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INTRODUCTION

Japan is a super-aged society, and the elderly population 
has increased rapidly over recent years. The percentage of 
individuals aged >65 years was 26.0% in 2014 and is expect-
ed to reach 39.9% in 2060.1) Because the population is aging, 
nursing care costs have also increased. Currently there are 
approximately 5 million people in Japan who require nurs-
ing care services.2) Consequently, it is important to develop 
ways to increase the proportion of elderly people who do not 
require nursing care.

Locomotive syndrome (LS) is a condition present in the 

late middle-aged to elderly population who are at high risk 
of developing systemic musculoskeletal disability.3,4) There 
are several risk factors that contribute to LS, such as aging, 
osteoarthritis, osteoporosis, muscle weakness, and lumbar 
spinal canal stenosis.5–8) Moreover, women have a higher 
prevalence of LS than men because the levels of testosterone, 
which promotes muscle development, differ between men 
and women.9) Several recent reports have found that exercise 
intervention can lead to positive effects on locomotive func-
tion.10,11)

However, whether voluntary acquisition of exercise habits 
can impact locomotive dysfunction among elderly communi-

Received: September 29, 2020, Accepted: January 13, 2021, Published online: January 30, 2021
a Department of Orthopedic Surgery, Hamamatsu University School of Medicine, Hamamatsu, Japan
b Division of Geriatric Musculoskeletal Health, Hamamatsu University School of Medicine, Hamamatsu, Japan
Correspondence: Tomohiro Yamada, MD, 1-20-1 Handayama, Higashi-ku, Hamamatsu-City, Shizuoka 431-3192, Japan, E-mail: cor-
dial27@gmail.com
Copyright © 2021 The Japanese Association of Rehabilitation Medicine

 
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No 
Derivatives (CC BY-NC-ND) 4.0 License. http://creativecommons.org/licenses/by-nc-nd/4.0/

Progress in Rehabilitation Medicine 2021; Vol. 6, 20210006doi: 10.2490/prm.20210006

Objectives: This longitudinal study aimed to evaluate the effect of acquisition of an exercise habit 
on locomotive dysfunction (LD). Methods: The subjects were 121 male and 196 female volun-
teers aged more than 50 years who attended health checkups in Toei, central Japan, in 2012 and 
2014. We divided the subjects into three groups: an acquiring exercise group (Ac-Ex) composed of 
those who acquired an exercise habit between 2012 and 2014, a non-exercise group (Non-Ex) who 
did not acquire an exercise habit, and an exercise group (Ex) who already had an exercise habit in 
2012. We compared the 25-question Geriatric Locomotive Function Scale (GLFS-25) score among 
the three groups. Results: In men in the Ac-Ex group, the GLFS-25 score improved significantly 
between 2012 and 2014 (P=0.046), and sub-analysis of the GLFS-25 responses showed that fun-
damental and instrumental activities of daily living (ADL) improved significantly. In women in 
the Ac-Ex group, the prevalence of radiologically diagnosed knee osteoarthritis was significantly 
higher (P=0.027) than that for the other two groups, and there was no significant improvement in 
GLFS-25 score over the 2-year period. Conclusions: The acquisition of an exercise habit had a 
positive effect on the locomotive function in men. Orthopedic surgeons must enlighten people on 
the need for a continuous exercise habit.
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ty-dwelling residents and whether sex and other background 
characteristics play a role in this remain uncertain. Given 
the gender-related differences in the prevalence of LS, we 
hypothesized that the influence of acquisition of exercise 
habits would be different between men and women. The aim 
of this study was to evaluate the association between the 
acquisition of exercise habits, locomotive function, and sex 
in community-dwelling elderly people.

MATERIALS AND METHODS

Subjects
The subjects were community-dwelling volunteers who at-

tended a local government basic health checkup in 2012 and 
again in 2014. In the town of Toei, this checkup service is held 
once every 2 years, and the majority of residents attend.12–15) 
Toei is located in Aichi prefecture, in central Japan, and has a 
population of 3200, of which 49.6% are elderly (more than 65 
years old). Toei is in a relatively rural area, and many people 
work in agricultural and forestry industries. In this study, 
which started in 2011, we examined LS by investigating 
motor function, spinal and joint diseases often found in the 
elderly, and osteoporosis during health examinations. The 
background characteristics of the subjects, including age, 
body mass index (BMI), severity of comorbidities, knee or 
lumbar pain scale, bone mineral density (BMD), knee osteo-
arthritis, degenerative spondylosis, the 25-question Geriatric 
Locomotive Function Scale (GLFS-25) score, and physical 
tests, were assessed.

