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Abstract

Background: The use of mobile health (mHealth) has become common in recent years and is
regarded as one of the most effective interventions for developing disease-specific management
skills and establishing confidence in making preventive health behavior changes and accomplishing
health-related goals among community-dwelling older adults. Most mHealth designs adopt a reactive
care approach whereby healthcare professionals do not respond until they receive abnormal
assessment results from the database or a message or signal from the client. The purpose of this
study is to determine the effectiveness of a proactive mobile health application program with the
support of a community health-social care team for older adults dwelling in the community on

improving their self-care health management.

Methods: This is a three-arm, randomized controlled trial. The study will be conducted in seven
community centers with an estimated sample size of 282 participants. The participants will be
randomly assigned to mHealth with interactivity, mHealth, and control groups when they are (1)
aged 60 or above, (2) complaining chiefly of pain, hypertension, or diabetes mellitus, (3) living within
the service areas, and (4) smartphone users. Subjects in the mHealth with interactivty group will
receive two main elements, the mHealth application and nurse case management supported by a
social service team. The mHealth group will receive the mHealth application only. The primary
outcome measure will be self-efficacy, and secondary outcomes will include self-management
outcomes (pain score, blood pressure, capillary blood glucose), client outcomes (quality of life,
depression), and health service utilization outcomes (institutionalization and health service utilization
[general practitioner, outpatient clinic, emergency room, hospital admission]). Data will be collected

pre-intervention (T1), post-intervention (T2), and three months post-intervention (T3).

Discussion: The incremental benefits of adding interactivity in the mHealth program have not been
confirmed. This present study will add valuable information to the knowledge gap of whether
mHealth with nurse interaction supported by a health-social partnership can improve self-care

management among community-dwelling older adults.



Introduction

The use of mHealth has enjoyed increasing popularity among older adults due to the high
penetration rate of mobile phones. According to the Pew Research Center, more than 96% of
American adults currently own a smartphone, and the fastest-growing demographic is people over
65, of whom 53% now own a device, representing an 11% increase compared to two years ago
(2017) [1]. A similar situation can be found in Hong Kong, where more than 60% of older adults are
now using smartphones [2]. There is also emerging evidence that a growing number of older adults
have shown a positive attitude towards using smartphones to better manage their health in daily life
[3]. The European Commission estimates that the efficiency of providing health care services for
older adults will improve by 20% just by introducing mHealth [4], which suggests that employing the

smartphone as a platform for promoting health may be a viable way forward.

The World Health Organization (WHO) defined mHealth as a medical and public health practice using
the core utility of mobile and wireless technologies to support the achievement of health objectives
[5]. mHealth applications (apps) contain sophisticated features that enable users to develop disease-
specific management skills, establish confidence in making preventive health behavior changes, and
accomplish health-related goals. A systematic review has shown that the features varied, including
compositions of assessment, monitoring and documenting symptom severity, chief complaints, and
treatment preferences that were reported by older adults through questionnaires, provision of
health information via videos, written learning content from credible sources, and delivery of
algorithm-based, individually tailored feedback based on the assessment results [6]. Apps also offer a
range of interactive possibilities to allow older adults to receive instant support from healthcare
professionals by pressing a help button or sending a text message to the system [7]. Healthcare
professionals have access to the database via a mobile phone, whereby they receive alerts from the

older adults that prompt them to take timely and appropriate action.

Although mHealth has a variety of functions as mentioned, many of the existing apps adopt a
reactive care approach, whereby health care professionals do not provide individual care or meet the
specific needs of older adults until they receive abnormal assessment results from the apps database
or request a message or signal from an older adult. A randomized controlled trial was conducted
using an app to increase self-management among older adults with chronic obstructive pulmonary
disease [8]. The app included a tool to enable patients to report personal health status, and an
interactive platform to enable nurses to develop plans with patients, and give instructions on self-

management according to their reported health status and problems. Results showed that the



