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Abstract : Introduction : This study aimed to clarify the effects of exercise interventions on the risk of functional
decline. Methods : This study included community-dwelling older adults who volunteered to participate in phys-
ical fitness measurement sessions and remote exercise classes. The participants were stratified into high-risk
(HR) and low-risk (LR) groups based on the cutoff value (16/17 points) of the risk assessment scale for incident
functional disability. Body composition and physical function were measured before the exercise intervention,
and changes were re-measured 2-3 months after the exercise. Results : The analysis included 65 participants
with complete data. Twenty-five had HR, and 40 had LR. In the HR group, significant decreases were observed in
leg muscle score, phase angle of the whole body and lower limbs, gait speed, and single-leg stance. After exercise,
handgrip strength and gait speed improved significantly in both the HR (p<0.001, p<0.001) and LR (p =0.002,
p<0.001) groups. Fat mass and body fat percentage also increased significantly in the HR (p =0.022, p =0.017) and
LR (p=0.001, p<0.001) groups. Conclusion : Exercise intervention improves physical function regardless of the
risk of functional decline. However, certain challenges in maintaining body composition have been observed,

suggesting the need for nutritional interventions. J. Med. Invest. 73:143-152, February, 2026
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INTRODUCTION

Japan has a larger population of older adults than other coun-
tries (1). Accordingly, Japan’s long-term care insurance system
was developed in 2000, considering future demographic trends
and national budgets related to the aging population and the
associated medical demands (2). However, 11 years after the
establishment of the long-term care insurance system, the cost of
long-term care benefits has increased 2.3-fold, and the number
of long-term care insurance users is expected to increase in the
future (1, 3). An increase in long-term care benefits is critical for
the future (3). Preventive interventions for older populations are
critical for avoiding the need for long-term care and assistance.
Factors associated with deteriorating physical function affect
state-incident long-term care and support (4). Therefore, exercise
interventions are critical because enhancing physical function
in older adults can prevent the need for long-term care and
assistance (4).

Regarding the effects of exercise interventions in commu-
nity-dwelling older adults, improvements in muscle strength
and physical function have been documented in those with
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sarcopenia (5, 6), indicating that exercise interventions can re-
verse sarcopenic states. Furthermore, improvements in muscle
quality and physical performance (7) ; reduction in fat mass ; in-
creased skeletal muscle mass and free fat mass (8) ; maintenance
of functionality, bone density, and serum cholesterol levels ; and
improvements in muscle strength (9) have been observed in
healthy community-dwelling older adults, leading to the main-
tenance and improvement of body composition and physical per-
formance. Previous studies have shown that exercise programs
benefit community-dwelling older adults.

However, to the best of our knowledge, no study has demon-
strated the effectiveness of exercise interventions in a mixed
population of older adult patients with varying levels of func-
tional decline risk, such as those with sarcopenia, or in healthy
older adults. Since 2015, the main strategy for community-based
long-term care prevention in Japan has shifted from a high-risk
(HR) strategy (10), in which older HR individuals are selected for
preventive intervention, to a community-based population strat-
egy (11), in which preventive interventions are provided to the
entire population, regardless of risk (2). Consequently, regions
where long-term care prevention initiatives are implemented are
expected to include older adults with varying risks of functional
decline. To validate the effectiveness of a long-term care preven-
tion program based on a community-based population strategy,
it is necessary to analyze the variations in the effects of exercise
interventions on various target groups.

In this study, we used the risk assessment scale for incident
functional disability (RFD) (12), a predictive measure of the
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likelihood of being certified as requiring assistance or care, to
divide community-dwelling older adults into two groups, HR and
low-risk (LR), based on their risk of being certified as requiring
long-term care and support. This study aimed to clarify the ef-
fects of exercise interventions according to different levels of risk
of functional decline.

MATERIALS AND METHODS
Participants

The participants were 86 older adults (19 males and 67 fe-
males ; age : 64—94 years) who volunteered to participate in
physical fitness measurement sessions and remote exercise
classes that were publicly recruited by the city. We explained in
writing to all participants the benefits and risks of the exercise
intervention and the medical response in the event of an accident
and obtained written informed consent.

This study was approved by the Medical Ethics Review Board
of Fukui University (approval no. 20220048) and was conducted
in compliance with the Declaration of Helsinki (revised in For-
taleza in 2013) and the Ethical Guidelines for Life Science and
Medical Research Involving Human Subjects (Notification No. 1
of the Ministry of Education, Culture, Sports, Science and Tech-
nology ; Ministry of Health, Labour and Welfare ; and Ministry
of Economy, Trade and Industry on March 23, 2021).

Exercise interventions

Exercise classes were conducted as part of a general care
prevention program in each city (Katsuyama City, July—October
2022 ; Sakai City, October—December 2022). These classes were
held 11, 12, and 14 times at Venues A, B, and C, respectively.
The exercise interventions used in this study were similar to
those previously reported (13). Briefly, this program consisted of
one-hour sessions once a week and was conducted as a real-time
remote exercise using Zoom (Zoom Video Communications, Inc.,
USA). Participants gathered at a local community center where
the Zoom broadcast was set up for viewing and received exercise
guidance from a trainer (health fitness instructor) from a remote
location via a screen monitor. The content included stretching
while sitting or standing, dual-task training (combining phys-
ical and cognitive exercise), muscle training, and coordinated
movement and was generally a low-intensity exercise of less
than three metabolic equivalents of task (METSs). For further
details, please refer to a previous study (13). The participation
rate (percentage) of participants during the exercise classes was
calculated by dividing the number of times they participated by
the number of times the classes were held. In the exercise class,
the participants were also instructed on self-training in some of
the exercises performed in the class and encouraged to perform
them at home ; participation in home exercises was voluntary,
and the frequency of self-training by the participants was not re-
corded. A follow-up examination was performed using the same
survey items as those used in the baseline evaluation to assess
improvements after the exercise intervention.