The severity of comorbidities was assessed using the 
Charlson comorbidity index (CCI).16) Pain visual analog 
scales (VASs) were evaluated for knee pain (scores from 0 
to 100, with 100 being the worst pain). The inclusion criteria 
were: (1) Japanese ethnicity, (2) aged more than 50 years, (3) 
participation in physical examinations, and (4) the ability to 
walk independently. Individuals were excluded if they had 
fractures, had undergone surgery, or had experienced dys-
function of the central or peripheral nervous systems during 
the 2-year observation period.

This study was approved by the institutional review boards 
of the authors’ institutions (#15–060). Written informed 
consent was obtained from the subjects who agreed to par-
ticipate in the study.

Definition of Exercise Habits
The brief questionnaire used to collect information on 

physical activity behavior in this study had been validated 
previously.17) The definition of an exercise habit was as fol-

lows: participation in exercise that causes light sweating for 
a period of more than 30 min each time, twice per week, for 
more than a year. Volunteers who already had an exercise 
habit in 2012 and maintained it during the study period 
were classified as the exercise group (Ex). Volunteers who 
acquired an exercise habit during the 2-year study period 
were classified as the acquiring exercise group (Ac-Ex); all 
other volunteers were classified as the non-exercise group 
(Non-Ex). After the health checkup in 2012, we suggested 
that all subjects who did not have an exercise habit should 
start exercising.

Assessment of the GLFS-25 Total Score and 
That for Each Domain

The GLFS-25 is a self-administered but relatively com-
prehensive questionnaire consisting of 25 items graded on a 
5-point scale from no impairment (0 points) to severe impair-
ment (4 points).18) Based on previous reports, we divided the 
GLFS-25 scores into five domains, namely pain, fundamen-
tal activities of daily living (ADL), instrumental ADL, social 
activity, and anxiety.18) We compared the GLFS-25 total 
scores and the scores for the various domains between the 
groups. This analysis was adjusted for sex, which is known 
to be related to LS.19) The primary outcome of this study was 
to investigate the changes over a 2-year period in GLFS-25 
scores among the three groups: Ex, Non-Ex, and Ac-Ex.

Radiographic Evaluation
BMD was evaluated at the femoral neck using dual-energy 

X-ray absorptiometry. Lower limb and lumbar radiography 
were used to diagnose knee osteoarthritis and degenera-
tive spondylosis according to the Kellgren–Lawrence (KL) 
grade.20) Radiographic knee osteoarthritis and degenerative 
spondylosis were defined as a KL grade of ≥2.

Physical Tests
We measured the duration of the one-leg standing test 

performed in the limited space of an outpatient office, with 
the duration defined as the time for which the subjects, with 
their eyes open, could balance on one leg. We measured this 
duration for both the right and left legs, and the results of the 
leg with the longer duration were used for statistical analy-
sis.21) We also assessed long seat type body anteflexion and 
the functional reach test.22)

Statistical Analysis
Statistical analyses were performed using the SPSS version 

25 statistical software package (IBM-SPSS, Chicago, IL, 
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USA). The background characteristics, GLFS-25 scores, and 
physical test results among the three groups were assessed 
using one-way analysis of variance (ANOVA) and χ2 tests. 
Post-ANOVA comparisons were made using the Tukey test. 
The changes in GLFS-25 scores and the physical test results 
in each group were assessed using paired t-tests or Wilcoxon 
signed rank sum tests. The primary outcome of this study 
was the change in GLFS-25 scores, and the secondary out-
come was the change in physical test results among the three 
groups. A P-value <0.05 was considered to be statistically 
significant.

RESULTS

A total of 628 volunteers participated in the medical ex-
amination in 2012. Of these, we could not obtain follow-up 
questionnaire data from 279, and those volunteers were ex-
cluded. Of the remaining 349 volunteers, 32 were excluded, 
leaving 317 (121 men, mean age 72.2 years, and 196 women, 
mean age 71.5 years) for inclusion in this study (Fig. 1). Of 

these 317 subjects, 130 were in the Ex group, 147 were in 
the Non-Ex group, and 40 were in the Ac-Ex group. Table 
1 shows a comparison of the eligible volunteers (available to 
complete questionnaires in 2012 and 2014) and the excluded 
volunteers. There was no significant difference in back-
ground data between volunteers who dropped out and those 
who were included in the analysis.

