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Abstract

Background: Although mobile health application (mHealth app) programs have effectively promoted disease self-management
behaviors in the last decade, usage rates have tended to fall over time.

Objective: We used a case management approach led by a nurse and supported by a health-social partnership team with the
aim of sustaining app usage among community-dwelling older adults and evaluated the outcome differences (i.e, self-efficacy,
levels of depression, and total health service usages) between those who continued to use the app.

Methods: This was a 3-arm randomized controlled trial. A total of 221 older adults with hypertension, diabetes, or chronic pain
were randomized into 3 groups: mHealth (n=71), mHealth with interactivity (mHealth+I; n=74), and the control (n=76). The
mHealth application was given to the mHealth and mHealth+I groups. The mHealth+I group also received 8 proactive calls in 3
months from a nurse to encourage use of the app. The control group received no interventions. Data were collected at preintervention
(T1), postintervention (T2), and at 3 months’ postintervention (T3) to ascertain the sustained effect.

Results: A total of 37.8% of mHealth+I and 18.3% of mHealth group participants continued using the mHealth app at least
twice per week until the end of the sixth month. The difference in app usage across the 2 groups between T2 and T3 was significant

(χ2
1=6.81, P=.009). Improvements in self-efficacy (β=4.30, 95% CI 0.25-8.35, P=.04) and depression levels (β=–1.98, 95% CI

–3.78 to –0.19, P=.03) from T1 to T3 were observed in the mHealth group participants who continued using the app. Although
self-efficacy and depression scores improved from T1 to T2 in the mHealth+I group, the mean values decreased at T3. Health
service usage decreased for all groups from T1 to T2 (β=–1.38, 95% CI –1.98 to –0.78, P<.001), with a marginal increase at T3.

Conclusions: The relatively low rates of mHealth app usage at follow-up are comparable to those reported in the literature.
More work is needed to merge the technology-driven and in-person aspects of mHealth.

Trial Registration: ClinicalTrials.gov NCT03878212; https://clinicaltrials.gov/ct2/show/NCT03878212

International Registered Report Identifier (IRRID): RR2-10.1159/000509129

(J Med Internet Res 2023;25:e43678) doi: 10.2196/43678
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Introduction

Background
Noncommunicable diseases, such as hypertension, are
increasingly prevalent among older adults [1,2]. In the past 2
decades, with their interactive features and capacity to provide
evidence-based clinical information, mobile health (mHealth)
apps have supported millions of older adults in making
appropriate health care choices and self-managing their diseases
[3].

Although their usability and functionalities vary, mHealth apps
share some common features such as real-time or regular health
tracking, and up-to-date educational material for users to manage
their physical and psychological health at home. A recent review
of chronic disease management concluded that mHealth apps
led to statistically significant improvements in self-efficacy and
medication adherence in older adults [4]. They also led to
improved communication with health professionals [5]. Apps
targeting the mental health of older adults have also had positive
effects, such as on depression [6]. However, older adults tend
to stop using these apps over time. A recent survey revealed
that 4 weeks after downloading an app designed to relieve their
depressive symptoms, approximately 60% of older adults
stopped using it, rising to 80% in the sixth week [7]. Another
study showed that most older adults used mHealth apps an
average of only 5 times after downloading them [8]. Studies
have indicated that adherence to app usage is one of the main
factors determining the effectiveness of these mHealth-based
programs [9]. Patients with high adherence to app usage are
more likely to follow an mHealth intervention and maintain the
healthy behaviors suggested by the app [9]. Yet, the evidence
showed that the adherence of app usage was generally low
among older adults as they do not understand the massive
amounts of health information installed in the apps [9].
Cognitive, physical, perceptional, and motivational barriers also
pose additional obstacles to adherence [10]. A decline in
age-dependent cognitive functions, such as working memory
and attention, might make processing the information in mHealth
apps challenging. Diminished joint flexibility, hand-eye
coordination, eyesight, and auditory perception could make
clicking buttons and reading information on a small screen
difficult. Studies have also indicated that older adults with high
levels of depression and low levels of self-efficacy have little
motivation to learn and adhere to innovative technology to
improve their health [11,12]. Information with poor credibility,
no personalized feedback and health suggestions, and no options
to communicate with health care professionals integrated into
the apps might present other common barriers to their use [13].
Studies have suggested that tailoring health information to their
needs, incorporating a gerontechnological design, and
complementing the use of apps with personal support from
health care professionals are some strategies for improving
adherence to apps by older adults [14].

Nurses can complement mHealth apps and promote sustained
app usage among older adults. Nurses are trained to provide
individualized care that addresses the clinical conditions,
personal life experiences, and preferences of individuals; to

empower individuals to set health goals and self-monitor; to
improve self-efficacy of individuals to perform and sustain
healthy behaviors; and to act as a partner in improving the
holistic well-being of the care recipient [14]. Integrating this
nurse case management approach in an mHealth application
program may allow older adults to receive the individualized
feedback and health recommendations that an mHealth app
program alone may be unable to offer [15].

In a recent study, an mHealth application with home visit
support from a nurse was developed to promote disease
self-management among patients with heart failure [16]. The
result showed that the nurses’ visits had a positive effect on
patient outcomes, such as primarily improving their
self-efficacy, and reducing their symptoms of depression.
Nonetheless, there was no report on the sustained effect of the
program and no measurement of the frequency with which the
participants used the app during and after the program.
Generally, if users are empowered to continuously use an app
and find it to be beneficial in meeting their evolving needs, they
are likely to use it for a longer period [14]. Besides, longer use
of the apps can provide a better picture of its long-term benefits,
making it important to promote the sustained use of these apps.
Without knowing how to promote and sustain usage of the app
among older adults, the desired and anticipated positive health
outcomes brought about by the apps will not be achieved.

Interactivity in mHealth is a 2-way communication approach
that allows app users to connect with health care professionals
when they felt urgency for health consultation and found
difficulties in health behavior change while using apps [17].
Thus, interactivity in the context of mHealth refers to the
opportunity for an end user to engage with a health care provider
such as through follow-up calls [17]. To the best of our
knowledge, this study is the first to feature a nurse using an
interactive approach by proactively calling older adults with
chronic diseases, empowering them with chronic disease
management techniques to sustain app usage in their routines,
in conjunction with goal setting and follow-ups on their health
conditions (mHealth+I), and receiving WhatsApp messages
from the older adults whenever they encountered any health
issues or technical problems related to app usage. The evidence
suggests that self-regulation techniques such as goal setting,
action planning, and self-monitoring are effective at getting
people to adhere to healthy behaviors [18]. This study can
provide suggestions for researchers and app developers on
offering effective interventional components that encourage
older adults to make prolonged and sustained usage of such
apps, thereby improving their long-term physical and
psychological health, self-efficacy, and reducing their use of
health services.