Data collection

Before the exercise session, a baseline assessment was
performed after all participants provided written informed
consent, and reassessments were conducted after the exercise
intervention.

Body composition (height, weight, body mass index [BMI],
skeletal muscle mass index [SMI], muscle mass [MM], leg
muscle score, estimated bone mass, basal metabolic rate [ BMR],
fat mass [FM], body fat percentage, visceral fat level, whole-
body muscle score, and phase angle [PA]) and physical function
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(handgrip strength [HG], gait speed [GS], chair stand test [CS],
and single-leg stance [SLS]) were evaluated. The measure-
ment items were comprehensively selected to include muscle
mass/quality, muscle strength, and physical function, which are
related to sarcopenia and risk factors for requiring assistance
and care (14-16). Additionally, bone mass and fat indices, which
have been suggested to be related to MM and exercise function,
were incorporated to provide multifaceted measurements (17,
18). Functional decline risk was assessed using the RFD (12),
an indicator of the likelihood of certification requiring assistance
or care.

Anthropometry

A height meter (seca228; AS ONE Co., Ltd., Osaka, Japan)
was used to measure the height. A multi-frequency eight-elec-
trode body composition analyzer (MC-780A-N and MC-
780A ; Tanita Co., Ltd., Tokyo, Japan) was used to measure
other body compositions. The SMI was calculated as the sum of
the limb skeletal MM divided by the square of the participant’s
height. The leg muscle score is Tanita’s proprietary measure-
ment of lower limb MM as a percentage of body weight based
on data accumulated by the Tanita Institute of Weight Science
and is converted into a score. The criteria are 90—150 points,
“good” ; 80—89 points, “slightly low” ; and 50—79 points, “low”
(19). The whole-body muscle score was calculated and classified
according to MM in relation to height. Higher values indicate
more MM for height (low, —4 to —2 ; average, —1 to 1 ; high, +2 to
+4) (19). PA is an index calculated directly from measured values
using bioelectrical impedance analysis (BIA) without any esti-
mation equation and reflects the cellular physiological function
level (20, 21). Muscle quality was assessed using BIA-derived
PA measurements (14). PA represents structural perfection. The
higher the value, the better the muscle composition (i.e., muscle
quality) ; the lower the value, the poorer the muscle composition
(22, 23).

Physical performances

A Smedley-type handgrip dynamometer (TTM ; Tsutsumi
Seisakusyo Co., Ltd., Tokyo, Japan) was used to measure the left
and right HG twice, and the maximum values were identified
for analysis. To calculate the GS (m/s), we used a stopwatch to
measure the time (s) required to walk 5 m at a brisk pace and
used the minimum value of the two measurements for analysis.
A 3-m interval was set aside before and after the 5-m measuring
interval to accommodate acceleration and deceleration at the
start and end of walking, with a walking interval of 11 m. CS
was repeated five times with the participant sitting in a chair
with the arms crossed in front of the chest. The participant then
stood with the trunk, both knee joints were fully extended, and
returned swiftly to their sitting posture. The time required to
complete the fifth sitting session was also recorded. The time
required to maintain the open-eyed SLS was measured twice
using a stopwatch, with a maximum time of 120 s. For the anal-
ysis, the maximum value of the two measurements was used.

Statistical analysis

This study aimed to verify the effects of exercise intervention
according to functional decline risk, as measured by the RFD.
In analyzing the data, participants who had already been cer-
tified as requiring long-term care and support at the time of
the survey were excluded. In addition, participants who were
difficult to follow up with, such as those who discontinued par-
ticipation in exercise classes or did not participate in physical
fitness measurement sessions after the exercise intervention,
were also excluded. Based on the RFD cutoff value (16/17 points),
participants were stratified into HR (>17 points) and LR (<17
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points) groups, and the intervention effects were independently
examined within each group. Older adult individuals at risk of
functional decline exhibit declines in body composition and phys-
ical function (14, 24, 25) ; therefore, baseline characteristics were
assumed to differ between the HR and LR groups in this study.
Therefore, baseline differences may influence the evaluation of
the effects of the exercise intervention. Rather than comparing
the interaction between groups and time to evaluate the inter-
vention effects, we used a stratification analysis to examine each
group individually.

Baseline characteristics between groups were compared using
the chi-square test for sex, a categorical variable, and the Mann—
Whitney U test for age, body composition, and physical function,
which are continuous variables. In addition, the distribution of
venues attended was compared between the groups using the
chi-square test, and the number of sessions attended and partic-
ipation rates were compared using the Mann—Whitney U test.
The Wilcoxon signed-rank test was used to compare changes
in body composition and physical function between the HR and
LR groups before and after the exercise intervention, and the
r-value was computed as the effect size (ES) (26). Furthermore,
the Hodges—Lehmann (H-L) median difference with its 95%
confidence interval was calculated (27). As a sensitivity analysis,
multivariate linear regression was conducted using post-inter-
vention values of body composition or physical function variables
that showed significant pre—post differences as the dependent
variables and baseline values and the number of exercise class
participations as the independent variables to adjust for the
influence of participation frequency. This analysis examined
the robustness of the intervention effects when participation
frequency was included as a covariate (28). Statistical data were
analyzed using EZR version 1.68 (29). Statistical significance
was set at p <0.05.

