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Abstract. [Purpose] To examine the associations of exercise habits, particularly exercising in a group, with physi-
cal and cognitive functions in community-dwelling older adults. [Participants and Methods] A total of 615 older 
adults participated in this cross-sectional study. We conducted three physical performance tests (grip strength, five 
times sit-to-stand, and 5-meter walk tests) and the Five-Cog test (attention, memory, visuospatial, language, and 
reasoning). We investigated exercise habits using questionnaires and classified the participants into three groups as 
follows: those who did not exercise (n=86), those who exercised alone (n=168), and those who exercised in a group 
(n=362). To clarify the associations of exercise habits with physical and cognitive functions, we used the analysis of 
covariance with adjustment for potential confounders. [Results] The participants who exercised in a group had bet-
ter lower limb strength than those who exercised alone and better scores for all the variables than the non-exercisers. 
Furthermore, those who exercised in a group scored significantly higher on the attention, memory, visuospatial, and 
overall cognitive function tests than those who exercised alone. [Conclusion] Our results highlight the importance 
of the social aspects associated with exercising, such as the presence of exercise peers, to improve the physical and 
cognitive health of older adults.
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INTRODUCTION

Regular exercise has positive effects on various health outcomes among older adults, thereby preventing functional limita-
tion and prolonging life expectancy1–3). Throughout the past few decades, numerous researchers have examined the health 
benefits of exercise to determine the optimal exercise frequency and intensity for older adults4, 5). Hence, there are global 
physical activity recommendations with regard to quantitative aspects such as intensity, duration, and frequency6).

In recent years, an increasing number of studies have focused on the effects of exercise with others (e.g., with friends or 
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spouses) with respect to health benefits for older adults. A review of group exercise emphasized that exercising with others 
carried more benefits than exercising alone; these benefits included improved exercise adherence, positive psychological 
factors, and stronger social relationships7). For example, previous observational studies have demonstrated that those who 
exercised with others reported fewer depressive symptoms, better mental well-being, better subjective health status, fewer 
instances of falls, and higher levels of physical activity than those who exercised alone8–13). Additionally, we previously 
conducted a 5 year longitudinal study to examine the effects of group exercise on the incidences of functional disability and 
mortality, and found that those who exercised with others tended to be at a lower risk of these outcomes14).

Although physical and cognitive functions are important predictors of the development of functional disabilities, studies 
examining the effects of group exercise on these two factors remain scarce. Regarding physical function, two previously 
conducted cross-sectional studies reported no differences between those who exercise with others and those who exercise 
alone9, 13). However, since those studies used self-administered questionnaires to assess physical function, measurement error 
and a ceiling effect can be presumed. Further studies using objective measures of physical function are necessary to clarify 
the association between group exercise and physical function.

Additionally, cognitive function has not been directly compared between those who exercise with others and those who 
exercise alone. Participation in sports groups or community salons, including light physical activity and social interaction, 
was associated with a lower risk of cognitive decline15, 16). Therefore, it is possible to confirm a positive relationship between 
exercise with others and cognitive function.

Accordingly, we investigated the associations between exercising with others and physical and cognitive functions among 
community-dwelling older adults. We hypothesized that older adults who exercise with others would display higher levels of 
physical and cognitive function than those who exercise alone or not at all.

PARTICIPANTS AND METHODS

This cross-sectional study was based on data from the Kasama Study, which has been conducted annually since 2009 in 
Kasama City in rural Japan17). In the Kasama Study, older adults (aged 65 years and older) without a certification of long-
term care need18) were randomly sampled and invited to receive a health checkup at one of the study sites. We combined 
data from the Kasama Study’s reports from 2017 to 2019 into a single data set. In the case that a participant took part in this 
survey more than once during this period, we adopted only the data from the first participation. A total of 691 older adults par-
ticipated in the study, and 75 were excluded due to missing data. As a result, data from 616 participants were included in the 
final analysis. The mean age of participants was 74.2 ± 5.2 years, and males comprised 48.2% of the participant population.