program had no beneficial impact on the health status and self-efficacy of patients with nurse
support as compared to access to online self-management information alone. Another literature
review showed that some older adults achieved a sense of control and independence over their daily
lives after using mobile apps that included provision of self-care information through a hyperlink to a
website, messages and reminders tailored to the individual, and a default system that alerted nurses
when their clients had emergency or critical health status [9]. Interestingly, the subjects were found
to have greater feelings of loneliness, poor social functioning and poor overall psychological well-
being [9]. The developers of these apps often assume that older adults are enthusiastic about
monitoring their health via technology, that what they have filled out in assessment tools through
the apps are objective facts, and that they have no problem understanding and interpreting the
information [10]. Evidence suggests that older adults may not take the initiative in giving information
or making contact with health care professionals via the apps due to their lack of ability to judge the
appropriate time to request service, or their lack of adequate knowledge to fully express their
symptoms or chief complaints in the apps [11]. Older adults in one qualitative study indicated that
although most mobile apps contain a help button to facilitate their contact with healthcare
professionals at any time, they chose not to use this function even when suffering from severe health
problems, as they did not want to disturb the healthcare providers [12]. One systematic review
suggested that the reactive care approach does not guarantee quality of communication [13]. Nurses
who are responsible for providing care via apps in one study mentioned that they relied on the alerts
received when older adults reported severe health concerns. They did not log on to the system daily
to check the health conditions of the older adults, as the system would generate alerts if severe
health concerns were reported by the users [12]. When apps-mediated communication is not
reciprocal, the use of apps may lose its ability to meet the individual needs of older adults, which

may subsequently lead to poor quality of life and an increase in health service utilization.

Older adults generally have multiple chronic conditions and physical and psychosocial needs that
mean they would benefit from an integrated health-social team to support their independent living
in the community. As nurses are equipped with multiple skills, such as judgment and decision-making
skills, they can play a pivotal role in healthcare education and symptom monitoring and management
for older adults in many of the mHealth applications [14]. When nurses need help in solving
problems that are beyond the scope of their professional practice, a referral system that is installed
in the app can help them to seek advice from other healthcare professionals and offer seamless care
to their clients [17]. Due to their busy schedule, nurses are sometimes unable to follow up on cases,

and they seldom communicate with specialists after referring patients to them [15]. In such cases,



communication among professionals is hampered, the care tends to be fragmented, and the results
often lead to clients’ physical and psychosocial needs remaining unmet [15]. A report revealed that
for older adults who have diabetes and chronic obstructive pulmonary disease, nurses only exchange
information with other healthcare professionals through referral forms that are provided in the
program [16]. Another source also pointed out is that there are no community care services to
support the operation of existing apps, the extent of the services nurses can provide is limited [17].
Collaboration and communication between the multidisciplinary team and older adults is therefore
fundamental to support independent living, for which effective collaboration among the
professionals is a precondition [15]. It is thus crucial to provide a structure of relational and
communication links among the health-social team in an mHealth program, with the aim of aligning
interventions and providing continuity of care to older adults. This study therefore endeavors to
develop a proactive mHealth application to promote self-care ability and health among older adults,
examining the differential benefits of adding nurse interaction supported by an integrated health-
social partnership model in the use of mHealth. It is hypothesized that participants who receive a
proactive mHealth application with the support of health-social partnership will have statistically
significant better outcomes than the other two groups; while participants who receive an mHealth
application will provide statistically significant better outcomes than the participants who receive the
usual care. This study can add to the knowledge gap in the question of whether mHealth with nurse
interaction supported by a health-social partnership can improve quality of life and self-care among

older adults dwelling in the community.

Methods/Design
The SPIRIT statement was used as a guideline for this protocol paper [18].
Study design and setting

This is a single-blinded, three-armed randomized controlled trial. The research assistant who collects
the data is blinded, but the subjects and health and social care providers who are involved in the
intervention are not. This study is being conducted in collaboration with a leading local
telecommunications company, community centers, and district counsellors. Seven community
centers that serve more than 50,000 older adults under these organizations will be used to recruit
subjects to maximize the generalizability effect of this program. The present study is conducted
according to the principles indicated in the Declaration of Helsinki and is registered at

ClinicalTrials.gov (NCT03878212).