Aims
The aims of this work are (1) to compare differences between
the mHealth+I and mHealth groups in the number of participants
continuing to use the mHealth app after the 3-month intervention
program and (2) to evaluate the sustained effects of using the
mHealth app on self-efficacy, levels of depression, and total
health service usages.
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Methods

Study Design and Settings
This is a secondary analysis of a 3-arm randomized controlled
trial examining the differential benefits of adding nurse
interaction supported by an integrated health-social partnership
model in the use of mHealth. It was conducted in 5 districts in
Hong Kong. Details of the study design can be found in the
study protocol published elsewhere [19].

Participants, Recruitment Strategy, and
Randomization
Trained community center staff identified potentially eligible
older adults from the center’s membership list. Inclusion criteria:
(1) aged 60 years or over, (2) has chronic pain, hypertension,
or diabetes, (3) uses a smartphone. Exclusion criteria: (1)
currently participating in another mHealth program, (2) has
acute psychiatric problems, (3) bedbound (as they are unable
to self-care), or (4) has no internet coverage at home. The
community center staff called potentially eligible members,
described the study, and provided them with the opportunity to
opt out of recruitment. A trained research assistant (RA) then
collected their baseline data and called the Principal Investigator
(PI), who had no knowledge of the participants’ identity, to
assign the participants to one of 3 groups (ie, mHealth+I,
mHealth, or control) by using the software program “Research
Randomizer.” The group assignments were placed in sealed
envelopes and opened sequentially at the time of randomization.

Sample Size
Assuming a 2-tailed α of .05, a probability of .2 for β error, an
effect size of .2 after calculating with respect to the same
primary outcome measure (self-efficacy) from the results of a
previous research study that provided home visits and telephone
follow-ups to older adults [18], and an attrition rate of 20% [18],
a minimum of 216 participants in the study was required (ie,
72 participants per group).

Interventions
A detailed description of the intervention program has
previously been published [19]. This study was a 3-month
program. After 3 months, participants in the mHealth+I and
mHealth groups could still use the mHealth app until the sixth
month, when data collection was concluded.

The mHealth app was designed using senior-friendly features
such as a consistent and clear visual layout, a large touch point
size, minimized sublevels for navigation, and subtitles in the
videos and audio contents. Before launching, the app was tested
by 10 older adults eligible to join the study, but who were not
participants. They were generally satisfied with the features and
the senior-friendly design of the app, only indicating that the
size of the text, graphics, and buttons needed to be increased.

mHealth Group
The community center staff helped the participants in the
mHealth group download an mHealth app developed by both
the research team and a telecommunications company. They
also provided one education session to the participants on the

use of the app. The mHealth app focused on educating users on
signs and symptoms, causes and etiology, risk factors, and
techniques for self-managing 3 common chronic health problems
(ie, chronic pain, hypertension, and diabetes), and allowing
them to record and self-monitor their levels of chronic pain,
blood pressure, and blood glucose. There was an educational
corner that provided evidence-based videos and written
information on self-managing the 3 chronic diseases. The videos
and information offered tips on performing healthy behaviors
such as following a healthy diet and engaging in physical
activity specifically for patients with hypertension and those
with diabetes. A nurse updated the contents every 2 weeks. One
button in the app was for users to call the nurse in urgent
situations. An alarm system was also developed based on the
comments of medical doctors, government guidelines, and
Hospital Authority working protocols. When a user used the
app to report abnormal signs such as sudden limb weakness and
chest pain, an alert would immediately be sent to the nurse. The
nurse would act appropriately based on a set of working
protocols. The protocols for each problem involve 3
components: nurse advice on self-management, referral to social
workers, and referral to the next level of care including general
practitioners, outpatient departments, and hospitals. They were
developed according to the Omaha System [20] and guidelines
from the National Institute for Health and Care Excellence [21].
All data were uploaded to a secure network-connected portal
on a remote server. If users had not used the app for more than
a week, a reminder message would pop up on the smartphone
screen.

mHealth+I Group
Participants in the mHealth+I group were allowed to use the
mHealth app and also received 8 proactive calls in 3 months
from a nurse specifically trained for this study (ie, in the first
month, a weekly call; in the second and third months, a biweekly
call). The calls lasted 10 to 12 minutes and were recorded for
an independent review by the research team members to ensure
service quality. The frequency and duration of the sessions were
tested and validated in our previous studies [18,22]. For
flexibility and to reduce potential interference with social
activities, the participants and nurse decided on the date and
time of the session to be held within the week. During the phone
calls, the nurse used the Omaha System to assess the health
condition of each participant, adopted Bandura’s self-efficacy
theory to empower them to set individual health goals and
self-care action plans, and answer any questions. The Omaha
System has clear definitions and sets of signs and symptoms
that guide the identification of specific problems [20]. The nurse
performed the initial comprehensive assessment of
environmental, psychological, physiological, and health-related
behaviors, based on the Omaha System, and provided teaching,
guidance and counseling, treatments and procedures, case
management, and surveillance. The nurse also provided
self-efficacy-enhancing interventions such as examining past
successful experience of participants when dealing with health
problems and helping them to recall the effective strategies, and
reminding the participants to take note of their affective and
physiological status while adopting healthy behaviors, and to
note the beneficial or stressful effects of accomplishing the tasks
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based on the hierarchical sources of Bandura’s theory of
self-efficacy [23]. Since the participants had different
combinations of chronic diseases, insights into their signs and
symptoms formed the basis for formulating health goals and an
individualized action plan. According to the different goals and
action plans that set with the participants, the nurse would send
biweekly, individual-specific videos of tips and reminders
through WhatsApp to the participants to give them the skills
required to perform self-care in health maintenance. The
participants could also WhatsApp the nurse whenever they
encountered any health issues. The nurse could also refer the
participants to social workers and general practitioners according
to a codeveloped protocol. A biweekly conference was held
among the nurse, social worker, and general practitioner to
collaboratively develop care plans for the participants and follow
up on their health condition. The meeting would be canceled
when no participants were referred to the social worker or
general practitioners within 2 weeks. mHealth+I participants
did not receive proactive calls from the nurse after the 3-month
program, but were still encouraged to use the app daily.

Control Group
Neither the mHealth app nor proactive calls from the nurse were
given to the participants in the control group.

Training the Nurse
A 2-day training workshop was provided to the study nurse on
the Omaha system, working guidelines and referral protocols,
documentation format, and logistics and program arrangements.
A simulated case was used during the workshop to ensure that
the nurse understood and complied with the protocols. The nurse
passed a competency test prior to providing services to the
participants.

Data Collection
There were 3 data collection time points in this study:
preintervention (T1), immediately post intervention at 3 months
(T2), and 3 months post intervention (T3). This was to identify
how many participants in the mHealth+I and mHealth groups
were still using the mHealth app at the 6-month point, and to
evaluate the sustained effects of the intervention. A trained RA
not involved in the interventions collected the data in the 5
community centers.

