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Abstract

As older adults in an early stage (prefrailty) of frailty may return to a healthy state, it is neces-
sary to examine the prevention of prefrailty. In this context, the number and types of social
participation activities associated with physical prefrailty in community-dwelling older adults
have remained relatively unexplored. This cross-sectional study investigates this issue by
analyzing 616 participants living in Okinoshima, Shimane, a rural area of Japan, in 2019.
Frailty was assessed using the 5-item frailty phenotype (unintentional weight loss, self-
reported exhaustion, weakness, slow walking speed, and low physical activity). Data on
social participation were obtained using a questionnaire based on participants’ level of
involvement with volunteer groups, sports clubs/groups, neighborhood associations, reli-
gious organizations/groups, and community elderly salons; their answers were categorized
as “yes” if they answered “several times per year or more” and “no” if they answered “never.”
Binominal logistic regression was used to estimate odds ratios (OR) and 95% confidence
intervals (Cl) of prefrailty by the number or types of social participation activities, adjusted
for gender, age, body mass index, smoking, medication-taking, educational attainment,
working status, and living arrangement. Of the 616 participants, 273 (44.3%) and 28 (4.5%)
had prefrailty and frailty, respectively. The analysis showed that the number of social partici-
pation activities was significantly associated with lower odds of prefrailty (OR = 0.83; 95%
Cl, 0.74-0.94). Regarding the types of social participation, sports clubs/groups were associ-
ated with lower odds of prefrailty (OR = 0.47; 95% ClI, 0.31-0.73). Participation in neighbor-
hood associations was associated with prefrailty/frailty (OR = 0.57; 95% Cl, 0.37-0.86).
These results suggest that increasing the number of social participation activities or
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involvement in sports clubs/groups and neighborhood associations may be important to pre-
vent physical prefrailty in the older population.

Introduction

Frailty is a major symptom of age-related decline in late life. It is defined as a state of height-
ened vulnerability to stressors as a result of reduced physiological reserve due to a cuamulative
decline in the ability to maintain homeostasis and impairments in multiple systems [1]. Physi-
cal frailty is a risk factor for a poor quality of life, physical disability, and mortality [2-4]. Previ-
ous reviews have reported a global prevalence of frailty ranging from 4.9% to 27.3% [5-7]. A
study reported that the prevalence rates of prefrailty and frailty in older Japanese adults aged
65 years or older were 48.1% and 7.4%, respectively [8]. Therefore, the prevention of frailty is
an important public health concern [9].

Recently, the concept of frailty has been expanded beyond its physical aspect to include
psychological and social aspects. In a scoping review of social frailty, social participation was
suggested as a component of social behavior or activities [10]. Moreover, Duppen et al.’s sys-
tematic review proposed that social participation, one of the elements of the social environ-
ment, be modified to include the frailty concept [11]. The studies included in these reviews
[10, 11] also reported that social participation is a predictor of frailty. The SHARE study,
which included 11 European countries, reported a significant association between the deterio-
ration of frailty and the lack of social participation, which included engaging in voluntary
work, caring for sick persons, or participating in sports clubs [12]. Recently, a longitudinal
study found that improvements in the frailty status of older Japanese adults were affected by
regular participation in any of the eight included organization types [13]. Meanwhile, Woo
et al.’s cross-sectional study reported that participation in community or religious activities
was associated with lower frailty scores in older women [14]. On the contrary, some studies
reported that the number of social participation activities was negatively associated with frailty
among older adults [15, 16]. However, these studies did not investigate the association between
both the number and types of social participation activities and physical frailty [10-16]. Social
participation may depend on social resources in a residential area, such as differences between
urban and rural areas [17]. Clarifying the relationship between the status of social participation
and physical frailty in the rural region is important to promote frailty prevention measures
among older adults. In particular, interventional action is recommended for community-
dwelling older adults with prefrailty status for the prevention of transition to frailty. We
hypothesized that social participation affects the transition to prefrailty among older adults.
The present study aimed to investigate the number and types of social participation activities
negatively associated with physical prefrailty among community-dwelling older Japanese
adults.