Table 2 shows the baseline demographic data in the three 
groups according to sex. There were significantly more 
women with knee osteoarthritis in the Ac-Ex group. In men, 
BMI, CCI, VAS, BMD, knee osteoarthritis, and degenera-
tive spondylosis showed no significant differences among the 
three groups. Furthermore, Table 3 shows the changes in the 
GLFS-25 scores and physical test results between 2012 and 
2014 in the three groups. The GLFS-25 scores in men in the 
Ac-Ex group decreased significantly in the 2-year period. In 
contrast, GLFS-25 scores in women in the Ac-Ex group did 
not decrease significantly. GLFS-25 scores in the Ex group 
in both sexes were considered likely to decrease, whereas 

Prog. Rehabil. Med. 2021; Vol.6, 20210006 3

Fig. 1. Flow chart of subject selection and study design.
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Table 1. Comparison of the eligible (n=317) and excluded (n=311) volunteers

Background Eligible (n=317) Excluded (n=311) P values
Age (years) 73.9 ± 7.0 72.4 ± 11.4 0.83
Female (n) 196 (61.8%) 172 (55.4%) 0.23
BMI (kg/m2) 22.5 ± 2.9 22.4 ± 3.2 0.61
CCI 2.92 ± 0.86 3.02 ± 1.22 0.32
GLFS-25 9.5 ± 10.2 8.3 ± 10.5 0.34
Data are presented as the mean ± standard deviation or n.  

BMI: body mass index, CCI: Charlson comorbidity index, GLFS-25: the 25-question Geriatric Locomotive Function Scale.

Table 2. Comparison of baseline (2012) demographic variables among Ex, Non-Ex, and Ac-Ex groups

Men Women
Background Ex  

(n=42)
Non-Ex 
(n=64)

Ac-Ex 
(n=15)

P values Ex  
(n=88)

Non-Ex 
(n=83)

Ac-Ex 
(n=25)

P values

Age (years) 73.9 ± 7.0 72.1 ± 7.9 73.5 ± 6.7 0.24 72.8 ± 6.0 70.9 ± 7.8 72.5 ± 7.2 0.15
BMI (kg/m2) 22.7 ± 2.3 22.6 ± 2.9 23.4 ± 2.6 0.61 22.3 ± 2.8 22.3 ± 3.2 22.1 ± 2.7 0.48
CCI 3.41 ± 1.14 3.40 ± 1.39 3.71 ± 1.49 0.47 3.28 ± 1.27 3.22 ± 1.11 3.18 ± 0.98 0.38
VAS (mm) 21.2 ± 23.3 23.3 ± 20.1 21.4 ± 22.4 0.91 22.5 ± 19.0 26.5 ± 22.3 23.1 ± 21.4 0.58
BMD (%YAM) 78.4 ± 13.1 78.1 ± 13.9 79.1 ± 17 0.95 69.5 ± 11.5 71.6 ± 12.8 71.6 ± 12.9 0.49
Knee  
osteoarthritis (%) 17 (41) 19 (30) 6 (40) 0.20 52 (59) 45 (54) 19 (76) 0.027*

Degenerative  
spondylosis (%) 18 (43) 38 (59) 7 (47) 0.062 48 (55) 53 (64) 16 (64) 0.32

Data are presented as the mean ± standard deviation or n.  
VAS: visual analog scale, BMD: bone mineral density, YAM: young adult mean. 
*Statistically significant (P<0.05).

Table 3. Comparison of GLFS-25 scores and physical test results among Ex, Non-Ex and Ac-Ex groups

Men Women
Ex (n=42) Non-Ex 

(n=64)
Ac-Ex 
(n=15)

P values Ex  
(n=88)

Non-Ex 
(n=83)

Ac-Ex 
(n=25)

P values

GLFS-25 score
Baseline 7.7 ± 10.2 7.1 ± 8.0 7.9 ± 9.8 0.93 8.2 ± 7.3 12.5 ± 12.3 7.9 ± 7.7 0.072
After 2 years 7.3 ± 9.9 9.3 ± 11.9 4.7 ± 4.6 0.28 8.2 ± 7.5 13.1 ± 11.8 7.6 ± 8.3 0.087
P values 0.74 0.030* 0.032* 0.96 0.75 0.89
One-leg standing test (s)
Baseline 38.0 ± 22.3 42.3 ± 20.5 47.9 ± 19.0 0.27 41.0 ± 23.6 45.0 ± 22.1 45.0 ± 22.0 0.67
After 2 years 38.0 ± 23.5 37.5 ± 23.4 49.6 ± 19.7 0.29 40.0 ± 22.5 37.4 ± 23.9 46.5 ± 22.9 0.44
P values 0.99 0.079 0.86 0.56 0.059 0.73
Long seat forward bending (cm)
Baseline 27.8 ± 9.4 33.5 ± 12.7 30.4 ± 7.9 0.25 34.9 ± 7.1 33.6 ± 7.7 34.0 ± 7.5 0.52
After 2 years 30.0 ± 10.3 32.4 ± 9.5 33.3 ± 7.8 0.46 35.6 ± 8.4 32.6 ± 8.9 34.8 ± 8.6 0.085
P values 0.11 0.52 0.36 0.29 0.11 0.89
Functional reach test (cm)
Baseline 37.0 ± 6.6 38.4 ± 6.5 38.2 ± 7.2 0.30 34.4 ± 6.9 35.0 ± 7.1 36.1 ± 5.7 0.79
After 2 years 37.7 ± 7.6 37.1 ± 7.5 38.4 ± 5.2 0.77 35.5 ± 7.7 34.0 ± 7.6 38.7 ± 5.5 0.097
P values 0.49 0.14 0.91 0.22 0.12 0.42
Data are presented as the mean ± standard deviation.  