Outcome Measures
Self-efficacy, the primary outcome of the study, was measured
using the Chinese version of the General Self-Efficacy Scale
(GSES) [24]. Self-efficacy emerged as the primary outcome on
the basis that self-efficacy is a prerequisite for behavior change,
which, through improved self-management, may influence
overall health and health care service usage [25]. Self-efficacy
has been used as the primary outcome in other studies targeting
community dwelling older adults [26,27]. The GSES is a 4-point
Likert scale with 10 items [24]. Total scores range from 10 to
40, with higher scores representing better self-efficacy levels.
The scale has been widely validated as being of high reliability
(α=.89) [20].

Depression levels were measured using the Chinese version of
the Geriatric Depression Scale [28]. This 15-item scale was

chosen because of its high correlation with depressive symptoms
in a previous validation study [29]. Total scores range from 1
to 15, with lower scores representing depressive symptoms of
lower severity. Good validity and reliability were reported, with
criterion-related validity 0.95 and test-retest reliability 0.85
among the Chinese older population [30].

Total health service usages were evaluated using the
participants’ self-reports of the number of times in previous 3
months they had attended a general practitioner’s clinic, made
unscheduled visits to a government outpatient clinic or
emergency department, or were admitted to a hospital.

Demographic data on gender, age, education level, financial
status, and source of income were gathered at baseline.

Data Analysis
SPSS (version 26; IBM Corp) was used to analyze the data.
Differences in the number of participants in the mHealth+I and
mHealth groups using the mHealth app within T2 and T3 were
analyzed using a chi-square test. To evaluate differences in
outcome between those who continued to use the app within
the period from 3 to 6 months and those who did not, the
participants were further divided into the mHealth+I group with
sustained app usage after T2 [mHealth+I(S)], the mHealth+I
group without app usage after T2 [mHealth+I(N)], the mHealth
group with sustained usage after T2 [mHealth(S)], the mHealth
group without app usage after T2 [mHealth(N)], and the control
group. The participants who have logged into the app at least
twice per week and spend more than 5 minutes each time after
T2 will be counted into the (S) group. The Generalized
Estimating Equation was adopted to compare the between-group,
within-group, and interaction effects between time and group
for each outcome. It is worth mentioning that considering the
samples in each subgroup may be small, factors associated with
sustained use were not included in the analysis due to the
potential of exaggerating the GEE estimates. Intention-to-treat
was used as the primary analysis in this study. P values of less
than .05 were regarded as significant for a 2-tailed test.

Ethics Approval
The study protocol was approved by the Human Ethics
Sub-committee of the Hong Kong Polytechnic University
(HSEARS20190312002) and registered at ClinicalTrials.gov
(NCT03878212). All participants were informed of the aims
and details of the study, the possible risks and benefits, and the
extent of their participation.

Results

Participant Flow
Between December 1, 2020, and April 30, 2022, a total of 249
participants at 5 community centers were recruited and randomly
assigned to 1 of the 3 groups: mHealth+I (n=74), mHealth
(n=71), and control (n=76). None dropped out during the
6-month program (Figure 1). In addition, all mHealth+I group
participants completed 8 scheduled telephone calls with the
nurse within the 3-month implementation period.
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Figure 1. Consolidated Standards Of Reporting Trials flow diagram. mHealth: mobile health; mHealth+I: mobile health with interactivity.

Baseline Characteristics
Baseline demographic characteristics were balanced across the
3 groups (Table 1). Briefly, participants averaged 76.6 years of

age (SD 8.0) and less than a quarter had no formal education
(22.6%). The majority (93.2%) claimed to have adequate or
more than adequate financial resources, mostly from family
(54.3%) and personal savings (31.2%).
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Table 1. Demographic characteristics of the participants (N=221).

P valueControl groupd (n=76)mHealth groupc (n=71)Mobile health (mHealth) with
interactivity (mHealth+I)

groupb (n=74)

Totala

Column
valid N %

CountColumn
valid N %

CountColumn
valid N %

CountTable valid
N %

Count, n 

 

.58Gender

17.11312.7918.91416.336Male

82.96387.36281.16083.7185Female

.52Education level

18.41428.22021.61622.650No formal education

46.13540.82943.23243.496Primary

32.92526.81933.82531.269Secondary

2.6024.2031.4012.76Tertiary or above

.45Financial status

21.101616.901214.901117.6039More than adequate

73.705678.905674.305575.60167Adequate

5.3044.20310.8086.8015Inadequate

0.0000.0000.0000.000Very inadequate

.60Income: wage

98.707598.6070100.007499.10219No

1.3011.4010.0000.902Yes

.34Income: family

39.503046.503351.403845.70101No

60.504653.503848.603654.30120Yes

.35Income: savings

68.405274.605363.504768.80152No

31.602425.401836.502731.2069Yes

.22Income: retirement pension

96.107393.006698.607395.90212No

3.9037.0051.4014.109Yes

.61Income: CSSAe

88.206792.906589.206690.00198No

11.8097.10510.80810.0022Yes

.14Income: old age living allowance

77.605966.204763.504769.20153No

22.401733.802436.502730.8068Yes

.17Income: normal disability allowance

98.7075100.007195.907198.20217No

1.3010.0004.1031.804Yes

N/AfIncome: higher disability allowance

100.0076100.0071100.0074100.00221No

0.0000.0000.0000.000Yes

aMean age 76.56 (SD 7.96, median 76, range 60-98) years (P=.08).
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bMean age 74.69 (SD 7.57, median 73.5, range 60-98) years.
cMean age 77.63 (SD 7.84, median 78.0, range 60-91) years.
dMean age 77.38 (SD 8.21, median 77.50, range 63-95) years.
eCSSA: Comprehensive Social Security Assistance.
fNA: not applicable.

Frequency and Duration of App Usage in the mHealth
and mHealth+I Groups
The mHealth+I group had a relatively higher duration of app
usage than the mHealth group (ie, 12 minutes vs 11 minutes).
The most frequently used feature for both groups was the
self-monitoring function for signs and symptoms of
hypertension, diabetes, and pain levels. Both groups spent most
of their time on the educational corner. Using the app, more
participants in the mHealth+I group than in the mHealth group
reported abnormal signs and symptoms and triggered the alarm
system. The most common abnormal signs and symptoms
included faintness, unilateral limb numbness, and chest pain.

Type and Number of Referrals
When receiving a call from participants, hearing the alarm go
off, or following a comprehensive assessment of a participant
(mHealth+I group), the nurse coordinated and referred the
participants to appropriate services when necessary. The nurse
referred 6 mHealth and 6 mHealth+I participants to medical
services (ie, 2 mHealth and 3 mHealth+I participants to a general
practitioner, 4 mHealth and 3 mHealth+I participants to a
hospital) and 18 mHealth and 12 mHealth+I participants to
social services, respectively. The reasons for the social service
referral were diverse and included psychosocial problems such
as being at a risk for depression, family problems and poor

communication with relatives, and a lack of community service
information, while the reasons for the medical referral were
hypertension with dizziness and sweating, hyperglycemia, limb
numbness, chest pain, and acute headache. On average, both
the mHealth and mHealth+I groups of participants had 3
follow-ups with social workers, 1 follow-up with a general
practitioner, and 1 hospital admission after referral. The nurse,
social worker, and general practitioner met a total of 6 times to
discuss care plans for the referred participants. After the
meeting, the nurse would continue to follow up on the care plans
with the participants in subsequent telephone calls.