Participants and recruitment strategy, and randomization

Our previous study [17] has identified that pain, hypertension, and diabetes mellitus are the most
prevalent health problems among older adults living in the community. We are therefore targeting
community-dwelling older adults with at least one of these problems but with the ability to self-care.
The inclusion criteria of this program are: (1) being aged 60 or above, (2) suffering chiefly from pain,
hypertension, or diabetes mellitus, (3) living within the service areas, and (4) being a smartphone
user. The participants were not eligible if they were: (1) already engaged in other mHealth programs,
(2) diagnosed with psychiatric problems, (3) bed-bound, or (4) living in an area with no Internet

coverage.

Identification of individuals that meet the inclusion criteria will be facilitated by the membership lists
of the community centers. Center staff will first randomize the number in the membership list, and
then call these members. All center staff members who are involved in recruitment will be trained
and provided with a set of protocols, including phone call guidelines and information about the
study. Potential subjects who meet the criteria will be invited to participate in the study. Those who
agree will sign a consent form. The random assignment schedule, generated using the Research
Randomizer software [19], will be compiled by a team member who is not involved in subject
recruitment. The assignment of groups will be put in sealed envelopes and revealed sequentially at
the time of randomization. The research assistant, after successfully recruiting a subject, will call the
researcher responsible for the random assignment. That research team member, who has no
knowledge of the identity of the subject, will make the assignment based on a computer number (‘1’

= mHealth+l group; ‘2’ = mHealth group; ‘3’ = control group).

Interventions

There will be three groups involved in this study, as follows.

mHealth with interactivity (mHealth+l) group

This group of participants will receive a proactive mHealth with interactivity program, which includes

two main elements: 1) the mHealth application designed by the research team with information



technological support by a local telecommunications company, and 2) nurse case management

supported by a social service team.

The client will be invited to use the mHealth application. The app offers comprehensive education
about the causes and etiology, signs and symptoms, risk factors, prevention, and management of
pain, hypertension, and diabetes mellitus. The information will be presented in both pictures and
videos. The sizes of the pictures, wording, and diagrams are large enough so that the older adults can
clearly see and easily understand. Key features of the app include text entry fields that allow
participants to keep notes about their vital signs and pain scores, a checklist that helps participants
to indicate the origin of pain, signs and symptoms of pain, hyper- and hypo-tension, and hyper- and
hypo-glycaemia, a touch screen interface that enables the older adults to fast-scrolling and pinch-to-
zoom on the surface, and a reminder function. A reminder message will pop up on the screen of the
smartphone when the participant has not used it for more than a week. The participants will be
encouraged to read the self-care information that is featured in the app. There is a button for a

client-initiated call if they would like to consult a nurse.

The research team has formulated a computerized decision support model based on the guidelines
of Hospital Authority and Department of Health, and the comments of an expert panel that includes
experienced medical practitioners and advanced practicing nurses to guide an alarming system.
When abnormal readings or signs such as hypertensive crisis, hemoptysis and hemiplegia are
reported in the client entry, an alert will be sent to the nurse. At the back end, the nurse can also
review the client entry. In response to the alert, the nurse will make a call to the client to provide
rapid assessment and management according to set protocols. The protocols for each problem
involve three components: nurse advice on self-management, referral to social services, and referral
to the next level of care. They were developed according to the Omaha System [20] and guidelines

from the National Institute for Health and Care Excellence [21].

Besides these client-initiative interactions, the nurse will also provide eight proactive calls (in the first
month, a weekly call; in the second and third months, a biweekly call) to the client over the duration
of the program, which lasts for three months. A previous study has shown that three months is an
adequate dose to bring about change, and it is appropriate to have a more intensive loading dose in

the first month and then a maintenance dose in the subsequent two months [22].

In each telephone call, the nurse will: 1) assess the health problems encountered by participants and
follow up on contract goals set in previous interactions if appropriate; 2) provide advice on health

management and health education, and reinforce self-care behavior; 3) help and empower



participants to set goals and develop their own plans to manage their health problems; and 4) make

referrals to community services or the next level of care if appropriate.

