence Rating
Scale(EARS)

Intention, Attitude,
Acceptance, Adoption &
satisfaction towards
mobile application

be carried out following the approach suggested by Dabbs
et al."” The delivery of the intervention and how well it was
received will be evaluated as part of the fidelity evaluation.
This will be done by observing a random 10% of the
participants' training session videos. Additionally, it will
inquire about participants' attitudes toward, acceptance of,
intention to use, and adoption of the mobile application as
well as their satisfaction with the training process to use it.
Exercise adherence will be tracked in this study using
EARS, walk distance logs, and phone follow-up logs.

2.9 | Patient and public involvement
Discussion regarding the possible roles of people with
hypertension at the different stages of projects that is,
development of the study information letter for the
participants, manual to provide education on hyper-
tension self-management, development of the mobile
application, translation of the outcome measures, and in
the dissemination of study findings will be conducted
prospectively using the involvement matrix. The
discussion will also be conducted retrospectively to
understand whether the conferred roles were carried
out satisfactorily.*®

3 | DATA ANALYSIS

Data entry will take place in a predefined data dictionary
and the validity of data entry will be assessed using the
proofreading data method. Data will be analyzed using
the intention-to-treat principle. The “last value carried
forward” method will be applied to the missing
observations. Password-protected files will be used to
store the data. On a reasonable request, data will be
available from the primary investigator.

3.1 | Primary analysis

To analyze the categorical and continuous data, SPSS
(version-23) will be utilized. Descriptive statistics will be
used to express demographics and outcomes. A test for
normality will be used to analyze the distribution of data.
The differences in exercise adherence rate (obtained using
exercise adherence rating scale) of participants in interven-
tion and control groups will be analyzed using Fisher's exact
test. The establishment of appropriate power by sample size
allows for the detection of a difference of five points on the
exercise adherence rating scale between participants in the
intervention and control group.
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3.2 | Secondary analysis

The differences in self-management of hypertension
(obtained using HBP-SCP) and in BP (systolic and
diastolic) among participants in intervention and
control groups will be analyzed using Fisher's exact test.

For each study setting, exercise adoption will be
expressed as a percentage of eligible participants who
are willing to participate in the study.

The covariates of exercise adherence (age, gender,
education, self-efficacy, and baseline SBP)*! will be
adjusted. Accounting for the differences in the variables
between the groups at trial entry to determine their
influence on exercise adherence, a multivariate regres-
sion analysis will be used.

A sensitivity analysis will be performed to determine
the main outcome of exercise adherence. The observed
effect of the intervention will be subject to a sensitivity
analysis to determine how changing the threshold (i.e., a
5.5-point difference in exercise adherence rating scale
score across groups) affects the result. A subgroup
analysis will be performed to investigate whether treat-
ment effect varies among young (30-44 years old), middle
(45-64 years old), and older (65-79 years old) adults.*®

All statistical tests will be two-tailed. The statistical
inference will be based on 95% confidence intervals and
p-values (<0.05).

4 | ETHICS AND DISSEMINATION

This study was approved by the Institutional Ethics
Committee of the first author's affiliated university. Our
results will be presented at conferences and/or pub-
lished in a research journal as part of our dissemination
strategy. The findings will also be presented at
stakeholder meetings with administrators, academi-
cians, researchers, and clinicians who manage hyper-
tension. The main outcomes of this study will be shared
in the form of infographics across social media websites.

5 | STRENGTH AND LIMITATIONS
OF THE STUDY

The benefit of this study is that it will offer mobile
application-based therapies, thereby removing the
location and temporal constraints associated with
outpatient hypertension care. To help people manage
their blood pressure, it will also offer a guideline-based
decision-support system. This study also has several
limitations. The main limiting factor in this study is that
it will be conducted in one region of India; hence the
result of this trial may not be generalizable to the entire
Indian population. The intervention requires owning a
smartphone, which is increasing rapidly in India, and
more than half of its population owns a smartphone. It

TM and Translational Medicine

also requires mobile literacy. Although HBP-SCP will ask
about adherence to prescription medication, this short-
term intervention primarily focuses on nonpharmaco-
logical management. The application will be used after
the person is diagnosed with hypertension, which
requires the availability of healthcare professionals at
the clinical site. In a clinical context, offering the mobile
application for hypertension self-management by the
healthcare provider to the patients will also pose an
operational challenge due to time constraints.

6 | IMPLICATIONS

The trial strategy will provide people with limited
resources and access to healthcare. Clinically, mobile
applications will provide guideline-based decision-support
systems and a task-sharing approach. It will also act as a
repository for patient health information. If the strategy is
determined to be efficient and effective, the public
healthcare system may adopt it.
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