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Abstract

Background: Sedentary behavior is highly prevalent among older adults, with adherence to exercise being a major challenge.
Exercise offers substantial physical, psychological, and social benefits, but enjoyment is a key factor influencing adherence.
Technol ogy-based interventions have shown promise in enhancing motivation and participation, demonstrating higher adherence
rates than conventional treatments, although challenges such as motivation loss and technological barriers persist. This review
evaluates the effectiveness of active video game interventions on enjoyment and satisfaction in older adults.

Objective:  This systematic review and meta-analysis aims to determine whether active video games are superior to other
interventions in generating greater enjoyment or satisfaction in older adults.

Methods: PubMed, Cochrane, PEDro, SPORTDiscus, CINAHL, Web of Science, and Scopus databases were searched from
inception to September 30, 2024, to identify randomized clinical trials or crossover studies. The primary outcome was enjoyment
or satisfaction, assessed using various scales, including the Physical Activity Enjoyment Scale, Intrinsic Motivation Inventory,
User Satisfaction Questionnaire, and Likert-type scoring scales. Secondary outcomesincluded adherence rates and adverse effects.
Cochrane Risk of Bias 2 tool was used to evaluate the risk of bias.

Results: Five studies were included in the quantitative analysis. The results indicated a significant improvement in enjoyment
or satisfaction compared to the control groups (standardized mean difference 0.34, 95% CI 0.05-0.64; P=.02; 1°=24%), although
the effect size was small. Secondary outcomes could not be analyzed due to insufficient datain the selected studies.
Conclusions: Active video gameinterventions may improve enjoyment and satisfaction in older adults, but the evidence remains
of low certainty.

(JMIR Aging 2025;8:€72559) doi:10.2196/72559

KEYWORDS
gamification; exergaming; enjoyment; satisfaction; older adults

In 2018, the World Health Organization (WHO) launched an
intervention plan aimed at reducing physical inactivity among
adults and adolescents by 15% by 2030 [6]. This initiative
994 million by 2030, and this trend is expected to continuein  €nhances individual and community health by creating active
thefollowing years[1]. A major concernin agingisthereduced  SCCi€ti€s, environments, people, and systems. The intervention
expectancy of hedlthy life years. The 3 aspects of healthy or emphasz%thelmportance of exercise or physical act|V|_ty asa
successful aging are cognitive or mental well-being, social  Primary treatment approach, given its numerous benefits and
fulfillment, and physical health, with exercise being crucial for 1OW Tisks of side effects. Regular physical activity improves
physical health [2]. However, older adults are among the most mortality rates, life expectancy, and physical and functional
sedentary population groups, as sedentary behavior seems to  health outcomes [7-12].

increase with age, with older adults spending 62% to 86% of  There are discrepanciesin the literature regarding the risks and
the day in sedentary behavior [3-5]. benefits of sedentary behavior and physical activity on physical,
psychological, and social outcomes [13,14]. Consequently,

Introduction

The global population of older adults is projected to surpass
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sedentary lifestyles remain prevalent among older popul ations,
as barriers or facilitators to physical activity adherence arise
from intrapersonal factors (physica and mental health and
individual preferences), interpersonal influences, as well as
physical, structural, and organizational environments [15].
Numerous barriers and facilitators affect older adults
engagement and adherence to exercise, shaped by individual
experiences and preferences. Researchers have suggested that
fun should beincorporated into the FITT (Frequency, Intensity,
Time, Type) prescription model [16], as enjoyment may be a
critical factor in exercise adherence. Studies have shown that
patients perceive exercise differently—some view it as a
pleasant activity, while others regard it as an obligation like
taking medicine [15,17]. Addressing this barrier through an
immediate reward system like enhancing enjoyment could
positively transform patients exercise experiences and
potentially improve adherenceto physical activity interventions
[18,19]. This can be explained through various theoretical
frameworks such as operant conditioning theory,
self-determination theory, or Ekkekakis model, which link
enjoyment to perceived exertion [20,21]. Technology-based
interventions, particularly those that integrate engaging and
interactive elements, offer a promising solution to enhance
motivation, make exercise more enjoyable, and encourage
sustained participation among older adults [19].

Gamification, which applies video game design elements such
as points, badges, leaderboards, and avatars in nongame
contexts, has become an increasingly popular tool in recent
years for enhancing adherence to various interventions.
Gamification may positively influence user behavior and
experience, although its effectiveness may vary depending on
theintervention, asinconsi stent results have been reported across
different age groups[22,23]. Video games or technol ogy-based
interventions have demonstrated adherence rates as high as
91%, and in some cases, rates up to 1.38 times higher than
conventional exercisetreatmentsor no intervention, which could
suggest that greater adherence to physical activity might lead
to enhanced health benefits [19,24,25]. Adherence rates in
exercise programs for older adults range from 65% to 86% but
tend to decline in unsupervised training programs or when the
duration exceeded 12 weeks, suggesting that factors such as
supervision, program length, and the engaging nature of the
intervention play a crucial role in maintaining adherence
[19,24,26]. Despite these benefits, such interventions also
present challenges, including loss of motivation or interest,
space limitations, technological barriers, and feelings of
embarrassment when using video games [24,27].

This systematic review aims to primarily evaluate the
sati sfaction and enjoyment experienced by older adultsthrough
active video games. The secondary objective was to determine
their adherence to treatment and the possible side effects of the
intervention. These metrics are essential for understanding
intervention efficacy and long-term adherence.

https://aging.jmir.org/2025/1/e72559
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Methods

Study Registration

The protocol for this systematic review and meta-analysis was
registered in PROSPERO (CRD42024593212). This analysis
was conducted following the recommendations of the Cochrane
Collaboration and the PRISMA (Preferred Reporting Itemsfor
Systematic Reviews and Meta-Analyses) guidelines.

Search Strategy

A bibliographic search was completed between September 21
and 30, 2024, in the following health and sports science
databases: PubMed, Cochrane, Web of Science, CINAHL,
SPORTDiscus, PEDro, and Scopus. The search strategies used
are available in Multimedia Appendix 1.

Inclusion and Exclusion Criteria

The inclusion criteria for this review were as follows. (1)
randomized clinical or controlled trials and crossover studies,
(2) patients older than 60 years; (3) exerciseor physical activity
intervention using gamification, including commercial apps,
exergames, or serious games; (4) the comparison group had to
perform some form of active exercise, follow their usua
treatment, or do nothing; and (5) use of enjoyment or satisfaction
scales.

Studies that met any of the following criteria were excluded:
(1) case series, observational studies, and conference
proceedings and (2) use of enjoyment or satisfaction scalesin
only one of the groups. No language exclusion criteria were

applied.
Study Selection

Studieswere selected based on a predefined PICOS (Population,
Intervention, Comparison, Outcome) framework established at
the outset of the review. The population included older adults,
the intervention involved exercise delivered through video
games, and the outcome focused on assessing the levels of
enjoyment or satisfaction. After defining the search strategy,
studies were entered into Rayyan (an app) [28] to exclude
duplicate papers. Two researchers selected the studies according
to theinclusion and exclusion criteria; in case of disagreement,
a third researcher reviewed the study until a consensus was
reached.

Data Extraction

Firgt, 2 reviewers extracted informative data from the studies
independently; in case of discrepancies, athird reviewer resolved
this. Thedatato be extracted were first author and year, number
of participants, design, groups, type of intervention in both
groups, outcomes, number of sessions, session time, perceived
effort, hardware and software used, and follow-up.

The second part consisted of extracting data values for the
different outcomes—both primary and secondary. For the
primary outcome of exercise enjoyment or satisfaction and for
the secondary outcomes of adherence and adverse effects, mean
and standard deviation valueswere extracted. When valueswere
reported as change or asfinal values, the extraction of the final
values for the analysis was determined as the preferred option.
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If data were only available in graphs, the graph digitization
software GraphGrabber version 2.0.2 [29] was used for
extraction.

Risk of Bias

The methodol ogical quality of theincluded studieswas assessed
by 2 independent reviewers (JBA and ITC) using the Cochrane
Risk of Bias 2 tool, which evaluates the possible risk of biasin
randomized trialsfor both parallel and crossover design studies
[30]; in case of disagreement, the third reviewer broke the tie
(HBA). This scale assesses hias based on 5 domains. process
randomization, missing data on outcomes, outcome
measurement, selection of reported outcomes, and deviations
from intended interventions. An additional domain, biasarising
from period and carryover effects, was assessed in crossover
studies.

The GRADE (Grades of Recommendation Assessment
Development and Evaluation) rating system was used to assess
the quality of evidence. Publication biaswas al so assessed using
the funnel plot and Egger test for publication asymmetry.

Main Outcomes

The primary outcome variable for this review was exercise
enjoyment or satisfaction, which was assessed using the scales
reported in the included studies. These scales were not
predetermined but were identified during the review process
based on the methodologies of the selected studies. Each scale
was included because it was used by the respective studies to
measure enjoyment or satisfaction, ensuring consistency with
their reported outcomes. The following tools were identified.

1. Physical Activity Enjoyment Scale: Thisscaleisavalidated
and reliable tool used to assess the level of enjoyment
individuals experience during a physical activity. The
studies reviewed utilized a modified 5-item version of the
scale, with responses recorded on a Likert scale ranging
from 1to 7 [31].

2. Intrinsic Motivation Inventory: Thisis a multidimensional
scale designed to assess intrinsic motivation, with various
subscales, including interest or enjoyment [32]. Only the
interest or enjoyment subscale was used as an outcome
measure in the study reviewed.

3. User Sdtisfaction Questionnaire: This is a 15-item
guestionnaire divided into 2 parts, that is, the benefits and
pitfallsof theintervention and self-perceived improvements
in physical and cognitive outcomes.

Two studies [33,34] did not use specific enjoyment or
satisfaction scales. Instead, the participants were directly asked
about their levels of enjoyment or satisfaction, and their
responses were measured using Likert-type scales.

Statistical Analysis

We assessed the overall effects of exercisethrough video games
on enjoyment or satisfaction in older adults. As secondary
outcomes, the effects of gamification compared to those of other
interventions on adherence and adverse effects were analyzed.
Subgroup analyses of the primary outcome (exercise enjoyment

https://aging.jmir.org/2025/1/e72559

Bravo-Aparicio et a

or satisfaction) were conducted to explore the key variables
potentially influencing variationsin enjoyment. Theseincluded
session time (<10 min vs >10 min), target population (older
adults without reported health conditions vs older adults with
reported health conditions), immersion type (virtual reality vs
augmented reality), type of control group (active vs passive),
and the number of sessions (1 session vs >10 sessions).

The inverse variance method analyzed the primary variable
(exercise enjoyment or satisfaction). Statistical heterogeneity
was assessed using the chi-square test, and the 12 value was
calculated. Heterogeneity was established as low for 1=25%,
moderate for 12=50%, and high for 1=75%. The random effects

analysis model was used when the heterogeneity was 12250%,
and the fixed effects analysis model was used when the

heterogeneity was 1°<50%.

The standardized mean difference (SMD) was used for the
overall effect on enjoyment or satisfaction, as different scales
were implemented in the included studies. For all enjoyment
or satisfaction scales, higher scores implied a better result on
this outcome,

For all variables, a statistical significance level of P<.05 and
95% Cls were established. The effect size was determined as
low when SMD was 0.2, moderate when SMD was 0.5, and
high when SMD was 0.8, according to Cohen. Sensitivity
analysis was performed individually per study to analyze their
influence on the overall results and changes in heterogeneity
according to study weight. RevMan software (version 5.4.1;
The Cochrane Collaboration) was used for the quantitative
analysis.

Deviations From the Protocol

Some analyses foreseen in the protocol registered in
PROSPERO could not be performed in this review. Secondary
outcomes were foreseen to meta-analyze the adherence to
exercise through video games and the adverse effects that these
interventions could have; however, this analysis could not be
performed, as adherence and the appearance of adverse effects
weremeasured inonly 1[33] and 2[33,34] studies, respectively.

Results

Study Selection

A total of 850 studies were retrieved from the search strategy.
After the elimination of 290 duplicated papers, 560 paperswere
screened, of which 540 were excluded after reading thetitleand
abstract. The remaining 20 studies were included for full-text
reading, of which only 6 [33-38] wereincluded in this systematic
review, as represented in Figure 1. In the quantitative analysis,
5 studies [33,35-38] encompassing atotal of 419 participants
were included, with a mean age of 74.72 (SD 6.4) years; 215
participants played an active video game, while 204 participants
received other interventions. Takel et al [34] were contacted to
obtain the unavailable data in their published paper, but no
response was received. This selection process underscores the
robustness of the study inclusion.
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Figurel. Flow diagramin thisreview.
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Characteristics of the Included Studies

This systematic review was performed on 6 studies. 2
randomized controlled trials and 4 crossover studies, involving
419 participants [33-38]. Among these, 3 studies focused on
ol der adultswithout reported health conditions[35,36,38], 2 on
older adults undergoing rehabilitation [33,34], and 1 specifically
on older adults with Parkinson disease and mild cognitive
impairment [37].

Most studiesimplemented active video game interventions that
incorporated full-body movements, combining various

https://aging.jmir.org/2025/1/e72559

therapeutic approaches such as strength training, balance
exercises, flexibility routines, yoga, and jogging [33-36], while
2 studiesfocused on specific exercisesfor upper limbs and gait,
respectively [37,38].

The comparison groups varied across studies. Dockx et al [37],
Sayar et a [36], and Takei et a [34] compared the effects of
active video gamesto those of another activeintervention, while
Kruse et a [38] and Oesch et a [33] compared the effects of
video games to those of videos or exercise leaflets. Ferreira et
al’s[35] trial contrasted the effects of active video games with
those of watching television. In terms of immersion, 5 studies
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[33-37] employed augmented reality, while Kruse et al’s [38]
study used virtual reality.

Regarding session duration and frequency, training times
typically ranged from 30 minutes to 1 hour, except for Kruse
et al’s[38] study, which had sessions lasting for 7-10 minutes.
Four studies conducted only 1 session of the active video games
[34-36,38], while Oesch et al [33] and Dockx et a [37]
implemented interventions 2-3 times per week, with overall
duration varying between 10 days and 6 weeks.

Two studies [34,36] included exercise intensity parameters
measured using the Rate of Perceived Exertion scale, allowing
participants to self-regulate the intensity of their interventions.
In both cases, participants adjusted their exercise levels based

Table. Genera study characteristics.

Bravo-Aparicio et a

on their own perceptions of effort. Oesch et a [33] mentioned
that their exercise intervention was self-regulated, but they did
not provide specific dataon how thiswas measured or its effects.

Secondary outcomes such as adherence were investigated only
by Oesch et al [33] who reported an overall adherence rate of
85% for both groups. However, the control group showed higher
adherence, as the exergame group had more dropouts due to
dissatisfaction with the intervention [33]. Regarding adverse
effects, Oesch et al [33] and Takel et al [34] reported no adverse
effects in their studies. The remaining studies [35-38] did not
specify whether any adverse effects occurred. The genera
characteristics of the included studies and the intervention
characteristics in the included studies are shown in Tables 1
and 2, respectively [33-38].

Study ID Study design Participants (n) Age (years), mean  Pathology Intervention fre- Time (min)
(SD) quency
Dockx etd [37], RcT? 281 (114MP, 73.75 (6.66) Older adultswith- 3 daysaweek for 6 45
2017 167WC out reported health  weeks
) conditions, older

adultswith mCId,

older adults with

Parkinson disease
Ferreiraet a [35], Crossover study 32 (15M, 17W) 66.70 (4.98) Older adultswith- 1 session 50
2022 out reported health

conditions
Kruseet a [38], Crossover study 25 (3M, 22W) 81.24 (4.97) Older adultswith- 1 session 7-10
2021 out reported health

conditions
Oesch et al [33], RCT 54 (29M, 25W) 74.05 (9.25) Older adultsinreha  Twiceaday for 10 30
2017 bilitation days
Sayar et d [36], Crossover study 40 (17M, 23W) 69.60 (4.16) Older adultswith- 1 session 30
2023 out reported health

conditions
Takei et al [34], Crossover study 16 (3M, 13W) 83(7) Older adultsinreha- 1 session 60
2023 bilitation

8RCT: randomized controlled trial.
5M: men.

SW: women.

dmCl: mild cognitive impairment.
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Table. Intervention characteristicsin the included studiesin this review.
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Study ID Experimental  Control group Videogame  Hardware Software Movement re-  Outcomes Intensity
group type quired
Dockxeta  Treadmill with Treadmill AR? Screenforpro-  Screensmula- - Gait usqQP N/AC
[37], 2017 augmented re- jectingvisua  ingwalkingin
ality content the street
Ferreiraeta  “Your Shape  Watchtelevi- AR Xbox Kinect  “Your Shape  Full-body pACESY N/A
[35], 2022 Fitness sion Fitness movement
Evolved” Evolved”
video game (Stack’ em up,
zendevelopit,
pump it, wall
breaker, hurri-
cane)
Kruseet a VRE video Exercisevideo VR Valvelndex =~ Maestrogame Upperlimbs  |pf N/A
[38], 2021 game VRheadset VR exercises
Oeschetd Windows Exercise AR Windows Game up Full-body Enjoyment Self-regulated
[33], 2017 Kinectvideo  leaflet Kinect movement (Likert type
games from scale) adher-
GameUp ence and ad-
Project verse effects
Sayar et a Xbox Kinect  Brisk walking AR Xbox Kinect  “Kinect Ad- Full-body PACES RPEY (1-10)
[36], 2023 video game ventures!” and movement
“Your Shape
Fitness
Evolved
2012"
Takei et a Nintendo Physica theraa AR Nintendo Nintendo Full-body Enjoyment RPE (6-20)
[34], 2023 switchvideo  py switch, ring switchvideo  movement (Likert type
game fit, and leg games scale) and ad-
sensor verse effects

8AR: augmented reality.

bUSQ: User Satisfaction Questionnaire.
°N/A: not applicable.

dpacES: Physical Activity Enjoyment Scale.
SVR: virtual redlity.

fIMI: Intrinsic Motivation Inventory.

9RPE: Rate of Perceived Exertion.

Risk of Biasin theIncluded Studies

The agreement rate achieved between the two authors who
completed the risk of bias assessment was 80%; in case of
disagreement (20%), the third reviewer resolved it. Therisk of
biasin the 6 studiesis represented in Figure 2 [33-38].

The Egger regression—based test was conducted to evaluate the
presence of publication bias. The results indicated that the

https://aging.jmir.org/2025/1/e72559

intercept was not significantly different from O (intercept=2.985;
P=.83), suggesting no evidence of small-study effects.

The funnel plot (Figure 3) visually supports these findings,
showing arelatively symmetric distribution of the effect sizes
around the estimated overall effect size. The absence of
asymmetry further suggests that publication biasis unlikely to
have significantly influenced the results of this meta-analysis.

Based on these findings, there is no statistical evidence of
publication bias in the included studies.
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Figure 2. Risk of bias assessment. D1: randomization process. DS: bias arising from period and carryover effects. D2: deviation from intended
interventions. D3: missing outcome data. D4: measurement of the outcome. D5: selection of the reported result.
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Dockx et al 2017 !

Ferreira et al 2021 . .

Oesch et al 2017 !

Kruse et al 2021

Sayar et al 2023 !

Figure 3. Funnel plot of the included studies.
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Quantitative Analysis

The active video game group showed an improvement in the
overall enjoyment or satisfaction compared to the control group
after the intervention period, as shown in Figure 4 [33,35-39],
which shows a small effect size and low heterogeneity (SMD
0.34, 95% CI 0.05-0.64; P=.02; 12=24%). The certainty of the
evidence for overall enjoyment in active video games versus
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that in control interventions was rated as low according to the
GRADE approach. Thiswas based on data from 4 randomized
trialsinvolving 187 participants in the intervention groups and
178 in the control groups. The SMD for enjoyment was 0.34
SD (95% CI 0.05-0.64) higher in the active video game group.
The evidence was downgraded due to very serious risk of bias,
while inconsistency, indirectness, and imprecision were not
considered serious. No other concerns were identified
(Multimedia Appendix 2).
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Figure 4. Forest plot of the overall enjoyment.
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Video games Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dockx K, et al. 2017 3191 7.74 138 30 6.94 130 56.3% 0.26 [0.02, 0.50] -
Ferreira JA, etal. 2022  92.49 10 16 88.3 12.11 16  14.8% 0.37 [-0.33, 1.07] -
Kruse L, et al. 2021 457 0.63 13 46 0.68 12 12.2% -0.04 [-0.83, 0.74] - 1T
Qesch P, etal. 2017 1.85 0.26 28 21 0.3 26 Mot estimable
Sayar R, et al. 2023 33.52 256 20 311 28 20 16.6% 0.88 [0.23, 1.54] -
Total (95% Cl) 187 178 100.0% 0.34 [0.05, 0.64] L 2
Heterogeneity: Tau? = 0.03; Chi® = 3.96, df = 3 (P = 0.27); I = 24% 2 1 5 1 2

Test for overall effect: Z = 2.27 (P =0.02)

For the quantitative analysis, the study by Oesch et al [33] was
removed after the sensitivity analysis because it had a small
sample size and alarge effect size (SMD -0.86, 95% Cl -1.42
to —0.3), which increased heterogeneity by 55% for a study
weight of 20.6%. Itsinclusion significantly affected the overall
effect result (SMD 0.12, 95% CI —0.41t0 0.64; P=.67; 1>=79%),
as shown in Multimedia Appendix 3.

The effect of active video games on exercise enjoyment or
satisfaction by subgroups is shown in Table 3. No significant
differenceswerefound based on session time, target population,
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Favors [control] Favors [experimental]

immersion type, number of sessions, or control group type.
However, some subgroup comparisons were close to reaching
statistical significance. Notably, when the effects of active video
games were compared to those of an active intervention,
enjoyment was higher with active video games, although this
difference was not statistically significant (P=.08). Additionally,
2 other subgroup analyses approached significance: older adults
without reported health conditions appeared to enjoy active
video games more (P=.12), and fewer sessions seemed to result
in greater enjoyment or satisfaction (P=.12).
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Table. Subgroup anadysis.

Bravo-Aparicio et a

Subgroup Studies (n) Participants (n)  Random effect Heterogeneity ~ Subgroup difference
(%), 12
SMD2(95%cl) P value Chi-square (df)y P value
Session time (min) 0.1(1) 0.71
<10 1 25 -0.04 (--0.83t0 0.91 N/AP
0.74)
>10 4 3% 0.15(-048to0  0.67 79
0.78)
Target population 1.3(1) 0.25
Older adults 3 97 044 (-0.09t0 0.1 39
without reported 0.96)
health condition-
ss
Older adults 2 322 -0.27(-1.37t0 0.63 92
with reported 0.83)
health conditions
Immersion type 0.1(1) 0.71
Virtual reality 1 25 -0.04(-0.83t0 091 N/A
0.74)
Augmentedredi- 4 3% 0.15(-048to0 064 84
ty 0.78)
Number of sessions 1.3(1) 0.25
1 3 97 044 (-0.09t0 01 39
0.96)
>10 2 322 -0.27(-1.37t0 0.63 92
0.83)
Control group type 19(1) 0.16
Activeinterven- 2 308 0.49 (-0.1to 0.1 68
tion 1.09)
Passiveinterven- 3 111 -0.21(-0.98to 0.6 74
tion 0.57)

3SMD: standardized mean difference.
BN/A: not applicable.

Discussion

Principal Findings

Thissystematic review with meta-analysis evaluatesthe specific
effectiveness of active video games on enjoyment and
satisfaction experienced by older adults—outcomes that are
crucial for adherenceto physica activity programs. Our findings
indicate that exercise delivered through active video games
could provide greater enjoyment or satisfaction than control
interventions.

Enjoyment is a key determinant in long-term adherence to
physical activity, as it enhances engagement and sustainability.
Consequently, incorporating enjoyable components such as
active video gamesinto exercise regimensalignswith proposals
to include fun within the FITT principles for a more halistic
exercise prescription [16]. Studies have shown that enjoyment
could serve as either a barrier or afacilitator in the adherence
to exerciseroutines[15,26]. Therefore, incorporating enjoyable
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elements such as active video games into exercise routines or
treatments could potentially help individuals stay engaged in a
physical activity, as the overall effect on enjoyment and
satisfaction inthisreview suggeststhat active video games may
offer amodest advantage over control interventions, potentially
enhancing the appeal of exercise for older participants.

In this systematic review, we found that only Oesch et al [33]
examined adherence to active video game interventions, and
they reported that the control group showed higher adherence,
whilethe experimental group showed ahigher dropout rate due
to participants disliking the treatment. These findings contrast
with those of Valenzuelaet a [24] who demonstrated increased
adherence to technology-based interventions. This divergence
may stem from differencesin theintervention design, participant
characteristics, or contextual factors, warranting further
exploration. However, the results from Oesch et a’s [33] study
may align with genera adherence trends for physical activity,
where nonadherence rates range from 47% to 96% within the
first year in healthy populations and from 50% to 70% in
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patients undergoing physical therapy, while adherence ratesin
older adults range from 65% to 86% [26,39-41].

Among the reviewed studies, only Oesch et a [33] and Takel
et al [34] reported adverse effects, with neither identifying any
incidents during their interventions. Although these findings
suggest that active video game interventions are generally safe,
the absence of reporting in other studies limits definitive
conclusions regarding their safety profiles [33,34]. However,
most of the studies [35-38] included did not report the
occurrence of adverse effects.

Subgroup analyses revedled no dtatistically significant
differences between active video gameinterventions and control
interventions; however, comparisons between the active video
game intervention group and the control group approached
significance (P=.08). This trend suggests a potential for
differential effectsthat may become apparent with larger sample
sizes or moretargeted studies. Sayar et al [36] used a crossover
design, allowing participants to experience both interventions
and compare them directly in terms of enjoyment. This design
made it possible to observe which intervention generated a
greater sense of enjoyment among participants. In contrast,
Dockx et a [37] compared the effects of the usua treadmill
walking intervention with those of an intervention that had a
screen simulating standard treadmill walking, and they suggested
that the added visual and auditory distractions may have
contributed to participants' preference for the screen-enhanced
intervention, as participants may have perceived less exertion
[42,43].

