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ABSTRACT

Background Little is known about the prospective
association between community-level social capital

and individual-level frailty onset. Therefore, this study
aimed to examine the impact of community-level social
capital on frailty onset among older adults using 3-year
longitudinal data.

Methods This prospective cohort study recruited non-
institutionalised older adults from the Japan Gerontological
Evaluation Study, established in 2013 and robust older
adults were followed up for 3 years. We assessed three
aspects of community-level social capital (civic participation,
social cohesion and reciprocity), and employed a multilevel
logistic regression analysis; frailty was evaluated using the
Kihon Checklist questionnaire, which has been widely used
as a screening tool for frailty in Japan.

Results In total, 21 940 older adults (from 384
communities) who were robust at baseline (2013)
completed the follow-up survey (2016). Participants’
mean age (SD) was 71.8 (4.9) years, and 51.2% were
female. In the follow-up period, frailty onset occurred

in 622 participants (2.8%). Regarding community-level
social capital variables, civic participation was inversely
associated with frailty onset (OR=0.94, 95% CI 0.90

t0 0.97, p=0.001), after adjusting for individual-

level and community-level covariates. The potential
intermediate factors of individual social relationships
and health behaviours did not largely change the results.
This association was found regardless of individual
socioeconomic status.

Conclusions Living in a community with rich civic
participation, such as engagement in social activities,
was associated with lower frailty onset among older
adults. Community development that fosters social
participation is essential for frailty prevention.

INTRODUCTION
The proportion of older adults is increasing world-
wide.! Japan has the highest life expectancy and the
most rapidly ageing society.” Such a populational
increase denotes higher healthcare, social security
costs and societal challenges. Thus, facilitating healthy
ageing (eg, by maintaining functional capacity) is
crucial.’> One measure in this regard is the preventive
aspect of dealing with frailty.

Frailty is a state of increased vulnerability to poor
resolution of homeostasis following stress, regarded

as an age-related physiological syndrome,**® which
evokes greater risks for older adults regarding
adverse health outcomes, such as institutionali-
sation, hospitalisation, functional disability and
mortality.” While the definition is insufficiently
conclusive, frailty is also characterised as an
unstable state in which even very small stressors
could lead to major deterioration and functional
dependence, and is therefore regarded as an inter-
mediate condition between being healthy and ill/
disabled.** Therefore, frailty prevention is key for
older adults to achieve healthy ageing.'”

According to the conceptual model, frailty is deter-
mined by multidimensional aspects, comprising phys-
ical, psychological, social and even environmental
domains.”™ Focusing only on older adults’ phys-
ical problems when dealing with frailty may evoke
fragmented care.'* However, little is known about
the effects of environmental factors, such as poor-
quality housing, community environments and social
network changes, on frailty. The environment that
older adults inhabit can compensate for their intrinsic
capacity decline and help maintain their functional
abilities, which is essential for healthy ageing.’
Hence, examining the social-environmental factors
of frailty seems important for its prevention.

One factor is social capital, which has been exten-
sively examined, including its relation to health.'®
There are several concepts of social capital. For
instance, Putnam et al define social capital as
‘features of social organisation, such as trust, norms
and networks that can improve the efficiency
of society by facilitating coordinated actions’."”
Saito et al'® developed a community-level social
capital scale based on the definitions of Putnam
et al,”’ Coleman" and Kawachi et al.*® This scale
was developed for community assessment, and its
concurrent validity with health indicators has been
confirmed." This scale also consists of ‘structural’
(eg, social network density or civic engagement
patterns) and ‘cognitive’ (eg, level of trust percep-
tion and norms of reciprocity between individuals)
aspects of social capital.'"® ?! The present study
focused on community-level social capital from
these two aspects using this scale.