Sustained Usage of the mHealth App After 3 Months
In this study, the notion of “sustained use” is defined as the use
of the app at least twice per week following the end of the
intervention [31]. After the completion of the program at 3
months, 37.8% (28/74) of mHealth+I and 18.3% (13/71) of
mHealth participants kept using the mHealth app at least twice
per week until the end of the sixth month (Table 2). Chi-square
comparisons indicated significant differences in app usage across

the 2 groups between T2 and T3 (χ2
1=6.81, P=.009). Of those

who continued to use the app after 3 months, the mHealth group
of participants used the self-monitoring and call nurse button
functions more frequently, spent a longer time on the educational
corner, and a longer time from login to logout (Multimedia
Appendix 1).

Table 2. Comparison of the mobile health (mHealth) with interactivity (mHealth+I) and mHealth groups in app usage between postintervention (T2)
and 3 months post intervention (T3) time points.

P valueChi-square (df)Total (n=145)Two groups, n (%)App usage

mHealth (n=71)mHealth+I (n=74)

.0096.81 (1)10458 (81.7)46 (62.2)No (in each group)

N/AN/Aa4113 (18.3)28 (37.8)Yes (in each group)

aN/A: not applicable (comparator group).

Effectiveness of the Interventions on Outcomes

Self-efficacy
As illustrated in Figure 2, the mean self-efficacy scores of the
mHealth(S) group improved from T1 to T3 (Table 3). There
were absolute mean changes of 2.69 and 4.15 scores from T1

to T2 and from T1 to T3, respectively (Multimedia Appendix
2). A statistically significant within-group effect (β=3.41, 95%
CI 5.89 to 0.93, P=.007) and interaction effect at T2 (β=5.39,
95% CI 2.68-8.09, P<.001) was also observed for the
mHealth+I(S) group, although their self-efficacy mean score
dropped from T3 to T2 (Table 4).
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Figure 2. Self-efficacy score of all 5 groups over time. mHealth: mobile health; mHealth+I: mobile health with interactivity.
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Table 3. The mean and standard error of the effectiveness outcomes for 2 groups at 3 different time points.

95% Wald CISEMeanOutcomes and groups

UpperLower

Self-efficacy

Control group

28.0125.090.7426.55T3

27.4725.080.6126.28T2

28.1225.280.7326.70T1

mHealtha (S) group

31.1326.111.2828.62T3

29.5524.761.2227.15T2

28.2120.721.9124.46T1

mHealth (N) group

28.0324.970.7826.50T3

29.2426.490.7027.86T2

28.2824.790.8926.53T1

mHealth+Ib (S) group

28.7123.431.3526.07T3

30.4526.051.1228.25T2

25.3221.251.0423.29T1

mHealth+I (N) group

27.3923.311.0425.35T3

27.7424.040.9425.89T2

26.7923.340.8825.07T1

Depression

Control group

4.673.170.393.92T3

4.443.060.353.75T2

4.362.900.373.63T1

mHealth (S) group

5.151.470.943.31T3

4.902.180.693.54T2

7.362.641.215.00T1

mHealth (N) group

4.072.380.433.22T3

4.372.700.433.53T2

4.792.960.473.88T1

mHealth+I (S) group

5.662.910.704.29T3

3.922.010.492.96T2

6.173.190.764.68T1

mHealth+I (N) group

5.423.540.484.48T3
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95% Wald CISEMeanOutcomes and groups

UpperLower

5.153.510.424.33T2

5.293.410.484.35T1

Total health service usages (unplanned GOPDc, GPd, emergency department visits, and hospital admissions)

Control group

1.920.930.251.34T3

0.750.300.110.47T2

2.731.290.361.88T1

mHealth (S) group

5.640.270.961.23T3

0.550.040.100.15T2

18.411.203.274.69T1

mHealth (N) group

1.500.580.230.93T3

0.720.150.130.33T2

3.351.190.532.00T1

mHealth+I (S) group

2.000.260.370.71T3

1.560.210.290.57T2

5.251.370.922.68T1

mHealth+I (N) group

2.900.940.481.65T3

1.760.570.291.00T2

4.201.900.572.83T1

amHealth: mobile health.
bmHealth+I: mobile health and interactivity.
cGOPD: general out-patient department.
dGP: general practitioner.
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Table 4. Parameter estimates of outcomes.

P valueWald chi-square (df)Upper 95% CILower 95% CISEβ

Self-efficacy

<.001a1355.098 (1)28.11925.2760.725226.697(Intercept)

.0077.276 (1)–0.933–5.8911.2647–3.412mHealth+I (S) group

.022.045 (1)0.605–3.8691.1412–1.632mHealth+I (N) group

.271.196 (1)1.770–6.2422.0441–2.236mHealth (S) group

.890.020 (1)2.085–2.4101.1468–.163mHealth (N) group

.850.034 (1)1.383–1.6720.7793–.145Time=3

.610.268 (1)1.173–2.0150.8131–.421Time=2

.053.837 (1)5.863–0.0021.49612.930mHealth+I (S) group * Time=3

<.00115.247 (1)8.0882.6821.37925.385mHealth+I (S) group * Time=2

.680.170 (1)2.459–1.6051.0367.427mHealth+I (N) group * Time=3

.261.250 (1)3.434–0.9391.11561.247mHealth+I (N) group * Time=2

.044.335 (1)8.3450.2522.06454.299mHealth (S) group * Time=3

.241.358 (1)8.350–2.1232.67193.113mHealth (S) group * Time=2

.920.010 (1)2.238–2.0181.0856.110mHealth (N) group * Time=3

.102.741 (1)3.819–0.3211.05621.749mHealth (N) group * Time=2

Depression

<.00195.736 (1)4.3592.9040.37123.632(Intercept)

.221.534 (1)2.704–0.6100.84521.047mHealth+I (S) group

.241.399 (1)1.903–0.4710.6056.716mHealth+I (N) group

.281.175 (1)3.842–1.1061.26231.368mHealth (S) group

.680.172 (1)1.417–0.9220.5967.248mHealth (N) group

.470.526 (1)1.072–0.4930.3990.289Time=3

.740.113 (1)0.809–0.5730.3526.118Time=2

.330.932 (1)0.703–2.0670.7067–.682mHealth+I (S) group * Time=3

.00110.484 (1)–0.723–2.9420.5660–1.833mHealth+I (S) group * Time=2

.780.078 (1)0.954–1.2720.5678–.159mHealth+I (N) Group * Time=3

.790.069 (1)0.907–1.1870.5343–.140mHealth+I (N) Group * Time=2

.034.685 (1)–0.187–3.7760.9156–1.982mHealth (S) group * Time=3

.152.066 (1)0.575–3.7351.0993–1.580mHealth (S) Group * Time=2

.102.762 (1)0.169–2.0590.5684–.945mHealth (N) group * Time=3

.410.695 (1)0.626–1.5530.5558–.463mHealth (N) group * Time=2

Total health service usage

<.00110.983 (1)1.0060.2580.1907.632(Intercept)