Other comparisons approaching significance (P=.12) werefound
in older adults without reported health conditions versus ol der
adults with reported health conditions and in 1 session versus
>10 sessions, with the same studies[33,35-38] included in each
subgroup for the number of ons. One possible explanation
for greater enjoyment in fewer sessionsisthat repeated exposure
to the sameintervention might lead to decreased motivation, as
older adults could lose interest in the video game or view the
technology as more of a barrier than a facilitator [19,24].
Similarly, this may also explain why some older adults with
health issues did not favor this type of treatment. A study [44]
on older adults experiencing chronic low back pain indicated
that continued engagement in physical activity was often due

Bravo-Aparicio et a

to the enjoyable experience of the exercise itself. In contrast,
in Oesch et a’s [33] study, older adults who did not find the
activity enjoyablefrequently might have perceived it asabarrier,
which in some cases contributed to their decision to drop out
of the study [33].

Limitations

Thisreview has several limitations. The generalizability of our
findingsis limited by the small number of the included studies
and their high risk of bias, primarily due to issues in
randomization and blinding of participants and assessors.
Although the statistical heterogeneity was low after removing
one study [33] that significantly increased the variability,
differencesin theintervention types and outcome measurement
methods still contribute to some methodological inconsistencies.
Additionally, only 2 studies [34,36] reported on the exercise
intensity—a factor known to influence enjoyment and
satisfaction through established models [21,45,46]. Future
research should explore how exercise enjoyment affects
adherence in rehabilitation programs and examine whether
perceived exertion influences enjoyment or satisfaction.
Addressing these gaps could strengthen the evidence base. Other
possible research directionsinclude a systematic review on the
role of active video games in adherence or a qualitative study
exploring factors that influence older adults adherence to
EXercise programs.

Clinical Implications

From a clinical perspective, this review does not establish a
definitive advantage of active video games over traditional
interventions. However, tailoring exercise programs to
individual preferences and integrating enjoyabl e elements may
optimize patient adherence and satisfaction, aligning with
patient-centered care principles.

Conclusion

Active video games could help improve enjoyment or
satisfaction in older adults, with alow certainty of evidence. In
this systematic review, active video games did not show a
superior effect to conventional treatment on adherence. Future
research should explore optimizing gamification techniquesto
maximize adherence and satisfaction.
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Abstract

Background: Exerciseinterventions can reverse frailty. However, their scalability and sustainability are limited by manpower,
which isreducing due to population aging. GrandMoveis a program that combines healthy and productive aging strategiesto (1)
train and employ robust older adults as exercise coaches and (2) improve fitness and motivate the adoption of an exercise habit
in older adults with frailty and prefrailty.

Objective: Theaim of this study isto examine the effectiveness of GrandMove in improving frailty, fitness, and quality of life
in older adults with frailty and prefrailty.

Methods: This cluster randomized controlled trial recruited older adults with frailty and prefrailty (N=390) living in the
community. The 18-month exercise program consisted of three 6-month phases of lifestyle education (E), resistance exercise (R),
and aerobic exercise (A). Each group of participants was randomized into 3 intervention sequence arms. the E-R-A group, the
A-R-E group, and the R-A-E group.

Results. At 6, 12, and 18 months, 346, 305, and 264 participants completed the frailty assessment, respectively. At 6 months,
100 of 346 participants (28.9%) were robust. A-R-E and R-A-E were no better than E-R-A as the active control in addressing
frailty over the first 6 months (A-R-E: interaction coefficient 0.07, 95% CI —0.35 to 0.49, P=.68; R-A-E: interaction coefficient
-0.02, 95% CI -0.42 to 0.38, P=.90). Compared to lifestyle education, resistance training and aerobic training over the first 6
months were associated with greater improvement in fitness measures of grip strength for the left hand (A-R-E: interaction
coefficient 2.99, 95% CI 0.76 to 5.23, P=.009; R-A-E: interaction coefficient 2.21, 95% CI 0.63 to 4.36, P=.04) and right hand
(A-R-E: interaction coefficient 3.75, 95% CI 1.54 to 5.97, P=.001; R-A-E: interaction coefficient 2.29, 95% CI 0.16 to 4.42,
P=.04) and arm curl test (A-R-E: interaction coefficient 1.42, 95% Cl 0.39 to 2.46, P=.007; R-A-E: interaction coefficient 1.11,
95% CI 0.12 to 2.11, P=.03). The sequence of exercise interventions (R-A-E vs A-R-E) did not make a difference in primary
outcomes at 12 months, but the R-A-E group showed better quality of life (interaction coefficient 4.50, 95% CI 0.12 to 8.88,
P=.008). Improved frailty outcomes were maintained by the end of the study, but the change in overall physical activity level
was limited.

Conclusions: Combining healthy and productive aging strategies is a scalable and sustainable way to improve frailty, fitness,
and quality of lifein older adultswith frailty and prefrailty. Different combinations of lifestyle education and physical interventions
improved frailty.

Trial Registration: HKU Clinica Trids Registry HKUCTR-1964; https.//www.hkuctr.com/Study/Show/
75c5d2e6825c4b5498f0c65c82714c4b

(IMIR Aging 2025;8:€65636) doi:10.2196/65636
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Introduction

Frailty, a common condition that increases with age, is a
dynamic clinical state that can improve or worsen over time
[1,2]. About 1in 10 older adults are frail and 46% are prefrail,
a state with higher risk of progression to frailty [3]. Frailty is
known to predict disability, mortality, risk of fractures, and
many other adverse health outcomes [4]. To date, evidence for
the management of frailty isthe strongest with physical activity
[5,6]. In older adults who are very frail, even small gainsin
strength can result in important functioning benefits and promote
independence [5]. Evidence suggested superior outcomes with
training carried out 3 or moretimes per week, for 30-45 minutes
per session, and lasting at least 3-5 months [7]. Adherence to
exercise training is good even in older adults with frailty, with
few adverse events or safety concerns[5].

Practice guidelineswidely recommend multicomponent exercise
programs for the management of frailty [8]. Many programs
concurrently prescribe multimodal exercise components, even
though sequential prescription may promote adherence and
minimize attrition [8,9]. The optima sequence is yet to be
investigated. Theoretically, strength and aerobic training
contribute in different ways by slowing or compensating for
muscle wasting and loss of endurance, as well as preventing
other diseases and resisting the cascade of disability [10]. These
exercise modalities impact on the older person’s quality of life
by affecting their ability to lift load (eg, arising from a chair)
and endurance in performing activities of daily living (eg,
walking), allowing them to take control and lead a purposeful
life. These may have implications for the design of exercise
training protocols for frailty intervention.

Past development of exercise programs put a greater emphasis
on maximizing physical benefits, while less focus was put on
the scalability and sustainability of the program. It isforeseeable
that the health care manpower gap as a result of population
aging is increasing [11] and heavy reliance on professionally
led formal health care servicesfor addressing frailty isunviable
and unsustainable. Our team developed a multicomponent
exercise program, namely the GrandM ove program, which has
a group of trained coaches in their 50s to 60s deliver the
interventions. Delivery of exercise interventions by peer coaches
rather than health professionals is a key to the long-term
scalability and sustainability of such programs in the context
of population aging. Our program incorporated both healthy
and productive aging strategies. Although the program had clear
goals of improving frailty, fitness, and quality of life in older
adultswith frailty and prefrailty, our peer coachestook on their
own path to successful aging by adopting an activelifestyleand
engaging in postretirement paid work. A detailed description
of the program design is provided in the Methods and
Multimedia Appendix 1.

In this study, three intervention sequenceswere designed to (1)
examine the effectiveness of a 6-month aerobic or resistance

https://aging.jmir.org/2025/1/e65636

training program compared with lifestyle education asthe active
control intervention at 6 months, (2) investigate any order effect
in resistance and aerobic training in older adultswith frailty and
prefrailty at 12 months, and (3) eval uate exercise habit formation
over 18 months.

Methods

Study Design and Participants

Thisisan 18-month, multicenter, cluster randomized controlled
trial with 3intervention arms. A cluster design was used because
of the logistical issues associated with the implementation of
theinterventions. The study sitesincluded 14 community service
centers for older adults and 15 public rental estates in Hong
Kong. The staff from the participating sites referred potential
participants based on their age and frailty status at screening.

Ethical Considerations

Designated research assistants, who were not involved in the
intervention, obtained written informed consent and conducted
screening interviews with the participants. The study protocol
was approved by the institutional ethics committee (reference
number EA1511048). The study was registered with the HKU
Clinical Trials Registry (reference number HKUCTR-1964).
All data used in this study were deidentified before analysis.
Participants did not receive any compensation for their
involvement.

Participants

Target study participants were older adults living in the
community who did not have any contradictionsto participation
inamoderate level of physical activity. Between February 2016
and May 2017, older adults were invited to take part in this
study if they were aged 65 years or older and were screened as
either prefrail (scores of 1-2 on the FRAIL [Fatigue,
Resistance, Ambulation, IlIness, and Loss of weight] scale) or
frail (scores of 3 - 5 on the FRAIL scale) [2]. To ensure the
safety of the participants, older adults were excluded from
participating if they reported having specific conditions. Specific
exclusion criteria are described in Multimedia Appendix 2.

The sampl e size was cal cul ated based on an estimated 0.5-point
improvement in the FRAIL score (SD 1) between an exercise
condition versus lifestyle education, using a 2-sided test at 1%
significance level with 80% power. Assuming a 20% dropout
rate, the minimum sample sizeis 120 per arm. It was estimated
that about 1 in 10 older adults was frail. To allow subgroup
analysishby frailty status, theratio of participantswith prefrailty
tothose with frailty was set at about 6:4 (M ultimedia A ppendix
2).

Randomization and Masking

Asshownin Multimedia Appendix 3, each group of participants
was randomly assigned into one of three parallel arms with
different intervention sequences: (1) lifestyle education —
resistance training — aerobic training (E-R-A); (2) aerobic
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training —resistance training — lifestyle education (A-R-E); and
(3) resistance training — aerobic training — lifestyle education
(R-A-E). Each intervention component lasted for 6 months,
totaling up to 18 months. The sequence of the intervention
components was designed to address the three research aims:
(1) to evaluate the effectiveness of aerobic and resistance
training a 6 months compared to lifestyle education, (2) to
investigate the order effect of aerobic and resistance training at
12 months, and (3) to evaluate exercise habit formation over
18 months.

Randomization (1:1:1) was done by a research assistant using
computer-generated random numbers stratified by frailty status.
The person who was responsible for generating the random
allocation sequence was not involved in any other parts of the
research. Each group of consecutive participants was assigned
to one of the 3 arms. Group allocation could not be masked for
persons delivering or receiving the interventions. Our program
exercise physiologists, who were responsible for developing
the exercise protocols, training exercise coaches, and conducting
the fitness tests with participants, were blind to the group
assignment. Research assistants designated to assess outcomes
were blind to group assignment and had no involvement in the
delivery of interventions.

Intervention Program: GrandMove

The GrandMove program is a structured exercise training
program that contains 2 protocols, one focusing on aerobic
exercise and the other on resistance exercise. Two protocolsfor
aerobic training and resistance training were designed by our
program exercise physiologistswith certified training in strength
and conditioning and tailored for older adults with prefrailty
and frailty in Hong Kong. Robust older people were trained as
exercise coaches to deliver the exercise protocols. The design
of the program was guided by social learning theory [12] and
behavioral principles [13] (see Multimedia Appendix 1 for
program characteristics). Both protocols were designed to be
workable in a small home or group, using only small training
implements such as rubber bands, towels, and water bottles for
exercising. Each protocol had 5 levels, which indicate different
levels of intensity. Based on theinitial assessment, participants
would start at a level that was redlistic and attainable. A
participant who reached a standard of fitness and strength in
that level would continue with the next level.

The lifestyle education condition was comprised of 12 group
sessions of health talks and 36 telehealth sessions. All health
talks that covered different topics were delivered in a small
group format by a retired nurse. Telehealth sessions involved
aresearch assistant reviewing the heal th topi cs with parti cipants
and consolidating their understanding over the phone.

Each exercise intervention component lasted for 6 months
(Multimedia Appendix 4). The 6-month schedul e was designed
to provide active coaching in the first 3 months, followed by
monitoring and supervision (4th and 5th month), and
self-sustained practice (6th month). Group sessions were
provided inasmall group format (8 - 10 older adults per group
led by 2 coaches). Lifestyle education was designed to match
the frequency of contacts with the exercise interventions.

https://aging.jmir.org/2025/1/e65636
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M easures

The participants were assessed at basdline, 6 months, 12 months,
and 18 months. Each assessment included abattery of self-report
instruments administered through a structured interview and
physical tests. Basic demographic characteristicswere obtained,
including age, gender, education level, marital status, and living
arrangement.

Primary Outcomes

There were 3 primary outcomes. First, the frailty score was
calculated using the 5-item FRAIL scale [2]. The items cover
areas of fatigue, resistance, aerobic fitness, illnesses, and loss
of weight. FRAIL scores are classified into three categories:
robust (score of 0), prefrail (score of 1-2), and frail (score of
3-5). Second, physical performance was measured using the
Short Physical Performance Battery (SPPB) [14]. The SPPB
score ranges from 0 - 12, with a higher score indicating better
performance. Third, quality of life was measured using the
World Health Organization Quality of Life — Older adults
module (WHOQoL-OLD) scale vaidated in a Chinese
population [15]. The total score ranges from 0O - 100, with a
higher score indicating better quality of life.

Secondary Outcomes

Therewere 3 fitness performance measuresincluding isometric
handgrip strength as measured by adigital hand dynamometer
(Jamar Plust), the 30-second arm curl test [16], and the 2-minute
step test [17]. The hand grip strength of each hand was the
average score of 3 trias. Higher fitness scores indicate better
performance.

Other secondary outcomes included instrumental activities of
daily living (IADL) as measured using the Lawton IADL scale
(scorerange0 - 100, with higher scoresindicating alower level
of disability) [18], level of physical activity as measured using
the Physical Activity Scalefor the Elderly (PASE; higher scores
indicate a higher level of physical activity) [19], sleep quality
as measured using the Pittsburgh Sleep Quality Index (PSQI;
higher scores indicate worse overall sleep quality) [20], social
functioning as measured using the L ubben Socia Network Scale
(LSNS; higher scoresindicate agreater level of socia support)
[21], and depressive symptoms as measured using the Patient
Health Questionnaire-9 (PHQ-9; scorerange 0 - 27, with higher
scores indicating greater symptom severity) [22].

Statistical Analysis

We conducted all analyses on an intention-to-treat basis. We
generated descriptive statistics for baseline characteristics. The
proportions of participants who achieved a robust or an
improved frailty status (from frail to prefrail/robust or from
prefrail to robust) at each follow-up were described.
Within-group changes in proportions of robust or improved
frailty outcome were tested using mixed effect logistic
regression models.

The difference in outcome measures between intervention
groups was estimated at each follow-up time point using
repeated measures mixed effect linear regression models,
adjusting for the fixed effects of gender and age at baseline.
Themain analysis using mixed modelsin the whole sample will
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further adjust for other baseline covariates that were found to
be significantly different between groups. To examine the
effectiveness of 6-month aerobic or resistancetraining, outcomes
in the A-R-E group and R-A-E group were compared to the
E-R-A group. To investigate the order effect in aerobic and
resistance training, we compared 12-month outcomes between
the R-A-E group and the A-R-E group (reference group). To
eval uate the maintenance of exercise effect and habit formation,
we compared the outcomes including the level of physical
activity between groups at 18 months. As intervention
componentswere switched at the 6th and 12th month, time was
treated asacategorical variableinstead of continuousto account
for the possible nonlinear relationship between time and
outcome variables. Treatment effect referred to the coefficient
of theintervention group x timeinteraction. Subgroup analyses
by baseline frailty status and gender were individually made to

https://aging.jmir.org/2025/1/e65636
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delineate the differential treatment effects. Since 12 outcomes
were examined in this study, we set the significance level at 1%
and reported the 99% Clsfor the primary outcomes to account
for multiple comparison bias. The significance level for the
secondary outcomeswas set at 5%. All analyseswere conducted
using StatalMP (version 17.0; StataCorp LLC).

Results

Sample Characteristics

Intotal, 723 potential participants were assessed for eligibility,
of whom 390 (53.9%) were randomized (Figure 1). Of the 390
participants included in the study, 132 (33.8%) were assigned
to the E-R-A group, 124 (31.8%) to A-R-E, and 134 (34.4%)
to R-A-E.
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Figure 1. Study flow chart. All participants were analyzed in repeated measures mixed-effect regression models.

Assessed for eligibility (N=723)

Excluded (n=333)
- Not meeting inclusion criteria (n=273)

- Eligible but limited service quota

(n=41)
- Declined to participate (n=11)
- Other reasons (n=8)

Randomized (n=390)

Allocated to Group E-R-A
(n=132)

- Received allocated intervention
(n=132)

- Did not receive allocated
intervention (n=0)

Allocated to Group R-A-E
(n=124)

- Received allocated intervention
(n=124)

- Did not receive allocated
intervention (n=0)

Allocated to Group A-R-E
(n=134)

- Received allocated intervention

(n=134)

- Did not receive allocated
intervention (n=0)

Lost to follow-up at 6 months
(n=12), 12 months (n=24), and 18
months (n=34)

Adverse event (n=0)

Lost to follow-up at 6 months
(n=21), 12 months (n=31), and 18
months (n=51)

Adverse event (n=0)

Lost to follow-up at 6 months
(n=11), 12 months (n=30), and 18
months (n=41)

Adverse event (n=0)

Analyzed (n=132)
- Excluded from analysis (n=0)

Analyzed (n=124)
- Excluded from analysis (n=0)

Analyzed (n=134)
- Excluded from analysis (n=0)

Baseline characteristics for participants by intervention group
are shown in Table 1. The average FRAIL score, SPPB score,
and overall quality of lifeat baselinewere2.1 (SD 0.9), 7.8 (SD
2.8), and 91.6 (SD 13.1), respectively. Characteristics of
participantsin the 3 groups were similar, except for the quality
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of life (F355=3.26, P=.04) and arm curl test scores (F; 35,=5.47,
P=.005). As suggested by the mean PASE scores, all 3 groups
were considered as having low activity levels in genera [23].
No reports of adverse events that led to death, hospitalization,
or medical attendance were received by the end of the program.
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Table. Baseline characteristics of the study population (n=390).

ELRP-AC group A-R-Egroup (n=124) R-A-Egroup (n=134) F 1x2 (df) P value
(n=132)
Age (years), mean 80.5 (7.5) 80.9 (7.1) 81.2 (7.4) F=0.25 (2, 387) .78
(SD)
Gender, female, n (%) 106 (80.3) 97 (78.2) 105 (78.4) x2=0.21 (2) .90
Education, n (%) X2:6-15 (6) 41
No formal education 79 (59.9) 66 (53.2) 73 (54.5)
Primary school 27 (20.5) 29 (23.4) 30 (22.4)
Junior middle school 11 (8.3) 10(8.1) 19 (14.2)
High school or above 15 (11.4) 19 (15.3) 12 (9)
Marital status, n (%) X?=2.04 (4) 73
Married 47 (35.6) 49 (40.2) 45 (33.8)
Widowed 75 (56.8) 62 (50.8) 79 (59.4)
Others 10 (7.6) 11(9) 9(6.8)
Living alone 38(28.8) 46 (37.4) 47 (35.3) X2=2.34 (2) 31
Frailty status, n (%) X2:0-70 ) .70
Prefrail 80 (60.6) 80 (64.5) 80 (59.7)
Fralil 52 (39.4) 44 (35.5) 54 (40.3)
5-item FRAIL scale,  22(0.9) 21(0.9) 21(1) F=0.27 (2, 387) 76
mean (SD)
SPPBE, mean (SD) 8(2.7) 7529 7.8(2.9) F=1.14 (2, 387) 32
WHOQoL-OLD', 93.5(12.3) 91.9 (12.4) 89.4 (14.1) F=3.26 (2, 385) .04
mean (SD)
Grip strength (left 34.5(11.5) 33.6 (12.7) 33(14.6) F=0.46 (2, 381) .63
hand), mean (SD)
Grip strength (right 36.2 (12.6) 33.7 (13) 35.7 (14.9) F=0.06 (2, 382) 94
hand), mean (SD)
30-sarm curl test, 12.1(4.3) 10.6 (4.3) 10.5 (4.1) F=5.47 (2, 382) .005
mean (SD)
2-min step test, mean  69.2 (28.2) 65.3(28.2) 66.6 (30.8) F=0.60 (2, 382) .55
(SD)
IADLY, mean (SD) 14.8 (2.7) 15.2(3.1) 15.2 (2.7) F=0.99 (2, 385) 37
PASE", mean (SD) 70.6 (41.9) 73.1(41.7) 72.3(47.7) F=0.11 (2, 382) .90
LSNS, mean (SD) 21.1(9.6) 21.8(9.5) 21.4(9.7) F=0.14 (2, 385) .87
PSQI}, mean (SD) 8.3(4.3) 8.1(39 83(37) F=0.10 (2, 356) 91
PHO-0X mean (D) 4 (49) 3.8(4.7) 33(45) F=0.86 (2, 384) 42

8E: lifestyle education.

bR: resistance trai ning.

CA: aerobic training.

IFRAIL: Fatigue, Resistance, Ambulation, IlIness, and Loss of weight.

€SPPB: Short Physical Performance Battery.

fWHOQoL-OLD: Cantonese version of the World Health Organization Quality of Life— Older adults module.
9 ADL: Lawton's Instrumental Activities of Daily Living scale.

PPASE: Physical Activity Scale for the Elderly.

ILSN'S: Lubben Social Network Scale.
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IPSQI: Pittsburgh Sleep Quality Index.
I(PHQ-Q: Patient Health Questionnaire-9.

of achieving arobust status and an improved status (from frail

Changein Frailty Status to prefrail/robust or from prefrail to robust).
We found a substantial overall improvement in frailty status

(Figure 2 and Multimedia Appendices 5 and 6), both in terms

Figure2. Percentage of older participants obtaining robust status at the foll ow-up assessment time points. Absolute numbers are reported in Multimedia
Appendix 5. The intervention only targeted older adults with frailty and prefrailty, and thus no robust participants were included at baseline. Asterisks
(*) indicate afurther significant increase (P<.05) in the proportion of robust status from 6 months. A: aerobic training; E: lifestyle education; R: resistance
training.
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Inthe prefrail sample, 35.8% (76/212) of al participants became
robust after 6 months. The proportion of robust participants
increased to 51.0% (98/192) at 12 months and remained stable
(83/164, 50.6%) at 18 months. In the frail sample, 17.9%
(24/134) of participants became robust a 6 months. The
proportion increased to 20.4% (23/113) at 12 months and
continually increased to 25% (25/100) at 18 months. In terms
of within-group changes, participants from the E-R-A group
and A-R-E group (prefrail sample only) continued to have a
significant improvement in frailty beyond 6 months (Figure 2
and Multimedia Appendices 5 and 6). Although a smaller
proportion of participants with frailty obtained a robust status
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within the first 6 months, the majority of them progressed to
prefrailty.

Aerobic Versus Resistance Training: 6-Month
Outcomes

Asshownin Table 2, there was an overall improvement (having
a significant time effect) in FRAIL score (coefficient —0.81,
95% Cl -1.09 to —0.52; P<.001), IADL (coefficient 0.48, 95%
Cl 0.04t00.91; P=.03), PSQI (coefficient —0.74,95% Cl —-1.34
to-0.14; P=.02), and PHQ-9 (coefficient —0.98, 95% Cl -1.81
to —0.16; P=.02) in all groups over 6 months, suggesting that
participants had improved frailty and functional and
psychological outcomes.
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Table. Summary of time and group x time interaction effects on primary and secondary outcomes (whole sample).