Community social capital was shown to exert
a contextual effect on individual health through
the diffusion of knowledge on health promotion;
maintenance of healthy behavioural norms through
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informal social control; promotion of access to local services and
amenities; and psychological processes that provide emotional
support and mutual respect.”” Compared with conventional
studies using ecological-level or individual-level approaches, a
multilevel analytical approach that can statistically differentiate
between group-level and individual-level associations can help
in better understanding the collective/contextual influences of
social capital.'®

Although studies using multilevel analyses have revealed
the positive association of community-level social capital with
various health outcomes, including mortality and disability,*
only two studies have reported the effects of social capital on
frailty. In China, a cross-sectional study found no significant asso-
ciation between community-level social capital and individual
frailty.”” Meanwhile, in Japan, a cross-sectional study examining
the effect of three forms of social capital (civic participation,
social cohesion and reciprocity) reported an inverse association
between higher community-level civic participation and the like-
lihood of individual frailty.”® However, there is lack of evidence
in longitudinal studies, and thus temporal relationships between
the two variables need to be clarified.

We examined the association between community-level social
capital and frailty onset among older adults in Japan, using
multilevel analytical modelling and a 3-year longitudinal study
design.

METHODS

Participants

In this prospective longitudinal study, we obtained panel data
from the Japan Gerontological Evaluation Study (JAGES), an

ongoing cohort study among non-institutionalised and func-
tionally independent older adults aged 65 years and above in
Japan.”’ The JAGES includes only older adults who are ineligible
for public long-term care insurance benefits.

Figure 1 shows the sample selection flow chart. A baseline
survey was conducted between October and December 2013;
self-reported questionnaires were mailed to eligible residents in
30 municipalities. Random sampling methods were used in 17
large municipalities; in the other 13, all eligible residents could
participate. Of the 193 694 people invited, 137 736 returned
the questionnaires (response rate: 71.1%). We excluded 7996
individuals whose age and gender could not be confirmed (valid
response rate: 67.0%). We also excluded 3066 individuals in 86
community areas with <50 respondents to avoid non-precise
values from the sample size and 28 786 respondents with
unknown area of residence; thus, 97 888 respondents from 478
communities were aggregated by school districts to evaluate
community-level social capital.'® We selected school districts
as a community unit because, in Japan, school districts are the
geographical unit that older adults can easily travel by foot or
bicycle within and are a valuable unit for considering local public
health activities.

We excluded 3222 respondents with limitations in performing
basic activities of daily living (BADL), 4228 respondents with
missing responses on BADL items, 638 respondents with self-
reported dementia or Parkinson’s disease, 5099 respondents
with missing information about their present illness, 31 789
respondents with prefrailty or frailty assessed using the Kihon
Checklist (KCL),**% and 17 560 respondents with incomplete
responses to the KCL items.

Enrolment for the baseline survey

Baseline survey, 2013 (n=193,694)

]

Non-response (n = 55,958)

Participants who responded
(n=137,736; response rate = 71.1%)

v

Invalid responses owing to a lack of age and sex data (n = 7,996)

Valid participants
(n =129,740; valid response rate = 67.0%)

Communities containing < 50 respondents (n = 3,066)

y

Lack of information regarding community areas (n = 28,786)

Participants who had their community-
level social capital analysed
(n=97,888; n =478 community areas)

— Calculating community-level social capital scores

Having difficulties performing basic activities of daily living (n = 3,222)
Lack of information regarding basic activities of daily living (n = 4,228)

Self-reported dementia or Parkinson’s disease (n = 638)
Lack of information regarding present illness (n = 5,099)

Pre-frailty or frailty (n = 31,789)
Incomplete response to items of the Kihon Checklist (n = 17,560)

Robust participants
(n=35,352)
I
v

Residents of municipalities not targeted in the follow-up

Robust participants eligible for the follow-

Follow-up survey, 2016 up survey (n = 32,250)

survey (n=3,102)

v

Non-response (n = 10,310)

Final sample
(n=21,940; n = 384 community areas;
follow-up rate = 68.0%)

Figure 1 Sample selection flow chart.
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Then, 32 250 robust older adults were followed up to
check for new occurrences of frailty, excluding 3102 individ-
uals whose municipalities were not targeted by the follow-up
survey owing to the local governments’ refusal to cooperate.
The follow-up was conducted during October-November
2016. Finally, 21 940 participants (from 384 districts) who
completed the survey were included in the analysis (follow-up
rate: 68.0%).