The health-social partnership between nurses and social workers is underpinned by Gittell’s
relational coordination theory in order to achieve better teamwork and a better team climate [23].
Interventions guided by the theory have included frequent and regular meetings and the nurse case
manager as team leader. A bimonthly case conference will be held among the nurse, social worker
and research team. The multidisciplinary case conference is a way to ensure collaborative and
coordinated care for older adults, since it enables the different inter-disciplinary professionals to
discuss care options and service provision issues. Issues such as progress and concern about the
cases, suggestions for interventions, continued monitoring, requirements for the modification or
adjustment of interventions, outcomes and revised plans will be discussed during the meeting. The
shared responsibilities are based on standardized protocols and agreed referral forms and records.
The community center will provide a trained volunteer to help subjects download the apps and

provide technical support, and the center staff will help subjects to complete the process.

mHealth group

The mHealth group will have access to the health content on the mHealth platform. This group will
enjoy the same content and client-initiated help if needed. As with the above group, the client is
invited to use the mHealth application. The key features of the app will be included. A reminder
message will pop up on the screen of the smartphone when participants have not used it for more
than one week. The participants are encouraged to read the self-care information that is featured in

the app. There is a button for a client-initiated call if they would like to consult a nurse.

Control group

All groups will receive usual community services. The study district provides community-based health
talks and basic health checks, such as measuring blood pressure and blood glucose, which are
accessible to all residents. Participation is voluntary. Both health and social services are available in
the community for those who need them, including referrals for further help if appropriate. These

services are, however, episodic and not designed for continuity of care. No mHealth application will



be provided to the participants in this group, but the individuals are free to do their own surfing for

e-health information.

The key features of the interventions for the three groups are summarized in table 1.

Data collection

Data will be collected at three time points—at baseline pre-intervention (T1), at three months (T2)
when the program is completed, and at six months (T3) to test the sustained intervention effect. The
baseline and follow-up data will be collected in both the database of the app (for the mHealth and
mHealth+l groups) and the community center (for all groups). A research assistant who is blind to the
grouping will be responsible for data collection. The research assistant will be trained and tested on

inter- and intra-rater reliability.

Outcome measures

There are four sets of measures: demographics, self-management, and client and health service

utilization outcomes.

Primary outcome

The primary outcome is the self-efficacy of the older adults. Self-efficacy will be measured by the
General Self-Efficacy Scale. This scale is used to determine how people judge their ability to handle
difficult situations or solve their own problems, and thus can be a way to assess the effectiveness of
empowerment programs. The 10 items in the Chinese version are rated on a 4-point Likert scale
ranging from 1= not at all true to 4= exactly true. Scores on the scale are summated and higher
scores indicate greater self-efficacy. The scale has been validated among 655 Chinese adults

presenting with high reliability (a=0.89) [24].

Secondary outcomes



The secondary outcomes include self-management outcomes (pain score, blood pressure, capillary
blood glucose), client outcomes (quality of life, depression), and health service utilization outcomes
(institutionalization and health service utilization [general practitioner, outpatient clinic, emergency

room, and hospital admission]).

The pain score will be measured on a visual analogue scale installed in the app. Pain scores will range
from 0 (no pain) to 10 (severe pain). The score will be automatically input in the database once the
participant has completed the scale in the app. Blood pressure measurement will be performed after
10 minutes of sitting at rest. A standard electronic sphygmomanometer will be used to measure
supine blood pressure on the right arm of each candidate (unless contraindicated). Capillary blood
glucose level will be measured by a standard capillary glucose meter. Levels greater than 6 mmol/L at
fasting or 8 mmol/L at 2 hours or more post-prandial will be considered hyperglycaemic readings

[25].

Quality of life will be measured by SF-12v2, which has been translated, validated and proven reliable
for use in the Hong Kong Chinese population. The 12 items in the questionnaire were rated on Likert-
type scales and summed to provide easily interpretable scales for physical and mental health
components. Higher scores indicated better quality of life. The internal consistency and test-retest
reliabilities were good (range 0.67-0.82) for all except three scales, and the SF-12v2 summary scores
explained >80% of the total variances of the SF-36v2 summary scores [26]. Depression will be
measured by the Chinese version of the Geriatric Depression Scale. The scale consists of 15 questions
that explore the participants’ feelings with dichotomous answers. The scores from each item are
summed up. The maximum score is 15, with higher scores representing higher severity of depressive
symptoms. Good validity and reliability have been reported in this scale, with criterion-related
validity 0.95 and test-retest reliability 0.85 among the older Chinese population [27]. Sensitivity and

specificity were 96.3% and 87.5% respectively for a cut-off point of 8.