Tang et a

Baseline to 6 months

Basdline to 12 months

Baseline to 18 months

Coefficient (95%or P value Coefficient (95%or P vaue Coefficient (95%or P value
99% ClI) 99% ClI) 99% ClI)
S-item FRAIL 2 scale
Time effect -0.81 (-1.09to <.001 -1.10(-1.40to <.001 -1.06 (-1.36to <.001
-0.52) -0.80) -0.75)
A-R-EP group x 0.07(-0.35t00.49) .68 0.16(-0.27t00.60) .33 0.16(-0.29t00.62) .35
time
R-A-Egroupx  —0.02 (-0.42to .90 0.25(-0.17t00.67) .13 0.20(-0.23t00.64) .23
time 0.38)
SPPB °©
Time effect -0.22 (-0.66 to .20 -0.61 (-1.08to .003 -0.64 (-1.11to .002
0.31) -0.15) -0.16)
A-R-Egroupx  0.15(-0.51t00.80) .57 0.27(-0.41t00.95) .31 0.34(-0.25t01.34) .22
time
R-A-Egroupx  0.03(-0.60t00.65) .91 0.04(-0.62t00.70) .88 -0.22 (-0.90to .52
time 0.46)
WHOQoL-OLD ¢
Time effect 0.22(-2.62t03.07) .84 1.66(-1.31t04.63) .15 0.52(-2.53t0357) .66
A-R-Egroupx  3.34(-0.85t07.52) .04 -0.73 (-5.10to .66 1.85(-2.75t06.45) .30
time 3.63)
R-A-Egroupx  5.23(1.21t09.24) .001 3.77(-0.47t0801) .02 413(-0.23t0849) .02
time
Grip strength (left)
Time effect -2.81(-4.31t0 <.001 -0.22(-1.81to .78 Not reported
-1.30) 1.36)
A-R-Egroupx  2.99(0.76t05.23) .009 0.20(-2.14t02.54) .87
time
R-A-Egroupx  2.21(0.63t04.36) .04 -0.55 (-2.82t0 .63
time 1.72)
Grip strength (right)
Time effect -3.12 (-4.62, to <.001 -1.12(-1.12to .16 Not reported
-1.63) 0.45)
A-R-Egroupx  3.75(1.54t05.97) .001 1.06(-1.25t03.38) .37
time
R-A-Egroupx  2.29(0.16t04.42) .04 -0.50 (-2.75to .66
time 1.75)
30-sarm curl
Time effect -0.77 (-0.78 10 .83 0.12(-0.62t00.85) .76 0.12(-0.63t00.88) .75
0.63)
A-R-Egroupx  1.42(0.39t02.46) .007 1.46 (0.38t02.54) .008 0.52(-0.63t01.66) .38
time
R-A-Egroupx  1.11(0.12t02.11) .03 1.03(-0.02t02.09) .054 0.65(-0.44101.73) .24
time
2-min step test
Time effect 275(-1.81t07.31) .24 8.46(3.69t013.24) .001 7.99(2.99t012.85) .002
A-R-Egroupx  5.51(-1.23t0 A1 249(-457109.54) .49 110(-6.32t08.52) .77
time 12.25)
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Baseline to 6 months Baseline to 12 months Baseline to 18 months
Coefficient (95%or P value Coefficient (95%or P vaue Coefficient (95%or P value
99% ClI) 99% ClI) 99% ClI)
R-A-Egroupx  1.38(-5.09t07.84) .68 -3.17 (-9.99to .36 -4.46 (-11.50 to 22
time 3.66) 2.59)
IADL €
Time effect 0.48(0.04t00.91) .03 0.64(0.19t01.09) .006 0.74(0.27t0 1.20) .002
A-R-Egroupx  -0.32(-0.95to .33 -0.77 (-1.43to .02 -0.88 (-1.59t0 .01
time 0.32) -0.11) -0.18)
R-A-Egroupx  —0.38 (-0.99 to .23 -1.09 (-1.74 to .001 -1.22 (-1.89to <.001
time 0.24) 0.45) -0.56)
PASE "
Time effect 2.25(-6.18t0 .60 3.11(-5.67to 49 10.99 (2.06 to .02
10.67) 11.89) 19.90)
A-R-Egroupx  4.65(-7.70to 46 0.37(-12.45t0 .96 -3.29 (-16.72to .63
time 17.00) 13.19) 10.14)
R-A-Egroupx  2.32(-9.59to .70 0.88(-11.60to .89 -3.00 (-15.76 to .64
time 14.24) 13.36) 9.77)
LSNS f
Time effect 0.89(-0.66t02.44) .26 2.43(0.81t04.06) .003 1.39(-0.27t03.06) .10
A-R-Egroupx -1.73(-4.02to 14 -1.82(-4.21to0 13 -0.68 (-3.20to .60
time 055) 0.56) 1.83)
R-A-Egroupx  —-0.48 (-2.67to .67 -1.28 (-3.60to .28 0.23(-2.15t02.62) .85
time 1.72) 1.04)
PsQI 9
Time effect -0.74 (-1.34 to .02 -0.96 (-1.59 to .003 0.17(-0.48t00.81) .61
-0.14) -0.33)
A-R-Egroupx  0.47(-043t01.36) .31 1.16 (0.23t02.09) .02 -0.31(-1.29to0 54
time 0.68)
R-A-Egroupx  0.58(-0.28t01.44) .19 0.94(0.03t01.85) .04 0.64(-0.29t01.57) .18
time
PHQ-9
Time effect -0.98 (-1.81to .02 -1.14(-2.00to .01 -1.19(-2.38t0 .001
-0.16) -0.27) -0.61)
A-R-Egroupx  0.43(-0.79t01.65) .49 0.49(-0.78t01.76) .45 0.69(-0.65t02.03) .31
time
R-A-Egroupx  1.34(0.17t0252) .02 151(0.27t02.75) .02 2.14(0.87t03.41) .001
time

FRAIL: Fatigue, Resistance, Ambulation, lliness, and Loss of weight.

BA: aerobic trai ning, R: resistance training, E: lifestyle education.

¢SPPB: Short Physical Performance Battery.
dWHOQoL—OLD: Cantonese version of the World Health Organization Quality of Life - Older adults module.

€IADL: Lawton’s Instrumental Activities of Daily Living scale.

fLSNS: Lubben Social Network Scale.
9PASE: Physical Activity Scale for the Elderly.
hPSQI: Pittsburgh Sleep Quality Index.

'PHQ-9: Patient Health Questionnaire-9.
IMeasurements reporting 99% Cl: 5-item FRAIL scale, SPPB, and WHOQoL-OLD. All other scales used 95% ClI.

At 6 months, participantswith resistancetraining (R-A-E group)
compared with those with lifestyle education (E-R-A group)
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had greater improvement in quality of life (interaction
coefficient 5.23, 99% Cl 1.21 t0 9.24; P<.001) but not in FRAIL
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score and SPPB. Similar findings were observed in the prefrail
subsample (Multimedia Appendix 7). Aerobic training (A-R-E
group) was not different from lifestyle education in the primary
outcomes.

For the secondary outcomes, both aerobic training (A-R-E
group) and resistance training (R-A-E group) performed better
in several fitness outcomes than the E-R-A group. The A-R-E
group was associated with greater improvement in left hand
grip strength (interaction coefficient 2.99, 95% CI 0.76 t0 5.23;
P=.009), right hand grip strength (interaction coefficient 3.75,
95% Cl 1.54t0 5.97; P=.001), and the arm curl test (interaction
coefficient 1.42, 95% CI 0.39 to 2.46; P=.007) than lifestyle
education (E-R-A group). The R-A-E group was al so associated
with greater improvement in the 3 outcomes (Table 2). The
A-R-E and R-A-E groups did not differ from the E-R-A group
in al other nonfitness measures including the 2-minute step
test, IADL, PASE, LSNS, and PSQI over 6 months. The R-A-E
group had a significantly higher level of PHQ-9 scores
(interaction coefficient 1.34, 95% Cl 0.17 to 2.52; P=.02).
Results of the subgroup analysis by fralty status were
summarized in Multimedia Appendices 7 and 8, whereasresults
of the subgroup analysis by gender were summarized in
Multimedia Appendices 9 and 10.

Aerobic and Resistance Training: The Order Effect
(12-Month Outcomes)

To compare the order effect, we a so compared the R-A-E group
with the A-R-E group (reference group) on 12-month outcomes
(Multimedia Appendix 11). The 2 groups did not differ in all
outcomes except that the R-A-E group was associated with
greater improvement in WHOQoL -OL D (interaction coefficient
4.50, 95% CI 0.12t0 8.88; P=.008). Theresult was similar when
the analysis was applied in the prefrail subsample. Participants
with frailty in the R-A-E group achieved significantly fewer
steps in the 2-minute step test compared to their counterparts
inthe A-R-E group at 12 months (interaction coefficient —12.48,
95% Cl —24.78 to —0.18; P=.047).

In sum, the findings suggested that the order of aerobic and
resistance training did not have an impact on fitness outcome
at 12 months, athough some preliminary data suggested that
undergoing resistance training before aerobic training might
improve quality of life.

Maintenance of Exercise Effect and Habit Formation
The A-R-E and R-A-E groups did not receive a physica
intervention between 12 and 18 months. If exercise effectswere
maintained, we expected to observe gains to be maintained by
the end of the study. As shown in Table 2, the improvement in
WHOQoL -OLD seemed to be maintained at 18 monthsinthese
2 groups compared to the E-R-A group but the P value did not
reach the .01 threshold (interaction coefficient 4.13, 95% ClI
-0.23t0 8.49; P=.02).

However, the gainsin IADL appeared to reduce in the A-R-E
(interaction coefficient —0.88, 95% Cl —1.59 to —0.18; P=.013)
and the R-A-E groups (interaction coefficient —1.22, 95% ClI
-1.89t0-0.56; P<.001) and also for PHQ-9 inthe R-A-E group
(interaction coefficient 2.14, 95% CI 0.87 to 3.41; P=.001).

https://aging.jmir.org/2025/1/e65636
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Neither aerobic training nor resistancetraining improved PASE
at 6 months compared to lifestyle education. We observed a
significant time effect on PASE over 18 months in the whole
sample (coefficient 10.99, 95% CI 2.06 to 19.90; P=.02) and
in the frail subsample (coefficient 14.6, 95% CI 1.39 to 27.81,
P=.03), indicating that combined exercise and lifestyle
education, regardless of intervention sequence, might improve
individuals' level of physical activity.

Discussion

Principal Findings

This study examined the effectiveness of both aerobic training
and resistance training using a sequential cluster randomized
controlled trial design, which enabled us to examine how these
physical activity interventions and their seguence might
influence frailty outcomes. Although lifestyle education was
initially added as a comparator intervention, our findings have
demonstrated that the 18-month intervention combining lifestyle
education and physical interventions is a viable strategy to
address frailty and is health-promoting. The frailty score
improved across groups, providing further evidencethat physical
frailty is reversible. Our study also produced a few other key
findings. Aerobic training or resistance training tended to
improve fitness performance but was not superior to anintensive
lifestyle education program in addressing frailty. It is possible
that 6 months of resistance training followed by another 6
months of aerobic training might be better at improving quality
of life. Although the overall improvement in frailty outcome
was maintained over 18 months, IADL and PHQ-9 appeared to
worsen over the post—physica intervention period. We observed
asmall increaseinthelevel of physical activity over 18 months,
but its relation to the formation of exercise habits and an active
lifestyle is yet to be determined.

Despite physical activity intervention being the most widely
studied and recommended approach for the management of
frailty [24], we found that a single-mode exercise program
(aerobic or resistance) for 6 months was no better than lifestyle
education in addressing frailty. The findings coincided with a
recent systematic review suggesting that physical activity
intervention, when compared with an active control intervention,
was not associated with a significant reduction in frailty [25].
We found that the administration of 2 physical interventionsin
seguence did not further improve frailty scores but participants
were able to maintain the gain accrued over the first 6 months.
The 3 study arms approximated amultifaceted intervention that
incorporated physical, psychosocial, and educational
components. Therewere afew multifaceted studies [26-28] but
cross-study comparison was difficult due to their different
designs and the lack of frailty as an outcome. The Hatoyama
Cohort Study [27] found that resistance exercisein combination
with nutritional education and psychosocia programs for 3
months successfully reduced the prevalence of frailty by 24%.
Our study further added that the sequence of intervention
components, if not delivered concurrently, might not make a
significant difference. Nonetheless, older adults with frailty
may find the program more acceptable if they have greater
control over the sequence of interventions.
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We added to the literature that psychosocial intervention might
be complementary to physical activity intervention for the
management of frailty. Following the lifestyle education
program, the subsequent addition of physical intervention
appeared to generate further gain. Participants from the E-R-A
group were observed to have continued improvement in frailty
outcomes after switching from lifestyle education to resistance
training. Therewere only afew known studiesto date exploring
the effectiveness of psychosocial interventions on frailty. A
Swedish study evaluated a4-week senior group program similar
to our lifestyle education program, which introduced and
discussed various healthy lifestyle topics[29]. The senior group
program had no impact on frailty outcomes, but it was reported
to delay activities of daily living deterioration. Our lifestyle
education program was more intensive in terms of frequency
and duration than the senior group program. Further studies
may explore whether shorter or longer combined interventions
may make a difference in frailty outcomes.

Sincefrailty is suggested to result from cumulative declinesin
multiple physiologic systems [1], it is not surprising that
interventions targeting different systems may yield similar
positive results (ie, the equifinality principle). There might be
common factors acrosstheintervention approachesthat mitigate
frailty, such as social support from peers (exercise coaches and
retired nurses). In our study, al 3 intervention components
encouraged social engagement through the group sessions and
peer coaching. Previous studies have suggested that social
support might directly or indirectly contribute to higher levels
of physical activity in older adults [30-32] and could therefore
be health-promoting and lead to a healthier lifestyle. Further
studies should include a comparison group without social
influence and a measure of perceived social support to allow
for an estimation of its impact on frailty and quality of life.
Future studies may al so include measures of other psychological
mediators such as self-efficacy, enjoyment, and the use of
behavioral and cognitive processes|[33] for mediation analyses.

The subgroup analysis by frailty status showed that participants
with frailty appeared to have a greater magnitude of reduction
in FRAIL score, further demonstrating that frailty isamodifiable
condition. The frail subgroup also had consistently reported
increased social engagement and some reduction in depressive
symptoms over 18 months. Some improvements in physical
fitness were observed but may not have been sustained beyond
the active intervention period. Theresults echoed our hypothesis
that active physical or psychosocia interventions might enhance
social support for older adults at high risk of vulnerability and
social isolation [34]. Physical activity guidelines should
recommend older adults with frailty to engage in
moderate-intensity exercise regularly [35]. The design of
physical activity interventions should incorporate social or group
elements that enhance social learning and reinforcement. With
a sample predominantly comprised of female older adults
(~80%), the results for the female subsample were largely
consistent with those in the full sample. There may be alack of
power to detect significant intervention effects in the male
subsample. These results should be interpreted with caution.

We observed a significant increase in the level of physical
activity over 18 months, probably due in part to the significant
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change within the frail subsample. No evidence showed that
participants with prefrailty increased their level of physical
activity after interventions. It might take as long as 18 months
to observe an overall increase in the level of physical activity.
The potential of exercise and lifestyle interventions to modify
long-term exercise habits remains unclear. It is common to
observe arelapse pattern in health behavior once an intervention
has ended [36]. Program effectiveness and acceptability are
equally important as pain and discomfort associated with
physical activity could be an obstacle to engaging in further
physical activity [37]. In addition, a physical intervention
combined with smartphone-assisted e-reminders, an activity
tracker, and e-coaching may help habit formation [38]. It is
equally important to implement strategies to discourage
unhealthy habits simultaneoudly. It is possible that our lifestyle
education program helped increase participants awareness
about unhealthy habits and aternative healthy options in the
environment. Further investigation to determine the optimal
form of intervention(s) that best maintains exercise habit
formation is warranted.

We consider the delivery of exercise interventions by peer
coachesto bethekey to long-term scalability and sustainability
in the context of population aging. More research is needed to
formally evaluate the sustainability and cost-effectiveness of
the intervention model. Future research should consider the
productive aging component for engaging retired older adults
in productive activities, task shifting from health professionals
to more available human resources (ie, peer coaches), and the
implications of an increased number of robust older peoplein
the community. Health care utilization associated with apositive
changein frailty outcomes has not been explored, but it isworth
further investigation.

Limitations

Due to the complexity of the study design, we lacked a
care-as-usua comparator group. The active control group only
abstained from physical intervention in the first 6 months.
Therefore, we were unable to evaluate the effectiveness of
physical activity interventionsfor 12 months compared with an
active control intervention. Further multifaceted intervention
studies may include both psychoeducational components in
combination with physical interventions. An
accelerometer-based measure of physical activity level may be
better than a self-reported one in estimating the effect of a
physical intervention on habit formation [39]. Similar to other
physical intervention programs, the generalization of results
might be limited by attrition bias and a predominantly female
sample. This program was tested in a densely populated
community. This setting may enhance the viability and
cost-effectiveness of delivering both group and home sessions
via peer coaches. Adaptations may be needed if the modd is
applied in other contexts, for example, in rural areas, which will
require a separate evaluation of feasibility and effectiveness.

Conclusions

In contrast to most previous trials, we attempted to address
frailty by examining physical interventionsin comparison with
a novel comparator, that is, lifestyle education. Both tested
physical interventions and lifestyle education were effectivein
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improving frailty status. A smultaneousimprovementinquality  impact of the interventions on exercise habit formation is yet
of lifewas observed. Participantswith frailty appeared to benefit  to be investigated.
beyond a frailty outcome. Despite the positive findings, the
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Abstract

Background: Individuals with probable sarcopenia have shown excess mortality, yet no specific treatment regimen has been
established. While lifestyle factors improve health and longevity in general populations, their role in probable patients with
sarcopeniaremains unclear due to differing lifestyle patterns. Clarifying this could inform strategies to address this unmet need.

Objective: We aim to quantify the impact of a healthy lifestyle on all-cause and cause-specific mortality in probable sarcopenic
populations using a large-scale prospective cohort study.

Methods: Participants were selected from the UK Biobank, aged 40 - 69 years, during 2006 - 2010. Probable sarcopeniawas
identified according to EWGSOP2 (European Working Group on Sarcopenia in Older People 2) criteria, resulting in 20,654
participants being included in this study. Death dates and underlying causes were obtained from the National Health Service
Information Center. Cox proportional hazard models and popul ation-attributabl e risk were used to assess the associations between
healthy lifestyle factors and premature mortality risk.

Results: A total of 20,654 individuals with probable sarcopenia were included in this study. The median age of the population
was 62.0 (IQR 56.0-66.0) years, and 60.6% (n=12,528) were women. During amedian follow-up duration of 11.5 (IQR 10.8-12.3)
years, 2447 participants died. All healthy lifestyle factors, including nonsmoking (P<.001), moderate alcohol intake (P<.001),
regular physical activity (P<.001), a healthy diet (P=.01), limited television-watching time (P<.001), adequate sleep duration
(P=.001), and strong social connections (P<.001), were independently associated with lower mortality risk. To evaluate the
cumulative associ ations between modifiable lifestyle factors and mortality outcomes (all-cause and cause-specific) among patients
with probable sarcopenia, we developed a hedlthy lifestyle index. Participants were assigned one point per adherence to each
optimal lifestyle factor. Compared with individuals with O - 2 healthy lifestyle scores, hazard ratios of all-cause mortality for
those with 3 to 6 - 7 factors were 0.67 (95% CI 0.59 - 0.76), 0.51 (95% CI 0.45 - 0.57), 0.43 (95% CI 0.38 - 0.49), and 0.33
(95% CI 0.29 - 0.39), respectively (P for trend <.001). There was al so adose-response rel ationship between the number of healthy
lifestyle factors and mortality from cancer, cardiovascular disease, respiratory disease, digestive disease, and other causes (al P
for trend<.001). Population-attributable risk analysis indicated that 25.7% (95% Cl 22% - 29%) of deaths were attributable to a
poor lifestyle (scoring O - 5).
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Conclusions: A healthy lifestyleisassociated with alower risk of all-cause mortality and mortality dueto cancer, cardiovascular
disease, respiratory disease, and digestive disease among individuals with probable sarcopenia. Adopting a healthy lifestyle

(scoring 6 - 7) could prevent 25.7% of deathsin this population.

(JMIR Aging 2025;8:e65374) doi:10.2196/65374
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healthy lifestyle; sarcopenia; mortality; cohort study; muscle strength

Introduction

Methods

Sarcopenia, a progressive and generalized skeletal muscle
disorder, affects approximately 10% - 27% of people older than
60 years of ageworldwide[1]. The sarcopeniadiagnosisfollows
a three-stage hierarchy per the 2019 EWGSOP2 (European
Working Group on Sarcopenia in Older People 2) guidelines:
probabl e sarcopeniais defined by low muscle strength (primary
criterion, measured via handgrip dynamometry); confirmed
sarcopenia requires concurrent low muscle mass; and severe
sarcopenia is diagnosed with additional functional limitation
[2]. Even patients in the mildest stage, probable sarcopenia,
exhibit anearly 1.6 times higher risk of mortality compared to
the general population [3-6]. Given the high prevalence and
significant adverse consequences of sarcopenia, it is crucia to
identify potentially modifiable factors to lower the premature
mortality risk among this popul ation.

The EWGSOP2 guideline underscores the critical role of
lifestyle management in sarcopenia [7], given that physical
activity and dietary interventions have been shown to retard
sarcopenia progression and reduce mortality risk in this
population [8]. However, current evidenceislimited to anarrow
range of lifestyle factors, notably neglecting other critical
determinants, especially emerging ones such as sleep quality,
sedentary behavior, and social engagement [9-11]. These
lifestyle factors have already been proven to promote health in
the general population by reducing inflammation and comorbid
burdens [12-14], which are also relevant to sarcopenia [15].
However, whether and to what extent individuals with
sarcopenia can benefit from such multidimensiona lifestyle
factorsremains unclear dueto their distinct behavioral patterns;
for example, individuals with sarcopenia usually reduce their
regular physical activity and tend to be more socially isolated
[16,17]. Additionally, there is still a lack of evidence on the
combined effects of lifestyle factors among individuals with
sarcopenia, despite their strong interrelation [18]. Addressing
thisevidencegap iscritical toinform evidence-based guidelines
and population-level strategies for behavior change.

To bridge the knowledge gap, we analyzed data from the UK
Biobank study to examine the relation of 7 healthy lifestyle
factors, that is, no current smoking, moderate alcohol
consumption, healthy diet pattern, regular physical activity,
adequate sleep duration, short television watching time, and
appropriate social connection to al-cause mortality. We also
estimated the proportion of deaths that can be prevented
theoretically by simultaneoudly adopting several hedlthy lifestyle
factors among individuals with sarcopenia.

https://aging.jmir.org/2025/1/e65374

Study Population

The UK Biobank study is a population-based cohort that
recruited more than 500,000 participants aged 40 - 69 years
during 2006 - 2010 [19]. Participants provided detailed
health-related data and lifestyle information, had physical
measurements taken, and provided biological samples at 22
assessment centers across England, Scotland, and Wales [20].

Handgrip strength was measured using a Jamar J00105 hydraulic
dynamometer by atrained nursein astandardized clinical setting
[3]. Participants were seated upright with forearms supported
on armrests, and bilateral measurements were obtained via a
single 3-second maximal voluntary contraction of each hand.
The average of right- and left-hand measurements, expressed
in kilograms, was used in this study. Sarcopeniawas diagnosed
according to the EWGSOP?2 criteria[2]. Due to the scarcity of
confirmed sarcopeniacasesin the UK Biobank [21], participants
with probable sarcopenia, defined as handgrip strength <27 kg
among men and <16 kg among women, were finally included
in this study.

Ethical Considerations

All participants provided written informed consent before the
data collection. The study was approved by the National
Information Governance Board for Health and Social Care and
the National Health Service North West Multicenter Research
Ethics Committee (16/NW/0274; ethics approval for UK
Biobank studies). This study was conducted with permission
(UKB application 77,646) from the UK Biobank. The UK
Biobank has made necessary efforts to safeguard participant
privacy and provided appropriate compensation to the
participanting subjects; all patients data have been anonymized
and deidentified.

Assessment of Lifestyle Factors

Theimpact of seven modifiable healthy lifestyleswas evaluated
in the current analysis. These included four well-established
factors (ie, smoking status, alcohol intake, physical activity,
and diet) [22] and three emerging factors (television watching
time, sleep duration, and social connection) [12,18,23]. All
information on lifestyle factors was self-reported and assessed
using a touchscreen questionnaire at baseline. Detailed
definitions of each lifestyle factor are shown in Multimedia
Appendix 1.

Each lifestyle variable was coded 0 or 1, with 1 indicating the
adoption of a particularly healthy lifestyle factor based on the
following criteria: no current smoking (never or previous
smoker), moderate alcohol consumption (women <1 drink per
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day, and men <2 drinks per day regularly), healthy diet pattern
(=5 recommended food component groups), regular physical
activity (=150 min per week of moderate activity, or =75 min
per week of vigorous activity), adequate sleep duration (7 - 8
h per day) [24], short television watching time (<4 h per day)
[25], and appropriate social connection (ie, moderately active
and active social connection status) [26]. An overall healthy
lifestyle score was constructed as the sum of the scores of 7
lifestyle factors, with a higher score indicating higher adoption
of an overall healthy lifestyle. For the avoidance of extreme
groups with limited cases, we collapsed scores of 0, 1, and 2
into one category and 6 and 7 into another category. The
categorization choicesare arbitrary but justifiable to avoid floor
and ceiling effects.

Ascertainment of Outcomes

The outcome variables consisted of al-cause mortality and
cause-specific mortality, that is, death from cancer,
cardiovascular  disease (CVD), respiratory  disease,
neurodegenerative disease, digestive disease, and other causes.
Information about the death date and underlying cause was
obtained from the National Health Service Information Center
(for England and Wales) and the National Health Service Central
Register Scotland (for Scotland). The cause of death was defined
based on the International Classification of Diseases, 10th
Revision code. Detail ed information about the linkage procedure
isweb-accessible [27].

Assessment of Covariates

Covariatesincluded age (years); sex (women or men); ethnicity
(White, Black, Asian, Mixed or other); education (higher, ie,
college or university degree or other professional qualification;
upper secondary, ie, second or final stage of secondary
education; lower secondary, ie, first stage of secondary
education; vocational, ie, work-related practical qualifications;
or other); social deprivation (Townsend deprivation index); and
employment (currently employed or not).

Statistical Analysis

Baseline characteristics are presented as the mean (SD) if
normally distributed or median (IQR) if nonnormally distributed
for continuous variables and frequency (%) for categorical

https://aging.jmir.org/2025/1/e65374
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variables. The distribution of quantitative variables was
evaluated using both graphical assessments (ie, histogramsand
Q-Q plots) and formal normality tests (ie, skewnessand kurtosis
metrics).

For each participant, we calculated person-years of follow-up
from the date of recruitment (between 2006 and 2010) to the
date of death or the end of follow-up (December 2020 for
England and Wales and November 2020 for Scotland and
elsewhere), whichever occurred first. Cox proportional hazard
model swere applied to examine the associations of each lifestyle
factor and the overall lifestyle score with all-cause and
cause-specific mortality risk. Theresultswere reported as hazard
ratios (HRs) with 95% Cls. We assigned amedian valueto each
lifestyle score category to test the linear trend. Kaplan-Meier
survival analysis and curve were also applied to revea the
association between lifestyle score and the cumul ative incidence
of death (Figure 1). We adjusted for age, sex, education,
Townsend deprivation index, and employment to control
potential confounders. Besides, lifestyle factors were mutually
adjusted for when therelation of each lifestylefactor to all-cause
mortality was examined. In addition, we performed sex-stratified
analyses to evaluate the relation of healthy lifestyle scores to
all-cause mortality in men and women. We took the same
approach to examine the relation of healthy lifestyle scores to
all-cause mortality. The proportional hazards assumption was
tested using a Schoenfeld residuals plot. The
population-attributablerisk (PAR), an estimate of the proportion
of all-cause deaths that would theoretically have been prevented
if al individuals had a lifestyle score of at least 3, 4, 5, or >6,
was calculated, with the O - 2 category as the reference group.