Frailty

Frailty was defined using the KCL developed by the Japanese
Ministry of Health, Labour and Welfare, which is widely used
for frailty screening in Japan.** The KCL is a simple yes/no
questionnaire that assesses multiple aspects of daily living
functions, such as instrumental ADL, social living, motor, oral
and cognitive function, nutrition state, homebound status and
mood.*® Responding ‘yes’ to any item counts as a point (score
range: 0-25), with higher scores indicating frailty tendency.
Based on previous studies,”® %’ we classified participants into
three groups: robust (0-3 points), prefrailty (4-7) and frailty
(=8).

The JAGES uses a slightly modified version of this tool (online
supplemental table 1 and text 1). We used the scoring system
established in a prior study that used the same modified version
as the JAGES.?® We followed up participants who were robust at
baseline for 3 years.

Community-level social capital

Based on prior research,'® at baseline, we assessed the three
components of community-level social capital: civic partici-
pation, social cohesion and reciprocity; civic participation is
regarded as reflecting the structural aspects of social capital,
and social cohesion and reciprocity as reflecting the cognitive
aspects.” ** Individual-level data were aggregated by school
districts.

Civic participation was assessed by the percentage of indi-
vidual participation in a volunteer group, sports group, hobby
activity, study or culture group, and skill teaching in each
community. Each of the five items were assigned between 0 and
100 points.

Social cohesion was assessed by the percentage of ‘very’ or
‘moderately’ answers (response scale: ‘very’, ‘moderately’,
‘neutral’, ‘slightly’ or ‘not at all’) to three items: general trust
(‘In general, do you think that people living in your area can be
trusted?’), perception of others’ intention to help (‘Do you think
people living in your area try to help others in most situations?’)
and attachment to the residential area (‘How attached are you to
the area where you live?’). Each of the three items was assigned
between 0 and 100 points.

Reciprocity was assessed by the percentage of ‘yes’ answers to
three items: emotional support receival (‘Do you have someone
who listens to your concerns and complaints?’), emotional
support provision (‘Do you listen to the concerns and complaints
of other(s)?’), and instrumental support receival (‘Do you have
someone who looks after you when you are sick and confined
to bed?’). Each of the three items were assigned between 0 and
100 points.

We conducted a factor analysis using a total of 11 items with
aggregated individual-level data and used factor scores calcu-
lated as community-level social capital scores in each school
district (online supplemental table 2).

Other variables
We used individual sociodemographic characteristics and health
status, and community-level characteristics as covariates.

Individual-level factors included age (65-69, 70-74, 75-79,
80-84 or =85 years), gender, living arrangement (living with
others or living alone), marital status (unmarried or married),
education (<10, 10-12 or =13 years), equivalent income (by
tertiles, calculated by dividing the income of each household by
the square root of the number of family members), self-rated
health (good or poor), present illnesses (none, one, or two or
more of cancer, heart disease, stroke, respiratory disease, muscu-
loskeletal disease, hypertension, dyslipidaemia and diabetes),
alcohol consumption (never/past or currently), smoking history
(never/past or currently) and walking time (<60 or =60 min/
day).

Individual social relationships were assessed using four vari-
ables: the frequency of contact with friends (more than or less
than once a week), participation in community groups (no (0)
or yes (=1 point); this was measured using responses to the
aforementioned five groups for community-level civic participa-
tion, with a score range of 0-5), perception of community social
cohesion (no (0) or yes (=1 point); measured using responses
to the aforementioned three items for community-level social
cohesion, with a score range of 0-3), and social support (low
(0-2) or high (3 points)); measured using responses to the afore-
mentioned three items for community-level reciprocity, with a
score range of 0-3).

Community-level variables included urbanisation (defined,
based on population density, as follows: rural, <1000 people/
km?; suburban, 1000-1500 and urban, =1500), ageing rate (the
proportion of people aged =65 years; divided into tertiles) and
rate of low-level education (the proportion of people in each
district who had graduated only from junior high school; divided
into tertiles). Information on these variables was obtained from
the 2013 Japanese Census.