To assess physical function, we conducted three physical performance tests: a Grip Strength test, the Five Times Sit-to-
Stand test, and a 5-Meter Walk test. These three tests are known to be predictors of future development of functional dis-
ability19). Grip strength was measured twice on each hand by a grip dynamometer (TKK 5401; Takei Scientific Instruments 
Co., Ltd., Niigata, Japan), and the average of the better values from each hand was calculated and incorporated. To assess 
lower-limb muscle strength, we conducted the Five Times Sit-to-Stand test. Participants were asked to stand up and sit down 
in a chair five consecutive times as quickly as possible. Each participant was timed twice, and the faster record was adopted. 
We assessed usual gait speed using the 5-Meter Walk test. Participants were asked to walk a straight line separated into 
sections of 3 meters, 5 meters, and 3 meters at their usual speed, and the time spent in the middle 5 meters was measured. The 
test was conducted twice in a row for each participant, and the faster record was adopted.

To test cognitive function, we used the Five-Cog test developed by the International Psychogeriatric Association to detect 
age-associated cognitive decline20). This test consisted of the following five domains: (1) “character position referencing 
task” to assess attention; (2) “category cued recall task” to assess memory; (3) “clock drawing task” to assess visuospatial 
function; (4) “animal name listing task” to assess language; and (5) “analogy task” to assess reasoning. A higher score 
indicated better performance, and the sum of all domains was used as each participant’s total Five-Cog score.

Current exercise habits were assessed using the following two questions: “Do you exercise on your own?” and “Do you 
exercise with others?”. Participants were asked to select a response from the following five options for each question: “rarely”, 
“one to three times a month”, “once a week”, “two to three times a week”, or “four or more times a week”. According to the 
answers, we classified participants into three groups. Those who answered “rarely” for both questions were defined as “non-
exercise”; those who only exercised on their own were categorized as “exercising alone”; and those who only exercised with 
others or did both types of exercise were classified as “exercising with others”, in accordance with previous studies8, 11, 13).

We also collected the following information from each participant: age, gender, living status (living alone or not), subjec-
tive economic condition (poor or normal/good), medical history (stroke, heart disease, and joint pain), educational status (less 
than high school education, high school education, or more than high school education), alcohol consumption (never, a few 
days a month, or once or more a week), smoking status (current smoker or not), social network, depressive symptoms, and 
physical activity. Additionally, body mass index (BMI) was calculated from each participant’s measured height and weight. 
Social network was assessed by the Lubben Social Network Scale-6 (LSNS)21). This scale included six items regarding 
social engagement with family and friends. The scale ranged from 0 to 30, and higher point values indicated larger social 
network sizes. Depressive symptoms were assessed by the Geriatric Depression Scale Short Form (GDS-SF)22). This assess-
ment consisted of 15 questions requiring “yes” or “no” answers. Higher point totals indicated higher levels of depressive 
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symptoms. To assess physical activity levels, we used the Physical Activity Scale for the Elderly (PASE)23). PASE included a 
12-item survey regarding three domains of physical activity (leisure, household, and work-related activity) over the previous 
seven days. The items were weighted on the basis of intensity, and the total score was used to represent the overall physical 
activity level.

To compare the characteristics of each categorized exercise group, we used χ2 tests for categorical variables and analysis 
of variance (ANOVA) for continuous variables. To examine the associations of exercise habits with physical and cognitive 
functions, we used the general linear model. Mean values for physical and cognitive functions by exercise habits were cal-
culated using ANOVA and the analysis of covariance (ANCOVA) with two models: model 1 (adjusted for age, gender, BMI, 
living status, economic condition, medical history, educational status, alcohol consumption, smoking status, social network, 
and depressive symptoms) and model 2 (adjusted for all factors listed in model 1 plus physical activity level). Two models 
(with and without adjustment for physical activity level) were used because physical activity levels can be considered as both 
confounders and mediators. We also conducted a post-hoc test with Bonferroni adjustment in all models. All analyses were 
performed using IBM SPSS 26.0 (IBM Corp., Armonk, NY, USA), and the significance level was set at 5% for all.

This study was conducted in accordance with the Helsinki Statement and approved by the Ethical Committee of the 
University of Tsukuba (Ref No., Tai 30-5). Before the study, we explained the study’s purpose to participants and obtained 
written informed consent from all of them.

RESULTS

Table 1 shows participant demographics according to exercise classification. Among the 616 participants, 14.0%, 27.3%, 
and 58.8% were non-exercisers, those who exercised alone, and exercised with others, respectively. Differences existed 
among the groups with regard to economic condition, history of stroke, educational status, smoking status, social network 
(LSNS), depressive symptoms (GDS), and physical activity level (PASE).

