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Abstract
Background: Mobile apps and peer support are known to effectively promote physical activity in older adults, which, in
turn, improves physical function. Previously, we investigated the feasibility and impact of using digital peer-supported apps
(DPSAs) to increase physical activity among older adults over a 3-month period. However, the long-term feasibility and impact
on sustainable behavior change remain unknown.
Objective: This study aims to evaluate the 12-month feasibility of the DPSA and to obtain preliminary estimates of its effects
on physical activity and physical function among older Japanese adults.
Methods: This nonrandomized controlled trial recruited older adults aged 65 years or older from 2 physical activity programs.
Participants chose either the intervention (app program + exercise instruction) group or the control (exercise instruction only)
group. Only those participants who had completed the 3-month intervention and wished to continue in the 12-month follow-up
intervention study were included. DPSA feasibility was assessed using retention and adherence rates. Physical activity was
assessed using accelerometers, capturing daily step count, light-intensity activity, moderate to vigorous intensity activity,
and sedentary behavior. Physical function was evaluated using grip strength and the 30-second chair stand test (CS-30).
Accelerometer measurements were collected every 3 months over 12 months (5 time points, including baseline), whereas
physical function was measured at baseline, 3 months, and 12 months.
Results: The follow-up study included 44 of 66 participants from the 3-month intervention study, with 26 participants in
the intervention group and 18 participants in the control group. The 12-month retention rate for participants in the DPSA
intervention group was 73% (19/26), whereas the retention rate among all 41 participants, including those who chose not to
participate in the follow-up study, was 46% (19/41). The adherence rate was 85.9%. The average number of steps per day
(95% CI) in the intervention group changed before and after DPSA use (P=.048). We observed an increase of 1736 (β=1736,
95% CI 232-3241) steps per day compared with baseline. No significant change was observed in the control group. There
were significant within-group differences in CS-30 scores for both intervention (P<.001) and control (P=.03) groups over the
12-month period. Specifically, there was a significant change in CS-30 scores (95% CI) between the baseline and 12-month
assessments for the intervention (β=6.5, 95% CI 3.8-9.1; P<.001) and control (β=3.8, 95% CI 0.6-7.1; P=.02) groups.
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Conclusions: Participants with long-term DPSA use observed increases in average daily steps and CS-30 scores before and
after DPSA use, although only a limited number of older adults had long-term access to the DPSA. Identifying ways to
expand long-term DPSA use among older adults is necessary. Additionally, randomized controlled trials should be conducted
to determine the long-term effects of DPSAs on physical activity and function in older adults.
Trial Registration: University Hospital Medical Information Network UMIN000050618; https://center6.umin.ac.jp/cgi-open-
bin/ctr_e/ctr_view.cgi?recptno=R000057008
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Introduction
Background
The world’s population is aging at an unprecedented rate [1].
The number of adults older than 65 years has tripled over
the past 50 years, and by 2050, older adults are expected to
account for a quarter of the global population [2-4]. Japan
has a high proportion of older adults: 29.1% of the total
population was aged 65 years or older in 2023 [5]. Healthy
aging is a global health care challenge as population aging
accelerates [6]. Regular physical activity aids in reducing the
risk of noncommunicable diseases [7] and is associated with
improved physical health [8] and increased life expectancy
[9]. However, despite decades of public health interventions,
the global physical activity level has remained stable or even
declined, making it an important health policy challenge [10].
Given the world’s aging population and the health benefits
of physical activity, it is critical to promote regular physi-
cal activity among older adults. The Japanese guidelines for
physical activity [11] recommend a minimum of 15 metabolic
equivalent (MET) hours per week of physical activity with
an intensity of at least 3 METs in older adults. Physical
activity of 15 MET hours per week can be converted into
steps, which is more than 6000 steps per day [11]. However,
few older adults meet this recommendation: among men, 45%
of those aged 65‐74 years, 32% of those aged 75‐84 years,
and 11% of those aged 85 years or older meet this recom-
mendation, and among women, 38% of those aged 65‐74
years, 22% of those aged 75-84 years, and 5% of those aged
85 years or older meet this recommendation [11]. Regular
physical activity improves physical function in older adults
[12]. Declining physical function is linked with the loss of
mobility and activities of daily life, which are core dimen-
sions of physical disabilities [13,14], and thus, both physical
activity and physical function need to be improved.

Recently, mobile apps have been successfully used
to increase physical activity levels [15,16]. eHealth, or
electronic health, encompasses health care services suppor-
ted by information and communication technology, includ-
ing computers, mobile phones, and satellite communications,
for health services and information. Moreover, mHealth, or
mobile health, refers to the use of smart or portable devices
for providing health services and information [17]. These
interventions for older adults have been shown to be effective
in increasing the time spent in physical activity, energy
expenditure in physical activity, and steps walked [18,19]. In

a review comparing mHealth with face-to-face interventions,
interventions that included mHealth were shown to have
increased steps and total physical activity, but there was no
observed difference in physical function [20].