Statistical analysis

The data included individuals (first level) nested in commu-
nity districts (second level). The multilevel analysis framework
assumes that individual outcomes are partly dependent on the
districts where individuals live; the variation in outcomes across
districts (random effects); and the effects of community-level
variables on the outcomes, adjusting for individual characteris-
tics (fixed effects).

Accordingly, we performed a multilevel logistic regression
analysis to calculate ORs and 95% ClIs for frailty onset. ORs
were estimated based on a change of 10 percentage points in
community-level social capital scores. First, we used the null
model to assess whether frailty onset varied across districts.
In model 1, we examined the association between community-
level social capital and frailty onset, without adjusting for
covariates. In model 2, we included age, gender, living arrange-
ment, marital status, education, equivalent income, self-rated
health, present illness and community-level variables. In model
3, we added the variables of individual social relationships and
in model 4, we included additional health behaviours (alcohol
consumption, smoking history and walking time) to examine
if these factors attenuate the association between community-
level social capital and frailty onset. Based on the random-
effects variance, we calculated the median OR to examine the
unexplained heterogeneity between communities (a median
OR further away from 1 indicates a strong difference between
communities).*’
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Table 1 Participants’ characteristics

Overall Frailty onset
Non-frailty Frailty Missing
n=21 940 n=18712 n=622 n=2606
Age (years), n (%) 65-69 8244 (37.6) 7266 (38.8) 169 (27.2) 809 (31.0)
70-74 7943 (36.2) 6852 (36.6) 184 (29.6) 907 (34.8)
75-79 3989 (18.2) 3289 (17.6) 141 (22.7) 559 (21.5)
80-84 1406 (6.4) 1066 (5.7) 91 (14.6) 249 (9.6)
85 or older 358 (1.6) 239(1.3) 37 (5.9) 82 (3.1)
Gender, n (%) Male 10 697 (48.8) 9316 (49.8) 313 (50.3) 1068 (41.0)
Female 11243 (51.2) 9396 (50.2) 309 (49.7) 1538 (59.0)
Living arrangement, n (%) Living with others 19145 (87.3) 16 435 (87.8) 534 (85.9) 2176 (83.5)
Living alone 2141 (9.8) 1783 (9.5) 58 (9.3) 300 (11.5)
Missing 654 (3.0) 494 (2.6) 30 (4.8) 130 (5.0)
Marital status, n (%) Unmarried 4164 (19.0) 3456 (18.5) 129 (20.7) 579 (22.2)
Married 17 649 (80.4) 15172 (81.1) 488 (78.5) 1989 (76.3)
Missing 127 (0.6) 84 (0.4) 5(0.8) 38 (1.5)
Education (years), n (%) <10 7210 (32.9) 5769 (30.8) 264 (42.4) 1177 (45.2)
10-12 9341 (42.6) 8149 (43.5) 235 (37.8) 957 (36.7)
>13 5290 (24.1) 4719(25.2) 119 (19.1) 452 (17.3)
Missing 99 (0.5) 75 (0.4) 4(0.6) 20 (0.8)
Equivalent income, n (%) Low 7937 (36.2) 6659 (35.6) 253 (40.7) 1025 (39.3)
Middle 5110 (23.3) 4487 (24.0) 135(21.7) 488 (18.7)
High 6272 (28.6) 5542 (29.6) 141 (22.7) 589 (22.6)
Missing 2621 (11.9) 2024 (10.8) 93 (15.0) 504 (19.3)
Self-rated health, n (%) Good 20 780 (94.7) 17 789 (95.1) 560 (90.0) 2431 (93.3)
Poor 974 (4.4) 793 (4.2) 54 (8.7) 127 (4.9)
Missing 186 (0.8) 130 (0.7) 8(1.3) 48 (1.8)
Present illness, n (%) None 7430 (33.9) 6408 (34.2) 187 (30.1) 835 (32.0)
One 9538 (43.5) 8115 (43.4) 274 (44.1) 1149 (44.1)
Two or more 4972 (22.7) 4189 (22.4) 161 (25.9) 622 (23.9)
Frequency of contact with friends, More than once a week 17 538 (79.9) 15 032 (80.3) 455 (73.2) 2051 (78.7)
n (%)
Less than once a week 3883 (17.7) 3289 (17.6) 141 (22.7) 453 (17.4)
Missing 519 (2.4) 391 (2.1) 26 (4.2) 102 (3.9)
Participation in community groups, No 8206 (37.4) 6890 (36.8) 281 (45.2) 1035 (39.7)
n (%)
Yes 10 260 (46.8) 9041 (48.3) 227 (36.5) 992 (38.1)
Missing 3474 (15.8) 2781 (14.9) 114 (18.3) 579 (22.2)
Perception of community social No 1821 (8.3) 1482 (7.9) 91 (14.6) 248 (9.5)
cohesion, n (%)
Yes 19 744 (90.0) 16 946 (90.6) 518 (83.3) 2280 (87.5)
Missing 375 (1.7) 284 (1.5) 13 (2.1) 78 (3.0)
Social support, n (%) Low 1149 (5.2) 939 (5.0) 55 (8.8) 155 (5.9)
High 20287 (92.5) 17 400 (93.0) 545 (87.6) 2342 (89.9)
Missing 504 (2.3) 373 (2.0) 22 (3.5) 109 (4.2)
Alcohol consumption, n (%) Never/past 13 236 (60.3) 11112 (59.4) 411 (66.1) 1713 (65.7)
Currently 8649 (39.4) 7561 (40.4) 211 (33.9) 877 (33.7)
Missing 55 (0.3) 39(0.2) 0(0.0) 16 (0.6)
Smoking history, n (%) Never/past 19 936 (90.9) 17 000 (90.9) 550 (88.4) 2386 (91.6)
Currently 1934 (8.8) 1661 (8.9) 69 (11.1) 204 (7.8)
Missing 70(0.3) 51(0.3) 3(0.5) 16 (0.6)
Walking time (min/day), n (%) <60 11260 (51.3) 9575 (51.2) 358 (57.6) 1327 (50.9)
>60 10595 (48.3) 9080 (48.5) 261 (42.0) 1254 (48.1)
Missing 85 (0.4) 57 (0.3) 3(0.5) 25(1.0)
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Table 2 Characteristics of the communities (n=384)