.370.808 (1)1.123–0.4170.3930.353mHealth+I (S) group

.142.136 (1)0.952–0.1390.2784.407mHealth+I (N) group

.211.597 (1)2.331–0.5040.7232.914mHealth (S) group

.850.035 (1)0.698–0.5760.3248.061mHealth (N) group

.241.413 (1)0.219–0.8950.2843–.338Time=3

<.00120.049 (1)–0.776–1.9830.3081–1.379Time=2

.034.826 (1)–0.106–1.8620.4479–.984mHealth+I (S) group * Time=3

.790.069 (1)1.067–1.3980.6289–.166mHealth+I (S) group * Time=2
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P valueWald chi-square (df)Upper 95% CILower 95% CISEβ

.620.242 (1)0.594–0.9920.4045–.199mHealth+I (N) group * Time=3

.470.525 (1)1.261–0.5810.4699.340mHealth+I (N) group * Time=2

.0048.258 (1)–0.318–1.6830.3481–1.000mHealth (S) group * Time=3

.063.587 (1)0.071–4.1481.0763–2.038mHealth (S) group * Time=2

.360.856 (1)0.477–1.3310.4611–.427mHealth (N) group * Time=3

.380.768 (1)0.532–1.3910.4905–.430mHealth (N) group * Time=2

aItalicized values are significant at P<.05.

Depression
The mHealth(S) group had the lowest mean depressive scores
in T3 when compared to T2 and T1 (Table 3). There was an
interaction effect between the mHealth(S) group in T3 and the

control group in T1 (β=1.98, 95% CI 3.78 to 0.19, P=.03; Table
4). Figure 3 shows that the mean depressive scores in the
mHealth+I(S) group dropped from T1 to T2, but increased from
T2 to T3, indicating that the participants in this group were less
depressed in T2 than in T3.

Figure 3. Depression score of all 5 groups over time. GDS: Geriatric Depression Scale; mHealth: mobile health; mHealth+I: mobile health with
interactivity.

Total Health Service Usages
The GEE analysis revealed that all 5 groups had statistically
significant decreases in health service usage from T1 to T2

(β=1.38, 95% CI of β 1.98 to 0.78, P<.001; Table 4). However,
all had higher health service usages from T2 to T3 (Figure 4).
Both the mHealth+I(S) and mHealth(S) groups had a lower
health service usage from T1 to T3 (Multimedia Appendix 2).

J Med Internet Res 2023 | vol. 25 | e43678 | p. 12https://www.jmir.org/2023/1/e43678
(page number not for citation purposes)

Wong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 4. Number of health service usages of all 5 groups over time. mHealth: mobile health; mHealth+I: mobile health with interactivity.

Discussion

Principal Results
While both the mHealth and mHealth+I groups had access to
the app following the completion of the intervention, more
participants in the mHealth+I group (n=28) demonstrated
sustained usage of the mHealth app until the end of the sixth
month, and the difference was statistically significant. Perhaps
the personalized support received by participants in the
mHealth+I group triggered the notion that even in the absence
of support, they could still monitor their health status and know
how to report it to health care professionals during medical
appointments. Yet, it should be highlighted that more than half
of the participants in both groups stopped using the app after
the intervention, with only 37.8% (n=28) of the mHealth+I
group using the app at the 6-month follow-up despite the added
aspect of proactive calls.

The finding affirms that sustained use of mHealth apps in
self-managing chronic diseases is generally low among older
persons [32]. This may be due to boredom, app fatigue, and
lack of motivation as people become more familiar with the
features of the app [33]. Although the pattern of app usage
beyond the 6-month period remains unclear in this study, it is
possible that long-term use might still be low, which is
consistent with the findings in previous studies of high
abandonment rates after the initial phase of using mHealth apps
[34,35]. This is a matter of concern because, if this pattern
continues, app developers might become discouraged from
developing new apps. Thus, as far as possible, future
applications should include user input to potentially increase
usage levels in the long term. Also, it may be helpful to consider
providing regular updates on these apps with new features,
which could potentially sustain the interest of the user.

About outcomes, statistically significant findings were observed
on self-efficacy and depression levels in the mHealth(S) group
from T1 to T3. Interestingly for the mHealth+I(S) group, the
effect was only significant at T2, with a reduction in
self-efficacy and an increase in depression scores from T2 to
T3. Put together, these results indicate that a greater sustained
effect from the intervention was seen in the mHealth(S) group
than in the mHealth+I(S) group. In addition to sustained use of
the mHealth app, this finding may be related to the fact that the
mHealth(S) group did not receive the formal support received
by those in the mHealth+I(S) group. Although the telephone
calls offered an opportunity to proactively follow up, the
biweekly care planning offered the opportunity of tailoring the
services to the unique needs of the participants. The formal
support ended after the completion of the intervention, although
the participants were encouraged to continue using the app,
making them equal to the mHealth group. However, they might
have needed some time to become accustomed to using the app
without any active follow-up calls, something that the mHealth
group was already used to.

Despite the improved outcomes on self-efficacy and depression
in the mHealth(S) group, their total health service usage scores
generally decreased from T1 to T2 and increased from T2 to
T3. From T1 to T2, participants in the mHealth and mHealth+I
groups were actively followed up by a nurse via telephone calls
if abnormalities were detected in the health status–tracking
system. The calls only targeted participants in the mHealth and
mHealth+I groups, allowing them to be compared to the control
group. As highlighted across existing studies, it may be helpful
for technology-driven automations to complement, rather than
entirely replace in-person communication [36,37]. For the
current study, this novel feature may have helped in the early
detection of health issues and institution of interventions to
manage the identified problems, which could potentially have
minimized the rate of usage of health services. However, from
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T2 to T3, this feature was absent, despite continued use of the
mHealth app. This finding could indicate that active follow-up
by a case manager might still be needed to improve some
outcomes, such as health usage rates. It is possible that solely
using the app may improve some outcomes, as was noted above.
It is still important to receive ongoing follow-up support to
facilitate the early identification and resolution of health issues.