In the systematic review by Duan et al [21], eHealth
interventions for physical activity have shown that theory-
based interventions are more effective than non–theory-based
interventions. The transtheoretical model and social cognitive
theory were the top 2 most frequently supporting theories,
and the studies included in this systematic review with the
largest effect sizes were based on these 2 theories [22]. The
social cognitive theory proposed by Bandura [23] stipulates
that behavior is learned by observing and imitating others.
This process is called observational learning or modeling
and has been extensively studied in the context of motor
skill development and education [24-26]. Self-efficacy, an
important aspect of social cognitive theory [23], is an crucial
determinant of exercise persistence and outcomes; interven-
tions based on self-efficacy can promote exercise participa-
tion [27].

The effectiveness of peer support interventions for
physical activity is often explained by social cognitive theory
[28]. Webel et al [29] defined peer support as “a method
of teaching or facilitating health promotion that makes use
of people sharing specific health messages with members of
their own community." Our previous study using a digital
peer-supported app (DPSA) framed by the social cognitive
theory showed that the feasibility of the DPSA was adequate
and that the number of daily steps and the level of moder-
ate to vigorous intensity physical activity (MVPA) increased
in older participants [30]. There are 2 main types of peer
support [31]: the first includes methods related to education
and information, such as peer tutoring and mentoring; the
second is the emotional support provided by peers. Our
research is based on peer support interventions that provide
emotional support. Peer support is provided by comparable
peers and promotes physical activity in ways that cannot
be done by professionals or family members; Burton et al
[32] reported that peer support increased adherence to an
exercise program; Ginis et al [28] reported that peer support
was as effective as professional intervention. Peer support
may be cost-effective when considering the expense of paying
professionals [33]. Peer support through the DPSA includes
social support, which contributes to the success of eHealth
and mHealth interventions for increasing physical activity
among older adults [34]. In addition, DPSA interventions do
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not require in-person gatherings, thus reducing constraints
owing to scheduling issues, meeting locations, and costs (eg,
transportation) [35]. Thus, the DPSA may be effective in
promoting physical activity among older adults. However, our
previous study was a short-term intervention of 3 months, and
the long-term feasibility and impact for sustainable behavior
change remains unknown.

Three of 4 review studies concluded that mHealth or
eHealth interventions are effective over short term (1‐6
months) in promoting physical activity in adults aged 50
years or older [34]. All 3 reviews incorporated random-
ized controlled trials (RCTs) comparing interventions that
were not eHealth or mHealth (eg, paper-based intervention,
professional face-to-face intervention, and group face-to-face
intervention), or no intervention. Despite the demonstrated
long-term health benefits of physical activity [36], long-term
empirical evidence of mHealth and eHealth, beyond 6‐12
months, remains scarce [37-39]. Furthermore, no study has
continued the app intervention for 12 months and collected
device-based physical activity measures in community-dwell-
ing older adults older than 65 years [40]. Physical activity
interventions for older adults often face challenges regarding
long-term participation owing to age-related health decline,
low self-efficacy, and poor geographic access to physical
activity spaces [41,42]. There is a need to test the long-term
effectiveness of the DPSA in promoting physical activity
among older adults. However, before testing the long-term
effectiveness of the DPSA on a large scale, a reasonable first
step is to examine the feasibility and preliminary changes
in physical activity, physical function, and self-efficacy in
community settings. We hypothesized that 1 year of DPSA
use would increase physical activity owing to increased
self-efficacy for exercise. We also expect that the increase
in physical activity will be accompanied by an increase in
physical function.
Objectives
This study was a 12-month longitudinal study of participants
in a 3-month DPSA intervention study who volunteered to
participate in a follow-up study. The objectives of this study
were twofold: (1) to evaluate the feasibility (retention and
adherence rates) of using the DPSA to promote physical
activity in older adults over a 12-month period, and (2)
to measure preliminary estimates of the effects of physical
activity, physical function, and self-efficacy for exercise
through the use of the DPSA.

Methods
Study Design
This study is a nonrandomized controlled trial of 2 groups
conducted over 12 months and is a follow-up study of a
3-month intervention trial [30]. This study was conducted
in Fujisawa City, Kanagawa, Japan. Fujisawa City is in the
southeastern part of Kanagawa and is an urban area close
to Tokyo. As of April 2023, the city had a population of
445,291; of those, 24.5% (109,005) were aged 65 years or
older. The percentage of older adults in the total population

is increasing year by year [43]. This study was conducted
as a collaboration between local governments, mobile app
development companies, and universities. Industry-govern-
ment-academia collaboration is important to further scientific
research that is relevant to real-world community issues
[44,45].

Ethical Considerations
This study was approved by the research ethics committee
of Sports Medicine Research Center at Keio University
(approval no. 2022‐07). Informed consent for the follow-up
study was obtained from all participants in the 3-month
intervention study. The data obtained were anonymized. The
study protocol was registered in the University Hospital
Medical Information Network (UMIN000050618).