Minimum,
n Mean (SD) maximum

Community-level social capital*

Civic participation 384 0.15 (0.90) -2.57,3.51

Social cohesion 384 —-0.09 (0.95) -3.11, 2.88

Reciprocity 384 -0.02 (0.87) -3.74,2.11
Urbanisationt

Rural 58 — —

Suburban 40 — —

Urban 286 — —
Ageing ratet

Low 134 — —

Middle 129 — —

High 121 — —
Rate of low-level education§

Low 142 — —

Middle 17 — —

High 125 — —

*Factor score.

tDefined by population density (persons/km? in an inhabitable area): rural, <1000;
suburban, 1000-1500 and urban, =1500 persons/km?.

$Defined by the percentage of people aged 65 years or older: low, 17.3%-19.8%; middle,
19.9%-21.8%; high, 22.0%-47.6%.

§Defined by the percentage of people who had graduated only from junior high school:
low, 5.2%-10.1%; middle, 11.0%—16.4%; high, 16.4%-38.0%.

To confirm the results’ robustness against potential misclas-
sification of frailty onset, we performed a sensitivity analysis
using modified frailty diagnostic criteria (online supplemental
table 1 and text 1). We also analysed the data using prefrailty
and frailty onset as the combined outcome. Additionally, we
conducted stratified analyses for the following variables: age
(65-74 or =75 years), gender, education (low: <10 or high:
=10 years) and equivalent income (divided into two by median
(low or high) value).