We conducted 2 sensitivity analyses to evaluate the robustness
of our primary findings. First, we performed multiple
imputations with chained equationswith 5 datasetsto deal with
the missing values of exposure or covariates (Table S1 in
Multimedia Appendix 1). Then, we excluded participants who
died within 2 or 4 years of follow-up to reduce immortal bias
(Table S2 in Multimedia Appendix 1).

P values were 2-sided with statistical significance set at less
than .05. All analyses were performed using Stata SE (version
15; StataCorp).
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Figure 1. Hazard ratios of all-cause mortality according to combined modifiable healthy lifestyle factors.
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Results

vs 60.43, SD 7.11), less educated (20.8% (n=419) vs 51.5%
(n=2232) with higher education level), less employed (19.1%

Population Char acteristics

The baseline characteristics of 20,654 individualswith probable
sarcopeniaare shownin Table 1. The mean age of the population
was 59.7 (SD 7.20) years, and 39.8% (n=8126) were men. The
proportion of healthy lifestylescoresof 0 - 2,3,4,5,and 6 - 7
was 9.7% (n=2015), 16.4% (n=3382), 25.7% (n=5316), 27.2%
(n=5610), and 21% (n=4331), respectively. Participants with a
lower lifestyle score (0 - 2) wereyounger (mean 58.85, SD 7.15
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(n=385) vs 42.3% (1833) employment rate), and more
socioeconomically deprived (Townsend score: 1.27 vs —1.43),
compared to high scorers (6-7). Conversely, higher lifestyle
scorers (6-7) exhibited a lower prevalence of CVD [8.8%
(n=383) vs 19.6% (n=394])], hypertension [ 33.7% (n=1460) vs
49.4% (n=996)], diabetes [7.5% (n=325) vs 15.4% (n=311)],
hyperlipidemia [24.5% (n=1,061) vs 37.3% (n=752)], and
depression [5.7% (n=245) vs 18.1% (n=364); Table 1].
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Table. Baseline characteristics of participants with probable sarcopenia by lifestyle score category?.
Variables Lifestyle score
0 - 2 (n=2015) 3(n=3382) 4 (n=5316) 5 (N=5610) 6 - 7 (n=4331)
Age, mean (SD) 58.85 (7.15) 50.70 (7.20) 59.84 (7.17) 60.12 (7.10) 60.43 (7.11)
Male, n (%) 874 (43.4) 1281 (37.9) 2046 (38.5) 2123 (37.8) 1802 (41.6)
Not current smoking, n 1122 (55.7) 2816 (83.3) 4866 (91.5) 5393 (96.1) 4298 (99.2)
(%)
Moderate alcohol con- 216 (10.7) 570 (16.9) 1439 (27.1) 2003 (35.7) 2729 (63)
sumption, n (%)
Diet >=5recommended 246 (12.2) 1064 (31.5) 2587 (48.7) 3748 (66.8) 3884 (89.7)
components, n (%)
Regular physica activ- 196 (9.7) 700 (20.7) 2008 (37.8) 3427 (61.1) 3772 (87.1)
ity, n (%)
Adequate sleep, n (%) 353 (17.5) 1211 (35.8) 2808 (52.8) 4039 (72) 3903 (90.1)
Never or short televi- 309 (15.3) 1129 (33.4) 2835 (53.3) 4099 (73.1) 3955 (91.3)
sion watching time, n
(%)
Not isolated social 1034 (51.3) 2656 (78.5) 4721 (88.8) 5341 (95.2) 4264 (98.5)
connection, n (%)
Ethnicity, n (%)
Asian 74 (3.7) 194 (5.7) 358 (6.7) 352 (6.3) 270 (6.2)
Black 42 (2.1) 54 (1.6) 76 (1.4) 75 (1.3) 42 (1)
Mixed 16 (0.8) 30(0.9) 23(0.4) 34(0.6) 17 (0.4)
Other 39(1.9) 36(1.1) 77 (1.4) 80 (1.4) 47 (1.1)
White 1844 (91.5) 3068 (90.7) 4782 (90) 5069 (90.4) 3955 (91.3)
Education category, n (%)
Higher education 419 (20.8) 930 (27.5) 1876 (35.3) 2367 (42.2) 2232 (51.5)
Upper secondary 110 (5.5) 188 (5.6) 353 (6.6) 405 (7.2) 276 (6.4)
Lower secondary 385(19.1) 749 (22.1) 1222 (23) 1247 (22.2) 892 (20.6)
Vocational 131 (6.5) 231 (6.8) 316 (5.9) 307 (5.5) 214 (4.9)
Other or prefer notto 970 (48.1) 1284 (38) 1549 (29.1) 1284 (22.9) 717 (16.6)
answer
Employment, n (%)  385(19.1) 926 (27.4) 1918 (36.1) 2253 (40.2) 1833 (42.3)
Townsend, mean (SD)  1.27 (3.68) 0.01 (3.46) -0.57 (3.30) -1.17 (3.08) -1.43 (2.90)
Conditions, n (%)
Cancer 255 (12.7) 400 (11.8) 639 (12) 622 (11.1) 486 (11.2)
Cardiovascular disease 394 (19.6) 568 (16.8) 692 (13) 601 (10.7) 383(8.9)
Hypertension 996 (49.4) 1520 (44.9) 2228 (41.9) 2100 (37.4) 1460 (33.7)
Diabetes mellitus 311 (15.4) 439 (13) 632 (11.9) 527 (9.4) 325(7.5)
Hyperlipidemia 752 (37.3) 1112 (32.9) 1604 (30.2) 1529 (27.3) 1061 (24.5)
Neurodegenerativedis- 24 (1.2) 32(0.9) 45(0.8) 25 (0.4) 18 (0.4)
ease
Respiratory disease 251 (12.5) 226 (6.7) 226 (4.3) 200 (3.6) 104 (2.4)
Digestive disease 54 (2.7) 54 (1.6) 55 (1) 41(0.7) 24.(0.6)
Depression 364 (18.1) 423 (12.5) 490 (9.2) 386 (6.9) 245 (5.7)

@Data are mean (SD) for continuous variables or n (%) for categorical variables.
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Association of Individual Lifestyle Factors With the
Risk of All-Cause Mortality

During 230,418 person-years of follow-up, 2447 participants
died. Asshownin Table 2, each lifestyle factor was significantly
associated with all-cause mortality. Compared with no current
smoking participants, the adjusted HR of mortality was 1.98
(95% CI 1.78 - 2.20) for those current smokers. Abstaining
from smoking appears to be the most effective in reducing the
risk of mortality. There was a U-shaped association between
alcohol consumption and all-cause mortality, with moderate
alcohol consumption (male <16 g per day; female <8 g per day
regularly) being associated with lower mortality; other alcohol
consumption levels (never or excessive) had ahigher mortality
risk (HR 1.28, 95% CI 1.17 - 1.39). Engaging in irregular
physical activity and following an unhealthy diet pattern were
associated with a higher mortality rate; the corresponding HRs

https://aging.jmir.org/2025/1/e65374
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were 1.36 (95% Cl 1.25 - 1.47) and 1.11 (95% CI 1.02 - 1.20).
Adoption of 3 emerging healthy lifestyle factors was also
associated with lower mortality risk. Short (<6 h per day) or
long duration (=9 h per day) of sleep versus adequate sleeping
duration (7 - 8 h per day) was associated with a higher risk of
mortality (HR 1.14, 95% CI 1.05 - 1.24), especially the long
deep duration group had a significantly higher mortality rate
(HR 1.39, 95% ClI 1.25- 1.55; Table S3 in Multimedia
Appendix 1). Participantswith longer tel evision-watching time
(24 h per day) had higher mortality than those with short
television-watching participants (HR 1.20, 95% CI 1.10 - 1.31),
and those who had an isolated social connection could also
significantly increase the risk of all-cause mortality (HR 1.22,
95% CIl 1.09 - 1.35; Table 2). Besides, no apparent effect
modification was observed by sex (Tables S4 and S5 in
Multimedia Appendix 1).
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Table. HR®(95% Cl) of all-cause mortality according to individual modifiable healthy lifestyle factors.

Wang et al

Modifiable Participants,n  Cases, n Person-years Follow-uptime, Incidencerate R (95% C1)° P value
healthy lifestyle mean (SD) per 1000 person-
factors” year (95% Cl)
Smoking <.001
No current 18,495 1966 207526.68 11.22 (1.91) 9.47 (9.06 - 1.00 (reference)
9.90)
Current 2159 481 22890.80 10.60 (2.75) 21.01(19.18- 1.98(1.78 -
22.98) 2.20)
Alcohol consumption <.001
Moderate 6957 785 77110.68 11.08 (1.92) 10.18 (9.48 - 1.00 (reference)
10.92)
Never or exces- 13,697 1662 153306.80 11.19 (2.07) 10.84(10.33 -  1.28(1.17 -
sive 11.38) 1.39)
Diet .01
>=5recommend- 11,529 1205 129681.51 11.25(1.83) 9.29 (8.77 - 1.00 (reference)
ed components 9.83)
<5recommend- 9125 1242 100735.97 11.04 (2.24) 12.33(11.65- 1.11(1.02-
ed components 13.03) 1.20)
Physicd activity <.001
Regular 10,103 978 113630.74 11.25 (1.80) 8.61 (8.08 - 1.00 (reference)
9.16)
Irregular 10,551 1469 116786.74 11.07 (2.21) 1258(11.94-  1.36(1.25 -
13.24) 1.47)
Sleep .001
Adequate 12,314 1307 138003.41 11.21 (1.92) 9.47 (8.96 - 1.00 (reference)
10.00)
Short or long 8340 1140 92414.07 11.08 (2.17) 12.34(11.63- 1.14(1.05-
13.07) 1.24)
Television watching time <.001
Short 12,327 1161 138817.19 11.26 (1.81) 8.36 (7.89 - 1.00 (reference)
8.86)
Long 8327 1286 91600.29 11.00 (2.29) 14.04 (13.28- 1.20(1.10 -
14.83) 1.31)
Social connection <.001
Appropriate 18,016 1994 201699.16 11.20 (1.96) 9.89 (9.46 - 1.00 (reference)
10.33)
Isolated 2638 453 28718.32 10.89 (2.41) 15.77(14.35- 1.22(1.09 -
17.30) 1.35)
8HR: hazard ratio.

B ow-risk lifestyle factors: no current smoking, moderate alcohol consumption (must be drinking but no more than 1 drink per day for women and 2
drinks per day for men on arelatively regular frequency, no drinking isrisk factor), healthy diet (adequate intake of at least one-half of 10 recommended
food groups), regular physical activity (150 min per week of moderate activity or 75 min per week of vigorous activity, or an equivalent combination),
adequate sleep duration (7-8 h per day), short television watching time (<4 h per day), and appropriate social connection (not isolated).

CAdjustment for age (years), sex (women or men), ethnicity (White, Black, Asian, Mixed, or other), education (higher, ie, college or university degree
or other professional qualification; upper secondary, ie, second or final stage of secondary education; lower secondary, ie, first stage of secondary
education; vocational, ie, work-related practical qualifications; or other), Townsend deprivation index, and employment (currently employed or not).
Lifestyle factors were mutually adjusted for analyses on the association of each individua lifestyle factor with all-cause mortality risk.

Association of Lifestyle Score With Risk of All-Cause

Mortality

The healthy lifestyle score was inversely associated with
all-cause mortality (Table 3). For each one-point increase, the

https://aging.jmir.org/2025/1/e65374

RenderX

HR of al-cause mortality risk was 0.78 (95% CI 0.76 - 0.81;
P for trend <.001). Compared with those scoring O - 2, the
multivariable-adjusted HRs of mortality for participants with
healthy lifestyle scoresof 3, 4, 5, and 6 - 7 were 0.67 (95% ClI
0.59 - 0.76), 0.51 (95% ClI 0.45-0.57), 043 (95% ClI
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0.38 - 0.49), and 0.33 (95% CI 0.29 - 0.39), respectively (Pfor  for ascoreof >2% 10 9.7%, 18.3%, 25.7%, and 34.6% for scores
trend <.001; Figure 2). The PAR for all-cause mortality of >3, 24, =5, and =6, respectively (Table 4).
increased as the healthy lifestyle score increased, from 3.1%
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Table. HR®(95% Cl) of all-cause or cause-specific mortality according to combined modifiable healthy lifestyle factors.

Variables Number of modifiable healthy lifestyle factors Pvalue HR of each point
increase (95%
0-2(n=2015) 3(n=3382) 4 (n=5316) 5 (n=5610) 6 - 7 (n=4331) cl)
All-cause mortality <.001 0.78 (0.76 -
0.81)
Number of 472 530 600 522 323
cases
Person- 21,323 37,252 59,487 63,402 48,954
years
HR (95% CI) 1.00 (reference) 0.68 (0.60 - 0.51(0.45 - 0.43(0.37 - 0.33(0.28 -
0.77) 0.57) 0.49) 0.38)
Cancer <.001 0.82(0.78 -
0.86)
Number of 172 218 245 207 151
cases
Person-years 21,323 37,252 59,487 63,402 48,954
HR (95% CI) 1.00 (reference) 0.76 (0.62 - 0.57 (0.47 - 0.46 (0.37 - 0.43(0.34 -
0.94) 0.70) 0.57) 0.55)
Cardiovascular disease <.001 0.83(0.77 -
0.88)
Number of 100 111 142 114 66
cases
Person-years 21,323 37,252 59,487 63,402 48,954
HR (95% CI) 1.00 (reference) 0.71(0.54 - 0.65 (0.50 - 0.53(0.40 - 0.39(0.28 -
0.94) 0.85) 0.71) 0.55)
Respiratory disease <.001 0.73 (0.66 -
0.80)
Number of 74 62 48 47 31
cases
Person-years 21,323 37,252 59,487 63,402 48,954
HR (95% ClI) 1.00 (reference) 0.57 (0.41 - 0.31(0.21 - 0.31(0.21 - 0.26 (0.17 -
0.81) 0.45) 0.45) 0.41)
Neurodegenerative disease .08 0.89 (0.95 -
1.02)
Number of 18 25 37 44 32
cases
Person-years 21,323 37,252 59,487 63,402 48,954
HR (95% CI) 1.00 (reference) 0.70 (0.38 - 0.61(0.35 - 0.63 (0.36 - 0.55(0.30 -
1.29) 1.08) 1.10) 0.98)
Digestive disease <.001 0.66 (0.58 -
0.75)
Number of 43 37 28 27 8
cases
Person-years 21,323 37,252 59,487 63,402 48,954
HR (95% ClI) 1.00 (reference) 0.60 (0.39 - 0.33(0.20 - 0.32(0.19 - 0.12 (0.06 -
0.94) 0.53) 0.52) 0.27)
Other® <.001 0.81(0.75 -
0.88)
Number of 65 77 100 83 35
cases
Person-years 21,323 37,252 59,487 63,402 48,954
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Variables Number of modifiable healthy lifestyle factors’ Pvalue HR of each point
increase (95%
0-2(n=2015) 3 (n=3382) 4 (n=5316) 5 (n=5610) 6 - 7 (n=4331) c
HR (95% Cl) 1.00 (reference) 0.79 (0.56 - 0.71 (051 - 0.59 (0.41 - 0.33(0.21 -
1.10) 0.98) 0.84) 0.51)
3HR: hazard ratio.

bAdj ustment for age (years), sex (women or men), ethnicity (White, Black, Asian, Mixed or other), education (higher, ie, college or university degree
or other professiona qualification; upper secondary, ie, second or final stage of secondary education; lower secondary, ie, first stage of secondary
education; vocational, ie, work-related practical qualifications; or other), Townsend deprivation index, and employment (currently employed or not);

adjusting for competing risk of death of other causes.

®Mortality from causes other than cancer, CVD, respiratory disease, neurodegenerativee disease, or digestive disease.

Figure 2. Kaplan-Meier survival curve of al-cause mortality according to combined modifiable healthy lifestyle factors.
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Table. Relative and population-attributable risks of all-cause mortality for groups defined by combinations of modifiable healthy lifestyle factors.

Hazard ratio (95% C1)® PAR%S (95% Cl)

Modifiable healthy Number of cases % of total population
lifestyle factors?

At least 2 vs<2 2309 94.4

Atleast 3vs<3 1975 80.7

Atleast 4 vs<4 1445 59.1

Atleast 5vs<5 845 345

At least 6 vs <6 323 132

0.46 (0.38 - 0.55)
0.50 (0.45 - 0.55)
0.55 (0.51 - 0.60)
0.61 (0.56 - 0.66)
0.60 (0.53 - 0.68)

3.1(26 - 35)
9.7(8.6 - 10.7)
18.3(16.3 - 20.2)
25.7 (22.0 - 29.0)
34.6 (27.9 - 40.5)

3_ow-risk lifestyle factors: no current smoking, moderate alcohol consumption (no more than 1 drink per day for women and 2 drinks per day for men
on arelatively regular frequency), healthy diet (adequate intake of at least one-half of 10 recommended food groups), regular physical activity (150
min per week of moderate activity or 75 min per week of vigorous activity, or an equivalent combination), adequate sleep duration (7-8 h per day),
short television watching time (<4 h per day), and appropriate social connection (not isolated).

bAdj ustment for age (years), sex (women or men), ethnicity (White, Black, Asian, Mixed, or other), education (higher, ie, college or university degree
or other professiona qualification; upper secondary, ie, second or fina stage of secondary education; lower secondary, ie, first stage of secondary
education; vocational, ie, work-related practical qualifications; or other), Townsend deprivation index, and employment (currently employed or not).

°PAR%: population attributable risk percent.

HRs and their 95% Cls were calculated in Cox proportional
hazard models after adjusting for age (years), sex (women or
men), ethnicity (White, Black, Asian, Mixed or other), education
(higher, ie, college or university degree or other professional
qualification; upper secondary, ie, second or fina stage of
secondary education; lower secondary, ie, first stage of
secondary education; vocational, ie, work-related practical
qualifications; or other), Townsend deprivation index, and
employment (currently employed or not).
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Association of Lifestyle Score With Risk of
Cause-Specific Mortality

During the follow-up, 993 participants died from cancer, 533
participants died from CVD, 262 participants died from
respiratory  disease, 156 participants died from
neurodegenerative disease, 143 participants died from digestive
disease, and 360 participants died from other causes. Therewas
a significantly inverse dose-response association between the
health lifestyle score and the mortality from cancer, CVD,
respiratory disease, digestive disease, and other causes (P for
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trend <.001); however, no such pattern was observed for
neurodegenerative disease (Table 3). Participants with higher
overal lifestyle scores (6-7) had significantly lower mortality
rates compared to those with scores of 0-2. The
multivariate-adjusted HRs of cause-specific mortality were 0.43
(95% CI 0.34 - 0.55) for cancer, 0.39 (95% CI 0.28 - 0.55) for
CVD, 0.26 (95% CI 0.17 - 0.41) for respiratory disease, 0.12
(95% CI 0.06 - 0.27) for digestive disease, and 0.33 (95% ClI
0.21 - 0.51) for other causes.

Discussion

Statement of Principal Findings

In this cohort study conducted among individual swith probable
sarcopenia, we found that adopting a healthy lifestyle was
associated with significantly reduced all-cause mortality, notably
deaths from cancer, CVD, respiratory disease, and digestive
disease. We estimated that approximately 25.7% of desths could
be prevented if they could adopt six or more healthy lifestyle
factors. These findings underscore the pivotal role of embracing
a healthy lifestyle in alleviating mortality among individuals
with probable sarcopenia.

Comparison With Previous Studies

Physical activity and nutritional interventions have already been
recommended as primary strategies for managing sarcopenia,
but previous evidence was inconclusive, with limitations such
assmall sample sizesand inconsistent adherenceto interventions
[28,29]. This study provides further evidence for the
effectiveness of these two interventions among individual swith
probable sarcopenia. Meanwhile, this study highlights divergent
associations between lifestyle factorsand mortality in probable
sarcopenia popul ations versus the general population. Among
individuals with probable sarcopenia, current smoking and
excessive alcohol consumption exert the strongest mortality
impacts (Table S3 in Multimedia Appendix 1). By contrast, in
the general population, smoking cessation remains the most
impactful lifestyle determinant on mortality [30], and Locquet
et al [31] also discovered that smokers have a 2.36-fold higher
likelihood of developing sarcopenia. Regular physical activity
conferred the second-greatest survival benefit in the general
population [30], which was consistent with prior reports by Li
et a [32]; while dietary quality (HR 0.88, 95% CIl 0.82 - 0.94
inmen; HR 0.97, 95% CI 0.90 - 1.05 in women) and excessive
acohol intake (HR 0.95, 95% CI 0.89 - 1.01in men; HR 1.03,
95% CI 0.94 - 1.12 in women) had weaker associations with
mortality [30]. Notably, a meta-analysis also indicated that
alcohol consumption is not associated with the presence of
sarcopeniain the general population, with a pooled odds ratio
of 0.964 [33]. Overall, theseresultsindicatethat it is meaningful
to explore the impact of these healthy lifestyle factors on the
mortality risk within the specific population of probable
sarcopenia.

Three emerging healthy lifestyle factors also show asignificant
association with reduced risk of mortality. Social connection
has garnered significant attention since the onset of the
COVID-19 pandemic [34]. Previous studies have reported that
individuals with sarcopenia are more prone to experiencing
socia isolation [17]. This study, for the first time, provides
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evidence for the beneficial effects of social connection on the
probable sarcopenia population. Additionally, a recent
meta-analysis showed that both short and long sleep durations
are associated with an increased risk of all-cause mortality and
cardiovascular events in the general population [35]. In this
study, however, only long sleep duration was significantly
associated with an increased mortality risk. There are two
possible reasons: (1) individuals with probable sarcopeniawho
spend less time on sleep may allocate more time for physical
activities, the interconnectedness among different lifestyle
factorsthereby potentially influencing the underlying association
between lifestyle factorsand mortality risk; and (2) sleep quality,
such as chronotype, insomnia, snoring, and daytime sleepiness,
can also affect the health outcomes [36].

To our knowledge, no study has examined the association
between the combined healthy lifestyle score and mortality risk
among individuals with sarcopenia. We have used Cox
proportional hazard models and PAR to uncover whether and
to what extent individual s with probabl e sarcopenia can benefit
from a healthy lifestyle. These findings indicate that, beyond
physical activity and diet, other healthy lifestyle factors also
confer benefits to the probable sarcopenia population. This
knowledge can contribute to the development of “core set
outcomes” for lifestyle-based intervention trials in the field of
sarcopenia. Additionally, ahigher healthy lifestyle scoreisalso
associated with areduced risk of mortality dueto cancer, CVD,
respiratory disease, and digestive disease, although not for
neurodegenerative disease. Previous studies have demonstrated
that adopting ahealthy lifestyle can lower therisk of developing
neurodegenerative  diseases [37]. Nevertheless, since
neurodegenerative diseases are typically not immediately
life-threatening, their specific mortality risk might be attenuated.

Potential M echanisms

Biological mechanismslinking variouslifestylefactorsto health
outcomes have been postulated. Physical activity can impact
systemic immune and metabolic response, stimulating adenosine
monophosphate-activated protein kinase phosphorylation or
other critical signaling pathways to promote multiple organ
health and increase survival probability [38-40]. A balanced
diet can provide sufficient protein, amino acids, and other
essential nutrients[29]. Additionally, it can also help maintain
intestinal microflora homeostasis and influence the aging gut,
extending life span through metabolites produced by gut
microbiota, such as short-chain fatty acids [41].

Cigarettes contain many toxic and carcinogenic components,
which can impair mitochondrial function, increase oxidative
stress [42], and cause epigenetic changes [43]. Therefore,
avoiding tobacco exposure is an effective measure to lower
disease and mortality risks. Individualswho frequently consume
moderate amounts of alcohol show alower mortality risk than
those who drink alcohol rarely or excessively. A possible
explanation for this phenomenon may lie in the fact that
individuals who engage in regular moderate drinking tend to
have better financia situations and socia connections.
Mechanistically, moderate alcohol consumption can lower the
activity of amental stress—related brain network [44] and reduce
therisk of major cardiovascular events[45]. Besides, excessive
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drinking leads to inflammation and immune-metabolic
dysregulation, gut leak and dyshiosis, mitochondrial dysfunction,
and epigenomic modifications [46-48]. These mechanisms
synergistically interact to cause alcohol-mediated multiorgan
injury and even death.

Sedentary behavior is directly associated with elevated levels
of circulating inflammatory markers, such asinterleukin-6 and
C-reactive protein [49,50]. These markers have been proposed
as senescent biomarkers due to their positive correlation with
age and potential promotion of adverse health outcomesin older
adults [51]. Growing evidence indicates that social connection
influences variousbiological pathways, including blood pressure
[52], oxidative stress [53], neuroendocrine dysregulation [54],
chronic inflammation [55], and gut-microbiome interactions
[56]. Similarly, social connections may indirectly influence
health outcomes via stress perception and other behavioral
factors, such as sleep quality and quantity, smoking, or even
drug abuse [57,58]. These social stress-related behaviors are
strongly associated with biological health.

Sarcopenia is associated with the aforementioned pathologic
mechanisms that drive increased mortality risk and are
influenced by lifestyle [59,60]. Individuals with sarcopenia
often have multiple comorbidities (eg, diabetes, kidney disease,
and chronic obstructive pulmonary disease) [61,62], and
evidence indicates that healthy lifestyles significantly aid in
managing these conditions [63,64], thereby reducing mortality
risk.