Participants
The study included Fujisawa City residents aged 65 years or
older. In Japan, older adults are generally defined as persons
aged 65 years or older [40]. We recruited participants for two
3-month programs designed to increase physical activity [30].
Participants from 2 different areas within the municipality of
Fujisawa City were recruited through flyers, local newslet-
ters, and calls to related organizations. Participants chose
either intervention (app program and exercise instruction)
or control (exercise instruction only) group. The 3-month
intervention study [30] included 74 participants (intervention
group: 41, control group: 33). The follow-up study was
introduced to 66 participants who completed the 3-month
intervention. Participants (n=8) who did not provide their
informed consent were excluded from the follow-up study.
The eligibility criteria were adults aged 65 years or older
who could walk independently and perform daily activities
without being advised by a physician to refrain from physical
activity (self-reported criterion). Prospective participants were
screened using a personal health status questionnaire based
on the Physical Activity Readiness Questionnaire [46-48] to
ascertain any potential health problems with study partici-
pation. Because the purpose of this study was to assess
feasibility and obtain preliminary estimates, sample size was
not calculated; the number of participants was limited because
the study was conducted in collaboration with the local
government.

Intervention

Program
Regardless of program selection, all participants underwent
face-to-face exercise instruction, program introduction, and
baseline assessment by a physical therapist or health fitness
instructor. Exercise instructions focused on aerobic, stretch-
ing, muscle strengthening, and balance exercises based on
the original “Fujisawa + 10 exercise” program [49,50]. The
timeline of the study procedure is shown in Figure 1. Both
intervention and control groups were instructed to increase
their daily physical activities. The participants completed
surveys and physical function measurements at baseline (start
date), 3 months, and 12 months postintervention. Addition-
ally, physical activity levels were measured every 3 months,
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5 times in total, using triaxial accelerometers. Individualized
physical activity reports were generated from the collected
data and provided as feedback to the participants. The

intervention group began using the app 1 week after the
baseline outcome assessment.

Figure 1. Timeline of 12-month intervention procedure. DPSA: digital peer-supported app.

Digital Peer-Supported App
This study used Minchalle, a commercially available DPSA
[51]. This mobile app was developed in June 2015 by A10
Lab Inc, with an initial release in November 2015. Figure
2 shows a sample app screen. The DPSA creates a group
chat for up to 5 people with a common goal, and partici-
pants anonymously interact with each other in the group.
The common goal of the intervention group was to increase
their physical activity by walking and exercising. Once a
day, participants posted their step counts, photographs, and
comments in a group chat box. The main functions of
the DPSA used in this study were as follows: (1) posting

photographs, step counts, and comments about the day, (2)
reaction buttons from group members (Figure 2), (3) setting
step count goals on a group basis, and (4) providing feed-
back on the group’s total daily step count. Step counts were
measured using a smartphone, and the DPSA reported the
number of steps taken on that day at the time of posting.
The participants were asked to carry smartphones throughout
the day while they were awake. Participants had the option
to post comments or photographs multiple times a day and
engage with other members. The mobile app was provided
to the participants free of charge. Details of the DPSA’s
functionality are summarized in Multimedia Appendix 1.
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Figure 2. Examples of mobile app screens. (A) A group is selected. (B) Photographs, step count, and comments are posted on the group. A
photograph taken that day is posted and comments are added on the day’s events. (C) Contents of the posts are displayed in the group. The total
number of steps for the group is displayed. (D) Responses to posts by group members.

Characteristics of Research Participants
In addition to general characteristics, such as age and sex,
the survey enquired about smartphone ownership, frequency
of app use (except DPSA), and exercise habits. Body weight
(kg) was measured using a digital scale, and height (m) was
measured with a stadiometer after removing shoes. BMI was
calculated as body weight divided by the square of height.
Exercise habits were considered as “those who exercised at
least twice a week for 30 minutes or longer each time for at
least 1 year” [52].

The frequency of neighborhood interaction was assessed
by asking the participants how many times they interact with
people in the neighborhood within 1 week. Group exercise
participation was defined as study participants who partici-
pate in a group of 3 or more people who meet voluntarily to
exercise.
DPSA Feasibility
DPSA feasibility was assessed based on retention and
adherence rates during the year of program implementation.
The retention rate indicates how many of the participants
continued to use the DPSA for 12 months. The adherence rate
indicates how often participants used the DPSA during the
intervention period. The DPSA used in this study excludes
a person from a group if they have not posted a set of step
counts, photographs, or comments for 15 consecutive days.
Dropouts were defined as those excluded from the group
during the 12 months of DPSA use by researchers. Retention
rates were calculated using a population of 26 participants
in the intervention group and a population of all 41 partici-
pants who decided not to participate in the follow-up study.
The retention rate was considered good if it was ≥70% (≥29
retention out of 41) based on previous studies by Farrance
et al [53] and Picorelli et al [54]. The adherence rate was