The finding regarding the reduction of depression levels from
T1 to T2 and increase from T2 to T3 is particularly noteworthy
among participants in the mHealth+I(S) group. Although of
limited duration, the nurse-initiated telephone calls may have
created a social environment that promoted interaction between
the participants and the nurse. Withdrawal of this form of social
support from T2 to T3 may have extinguished the notion of
interaction and contributed to the increase in depression. The
potential need for sustained contact with nurses can be
challenging considering the ongoing shortage of nurses across
the globe. The use of robotics has been reported in patient
monitoring and medication administration [38]. A virtual nurse
has to play such a role, blended with in-person interaction when
needed. Perhaps, family caregivers can be trained to take on
some roles to support their relatives [39].

The control and intervention groups had comparable levels of
health service usage, although the latter groups demonstrated
a marginally lower level of usage. Perhaps the participants
experienced similar disease trajectories, leading to the observed
levels of health service usage.

Limitations
This study had several limitations. First, the education level of
the recruited participants was generally higher than that of the

general population of community-dwelling older adults. High
education levels may have allowed older adults to continue
using the app, even without support from caregivers. Thus, the
results of the study may not be applicable to older adults with
no formal education. Second, the study did not assess the impact
of removing the reminder message function from the mHealth
app between T2 and T3. Third, since the mHealth app in this
study has multiple features, the effects of individual components
(eg, reminder messages only) on the participants’ sustained
usage are unknown. Fourth, the majority of the participants
were female, suggesting that the findings may not offer a
balanced view across both genders. Fifth, the study did not
conduct subgroup analysis on participants who have either
chronic pain, hypertension, or diabetes, and thus it is not known
whether the program is more effective to a particular group of
participants. Sixth, there was no qualitative interview in this
study to explore the reasons for discontinuation of app usage
among mHealth and mHealth+I participants.

Conclusions
Sustained mHealth app usage is important to the health of the
older population, but it poses challenges to both researchers and
app developers. The results of the present study indicated that
the personalized and proactive nursing support may be one of
the solutions that can maintain the app usage among
community-dwelling older adults in long term. Further research
is needed to determine the most efficacious mHealth app feature
or combination of features to maintain or motivate sustained
usage.

Acknowledgments
The authors would like to thank all stakeholders who participated in and contributed to this study. They would also like to thank
Smartone for collaborating with the research team.

Authors' Contributions
AKCW and FKYW conceptualized the program. AKCW, JB, FKYW, KKSC, and SMW provided intellectual input on the study
design, methodology, and evaluation. AKCW, JB, and ACKL drafted the manuscript. All authors contributed to, reviewed, and
approved the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
App usage frequency and duration.
[DOCX File , 19 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Absolute change in outcome scores among all groups.
[DOCX File , 18 KB-Multimedia Appendix 2]

Multimedia Appendix 3
CONSORT checklist.
[DOC File , 218 KB-Multimedia Appendix 3]

J Med Internet Res 2023 | vol. 25 | e43678 | p. 14https://www.jmir.org/2023/1/e43678
(page number not for citation purposes)

Wong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v25i1e43678_app1.docx&filename=d6eceb9d1786f173406a2c8fb727488f.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e43678_app1.docx&filename=d6eceb9d1786f173406a2c8fb727488f.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e43678_app2.docx&filename=04067e36310965b9484cbe74a9024105.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e43678_app2.docx&filename=04067e36310965b9484cbe74a9024105.docx
https://jmir.org/api/download?alt_name=jmir_v25i1e43678_app3.doc&filename=59bf5d396a74a1c68b6fddb7008217ce.doc
https://jmir.org/api/download?alt_name=jmir_v25i1e43678_app3.doc&filename=59bf5d396a74a1c68b6fddb7008217ce.doc
http://www.w3.org/Style/XSL
http://www.renderx.com/


References

1. NCD Countdown 2030 collaborators. NCD countdown 2030: worldwide trends in non-communicable disease mortality
and progress towards sustainable development goal target 3.4. Lancet 2018;392(10152):1072-1088 [FREE Full text] [doi:
10.1016/S0140-6736(18)31992-5] [Medline: 30264707]

2. Non-communicable diseases. World Health Organization. URL: https://www.who.int/health-topics/
noncommunicable-diseases#tab=tab_1 [accessed 2023-03-30]

3. Malani P, Kullgren J, Solway E, Lee P, Aikens J, Richardson C, et al. Mobile health app use among older adults. National
Poll on Healthy Aging, University of Michigan. 2022. URL: https://deepblue.lib.umich.edu/bitstream/handle/2027.42/
171628/February-2022-Health-Apps-Report-Qs_01192022.pdf?sequence=1&isAllowed=y [accessed 2023-03-30]

4. Changizi M, Kaveh MH. Effectiveness of the mHealth technology in improvement of healthy behaviors in an elderly
population-a systematic review. Mhealth 2017;3:51 [FREE Full text] [doi: 10.21037/mhealth.2017.08.06] [Medline:
29430455]

5. Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS. Impact of mHealth chronic disease management on treatment
adherence and patient outcomes: a systematic review. J Med Internet Res 2015;17(2):e52 [FREE Full text] [doi:
10.2196/jmir.3951] [Medline: 25803266]

6. Donker T, Petrie K, Proudfoot J, Clarke J, Birch MR, Christensen H. Smartphones for smarter delivery of mental health
programs: a systematic review. J Med Internet Res 2013;15(11):e247 [FREE Full text] [doi: 10.2196/jmir.2791] [Medline:
24240579]

7. Torous J, Lipschitz J, Ng M, Firth J. Dropout rates in clinical trials of smartphone apps for depressive symptoms: a systematic
review and meta-analysis. J Affect Disord 2020;263:413-419. [doi: 10.1016/j.jad.2019.11.167] [Medline: 31969272]

8. Kayyali R, Peletidi A, Ismail M, Hashim Z, Bandeira P, Bonnah J. Awareness and use of mHealth apps: a study from
England. Pharmacy (Basel) 2017;5(2):33 [FREE Full text] [doi: 10.3390/pharmacy5020033] [Medline: 28970445]

9. Donkin L, Christensen H, Naismith SL, Neal B, Hickie IB, Glozier N. A systematic review of the impact of adherence on
the effectiveness of e-therapies. J Med Internet Res 2011;13(3):e52 [FREE Full text] [doi: 10.2196/jmir.1772] [Medline:
21821503]

10. Catan G, Espanha R, Mendes RV, Toren O, Chinitz D. Health information technology implementation - impacts and policy
considerations: a comparison between Israel and Portugal. Isr J Health Policy Res 2015;4(1):41 [FREE Full text] [doi:
10.1186/s13584-015-0040-9] [Medline: 26269740]

11. Wildenbos G, Peute L, Jaspers M. Aging barriers influencing mobile health usability for older adults: a literature based
framework (MOLD-US). Int J Med Inform 2018;114:66-75. [doi: 10.1016/j.ijmedinf.2018.03.012] [Medline: 29673606]