RESULTS

Of the 86 participants, three had been certified as incident
long-term care and support at the time of the survey, one had
missing body composition data, one had difficulty with phys-
ical function measurement, and 16 were difficult to follow up
with before and after the exercise intervention, resulting in 65
participants with complete data for analysis (Figure 1). Among
the 65 participants, 17 (26.2%) were male and 48 (73.8%) were
female, with an average age of 74.8+6.2 years. In the RFD group,
25 (38.5%) patients were in the HR group and 40 (61.5%) were
in the LR group. Details of the basic attributes, including each
measurement item, are presented in Table 1. The number of
participants at each venue was 21 (32.3%) at Venue A, 17 (26.2%)
at Venue B, and 27 (41.5%) at Venue C. The mean number of
sessions attended was 10.4+2.1, and the mean attendance rate
was 83.3+16.3%.

Characteristics of participants

Sex differences between the HR (9 males and 16 females)
and LR (8 males and 32 females) groups were not statistically
significant. Age was significantly higher in the HR group than
in the LR group (p<0.001). Regarding participation in exercise
classes, a significant difference was observed between the two
groups in the distribution of the venues attended (p=0.001), but
no significant differences were found between the two groups
in the number of sessions attended or the participation rate.
At baseline, the HR group had significantly lower leg muscle
scores, PA (whole body and lower limbs), GS, and SLS than the
LR group (p<0.001, p=0.009, p=0.003, p=0.005, and p=0.025,
respectively ; Table 2).

Comparison before and after the exercise intervention

The HR group showed significantly improved height, PA (whole
body), HG, and GS after exercise [p=0.026, ES=0.45, Hodges—
Lehmann estimate (95% CI):0.25 (0.05 to 0.40) ; p=0.038,

Participants (n=86)

Excluded:

- Certification of long-term care and support (n=3
- Missing body composition data (n=1)

- Difficult to physical function test (n=1)

- Difficult to follow (n=16)

Participants with complete data (n=65)

Risk Assessment Scales for Incident Functional
Disability
>17 points, High Risk
n=25

Risk Assessment Scales for Incident Functional
Disability
<17 points, Low Risk
n=40

Figure 1. Flowchart of inclusion

and exclusion criteria of participants
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ES=0.42, 0.30 (0.00 to 0.65) ; p<0.001, ES=0.76, 2.60 (1.55 to
3.60) ; p<0.001, ES=0.72, 0.35 (0.20 to 0.50), respectively]. In ad-
dition, the FM and body fat percentages significantly increased
[p=0.022, ES=0.47, Hodges—Lehmann estimate (95% CI) : 0.65
(0.15 to 1.20) ; p=0.017, ES=0.48, 1.10 (0.25 to 1.85), respec-
tively]. In the sensitivity analysis, no significant associations
were found between the number of sessions attended and any of
the post-intervention measures of body composition or physical
function (Table 3).

The LR group had significantly improved HG, GS, and CS
after exercise [p=0.002, ES=0.48, Hodges—Lehmann estimate
(95% CI):1.70 (0.70 to 2.45) ; p<0.001, ES=0.64, 0.25 (0.15 to
0.35) ; p<0.001, ES=-0.62, —1.10 (-1.60 to —0.65), respective-
ly]. In addition, SMI, MM, estimated bone mass, BMR, and
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whole-body muscle score decreased significantly [p<0.001,
ES=-0.64, Hodges—Lehmann estimate (95% CI):—0.20 (-0.25
to—0.10) ; p<0.001, ES=-0.59, —0.55 (-~0.80 to —0.30) ; p=0.003,
ES:-0.47, —0.10 (-0.15 to —0.10) ; p<0.001, ES=-0.56, —13.00
(-19.50 to —6.50) ; p=0.003, ES=-0.47, —1.00 (-1.00 to —1.00),
respectively], and FM and body fat percentage increased sig-
nificantly [p=0.001, ES=0.51, Hodges—Lehmann estimate
(95% CI): 0.65 (0.25 to 0.95) ; p<0.001, ES=0.60, 1.25 (0.70 to
1.80), respectively]. Sensitivity analysis revealed significant
associations between participation frequency and post-inter-
vention SMI, BMR, and HG (3=-0.03, 95% CI : —0.06 to —0.00,
p=0.044; =-2.99, 95% CI :—5.56 to —0.42, p=0.024 ; =—-0.49,
95% CI:-0.85 to —0.12, p=0.010, respectively ; Table 4).

Table 1. Basic participant characteristics
Variable Unit Overall Male Female Reference value
n=65 n=17 n=48

Sex Male n (%) 17 (26.2) 17 (100.0) 0(0.0) —

Female n (%) 48 (73.8) 0(0.0) 48 (100.0) —
Age years 74.8+6.2 76.7+4.6 74.2+6.7 —
Exercise class Participants at venue A n (%) 21 (32.3) 7(41.2) 14 (29.2) —