Materials and methods
Study design

This cross-sectional study was part of the Shimane CoHRE Study conducted by the Center for
Community-Based Healthcare Research and Education, Shimane University. Japanese people
with national health insurance are eligible for a health examination in their municipality of res-
idence. The data for this study were collected from a health examination conducted in Oki-
noshima town (population: 14608; aging rate: 38.4%; area: 242.8 km” (based on data from
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Japan’s census in 2015)), Shimane, rural Japan, in June 2019. Overall, 666 older adults partici-
pated in health examinations. The present study invited residents to voluntarily participate in
the survey and did not provide any incentive. Participant inclusion criteria were: participated
in a health examination, agreed to respond to our survey, and availability of data about frailty.
After excluding participants with non-responses to the survey (n = 6) and missing data about
frailty (n = 44), we analyzed data from 616 participants (response rate, 99.1%). The study pro-
tocol was approved by the Ethics Committee at Shimane University (#2888), and written
informed consent was obtained from all participants before enrollment.

Physical frailty

We considered the physical frailty phenotype as being characterized by the presence of three
or more of the following five conditions, based on Fried et al. and modified for the Japanese
population according to the Japanese version of the Cardiovascular Health Study (J-CHS) cri-
teria [5, 18]: slowness, weakness, exhaustion, low activity levels, and weight loss. Participants
who did not have any of these conditions were considered non-frail, whereas those reporting
one or two of these conditions were considered prefrail.

Slowness and weakness were assessed by objectively measuring gait speed and grip strength.
Gait speed was measured using a sheet-type pressure sensor (45.5 x 183 cm plate sensor;
Healthwalk; Kao Corporation, Japan) placed in the center of a 5-meter walkway [19]. Partici-
pants were asked to walk freely along a 7-meter course and return to the starting point. The
average walking speed to complete the distance for both right and left feet was used for the
analysis. Slow gait speed was determined based on a cutoft speed of < 1.0 m/s [20]. Grip
strength was measured using a Smedley-type handheld dynamometer (GRIPD; Takei, Niigata,
Japan). Weakness was identified using maximum grip strength, and sex-specific cutoffs were
applied (< 26 kg for men and < 18 kg for women) [21]. Exhaustion was identified based on a
“yes” response to the following question: “In the last two weeks, have you felt tired for no rea-
son?” Participation in physical activity was measured by the following items: (1) “Do you
engage in regular physical exercise or sports to improve your health (including agricultural
activities)?” and (2) “Do you engage in light-intensity levels of physical exercise to improve
your health?” If participants answered “no” to both questions, we categorized them into the
low-physical activity group in accordance with a previous study [18]. Weight loss was deter-
mined by a “yes” response to the question, “Have you lost 2-3 kg or more in the past six
months?”: A supporting information, “This does not include a medical doctor’s guidance or
intentional diet for health” was provided based on the Kihon Checklist questionnaire [22].

Social participation

Social participation was assessed using a self-administered questionnaire and classified into
five types: volunteer groups, sports groups/clubs, neighborhood associations, religious organi-
zations/groups, and community elderly salons [23]. Participants reported their frequency of
participation in each type of organization by choosing one of the following response options:
four times or more per week, two to three times per week, once a week, one to three times per
month, several times per year, and never. The response was categorized as “yes” if the partici-
pants answered “several times per year or more” and “no” if they answered “never” [24].
Involvement in various types of social activities was counted and classified from 5 (participa-
tion in all) to 0 (no participation). The number of social participation activities was used as a
continuous variable [15]. In addition, we used each type of social participation as a binary vari-
able (yes or no) in order to assess the association between physical prefrailty and types of social
participation.
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Covariates

Data on gender (men or women), age (>75 or <75 years), current smoking habit (yes or no),
medication-taking, educational attainment, working status, and living arrangement were
obtained using a questionnaire. Medication-taking for the treatment of hypertension, high
cholesterol level, or diabetes was categorized into three groups (no medication, 1 medicine,
and 2-3 medicines). Educational attainment was defined as the highest education completed
and was classified into three categories (< 10 years:—junior high school; 10-12 years:-high
school; > 13 years:—junior college/college of technology; and higher education). Working sta-
tus was categorized based on a yes or no answer. Living arrangement was classified as single
household (living alone) or non-single household (living with others); single household was
defined as living alone based on marital status (no spouse or children). From the obtained
data, body mass index (BMI) was calculated by dividing the body weight by the squared height
(kg/m?).