Table 2 shows the associations between exercise habits and physical function. Significant group differences were con-
firmed for all variables. According to the post-hoc test, participants who exercised with others displayed higher levels that 
non-exercisers for all physical functions. Compared to those who exercised alone, those who exercised with others demon-

Table 1.  Characteristics of participants by exercise group

Variables Non-exercise Exercising alone Exercising with others p
N (%) 86 (14.0) 168 (27.3) 362 (58.8)
Age (years)† 74.4 (5.7) 74.9 (5.5) 73.9 (4.9) 0.07
Male (n, %) 43 (50.0) 77 (45.8) 146 (40.3) 0.19
Height (cm)† 156.6 (8.7) 156.6 (8.9) 156.2 (8.4) 0.88
Weight (kg)† 57.8 (9.2) 58.2 (10.1) 56.2 (10.6) 0.39
BMI (kg/m2)† 23.5 (3.3) 22.8 (3.1) 22.9 (3.1) 0.15
Living alone (n, %) 9 (10.5) 23 (13.7) 37 (10.2) 0.49
Poor economic condition (n, %) 20 (23.3) 29 (17.3) 44 (12.2) 0.02
Stroke (n, %) 9 (7.0) 7 (4.2) 5 (1.4) 0.01
Heart diseases (n, %) 9 (10.5) 21 (12.5) 42 (11.6) 0.89
Joint pain (n, %) 31 (36.0) 47 (28.0) 106 (29.4) 0.38
Educational status (n, %) 0.01

Less than high school education 22 (25.6) 45 (26.8) 55 (15.2)
High school graduate 48 (55.8) 84 (50.0) 207 (57.2)
More than high school education 16 (18.6) 39 (23.2) 100 (27.6)

Alcohol consumption (n, %) 0.49
Never 58 (67.4) 94 (56.0) 214 (59.1)
Few days a month 5 (5.8) 17 (10.1) 32 (8.8)
Once or more a week 23 (26.7) 57 (33.9) 116 (32.0)

Current smoker (n, %) 10 (11.6) 8 (4.9) 18 (5.0) 0.05
LSNS score (point)† 16.0 (5.4) 16.4 (5.7) 19.1 (5.1) < 0.01
GDS score (point)† 4.1 (2.9) 3.8 (3.0) 2.0 (2.8) < 0.01
PASE score (point)† 103.8 (61.9) 120.7 (52.7) 127.5 (52.0) < 0.01
†Each value is presented as mean (standard deviation). The p-value for differences between groups was calculated using χ2 tests 
for categorical variables and analysis of variance for continuous variables. BMI: body mass index; LSNS: Lubben Social Net-
work Scale; GDS: Geriatric depression scale; PASE: Physical Activity Scale for the Elderly.
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strated better lower-limb muscle strength after adjustment for potential confounders, including physical activity. Between 
non-exercisers and lone exercisers, there was a significant difference in grip strength only.

Table 3 shows the associations of exercise habits with cognitive function. Compared to non-exercisers, those who exer-

Table 2.  Mean values of physical function by exercise group

Outcomes Non-exercisea Exercising aloneb Exercising with othersc p Post hoc
Grip Strength (kg)

Unadjusted 26.05 (0.79) 27.22 (0.57) 27.38 (0.39) 0.32
Model 1 25.39 (0.49) 27.28 (0.35) 27.51 (0.24) < 0.01 a < b, c
Model 2 25.46 (0.49) 27.26 (0.35) 27.50 (0.24) < 0.01 a < b, c

5 Times Sit-to-Stand test (sec)
Unadjusted 8.62 (0.21) 8.16 (0.15) 7.40 (0.10) < 0.01 c < a, b
Model 1 8.37 (0.20) 8.03 (0.14) 7.52 (0.10) < 0.01 c < a, b
Model 2 8.35 (0.20) 8.03 (0.14) 7.52 (0.10) < 0.01 c < a, b

5-Meter Walk test (sec)
Unadjusted 3.82 (0.07) 3.69 (0.05) 3.44 (0.03) < 0.01 c < a, b
Model 1 3.73 (0.07) 3.63 (0.05) 3.49 (0.03) < 0.01 c < a
Model 2 3.72 (0.07) 3.63 (0.05) 3.49 (0.03) < 0.01 c < a

Each value is presented as mean (standard error). Model 1: Adjusted for age, gender, BMI, living status, economic condition, 
medical history, educational status, alcohol consumption, smoking status, social network, and depressive symptoms. Model 2: 
Additional adjustment for physical activity level. Significant letters (a, b and c) indicate group differences at p<0.05 with multiple 
comparisons by the Bonferroni adjustment.