12. Patel S, Akhtar A, Malins S, Wright N, Rowley E, Young E, et al. The acceptability and usability of digital health interventions
for adults with depression, anxiety, and somatoform disorders: qualitative systematic review and meta-synthesis. J Med
Internet Res 2020;22(7):e16228 [FREE Full text] [doi: 10.2196/16228] [Medline: 32628116]

13. Degroote L, De Paepe A, De Bourdeaudhuij I, Van Dyck D, Crombez G. Effectiveness of the mHealth intervention
'MyDayPlan' to increase physical activity: an aggregated single case approach. Int J Behav Nutr Phys Act 2021;18(1):92
[FREE Full text] [doi: 10.1186/s12966-021-01163-2] [Medline: 34233718]

14. Jakob R, Harperink S, Rudolf AM, Fleisch E, Haug S, Mair JL, et al. Factors influencing adherence to mHealth apps for
prevention or management of noncommunicable diseases: systematic review. J Med Internet Res 2022;24(5):e35371 [FREE
Full text] [doi: 10.2196/35371] [Medline: 35612886]

15. Shi N, Wong AKC, Wong FKY, Zhang N, Lai X, Gan L. A nurse-led mHealth self-management program (mChemotherapy)
for breast cancer patients undergoing chemotherapy: study protocol of a randomized controlled pilot study. Cancer Control
2022;29:10732748221115469 [FREE Full text] [doi: 10.1177/10732748221115469] [Medline: 35921175]

16. Jiang Y, Koh KWL, Ramachandran H, Tay YK, Wu VX, Shorey S, et al. Patients' experiences of a nurse-led, home-based
heart failure self-management program: findings from a qualitative process evaluation. J Med Internet Res 2021;23(4):e28216
[FREE Full text] [doi: 10.2196/28216] [Medline: 33904823]

17. Rose J, Glazebrook C, Wharrad H, Siriwardena AN, Swift JA, Nathan D, et al. Proactive assessment of obesity risk during
infancy (ProAsk): a qualitative study of parents’ and professionals’ perspectives on an mHealth intervention. BMC Public
Health 2019;19:294 [FREE Full text] [doi: 10.1186/s12889-019-6616-5]

18. Wong AKC, Wong FKY, Chang K. Effectiveness of a community-based self-care promoting program for community-dwelling
older adults: a randomized controlled trial. Age Ageing 2019;48(6):852-858. [doi: 10.1093/ageing/afz095] [Medline:
31437272]

19. Wong AKC, Wong FKY, Chang KKP. A proactive mobile health application program for promoting self-care health
management among older adults in the community: study protocol of a three-arm randomized controlled trial. Gerontology
2020;66(5):506-513. [doi: 10.1159/000509129] [Medline: 32772019]

20. Martin KS. The Omaha System : A Key to Practice, Documentation, and Information Management. 2nd ed. Omaha, NE:
Health Connections Press; 2005.

21. Home care: delivering personal care and practical support to older people living in their own homes. NICE Guideline. 2015.
URL: https://tinyurl.com/bdftc7mf [accessed 2022-08-29]

J Med Internet Res 2023 | vol. 25 | e43678 | p. 15https://www.jmir.org/2023/1/e43678
(page number not for citation purposes)

Wong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://hdl.handle.net/10044/1/63328
http://dx.doi.org/10.1016/S0140-6736(18)31992-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30264707&dopt=Abstract
https://www.who.int/health-topics/noncommunicable-diseases#tab=tab_1
https://www.who.int/health-topics/noncommunicable-diseases#tab=tab_1
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/171628/February-2022-Health-Apps-Report-Qs_01192022.pdf?sequence=1&isAllowed=y
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/171628/February-2022-Health-Apps-Report-Qs_01192022.pdf?sequence=1&isAllowed=y
https://europepmc.org/abstract/MED/29430455
http://dx.doi.org/10.21037/mhealth.2017.08.06
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29430455&dopt=Abstract
https://www.jmir.org/2015/2/e52/
http://dx.doi.org/10.2196/jmir.3951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25803266&dopt=Abstract
https://www.jmir.org/2013/11/e247/
http://dx.doi.org/10.2196/jmir.2791
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24240579&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2019.11.167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31969272&dopt=Abstract
https://www.mdpi.com/resolver?pii=pharmacy5020033
http://dx.doi.org/10.3390/pharmacy5020033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28970445&dopt=Abstract
https://www.jmir.org/2011/3/e52/
http://dx.doi.org/10.2196/jmir.1772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21821503&dopt=Abstract
https://ijhpr.biomedcentral.com/articles/10.1186/s13584-015-0040-9
http://dx.doi.org/10.1186/s13584-015-0040-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26269740&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2018.03.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29673606&dopt=Abstract
https://www.jmir.org/2020/7/e16228/
http://dx.doi.org/10.2196/16228
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32628116&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-021-01163-2
http://dx.doi.org/10.1186/s12966-021-01163-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34233718&dopt=Abstract
https://www.jmir.org/2022/5/e35371/
https://www.jmir.org/2022/5/e35371/
http://dx.doi.org/10.2196/35371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35612886&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/10732748221115469?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/10732748221115469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35921175&dopt=Abstract
https://www.jmir.org/2021/4/e28216/
http://dx.doi.org/10.2196/28216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33904823&dopt=Abstract
https://doi.org/10.1186/s12889-019-6616-5
http://dx.doi.org/10.1186/s12889-019-6616-5
http://dx.doi.org/10.1093/ageing/afz095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31437272&dopt=Abstract
http://dx.doi.org/10.1159/000509129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32772019&dopt=Abstract
https://tinyurl.com/bdftc7mf
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. Wong AKC, Wong FKY, Chow KKS, Wong SM, Lee PH. Effect of a telecare case management program for older adults
who are homebound during the COVID-19 pandemic: a pilot randomized clinical trial. JAMA Netw Open 2021;4(9):e2123453
[FREE Full text] [doi: 10.1001/jamanetworkopen.2021.23453] [Medline: 34499135]

23. Bandura A. Self-efficacy: toward a unifying theory of behavioral change. Psychol Rev 1977;84(2):191-215. [doi:
10.1037//0033-295x.84.2.191] [Medline: 847061]

24. Leung DYP, Leung AYM. Factor structure and gender invariance of the Chinese general self-efficacy scale among
soon-to-be-aged adults. J Adv Nurs 2011;67(6):1383-1392. [doi: 10.1111/j.1365-2648.2010.05529.x] [Medline: 21129011]

25. Foster G, Taylor SJC, Eldridge SE, Ramsay J, Griffiths CJ. Self-management education programmes by lay leaders for
people with chronic conditions. Cochrane Database Syst Rev 2007(4):CD005108. [doi: 10.1002/14651858.CD005108.pub2]
[Medline: 17943839]

26. Kastner M, Makarski J, Hayden L, Hamid JS, Holroyd-Leduc J, Twohig M, et al. Effectiveness of an eHealth self-management
tool for older adults with multimorbidity (KeepWell): protocol for a hybrid effectiveness-implementation randomised
controlled trial. BMJ Open 2021;11(2):e048350 [FREE Full text] [doi: 10.1136/bmjopen-2020-048350] [Medline: 33597147]

27. Trief PM, Teresi JA, Eimicke JP, Shea S, Weinstock RS. Improvement in diabetes self-efficacy and glycaemic control
using telemedicine in a sample of older, ethnically diverse individuals who have diabetes: the IDEATel project. Age Ageing
2009;38(2):219-225. [doi: 10.1093/ageing/afn299] [Medline: 19171951]

28. Lee HCB, Chiu HFK, Kwok WY, Leung CM, Kwong PK, Chung DWS, et al. Chinese elderly and the GDS short form: a
preliminary study. Clin Gerontol 1993;14(2):37-42.