Statistical analysis

Missing information about independent variables, which ranged from 3.1% to 26.0% (S1
Table), was processed using multiple imputations under the missing at random assumption
[25]. Each imputation was based on regression models of the analyzed variables. The 10
imputed datasets were analyzed independently and combined for inference, accounting for the
variability of imputation [25]. Participants’ characteristics were described by frailty status. The
number in each frailty status was estimated as all imputed binary variables to ranging between
0 and 1 rather than rounding values [26]. Between-group differences were determined using a
%2 test for categorical variables and the analysis of variance or Kruskal-Wallis test for continu-
ous data. After excluding participants with frailty (n = 28), in the cross-sectional analyses

(n = 588), binominal logistic regression analyses were performed to estimate the odds ratios
(OR) and 95% confidence intervals (CI) for having prefrailty by the number or types of social
participation activities. Independent variables were not adjusted for in Model 1, and Model 2
included gender (reference category: men), age (reference category: < 75 years), BMI (contin-
uous variable), smoking (reference category: no), medication-taking (reference category: no),
educational attainment (reference category: < 10 years), working status (reference category:
yes), and living arrangement (reference category: living with others). None of the variables had
correlations of sufficient strength to indicate multicollinearity (r < 0.39, S2 Table). Statistical
analyses were performed using SPSS version 23 (IBM Corp., Armonk, NY, USA). All p-values
for statistical tests were two-tailed, and values < 0.05 were regarded as statistically significant.

Results

A total of 616 older adults (232 men and 384 women) participated in this study. Of them, 4.5%
had frailty (men: 3.4%; women: 5.2%), and 44.3% had prefrailty (men: 41.8%; women: 45.8%)
as shown in S1 Table. Table 1 shows the prevalence of frailty by the number and types of social
participation activities. The mean (standard deviation) number of social participation activities
by frailty status was 2.3 (1.5) in robust participants, 1.9 (1.4) in prefrail participants, and 1.7
(1.4) in frail participants, respectively. As for the types of social participation activities, preva-
lence rates for prefrailty (51.2%) and frailty (8.7%) were the highest for those who did not par-
ticipate in their neighborhood associations.

Table 2 shows the associations between the number of social participation activities and
prefrailty. The binominal logistic regression analysis showed that the number of social partici-
pation activities was significantly associated with lower odds of prefrailty (OR: 0.83, 95% CI:
0.74-0.94) in Model 2.
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Table 1. Participant characteristics by frailty status based on data after multiple imputation.

Variables Total Robust Prefrailty Frailty p value*
Number of social participation activities, mean (SD) 2.1(1.5) 2.3(1.5) 1.9 (1.4) 1.7 (1.4) 0.02
Type of social participation

Volunteer groups

No, n (%) 374.2 (60.7) 183.4 (49.0) 169.8 (45.4) 21.0 (5.6) 0.22
Yes, n (%) 241.8 (39.3) 131.6 (54.4) 103.2 (42.7) 7.0 (2.9)

Sports clubs/groups
No, n (%) 438.5(71.2) 201.1 (45.9) 213.7 (48.7) 23.7 (5.4) < 0.001
Yes, n (%) 177.5 (28.8) 113.9 (64.2) 59.3 (33.4) 4.3 (2.4)

Neighborhood associations
No, n (%) 220.3 (35.8) 88.5 (40.2) 112.7 (51.2) 19.1 (8.7) < 0.001
Yes, n (%) 395.7 (64.2) 226.5 (57.2) 160.3 (40.5) 8.9 (2.2)