Table 3.  Mean values of cognitive function by exercise group

Outcomes Non-exercisea Exercising aloneb Exercising with othersc p Post hoc
Attention (point)

Unadjusted 21.07 (0.87) 20.43 (0.62) 23.85 (0.42) < 0.01 a, b < c
Model 1 22.18 (0.75) 21.40 (0.53) 23.14 (0.37) 0.03 b < c
Model 2 22.14 (0.76) 21.41 (0.54) 23.14 (0.37) 0.03 b < c

Memory ability (point)
Unadjusted 15.06 (0.73) 15.48 (0.53) 18.08 (0.36) < 0.01 a, b < c
Model 1 15.81 (0.71) 15.94 (0.50) 17.69 (0.34) < 0.01 b < c
Model 2 15.73 (0.71) 15.96 (0.50) 17.70 (0.34) < 0.01 a, b < c

Visuospatial function (point)
Unadjusted 6.59 (0.09) 6.45 (0.07) 6.73 (0.04) < 0.01 b < c
Model 1 6.60 (0.09) 6.46 (0.07) 6.73 (0.05) < 0.01 b < c
Model 2 6.58 (0.09) 6.46 (0.07) 6.73 (0.05) < 0.01 b < c

Language ability (point)
Unadjusted 15.57 (0.58) 16.16 (0.41) 17.87 (0.28) < 0.01 a, b < c
Model 1 16.24 (0.54) 16.63 (0.38) 17.50 (0.26) 0.05
Model 2 16.18 (0.54) 16.64 (0.38) 17.51 (0.26) 0.04

Reasoning ability (point)
Unadjusted 10.51 (0.40) 10.32 (0.29) 11.17 (0.20) 0.03 b < c
Model 1 10.97 (0.35) 10.65 (0.25) 10.91 (0.17) 0.63
Model 2 10.92 (0.36) 10.66 (0.25) 10.92 (0.17) 0.68

Total Five-Cog score (point)
Unadjusted 68.80 (2.11) 68.83 (1.51) 77.71 (1.03) < 0.01 a, b < c
Model 1 71.80 (1.82) 71.07 (1.29) 75.96 (0.88) < 0.01 b < c
Model 2 71.56 (1.83) 71.12 (1.29) 75.99 (0.88) < 0.01 b < c

Each value is presented as mean (standard error). Model 1: Adjusted for age, gender, BMI, living status, economic condition, 
medical history, educational status, alcohol consumption, smoking status, social network, and depressive symptoms. Model 2: 
Additional adjustment for physical activity level. Significant letters (a, b and c) indicate group differences at p<0.05 with multiple 
comparisons by the Bonferroni adjustment.
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cised with others demonstrated significantly better memory abilities in covariate models. Those who exercised with others 
scored higher for attention, memory ability, visuospatial function, and total Five-Cog score than those who exercised alone.

DISCUSSION

In the present study, we examined the associations of exercise habits with physical and cognitive functions among older 
adults. Results demonstrated that those who exercised with others displayed better physical function and memory abilities 
than non-exercisers. Furthermore, compared to those who exercised alone, those who exercised with others displayed signifi-
cantly better lower-limb muscle strength, attention, memory abilities, visuospatial function, and overall cognitive function. 
These results suggest that among community-dwelling older adults, exercising with others has more desirable benefits for 
physical and cognitive functions than exercising alone.

In similar observational studies, there were no significant differences in physical functions between those who exercised 
alone and those who exercised with others9, 13). However, these studies were limited in that physical function was assessed 
with only a self-reported questionnaire—the Motor Fitness Scale, which consists of 14 “yes” or “no” items related to mobil-
ity, strength, and balance (e.g., “I can walk up to and down from the second floor”, “I can carry something weighing 10 
pounds (e.g., a 1 gallon milk bottle)”, and “I can touch the floor with my fingertips while standing with extended knees”)24). 
Although this scale can simply and safely assess physical function and predict the risk of functional disability25), it may not 
have been adequate to detect differences among exercisers due to some overestimating and ceiling effects. In our study, we 
used performance-based tests and clarified a positive relationship between exercising with others and physical functions, 
especially lower-limb muscle strength. Because improved lower-limb muscle strength significantly facilitates the effect of 
exercise on preventing functional limitations26), this supports our previous results that exercise with others is associated with 
a lower risk of functional disability14).