To mitigate potential biases caused by missing information,
we used the multiple imputation approach, under the missing
at random assumption. We generated 20 imputed datasets using
the multiple imputation by chained equations procedure and
pooled the results using the standard Rubin’s rule.*®

Significance was set at p<0.05. Statistical analyses were
conducted using R software (V.3.6.3 for Windows).

RESULTS

We analysed data from 21 940 robust participants. Table 1
shows the participants’ characteristics at baseline. Participants’
mean age was 71.8 years (SD=4.9), and 51.2% were female.
In the follow-up period, 622 (2.8%) had experienced frailty
onset. Participants with frailty onset were more likely to: be
older, have low education, have low equivalent income, have
low social support, have poorer self-rated health, have shorter
daily walking time, less frequently contact their friends, not
participate in community groups, not perceive community social
cohesion and not consume alcohol.

Table 2 shows the characteristics of the 384 communi-
ties analysed. The average frailty onset was 2.6% (minimum:
0.0%; maximum: 33.3%). The mean (SD) of community-level
social capital scores were 0.15 (0.90), —0.09 (0.95) and —0.02
(0.87) for civic participation, social cohesion and reciprocity,
respectively.

Table 3 shows the association between community-level
social capital and frailty onset (all information about the results
is provided in online supplemental table 3). Higher community
civic participation demonstrated a significant association with
a lower risk for frailty onset, after adjusting for individual-level
and community-level covariates (model 2: OR (95% CI) 0.94
(0.90 to 0.97), p=0.001). This association remained largely
unchanged after incorporating the variables of individual social
relationships (model 3: OR=0.94 (95% CI 0.91 to 0.98),
p=0.003) and health behaviours (model 4: OR=0.94 (95% CI
0.91 to 0.98), p=0.003) into the analytical model. The sensi-
tivity analysis using the modified frailty criteria (online supple-
mental table 4) and prefrailty and frailty onset as the combined
outcome (online supplemental table 5) showed similar trends to
the main results. We also found similar results in the complete-
case analysis (online supplemental table 6).

Table 4 shows the results of the stratified analyses. Community-
level civic participation and frailty onset showed an inverse
association at all strata; that is, there were no interactions (age,
p=0.344; gender, p=0.399; education, p=0.740; equivalent
income, p=0.614).

Discussion

To the best of our knowledge, this was the first study to examine
the prospective association between community-level social
capital and frailty onset in older adults. Specifically, living in
communities with higher civic participation was associated with
a lower frailty onset within 3 years. Our findings suggest that
community development with rich social participation can help
prevent frailty among older adults.

In a previous study in China, neighbourhood-level social
cohesion and social participation were both not found to be
associated with frailty.”” However, in that study, the sample
sizes of individuals and communities investigated were some-
what smaller, thereby leading to potential non-detection of its
effects. Meanwhile, in Japan, a nationwide study suggested an
inverse association between high community-level civic partic-
ipation and the likelihood of individual-level frailty*®; our
results supported this finding and revealed the longitudinal
association between community-level civic participation and
frailty.

Several longitudinal studies have suggested the protec-
tive effects of community-level civic participation on health
outcomes related to frailty (eg, oral health and depression).’” %8
Thus, living in a community with rich civic participation could
prevent multiple aspects of frailty. Since social-environmental
factors that promote social activities are key to healthy ageing,
fostering community-level social capital may be essential for
frailty prevention.

Our results show that each 10% points increase in community-
level civic participation reduces frailty onset by approximately
69%. The effect size is not large, but it may be appropriate as an
individual health effect caused by social-environmental factors.
Rather, because social-environmental factors can cause wide-
spread exposure to the residents in the area, social capital might
be an important intervention target in public health to prevent
frailty among older adults.