Religious organizations/groups
No, n (%) 322.3 (52.3) 163.3 (50.7) 144.7 (44.9) 14.3 (4.4) 0.82
Yes, n (%) 293.7 (47.7) 151.7 (51.7) 128.3 (43.7) 13.7 (4.7)

Community elderly salons
No, n (%) 424.7 (68.9) 216.4 (51.0) 195.1 (45.9) 13.2 (3.1) 0.06
Yes, n (%) 191.3 (31.1) 98.6 (51.5) 77.9 (40.7) 14.8 (7.7)

Gender
Men, n (%) 232 127 (54.7) 97 (41.8) 8(3.4) 0.29
Women, n (%) 384 188 (49.0) 176 (45.8) 20 (5.2)

Age
> 75 years, n (%) 310 147 (47.4) 138 (44.5) 25 (8.1) < 0.001
< 75 years, n (%) 306 168 (54.9) 135 (44.1) 3(1.0)

Body mass index, kg/mz’ mean (SD) 23.0 (3.1) 22.8(3.2) 23.1(3.0) 22.5(3.6) 0.35

Smoking
Yes, n (%) 36 18 (50.0) 17 (47.2) 1(2.8) 0.84
No, n (%) 580 297 (51.2) 256 (44.1) 27 (4.7)

Medication
2-3 medicines, n (%) 128 54 (42.2) 66 (51.6) 8(6.3) 0.11
1 medicine, n (%) 236 125 (53.0) 98 (41.5) 13 (5.5)
No, n (%) 252 136 (54.0) 109 (43.3) 7 (2.8)

Educational attainment
< 10 years, n (%) 204.7 91.9 (44.9) 96.6 (47.2) 16.2 (7.9) 0.03
10-12 years, n (%) 225.0 119.7 (53.2) 97.7 (43.4) 7.6 (3.4)
> 13 years, n (%) 186.3 103.4 (55.5) 78.7 (42.2) 4.2 (2.3)

Working status
No, n (%) 454.7 228.5 (50.3) 202.9 (44.6) 23.3(5.1) 0.39
Yes, n (%) 161.3 86.5 (53.6) 70.1 (43.5) 4.7 (2.9)

Living arrangement
Lives alone, n (%) 113.2 52.1 (46.0) 56.1 (49.6) 5.0 (4.4) 0.42
Lives with others, n (%) 502.8 262.9 (52.3) 216.9 (43.1) 23 (4.6)

SD, standard deviation.

*Statistical significance of the differences between groups was determined using the x2 test for categorical data and the analysis of variance or Kruskal-Wallis test for
continuous data. Values in boldface show significance (p < 0.05).

The number (decimal) in each frailty status was shown using data after multiple imputations according to Allison [26].

https://doi.org/10.1371/journal.pone.0243548.t001
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Table 2. Associations between number of social participation activities and prefrailty among Japanese older
adults (n = 588).

Model 1* Model 2"
Prefrailty Prefrailty
OR (95% CI) OR (95% CI)
Number of social participation activities 0.84 (0.75-0.95) 0.83 (0.74-0.94)
Demographic characteristics
Gender, women 1.16 (0.81-1.68)
Age, > 75 years 1.11 (0.75-1.62)
Body mass index 1.03 (0.97-1.09)
Smoking, yes 1.18 (0.56-2.50)
Medication-taking
1 medicine 1.00 (0.68-1.48)
2-3 medicines 1.52 (0.95-2.42)
Educational attainment
10-12 years 0.83 (0.54-1.27)
> 13 years, n (%) 0.82 (0.52-1.30)
Working status, no 1.08 (0.66-1.76)
Living arrangement, lives alone 1.31 (0.83-2.05)

Social participation was analyzed using binomial logistic regression. Values in boldface indicate significance

(p < 0.05).

OR, odds ratio; CI, confidence interval.

*Model 1: crude model.