On the other hand, grip strength and walking ability were not significantly different between those who exercised with 
others and alone after adjustment for potential confounders. In the LIFE study, which followed participants over a period of 
2 years, exercise intervention related to walking, strength, and balance training significantly improved lower-limb muscle 
strength but not hand grip strength or usual gait speed26). These results suggested that lower-limb muscle is more susceptible 
to the effects of exercise than the other physical functions. Additionally, a previous meta-analysis showed that the effect of 
exercise on hand grip strength was of relatively small magnitude among older adults27). While hand grip strength can serve as 
a predictor for the development of functional disability and mortality19, 28), it may not be an appropriate measure to assess the 
effects of exercise in older adults. In terms of usual gait speed, since the participants in this study were relatively healthy—in 
fact, only 2.1% displayed what is considered a slow walking speed defined by the OSHPE criteria (<1 m/s)29)—there was 
no significant difference between those who exercised alone and with others. From the results of these previous studies, it is 
reasonable that our results have confirmed a significant difference in lower-limb muscle strength only in those who exercised 
alone and with others.

Notably, the present study revealed that those who exercise with others demonstrate better attention, memory, visuospa-
tial, and overall cognitive functions than those who exercise alone. Previously, regular exercise has been associated with 
good cognitive function30). Furthermore, participation in group sports or community salons was associated with a lower 
risk of cognitive impairment15, 16). Our results are in line with those from the previous study; they demonstrate the positive 
relationship between exercise with others and cognitive function. Furthermore, those who exercised alone did not differ from 
non-exercisers with regard to all cognitive variables. These results highlight the importance of participation in group exercise 
for maintaining good cognitive function. On the other hand, a significant difference between the non-exercisers and those 
who exercised with others was regarding memory. Since the total Five-Cog score for the group who exercised with others 
tended to be significantly higher than the non-exercise group in model 2 (p=0.01), further research, with a large sample size, 
is warranted to establish associations.

Improved exercise adherence is considered to be a possible result of group exercise7). A previous study showed that 
group exercise may lead participants to more easily maintain their exercise adherence31); indeed, those who exercised with 
others displayed higher levels of physical activity; this is true both in our results and in those from the previous study13). 
Nevertheless, we confirmed that the associations of exercise with physical and cognitive function hardly changed, even after 
adjusting for the amount of physical activity. These results indicate that the amount of physical activity (calculated using 
intensity, duration, and frequency) does not influence the associations between exercising with others and physical and 
cognitive functions.

Another possible mechanism is the effect of social relationships, including social activity, social networks, and social sup-
port. These factors are inherently involved in group exercise and may contribute to the maintenance of health. For example, 
previous studies have shown that social relationships were positively associated with physical and cognitive functions32–34). 
The benefits for physical health may be incurred through the following seven psychosocial pathways set forth by Thoits’ 2011 
study: social influence/social comparison, social control, role-based purpose and meaning (mattering), self-esteem, sense 
of control, belonging and companionship, and perceived support availability35). Regarding benefits for cognitive function, 
social relationships may contribute via cognitive stimulation and buffering effects of stress32). The underlying mechanisms 
behind the positive associations between group exercise and physical and cognitive functions remain unclear; these social 
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benefits may play a role.
Although our study revealed the positive associations between exercise with others and physical and cognitive functions, 

there are several limitations that require consideration. First, due to the cross-sectional study design, reverse causality cannot 
be assumed. Further longitudinal or intervention studies are needed to clarify the effects of exercise with others on physical 
and cognitive functions. Second, because the study population consisted only of older adults who were able to come for 
a physical examination, a sampling bias may be present. In fact, the exercisers made up a significant portion of the study 
population (>85%); this indicates that our participants tended to be healthier than the general older population. Therefore, 
care should be taken when generalizing the results of this study. Third, because exercise habits were self-reported, a measure-
ment bias may exist. Although many previous studies used the same or a similar questionnaire8, 9, 11–14), there was no evidence 
regarding the validity and reliability of the measurements. Combined use of a diary and an accelerometer is necessary to con-
firm the actual duration and intensity of group exercise. Finally, this study did not evaluate types of exercise. Different types 
of exercise may be performed by those who exercise alone and those who exercise with others. Therefore, we are unable to 
strictly distinguish between the effects of peers and the effects of the type of exercise. In the future, we plan to compare the 
same type of exercise (e.g., walking, strength training, aerobic exercise, etc.) to further clarify the effects of exercise peers.