calculated by dividing the number of sets of step counts,
photographs, and comments posted during the intervention
period by the duration of the intervention. Adherence was
calculated as the percentage of both participants, including
dropouts and not including dropouts. Considering that the
adherence rate for participants in the 3-month program was
87.7% [30], an adherence rate of ≥80% was considered good.
The adherence rates were also calculated by group (7 groups:
A-G). The number of all chat posts per person by group
was calculated to assess the degree to which the group was
used. The observed negative physical conditions during the
intervention were ascertained by interviewing participants 12
months later. The app developers and the municipality were
available to support the participants for any privacy breaches
and technical issues.
Outcome Measure
To assess physical activity, participants were asked to wear
a triaxial accelerometer [55] (Active Style Pro HJA-750C
activity meter; Omron Healthcare) at the waist level for
7 consecutive days for a total of 5 times every 3 months
starting before the intervention. This accelerometer provides
a relatively accurate measure of physical activity in healthy
older adults [56]. Participants were instructed not to remove
the device unless required for certain tasks, such as changing
clothes and bathing. At the end of the measurement, all the
data collected were transferred from the accelerometer to
a personal computer. Following the suggested method [57]
for estimating physical activity, an individual was required
to record ≥10 hours of activity per day for 3 days to be
included in the subsequent analyses. The data were collected
in 60-second epochs for data analysis and used to estimate the
intensity of the activity (METs). Outcome measurements of
physical activity included the mean daily step count and time
spent in sedentary behavior (SB: ≤1.5 METs), light-intensity
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physical activity (LPA: 1.6‐2.9 METs), and MVPA (≥3
METs) per day. The number of steps reported to the group
chat in the DPSA was measured by the smartphone but was
not used as an outcome.

Physical function was assessed using grip strength and
the 30-second chair stand test (CS-30). The grip strength
was measured using a digital dynamometer (Grip D; TKK
5401; Takei Scientific Instruments). This digital dynamom-
eter was reliable and was validated relative to the Jamar
dynamometer, which is the most frequently cited instrument
for assessing grip strength in adults aged older than 60 years
[58]. Measurements were taken in the standing position with
the elbow joint in extension and the wrist joint in midexten-
sion. The left and right hands were measured once, and the
highest value was used for data analysis. For the CS-30 test
[59], seated participants were instructed to stand up from the
chair with their arms crossed at the chest level as many times
as possible in 30 seconds. The CS-30 has been reported to be
quite reliable and valid as an indicator of lower-limb function
in older adults [59].

Self-efficacy for exercise consisted of 4 questions on
self-confidence in exercising under the following conditions
[60]: physical fatigue, mental stress, lack of time, and
bad weather. In response to the question, “Do you have
the confidence to exercise regularly under the following
conditions?” participants were asked to select 1 of 5 answers
ranging from “No, I don’t have any confidence at all (1
point)” to “Yes, I am quite confident (5 points).” The total
score ranged from 4 to 20.
Statistical Analysis
This study used intention-to-treat analysis. Participant
characteristics between groups were compared using
independent sample t, chi-square, and Mann-Whitney U tests.
Fixed-effects models were used because of the intensive
repeated-measures design [61]. The advantage of this method
is that it can handle nested observations, unbalanced numbers

of observations, and missing values [62]. Although it would
have been desirable to use a model that included random
effects in this study, sample size limitations impeded the
convergence of the mixed-effects model, and thus, we applied
a model with fixed effects only. Yet, the fixed-effects
model is still capable of capturing changes in the repeated
measures in the outcomes. On a related note, linear mixed-
effects models can be used with small sample sizes [63,64].
Between-group differences (intervention vs control) were
analyzed using fixed-effects models adjusted for baseline age,
sex, and app usage frequency (at baseline). The interaction
between the groups and the time of the intervention was then
analyzed.

Subsequently, the effects of the intervention for each
group were analyzed using linear mixed-effects models, and
significant differences compared with preintervention were
evaluated using the Bonferroni method (accelerometer data
were adjusted for wear time). Dependent variables, such as
daily step count, SB, LPA, MVPA, grip strength, CS-30, and
self-efficacy for exercise, were analyzed in separate models.
Although the daily step count distribution did not precisely
follow the normal distribution, the consistent results were
obtained when applying a square root transformation, and,
therefore, the results without the square root transformation
are presented for interpretation. Data were analyzed using
IBM SPSS Statistics 29 (IBM). The statistical significance
level was set to 5%.

Results
Participants
The follow-up study included 44 of 66 participants from
the 3-month intervention study. Of these, 26 were in the
intervention group and 18 in the control group (Figure 3).
The intervention group consisted of 7 groups of 3-4 people.
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Figure 3. Flow diagram of participant enrollment and follow-up. DPSA: digital peer-supported app.