Clinical and Research Implications

First, our findings provide incentive and support for the notion
that lifestyle intervention strategies can have an impressive
impact on mortality risk among individuals with probable
sarcopenia, and this could help health professionals and policy
makersto make preventive advice and policy recommendations
for this population. Second, this study presented precise
numerical valuesto which individualswith probable sarcopenia
can benefit from ahealthy lifestyle. Such knowledge might help
motivate individuals with probable sarcopeniato change habits
and adhere to a hedthy lifestyle. Third, only 21% of the
participants adhered to ahealthy lifestyle (6 - 7 healthy factors)
in this study. In comparison, 51.9% adopted less than or equal
to four healthy lifestyle factors, suggesting alarge gap between
current and ideal population lifestyles. Last but not least, this
study found that certain lifestyle factors are more relevant than
others; therefore, public health policies could focus on a few
more potent risk factors (ie, smoking) rather than on costly
strategies addressing multiple risk factors.

Strengths and Limitations

This study has several strengths. Foremost among these is the
large sample size and comprehensive data resources, which
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encompassed detailed information on potential confounding
variables. This robust dataset facilitated thorough analyses of
mortality across various causes and allowed for stratification
based on potentia risk factors [22]. Additionally, this study
pioneered the assessment of the combined impact of an overall
healthy lifestyle on the probable sarcopenia population. This
approach was particularly important due to the strong
intercorrelations among various lifestyle factors[65]. Using an
overal healthy lifestyle score enabled a comprehensive
evaluation of theintricate relationshi ps between lifestyle factors
and mortality among individuals with probable sarcopenia.

However, severa limitations should be acknowledged. First,
the study’s participant pool primarily consisted of Caucasians
in the United Kingdom. Consequently, the generalizability of
our findingsto other ethnic groups may belimited. Second, due
to the nature of the observational study, we cannot derive
causality between lifestyle modification and mortality in this
population, which warrants more well-conducted interventional
studies to verify. Third, the temporal relationship between
lifestyle factors and probable sarcopenia could not be clearly
demarcated in thisstudy. Thus, potential collider biasmay arise
when conditioning on probabl e sarcopenia status in analyses of
lifestyle factors and mortality. Thisresidual collider bias could
attenuate associations toward the null [66], yet our identification
of strong relationships strengthens confidence in these
conclusions. Given thisbias, estimating potentially preventable
deaths via postprobable sarcopenia lifestyle changes would
better clarify theimportance of lifestyle management. However,
UK Biobank’s limited longitudinal data on postdiagnosis
lifestyle modifications precluded formal analysis of how such
changes affect mortality [19]. Fourth, further research can be
conducted on confirmed patients with sarcopenia, although
investigating lifestyles impact on therisk of premature mortality
among the probable sarcopenia population holds greater
preventiveimplications. Fourth, measurement errors could occur
in the self-reported lifestyle data. Fifth, those who died during
the study period might have had serious diseases at baseline.
Although the study excluded deaths within thefirst 2 - 4 years
of follow-up, the possibility of reverse causation and residual
confounding remains. Finally, even though various covariates
were adjusted for in our analyses, other confounders, such as
BMI and comorbidities, may not have been included, which
could result in residual confounding.

Conclusions

A headlthy lifestyle was associated with alower risk of al-cause
mortality and mortality dueto cancer, CVD, respiratory disease,
and digestive disease among individuals with probable
sarcopenia. A healthy lifestyle (scoring 6 - 7) could prevent
25.7% of deathsin this population.
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Abstract

Background: Walking isfrequently recommended as a beneficial physical activity for older adults, asit can enhance both their
physical and mental well-being and help prevent cognitive decline and dementia. Whileit isknown that mobile health (mHealth)
technology can help improve physical activity among older adults, thereislimited research on its effectivenessfor older individuals
with cognitive impairment.

Objective: This study aimed to determine the effectiveness and feasibility of walking prescriptions using mHealth technology
for older adults with cognitive impairment.

Methods: Intotal, 60 older adults (mean=76.1, SD 5.4) years; female, n=34) with mild cognitive impairment or mild dementia
(n=28 and n=32, respectively; Mini-Mental State Examination [MMSE], mean=20.7, SD 4.0) who visited the memory clinic
were enrolled. They were randomly assigned into three groups: (1) group A (n=20) was prescribed with a goal of daily steps
based on their telemonitored activity using a smart band; (2) group B (n=19) only wore a smart band without a prescription; and
(3) group C (n=21) took a monthly education to encourage their walking. All participants took monthly face-to-face sessions
with a coach to check their performance and modify the goal of daily steps. Changesin daily steps (primary outcome), cognitive
function, physical status, and depressive symptoms from baseline to post-intervention (12 weeks) and follow-up (24 weeks) were
assessed by unblinded researchers. Linear mixed effect modelswith factors of group (reference: contral), time (reference: baseline),
and their interaction were used for data analysis. Post hoc analyses using paired t tests were also conducted.

Results: For group A, there was a significant group x time interaction effect on daily steps both at 12 and 24 weeks (3
(SE)=2205.88 (672.34), P=.001; B (SE)=2194.63 (884.33), P=.015). Group B showed increased numbers of steps only at 12
weeks but not at 24 weeks. Group C showed a continuous decrease in daily steps during the study period. Regarding secondary
outcomes, group C showed a significant decline in cognitive function measured by MM SE both at 12 and 24 weeks. However,
groups A and B showed stationary MM SE scores during 24 weeks. The number of withdrawn participants did not differ among
the 3 groups.

Conclusions: Our findings suggest that walking prescriptions using mHealth technology can effectively increase daily stepsin
older adults with cognitive impairment.

Trial Registration: Clinical Research Information Service (CRIS) of Republic of Korea; CRIS KCT0002610; https://cris.
nih.go.kr/cris/search/detail Search.do?seq=10195& search_page=L

(JMIR Aging 2025;8:e63081) doi:10.2196/63081
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dementia; mild cognitive impairment; mobile health; physical activity; exercise
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Introduction

Physical activity (PA) isprotective against age-related cognitive
decline and incidence of dementia in older adults [1,2]. It can
reduce symptoms of depression and anxiety. It can also increase
the psychological well-being of the aging population [3]. Even
in older adults diagnosed with mild cognitive disorder (MCI)
or dementia, moderate-to-vigorousintensity PA can effectively
delay cognitive deterioration and prevent comorbid physical
illnesses [4,5]. Therefore, clinical experts have advised older
people to exercise regularly and continuously.

Unfortunately, the number of people doing exercise decreases
as they get older due to their declined physical ability, lack of
knowledge of age-appropriate exercise, false belief that exercise
can cause injury, and psychosocial prejudice that older adults
should behave carefully and calmly [6]. According to anational
survey in Korea, only 37.6% of the population aged 65 years
or older maintain PA at arecommended |level of above moderate
intensity for 150 minutes or more per week, and 46.3% do not
exercise at al [7]. A US national survey has also found that
only about 27% of individuals aged 65 years or older exercise
for the recommended level for physical health [8]. According
to areview paper summarizing studies from the United States,
Europe, and Japan, 67% of older adults aged 60 years or older
spend more than 8.5 hours sitting down [9].

It has been revealed that above moderate-intensity PA can
protect or improve cognitive function, even in older adults with
neurodegenerative brain diseases [10-13]. A recent study has
analyzed the relationship between PA level, cognitive function,
and brain pathology of older people using clinical data for 2
years before death and pathology data from brain autopsy and
found that exercise and motor ability are associated with higher
cognitive function independent of brain pathology, including
Alzheimer’s disease [14]. PA can have a counter-effect on
degenerative brain diseases by improving brain plasticity and
cognitive reserve. However, studies examining the effectiveness
of PA programsfor older adults with cognitive impairment have
been mainly conducted on patients with advanced dementiain
long-term care facilities due to limitations of clinic- or
community-based programs. It is difficult to monitor PAs of
older adults with cognitive impairment and lead them to plan
and practice exercise continuously [11,13].

Recent advancesin mobile health (mHealth) technol ogy can be
used to help individuals form exercise habits on their own or
through expert assistance. Continuous monitoring and feedback
of PA are possible because mHealth technology allows accurate
activity measurements [15] and accumulation of activity
information [16-18]. However, many studies on PA programs
using mHealth technology have mainly been conducted on
young people [19-22]. Although it has al so been suggested that
PA can be increased in the older population using mHealth
technology [23], most studies have been conducted on older
adults with physical diseases such as cardiovascular disease,
diabetes, and obesity without cognitive dysfunction [23-25].
To the best of our knowledge, few studies have examined the
effectiveness of PA programs using mHealth technology in
older people with cognitive impairment.
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Walking is the most commonly recommended PA. It is also
suitable for older adults because it is easy to practice in daily
life with few side effects. A relationship between maintaining
recommended daily stepsin older adults and low mortality has
been reported [26]. While most previous studies have reported
that moderate to vigorous PA is associated with improved
cognitive function [10-13], acohort study of 78,430 adultsfound
that ahigher number of steps (even if lessthan 10,000 steps per
day) was associated with alower risk of incident dementia[27].
Walking is not only directly influenced by physical functions
such as aerobic capacity, balance ability, and limb strength but
also by cognitive functions such as attention and executive
function [28]. Regular walking can reflect an active lifestyle
and self-directed health care. Mild cognitive impairment has
been reported to be accompanied by a decrease in gait speed
[29] and the decreased interest and motivation often seen in
older adults with dementia leads to a decrease in PA [30].
Increasing stepsin older adults with cognitive impairment may
be away to compensate for physical and mental frailty.

Clinical practice with prescribing and giving feedback to older
patients to exercise at their physical level can lead them to set
appropriate goals and practice PA [11,31-34]. While walking
education alone has been reported to help increase step counts
in older adults[32], it can be more helpful to directly prescribe
a target step count based on assessing physical function for
older patients with cognitive impairment. In addition, older
patientswith MCI or dementiamay have difficulty remembering
or reporting their daily steps; therefore, using mHealth
technology to monitor daily step counts is useful to monitor
their daily activity. However, simply monitoring daily activity
can be insufficient to enhance daily steps; it requires setting
appropriate goals, developing strategies to achieve them,
evaluating outcomes, and refining the approach, which demands
substantial cognitive resources. Consequently, human-led
coaching, or personalized guidance, isessential for older adults
with cognitive impairment [24]. In this study, mHeath
technology is expected to function as a tool for clinicians to
modify the daily activity of older patientswith MCI or dementia.
In other words, clinicians can improve their step counts more
effectively if they use mHealth-based monitored data to make
personalized prescriptions of steps.

Therefore, this study targeted older adults with cognitive
impairment who visited a memory clinic to examine the
effectiveness and feasibility of a program for changing daily
steps by individualized walking prescription and monitoring
using mHealth technology. A 3-arm design was used to compare
the use of mHealth technology alone with the addition of human
monitoring and feedback.

Methods

Participants

Intotal, 60 participants with mild cognitive impairment or mild
dementia (clinical dementia rating [CDR] <1) were recruited
from a memory clinic at a university hospital. A geriatric
psychiatrist confirmed participants cognitive diagnosis and
evaluated their clinical status via CDR. Diagnoses of MCI and
dementiawere based on the comprehensiveclinical assessments.
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MCI was defined as individuals who met the core clinical
criteria of MCI according to the recommendations of the
National Institute on Aging and Alzheimer's Association
guidelines[35]: (1) memory complaint corroborated by self, an
informant, or clinician; (2) objective memory impairment for
age, education, and gender; (3) largely intact functional
activities; and (4) not demented. All MCI individuals had a
global CDR score of 0.5. Participants diagnosed with mild
dementia met the criteria for dementia in the Diagnostic and
Statistical Manual of Mental Disorders4th Edition (DSM-IV-TR
[36]) and CDR score of 0.5 or 1.

Older patients performing no or low level of moderate PA (eg,
fast walking for 30 min lessthan 3 timesaweek) wereincluded,
whilethose who had at |east one of the following were excluded:
(1) impossible to walk independently (cane users were not
excluded); (2) diagnosed with an above-moderate degree of
dementia (CDR =2); (3) having a physical illness that might
affect their safety during the study period; (4) not being ableto
use asmart band by oneself or not having caregiverswho could
help them useit; and (5) participating in other exercise programs
within the past year.

The sample size was based on a previous study reporting the
effectiveness of the intervention using mHealth technology
combined with SMS text messages to increase PA [20]. This
study had a similar idea to ours, comparing 3 groups
(mHealth-based monitoring with SMS text message vs
mHealth-based monitoring without SMS text message vs
control). The sample size was conservatively determined to
yield alarger number of subjects after comparing 3 groups one
by one. For achieving an 80% power (1-[3=.8) at the 5% level
of significance (a=.05) with equal alocation, the sample sizes
for intervention and active control are 10 and 10, respectively
[37]. Then, we doubled the number of subjects to reflect the
possihility of asmall effect on stepsfrom the intervention, given
that the subjects in the reference study had twice as many
baseline steps as our participants (9600 vs 4500 steps/day). The
drop-out rate was assumed to be 40% since the participants of
this study were older adults with cognitive impairment.
Therefore, this resulted in 20 subjects in each arm, for atotal
of 60 subjects.

Ethical Consider ations

This study was approved by the Institutional Review Board of
Seoul National University Hospital (H-1708-118-879), and it
was registered in a clinical trial registry (KCT0002610). All
participants provided written informed consent. To protect
privacy, the data used in this study were anonymized before
analysis. Participants did not receive any compensation for their
participation.

Study Design

Participants were randomly assigned into 2 intervention groups
(group A, walking prescription and using a smart band; group
B, only using a smart band) and a control group (group C) a a

1:1:1 ratio. For the randomization, an independent researcher
who was not involved in patient evaluation or intervention
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created a random number table prior to registration of the
subject. This study was not blinded even though 2 different
researchers conducted baseline and follow-up assessments,
respectively.

Intervention

Our 12-week protocol of intervention was designed for usein
a hospital setting. Physicians, nurses, psychologists, physical
or occupational therapists, and any other trained paramedic
professionals can use this program. In this study, a clinical
psychologist and occupational therapist alternatively checked
each participant’s performance and compliance with the program
and provided educational sessions. Both conducted study
procedures uniformly according to the protocol, which included
detailed methods of assessment, consultation, and feedback.
Prior to the start of the study, a mock coaching session was
conducted to validate the interventionists' adherence to the
protocol and feedback skillswith the supervision of aphysician
(a geriatric psychiatrist). Walking education was provided to
all participants, including the control group, during the study
period. It was conducted in monthly face-to-face sessions, which
involved individual guidance for correct posture, appropriate
intensity, and a favorable environment for walking.

Participants in group A wore a smart band and received a
personal prescription of daily stepsbased on their usual walking
for the first week. Daily steps were monitored and timely
feedback for encouragement was given via telephone or SMS
text message at least once a week. If steps were not recorded
for 5 consecutive days, the researcher made an emergency call,
as this was the deadline to recover data in the event that there
was a connection issue between devices. Monthly face-to-face
feedback sessionswere adjusted depending onindividuals daily
step goals based on their accumulated step data. The target
number of stepsgradually increased if participants achieved the
goal in the previous month, up to the recommended steps by
age based on the guidelines for walking in older adults [38].
Participants al so discussed with aresearcher about their walking
tasks, such as when, where, and how much they were walking.
A solution was found together in case they had problems in
performing tasks. A graph sheet based on telemonitored data
was used for these sessions (Figure 1). Even after the 12-week
intervention, they were encouraged to wear a smart band and
keep walking.

Group B participantswere also instructed to wear asmart band.
However, they were not given a walking prescription. They
were also encouraged to keep wearing the band after the
intervention period. The control group (group C) received
monthly walking education only and was provided with the
same protocol as the intervention groups. A smart band was
applied only at baseline, 12 weeks, and 24 weeksfor assessment.
App screenshots can be found in Multimedia Appendices 1-3.

Subjects who withdrew consent to participate in this study,
failed the baseline assessment, missed more than 2 face-to-face
visits, or did not obtain activity datafor more than 2 weekswere
withdrawn early.
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Figure 1. A monthly walking sheet for group A subjects.
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Outcome Assessment and M easures

At baseline, information on demographics, anthropometrics,
and histories of physical and mental illnesses was collected.
Primary and secondary outcomes were assessed at baseline,
postintervention (12 weeks), and follow-up (24 weeks).

Primary Outcome

A changein daily stepswas the primary outcome of this study.
Smart bands (HR L S405-B6 & HR2.5 Gold edition; Seven Elec
Co.,, LTD) were used to measure subjects daily steps.
Participants downloaded a mobile application that was linked
to the wearable device. They could check their accumulated
data on steps, which was transmitted automatically to the
database. Average daily steps in a week were calculated at
baseline, 12 weeks, and 24 weeks.

Secondary Outcomes

Secondary outcomesincluded three domains: physical function,
cognitive function, and depressive symptoms. The Short
Physical Performance Battery (SPPB) was used to evaluate
physica function [39,40]. Cognitive function was measured
usingthe Mini-Mental State Examination inthe Korean version
of the CERAD assessment packet (MMSE-KC) [41,42]. The
Korean version of the Geriatric Depression Scale [43-45] was
used for evaluating depressive symptoms in older patients.

Statistical Analyses

Analysis of variance (ANOVA) and x? tests were used for
continuous and categorical variables, respectively, to compare
baseline characteristicsamong groups. A modified intent-to-treat
approach was used to examine effectiveness of theintervention.
The analysis included all randomly assigned participants with
at least 1 post-baseline observation. Linear mixed-effect models
with factors of group (reference: control), time (reference:
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baseline), and their interaction were used to examine group
differencesin changes of primary and secondary outcomesfrom
baselineto 12- and 24-week follow-ups. To analyze the primary
outcome, age, sex, education, cognitive function, and depressive
symptoms at baselinewereincluded in themodel as covariates.
In addition, we conducted a 2-way mixed ANOVA, where
missing data of drop-out subjects were conservatively input as
“no change” by carrying forward previous assessment values.
For post hoc analyses, time-related changes within each group
were examined using paired 2-tailed t test (within-group
analyses). Whether different patterns were observed by
participants' cognitive status (MCI and mild dementia) was also
tested. All statistical analyses were performed with SPSS
software (version 23.0; SPSS Inc.).

Results

Intotal, 60 older patients diagnosed with MCI or mild dementia
were enrolled in this trial and randomly allocated into three
groups. Among them, 13 participants dropped out throughout
the study period. They did not attend post-baseline assessments.
The number of withdrawn participants did not differ among the
three groups. Drop-outs were caused by refusals, poor device
operation, or health problems. Figure 2 showsthe overall study
flow, allocation, drop-out, and reasons for withdrawal. As one
participant dropped out from group B soon after allocation, a
person on the waitlist was allocated to group C with an
independent randomization procedure. No adverse events were
reported during the study period.

Table 1 showsbaseline characteristics of participantsaccording
to group alocation. Participants had a mean (SD) age of 76.07
(5.43) years and 11.38 (5.10) years of education. Of them, 34
(57%) were females. Among the three groups, there were no
significant differences in demographics or baseline measures
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such as daily steps, physical status, cognitive function, or

depressive symptoms.

Kimet al

A linear mixed-effect model showed asignificant group-by-time
interaction for the primary outcome measure with adjustment
of age, sex, cognitive function, physical status, and depression
(Table 2).

Figure 2. Flowchart for enrollment, alocation, and participation.

Assessed for eligibility (N=60)

Enroliment
v ] L
Group A
. . . Group B Group C
Allocation Walking prescription Smart band-only (N=19) Control (N=21)
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Completed visit (N=17)

Completed visit (N=15)
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* Device linkage problem(n=1)

» Refusal to participate (n=3)
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= Health related problem (n=2)

J
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¥
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Intent-to-treat (N=15) Intent-to-treat (N=17)

Table. Baseline characteristics of participants.

Group A (n=20): walking  Group B (n=19): wearing  Group C (n=21): control P vaue
prescription wearing smart  smart band only
band
Demographics
Age, years, mean (SD)  74.50 (7) 77.37 (4.15) 76.38 (4.57) 31
Female, n (%) 12 (60) 11 (58) 11 (52) 88
Education, years, mean  10.80 (4.83) 11.95 (5.75) 11.43 (4.95) 79
(SD)
Primary outcome
Daily steps, n (SD) 4439.40 (3443.42) 4122.00 (1743.89) 5157.67 (2305.32) 3
Secondary outcomes
Physical status
SPPB?. scores (SD) 8.10 (1.80) 7.63(1.92) 7.71(1.95) 93
Cogpnitive function
MMSE-KCP, scores (SD) 2080 (344) 19.32(4.93) 21.71(3.20) 16
Depressive symptom
GDSKS, scores (SD)  12.00 (6.00) 12.11 (7.59) 12.19 (5.86) >.99

8SpPB, Short Physical Performance Battery.
PMMSE-KC, Mini-Mental State Examination in the Korean version of the CERAD assessment packet.
°GDS-K, Korean version of Geriatric Depression Scale.
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Table. Linear mixed-effect models for differencesin primary and secondary outcomes.
Intervention group? Primary outcome Secondary outcomes
Daily steps Physical status Cognitive function Depressive symptom
B (sE)° SPPB® MMSE-K 4 GDSK®
B(sB)®

Constant 17,067.35 (4741.57) 13.29 (3.90) 3.70 (3.75) 1.53 (5.83)
Walking prescription witha -817.46 (853.10) 0.24 (0.66) -0.30 (0.80) -0.30(1.35)
smart band
Smart band only -97.67 (897.63) -0.10 (0.70) -0.35(0.84) 0.02 (1.41)
Time'

12 Weeks -639.94 (475.42) 0.35(0.29) -1.76 (0.65) -0.47 (1.20)

24 Weeks ~1541.50 (625.43) 0.16 (0.40) -1.43(0.76) -2.29(1.33)
Interaction of group by time

12 Weeks—Smart 2205.88 (672.34)° -0.12 (0.42) 1.29(0.92) 0.29 (1.70)
band+Prescription

24 Weeks—Smart 2194.63 (884.33)" -0.15 (0.56) 0.88 (1.07) 1.79 (1.88)
band+Prescription

I12 Weeks—Smartband 171521 (694.39)" -0.02 (0.42) 236 (0.95)" -0.06 (1.76)
only

I24 Weeks—Smart band ~ 1088.30 (905.86) -0.02 (0.57) 283 (1.10)" 3.96 (1.93)"
only

8Control as areference group.

BLinear mixed model, includi ng factors of group, time, and group x time interaction.

CSPPB, Short Physical Performance Battery.

dm MSE-KC, Mini-Menta State Examination in the Korean version of the CERAD assessment packet.

®GDSK, Korean version of Geriatric Depression Scale.
fBasdline as areference time.

9P<.00L.

hp< 05.

Daily step numbers were significantly increased in group A
(walking prescription wearing a smart band) at 12 weeks and
24 weeks, whereas group B (wearing asmart band only) showed
an improvement only at 12 weeks, with the increase not
sustained till the follow-up. Meanwhile, a continuous decrease
indaily stepswas observed in group C (control) during the study
period. Differences of changes in daily steps by groups were
confirmed with a 2-way mixed ANOVA, in which missing data
were conservatively substituted with “no change” by carrying
forward values. Analyseswere adjusted for baseline daily steps
(Figure 3; F(3.38, 2,146,208.77)=3.66, P=.01).
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Post hoc within-group analyses repeatedly showed adifferential
pattern of daily step changes according to intervention (Table
3). Step numbersin group A showed significant increases at 12
and 24 weeks. Although fewer stepswere observed at follow-up
compared to post-intervention timing, daily steps after 24 weeks
were still more than those at the baseline. Participantsin group
B tended to walk more after wearing a smart band at 12 weeks
than at basdline, whereastheir daily steps decreased at 24 weeks
below their baseline numbers of steps. Finaly, group C
participants showed a continuous decrease in daily steps over
6 months.
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Figure 3. Daily steps by groups using 2-way mixed analysis of variance adjusted with baseline steps. Two-way mixed model analyses of covariance,
in which missing data of follow-up were conservatively substituted by the value measured immediately before, included factors of group, time, and
group x time interaction, and adjusted for individuals' daily steps at baseline. Significant group-by-time interaction was shown in daily steps (F(3.38,
2,146,208.77)=3.66, P=.01). The raw data on daily steps (mean (SD)) without adjustment of individuals' daily steps at baseline are as follows: group
A: 4553.18 (3598.33) at baseline, 6119.12 (4218.33) at 12 weeks and 5235.76 (3626.98) at 24 weeks; group B: 4449.07 (1708.51) at baseline, 5524.33
(2870.45) at 12 weeks, and 3995.87 (1629.55) at 24 weeks; group C: 5218.12 (2512.09) at baseline, 4578.18 (2425.97) at 12 weeks, and 3707.59

(1799.96) at 24 weeks.
GROUP
70007 o
—A : Smart Band + Prescription
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Table. Intra-group changesin daily steps and cognitive function from baseline to 12 weeks and 24 weeks follow-up.

Group A Group B Group C
(Smart band-based walking prescription, (Smart band only, n=15) (Control group, n=16)
n=16)
Changes at 12 Changes at 24 Changes at 12 Changes at 24 Changes at 12 Changes at 24
weeks weeks weeks weeks weeks weeks
Estimated mean Estimated mean Estimated mean Estimated mean Estimated Estimated mean
difference difference difference difference mean difference difference
(95% CI)? (95% CI)@ (95% CI)@ (95% CI)? (95% Cl)? (95% CI)@
Primary outcome
Daily steps 1,549,0002 610.438 (-614.599 1075.267 —-453.200 -788.000 ~1713.000%
(510.279 to to 1835.474) (2400.059 to (-1502.691 to (-2089.440 to (-2761.966 to
2587.721) ~249.525) 596.291) 513.444) —664.034)
Secondary out-
comes
MM SE-KCb -0.125(-1.485t0 -0.438(-2.077to 0.600 (-1.136 to 1.400 (-.627 to -1.8752 (-2.991 to -1.5002 (-2.834t0
1.235) 1.202) 2.336) 3.427) -759) 0.166)
GDSKE -500(-2.170to  -.750(-2.841to  -.533(-3.070to  1.667(-1.123to0  -.625(-4.692t0  -2.250 (—-4.857 to
1.710) 1.341) 2.003) 4.457) 3.442) 0.357)

agignificance at P<.008 with Bonferroni correction.
PMMSE-K C: Mini-Mental State Examination in the Korean version of the CERAD assessment packet.
°GDS-K: Geriatric Depression Scale-Korean.
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Among secondary outcomes, cognitive function measured by
MM SE-KC was changed differently by groups. A significant
interaction between groups and time was shown in group B
(Table 2). However, this result was not replicated in 2-way
ANOVA inwhich missing data were conservatively substituted
with their forward values (F(4, 4.04)=1.73, P=.15). In post hoc
intra-group analyses, asignificant decreasein MM SE-K C score
was found in the control group at 12 weeks and 24 weeks. On
the other hand, cognitive function in groups A and B was
maintained at alevel similar to the baseline (Table 3).