*Statistically significant (P<0.05).
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GLFS-25 scores in Non-Ex men increased significantly. All 
physical tests in Ac-Ex in both men and women tended to 
show improvement in scores but did not show significant dif-
ferences. In contrast, the results of physical tests in the Non-
Ex group tended to deteriorate, particularly for the one-leg 
standing test. Figure 2 shows the changes in GLFS-25 scores 
for each domain for men and for women in the Ac-Ex group. 
In men in the Ac-Ex group, fundamental and instrumental 
ADL scores in 2014 were significantly lower than those in 
2012.

DISCUSSION

In this study, we hypothesized that the impact of newly 
acquired exercise habits on the GLFS-25 score would be dif-
ferent for men and women among elderly residents in Japan. 
In support of this hypothesis, GLFS-25 scores were found 
to have improved significantly in men in the Ac-Ex group 
(Table 3), particularly in the fundamental and instrumental 
ADL domains. In contrast, the scores did not improve sig-
nificantly among women.

Acquiring an exercise habit exerted a beneficial effect on 
a wide range of improved abilities, from sitting-to-standing 

transitions to using a bus or train (Fig. 2A). It seems pos-
sible that these results can be explained by differences in the 
frequency of resistance training between men and women. 
Hunter et al. discovered that a resistance training program 
significantly increased muscular strength and lean body 
mass.23) Kwak et al. found that elastic-band resistance train-
ing positively influenced older people’s balance and gait 
function.24) Although we recommend further study focusing 
on the details of exercise habits, our results reinforce the idea 
that acquiring physical exercise habits prevents older adults 
from requiring residential aged care.

Another important finding was that there was no signifi-
cant improvement in GLFS-25 scores following the acquisi-
tion of an exercise habit in women (Fig. 2B, Table 3). We 
also revealed that the prevalence of radial knee osteoarthritis 
in women in the Ac-Ex group was significantly higher than 
that in the non-Ex group at baseline (Table 2). Previous 
studies have shown that female sex and clinical knee osteo-
arthritis are specific risk factors for LS.25,26) Ohsawa et al.27) 
reported that proper care of clinical knee osteoarthritis is 
needed to prevent progressive walking disability. However, 
baseline knee VAS did not differ among the three groups, 
and no differences were found in clinical knee osteoarthritis 
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Fig. 2. GLFS-25 scores in the exercise acquiring group for each domain. (A) Comparison between the men’s scores in 2012 
and 2014. (B) Comparison between women’s scores in 2012 and 2014. *Statistically significant (P<0.05).
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prevalence in men in this study. Therefore, a detailed survey 
relating to the exercise regimens of women who acquire an 
exercise habit is recommended for future studies.

Several studies have demonstrated a relationship be-
tween exercise habits and LS among community-dwelling 
people.28–30) Kota et al.31) reported that home exercise inter-
vention led to improved physical function in community-
dwelling elderly individuals. Maruya et al.32) showed the 
effectiveness of a 6-month exercise program for improving 
GLFS-25 scores. Similar to these studies, we demonstrated 
that the Ex group in both sexes maintained their GLFS-25 
scores in this study. That finding supported the validity of 
the hypothesis that maintaining an exercise habit plays an 
important role in sustaining locomotive function.

The current study has some limitations. First, the number 
of volunteers was relatively small, and, in particular, the 
inclusion rate was only 50% (317/628). However, there was 
no significant difference in backgrounds between volunteers 
who dropped out and those who were evaluated (Table 1). 
Second, most of the volunteers had previously worked in 
agriculture and forestry-related occupations, so they prob-
ably had some degree of interest in their health. The subjects 
in this study may differ from people who live in urban areas 
or in other rural regions. Third, the questionnaires did not 
elucidate the specific types of exercise undertaken by the 
subjects. Lim et al.33) reviewed the literature and found 
evidence that exercise with increased velocity and eccentric 
strength can improve lower extremity function among the 
aging population. Therefore, further experimental investiga-
tions are needed to establish which types of exercises are 
effective for improving movement capacity. Regardless of 
these limitations, the strength of this study was the longitu-
dinal evaluation of the influence of newly-acquired exercise 
habits on GLFS-25 scores in both men and women.

In conclusion, our findings indicated that middle-aged 
and elderly men who acquire an exercise habit after a health 
checkup show significantly improved GLFS-25 scores. Fur-
ther study into the exercise regimens of both men and women 
is recommended. Orthopedic surgeons should encourage 
people to adopt an exercise habit.
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