Participants at venue B n (%) 17 (26.2) 5(29.4) 12 (25.0) —

Participants at venue C n (%) 27 (41.5) 5(29.4) 22 (45.8) —

Number of times participating ~ times 10.4+2.1 10.2+2.3 10.4+2.0 —

participation rate % 83.3+16.3 84.0+18.3 83.1+15.7 —
Body composition
Height cm 1551+ 7.4 162.6+5.9 152.4+5.9 —
Weight ke 54.3+8.9 62.1+7.1 51.6=7.9 —
BMI % 22.6+3.3 23.5+2.8 22.2+34 18.5-25%
SMI kg/m? 6.8+0.8 77+0.7 6.5+0.6 Males, <7.0 ; Females, <5.7
MM kg 36.9+6.3 45.6+3.9 33.8+34 —
Leg muscle score point 89.7+9.3 85.4+17.5 91.3+9.5 90-150"
Estimated bone mass kg 2.1+0.4 2.5+0.2 2.0+0.3 —

Males : 50—69 y/o, 1400 ; 70 ylo—, 1290 ;

BMR keal 1091.9+162.0 1291.6+118.9 1021.1+106.7 Females:50—6$;7y/,o, 1106;7&/0’7’ 1020
FM kg 15.3+5.8 13.9+£4.9 15.8+6.1 —
Body fat percentage % 27.8+78 22.0+6.0 29.9+7.3 Males, 14—24 ; Females, 23—-36*
Visceral fat level 72+37 11.4+3.0 5.8+27 <9.5%
Whole-body muscle score -04+1.2 —-04+1.2 -04+1.2 —1-1%
PA Whole body ° 47+0.6 51+0.5 46+0.5 —

Both arms ° 5.2+0.6 5.6+0.5 51+0.5 —

Both lower limbs ° 4.3+0.7 4.6+0.6 4.2+0.7 e
Physical function
HG kg 27.8+6.7 34.4+5.4 25.5+5.4 Males, <28 ; Females, <187
GS m/s 2.2+04 2.3+0.5 2.2+0.4 <1.0f
CS s 76+2.0 71+2.0 7.8+£2.0 >12%

5— .8+20.7; 70~ D£21.6; 75—

SLS s 6194484 499384  662+512 0009 y"”é%?ﬁzﬁ g 97(:3 073510 fgi lg.lgf $T519y1
RFD
Total score point 141+74 15.7+6.2 13.5+7.7 —
High-risk patients RFD score >17 n (%) 25 (38.5) 9 (52.9) 16 (33.3) —
Low-risk patients RFD score <17 n (%) 40 (61.5) 8(47.1) 32 (66.7) —

BMI, body mass index ; SMI, skeletal muscle mass index ; MM, muscle mass ; BMR, basal metabolic rate ; FM, fat mass ; PA, phase
angle ; HG, handgrip strength ; GS, gait speed ; CS, chair stand test ; SLS, single-leg stance ; RFD, risk assessment scale for incident
functional disability. *Normal range (19). fCutoff value for sarcopenia diagnosis (29). ‘Reference values by age group (4).
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Table 2. Comparison of basic participant characteristics and exercise class participation between the two groups

) ) HR LR
Variable Unit p-value
n=25 n=40

Sex Male n (%) 9 (36.0) 8(20.0) 0.95

Female n (%) 16 (64.0) 32 (80.0)
Age year 81.0 + 4.0 71.0+3.8 <0.001*
Exercise class Participants at venue A n (%) 14 (56.0) 7(17.5)

Participants at venue B n (%) 7 (28.0) 10 (25.0) 0.001*

Participants at venue C n (%) 4 (16.0) 23 (57.5)

Number of times participating times 10.2+1.8 10.5+2.3 0.45

participation rate % 87.4+14.5 80.8+17.0 0.145
Body composition
Height cm 153.8+8.2 155.9+6.8 0.29
Weight kg 53.9+9.5 54.6+8.7 0.75
BMI % 22.7+3.4 22.5+3.2 0.78
SMI kg/m? 6.6+0.7 7.0+0.8 0.099
MM kg 36.4+6.5 37.2+6.3 0.59
Leg muscle score point 84.8+7.8 92.8+8.9 <0.001*
Estimated bone mass kg 2.0+£04 2.2+0.3 0.158
BMR keal 1065.9+163.8 1108.1 +160.8 0.31
M kg 15.5+5.8 15.2+5.9 0.86
Body fat percentage % 28.3+7.8 27.5+7.8 0.70
Visceral fat level 8.2+4.0 6.6+ 3.5 0.099
Whole-body muscle score -0.8+1.2 -0.2+1.2 0.069
PA Whole body ° 4.5+0.5 49+0.6 0.009*

Both arms ° 51+0.5 5.3+0.6 0.130

Both lower limbs ° 4.0+£0.7 4.5+£0.6 0.003*
Physical function
HG kg 26.5+6.8 28.6+6.6 0.22
GS m/s 2.0+£0.4 2.3+£0.4 0.005*
CS S 7.8+2.1 7.5+1.9 0.58
SLS S 45.0+44.3 72.5+48.4 0.025*

BMI, body mass index ; SMI, skeletal muscle mass index ; MM, muscle mass ; BMR, basal metabolic rate ; FM, fat mass ; PA, phase an-
gle ; HG, handgrip strength ; GS, gait speed ; CS, chair stand test ; SLS, single-leg stance. *p-value < 0.05.

DISCUSSION

This study aimed to elucidate the effects of exercise inter-
ventions on the risk of functional decline. Using the RFD,
community-dwelling older adults were classified into HR and
LR groups, and a stratified analysis of the effects of the exercise
intervention was performed. As a result of the exercise interven-
tion, both groups showed improvements in physical function (HR
group : HG and GS ; LR group : HG, GS, and CS), and the HR
group also showed improvements in whole-body muscle quality.
In contrast, both groups showed increases in FM and body fat
percentage, and the LR group showed decreases in MM, SMI,
whole-body muscle score, estimated bone mass, and BMR, indi-
cating certain challenges in maintaining body composition.

