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EFFECTS OF A MOBILE HEALTH APP ON STEP COUNT
AND MENTAL HEALTH IN FRAIL OLDER ADULTS:
A RANDOMIZED CONTROLLED TRIAL

Takahisa Ohta, Yosuke Osuka, Narumi Kojima, and Hiroyuki Sasai
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Fig.1. Screenshots of the mHealth application “Online Kayoinoba” 7.
A: Home screen: This interface allows users to review and develop characters, as well as examine their messages. It
also enables the tracking of daily step counts and the history of points earned.
B: Menu screen: This screen provides access to six onboard functions. The Walking function, indicated by a blue tab,
facilitates the generation of outdoor walking courses and the setting of goals for points, duration, and step counts. The
Home Exercise function, shown with an orange tab, delivers community exercise videos specific to each municipality.
Diet Control, represented by a pink tab, allows users to log meals and monitor meal balance. The Communication func-
tion, marked by a green tab, offers a chat feature for effortless communication among users and groups. Cognitive
Training, identified by a purple tab, employs puzzles, calculations, and other gaming challenges to improve cognitive
functions. Health Check-Up, displayed with a yellow tab, leverages the Home Activity Guide 2020 and the Kihon
Checklist, enabling users to explore guidelines for exercises and activities suitable for home implementation, based on
physical and cognitive abilities.
C: Ranking screen: This display permits users to view their earned points and step counts within the rankings (at the
national, prefectural, and municipal levels) .
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Table 1. Contents of “Online Kayoinoba” lessons.

Visit Contents of lesson Summary

1 Let us take a walk using the walking function Installation of the application and explanation of GO points. Start the walk-

ing function and try to generate a walking course automatically.

2 1. Let us communicate within the application Post, like, and comment on photos using communication tools.
2. Review of the walking function

3 1. Enter today’s meal in the diet diary Register what you ate this morning (or for lunch)and check your nutritional
2. Review of communication tools intake.

4 1. Let us try some local exercises Participants can access and try more than 1000 different local gymnastics
2. Review the diet check exercises through the app

5 1. Play games using your brain Activate and try playing the cognitive game.

2. Review of local exercises

6 General review section Reconfirm understanding of previous functions as a general review of 1-5.
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Table 2. Contents of “Health education” lessons.

Visit Contents of lessons Summary

1 What Is Frailty? A lecture exploring the concept of frailty, its impact on health outcomes, and

strategies for prevention.

2 Interpreting Diagnostic Reports A lecture dedicated to reading and understanding diagnostic test reports and

translating this information into practical lifestyle guidance.

3 Frailty Prevention: The Exercise Component A lecture on effective exercise and physical activity interventions aimed at

the prevention and improvement of frailty.

4 Frailty Prevention: The Nutrition Component A lecture addressing dietary strategies essential for preventing and improving

frailty, with an emphasis on the prevention of malnutrition.

5 Frailty Prevention: The Dementia and Care A lecture providing clinical perspectives on the interplay between frailty and

Component dementia prevention, emphasizing integrated care approaches.

6  Frailty Prevention: Pain Management A lecture examining the practical aspects of managing pain in the context of

frailty.
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‘ Trial registry (n = 648) ‘
[

‘ Application for screening assessment (n = 207) ‘

\

‘ Participation for screening assessment (n = 187) ‘

Exclusion

- Robust by J-CHS (n=114)

+ Frailty by J-CHS (n=7)

+ Who were not smartphone users (n = 6)

+ Those with medical instructions contraindicating
exercise (n =4)

Invitation for orientation (n = 56)

Exclusion (n=4)
- Lost interest (n = 2)
- Schedule conflict(n=2)

‘ Randomization (n = 52) ‘

‘ Intervention group (n = 26) ‘ ‘ Control group (n = 26) ‘
Missing follow-up (n - 3) Missing follow-up (n = 1)
+ Diagnosed cancer with stage - Moved to another city or
| k=D ) town(n=1)
* Moved to another city or
town (n=1)
- Lost interest (n=1)
‘ Post assessment complete (n = 23) ‘ ‘ Post assessment complete (n = 25) ‘
Exclusion(n=1)
| * Did not come to pre-assess-
ment
‘ Intention-to-treat analysis (n = 25) ‘ ‘ Intention-to-treat analysis (n = 26) ‘
M2, ZhEEED 70—
Fig.2. Study flow.
£3. BMEDFH
Table 3. Characteristics of the study participants.
Intervention group (n = 25) Control group (n = 26)
Age, years 78.0[75.0 - 80.0] 77.0[74.2 - 79.0]
Sex, women, n(%) 7(28.0) 9(34.6)
Hypertension, yes (%) 12(48.0) 11(42.3)
Heart disease, yes (%) 4(16.0) 6(23.1)
Diabetes, yes (%) 9(36.0) 4(15.4)
Hyperlipidemia, yes (%) 8(32.0) 10(38.5)
Osteoporosis, yes (%) 0(0) 2(7.7)
Respiratory disease, yes (%) 2(8.0) 3(11.5)
Low-back pain, yes (%) 6(24.0) 5(19.2)
Knee pain, yes (%) 2(8.0) 3(11.5)

Data were expressed as mean (standard deviation) or median [interquartile range].
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Table 4. Mean differences in the outcomes between the intervention and control groups.