"Model 2: gender, age, body mass index, smoking status, medication-taking, educational attainment, working status,

and living arrangement were adjusted for.

https://doi.org/10.1371/journal.pone.0243548.1002

Table 3 shows the associations between the types of social participation and prefrailty. The
binominal logistic regression analysis showed that participation in sports clubs/groups was sig-
nificantly associated with prefrailty (OR: 0.47, 95% CI: 0.31-0.73) in Model 2. Participation in
neighborhood associations was also significantly associated with prefrailty (OR: 0.57, 95% CI:
0.37-0.86) in Model 2. However, participation in volunteer groups, religious organizations/
groups, and community elderly salons was not associated with prefrailty.

Discussion

This study is the first to examine the association between the number or types of social partici-
pation activities and physical prefrailty in older Japanese adults. Two major findings were
obtained. First, regarding the number of social participation activities, an increase by one was
associated with lower odds of prefrailty. Second, older adults participating in sports clubs and
neighborhood associations had significantly lower odds of prefrailty. Our findings suggest that
focusing on the number and types of social participation activities may contribute to prevent-
ing physical prefrailty among older Japanese adults.

Our findings are consistent with some previous studies. A cross-sectional study among
older adults in Taiwan reported associations between physical frailty based on the Fried index
and the number of social activities including leisure, religious activities, visiting friends and
relatives, and chatting with neighbors [15]. The number of social activities, considered a con-
tinuous variable, was negatively associated with prefrailty and frailty. Ye et al.’s study used a
total score based on the frequency of participation in any of the eight types of activities in Chi-
nese older adults [16]. The increasing score of the frequency of social participation activities
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Table 3. Associations between the types of social participation and prefrailty among Japanese older adults
(n=588).

Type of social participation*

Volunteer groups

Sports clubs/groups
Neighborhood associations
Religious organizations/groups

Community elderly salon

Demographic characteristics

Gender, women
Age, > 75 years
Body mass index
Smoking

Yes
Medication-taking

1 medicine

2-3 medicines
Educational attainment

10-12 years

> 13 years, n (%)
Working status, no

Living arrangement, lives alone

Model 1*
Prefrailty
OR (95% CI)

1.10 (0.74-1.65)
0.50 (0.33-0.75)
0.52 (0.35-0.78)
1.34(0.91-1.99)
0.96 (0.65-1.42)

Model 2"
Prefrailty
OR (95% CI)

1.12 (0.74-1.69)
0.47 (0.31-0.73)
0.57 (0.37-0.86)
1.35 (0.89-2.05)
0.79 (0.52-1.20)

1.27 (0.86-1.88)
1.20 (0.80-1.79)
1.03 (0.97-1.09)

1.10 (0.51-2.35)

1.00 (0.67-1.48)
1.46 (0.90-2.36)

0.91 (0.58-1.42)
0.93 (0.57-1.52)
1.06 (0.64-1.78)
1.27 (0.80-2.01)

Social participation was analyzed using binomial logistic regression. Values in boldface indicate significance
(p<0.05).

OR, odds ratio; CI, confidence interval.

*Model 1: crude model.

"Model 2: gender, age, body mass index, smoking status, medication-taking, educational attainment, working status,
and living arrangement were adjusted for.

¥Reference: no social participation.

https://doi.org/10.1371/journal.pone.0243548.t1003

was negatively associated with frailty. Abe et al.’s study used the Kaigo-Yobo ChecKklist to
examine whether frailty was associated with social participation activities among community-
dwelling older adults in Japan [13]. Their study examined social participation across three lev-
els of frequency (regular, irregular, and non-participation) in any of the eight types of activi-
ties. Those who regularly participated in social activities reported improvements in their frailty
status. A relationship between social participation and physical health outcomes has also been
reported in some previous studies. Kanamori et al.’s four-year follow-up study on older Japa-
nese adults found that the number and types of social participation activities were associated
with functional disability [27]. The previously mentioned study showed that participation in
three or more organizations was associated with lower incidence of disability. Moreover, as for
the type of social participation activity, participation in the local community, including neigh-
borhood associations and sports clubs/groups, was associated with a lower likelihood of dis-
ability. Further, a three-year follow-up study examined whether the number and types of
social participation activities were associated with instrumental activities of daily living among
community-dwelling older men and women [28]. The study found that participation in three
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or more activities was associated with lower odds of decline in instrumental activities of daily
living for both men and women in the age-adjusted model. Moreover, participation in neigh-
borhood community associations was associated with a lower risk of decline in instrumental
activities of daily living among older women.