A previous study demonstrated that the lower limbs show a
decrease in muscular strength and quality with aging compared
with the upper limbs (30), resulting in a decline in lower limb
physical function (31). In this study, older adults in the HR group
were older than those in the LR group and exhibited age-related

declines in lower limb muscle mass/quality, as well as lower limb
physical function, similar to those reported in previous studies.
Therefore, the HR and LR groups in this study represent a popu-
lation of community-dwelling older adults with age-related lower
limb dysfunction, as reported in previous studies.

In this study, both the HR and LR groups showed improve-
ments in HG and GS following the exercise intervention, and
the LR group also showed improvements in CS. Muscle strength
(HG) and physical function (GS or CS) are the gold standards for
sarcopenia diagnosis (32). Sarcopenia is a risk factor for incident
long-term care and support (15, 25, 32), and the improvements in
muscle strength and physical function observed in this study are
expected to help prevent progression to sarcopenia or long-term
care dependency. Japan’s long-term care prevention programs
have shifted from an HR strategy targeting individuals with
functional decline risk to a community-based population strate-
gy intervening in the entire population regardless of risk status
(2). This study demonstrated improvements in physical function
regardless of the level of functional decline risk, supporting the
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Table 3. Comparison before-and-after exercise intervention (HR, n=25)

. . ES Hodges—Lphmann Number of times participating *
Variable Unit Pre Post p-value median difference
(r-value) ©5%CI) B 95%CI p-value

Body composition
Height cm 153.8 + 8.2 154.0+£8.3 0.026* 0.45 0.25 (0.05 to 0.40) 0.06 —0.03t0 0.16 0.182
Weight kg 53.9 + 9.5 54.3+9.4 0.071 0.37 0.45 (-0.05 to 1.00) — — —
BMI % 22.7+34 22.8+3.3 0.32 0.21 0.15 (-0.10 to 0.35) — — —
SMI kg/m? 6.6+0.7 6.6+0.6 0.21 -0.27 —0.10 (=0.20 to 0.05) — — —
MM kg 36.4+£6.5 36.2+6.3 0.119 —-0.31 —0.30 (-0.60 to 0.10) — — —
Leg muscle score point 84.8+7.8 85.2+9.1 0.59 0.11 0.50 (-2.00 to 3.00) — — —
Estimated bone mass kg 2.0+0.4 2.0+0.4 0.62 -0.12 —0.00 (-0.10 to 0.05) — — —
BMR keal 1065.9+163.8 1062.4+158.8 0.27 -0.22 —6.00 (-15.50 to 5.50) — — —
M kg 15.5+5.8 16.2+5.7 0.022%* 0.47 0.65 (0.15 to 1.20) -0.05 —0.34t00.25 0.75
Body fat percentage % 28.3+17.8 29.3+17.3 0.017* 0.48 1.10 (0.25 to 1.85) -0.07 —0.51t0 0.37 0.74
Visceral fat level 8.2+4.0 8.1+4.3 0.66 -0.10 —0.00 (-1.00 to 1.00) — — —
Zzz‘;le'b‘)dy muscle —08+12  -09+12 0182 ~0.28  ~1.00 (-1.00 to~0.00) — — —
PA Whole body ° 4.5+0.5 4.8+0.7 0.038* 0.42 0.30 (0.00 to 0.65) 0.12 —-0.04 t0 0.28 0.138
PA Both arms ° 5.0+0.5 51+0.6 0.55 0.12 0.05 (—0.15 to 0.25) — — —
PA Both lower limbs ° 4.0+£0.7 41+0.7 0.066 0.37 0.20 (-0.00 to 0.35) — — —
Physical function
HG kg 26.5+6.8 29.3+6.9 <0.001* 0.76 2.60 (1.55 to 3.60) 0.11 —0.57 t0 0.80 0.74
GS m/s 2.0+04 2.4+0.4 <0.001* 0.72 0.35(0.20 to 0.50) 0.01 -0.07 to 0.08 0.82
CS s 7.8+2.1 72+2.3 0.097 -0.33 —0.55 (-1.12t0 0.15) — — —
SLS s 45.0+44.3 44,9+43.0 0.64 0.10 2.79 (-13.50 to 15.50) — — —

Pre, before exercise intervention ; Post, after exercise intervention ; ES, effect size ; BMI, body mass index ; SMI, skeletal muscle mass
index ; MM, muscle mass ; BMR, basal metabolic rate ; FM, fat mass ; PA, phase angle ; HG, handgrip strength ; GS, gait speed ; CS,
chair stand test ; SLS, single-leg stance ; y/o, years old. The criteria for ES were a small effect size, r-value >0.10 ; a medium effect size,
r-value >0.30 ; and a large effect size, r-value >0.50. The criteria for the power value : 0.8. *p-value <0.05. fSensitivity analysis was
performed using multiple linear regression with post-intervention value as the dependent variable and baseline value and number of
times participating as independent variables.