In conclusion, among community-dwelling older adults, those who exercised with others tended to display higher physical 
and cognitive functions than non-exercisers and those who exercised alone. These results highlight the importance of social 
aspects of exercise, such as the presence of exercise peers, in the promotion of health for older adults. Physical and cognitive 
function are crucial factors in maintaining independence; therefore, our findings may be useful in effectively promoting 
health in older adults. Further longitudinal studies are warranted to estimate the causal effects and establish further evidence.

Funding
This research was supported by a Grant-in-Aid for Japan Society for the Promotion of Science Fellows (19J14505).

Conflicts of interest
The authors declare no conflicts of interest associated with this manuscript.

REFERENCES

1) Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, et al. American College of Sports Medicine: American College of Sports Medicine position stand. 
Exercise and physical activity for older adults. Med Sci Sports Exerc, 2009, 41: 1510–1530. [Medline]  [CrossRef]

2) Paterson DH, Warburton DE: Physical activity and functional limitations in older adults: a systematic review related to Canada’s Physical Activity Guidelines. 
Int J Behav Nutr Phys Act, 2010, 7: 38. [Medline]  [CrossRef]

3) Arem H, Moore SC, Patel A, et al.: Leisure time physical activity and mortality: a detailed pooled analysis of the dose-response relationship. JAMA Intern 
Med, 2015, 175: 959–967. [Medline]  [CrossRef]

4) King AC, Rejeski WJ, Buchner DM: Physical activity interventions targeting older adults. A critical review and recommendations. Am J Prev Med, 1998, 15: 
316–333. [Medline]  [CrossRef]

5) Warburton DE, Bredin SS: Health benefits of physical activity: a systematic review of current systematic reviews. Curr Opin Cardiol, 2017, 32: 541–556. 
[Medline]  [CrossRef]

6) Piercy KL, Troiano RP, Ballard RM, et al.: The physical activity guidelines for Americans. JAMA, 2018, 320: 2020–2028. [Medline]  [CrossRef]
7) Kanamori S, Takamiya T, Inoue S: Group exercise for adults and elderly: determinants of participation in group exercise and its associations with health out-

come. J Phys Fit Sports Med, 2015, 4: 315–320.  [CrossRef]
8) Kanamori S, Takamiya T, Inoue S, et al.: Frequency and pattern of exercise and depression after two years in older Japanese adults: the JAGES longitudinal 

study. Sci Rep, 2018, 8: 11224. [Medline]  [CrossRef]
9) Makino K, Ihira H, Mizumoto A, et al.: Associations between the settings of exercise habits and health-related outcomes in community-dwelling older adults. 

J Phys Ther Sci, 2015, 27: 2207–2211. [Medline]  [CrossRef]
10) Harada K, Masumoto K, Kondo N: Exercising alone or exercising with others and mental health among middle-aged and older adults: longitudinal analysis of 

cross-lagged and simultaneous effects. J Phys Act Health, 2019, 16: 556–564. [Medline]  [CrossRef]
11) Kanamori S, Takamiya T, Inoue S, et al.: Exercising alone versus with others and associations with subjective health status in older Japanese: The JAGES 

Cohort Study. Sci Rep, 2016, 6: 39151. [Medline]  [CrossRef]
12) Hayashi T, Kondo K, Kanamori S, et al.: Differences in falls between older adult participants in group exercise and those who exercise alone: a cross-sectional 

study using Japan Gerontological Evaluation Study (JAGES) data. Int J Environ Res Public Health, 2018, 15: 1413. [Medline]  [CrossRef]
13) Seino S, Kitamura A, Tomine Y, et al.: Exercise arrangement is associated with physical and mental health in older adults. Med Sci Sports Exerc, 2019, 51: 

1146–1153. [Medline]  [CrossRef]
14) Fujii Y, Fujii K, Jindo T, et al.: Effect of exercising with others on incident functional disability and all-cause mortality in community-dwelling older adults: a 

five-year follow-up survey. Int J Environ Res Public Health, 2020, 17: 4329. [Medline]  [CrossRef]
15) Tsuji T, Kanamori S, Miyaguni Y, et al.: Community-level sports group participation and the risk of cognitive impairment. Med Sci Sports Exerc, 2019, 51: 

2217–2223. [Medline]  [CrossRef]
16) Hikichi H, Kondo K, Takeda T, et al.: Social interaction and cognitive decline: results of a 7-year community intervention. Alzheimers Dement (N Y), 2016, 