The mechanisms underlying the association between social participation and frailty among
older adults are likely complex [29]. We speculated about the mechanism underpinning the
relationship between social participation and physical prefrailty based on a previous finding,
according to which social participation provides opportunities for older adults to access vari-
ous social support networks [30]. For example, it might be easier for older adults to access
health information at various social events. Moreover, a high frequency of social participation
activities is positively associated with physical activity, which may contribute to improving
motor function and mental health [31-33]. Meanwhile, for the association between participa-
tion in sports clubs/groups and prefrailty, systematic reviews reported the benefits of physical
exercise training for frail older adults [34, 35]. This may explain the inverse association
between participation in sports clubs/groups and prefrailty.

Participation in community salons showed a positive trend with frailty, as shown in Table 1
(p = 0.06), although the association was not significant in any adjusted model. In 2017, the Jap-
anese government launched the “community elderly salon” program in neighborhood com-
munities as a national long-term care strategy [36]. Therefore, the positive relationship might
be explained by the fact that frail older adults in the community were preferentially encour-
aged to participate. In the long-term, participation in community salons may reduce the
prevalence of frailty [23]. Our results suggest that future longitudinal studies are required to
ascertain the details of the positive or negative relationship between participation in commu-
nity elderly salons and frailty.

Regarding the relationship between demographic characteristics and frailty, only age
showed a positive association, as depicted in Table 1. A meta-analysis of studies conducted
among Japanese adults showed that the prevalence of frailty was significantly higher among
older adults [8]. Our results are in keeping with this finding. Thus, in a super-aging society like
Japan, it is important to prevent frailty as early as possible.

This study has several limitations. First, we used a cross-sectional design, which precludes
the possibility of a causal inference between social participation and frailty. Older adults with
poor physical functioning may not participate in social groups, suggesting that frailty might be
areason for the lack of social participation. Second, the participants were recruited from multi-
ple centers and an annual health examination, which may have resulted in a selection bias. As
the small sample caused a low statistical power, our results might underestimate the associa-
tions. Third, this study used a modified version of the frailty phenotype with J-CHS criteria to
assess frailty in Japanese individuals; a previous review has reported that a modification of the
frailty phenotype affects its classification and predictive ability [37]. Fourth, although social
participation, physical activity, exhaustion, and weight loss associated with frailty were mea-
sured using self-report questionnaires based on the J-CHS [18], the relationship between social
participation and frailty may have been over- or under-estimated because of a response bias.
Fifth, although the item for measuring social participation was used in a previous study in
Japan [27], it did not measure participant activities and the size of the unit in each social par-
ticipation group. Moreover, type of social participation did not include professional organiza-
tions, politics, and cultural activities. Additionally, participants’ involvement and the activity’s
content or variety (e.g., recreational walking at sports clubs, group conversations at neighbor-
hood associations, cleaning streets with volunteer groups) may also affect older adults’ mental
or physical health. Finally, we could not control for the effects of unmeasured factors, such as
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musculoskeletal disorders, cognitive status, and depression, on the relationship between social
participation and prefrailty [33, 38-41].

Conclusions

This study found that a higher number of social participation activities was associated with
lower odds of prefrailty among older adults living in a rural area of Japan. Further, participa-
tion in sports clubs/groups or neighborhood associations was associated with lower odds of
prefrailty. Our findings suggest that social participation may be important to prevent physical
prefrailty. However, further intervention-based longitudinal studies are needed to verify
whether social participation has preventative effects on prefrailty.
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