Table 4. Comparison before-and-after exercise intervention (LR, n=40)

. ‘ ES Hodges—Lehmann Number of times participating
Variable Unit Pre Post p-value median difference
(r-value) ©5%CI) B 95%CI p-value

Body composition
Height cm 155.9+6.8 156.0+6.7 0.105 0.26 0.15 (-0.05 to 0.35) — — —
Weight kg 54.6+8.7 54.7+8.7 0.73 0.05 0.05 (-0.25 to 0.40) — — —
BMI % 22.5+3.2 22.5+3.1 0.77 —-0.04 —0.05 (-0.20 to 0.15) — — —
SMI kg/m? 7.0+0.8 6.8+0.8 <0.001* —-0.64 —0.20 (-0.25 to—0.10) -0.03 -0.06t0—0.00  0.044*
MM kg 37.2+6.3 36.7+6.0 <0.001* —-0.59 —0.55 (—=0.80 to —0.30) -0.10  -0.20to-0.00 0.050
Leg muscle score point 92.8+8.9 92.2+8.8 0.082 —0.28 -1.50 (-2.50—0.00) — — —
Estimated bone mass kg 2.2+0.3 2.1+0.3 0.003* -0.47 —0.10 (-=0.15 to —0.10) —-0.00 —0.01 to 0.01 0.84
BMR keal 1108.1+160.8 1095.2+155.6  <0.001* —0.56 —-13.00 (-19.50 to —6.50) -2.99  -5.56t0-0.42  0.024*
FM kg 15.2+5.9 15.9+5.6 0.001* 0.51 0.65 (0.25 to 0.95) -0.10 —0.27t0 0.07 0.25
Body fat percentage % 275+17.8 287+17.2 <0.001* 0.60 1.25 (0.70 to 1.80) —-0.06 —0.32t00.20 0.64
Visceral fat level 6.6+3.5 6.8+3.6 0.103 0.26 1.00 (—0.00 to 1.00) — — —
ZZ;‘je'bOdy muscle 02+12 0512 0.003* —0.47 100 (-1.00t0-1.00) 006  —0.14t00.02  0.146
PA Whole body ° 4.9+0.5 4.9+0.6 0.70 0.04 0.00 (-0.10 to 0.15) — — —
PA Both arms ° 5.2+0.6 5.3+£0.6 0.48 0.08 0.05 (-0.10 to 0.15) — — —
PA Both lower limbs ° 4.5+£0.6 4.5+0.6 0.180 0.21 0.08 (=0.05 to 0.15) — — —
Physical function
HG kg 28.6+6.6 30.3+6.4 0.002* 0.48 1.70 (0.70 to 2.45) -049 -0.85t0o—-0.12  0.010*
GS m/s 2.3+04 2.6+0.5 <0.001* 0.64 0.25 (0.15 to 0.35) —0.04 —0.08 t0 0.01 0.125
CS s 75+1.9 6.4+1.5 <0.001* —0.62 -1.10 (-1.60 to —0.65) -0.12 —0.30to 0.05 0.161
SLS S 72.5+48.4 76.1+46.2 0.57 0.09 4.00 (-13.50 to 25.00) — — —

Pre, before exercise intervention ; Post, after exercise intervention ; ES, effect size ; BMI, body mass index ; SMI, skeletal muscle mass
index ; MM, muscle mass ; BMR, basal metabolic rate ; FM, fat mass ; PA, phase angle ; HG, handgrip strength ; GS, gait speed ; CS,
chair stand test ; SLS, single-leg stance ; y/o, years old. The criteria for ES were a small effect size, r-value >0.10 ; a medium effect size,
r-value >0.30 ; and a large effect size, r-value >0.50. The criteria for the power value : 0.8. *p-value <0.05. fSensitivity analysis was per-
formed using multiple linear regression with the post-intervention value as the dependent variable and the baseline value and number
of times participating as independent variables.
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necessity of a community-based population strategy that targets
the entire population. Previous studies have shown that low-in-
tensity exercise interventions are ineffective in older adults (33,
34), whereas resistance training is effective (5, 6). However, even
low-intensity, low-frequency exercise regimens (1 week for 1 h
per session) were successful. Exercising twice a week is difficult
for older adults, and exercising twice a week is associated with
refusal (35, 36), which may lead to decreased adherence to exer-
cise interventions. The frequency of exercise in this study was
low (mostly once a week), which made it easy for older adults
to participate, and adherence to the exercise intervention was
maintained, which may have contributed to the effectiveness
of the low-intensity exercise program. Further validation of the
effectiveness of the exercise intensity and frequency is required.

Although improvements in physical function were observed,
an increase in body fat was noted in both groups. An increase in
body fat may lead to lipid infiltration into muscles, causing mus-
cle inflammation and potentially increasing the risk of sarcope-
nia (18, 37, 38). As such, an increase in body fat can contribute
to age-related obesity, and excessive obesity can adversely affect
overall physical condition (39, 40). On the other hand, there is the
concept of the “obesity paradox,” in which obesity reduces mortal-
ity risk in certain diseases or older populations (39), indicating
that an increase in body fat does not always have adverse effects.
Sarcopenic obesity, which combines sarcopenia with obesity, has
been reported to reduce the risk of all-cause mortality compared
with sarcopenia alone (40). Therefore, attention should be paid to
temporal changes in body fat, regardless of the risk of functional
decline, when implementing exercise interventions. Decreases
in muscle and bone mass and BMR were also observed in the
LR group. These results suggest that exercise intervention alone
may not be sufficient to maintain the physical condition of older
adults, such as those in the LR group who have a relatively good
physical status. Muscle loss reduces the mechanical loading
on bones and disrupts bone metabolism (17). Additionally, MM
and body fat were associated with BMR (41). These findings
suggest that combining exercise with nutritional interventions
may be more effective in maintaining and improving body com-
position. Previous studies have reported increases in MM and
strength (42, 43) and fat-free mass, reductions in FM (44), and
improvements in bone mass (45). Therefore, to maintain good
physical condition in older adults, it is essential to focus on body
composition components such as body fat, muscle, and bone, and
to consider comprehensive interventions combining exercise and
nutrition as a future challenge.