Baseline, mean (SD)

Change from baseline at week 24,

Difference at week 24 versus the control

adjusted mean (SE)

Adjusted mean

Intervention group Control group Intervention group Control group difference (95% CI) Cohen’s d
(n=25) (n=26) (n=25) (n=26)
Step count and physical activity
Step counts, steps/day 5215.7(3394.7)  5978.6(3463.2)  355(1040.9) —610(986.4)  965.0(—18.7, 1948.8) 0.30
Light intensity physical activity, min/day 257.8(101.2)  322.3(96.4) 8(26.2) -29(24.8) 37.0(13.8,60.1) 0.46
Locomotive 33.9(17.4) 38.1(21.9) 1.5(5.4) -3.1(5.1) 4.6(=3.1,12.4) 0.31
Non-locomotive 223.9(100.4) 284.3(93.4) 6(25.1) -26(23.8) 32.0(10.6, 53.4) 0.41
Moderate-to-vigorous intensity, min/day 32.4(25.9) 43.6(31.4) 2.2(9.0) -6.9(8.6) 9.1(~0.1, 18.3) 0.33
Locomotive 22.1(23.6) 27.0(26.3) 2.5(7.9) —-4.1(7.5) 6.7(=1.1, 14.5) 0.28
Non-locomotive 10.3(8.8) 16.6(14.9) -0.2(3.5) -2.7(3.3) 24(-1.7,6.4) 0.23
Frailty status and phenotype
Frail phenotype score, pt 1.16(0.37) 1.04(0.20) 0.26(0.86) -0.32(0.63)  —0.72[-1.19, —0.24] —4.42
Grip strength, kg 27.6(8.5) 27.5(7.7) -0.7(2.8) 0.6(5.6) 1.56[~1.86, 4.98] 0.30
Gait speed, m/s 1.32(0.27) 1.32(0.20) 0.03(0.18) 0.02(0.29)  —0.01[—0.16, 0.15] —0.04
Senior fitness test
Chair-stand 30 seconds, times 16.2(3.6) 15.9(3.0) 0.3(2.9) 0.4(3.1) —-0.29[-2.73,2.14] —0.10
8-foot up and go, sec 6.2(1.5) 6.5(1.3) —-0.3(1.0) —-0.5(0.8) 0.21[-0.63, 1.04] 0.18
2-minute step in place, times 110.7(13.1) 108.2(12.8) 8.6(10.4) 10.0(9.7) —1.33[-8.96, 6.31] —0.12
Exercise self-efficacy
HEBS, point 20.2(5.6) 21.4(4.0) 0.4(4.4) -1.7(7.5) -0.50[—3.90, 2.90] -0.17
Social support
LSNS-6 17.8(6.8) 17.1(6.7) -2.7(3.5) -3.1(5.8) -0.70[-4.22, 2.82] -0.14
Nutritional status
Dietary variety score 5.0(3.0) 5.0(2.9) -1.6(2.9) —0.1(1.4) 1.06[-0.47, 2.59] 0.44
Depressive mood
GDS-15, point 2.1(1.9) 2.7(2.5) 0.3(1.6) 0.0(2.2) 0.31[-0.97, 1.59] 0.18
Health-related QOL (SF-36)
PCS, point 48.0(6.4) 46.8(6.3) -0.7(6.6) —0.6(4.7) -0.90[—5.50, 3.70] -0.16
MCS, point 59.1(8.1) 58.7(7.7) -0.8(4.8) 1.0(6.4) 1.88[-3.01, 6.77] 0.27
RCS, point 52.4(8.6) 52.0(6.2) -2.2(13.8) —-0.5(8.1) 1.23[-5.63, 8.08] 0.24
Functional capacity
Kihon checklist, point 3.4(2.5) 3.3(2.9) 0.0(1.6) 0.2(1.6) —-0.28[-1.92, 1.36] —0.11
Cognitive function
TMT-A, seconds 55.2(20.7) 48.3(18.4) -4.5(12.7) —-3.4(18.5) —5.59[—14.40, 3.24] —-0.40
TMT-B, seconds 81.9(32.1) 85.5(35.6) -5.3(26.6) -5.8(31.1) 0.62[—14.10, 15.30] 0.02

Data were expressed as mean (standard deviation) or[95% confidence interval].
Adjusted: sex, age, baseline value, individual, time*allocation.

HEBS; Home-Exercise Barrier Self-Efficacy Scale, LSNS-6; Lubben Social Network Scale 6, GDS-15; geriatric depressive scale-15, QOL; quality of life, SF-36;
36-item short form health survey, PCS; the physical component summary, MCS; the mental component summary, RCS; the role-social component summary, TMT;

Trail Making Test.
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Adjusted mean difference (95% Cl) = 965.0 (—18.7, 1948.8)

Adjusted mean difference (95% CI) = 37.0 (13.8, 60.1)
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Fig.3. Adjusted means over time for physical activity indicators by group (Intervention vs Control) .
This figure illustrates the adjusted means of physical activity indicators across three time points - Pre-assessment, Intermediate, and

Post-assessment - for both the Intervention and Control groups. The outcomes include daily step counts(A), light-intensity physical
activity (LPA, B), locomotive LPA (C), non-locomotive LPA (D), moderate-to-vigorous physical activity(MVPA, E), locomotive

MVPA (F), and non-locomotive MVPA (G) .

Adjusted means were estimated using a mixed-effects model for repeated measures (MMRM), adjusting for sex, baseline age, and base-
line value of the respective outcome. The model included fixed effects for time (categorical), group (Control vs Intervention), and their

interaction, with a random intercept for each participant.

Each subplot shows the trajectory of each outcome for both groups over time. The y-axis represents the estimated marginal means
(adjusted means), and the x-axis represents the three assessment time points.

The label “d” in each subplot refers to the standardized effect size (Cohen’s d) for the group-by-time interaction term at Post-assessment,
representing the between-group difference in change from baseline. This provides an index of the magnitude of the intervention effect

over time.
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