For depressive symptoms (Korean version of the Geriatric
Depression Scale), a significant group-by-time interaction was
revealed in group B at the follow-up point, although it was not
confirmedin 2-way ANOVA (F(4, 11.51)=1.62, P=.07). In post
hoc within-group analyses, a significant decrease in depressive
symptoms was found in MCI individuals of group C at 24
weeks.

Discussion

Principal Findings and Comparison With Previous
Works

This study examined the effectiveness and feasibility of
mHealth-assisted walking prescriptions in older adults with
cognitive impairment. It is the first study to demonstrate the
effectiveness of a clinic-based PA program using mHealth
technology, including people with dementia. Participants who
were provided walking prescriptions and feedback based on
datafrom smart bands (group A) showed increased stepsin their
daily lives both at postintervention (12 week) and follow-up
(24 week) periods, whereas participants who were provided
smart bands without personal prescriptions (group B) showed
anincreasein step numbersimmediately after theintervention;
however, such effect was not sustained at follow-up. Meanwhile,
steps of the control group (group C) continued to decrease over
the course of this study. As a secondary outcome measure,
general cognitive function also showed a decreased pattern in
the control group, while participantsin groups A and B did not
show decreased scores during 6 months, athough they were
diagnosed with MCI and mild dementia.

Previous studies have reported that walking can improve
physical function, such as aerobic capacity [46], and reduce
mortality in older adults with cognitive impairment [26].
However, a recent meta-analysis of randomized clinical trias
reported that walking did not significantly improve cognitive
function in older adults with MCI [46], whereas most previous
studies demonstrated that moderate-to-vigorous PA improves
cognitive function [10-13]. However, there are other benefits
to maintaining adequate step counts for cognitively impaired
older adults. Maintaining walking performance, such as pace,
has been known to be associated with alower risk of cognitive
decline [47] and improved activities of daily living in older
adults [48]. Regular walking can help maintain a robust
rest-activity rhythm in cognitively impaired older adults who
arevulnerableto circadian disruption, which is associated with
the progression of dementia [49]. Since walking itself has
cognitive components, including attention and executive
function [28], it can stimulate cognitive function in MCI and
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dementia patients. Maintaining PA is challenging for older
adults with cognitive impairment: guiding and monitoring
high-intensity PA is nearly impossible in a memory clinic
setting. Even though prescribing walking is not sufficient for
direct effects on cognitive improvement, it can be a good
alternative for maintaining PA for MCI and dementia patients.

A recent meta-analysis has demonstrated that mHeath
intervention can increase PA, with such effects maintained for
a long term [50]. However, most of the previous studies
intervened with young adults. Older adults have many
disadvantages when applying mHealth technology. They are
less skilled at operating devices. They also have lower levels
of digital literacy, making it difficult for them to adopt
self-directed exercise programs using mHealth technology.
Furthermore, it is a@most impossible to have older adults with
cognitiveimpairment, especially those diagnosed with dementia,
stick with the exercise on their own. On the other hand, because
they regularly visit clinicsfor treatment, it iseasier for clinicians
to implement programs in a direct manner. It is important to
consider that older adultswith cognitive impairment might have
difficulty performing complex exercise tasks and accurately
recalling their activities. Therefore, this study designed a
program that could use mHealth technology to prescribe
walking, a simple form of PA, and provide clinician-led
monitoring and feedback.

To the best of our knowledge, only a few studies have tested
the effectiveness of mHealth-assisted PA intervention in older
adults with cognitive impairment. A previous study has
confirmed the effects of a mHealth brisk walking intervention
in increasing moderate-to-vigorous activity in older peoplewith
cognitive frailty [25]. Similar to our study, that study also
prescribed and provided feedback on individualized goals.
However, it primarily used automated monitoring and feedback
generated by a smartphone application. Subjects in that study
were recruited from the community. They had mild cognitive
impairment with a baseline step count of >12,000 steps.
Compared to subjects in our study, who were recruited from
hospitals, including those with dementia and those who had a
baseline step count of around 4000 steps, subjectsin that study
were cognitively and physically healthy. Therefore, arelatively
self-directed intervention might show effectiveness. Group B
subjects of our study were given a smart band and asked to
perform self-directed walking. Similar to group A, group B also
showed an increase in steps after 12 weeks. However, at the
24-week follow-up, steps tended to decrease back to baseline.
That is, the effectiveness of mHealth-guided walking without
constant monitoring and feedback was not sustained over along
termin older adults with cognitive impairment. Asthe previous
study only tested the effect after 12 weeks, it was hard to know
if the effect was sustained or not. However, the present study’s
results suggest that mHealth-supported PA is effective in
increasing daily stepswhen it isaccompanied by human-driven
feedback, at least in older adults with dementia-level cognitive
impairment.

Another previous study has aso examined the feasibility and
effectiveness of a memory clinic-based walking prescription
for individuals with cognitive impairment [24]. In that study,
participants did not show an increase in their step count after
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applying the mHealth-supported walking prescription, similar
to our approach. The main difference between that study and
ours was the prescribing protocol. The previous study asked
participants to double their steps in 6 weeks while our
participantswere asked to increase their steps by 500 biweekly.
If such an increase was not achieved, they repeated the same
goal. Our fina steps were set at a realistic number based on
age-appropriate guideline [38]. In addition, we checked
participants’ step counts daily and gavetimely feedback at least
once aweek, whereas the previous study had a fixed biweekly
feedback schedule. For older adultswith cognitive impairment,
the individualized coaching protocol might be more important
than the use of mHealth technology itself (such as how to
prescribe, monitor, and provide feedback on exercise). Redlistic
goals, frequent interventions, and flexible approaches might be
essential to ensure the effectiveness of the mHealth walking
program.

The study also suggests the potential for mHealth-supported
walking prescriptions to help maintain cognitive function in
older adults with cognitive impairment. Although this program
did not improve participants’ cognitive function, MM SE scores
of intervention groups (groups A and B) were maintained during
the study period, whereas the control group, MCI individuals
in particular, showed a significant decrease in this global
cognitive function score. A number of previous studies have
reported that moderate-to-vigorous PA is an effective modality
for maintaining cognitive function in patients with dementia
and for improving cognitive plasticity in older adults with MCI
[51-53]. Although the mHealth-assisted walking prescription
in this study did not increase participants cognitive scores, it
has the possibility to prevent further deterioration of cognitive
function in older adults diagnosed with MCl and early dementia,
at least for some time. Given that subjects were already
experiencing pathologic cognitive decline, aredlistic goal of a
clinic-based program might be to delay the rapid progression.
At the sametime, even though the sample size of this study was
calculated to be more conservative than the previous study of
similar design, it may have been insufficient to confirm the
effectiveness on cognition. Future studies should include alarger
number of subjects and different intensities of PA to test the
program’s effectiveness on cognitive function.

The mHealth-guided walking prescription in the present study
was confirmed to be feasible to use in a clinic-based
environment. There were no adverse events in our program.
The number of withdrawn participants did not differ among the
three study groups. Walking is the most accessible form of PA
for older adults. It can be done anywhere and anytime. It isalso
easy to personalize and monitor individuals goals [54].
Techniques we used in this program can be replaced by any
application that includes an accelerator. This mHealth-supported
walking may be one of the easiest and simplest ways to apply
aPA program to older adults having a cognitive problem. Only
one dropped out due to difficulty in using a mobile device,
although all participants had cognitive impairment.

Strengths

We designed a 3-arm randomized controlled study. Therefore,
we were able to analyze the effectiveness of the program from
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multiple perspectives: technology use alone versus technology
use combined with personalized coaching. We also validated
this mHealth-based program in a well-defined population with
MCl and mild dementia through comprehensive clinical
assessments. Lastly, our program and protocol were confirmed
to be feasible in a clinical setting. Only 1 coaching person
managed al three study groups participants at a time. The
coach monitored group A individuals' steps from the webpage,
provided feedback viatext or phone at least once a week, and
conducted monthly in-person sessions with all participants.
Training the coach on the structured protocol to deliver the
program took about 4 hours, and the time required for the coach
to manage the participants averaged 2-3 hours per day for 6
months. Assuming that there are 20-30 older adults with
cognitive impairment over a 6-month period, the program could
easily be replicated in other centers with 1 staff member.

Limitations

This study has several limitations. First, the numbers of
participants were small. Although the effectiveness of the
primary outcome (changes in step numbers) was confirmed,
larger numbers of subjects and differentiated intensity of PA
interventions might be needed to confirm the effect on cognitive
function. Second, participants and researcherswere not blinded
towhich group individualswerein. However, it was not possible
to blind them as different protocols were applied by study
groups. In addition, 2 different researchers conducted baseline
and follow-up assessments, respectively. Third, the effectiveness
of the program could have been different between individuals
according to their baseline activity levels. Although we adjusted
baseline steps in the analyses of group-level comparison,
different effectiveness by individuals needs to be examined in
the future. This approach will alow us to develop more
personalized guides for PA in older adults regarding the
intensity, duration, and interval of exercise. Fourth, the smart
band used in this study had yet to be validated. Even though
the accelerometer isasimplefeature commonly found on smart
bands, lack of validation is a limitation of this study. Fifth,
apathy may affect motivation and adherence to a PA program.
This study assessed depressive symptoms and found no
differencein baseline depressive symptoms between partici pants
who completed the program and those who dropped out.
However, future research needs to measure apathy, which may
directly affect motivation levels, and explore its impact on the
effectiveness of the PA program. Lastly, impact of caregivers
support and assi stance on the effectiveness of this program was
not assessed. Assome caregiverswere essential in getting ol der
adults to adhere to our program, it should be included as an
important factor in future studies [55].

Conclusions

Our findings suggest that walking prescriptions using mHealth
technology can effectively increase PAsand maintain cognitive
health in older adults with cognitive impairment. It is aso
feasible to apply this mHealth-assisted program to older adults
with MCI and mild dementiain the clinic setting. However, the
effectiveness of our protocol needs to be confirmed with larger
samples and more personalized methods in the future.
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CDR: clinical dementiarating

DSM-1V-TR: Diagnostic and Statistical Manual of Mental Disorders 4th Edition

MCI: mild cognitive disorder

mHealth: mobile health

MM SE-KC: Mini-Mental State Examination in the Korean version of the CERAD assessment packet
SPPB: Short Physical Performance Battery
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Abstract

Background: Physical inactivity, which increases the risk of chronic diseases in older adults, is prevalent among older adults
in Hong Kong. To address this problem, the Hong Kong government has been proactively promoting active aging.

Objective: Following the World Health Organization’s strategy to prevent chronic diseases in older adults and aligning with
the global goal of active aging, this study evaluated the effects of a 16-week light volleyball (LV B) intervention program on the
physical health of older adultsin Hong Kong.

Methods: A total of 276 participants aged =60 years were recruited and randomly assigned to 1 of 3 groups: an LVB intervention
group, aTaichi control group (ie, with light physical activity), and acontrol group. Tests on components of fitnesswere conducted
before and after the intervention.

Results: Participants from the LV B intervention group exhibited significant improvementsin lower body strength (F, o7,= 7.23,
P=.001, n*=.05), agility (F,7,= 6.05, P=.003, n°=.043), and dynamic balance (F ,7,= 9.41, P=.001, n°=.065) when compared
with those from the Taichi active control group and control group.

Conclusions: To promote active aging among older adults in Hong Kong, the findings of this preliminary study, along with
forthcoming follow-up tests, will provide health specialists and practitioners with valuabl e insights regarding the health benefits
of the LVB community program for older adults.

Trial Registration: ChineseClinical Tria Register ChiCTR1900026657; https://www.chictr.org.cn/showproj EN.html 2proj=44350

(JMIR Aging 2025;8:€62886) doi:10.2196/62886
KEYWORDS

adapted physical activity; older adults; gerontology; geriatrics, older; aging; randomized controlled trial; volleyball; light volleyball;
intervention; sports; physical activity; exercise; physical attributes; RCT; controlled trial

Introduction

Given thelow birth rate and increasing life expectancy in Hong
Kong, thetrend toward an aging population is expected to persist
inthe coming decadesin thisregion. The number of individuals
aged =65 years s projected to rise substantially, reaching 1.89
million by 2019 and 30.5 million by 2069 [1]. This continual
demographic shift highlights several societal challenges,
including a decline in the working population and an increased
burden on Hong Kong's social welfare and health care systems.
With an expanding share of older adultsin the population, public
health expenditure in Hong Kong is forecasted to increase by
394%, from US $4.9 billionin 2004 to US $24.4 billionin 2033,
accounting for 5.5% of Hong Kong's total GDP in 2033 [2].
The simultaneous decrease in the working population and

https://aging.jmir.org/2025/1/e62886

increasein social welfare expendituresfor the aging population
are expected to create severe financial strain for the Hong Kong
government in the coming decades.

Although the benefits of physical activity have been
well-documented [3], approximately 40% of older adults aged
60 years or older in Hong Kong engage in insufficient physical
activity [4]. More than 50% of older adultsin Hong Kong have
overweight or obesity [5], and 75% have one or more chronic
illnesses[6]. Additionally, older adultsin Hong Kong spend an
average of 7.5 hourssitting and 6.7 hourslying down daily [7].
Spiteri et a [8] identified various barriers to physical activity
for older adults, including perceptions of negative consequences
(ie, pain, risk of injury, and fear of falling), and a lack of
knowledge and skills. Similar barriersto physical activity have
been reported among older adults in Hong Kong. To address
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these challenges, promoting active aging through physical
activity isessential [9]. The World Health Organization (WHO)
[10] introduced the “Active Ageing: A Policy Framework,’
warning that failure to address the aging population crisis could
lead to the collapse of health care and social welfare systems.
The Hong Kong government interprets active aging asachieving
full physical, social, and mental well-being [6]. Since 2001, it
has developed a healthy aging report outlining strategies to
promote active aging, including physical activity initiatives.
For instance, the Hong Kong government installed 150 new
fitness equipment sets for older adults across Hong Kong
between 2017 and 2018 to encourage active aging [11].

Meta-analyses have demonstrated that physical activity
interventions have a significant effect on improving balance,
reducing fals [12], and enhancing physical function [13] in
older adults. Both supervised resistance and aerobic physical
activity interventions have demonstrated positive effects on
physical function outcomes. Future research directionsinclude
(1) increasing the number of physical activity interventions
conducted in Asia, (2) aligning intervention programs with the
WHO's recommendation of 150 minutes of physical activity
per week, (3) using more rigorous randomized controlled trial
designs, and (4) implementing supervised physical activity
interventions with larger sample sizesin Asia[14,15]. Recent
reviews have emphasized the need to examine the effects of
sportsinterventions on older adults’ health, particularly among
Chinese older adults. Wong et a [16] reviewed 371 studiesfrom
the past 15 years on the effects of physical activity on older
adults’ physical health, and they recommended exploring the
health benefits of newly emerging sports, such as light
volleyball, in future research [16,17]. Franco et a [17]
qualitatively reviewed theliterature on older adults’ perceptions
of physical activity participation, suggesting that older adults
prefer physical activity programs that are (1) professionally
instructed, (2) group-based and conducive for peer interaction,
and (3) highly accessible, with affordability being a key factor
influencing the willingnessto participate [17]. Similar findings
were reported by Van Dyck et al [18], who highlighted older
adults' preferences for innovative physical activity activities,
such asaquafitnessor light volleyball, over traditional options,
such as walking and cycling, in intervention programs.

Light volleyball (LVB) is a newly adapted physical activity
derived from traditional volleyball. Compared with traditional
volleyball, LVB usesballswith alarger circumference (80 - 83
cmvs 65 - 67 cm) and lighter weight (1509 vs 250g), allowing
the balls to travel at a slower speed. These features make LVB
more accessible, particularly for individuals with reduced
physical capacity due to age-related decline (eg, older adults).
Additionally, the LVB court is smaller (similar in size to a
badminton court), and the net is set lower (1.8 m), further
reducing the physical demands on participants. Studies from
China have reported physical health benefits associated with
regular LVB practice; however, most of these studies did not
have standardized fitness measurements and control groups. In
2020, the first author and her team conducted a
guasi-experimental intervention to examine the effects of LVB
on the physical and psychological health attributes of 78 older
adults aged =60 years. The results indicated significant
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improvements in physical (ie, lower and upper body muscle
strength, agility, balance, and aerobic endurance) and
psychological (ie, physical activity enjoyment) attributes among
participantsin the LV B group when compared with the control
group [19]. Furthermore, improvements in upper body muscle
strength, aerobic endurance, and physical activity enjoyment
were significantly more pronounced in the LVB group than in
the active control group, which participated in Rouligiu. That
study highlighted the effectiveness of LVB intervention
programsin enhancing both physical and psychologica health
attributesin older adults. Despite these promising findings, that
study had notable limitations. First, its sample size was small,
with only 62 participants completing the screening tests, pre-
and postintervention functional tests, and dataanalysis. Second,
participants were not randomly assigned to groups, which could
have introduced selection bias.

Building on the positive results of the LVB pilot study and the
prioritization of resource allocation for promoting active aging
in Hong Kong, the first author and her team secured Research
Impact funding amounting to US $0.95 million for further
research in this area. This funding supported an investigation
into the effectiveness of an LVB intervention on the physical
and psychological health attributes of older adultsin Hong Kong
using both quantitative and qualitative methods and examining
alarger sample size of approximately 300 participants. In this
study, we present the preliminary results of this LVB
intervention in our quantitative arm using the results from the
pretest and posttest. In the current study, Taichi was selected
as the intervention for the active control group because both
Taichi and LVB are whole-body exercises originating from
Chinaand suitable for older adults[20,21]. Compared with the
team-based LVB, Taichi is an individual exercise, which may
lead to differing effects on older adults' health and quality of
life [22]. Prior research suggests that older adults with greater
socia support are more likely to continue exercising regularly
[23,24]. Community-based group physical activity interventions
with increased social support have also been associated with
greater beneficial effectsand program adherence. Additionally,
Taichi is a popular activity among Chinese older adults [25].
With LVB gaining traction in Hong Kong, Taichi serves as a
relevant comparison, providing valuable insights into physical
activity promotion among Hong Kong's older adult population.
This study aimed to assess the effects of a 16-week LVB
intervention compared with Taichi and a control group on two
key outcomes in Chinese older adults aged =65 years: (1)
functional fitnessand (2) balance. The hypothesiswasthat both
LVB and Taichi would result in significant and comparable
improvements in these physical health attributes relative to the
control group.

Methods

Study Design

A randomized controlled trial design was used to assess the
effects of the LV B intervention on participants' physical health
outcomes. Following the CONSORT (Consolidated Standards
of Reporting Trials) guidelines (Checklist 1) [26], detailed
information about the intervention can be found in our
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previously published study protocol (trial registration number
ChiCTR1900026657) [19]. The LVB group was compared
against an active control group (ie, Taichi) and a control group.
Participants were randomly assigned into LVB group, Taichi
group, and control group in 1:1:1 ratio.

Study Intervention

The intervention program was conducted from mid-2021 to
early-2023, with data collection performed at pretest
(immediately beforetheintervention) and posttest (immediately
after the intervention). The preliminary results presented here
are based on pretest and posttest data only. Participants in the
LVB and Taichi groups attended a 16-week training program
consisting of two 90-minute sessions per week following the
pretest. Thisintervention duration alignswith the guidelines of
the Centers for Medicare and Medicaid Services of the US
Department of Health and Human Services, which suggest that
the health benefits of physical activity for older adults can be
observed within 1 to 3 months after the start of a program [27].
In contrast, the control group was instructed to continue their
usual daily activities while participating in monthly social
gatherings (eg, health workshops) to control for psychosocial
effects.

Participants

Participants were eligible for recruitment if they (1) were aged
>60 years, (2) lived independently, (3) had no cognitive
impairment, (4) had not participated in physical activity
programs for 2 consecutive years prior to the program, and (5)
had passing scores on the Abbreviated Mental Test (AMT) and
Timed-up-and-go (TUG) test [28,29]. Specifically, individuals
had to obtain a score of at least 6 out of 10 on the AMT to
demonstrate sufficient cognitive capability and complete the
TUG test within 20 seconds. Participants were ineligible for
recruitment if they had steady hypertension (=160/90 mmHg),
arthritis, or neurological disorders.

Recruitment and Procedures

Participants were recruited through informational sessions
conducted by the research team and advertisements placed in
local neighborhood elderly centers. All participants were
informed about the confidentiality of their personal data
collected for the study and were assured they could withdraw
from the program at any time. The research team sought consent
from each participant before collecting data and proceeded
immediately to conduct the AMT and TUG test to screen
unqualified participants. After participants passed the screening
tests, they completed the following steps: (1) questionnaires,
(2) sociodemographic questions, (¢) measurements of weight
and body fat percentage using the Tanitamachine (TBF-410GS),
and (d) afunctional fitness test based on the work of Leung et
al [19,20]. After the pretest, an independent researcher used a
computer-generated random number system to assign
participants to the intervention conditions. Data collection and
entry personnel were blinded to the group assignments of
participants. Theintervention program commenced thefollowing
week in sports complexes at community centers or community
hallsin Hong Kong and lasted for 16 weeks (approximately 3.5
months). The research team arranged the posttest for participants
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within 7 days after they completed the intervention program.
All participants received a supermarket cash voucher worth
US$ 12.84 as an incentive for their participation.

Ethical Consider ations

The study was reviewed and approved by the Education
University of Hong Kong's Research Ethics Committee
(approval number E2022-2023-0013).

M easures

Functional Fitness

The research team used the Senior Fitness Test Manual to assess
the physical attributes of older adults [30]. The test comprises
6 items: the chair stand test (lower body strength), arm curl test
(upper body strength), chair sit-and-reach test (lower body
flexibility), back-scratch test (upper body flexibility), 8-foot
up-and-go test (agility and balance), and 2-minute step test
(aerobic endurance). These have been demonstrated to be
reliable, with intraclass correlation coefficients ranging between
.80and .98in participant trials. Their validity has been supported
through content, criterion-related analyses, and construct
validation, including comparisons of senior fitness test scores
with other established measures, such astreadmill VO2 testing
[31]. Higher scoresin the chair stand test (repetitions), arm curl
test (repetitions), chair sit-and-reach test (cm), back-scratch test
(cm), and 2-minute step test (repetitions) indicate higher levels
of lower and upper body strength, flexibility, and aerobic
endurance; the converseisthe casefor the 8-foot up-and-go test
(seconds). For the flexibility assessments, negative scoresreflect
an inability to reach the toes during the chair sit-and-reach test
or to make hand contact in the back-scratch test.

Balance Test

The Balance System SD (BBS-SD, 950 - 441 model) was used
to measure the dynamic balance of older adults in the current
study. Participants were asked to stand upright at the center of
the platform while observing a screen situated 30 cm
(approximately 11.1in) in front of them. They completed three
20-second trialswith 10-second breaks in between. The results
of 3 trials were collected, and the mean values were recorded
by the research team. The findings of previous studies support
the reliability and validity of this balance test [32,33]. The
measurement index and overall stability index generated by the
Biodex balance system wereincluded in the current study. These
indices measured the participants’ dynamic balance, specifically
assessing their balance fluctuations across multiple axes. Higher
values indicated greater deviations and poorer balance control.

Data Analysis

Data were analyzed using SPSS 27.0 software (IBM Corp).
Descriptive statistics, specifically mean and SD values for
continuous variables and frequencies and percentages for
categorical variables, were used to describe the data. Preliminary
checks were conducted to ensure that the assumptions of
normality and homogeneity of variance were met. One-way
ANOVA was performed to evaluate baseline differences
between the groups. To examine the effect of the 16-week
intervention program on physical attributes, aseries of analysis
of covariance tests were conducted, comparing the 3 groups
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(LVB, Taichi, and control groups) at 2 time points (pre- and
posttest). Body mass was used as a covariate because of its
correlation with the outcome measures[34]. Partial eta squared

(n?), P values, and contrast t-statistics were cal cul ated. Planned
contrastswere used to analyze the differences betweenthe LVB
and control groups, and between the LVB and Taichi groups.
Cohen d was calculated as a measure of effect size, with
thresholds of 0.1 for asmall effect, 0.3 for amedium effect, and
0.5 for a large effect [35]. Statistical significance was set at
P<.05.

Results

Overview

Figure 1 presents the recruitment process for the current study.
At the start of the intervention, 334 older adults from 7 elderly
centerswere enrolled in the program and compl eted the pretest.
With simple randomization, therewere 122 older adultsin LVB
group, 113 in Taichi group, and 99 in control group. A total of
3 participants (2 from the LVB group and 1 from the Taichi
group) withdrew from the program because of personal reasons,
and 7 others (2 from the LV B group, 1 from the Taichi group,

Figure 1. Recruitment statistics.

Leung & Shi

and 3 from the control group) withdrew without providing any
reason. Among the remaining 318 participants, 42 did not
complete the posttest for various personal reasons (eg, illness,
Lunar New Year gatherings, and concerns about socia
distancing during the late COVID-19 pandemic). This sample
size met our calculated sample size for this intervention (with
effect size of 0.5[Cohen d]) in order to achieve a power of 80%
at asignificancelevel of 5%[19]. Theretention rate was 82.6%,
dightly higher than the expected 80%. Ultimately, 276
participants (LVB group, n=100; Taichi group, n=86; control
group, n=90) who completed both the pre- and posttest were
included in the final data analysis.