Participant Characteristics
Table 1 shows the baseline participant characteristics. The
mean age (SD) of the participants in the intervention group
was 75.1 (5.1) years, with 13/26 men (50%). In the control
group, the mean age was 77.4 (SD 5.3) years, with 6/18
men (33%). Although the participants were relatively older
(average age of 76.0 years), both groups consisted of active
older adults who had regular exercise habits, engaged in

active interactions with their neighbors, and had no health
problems that would interfere with study participation. No
statistically significant differences were observed in the
baseline demographic characteristics between the interven-
tion and control groups. Although statistically significant
differences were not observed arguably owing to the small
sample sizes, the intervention group had larger proportions of
smartphone ownership and app use frequency.

Table 1. Participant characteristics.
Characteristics Total sample (n=44) Intervention group (n=26) Control group (n=18) P value
Age (years), mean (SD) 76.0 (5.2) 75.1 (5.1) 77.4 (5.3) .15a

Sex, n (%) .27b

  Male 19 (43) 13 (50) 6 (33)
  Female 25 (57) 13 (50) 12 (66)
BMI (kg/m2), mean (SD) 22.9 (3.0) 23.3 (3.0) 22.2 (3.0) .27a

Living alone, n (%) 11 (26) 8 (31) 3 (17) .24b

Self-rated health, n (%) .33b

  Excellent, good, or normal 39 (89) 24 (92) 15 (83)
  Fair or poor 5 (11) 2 (8) 3 (17)
Perceived household economic status, n (%) .36b

  Excellent, good, or normal 41 (93) 25 (96) 16 (89)
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Characteristics Total sample (n=44) Intervention group (n=26) Control group (n=18) P value
  Fair or poor 3 (7) 1 (3) 2 (7)
Life satisfaction, n (%) .52b

  Excellent or good, or normal 38 (86) 22 (85) 16 (90)
  Fair or poor 7 (14) 4 (15) 3 (10)
Working, n (%) 12 (28) 7 (27) 5 (28) .61b

Smartphone owner, n (%) 41 (93) 26 (100.0) 15 (83) .06b

Frequency of app use, n (%) .09b

  Usually or sometimes 34 (80) 24 (92) 11 (61)
  Rarely or never 9 (21) 2 (8) 7 (39)
Exercise habitsc, n (%) 24 (55) 16 (62) 8 (44) .26b

Frequency of neighborhood interaction, n (%) .30b

  ≥3 times per week 20 (45) 13 (50) 7 (39)
  ≤2 times per week 24 (55) 13 (50) 11 (61)
Participation in group exercise, n (%) 19 (43) 10 (38) 9 (50) .45b

History falls in the past year, n (%) 6 (14) 3 (12) 3 (17) .48b

Effect of COVID-19 on decreased physical activity, n
(%)

.62b

  Greatly/slightly 31 (70) 19 (73) 12 (67)
  Not much/unchanged 13 (30) 7 (27) 6 (33)
Self-reported decrease in walking speed, n (%) 31 (70) 19 (73) 12 (67) .65b

Triaxial accelerometer
  Steps per day, median (IQR) 6849 (4187‐8688) 7082 (4434‐9866) 5276 (4062‐7143) .15d

  LPAe (minutes per day), mean (SD) 330.5 (89.5) 303 (72.1) 369.1 (98.8) .03a

  MVPAf (minutes per day), mean (SD) 51.4 (27.9) 57.7 (25.3) 42.7 (29.7) .047a

  SBg (minutes per day), mean (SD) 540.0 (113.4) 538.7 (85.8) 541.8 (146.2) .82a

  Triaxial accelerometer wearing time (minutes per
day), mean (SD)

921.9 (115.6) 899.2 (66.6) 953.6 (157.8) .18a

Physical function, mean (SD)
  Grip strength (kg) 26.4 (8.3) 28.1 (8.7) 24.2 (7.3) .13a

  CS-30h 20.1 (6.8) 20.4 (7.6) 19.6 (5.6) .81a

Self-efficacy for exercise, mean (SD) 13.4 (3.4) 13.6 (3.2) 13.1 (3.2) .47a
aAnalysis was conducted using the independent samples t test (2-tailed).
bAnalysis was conducted using the chi-squared test.
cExercise habit was defined as exercising at least twice a week for ≥30 minutes each time for ≥1 year.
dAnalysis was conducted using the Mann-Whitney U tests.
eLPA: light-intensity physical activity.
fMVPA: moderate to vigorous intensity physical activity.
gSB: sedentary behavior.
hCS-30: 30-second chair stand test.

Feasibility: Retention Rate, Number of
Posts, and Negative Impact
The retention rate among the 26 participants in the interven-
tion group was 96% (25/26) in the 6th month, 92% (24/26)
in the 9th month, and 73% (19/26) in the 12th month. The
retention rate, based on 41 participants, all of whom did
not participate in the follow-up survey, was 61% (25/41)
in the 6th month, 59% (24/41) in the 9th month, and 46%
(19/41) in the 12th month; thus, this retention rate was
<70% at the beginning of the follow-up study. The reasons
for dropping out of DPSA were “contracted COVID-19
and stopped submitting” (n=1), “unknown cause” (n=2), and

“after discussion in a group chat, everyone stopped using
DPSA” (n=4).