29. Chiu HF, Lee HC, Wing YK, Kwong PK, Leung CM, Chung DW. Reliability, validity and structure of the Chinese geriatric
depression scale in a Hong Kong context: a preliminary report. Singapore Med J 1994;35(5):477-480. [Medline: 7701365]

30. Chi I, Yip PSF, Chiu HFK, Chou KL, Chan KS, Kwan CW, et al. Prevalence of depression and its correlates in Hong
Kong's Chinese older adults. Am J Geriatr Psychiatry 2005;13(5):409-416. [doi: 10.1176/appi.ajgp.13.5.409] [Medline:
15879590]

31. Coughlin JW, Martin LM, Zhao D, Goheer A, Woolf TB, Holzhauer K, et al. Electronic health record-based recruitment
and retention and mobile health app usage: multisite cohort study. J Med Internet Res 2022;24(6):e34191 [FREE Full text]
[doi: 10.2196/34191] [Medline: 35687400]

32. Palas JU, Sorwar G, Hoque MR, Sivabalan A. Factors influencing the elderly's adoption of mHealth: an empirical study
using extended UTAUT2 model. BMC Med Inform Decis Mak 2022;22(1):191 [FREE Full text] [doi:
10.1186/s12911-022-01917-3] [Medline: 35871682]

33. Mustafa AS, Ali N, Dhillon JS, Alkawsi G, Baashar Y. User engagement and abandonment of mHealth: a cross-sectional
survey. Healthcare 2022;10(2):221 [FREE Full text] [doi: 10.3390/healthcare10020221] [Medline: 35206837]

34. Lee JA, Choi M, Lee SA, Jiang N. Effective behavioral intervention strategies using mobile health applications for chronic
disease management: a systematic review. BMC Med Inform Decis Mak 2018;18(1):12 [FREE Full text] [doi:
10.1186/s12911-018-0591-0] [Medline: 29458358]

35. Granger BB, Bosworth HB. Medication adherence: emerging use of technology. Curr Opin Cardiol 2011;26(4):279-287
[FREE Full text] [doi: 10.1097/HCO.0b013e328347c150] [Medline: 21597368]

36. Ollevier A, Aguiar G, Palomino M, Simpelaere IS. How can technology support ageing in place in healthy older adults?
A systematic review. Public Health Rev 2020;41(1):26. [doi: 10.1186/s40985-020-00143-4]

37. Kangasniemi M, Karki S, Colley N, Voutilainen A. The use of robots and other automated devices in nurses' work: an
integrative review. Int J Nurs Pract 2019;25(4):e12739. [doi: 10.1111/ijn.12739] [Medline: 31069892]

38. Pepito JA, Locsin R. Can nurses remain relevant in a technologically advanced future? Int J Nurs Sci 2019;6(1):106-110
[FREE Full text] [doi: 10.1016/j.ijnss.2018.09.013] [Medline: 31406875]

39. Sousa L, Sequeira C, Ferré-Grau C, Neves P, Lleixà-Fortuño M. Training programmes for family caregivers of people with
dementia living at home: integrative review. J Clin Nurs 2016;25(19-20):2757-2767. [doi: 10.1111/jocn.13266] [Medline:
27273093]

Abbreviations
GSES: General Self-Efficacy Scale
mHealth: mobile health
mHealth+I: mobile health and interactivity
PI: principal investigator
RA: research assistant

J Med Internet Res 2023 | vol. 25 | e43678 | p. 16https://www.jmir.org/2023/1/e43678
(page number not for citation purposes)

Wong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/34499135
http://dx.doi.org/10.1001/jamanetworkopen.2021.23453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34499135&dopt=Abstract
http://dx.doi.org/10.1037//0033-295x.84.2.191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=847061&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2010.05529.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21129011&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD005108.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17943839&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=33597147
http://dx.doi.org/10.1136/bmjopen-2020-048350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33597147&dopt=Abstract
http://dx.doi.org/10.1093/ageing/afn299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19171951&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7701365&dopt=Abstract
http://dx.doi.org/10.1176/appi.ajgp.13.5.409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15879590&dopt=Abstract
https://www.jmir.org/2022/6/e34191/
http://dx.doi.org/10.2196/34191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35687400&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-022-01917-3
http://dx.doi.org/10.1186/s12911-022-01917-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35871682&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare10020221
http://dx.doi.org/10.3390/healthcare10020221
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35206837&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-018-0591-0
http://dx.doi.org/10.1186/s12911-018-0591-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29458358&dopt=Abstract
https://europepmc.org/abstract/MED/21597368
http://dx.doi.org/10.1097/HCO.0b013e328347c150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21597368&dopt=Abstract
http://dx.doi.org/10.1186/s40985-020-00143-4
http://dx.doi.org/10.1111/ijn.12739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31069892&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-0132(18)30176-5
http://dx.doi.org/10.1016/j.ijnss.2018.09.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31406875&dopt=Abstract
http://dx.doi.org/10.1111/jocn.13266
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27273093&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by A Mavragani; submitted 19.10.22; peer-reviewed by O Nilsson , P Ramaswamy, R Jayasuriya; comments to author 19.01.23;
revised version received 06.02.23; accepted 22.03.23; published 01.05.23

Please cite as:
Wong AKC, Bayuo J, Wong FKY, Chow KKS, Wong SM, Lau ACK
The Synergistic Effect of Nurse Proactive Phone Calls With an mHealth App Program on Sustaining App Usage: 3-Arm Randomized
Controlled Trial
J Med Internet Res 2023;25:e43678
URL: https://www.jmir.org/2023/1/e43678
doi: 10.2196/43678
PMID: 37126378

©Arkers Kwan Ching Wong, Jonathan Bayuo, Frances Kam Yuet Wong, Karen Kit Sum Chow, Siu Man Wong, Avis Cheuk Ki
Lau. Originally published in the Journal of Medical Internet Research (https://www.jmir.org), 01.05.2023. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the
Journal of Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication
on https://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2023 | vol. 25 | e43678 | p. 17https://www.jmir.org/2023/1/e43678
(page number not for citation purposes)

Wong et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2023/1/e43678
http://dx.doi.org/10.2196/43678
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37126378&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