The association between community-level civic participation
and frailty onset remained largely unchanged after including
individual social relationships and health behaviours into analyt-
ical models. Although we hypothesised that the contextual
effects of community-level social capital on frailty prevention
are mediated by the promotion of individual social relationships
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Table 3 Association between community-level social capital and frailty onset, based on a multilevel logistic regression analysis with multiple

imputation approach

Null model Model 1

Model 2

Model 3 Model 4

OR (95% CI) P value

OR (95% ClI)

Pvalue OR (95% Cl) P value OR (95% Cl) P value

Fixed effects
Community-level variables

Social capital™
0.91 (0.88 t0 0.94) <0.001

1.01(0.98t0 1.05)  0.462

Civic participation

Social cohesion

Reciprocity 1.02 (0.98t0 1.06)  0.277
Individual-level variables
Frequency of contact with Less than
friends (ref: more than once  once a week

a week)

Participation in community Yes
groups (ref: no)

Perception of community Yes

social cohesion (ref: no)

Social support (ref: low) High

Alcohol consumption (ref: Currently

never/past)

Smoking history (ref: never/  Currently

past)

Walking time (ref: <60 min/ =60

day)

Random effects

Community-level variance 0.194 0.147
Median OR 1.52 1.44

0.94 (0.90 t0 0.97)  0.001

0.98 (0.94t0 1.02)  0.295
1.03 (0.9 t0 1.07)  0.093

0.94 (0.91 10 0.98)  0.003

0.99(0.95t0 1.03)  0.483
1.04(1.00t0 1.08)  0.075

0.94 (0.91 to 0.98) 0.003

0.99 (0.95 to 1.03) 0.498
1.04 (1.00 to 1.08) 0.073

1.19(1.00to 1.41) ~ 0.051  1.18(0.99 to 1.41) 0.060

0.74(0.64 t0 0.86) <0.001  0.75(0.65 t0 0.88)  <0.001
0.59 (0.47 0 0.73) <0.001  0.59(0.48t0 0.74)  <0.001
0.59 (0.46 t0 0.75) <0.001  0.59 (0.46 t0 0.76)  <0.001

0.88 (0.75 to 1.04) 0.136

1.35(1.06 to 1.70) 0.013

0.85(0.75 t0 0.98) 0.020

0.063 0.066 0.064

1.28 1.27

Model 1 was a crude model; model 2 was adjusted for age, gender, living arrangement, marital status, education, equivalent income, self-rated health, present illness and community-level
characteristics (urbanisation, ageing rate and rate of low-level education); model 3 was adjusted for frequency of contact with friends, participation in community groups, perception of community
social cohesion and social support in addition to model 2 covariates; model 4 was adjusted for alcohol consumption, smoking history and walking time in addition to model 3 covariates.

All information about the results is provided in online supplemental table 3.
*Estimation per 10 percentage points.

or health behaviours, these mediations were hardly observed.
The contextual effects of group-level social capital on health
are considered to involve mechanisms such as social contagion
(dissemination of health information and behaviour), informal
social control (loose management of unhealthy behaviour) or
collective efficacy (mobilisation of groups for the development
of health-related facilities or systems).?* Alternatively, in terms
of network nature, rich civic participation in the communities
could loosely connect diverse people (bridging) or promote the

links between people from different social classes (linking).'® !

Meanwhile, because several clinical and lifestyle factors, such
as nutritional status, sedentary behaviour and polypharmacy,®
are considered risk factors for frailty, these pathways might also
be involved. Therefore, further investigations on the mecha-
nisms and nature of the links between community-level social
capital and frailty are needed.

The stratified analyses of age, gender, education, and
equivalent income showed that the association between

Table 4 Stratified analyses for the association between community-level social capital and frailty onset by individual demographic factors based
on a multilevel logistic regression analysis with multiple imputation approach