3: 23–32. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/19516148?dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e3181a0c95c
http://www.ncbi.nlm.nih.gov/pubmed/20459782?dopt=Abstract
http://dx.doi.org/10.1186/1479-5868-7-38
http://www.ncbi.nlm.nih.gov/pubmed/25844730?dopt=Abstract
http://dx.doi.org/10.1001/jamainternmed.2015.0533
http://www.ncbi.nlm.nih.gov/pubmed/9838975?dopt=Abstract
http://dx.doi.org/10.1016/S0749-3797(98)00085-3
http://www.ncbi.nlm.nih.gov/pubmed/28708630?dopt=Abstract
http://dx.doi.org/10.1097/HCO.0000000000000437
http://www.ncbi.nlm.nih.gov/pubmed/30418471?dopt=Abstract
http://dx.doi.org/10.1001/jama.2018.14854
http://dx.doi.org/10.7600/jpfsm.4.315
http://www.ncbi.nlm.nih.gov/pubmed/30046117?dopt=Abstract
http://dx.doi.org/10.1038/s41598-018-29053-x
http://www.ncbi.nlm.nih.gov/pubmed/26311955?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.2207
http://www.ncbi.nlm.nih.gov/pubmed/31195882?dopt=Abstract
http://dx.doi.org/10.1123/jpah.2018-0366
http://www.ncbi.nlm.nih.gov/pubmed/27974855?dopt=Abstract
http://dx.doi.org/10.1038/srep39151
http://www.ncbi.nlm.nih.gov/pubmed/29976848?dopt=Abstract
http://dx.doi.org/10.3390/ijerph15071413
http://www.ncbi.nlm.nih.gov/pubmed/30694973?dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000001884
http://www.ncbi.nlm.nih.gov/pubmed/32560437?dopt=Abstract
http://dx.doi.org/10.3390/ijerph17124329
http://www.ncbi.nlm.nih.gov/pubmed/31205226?dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000002050
http://www.ncbi.nlm.nih.gov/pubmed/29067317?dopt=Abstract
http://dx.doi.org/10.1016/j.trci.2016.11.003


21

17) Okura T, Tsuji T, Tsunoda K, et al.: Study protocol and overview of the Kasama Study: creating a comprehensive, community-based system for preventive 
nursing care and supporting successful aging. J Phys Fit Sports Med, 2017, 6: 49–57.  [CrossRef]

18) Tsutsui T, Muramatsu N: Care-needs certification in the long-term care insurance system of Japan. J Am Geriatr Soc, 2005, 53: 522–527. [Medline]  [CrossRef]
19) Akune T, Muraki S, Oka H, et al.: Incidence of certified need of care in the long-term care insurance system and its risk factors in the elderly of Japanese 

population-based cohorts: the ROAD study. Geriatr Gerontol Int, 2014, 14: 695–701. [Medline]  [CrossRef]
20) Miyamoto M, Kodama C, Kinoshita T, et al.: Dementia and mild cognitive impairment among non-responders to a community survey. J Clin Neurosci, 2009, 

16: 270–276. [Medline]  [CrossRef]
21) Lubben J, Blozik E, Gillmann G, et al.: Performance of an abbreviated version of the Lubben Social Network Scale among three European community-dwelling 

older adult populations. Gerontologist, 2006, 46: 503–513. [Medline]  [CrossRef]
22) Herrmann N, Mittmann N, Silver IL, et al.: A validation study of The Geriatric Depression Scale short form. Int J Geriatr Psychiatry, 1996, 11: 457–460.  

[CrossRef]
23) Washburn RA, McAuley E, Katula J, et al.: The physical activity scale for the elderly (PASE): evidence for validity. J Clin Epidemiol, 1999, 52: 643–651. 

[Medline]  [CrossRef]
24) Kinugasa T, Nagasaki H: Reliability and validity of the Motor Fitness Scale for older adults in the community. Aging (Milano), 1998, 10: 295–302. [Medline]
25) Hoshi M, Hozawa A, Kuriyama S, et al.: The predictive power of physical function assessed by questionnaire and physical performance measures for subse-

quent disability. Aging Clin Exp Res, 2012, 24: 345–353. [Medline]
26) Santanasto AJ, Glynn NW, Lovato LC, et al. LIFE Study Group: Effect of physical activity versus health education on physical function, grip strength and 

mobility. J Am Geriatr Soc, 2017, 65: 1427–1433. [Medline]  [CrossRef]
27) Labott BK, Bucht H, Morat M, et al.: Effects of exercise training on handgrip strength in older adults: a meta-analytical review. Gerontology, 2019, 65: 

686–698. [Medline]  [CrossRef]
28) Sasaki H, Kasagi F, Yamada M, et al.: Grip strength predicts cause-specific mortality in middle-aged and elderly persons. Am J Med, 2007, 120: 337–342. 