Table 1 presents the sociodemographic characteristics of the
participants. Approximately 56% (156/276) of the participants
were aged <70 years, and only 8% (22/276) were aged =80
years. The majority of the participants were female (229/276,
83%) and retired (217/276, 78.6%). Approximately 57.3%
(158/276) had attained secondary education or higher.
Approximately half (161/276, 58.3%) reported their financial

status as average. The average BMI was 24 (SD 3.6) kg/m?.
The groups did not significantly differ with each other at the
pretest with respect to all variables (P>.05).

Enroliment

Randomized (N=334 participants)

Y

Pretest (N=334 participants)

Allocation

Y

Light volleyball group
[attended a 16-week light volleyball training
class with two 90-minute sessions per week]
(n=122 participants)

Taichi group
[attended a 16-week Taichi training class
with two 90-minute sessions per week]
{n=113 pariicipants)

Control group
[maintain daily activities as usual and
participate in a monthly social gathering]
(n=%9 participants)

Fost test

Follow-up Test 1
(after 6 months)

Follow-up Test 2
(after 12 months)

Y Y Y

Retained (n=100)
- Contact and scheduling difficulties (n=18)
- Interest Issue (n=2)

Retained (n=86)
- Contact and scheduling difficulties (n=25)
- Interest issue (n=1)

Retained (n=90)

- Contact and scheduling difficulfies (n=6)

- Others (n=3)

- Others (n=2) - Others (n=1)

Analysis

h 4 Y A4

Analyzed (n=100) Analyzed (n=8a) Analyzed (n=90)
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Table. Sociodemographic characteristics of participants.
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Charecteristics LVB? (n=100) TCP (n=86) Control® (n=90)
Age (years), n (%)
60 - 64 30 (30) 14 (16.3) 10 (11.1)
65 - 69 35(35) 34(39.5) 33(36.7)
70- 74 24 (24) 26 (30.2) 17 (18.9)
75-79 8(8) 8(9.3) 15 (16.7)
80 or above 3(3) 4(4.7) 15 (16.7)
Sex, n (%)
Male 17 (17) 18 (20.9) 12 (13.3)
Female 83(83) 68 (79.1) 78(86.7)
Occupation, n (%)
Full-time job 0(0) 0(0) 1(1.1)
Housawife 16 (16) 11 (12.8) 21(23.3)
Retired 79 (79) 72(83.7) 66 (73.3)
Part-time job or others 5(5) 3(35) 2(22)
Education level, n (%)
No education 5(5) 4(4.7) 21 (23.3)
Primary education 35(35) 23(26.7) 30(33.3)
Secondary education 40 (40) 41 (47.7) 29 (32.2)
Tertiary education 20 (20%) 18 (20.9%) 10 (11.1%)
Perceived financial status, n (%)
Low 19 (19) 18 (20.9) 18 (20)
Below average 21(21) 17 (19.8) 10 (11.1)
Average 53 (53) 50 (58.1) 58 (64.4)
Above average 3(3) 1(1.2 3(3.3)
Higher 4(4) 0(0) 1(1.1)
House nature, n (%)
Bought 46 (46) 33(38.4) 32(35.6)
Rent 54 (54) 53 (61.6) 58 (64.4)
BMI (kg/m?), mean (SD) 24.1(37) 235(3.7) 24.2(3.4)

3 VB: light volleyball.
bTC: Taichi.
¢CG: control group.

Improvement in Physical Fitness

Table 2 presents the mean and SD values of physical measures
for the groups at pre- and posttest, along with the results of
analysis of covariance with repeated measures, with BMI
controlled for. After the intervention, the LVB group achieved
statistically significant improvements in lower limb muscular

endurance (chair stand test, F, 57,= 7.2, P=.001, n=.05), agility
(up-and-go test, F,,7,= 6.1, P=.003, n?=.04), and dynamic
balance (Biodex balance test, F,,7,= 9.4, P=.001, n*=.07)
compared with the other groups.

https://aging.jmir.org/2025/1/e62886

Pairwise comparisons revealed that both the LVB and Taichi
groups exhibited significantly improved adjusted performance
inlower limb muscular endurance (chair stand test, LV B group,
mean 17.6, SD 5.0; Taichi group, mean 15.3, SD 4.9, P=.001),
agility (up-and-go test, LVB group, mean 5.6, SD 1.3; Taichi
group, mean 6.2, P=.001), and dynamic balance (Biodex balance
test, LVB group, mean 0.5, SD 0.5; Taichi group, mean 0.7, SD
0.6, P=.001) compared with the control group (chair stand test,
mean 15.3, SD 4.9; up-and-go test, mean 6.1, SD 1.2; Biodex
balance test, mean 0.7, SD 0.5). Notably, the LVB group
performed significantly better on all three measures (chair stand
test, up-and-go test, and Biodex balance test) at posttest
compared with the Taichi group. No significant group
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differences were identified for the arm curl test (F,,7,=2.8,
P=.1, partial n°=.02), chair sit-and-reach test (F, ,,,=0.06, P=.5,

Table. Mean and SD values for measuresin groups at pre- and posttest.

Leung & Shi

partial n?=.005), and back scratch test (F; »70=1.3, P=.3, partia
n?=.01), and 2-min step test (F, ,75=1.1, P=.3, partial n>=.008).

Measures LVB? TCP CcG® F test (df) Mean difference (95% Cl)

(n=100), mean (SD) (n=86), mean (SD) (n=90), mean (SD)

Pretest Posttest Pretest Posttest Pretest Posttest LVB-TC LVB-CG
Chair stand 164 (5.1) 17.6 (5.0) 15 (5.1) 153 (4.9) 15 (3.7) 153 (3.5) 7.2d (2' 272) 2.4d 2'3d
test (frequen- (081039) (08039
cy)
Arm curl 153 16.0(48) 144 146 (49) 141 142(50) 28(2,270) 15 19°
(frequency)  (4.9) (5.1) 53 (-021032) (021035)
Chairsit- 7.3 78(114) 5 52(126) 5.1 48(8.8) 07(2,272) 27 3
and-reach (17 5 (13.0) (9.5) (-0.8106.1) (-0.4106.4)
test (cm)
Back scratch 0.6 1.0 (9.5) 0.9 0.1(8.7) -2(9.2) -27(94) 13(2,270) 09 3.7°
(cm) 93) (89) (-191036) (01106.3)
Up-and-go 6 (L5) 5.6 (1.3) 6.2 6.2 (1.7) 6.5 6.1(1.2) 6192, 272) -6° _d
test (s) (1.8) (149 (-1.1to (-1.2to0

-0.1) -0.2)
Step test 92.1 94.6 (17.6) 89.4 90.0(21.8) 85.3 859(16.7) 13(2,272) 456 8.7
(frequency)  (18.3) (22.9) (17.6) (-15t0 (271014.7)
10.7)

Overdl staa 0.7 0.5 (0.5) 0.7 0.7 (0.6) 0.8 0.7(0.5) 9.4d (2' 272) -0.2¢ —O.Zd
bility index (0.6) (0.6) (0.6) (-03t0 (0410
(score) -.01) ~0.04)

3_VB: light volleyball.
bTC: Taichi.

¢CG: control group.
dp<.01.

éP<.05.

Discussion

Principal Findings

Given the continued aging of the population in Hong Kong and
the limitations of our previous LVB pilot study, the current
study aimed to investigate the effect of a 16-week LVB
intervention program on physical health outcomes among ol der
adults. Compared with the pilot study, the current study used
an randomized controlled trial design and recruited 5.45 times
more participants. The results indicated that the LVB
intervention had a greater effect on improving lower body
strength, agility, and dynamic balance in older adults when
compared with both the Taichi intervention and the control
group. Although significant improvements in lower body
strength, agility, and dynamic balance were identified in the
LVB intervention group, no significant changes in aerobic
endurance and upper body strength were identified.

Improvement in Physical Health

The current study hypothesized that the LV B intervention would
lead to greater improvements in lower body strength, agility,
and dynamic balance relative to the control. This expectation

https://aging.jmir.org/2025/1/e62886

is supported by our pilot study in 2018, which reveded
significant improvements in these physical attributes for the
LV B intervention group when compared with the control group
[20].

We a so hypothesized that the LV B intervention would improve
lower body strength, agility, and dynamic balance relative to
Taichi. First, LVB shares several similarities with traditional
volleyball, such as involving a considerable amount of lower
body movement, which helps enhance lower body strength [36].
Second, LVB was expected to result in more significant
improvements in agility and dynamic balance compared with
Taichi. Thisisbecause LV B reguires playersto use open skills,
enabling them to react and adapt to dynamic, constantly
changing environments. In contrast, Taichi primarily involves
closed skills, which do not require such adaptive responses to
environmental changes[37]. Although there may be differences,
Sheppard and Young [38] defined agility asthe ability to change
speed or direction in response to a stimulus, such as an
environmental change. A recent systematic review comparing
the effects of open-skill physical activity and closed-skill
physical activity on cognitive function reported that open-skill
physical activity was more effective in enhancing cognitive
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function than closed-skill exercises were [39]. Furthermore,
Young et al [40] suggested that agility is strongly linked to
cognitive functions such as decision-making ability and
perception.

Additionally, a strong correlation has been observed between
lower body strength and the ability to change direction
(change-of-direction ability) [41]. Recent research has
demonstrated a significant correlation between relative and
absolute strength and agility, including change-of-direction
ability and linear speed [42]. In the current study, we also
identified acorrelation between lower body strength and agility.
Thesewerethe 2 physical attributes for which more pronounced
improvements were identified in the LVB intervention group
than in the Taichi group. In addition to lower body strength,
balance playsacrucial rolein maintaining good posture during
acceleration, deceleration, and sudden changes in location or
direction. Balance training has been found to be beneficial in
improving the agility of volleyball players[43].

Although the participants in the LVB group exhibited greater
improvements in lower body strength, agility, and dynamic
balance, an unexpected finding was the minimal differencesin
upper body strength and aerobic endurance, 2 physical attributes
that were initially hypothesized to exhibit significant
improvement in the LV B group compared with the Taichi group.
For upper body strength, LVB involves more frequent and
vigorous arm and shoulder movements relative to Taichi, such
as spiking and blocking, which were expected to result in greater
upper body strength improvements compared with Taichi [44].
Similarly, the higher energy demand in volleyball was assumed
to lead to greater improvements in aerobic endurance in the
LVB group compared with Taichi [45]. However, despite these
expectations, no significant differences in improvements were
observed between the LVB and Taichi groups for these two
physical attributes. Nonetheless, both the LVB and Taichi
programs were demonstrated to improve upper body strength
and aerobic endurance in older adults, although LVB did not
significantly outperform Taichi as was hypothesized. Previous
studies have indicated that both LVB and Taichi can be
beneficial for improving upper body muscle strength in older
adults[19,44]. Regarding aerobic capacity, although we assumed
that volleyball would require higher aerobic endurance, Taichi’s
breathing techniques were found to be beneficial for improving
aerobic capacity in older adults, providing benefits similar to
those achieved through LV B [46].

Limitations

Although this study addressed the limitations of the previous
pilot study, it still has several limitations of its own. First, these
are only preliminary findings, and the scheduled follow-up
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evaluation in 6 or 12 monthswill help determine whether these
advantages are seen or sustained over the longer term after the
intervention. Second, the gender representation was
disproportionate; the number of female participants was higher
because recruitment was conducted through local elderly centers.
These centers in Hong Kong have predominantly female
memberships, with older women showing a greater tendency
to participate in activities [47,48]. This imbalance in gender
representation limits the generalizability of the findings.
Furthermore, the study was conducted during the COVID-19
pandemic and the proposed intervention period was postponed
from 2020 - 2022 to 2021 - 2023, which may have introduced
variables that are not typicaly present in nonpandemic
conditions. These factors could have affected the results of the
interventions.

Conclusions

The current study examined the effects of a 16-week LVB
intervention program on the physical health of older adultsin
Hong Kong. The results indicated that the participants in the
LVB group experienced significant improvements in lower
body strength, agility, and dynamic balance compared with both
the Taichi active control group and the control group. This study
builds on the previous pilot by adopting an randomized
controlled trial design, incorporating dynamic balance as a
fitness component, increasing the sample size, and collecting
datafrom 7 local elderly centersinstead of just one.

Future studies should addressthe following: first, studies should
aim for more balanced gender representation and include
follow-up teststo monitor thelong-term maintenance of physical
improvements. Numerous studies have highlighted the positive
effects of physical activity on aspects such as cognition and
psychology in older adults, whereas the current study focused
solely on physical attributes. Future research could explore the
effects of LVB on cognitive and psychological outcomes to
provide a more comprehensive understanding of its benefits.
Furthermore, future studies should consider qualitative
approaches to understand participants’ experiences and assess
how LVB intervention influences various health dimensions.
Given the potential limitations dueto the COVID-19 pandemic,
future studies may benefit from replication under more stable
conditions, free from social distancing policies, to determine
whether similar results can be observed. In conclusion, this
large-scale study provides strong evidence supporting the
physical health benefits of LVB for older adults. The results
from our future qualitative studies and follow-up measures will
further inform researchers and practitioners about the
acceptability and appropriateness of LV B interventionsfor older
adults.
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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)
toincrease physical activity among older adults over a3-month period. However, thelong-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). Accel erometer
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 participantsin the control group. The 12-month retention rate for participantsin 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 stepsper day (95% Cl) in theintervention
group changed before and after DPSA use (P=.048). We observed an increase of 1736 (3=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% Cl) between the baseline and 12-month assessments for the intervention (=6.5, 95%
Cl 3.8-9.1; P<.001) and control (3=3.8, 95% CI 0.6-7.1; P=.02) groups.

Conclusions:  Participants with long-term DPSA use observed increases in average daily steps and CS-30 scores before and
after DPSA use, although only alimited number of older adults had long-term access to the DPSA. Identifying ways to expand
long-term DPSA use among older adultsisnecessary. Additionally, randomized controlled trial s 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 UMINOO0050618;
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 isassociated 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, itiscritical to promote regular physical activity among
older adults. The Japanese guidelines for physical activity [11]
recommend aminimum of 15 metabolic equivalent (MET) hours
per week of physical activity with anintensity of at least SMETSs
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 recommendation, 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 activitiesof daily life, which are core dimensions
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 supported by information and
communication technology, including computers, mobile
phones, and satellite communications, for health services and
information. Moreover, mHealth, or mobile health, refersto the
use of smart or portable devices for providing health services
and information [17]. Theseinterventions for older adults have
been shown to be effective in increasing the time spent in
physical activity, energy expenditure in physica 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 differencein physical function [20].

In the systematic review by Duan et a [21], eHedth
interventionsfor physical activity have shown that theory-based
interventions are more effective than non-theory-based
interventions. The transtheoretical model and social cognitive

https://aging.jmir.org/2025/1/e66610

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 socid
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], isan crucial determinant
of exercise persistence and outcomes; interventions based on
self-efficacy can promote exercise participation [27].

The effectiveness of peer support interventions for physical
activity isoften explained by socia cognitivetheory [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 adigital 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 moderate 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 emotiona support. Peer support is
provided by comparable peers and promotes physical activity
inwaysthat cannot be done by professionalsor family members;
Burton et al [32] reported that peer support increased adherence
to an exercise program; Ginis et a [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
eHedth and mHealth interventions for increasing physical
activity among older adults [34]. In addition, DPSA
interventions do 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 thelong-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 randomized 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
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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-dwelling 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]. Thereis
a need to test the long-term effectiveness of the DPSA in
promoting physical activity among ol der adults. However, before
testing the long-term effectiveness of the DPSA on alargescale,
a reasonable first step is to examine the feasibility and
preliminary changesin 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
increasein physical activity will be accompanied by anincrease
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
adherencerates) 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 monthsand isafollow-up study of a3-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 apopulation 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-government-academia collaboration is
important to further scientific research that is relevant to
real-world community issues [44,45].

Ethical Consider ations

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
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obtained from all participantsin the 3-month intervention study.
The data obtained were anonymized. The study protocol was
registered in the University Hospital Medical Information
Network (UMINOOO050618).

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 newsletters,
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 activitieswithout being advised
by a physician to refrain from physical activity (self-reported
criterion). Prospective participants were screened using a
personal hedlth status questionnaire based on the Physical
Activity Readiness Questionnaire [46-48] to ascertain any
potential health problemswith study participation. 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.

I ntervention

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, stretching,
muscle strengthening, and balance exercises based on the
original “Fujisawa+ 10 exercise” program [49,50]. Thetimeline
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 basdline (start date), 3
months, and 12 months postintervention. Additionally, physical
activity levels were measured every 3 months, 5 timesin total,
using triaxial accelerometers. Individualized physical activity
reports were generated from the collected data and provided as
feedback to the participants. Theintervention group began using
the app 1 week after the baseline outcome assessment.
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Figure 1. Timeline of 12-month intervention procedure. DPSA: digital peer-supported app.

Start Date 3 months 6 months 9 months 12 months
(12 weeks)

Assessment
(Except v v
physical activity)
Physical activity | week 1 week 1 week 1 week 1 week
assessment P > P b a—
Physical activity
report distribution v v v v
Use of DPSA * >
(Intervention group only) 12 months

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 aninitia 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 participants 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 feedback 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.

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.
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Characteristics of Research Participants

In addition to general characteristics, such as age and sex, the
survey enguired about smartphone ownership, frequency of app
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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

JMIR Aging 2025 | vol. 8 | 66610 | p.80
(page number not for citation purposes)


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

JMIR AGING

were considered as “those who exercised at |east 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 timesthey interact with people
in the neighborhood within 1 week. Group exercise participation
was defined as study participants who participate in a group of
3 or more people who meet voluntarily to exercise.

DPSA Feasibility

DPSA feasihility was assessed based on retention and adherence
rates during the year of program implementation. The retention
rate indi cates how many of the participants continued to usethe
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 agroup 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 participantsin theintervention group and a population of
al 41 participants 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 cal culated 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 M easure

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 atotal of 5 times every 3 months starting before the
intervention. This accelerometer provides arelatively 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 epochsfor data
analysis and used to estimate the intensity of the activity
(METSs). Outcome measurements of physical activity included
the mean daily step count and time spent in sedentary behavior
(SB: 1.5 METs), light-intensity physical activity (LPA:
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1.6 - 29 METSs), 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 dynamometer was
reliable and was validated relative to the Jamar dynamometer,
which isthe most frequently cited instrument for ng grip
strength in adults aged older than 60 years[58]. M easurements
were taken in the standing position with the elbow joint in
extension and thewrist joint in midextension. Theleft 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
[6Q]: 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, | don’t have any confidence at al (1 point)”
to“Yes, | am quite confident (5 points).” Thetotal scoreranged
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
isthat it can handle nested observations, unbalanced humbers
of observations, and missing values [62]. Although it would
have been desirable to useamodel 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 changesin the repeated measures in the outcomes.
On arelated note, linear mixed-effects model s 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 baseling). The interaction between the groups and the time
of the intervention was then analyzed.

Subsequently, the effects of the intervention for each group
wereanalyzed using linear mixed-effects models, and significant
differences compared with preintervention were eval uated 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
asguare root transformation, and, therefore, the results without
the sgquare root transformation are presented for interpretation.
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Data were analyzed using IBM SPSS Statistics 29 (IBM). The
statistical significance level was set to 5%.

Tabiraet a

Results

Participants

The follow-up study included 44 of 66 participants from the
3-month intervention study. Of these, 26 werein theintervention
group and 18 in the control group (Figure 3). The intervention
group consisted of 7 groups of 3-4 people.

Figure 3. Flow diagram of participant enrollment and follow-up. DPSA: digital peer-supported app.

Research participants (n=74)

A 4
Intervention group (n=41)

v

Control group (n=33)

.| Stopped using the DPSA
within 12 weeks (n=5)
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Completed 3 months of intervention
(n=36)

Y
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(n=30)
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follow-up study (n=12)

A 4

‘ Consent for follow-up study (n=26) |
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Consent for follow-up study (n=18)

Completed 12 months of
intervention (n=19)

Stopped using the DPSA within
12 months (n=7)

| |
:

| Included in analysis (n=26) |

Participant Characteristics

Table 1 showsthe baseline participant characteristics. Themean
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
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their neighbors, and had no health problemsthat would interfere
with study participation. No statistically significant differences
were observed in the baseline demographic characteristics
between the intervention 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.
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Table. 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) 774 (5.3) 152
Sex, n (%) o7b
Male 19 (43) 13 (50) 6 (33)
Female 25 (57) 13 (50) 12 (66)
BMI (kg/m?), mean (SD) 229 (30) 233(3.0) 222(3.0) o7a
Living alone, n (%) 11 (26) 8(31 3(17) 240
Self-rated health, n (%) 33p
Excellent, good, or nor- 39 (89) 24 (92) 15(83)
mal
Fair or poor 5(11) 2(8) 3(17)
Perceived household eco- 3g°
nomic status, n (%)
Excellent, good, or nor- 41 (93) 25 (96) 16 (89)
mal
Fair or poor 3(7) 1(3) 2(7)
Life satisfaction, n (%) 5P
Excellent or good, or nor- 38 (86) 22 (85) 16 (90)
mal
Fair or poor 7(14) 4(15) 3(10)
Working, n (%) 12 (28) 7(27) 5(28) 61°
Smartphone owner, n (%) 41 (93) 26 (100.0) 15(83) 06°
Frequency of app use, n (%) 09°
Usually or sometimes 34 (80) 24 (92) 11 (61)
Rarely or never 9(21) 2(8) 7(39)
Exercise habits’, n (%) 24(55) 16 (62) 8 (44) s
Frequency of neighborhood 30°
interaction, n (%)
>3 times per week 20 (45) 13 (50) 7(39)
<2 times per week 24 (55) 13 (50) 11 (61)
Participation in group exer- 19 (43) 10(38) 9 (50) 45°
cise, n (%)
History falsinthe past year, 6 (14) 3(12) 3(17) 48°
n (%)
Effect of COVID-19 on de- 62°
creased physical activity, n
(%)
Greatly/dlightly 31 (70) 19 (73) 12 (67)
Not much/unchanged 13(30) 7(27) 6 (33)
Self-reported decreasein 31 (70) 19 (73) 12 (67) 65°

walking speed, n (%)

Triaxial accelerometer

Steps per day, median 6849 (4187 - 8688) 7082 (4434 - 9866) 5276 (4062 - 7143) 15¢
(IQR)
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Characteristics Total sample (n=44) Intervention group (n=26)  Control group (n=18) P value
LPA® (minutes per day),  330-5 (89.5) 303 (72.1) 369.1(98.8) 032

mean (SD)
Mveaf (minutes per 51.4(27.9) 57.7 (25.3) 42.7 (29.7) 0472
day), mean (SD)
SBY (minutes per day), 540.0 (113.4) 538.7 (85.8) 541.8 (146.2) 822
mean (SD)
Triaxial accelerometer 921.9 (115.6) 899.2 (66.6) 953.6 (157.8) 182
wearing time (minutes per
day), mean (SD)
Physical function, mean
(SD)
Grip strength (kg) 26.4(8.3) 28.1(8.7) 24.2(7.3) 132
cs-30" 20.1(6.8) 20.4(7.6) 19.6 (5.6) 818
Self-efficacy for exercise, 13.4(3.4) 13.6(3.2) 13.1(3.2) 472

mean (SD)

8Analysis was conducted using the independent samples t test (2-tailed).
bAnal ysis was conducted using the chi-squared test.

CExercise habit was defined as exercising at least twice aweek for 230 minutes each time for >1 year.

dana ysis was conducted using the Mann-Whitney U tests.
€L PA: light-intensity physical activity.

"MVPA: moderate to vigorous intensity physical activity.
9SB: sedentary behavior.

NCs-30: 30-second chair stand test.

Feasibility: Retention Rate, Number of Posts, and
Negative | mpact

The retention rate among the 26 participantsin the intervention
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, al 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.

Table. Digital peer-supported app adherence rate and number of total posts per day anong members of the intervention group.

All participants (n=26)

Excluding dropout (n=19)

Group Adherence rate, n (%)

mean (SD)
All 26 (85.9) 2.55(1.28)
A 4(86.3) 1.40 (0.33)
B 4(95.4) 2.61(0.77)
c 4(75.0) 1.17 (0.41)
D 4(98.6) 2.24 (0.58)
E 3(84.7) 4.17(0.22)
F 4(85.4) 3.28 (0.63)
G 3(75.9) 3.66 (2.10)

Total posts/person /day,

Adherence rate, n (%) Total posts/person /day,

mean (SD)
19 (92.3) 2.88 (1.24)
4(86.3) 1.40(0.33)
3(99.1) 2.63(0.94)
All dropouts All dropouts
4(98.6) 2.24 (0.58)
3(84.7) 4.17 (0.22)
4(85.4) 3.28(0.63)
2(99.6) 4.74(1.38)
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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).