Institutionalization is defined as the change of living place from an individual’s home to an old age or
nursing home. Health service utilization will be measured by the number of times the participant
attends a general practitioner clinic, a government out-patient clinic (GOPC), the number of
unscheduled visits to the emergency department, and hospital admissions. The information can be
extracted either from the hospital’s clinical management system or by subjective reports from

participants. The details can be found in table 2.
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Background demographic data

The demographic data, age, gender, marital status, education, work status, years of using a
smartphone, accommodation, financial status, family members living in the same household,
caretaking support, and the experience of using smartphones or apps will be collected at baseline.
The entire set of baseline measures has been validated, and its reliability was confirmed in a previous

study [22].

Sample size

The sample size calculation is based on power analysis [28]. Assuming a two-tailed alpha of 0.05, a
probability of 0.2 for beta error (80% power), and an effect size of 0.18 after calculating with respect
to the same primary outcome measure (self-efficacy) from the results of previous research studies
that provided aging-in-place programs with the support of health-social partnerships to older adults
[22], 78 participants are required per group. With reference to the 10% to 15% attrition reported in
previous programs for community-dwelling older adults, we assume a 20% drop-out rate in this

study, thus the total sample size needed is 94 participants per group, i.e. a total of 282 participants.

Data processing and analysis

The data from the coded questionnaire items will be entered twice by the research assistant and the
research team member independently into the SPSS software (version 25.0, IBM). Any discrepancies
in the data entry between the two will be resolved by retrieving the raw data from the
questionnaires. Each of the variables in the dataset will be screened by descriptive statistics to detect

potential outliers.

In this study, the Generalized Estimating Equation (GEE) will be adopted to determine the changes or
differences between the mHealth+l group, the mHealth group and the control group (between-group
effects), the within-group (time) effects, and the interaction effects (group X time). Since there are
three time points in this study, the exchangeable working correlation matrix will be used to highlight
the same spacing between repeated measurements for each subject [29]. Intention-to-treat (ITT) will
be used as the primary analysis in this study. Per-protocol (PP) analysis will be adopted as the
secondary analysis. A significant result is indicated when the p-value (level of significance) is less than
0.05 for a two-tailed test.

11



Discussion/Conclusion

The aging population is increasing worldwide. It is well known that mHealth applications can help
older adults to better manage their health in the community and enable high quality health care.
However, the trade-off of using this emerging reactive mHealth technology to replace reciprocal
face-to-face communication with healthcare professionals is that it may not meet the individual
needs of older adults, leading to poor quality of life and increases in health service utilization. The
lack of assistance in responding appropriately to the assessment tool in the apps, uncertainty as to
when to seek help from healthcare professionals, and older adults’ lack of ability and understanding
to fully explain their symptoms or chief complaints in the apps further complicate its efficiency in

promoting aging in place.

Our study uses a proactive mHealth with interactivity program to help community-dwelling older
adults proactively identify and deal with their physical and psychosocial needs, encourage and
empower their self-care behavior, and recognize their difficulties in adopting the apps in daily living.
Older adults can benefit from supported self-care, equipping them with sufficient knowledge, skills
and the confidence to lead a relatively independent life at home. To the knowledge of the research
team, this study is the first to adopt a proactive technological approach with the support of a health-
social partnership in order to enable older adults to continue living safely and independently in their

own community.

Although the strengths of the program have been identified, we also anticipate difficulties during
implementation. Due to their poor economic status, some of the older adults may not have Wi-Fi at
home. However, the community center and telecommunications company have agreed to provide
free Wi-Fi in the center, and a number of SIM cards given to the subjects may facilitate their use of
applications. In addition, they may have difficulties using the applications for the first time. Trained
volunteers can demonstrate the functions and use of applications in the center whenever the

subjects need help.

mHealth apps are valued because of their ability to deliver readily available health content and
facilitate e-communication among older adults and healthcare professionals. Older adults can also
stay connected with their healthcare providers across temporal and geographical boundaries through
the interactive functions of apps. The findings of the study can support policy makers and healthcare

professionals in service design and delivery. This model of an interactive mHealth program with the

12



support of a health-social partnership program, if effective, can be sustained in the study district as

well as being introduced and further tested in other districts.
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