When examining changes in body composition and physical
function resulting from exercise interventions, it is necessary to
consider the influence of intervention frequency as a contributing
factor (46). In this study, a significant difference was observed
between the two groups in the distribution of exercise class sites
attended by participants, but no significant difference was found
in the number of sessions attended. The results of the sensitivity
analysis based on participation frequency showed that, in the
HR group, participation frequency was not significantly associ-
ated with any post-intervention measures of body composition
or physical function. Conversely, in the LR group, participation
frequency was significantly associated with SMI, BMR, and
HG after the exercise intervention. These results suggest that,
while the impact of participation frequency is limited in the
HR group—which has relatively lower body composition and
physical function—participation frequency may influence inter-
vention effects in the LR group, which has relatively higher body
composition and physical function.

This study had some limitations. First, as in previous studies
(25, 47), the participants were older individuals with high levels
of physical activity and health awareness, making participant
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selection bias possible. Second, owing to the differences in base-
line characteristics between the HR and LR groups, it was not
possible to confirm interactions between-group and pre-/post-in-
tervention factors. Additionally, the absence of a control group
that did not undergo any exercise intervention underscores the
necessity for a randomized controlled trial with control groups
corresponding to each risk group. A more comprehensive ex-
amination of the relationship between the risk of functional
decline and the effectiveness of exercise intervention is neces-
sary. Third, this study found that the number of exercise class
sessions attended was associated with some intervention effects
on body composition and physical function measures. Exercise
instruction for older adults requires identifying the necessary
exercise frequency and volume to produce meaningful changes
(46). Therefore, future research should further investigate the
effects of intervention duration and frequency to determine more
effective exercise intervention conditions. Fourth, because this
study was limited to two regions (Katsuyama and Sakai cities)
and the sample size was small, generalizability is a concern. In
the future, this study should be expanded to include more re-
gions and confirm the effects of exercise interventions based on
diverse features and a greater number of participants.

We stratified community-dwelling older adults according
to their functional decline risk and verified the effects of an
exercise intervention. In a care prevention program based on a
community-based population strategy, exercise intervention im-
proved physical function and produced certain effects regardless
of the risk level. However, exercise alone has certain challenges
in maintaining body composition, suggesting that a multifaceted
approach that includes nutritional interventions is essential.
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Supplementary Materials 1.  Comparison before-and-after exercise intervention (HR, n=25)

Hodges-Lehmann ~ Venues B (reference Venues A)  Venues C (reference Venues A)

Variable Unit Pre Post p-value £S median difference
(r-value) (95%CI) i 95%CI  pvalue B 95%CI  p-value

Body composition
Height cm 153.8+8.2 154.0+8.3  0.026* 0.45 0.25 (0.05 to 0.40) 0.11 -0.28t00.51 0.56 0.33 -0.16t00.82 0.177
Weight kg 53.9+9.5 54.3+9.4 0.071 0.37 0.45 (—0.05 to 1.00) — — — — — —
BMI % 227+3.4 22.8+3.3 0.32 0.21 0.15 (-0.10 to 0.35) — — — — — —
SMI kg/m?  6.6+0.7 6606 021 —027 -010(-020t00.05 — - - - - -
MM kg 36.4+6.5 36.2£6.3 0.119 -0.31  -0.30 (-0.60 to 0.10) — — — — — —
Leg muscle score point  84.8+7.8 85.2+9.1 0.59 0.11 0.50 (-2.00 to 3.00) — — — — — —
Estimated bone mass kg 2.0+0.4 2.0+0.4 0.62 -0.12  -0.00 (-0.10 to 0.05) — — — — — —
BMR kcal 1065.9+163.8 1062.4+158.8 0.27 -0.22 -6.00(-15.50t05.50) — — — — — —
FM kg 15.5+£5.8 16.2+5.7 0.022%  0.47 0.65 (0.15 to 1.20) 0.30 -0.90to1.50 0.61 0.65 -0.82t02.12 0.37
Body fat percentage % 28.3+7.8 29.3+7.3 0.017* 0.48 1.10 (0.25 to 1.85) 0.86 -0.94t02.67 0.33 111 -1.06t03.28 0.30
Visceral fat level 8.2+4.0 8.1+4.3 0.66 -0.10  -0.00 (~1.00 to 1.00) — — — — — —
:Zi‘ge'b"dy muscle ~0.8+1.2  —09+12 0182 —028 -1.00(-1.00t0-0.00) — - - - - -
PA Whole body ° 4.5+0.5 4.8+0.7 0.038* 0.42 0.30(0.00 to 0.65) -0.13 -0.76t00.50  0.67 -0.65 -1.44t00.14 0.103
PA Both arms ° 5.0+0.5 51+0.6 0.55 0.12 0.05 (-0.15 to 0.25) — — — — — —
PA Both lower limbs ° 4.0+0.7 4.1+0.7 0.066 0.37 0.20 (=0.00 to 0.35) — — — — — —
Physical function
HG kg 26.5+6.8 29.3+6.9 <0.001* 0.76 2.60 (1.55t03.60)  —2.55 —5.08t0—-0.02 0.048* -2.44 -5.80t00.91 0.145
GS m/s 2.0+0.4 24+04  <0.001* 0.72 0.35 (0.20 to 0.50) 016 -0.11to0.42 0.24 -0.33 —-0.66t0-0.00 0.049*
CS S 7.8+2.1 72+2.3 0.097 -0.33 -0.55(-1.12t00.15) — — — — — —
SLS s 45.0+44.3 44.9+43.0 0.64 0.10 2.79(-13.50to 15.50) — — — — — —