The adherence rate and number of total posts per day
among members of the intervention group are summarized in
Table 2. The adherence for the DPSA was 85.9%. The total
number of chats per person averaged 2.55 (SD 1.28) per day.
Excluding dropouts, the adherence rate was 92.3%, with a
total of 2.88 (SD 1.24) posts per day per person. Adherence
rates were good among participants in the follow-up study.
One group had all members drop out; all members of the
group were male. Three cases of mild physical discomfort
that did not interfere with daily life were reported, with 2
participants reporting knee pain and 1 reporting foot pain.
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Table 2. Digital peer-supported app adherence rate and number of total posts per day among members of the intervention group.
All participants (n=26) Excluding dropout (n=19)

Group Adherence rate, n (%) Total posts/person /day, mean (SD) Adherence rate, n (%) Total posts/person /day, mean (SD)
All 26 (85.9) 2.55 (1.28) 19 (92.3) 2.88 (1.24)
A 4 (86.3) 1.40 (0.33) 4 (86.3) 1.40 (0.33)
B 4 (95.4) 2.61 (0.77) 3 (99.1) 2.63 (0.94)
C 4 (75.0) 1.17 (0.41) All dropouts All dropouts
D 4 (98.6) 2.24 (0.58) 4 (98.6) 2.24 (0.58)
E 3 (84.7) 4.17 (0.22) 3 (84.7) 4.17 (0.22)
F 4 (85.4) 3.28 (0.63) 4 (85.4) 3.28 (0.63)
G 3 (75.9) 3.66 (2.10) 2 (99.6) 4.74 (1.38)

No privacy breaches were associated with app usage. There
were 2 inquiries from participants, including account transfer
after a smartphone model change (about 30 minutes) and
uninstallation of the DPSA (about 20 minutes).
Changes in Physical Activity and
Function and Self-Efficacy for Exercise
Table 3 shows the analysis results. In the group comparison
of the linear mixed-effects model analyses of physical activity
and function and self-efficacy for exercise, no differences
were observed. However, a significant change was observed
in step count over time only in the intervention group
(P=.048), wherein we observed an increase of 1736 (β=1736,
95% CI 232-3241) steps per day compared with baseline.

LPA and SB showed differences in the control group,
but no significant difference was noted at any time point
compared with baseline. Regarding the CS-30, there was a
significant within-group difference in the increase in CS-30
scores for the intervention (P<.001) and control (P=.03)
groups over the 12-month period. Additionally, the change in
CS-30 scores between the baseline and 12-month assessments
was 6.5 (β=6.5, 95% CI 3.8-9.1) times in the intervention
group (P<.001) and 3.8 (β=3.8, 95% CI 0.6-7.1) times in
the control group (P=.02). Regarding the self-efficacy for
exercise, a significant change over time was observed only
in the intervention group (P=.03), wherein an increase of 1.6
(β=1.6, 95% CI 0.2-3.1) points was observed after 12 months
compared with baseline (P=.03).

Table 3. Included outcome measures at baseline and 3, 6, and 12 months with within-group and between-group comparisons (26 participants in the
intervention group and 18 participants in the control group).

Outcome measures Intervention Control
Group ×
timea

Comparison with
baseline

Within-group
changes

Comparison with
baseline

Within-group
changes

β (95% CI) P value P value β (95% CI) P value P value P value
Steps per dayb .048 .08 .25
  Baseline Reference
  3 months 960 (−505 to 2425) .39 150 (−765 to 1065) .99
  6 months 1213 (−231 to 2657) .14 274 (−633 to 1181) .99
  9 months 581 (−910 to 2072) .99 −653 (−1566 to 260) .28

  12 months 1736 (232 to 3241) .02 147 (−803 to 1096) .99
LPAb,c (minutes
per day)

.18 .044 .71

  Baseline Reference
  3 months −6 (−35 to 23) .99 −21 (−49 to 7) .23
  6 months 16 (−13 to 44) .67 3 (−24 to 31) .99
  9 months 5 (−25 to 35) .99 −16 (−44 to 12) .57

  12 months 18 (−12 to 48) .048 7 (−22 to 36) .99
MVPAb,d (minutes
per day)

.07 .96 .28

  Baseline Reference
  3 months 14 (1 to 26) .02 1 (−7 to 10) .99
  6 months 8 (−4 to 21) .32 0 (−8 to 8) .99
  9 months 5 (−7 to 18) .99 −1 (−9 to 7) .99
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Outcome measures Intervention Control
Group ×
timea

Comparison with
baseline

Within-group
changes

Comparison with
baseline

Within-group
changes

β (95% CI) P value P value β (95% CI) P value P value P value
  12 months 10 (−3 to 22) .23 0 (−9 to 8) .99
SBb,e (minutes per
day)