[Medline]  [CrossRef]
29) Shimada H, Makizako H, Doi T, et al.: Incidence of disability in frail older persons with or without slow walking speed. J Am Med Dir Assoc, 2015, 16: 

690–696. [Medline]  [CrossRef]
30) Northey JM, Cherbuin N, Pumpa KL, et al.: Exercise interventions for cognitive function in adults older than 50: a systematic review with meta-analysis. Br J 

Sports Med, 2018, 52: 154–160. [Medline]  [CrossRef]
31) Farrance C, Tsofliou F, Clark C: Adherence to community based group exercise interventions for older people: a mixed-methods systematic review. Prev Med, 

2016, 87: 155–166. [Medline]  [CrossRef]
32) Kelly ME, Duff H, Kelly S, et al.: The impact of social activities, social networks, social support and social relationships on the cognitive functioning of healthy 

older adults: a systematic review. Syst Rev, 2017, 6: 259. [Medline]  [CrossRef]
33) Unger JB, McAvay G, Bruce ML, et al.: Variation in the impact of social network characteristics on physical functioning in elderly persons: MacArthur Studies 

of Successful Aging. J Gerontol B Psychol Sci Soc Sci, 1999, 54: S245–S251. [Medline]  [CrossRef]
34) Mendoza-Núñez VM, González-Mantilla F, Correa-Muñoz E, et al.: Relationship between social support networks and physical functioning in older commu-

nity-dwelling Mexicans. Int J Environ Res Public Health, 2017, 14: 993. [Medline]  [CrossRef]
35) Thoits PA: Mechanisms linking social ties and support to physical and mental health. J Health Soc Behav, 2011, 52: 145–161. [Medline]  [CrossRef]

http://dx.doi.org/10.7600/jpfsm.6.49
http://www.ncbi.nlm.nih.gov/pubmed/15743300?dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2005.53175.x
http://www.ncbi.nlm.nih.gov/pubmed/24020635?dopt=Abstract
http://dx.doi.org/10.1111/ggi.12155
http://www.ncbi.nlm.nih.gov/pubmed/19091575?dopt=Abstract
http://dx.doi.org/10.1016/j.jocn.2008.03.007
http://www.ncbi.nlm.nih.gov/pubmed/16921004?dopt=Abstract
http://dx.doi.org/10.1093/geront/46.4.503
http://dx.doi.org/10.1002/(SICI)1099-1166(199605)11:5<457::AID-GPS325>3.0.CO;2-2
http://www.ncbi.nlm.nih.gov/pubmed/10391658?dopt=Abstract
http://dx.doi.org/10.1016/S0895-4356(99)00049-9
http://www.ncbi.nlm.nih.gov/pubmed/9825020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22102425?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/28221668?dopt=Abstract
http://dx.doi.org/10.1111/jgs.14804
http://www.ncbi.nlm.nih.gov/pubmed/31499496?dopt=Abstract
http://dx.doi.org/10.1159/000501203
http://www.ncbi.nlm.nih.gov/pubmed/17398228?dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2006.04.018
http://www.ncbi.nlm.nih.gov/pubmed/25922120?dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2015.03.019
http://www.ncbi.nlm.nih.gov/pubmed/28438770?dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2016-096587
http://www.ncbi.nlm.nih.gov/pubmed/26921655?dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2016.02.037
http://www.ncbi.nlm.nih.gov/pubmed/29258596?dopt=Abstract
http://dx.doi.org/10.1186/s13643-017-0632-2
http://www.ncbi.nlm.nih.gov/pubmed/10542826?dopt=Abstract
http://dx.doi.org/10.1093/geronb/54B.5.S245
http://www.ncbi.nlm.nih.gov/pubmed/28858217?dopt=Abstract
http://dx.doi.org/10.3390/ijerph14090993
http://www.ncbi.nlm.nih.gov/pubmed/21673143?dopt=Abstract
http://dx.doi.org/10.1177/0022146510395592