Changesin Physical Activity and Function and
Sdf-Efficacy for Exercise

Table 3 shows the analysis results. In the group comparison of
thelinear mixed-effectsmodel 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 timeonly in theintervention group (P=.048), wherein
we observed an increase of 1736 (3=1736, 95% Cl 232-3241)
steps per day compared with baseline. LPA and SB showed
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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 (f=6.5, 95% CI 3.8-9.1) times in the
intervention group (P<.001) and 3.8 (3=3.8, 95% CI 0.6-7.1)
timesin 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
(B=1.6, 95% CI 0.2-3.1) points was observed after 12 months
compared with baseline (P=.03).
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Table . 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 mea-  Intervention Control Group x time®
sures
Comparison Within-group Comparison Within-group
with baseline changes with baseline changes
B (95% ClI) P value P value B (95% ClI) P vaue P value P value
Steps per day® .048 .08 .25
Baseline Reference
3 months 960 (-505 to .39 150 (=765 to .99
2425) 1065)
6 months 1213 (-231to 14 274 (-633to .99
2657) 1181)
9 months 581 (-910to .99 -653 (-1566t0 .28
2072) 260)
12 months 1736 (232to .02 147 (-803 to .99
3241) 1096)
LPAPC (minutes 18 044 1
per day)
Baseline Reference
3 months -6(-35t023) .99 -21(-49t07) .23
6 months 16 (-13to44) .67 3(-24t031) .99
9 months 5(-25t0 35) .99 -16 (-44t012) .57
12 months 18 (-12 t0 48) .048 7 (-22t0 36) .99
MVPAPA (min- .07 96 28
utes per day)
Baseline Reference
3 months 14 (1to 26) .02 1(-7to 10) .99
6 months 8(-4t021) 32 0(-8t08) .99
9 months 5(-7to 18) .99 -1(-9t07) .99
12 months 10 (-3t0 22) 23 0(-9t08) .99
SBP€ (minutes 16 049 62
per day)
Baseline Reference
3 months -8(-40to24) .99 20 (-8t0 48) .30
6 months -24 (-56t07) .22 -4 (-31t024) .99
9 months -10(-43t022) .99 17 (-11to45) .47
12months  -28(-61to5) .13 -6(-36t023) .99
Triaxial ac- 51 .20 27
celerometer
wearing time
(minutes per
day)
Baseline Reference
3 months 9 (-38 to 56) .99 -26(-70to19) .59
6 months -8(-54t039) .99 -14 (-58t031) .99
9 months -19(-67t028) .99 -23(-68t021) .73
12months  9(-39t058) .99 -42(-87t04) .09
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Outcome mea-  Intervention Control Group x time?
sures
Comparison Within-group Comparison Within-group
with baseline changes with baseline changes
B (95% ClI) P value P value B (95% CI) P vaue P value P value
Grip strength .09 15 12
(kg)
Baseline Reference
3 months -0.8(-2.1to 31 -09(-25t0 .35
0.5) 0.7)
12 months -1.1(-2.3to .07 -6(-36t023) .95
0.1)
CS-30 (ti mes)b'f <.001 .03 41
Baseline Reference
3 months 14(-1.1t04.0) .40 06(-21t03.3) .99
12 months 6.5(3.8t09.1) <.001 38(0.6t07.1) .02
Self-efficacy for .03 54 .53
exercise (points)
Baseline Reference
3 months 11(-0.2t0o25) .12 0.3(-0.8t01.5) .99
12 months 16(02to3.1) .02 0.7(-0.8t02.1) .58

8Analyses were adjusted for age, sex, and frequency of app use (basdline).
BTriaxial accelerometer datawere adjusted for wear time.

°LPA: light-intensity physical activity.

dMVPA: moderate to vigorous intensity physical activity.

€SB: 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-efficacy for
exercise. The retention rate in the intervention group (n=26)
over the 12-month period was 73% (19/26). Considering the 41
participantswho did not expressinterest 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 participants
in the intervention group who used the DPSA had a 12-month
retention rate of 73%. Including participants who did not
indicate adesirefor afollow-up survey, the 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

https://aging.jmir.org/2025/1/e66610

yearsfor 12 monthsreported a 12-month retention rate of 68.4%
(227/332) [65]. Moreover, a previous study of adults aged
30 - 60 yearson physical activity and weight lossin Japan using
asmartphone app focused on steps reported a12-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 amix 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 dropouts. providing opportunities for
i nteractions among group members, encouraging peopleto make
supportive posts to each other, and providing canned messages,
such as greeting and appreciation messages, to alow 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
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within the intervention group, but there was no significant
difference between groups. Self-efficacy isan important aspect
of social cognitive theory [23]. As hypothesized, peer support
based on socia cognitive theory improves self-efficacy for
exercise, resulting in increased steps. In the intervention group,
an increase of morethan 1000 average daily stepswas observed.
Increasing the number of steps taken daily by >1000 reduces
therisk 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 mortdlity risk and a5% - 21% decreasein heart disease
risk. Furthermore, an increase of 1000 steps per day decreases
awoman’srisk 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 differenceswithin groupsin 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 socia support through interpersonal
communication [70]. In peer-based intervention strategiesaimed
at promoting physical activity among older adults, social support
is considered a key factor in facilitating behavior change [71].
In this study, social support through peer support may have
influenced physical activity levels. However, the evaluation of
socia support provided by the DPSA was lacking and should
be addressed in future research.

In thisstudy, CS-30 scores changed from baselineto 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
haveincreased 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 improving 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
reductionsin health care costs associated with these conditions
[78]. The control group alsoimproved lower extremity function
with an increase in CS-30 scores. Older adults in the control
group did not usethe DPSA.. They attended exerciseinstruction
and continued regular physical activity monitoring with an
accelerometer. The improvement in lower limb function may
have been dueto 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

Thisstudy hasthefollowing 4 limitations. First, the study design
was less capable of demonstrating the effects of the DPSA,
compared with an RCT. Partici pantswere nonrandomly 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
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were less likely to join. Given that this was a non-RCT, fully
accounting for possible confounding 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 sizewas small. Thefollow-up participation
rate was 63% (26/41) in theintervention 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
adultsin this study took more steps per day and were originally
sufficiently physically 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 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 baselinethan thosewho did. Therefore, the feasibility findings
and estimates of changesin 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 adaptableto 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 alimited 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
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is aneed to identify ways in which more older adults can use to ascertain thelong-term effects of DPSAson physical activity
DPSAsfor extended periodsof time; RCTsshould beconducted  and function in older adults.
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Abbreviations

BM1: body mass index

CS-30: 30-second chair stand test

DPSA: digital peer-supported app

|QR: interquartile range

L PA: light-intensity physical activity

MET: metabolic equivalent

MVPA: moderate to vigorous intensity physical activity
RCT: randomized controlled trial

SB: sedentary behavior
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Abstract

Background: Sexual response problems among older adults are not an inevitable consequence of aging but rather a response
to sexual health. However, thereis alack of recent and multicenter data on thisissuein China

Objective: This study aimsto assess the prevalence of sexual response problems and their correlates among older adults.

Methods: A multicenter cross-sectional study on sexual well-being was conducted among individual s aged more than 50 years
in China between June 2020 and December 2022. Data on sociodemographics, physical health, psychological health, and sexual
response problems were collected through face-to-face interviews. We included sexually active older adults who reported either
vaginal, oral, or anal sex in the past 12 months for this study. Sexual response problems included alack of interest or enjoyment
in sex; feeling anxious, having pain, or no excitement during sex; no desire or orgasms; and the lack of lubrication in sex. The
stepwise logistic regression models were used to examine the correlates of sexual response problems.

Results. A total of 1317 sexually active older adults (842 men, 475 women) were included. Older women reported a higher
preval ence of sexual response problems than older men (52.0% [247/475] vs 43.1% [363/842]). Common factors associated with
at least one of the sexual response problemsincluded living in rural areas (men: adjusted oddsratio [aOR]=0.31, 95% CI 0.22 - 0.43;
women: aOR=0.29, 95% CI 0.19 - 0.43) and abnormal BMI (aOR=men: 1.52, 95% Cl1.11 - 2.07; women: aOR=2.19, 95% CI
1.47 - 3.28). Among older men, sleep quality (aOR=1.87, 95% CI 1.30 - 2.68), emotiona connection with sex partners during
sexual intercourse (aOR=0.69, 95% CI 0.50 - 0.96), frequently experienced fatigue (aOR=2.47, 95% Cl 1.59 - 3.90), anxiety
(aOR=4.26, 95% CI 1.12 - 21.27), and seeking professional help for sex life (aOR=1.58, 95% Cl 1.14 - 2.21) were associated
with sexual response problems. Among ol der women, sexual response problems were associated with alack of physical exercise
(aOR=1.69, 95% CI 1.13 - 2.54), poor sex-partner relationships (aOR=1.70, 95% CI 1.12 - 2.60), and depressive symptoms
(aOR=3.18, 95% CI 1.18 - 10.24).
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Conclusions: Sexual response problems are common among ol der adults. These problemswere associated with adverse physical
health, mental health, and poor sex-partner relationships. These findings highlight the importance for health care providers to
take into account the physical and psychological health of older adults, as well as the quality of their relationships with sexual
partners when diagnosing and addressing sexual response problems.

(JMIR Aging 2025;8:e66772) doi:10.2196/66772
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Introduction

Sexual response problems are characterized by diminished or
absent sexual interest and disruptions in the physiological or
psychosocial patterns associated with the sexual response cycle.
These disruptionsinclude alack of interest, enjoyment, desire,
orgasms, and lubrication in sex [1]. Sexual response problems
have a profound impact on various aspects of life for older
adults, affecting their quality of life, interpersonal relationships,
dissatisfactionin marriage[2,3], work efficiency [4], self-esteem
[5], and physical and mental health [2,3,6].

Recent studies have shown ahigh prevalence of sexual problems
in both older men and older women. For instance, in Europe, a
majority of men (73.7% - 79.8%) and women (23.5% - 50.2%)
reported experiencing at least one sexua problem, with the most
prevalent sexual problems being orgasmic difficulties and
reaching orgasm more quickly than desired and failure to reach
orgasm or taking too long to climax [7,8]. An early national
survey in urban Chinaindicated that 21% of men and 35% of
women aged 20 - 64 years had at least one persistent sexual
dysfunction, with lack of sex interest, erectile difficulties (men),
and inability to reach orgasm being the most common problems
[9]. There are substantial variations in the prevalence of sexual
response problems across different global regions, with
noticeabl e differences between men and women. As extensively
demonstrated by a significant number of epidemiological studies
worldwide, there are substantial differences in the prevalence
of sexual response problems among men and women. A few
researchers have suggested that the prevalence of sexual
response problems was higher in men compared to women
[10,11]. Corwversely, more studies have reported a higher
prevalence among females [12-15]. It is necessary to elucidate
the specific causes of these differences and inform
gender-specific prevention and intervention strategies.

Sociodemographic, psychological, sex partner relationships,
chronic disease, and physical health were found to beimportant
determinants of sexual response problems among older adults.
The prevalence of sexual problems tends to increase with age
[16], and there are notabl e differences between men and women
in terms of prevalence and types of sexual response problems
[17]. Psychosocial factors such as anxiety, depression, stress,
and the quality of marital relationships play significant rolesin
sexual response problems[16,18,19]. Intimate partner violence
is associated with a higher likelihood of experiencing sexual
problems [20]. In addition, chronic diseases like cancer [17],
diabetes [21], and coronary heart disease [22] are linked to an
increased risk of sexual dysfunction. Moreover, sexual response

https://aging.jmir.org/2025/1/e66772

problems in one partner may influence the sexua function of
the other partner [23].

Despite extensive studies on sexual problems, most of the
exigting literature was from devel oped countries or early studies,
and there is a lack of nationally representative, large sample
and recent data on the prevalence and correlates of sexual
response problems among older adultsin China. Given China's
rapidly aging population [24,25], the sexual health of older
adults is a growing concern. A comprehensive understanding
of older adults' sexual response problems may enhance sex
education, research, policy, and clinica care for this growing
population. This multicentre cross-sectional study, using data
from the Sexual Well-being (SWELL) study in China, aimsto
fill the research gap by examining the prevalence of sexual
response problems and their correlates among older adults.
These epidemiological data are essential for andrologists,
gynecologists, urologists, venereologists, and other health care
providersinvolved in treating and caring for older adults. They
may help them counsel their patients on the potential adverse
effects of different trestment modalities. Moreover, the findings
are expected to contribute valuable insights for developing
targeted interventions to enhance sexual relationships, improve
quality of life, and address the sexual health challenges faced
by aging populations in China

Methods

Study Participants and Procedures

Our study was based on the SWELL study, a multicenter
cross-sectional survey conducted between June 2020 and
December 2022. The survey spanned four different regionsin
China, including Shanghai (Eastern China), Jinan (Eastern
China), Chongqing (Western China), Guangzhou (Southern
China), and Tianjin (Northern Ching). Participants were
recruited using a multistage sampling design, and more detailed
sampling procedures are provided in our previous protocol [26].
We collected data on demographic characteristics, physical
health characteristics, mental health characteristics, sex partner
relationship characteristics, and sexua behavior characteristics
through face-to-face interviews. All participants provide formal
informed consent to participate in the study.

Participants were enlisted from subdistricts within each chosen
city. Eligibility criteria for participants in this study included:
(1) aged 50 years and older; (2) only heterosexual orientation;
(3) having engaged in heterosexua activities (including oral or
vaginal intercourse) in the preceding year; (4) being able to
comprehend the survey instrument of the SWELL Study.
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Ethical Consideration

The SWELL study was approved by the School of Public Health
(Shenzhen), Sun Yat-sen University Research Ethics Committee
(approval number SY SU-PHS [2019] 006) and was performed
following the Helsinki Declaration. Written consent was
obtained from all participants, who wereinformed of their right
to withdraw from the study at any time. Participant information
and responses remained confidential, with anonymized data
stored in password-protected folders accessible exclusively to
the research team and supervisors.

Study Variables

Sexual Response Problems (Outcomes Variables)

Respondents were asked to report if they had experienced any
of the following sexual response problems for three monthsin
the preceding year: (1) lacked desire for sex, (2) lacked
enjoyment in sex, (3) anxiety during sex, (4) discomfort or pain
in sex, (5) no sexual arousal or excitement during sex, (6) lack
of or delayed orgasm despite arousal, and (7) reaching orgasm
faster than you would like, (8) lubrication difficulties (women
only) or erectile function difficulties (men only). These items
captured the major sexual response problem domains in the
classification of sexual dysfunction in the Diagnostic and
Satistical Manual of Mental Disorders, Fourth Edition [27].
The reliability of sexual response problems in this study was
0.75.

Sociodemographic Characteristics

Age, gender (men and women), living area (rural or urban),
monthly income (Chinese Yuan [CNY]), and years of education
(<6 years. primary and lower; 7 - 12 years. senior or high
school; >12 years. college and above) were included in
demographic characteristics. Age was categorized into 3 age
groups (50 - 59 years, 60 - 69 years, and older than 70 years).
Monthly income (CNY) was categorized into 2 groups (=5000
CNY [US $700] and <5000 CNY [US $700Q]).

Lifestyle Characteristics

Physical Exercise

Physical exercisewas assessed with 5 itemsthat inquired about
the frequency of participation (6 times a week, 3 - 5 times a
week, 1 - 2 times a week, no more than once a week, hardly
ever, or never). The participants who reported engaging in
physical exercisemorethan 1 - 2 timesaweek were categorized
asoften engaging in physical exercise. The remaining responses
were categorized as not often exercised [28].

Seeking Professional Help for Sex Life

Participants were asked whether they had sought help or advice
about their sex life from a range of sources in the past year.
These sources included 4 informal sources (family member or
friend, information and support sites on the internet) and 6
professional sources (genera practitioner or family doctor,
sexual health clinic, genitourinary clinic, sexually transmitted
infection clinic, or relationship counsel or); morethan one answer
was allowed. If aparticipant respondsthat they have previously
sought help for sex life from 6 professional sources, this is
defined as “ seeking professional help for sex life”
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Physical Health Characteristics

Freguently Experiencing Fatigue

As for frequently experiencing fatigue, the participants were
asked about their fatigue levels using a question: “Do you
frequently experiencefatigue?’ with response options of “ Yes’
or “No.”

Chronic Disease

Chronic disease is defined as one or more diseases that |ast for
3 months or more including cardiovascular diseases (including
myocardial infarction, coronary heart disease, angina, other
forms of heart disease, and hypertension), arthritis, diabetes, or
hyperglycemia, cerebral hemorrhage or stroke, chronic lung
disease (excluding asthma), Parkinson disease, epilepsy,
hyperlipidemia, gout or hyperuric acid, chronic gastroenteritis
and chronic pain. A separate section was directed at women
participants, whether they have ahistory of one of thefollowing,
including bladder surgery, genital or gynecologic surgery,
cesarean section, abdominal surgery, and hip pelvic fractures
or hip replacement.

Body Mass I ndex and Sleep Quality

Inthe SWELL Study, BMI is considered abnormal when lower
than 18.5 or higher than 25.

Sleep quality was evaluated using the validated single-item
sleep quality scale (SQS), which ranges from 1 to 10 and has
been proven to be divided into 2 categories for analysis: those
indicating poor sleep quality (scores 1 - 6) and thoseindicating
good sleep quality (scores 7 - 10) [29]. The SQS had an
acceptable internal consistency (Cronbach a=0.85).

Mental Health Char acteristics

Depressive Symptoms

Depressive symptoms were measured by the 9-item Patient
Health Questionnaire (PHQ-9), which has been validated and
proven [29,30]. Thescal€' stotal scorerangesfrom0to 27, with
scores>10 representing clinically significant depressive
symptoms. This study defined a score greater than or equal to
10 as depressive symptoms.

Anxiety Symptoms

The anxiety symptoms were measured on the generalized
anxiety disorder-7 (GAD-7) scale with 7-item. Mild or normal
anxiety was defined as a GAD-7 score <10, while
moderate-to-vigorous anxiety was defined as a GAD-7 score
>10[29]. Inthisstudy, ascore greater or equal to 10 wasdefined
as with anxiety symptoms.

Sexual Relationship Characteristics

Emotional Connection With a Sexual Partner During
Sex

The participants were asked, “How often would you say you
feel emotionally close to your partner when you have sex
together? (options: always, most of the time, sometimes, not
very often, hardly ever).” The participants who selected the
options of “aways’ and “most of the time” were defined as
having a “good emotional connection with a sexual partner
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during sex;” otherwise, they were defined as having a “poor
emotional connection with a sexual partner during sex.”

Relationship With Sex Partners

Regarding relationshipswith sex partners, the participantswere
asked, “How do you evaluate the relationship with your recent
sex partner? Please assign a rating to the quality of your
partnership with them.” The rating scale ranges from 1 to 7,
with 1 indicating “very good” and 7 representing “very poor.”
We categorized the responses into 2 categories for analysis:
good relationship with a sex partner (scores 1 - 4) and poor
relationship with a sex partner (scores5 - 7).

Sexual Satisfaction

Sexual satisfaction was measured on a5-point Likert scale, with
responses ranging from 1 to 5 (strongly agree, agree, medium,
disagree, and strongly disagree). In this study, we reclassified
scores of 1 - 3 as sexual satisfaction and scores of 4 -5 as
sexual dissatisfaction [30].

Statistical Analyses

Descriptive analyses were conducted to characterize the study
sample, including presenting percentages, means, and SD. The

X? test was used to compare the proportions of characteristics
between the sex groups.

For the multivariable logistic regression analysis, collinearity
diagnostics were initially performed for all potential variables
(Multimedia Appendices 1 and 2). Subsequently, multivariate
logistic regression analysis was carried out for noncollinear
variables. The multivariable logistic regression model s selected
variables using a stepwise method based on the Akaike
Information Criterion (AIC). The stepwise regression method
combines forward selection and backward elimination
approaches, adding and removing predictors in the
model-building process. This approach effectively minimizes
the inclusion of covariates, thereby enhancing the robustness
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of the analysis. Finally, the model with the minimum AIC was
adopted (men: 1005.929; women: 582.316). Adjusted odds
ratios (aORs) and their corresponding 95% Clswere estimated.

All statistical analyseswere performed using R software version
4.2.3 (R Project). The Stats package (version 4.2.2) was used
to build the stepwise multivariable logistic regression models.
In addition, the figures were generated using the ggplot2
package (version 3.4.3) and forestmodel package (version 0.6.2)
from CRAN.

Results

Demographic and Health Characteristics of the
Participants

As shown in Table 1, 1317 older adults were included in this
analysis. The average age was 64 years (SD 8.4 years, ranging
from 50 to 86 years). Over haf of the participants resided in
rural areas (men: 53.1% [447/842], women: 50.9% [242/475]),
and the majority reported 7 - 12 years of education (junior or
senior high school; men: 70.0% [589/842], women: 59.6%
[283/475]). In addition, asignificant proportion of participants
reported infrequent engagement in physical exercise (men:
54.8% [461/842], women: 48.2% [229/475]). Regarding physical
health, more than half of the participants did not frequently
experience fatigue (men: 85% [716/842], women: 74.9%
[356/475]) and did not have chronic diseases (men: 55.2%
[465/842], women: 62.9% [299/475]). Regarding sexua
relationship characteristics, the magjority of male participants
reported sexual satisfaction (479/842, 56.9%) and a good
relationship with their sex partner (615/842, 73.0%). In
comparison, women reported dightly lower rates of sexual
satisfaction (228/475, 48.0%) and agood rel ationship with their
sex partner (306/475, 64.4%). Furthermore, less than 5.1%
(24/475) of both men and women reported symptoms of anxiety
and depression.
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Table. Demographic, lifestyle, health, and sexual relationship characteristics among older adults aged more than 50 yearsin China (stratified by sex).

Characteristics Men Women
P values P values
Atleastoneof All Yes No All Yes No
the sexual re-
sponse prob-
lems, n (%)
842 (100.0) 363 (43.1) 479 (56.9) N/A2 475 (100.0) 247 (52.0) 228 (48.0) N/A
Demographic
characteristics
Living area <.001 <.001
Rural 447 (53.1) 132 (29.5) 315 (70.5) 242 (50.9) 89 (36.8) 153 (63.2)
Urban 395 (46.9) 231 (58.5) 164 (41.5) 233(49.1) 158 (67.8) 75(32.2)
Age (years) .04 A3
50 -59 440 (52.3) 175 (39.8) 265 (60.2) 272 (57.3) 137 (50.4) 135 (49.6)
60 - 69 300 (35.6) 134 (44.7) 166 (55.3) 156 (32.8) 79 (50.6) 77 (49.4)
70+ 102 (12.1) 54 (52.9) 48 (47.1) 47 (9.9 31 (66) 16 (34)
Monthly in- .37 72
come (RMB)
>5000 229 (27.2) 105 (45.9) 124 (54.1) 398 (83.8) 205 (51.5) 193 (48.5)
<5000 613 (72.8) 258 (42.1) 355 (57.9) 77 (16.2) 42 (54.5) 35(45.5)
Education .009 .02
level
<6 160 (19.0) 75 (46.9) 85(53.1) 121 (25.5) 51 (42.1) 70 (57.9)
7-12 589 (70.0) 236 (40.1) 353 (59.9) 283 (59.6) 152 (53.7) 131 (46.3)
>12 93 (11.0) 52 (55.9) 41 (44.1) 71(14.9) 44 (62) 27 (38)
Lifestyle characteristics
Physical ex- .81 .001
ercise
Often 381 (45.2) 162 (42.5) 219 (57.5) 246 (51.8) 109 (44.3) 137 (55.7)
Not Often 461 (54.8) 201 (43.6) 260 (56.4) 229 (48.2) 138 (60.3) 91 (39.7)
Seeking .001 .96
professional
help for sex
life
Yes 266 (31.6) 138 (51.9) 128 (48.1) 138(29.1) 71(51.4) 67 (48.6)
No 576 (68.4) 225(39.1) 351 (60.9) 337 (70.9) 176 (52.2) 161 (47.8)

Physical health characteristics

Frequently <.001 .07
experienced
fatigue
Often 126 (15.0) 86 (68.3) 40 (31.7) 119 (25.1) 71(59.7) 48 (40.3) .07
Not often 716 (85.0) 277 (38.7) 439 (61.3) 356 (74.9) 176 (49.4) 180 (50.6)
BMI .001 <.001
Normal 434 (51.5) 162 (37.3) 272 (62.7) 230 (48.4) 95 (41.3) 135 (58.7)
Abnormal 408 (48.5) 201 (49.3) 207 (50.7) 245 (51.6) 152 (62) 93 (38)
Sleep quali- <.001 .35
ty
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Characteristics Men Women
P values P values
Good 630 (74.8) 232 (36.8) 398 (63.2) 314 (66.1) 158 (50.3) 156 (49.7)
Poor 212 (25.2) 131 (61.8) 81(38.2) 161 (33.9) 89 (55.3) 72 (44.7)
Chronicdis- .10 .06
ease
Yes 377 (44.8) 163(43.2) 214 (56.8) 176 (37.1) 81 (46) 95 (54)
No 465 (55.2) 200 (43) 265 (57) 299 (62.9) 166 (55.5) 133 (44.5)
Mental health characteristics
Anxiety .002 .34
Symptoms
Yes 17 (2.0) 14 (82.4) 3(17.6) 20 (4.2) 13 (65) 7 (35)
No 825 (98.0) 349 (42.3) 476 (57.7) 455 (95.8) 234 (51.4) 221 (48.6)
Depressive <.001 .012
Ssymptoms
Yes 37 (4.9) 30(81.1) 7(18.9) 24 (5.1) 19(79.2) 5(20.8)
No 805 (95.6) 333 (41.4) 472 (58.6) 451 (94.9) 228 (50.6) 223 (49.4)
Sexual relationship characteristics
Emotional <.001 .004
connection
with a sexual
partner during
sex
Yes 573 (68.1) 223 (38.9) 350 (61.1) 294 (61.9) 144 (49) 150 (51)
No 269 (31.9) 140 (52.0) 129 (48.0) 181(38.1) 103 (56.9) 78 (43.1)
Relation- .002 .005
shipwithasex
partner
Good 615 (73.0) 245 (39.8) 370 (60.2) 306 (64.4) 144 (47.1) 162 (52.9)
Poor 227 (27.0) 118 (52) 109 (48) 169 (35.6) 103 (60.9) 66 (39.1)
Sexud satis- <.001 <.001
faction®
Yes 479 (56.9) 0(0) 479 (100) 228 (48.0) 0(0) 228 (100)
No 363 (43.1) 363 (100) 0(0) 247 (52.0) 247 (100) 0(0)

3N/A: not applicable

bSexual response problems include lacked interest in having sex, lacked enjoyment in sex, feeling anxiety during sex, feeling physical pain as a result
of sex, feeling no excitement or arousal during sex, difficulty in reaching climax, reaching climax more quickly than desired, trouble getting or keeping

an erection(men) or uncomfortable dry vagina(women).

Prevalence of Sexual Response Problems

The prevalence of at least one sexual response problem
(including or excluding lack of interest in sex) is shown in
Figure 1 and Table 2. In total, 610 out of 1317 participants had
sexual response problems, with an overall prevalence of sexual
response problems of 46.3% (610/1317). Therewasasignificant
difference in the prevalence of the reported at |east one sexual
response problem between women and men, with being
significantly higher in women than in men (52.0% [247/475]

https://aging.jmir.org/2025/1/e66772

Vs 43.1% [363/842], x<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>