.16 .049 .62

  Baseline Reference
  3 months −8 (−40 to 24) .99 20 (−8 to 48) .30
  6 months −24 (−56 to 7) .22 −4 (−31 to 24) .99
  9 months −10 (−43 to 22) .99 17 (−11 to 45) .47

  12 months −28 (−61 to 5) .13 −6 (−36 to 23) .99
Triaxial
accelerometer
wearing time
(minutes per day)

.51 .20 .27

  Baseline Reference
  3 months 9 (−38 to 56) .99 −26 (−70 to 19) .59
  6 months −8 (−54 to 39) .99 −14 (−58 to 31) .99
  9 months −19 (−67 to 28) .99 −23 (−68 to 21) .73

  12 months 9 (−39 to 58) .99 −42 (−87 to 4) .09
Grip strength (kg) .09 .15 .12
  Baseline Reference
  3 months −0.8 (−2.1 to 0.5) .31 −0.9 (−2.5 to 0.7) .35

  12 months −1.1 (−2.3 to 0.1) .07 −6 (−36 to 23) .95
CS-30 (times)b,f <.001 .03 .41
  Baseline Reference
  3 months 1.4 (−1.1 to 4.0) .40 0.6 (−2.1 to 3.3) .99

  12 months 6.5 (3.8 to 9.1) <.001 3.8 (0.6 to 7.1) .02
Self-efficacy for
exercise (points)

.03 .54 .53

  Baseline Reference
  3 months 1.1 (−0.2 to 2.5) .12 0.3 (−0.8 to 1.5) .99

  12 months 1.6 (0.2 to 3.1) .02 0.7 (−0.8 to 2.1) .58
aAnalyses were adjusted for age, sex, and frequency of app use (baseline).
bTriaxial accelerometer data were adjusted for wear time.
cLPA: light-intensity physical activity.
dMVPA: moderate to vigorous intensity physical activity.
eSB: sedentary behavior.
fCS-30: 30-second chair stand test.

Discussion
Principal Results
This study aimed to confirm the feasibility of a 12-month
intervention using the DPSA to improve physical activity
among older adults and to obtain preliminary estimates of its
effects on physical activity, physical function, and self-effi-
cacy for exercise. The retention rate in the intervention group
(n=26) over the 12-month period was 73% (19/26). Consider-
ing the 41 participants who did not express interest in the
follow-up surveys as the denominators, the retention rate

was 46% (19/41). The adherence rate was 87.7%. This study
obtained preliminary estimates of the effects of DPSA use
on physical activity, physical function, and self-efficacy for
exercise.
Comparison With Previous Studies
This is a rare study that examined the 12-month long-term
feasibility and changes of an app intervention aimed at
promoting physical activity in older adults. The 26 partici-
pants in the intervention group who used the DPSA had
a 12-month retention rate of 73%. Including participants
who did not indicate a desire for a follow-up survey, the
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12-month retention rate was 46%. A previous study that
used a smartphone app and smart band for weight loss,
physical activity, and caloric intake in an overweight and
obese population aged between 20 and 65 years for 12 months
reported a 12-month retention rate of 68.4% (227/332) [65].
Moreover, a previous study of adults aged 30‐60 years on
physical activity and weight loss in Japan using a smartphone
app focused on steps reported a 12-month retention rate of
95% (52/55) [66]. Compared with that reported by these
previous studies, the 12-month retention rate was lower.
The low retention rate might have been because the study
included older adults who were less familiar with the app
than younger adults [67], and daily posting may have been
stressful for participants with the limited app experience.
Only about half of the older adults were capable of long-
term retention in the DPSA. One of the 7 groups had all
its members drop out; this group was unique in that all
members were males. Groups comprising a mix of male and
female members may last longer. Group chat members with
fewer posts, indicating lower engagement, tended to drop out.
The following strategies can be adopted to prevent drop-
outs: providing opportunities for interactions among group
members, encouraging people to make supportive posts to
each other, and providing canned messages, such as greeting
and appreciation messages, to allow group chat members
communicate with each other through simple operations.
Only 3 negative physical effects were reported; however, they
were all minor and did not cause privacy issues.

In this study, significant changes in the number of steps
taken and the self-efficacy for exercise score (Table 3) were
observed within the intervention group, but there was no
significant difference between groups. Self-efficacy is an
important aspect of social cognitive theory [23]. As hypothe-
sized, peer support based on social cognitive theory improves
self-efficacy for exercise, resulting in increased steps. In the
intervention group, an increase of more than 1000 average
daily steps was observed. Increasing the number of steps
taken daily by ≥1000 reduces the risk of various diseases
and mortality [68,69] . A systematic review of 17 prospective
studies by Hall et al [68] showed that each 1000-step increase
in the daily step count decreases the risk of death and heart
disease, with a 6%‐36% decrease in all-cause mortality risk
and a 5%‐21% decrease in heart disease risk. Furthermore,
an increase of 1000 steps per day decreases a woman’s
risk of diabetes by 6% and an increase of 2000 steps per
day decreases the risk of diabetes by 12% [69]. Although
there was an increase in MVPA in the 3-month intervention,
there were no significant differences within groups in this
study. However, MVPA increased by 10 (95% CI −3 to
22) minutes per day at 12 months compared with baseline.
This result may be an effect of the small sample size. Peer
support can build trust and provide social support through
interpersonal communication [70]. In peer-based intervention
strategies aimed at promoting physical activity among older
adults, social support is considered a key factor in facili-
tating behavior change [71]. In this study, social support
through peer support may have influenced physical activity
levels. However, the evaluation of social support provided

by the DPSA was lacking and should be addressed in future
research.