Pre, before exercise intervention ; Post, after exercise intervention ; ES, effect size ; BMI, body mass index ; SMI, skeletal muscle mass
index ; MM, muscle mass ; BMR, basal metabolic rate ; FM, fat mass ; PA, phase angle ; HG, handgrip strength ; GS, gait speed ; CS,
chair stand test ; SLS, single-leg stance ; y/o, years old. The criteria for ES were a small effect size, r-value >0.10 ; a medium effect size,
r-value >0.30 ; and a large effect size, r-value >0.50. The criteria for the power value : 0.8. *p-value <0.05. tSensitivity analysis was
performed using multiple linear regression with post-intervention value as the dependent variable and baseline value and venue as inde-
pendent variables.

Supplementary Materials 2. Comparison before-and-after exercise intervention (LR, n=40)

S Hodges-Lehmann ~ Venues B (reference Venues A)" Venues C (reference Venues A)f
Variable Unit Pre Post p-value median difference _
(r-value) (95%CI) B 95%CI  p-value f 95%CI  p-value
Body composition
Height cm 155.9+6.8 156.0+6.7 0.105 0.26 0.15 (-0.05 to 0.35) — — — — — —
Weight ke 54687  547+87 073 005  0.05(-025t0040)  — - - = - -
BMI % 22.5+3.2 22.5+3.1 0.77 —-0.04 —0.05 (-0.20 to 0.15) — — — — — —
SMI kg/m?  7.0+0.8 6.8+0.8 <0.001* -0.64 -0.20(-0.25t0-0.10) 0.04 -0.18t00.26 0.71 0.06 -0.14t00.25 0.56
MM kg 37.2+6.3 36.7+6.0 <0.001* -0.59 -0.55(-0.80t0—0.30) 0.36 -0.34t01.06 0.31 0.47 -0.16t01.09 0.139
Leg muscle score point  92.8+8.9 92.2+8.8 0.082 -0.28 -1.50 (-2.50-0.00) — — — — — —
Estimated bone mass kg 2.2+0.3 21+0.3 0.003*  -0.47 -0.10 (-0.15t0-0.10)  0.04 -0.05t00.12 0.38 0.06 -0.02t00.13 0.138
BMR keal 1108.1+160.8 1095.2+155.6 <0.001* -0.56 —13.00(-19.50to—6.50) 12.14 —6.40t030.69 0.192 14.33 —2.05t030.71 0.084
FM kg 15.2+5.9 15.9+5.6 0.001* 0.51 0.65 (0.25 to 0.95) 016 -1.02to1.34 0.79 -0.37 -142t00.68 0.48
Body fat percentage % 275+17.8 28.7+72 <0.001* 0.60 1.25 (0.70 to 1.80) 0.26 -1.51t02.02 0.77 -0.38 -1.95t01.18 0.62
Visceral fat level 6.6+3.5 6.8+3.6 0.103 0.26 1.00 (-0.00 to 1.00) — — — — — —
:Z(}:rfe'b(’dy muscle 02412  -05+1.2 0003 -047 -1.00(1.00to—1.00) 050 —0.06t01.05 0.078 0.2 -0.18t00.81 0.20
PA Whole body ° 49+0.5 4.9+0.6 0.70 0.04 0.00 (-0.10 to 0.15) — — — — — —
PA Both arms ° 52+0.6 5.3+0.6 0.48 0.08 0.05 (-0.10 to 0.15) — — — — — —
PA Both lower limbs ° 45+0.6 45+0.6 0.180 0.21 0.08 (-0.05 to 0.15) — — — — — —
Physical function
HG kg 28.6+6.6 30.3+6.4 0.002* 0.48 1.70 (0.70 to 2.45) -2.62 -5.20t0-0.03 0.047* -3.12 —5.37t0-0.87 0.008*
GS m/s 2.3+04 26+£0.5 <0.001* 0.64 0.25 (0.15 t0 0.35) 001 —0.30t00.32 096 -0.21 —0.48t00.07 0.133
CS s 75+1.9 6.4+1.5 <0.001* -0.62 -1.10(-1.60to-0.65) -0.11 -1.36to1.14 0.85 -0.45 -1.57t00.68 0.42
SLS s 72.5+48.4 76.1+46.2 0.57 0.09 4.00 (-13.50 to 25.00) — — — — — —

Pre, before exercise intervention ; Post, after exercise intervention ; ES, effect size ; BMI, body mass index ; SMI, skeletal muscle mass
index ; MM, muscle mass ; BMR, basal metabolic rate ; FM, fat mass ; PA, phase angle ; HG, handgrip strength ; GS, gait speed ; CS,
chair stand test ; SLS, single-leg stance ; y/o, years old. The criteria for ES were a small effect size, r-value >0.10 ; a medium effect size,
r-value >0.30 ; and a large effect size, r-value >0.50. The criteria for the power value : 0.8. *p-value <0.05. tSensitivity analysis was
performed using multiple linear regression with post-intervention value as the dependent variable and baseline value and venue as inde-
pendent variables.