Community-level social capital*

Civic participation Social cohesion Reciprocity
OR (95% CI)t P value OR (95% CI)t P value OR (95% CI)t P value
Age 65—74 years 0.92 (0.87 to 0.96) <0.001 0.96 (0.91 to 1.01) 0.095 1.05(1.00 to 1.10) 0.055
>75 years 0.97 (0.92 t0 1.02) 0.250 1.02 (0.96 to 1.08) 0.598 1.01 (0.95 to 1.06) 0.793
Gender Male 0.95 (0.91 to 1.01) 0.085 0.99 (0.94 to 1.05) 0.726 1.03 (0.98 to 1.08) 0.279
Female 0.92 (0.87 to 0.97) 0.004 0.97 (0.92 to 1.03) 0.321 1.03 (0.98 to 1.09) 0.254
Education <10 years 0.94 (0.89 to 0.99) 0.022 0.98 (0.92 to 1.04) 0.462 1.02 (0.96 to 1.08) 0.499
>10 years 0.93 (0.89 t0 0.98) 0.007 0.97 (0.93 t0 1.02) 0.289 1.04 (1.00 to 1.10) 0.070
Equivalent income  Low 0.94 (0.89 to 0.98) 0.003 0.99 (0.95 to 1.04) 0.647 1.03 (0.99 to 1.08) 0.157
High 0.94 (0.88 to 1.00) 0.063 0.95(0.89 to0 1.02) 0.172 1.04(0.97 to 1.11) 0.267

*Estimation per 10 percentage points.
tAdjusted for age, gender, living arrangement, marital status, education, equivalent income, self-rated health, present iliness and community-level covariates (urbanisation, ageing rate, and
rate of low-level education).
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community-level civic participation and low frailty onset was
broadly similar and showed the same direction in all strata.
Previous studies have shown the association of low individual
education and income with frailty,** *' suggesting a socioeco-
nomic disparity of frailty. In our study, rich community-level
civic participation had protective effects on frailty regardless
of individual socioeconomic status; thus, fostering community-
level civic participation could be key to addressing health
disparities among older adults. Meanwhile, in the stratified
analysis by age, the associations were in the same direction
for both young-old adults and old-old adults, but the effect
size was somewhat smaller among individuals aged =735 years;
the effects of social-environmental factors might vary with
increasing age. As the physical function decline tends to be
more accentuated in old-old adults than in young-old adults,**
for old-old adults, community-level civic participation might
not be sufficiently effective and may require individual inter-
ventions alongside the fostering of community social capital.

Although this study provided pertinent insights regarding
social-environmental factors for frailty prevention, there were
several limitations. First, the social capital measurement was
based on a self-administered questionnaire, denoting potential
response measurement biases; social desirability bias may artifi-
cially affect the assessment of social capital,® causing the over-
estimation of social capital. Second, the JAGES used a slightly
modified version of the KCL, and slightly different versions
were used in the baseline and follow-up surveys, which could
have caused errors in frailty measurements. However, because
only robust participants at baseline were followed, we were able
to examine their frailty onset. Besides, our sensitivity analysis
showed almost the same evidence to the main results. Thus,
the effects of measurement error could be small. Third, consid-
ering the reversible nature of frailty,” we cannot account for the
changes in the frailty status during the follow-up period. Further
examinations that consider recovery from frailty are necessary.
Fourth, although this was a prospective longitudinal study, the
nature of the observational study was unable to clarify causality
due to unmeasured confounders. However, we have tried to
adjust for major confounding variables on the individuals and
communities. Finally, the geographical scale of our community
unit (school districts) may be somewhat large for the neighbour-
hood units. However, in Japan, school districts represent an area
where older adults can easily travel on foot/bicycle and commu-
nity organisations conduct their activities; thus, we believe
that using school districts is meaningful for understanding the
community characteristics.

CONCLUSIONS

This multilevel longitudinal study found that higher community
civic participation was associated with lower frailty onset among
older adults. Fostering social capital through promoting civic
participation such as social activities in the community could
help prevent frailty among older adults.

What is already known on this subject

» Communities rich in social capital may have protective
effects on various health outcomes for older adults.

» However, evidence on the effects of community-level social
capital on frailty remains unclear. Moreover, no prior research
on the topic has conducted a longitudinal analysis.

What this study adds

» This longitudinal study revealed that communities with rich
social capital, particularly high civic participation, could
prevent frailty onset among older adults, regardless of
individual socioeconomic status.

» Fostering civic participation in communities, including
social activities, is of great importance when considering
population-based approaches to frailty prevention in older
adults.
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