In this study, CS-30 scores changed from baseline to 12
months for both intervention and control groups (Table 3), but
no significant differences were observed between groups. In
the intervention group, long-term continuation of the DPSA
may have increased self-efficacy for exercise and the number
of steps taken, leading to improved lower limb function.
The DPSA may be effective as a means to improve lower
limb function. This is a meaningful result because improv-
ing lower limb function may lead to the prevention of falls
[72,73], sarcopenia [9,74,75], frailty [74,76], and dementia
[34,72,77], and may also lead to reductions in health care
costs associated with these conditions [78]. The control group
also improved lower extremity function with an increase in
CS-30 scores. Older adults in the control group did not use
the DPSA. They attended exercise instruction and continued
regular physical activity monitoring with an accelerometer.
The improvement in lower limb function may have been
due to voluntary physical activity or strength training that
could not be adequately measured with an activity meter.
The DPSA is not for everyone, as it requires possession of
a smartphone and an understanding of its usage. It may be
important to select a menu of interventions that is tailored to
the characteristics of the participants.
Limitations
This study has the following 4 limitations. First, the study
design was less capable of demonstrating the effects of the
DPSA, compared with an RCT. Participants were nonran-
domly assigned to the intervention and control groups and
free to choose the group in which they would participate.
Older adults who did not own a smartphone were unable to
participate in the intervention group, and those unfamiliar
with the app’s operation were less likely to join. Given that
this was a non-RCT, fully accounting for possible confound-
ing bias was challenging, making it difficult to accurately
estimate the intervention’s effect by comparing the 2 groups.
Additionally, follow-up participation was voluntary. The use
of the DPSA is applicable to only eligible older Fujisawa City
residents who own smartphones and are interested in mobile
apps.

Second, the sample size was small. The follow-up
participation rate was 63% (26/41) in the intervention group
and 55% (18/33) in the control group. This low participation
rate reduces the study’s validity and may have impacted the
feasibility and estimates of the effects on physical activity,
physical function, and self-efficacy for exercise. The small
sample size might have resulted in insufficient statistical
power to detect differences between groups, and the model
parameter estimation might have been unstable. Furthermore,
the small sample size did not allow the convergence of the
mixed-effects model. The older adults in this study took
more steps per day and were originally sufficiently physi-
cally active compared with the general healthy older adult
population [79]. The mean baseline score for adults in Japan
aged 60 years or older for CS-30 score was 17.3 times [80].
At baseline, the intervention group averaged 20.4 times and
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the control group averaged 19.6 times. The study participants
originally had the adequate level of lower extremity function.
Future studies may benefit an aging society by targeting many
older adults who are less physically active and have poor
lower extremity function.

Third, given that this study included only those who
participated in the follow-up, survival bias may have been
present. In the intervention group, participants who did not
complete the follow-up study were older and engaged in less
physical activity at baseline than those who did. Therefore,
the feasibility findings and estimates of changes in physical
activity, physical function, and self-efficacy for exercise may
be overestimated.

Fourth, the generalizability of this study is limited owing
to potential selection bias. Participants in the intervention
group were not only motivated to increase physical activity
but also familiar with using the app. The DPSA was not
adaptable to all participants, as it required a certain level
of information technology literacy and cognitive function.
Social, cultural, and economic factors (eg, older age, privacy
concerns, and low income) may influence preference and

feasibility with smartphone apps [81-83]. Therefore, the use
of DPSA may not be widely accepted.
Conclusions
This study assessed the 12-month feasibility of using the
DPSA and measured preliminary estimates of its effects
on physical activity, physical function, and self-efficacy for
exercise. The 12-month retention rate for participants in the
DPSA intervention group was 73% (19/26), and that for 41
participants including those who decided not to participate in
the follow-up study was 46% (19/41). The DPSA adherence
rate was 85.9%. Only a limited number of older adults had
long-term access to the DPSA. Preliminary estimates suggest
that DPSA use may improve step count, lower extremity
function, and self-efficacy for exercise. However, various
biases were introduced, preventing the demonstration of clear
intervention effects. There is a need to identify ways in which
more older adults can use DPSAs for extended periods of
time; RCTs should be conducted to ascertain the long-term
effects of DPSAs on physical activity and function in older
adults.
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