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Worldwide, the number of people with hypertension is on the 
rise and is estimated to reach 1.56 billion by 2025.1 In Japan, 
more than 60% of people ≥60 years of age have hypertension, 
and the number of hypertension patients is also expected to 
increase owing to rapid aging.2 A wide range of risk factors 
is associated with hypertension development. Among them, 
behavioral factors such as unhealthy diet, excessive alcohol 
consumption, smoking, and physical inactivity have been 
targeted in many studies and public policies.3 However, 
individuals’ interaction with others and their surrounding 
environment has not been investigated sufficiently as a 
possible approach to reducing hypertension. Recently, 
Yazawa et  al.4 focused on social participation and showed 
that people who participated in community organizations 
were less likely to be hypertensive than people who did not 
participate. Social participation, which is considered a key 

component for action on healthy aging,5 could be one of the 
multidisciplinary strategies against hypertension.

Social participation can be recognized as social capital, 
which was defined as “resources that are accessed by 
individuals as a result of their membership of a network 
or a group” by Kawachi and Berkman.6 Social capital is 
classified into cognitive and structural social capital.7 
Cognitive social capital includes individuals’ attitudes, 
perceptions, and cognitions about the group to which they 
belong. Social participation is included in structural social 
capital and refers to the externally observable aspects of 
a social organization. Furthermore, social capital can be 
analyzed at the individual and group levels,6 and multilevel 
analyses have been conducted to examine the contextual 
effects of group-level social capital in many studies in the 
field of public health.8,9 Several studies have suggested 
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that group-level cognitive social capital has beneficial 
contextual effects on hypertension.10–12 However, little is 
known regarding the effects of group-level structural social 
capital on hypertension. Ahern et al.13 reported that group-
level structural social capital was related to the presence of 
hypertension in the US population. In that study, however, 
both social participation and reciprocity were integrated to 
create an index of social capital. Additionally, the number of 
participants in that study was small (n = 769), and multilevel 
analyses were not employed for the assessment.

The aim of the present study was, therefore, to investigate 
the contextual relationship between community-level social 
participation and hypertension even after adjustment 
for individual-level social participation by performing 
community- and individual-level multilevel analyses in 
older Japanese people. Determining the contextual effects of 
social participation on hypertension is important because it 
can be a proposal for a population approach in which we may 
be able to reduce hypertension throughout a community by 
promoting social participation programs and designing a 
community to provide easy access to social participation.

METHODS

Study population

We used cross-sectional data from the 2016 wave of the 
Japan Gerontological Evaluation Study (JAGES).14 The 
JAGES is the nationwide survey of community-dwelling 
older adults in Japan. It takes a social epidemiological 
approach to examine the causes of health problems. In the 
JAGES 2016 wave, self-administered questionnaires were 
mailed to functionally independent adults aged 65  years 
or older, who did not receive benefits from public long-
term care insurance, across Japan, between September 
2016 and January 2017. The respondents included 180,021 
residents (response rate = 70.2%), and they were nested in 
857 communities essentially based on elementary or junior 
high school districts because a school district reflects a 
geographical scale wherein older Japanese people can move 
on foot or by bike.15 We excluded responses without valid 
values for key variables including age (n = 262), sex (n = 30), 
hypertension (n = 8,482), social participation (n = 46,404), 
and the population density of school districts (n  =  8,527). 
Communities with ≤30 respondents (n  =  303) were 
excluded to avoid non-precise community-level values due 
to small sample size. The final sample comprised 116,013 
respondents (58,420 females and 57,593 males) nested in 
818 communities. The JAGES participants were informed 
that participation in the present study was voluntary and 
that returning the questionnaire with responses indicated 
the provision of consent to participate. Ethical approval for 
the study was obtained from the Ethics Committee at the 
National Center for Geriatrics and Gerontology (approval 
no. 992) and Chiba University (approval no. 2493).

Dependent variable

We defined hypertension using the questionnaire 
because, in general, self-reports on diseases that are clearly 

defined and easily diagnosed, such as hypertension, have 
good agreement with medical record data.16 All respondents 
were asked, “Are you receiving medical treatment for 
the diseases listed below?” All the respondents who 
answered yes to “hypertension” were categorized as having 
hypertension. Thus, the definition of hypertension in this 
study was self-reported hypertension on treatment; people 
who had hypertension but did not receive treatment were 
excluded.

Assessment of social capital

Based on a previous study that developed and validated a 
community-level social capital scale among older Japanese 
people from the 2013 JAGES,8 we classified social capital 
into 3 dimensions: civic participation, social cohesion, and 
reciprocity. Civic participation was defined as an index of 
social participation using 5 organizations: (i) sports groups 
or clubs; (ii) volunteer groups; (iii) hobby activity groups; 
(iv) study or cultural groups; (v) activities to teach skills 
or pass on experiences to others. Individual-level civic 
participation was scored “1” if respondents participated in 
any of the 5 organizations once a month or more often and 
“0” if respondents participated in these organizations less 
than once a month. Community-level civic participation was 
defined as the sum of the participation proportions of the 5 
organizations in each community. Three questions were used 
to assess social cohesion: “Do you think people living in your 
area can be trusted in general?”; “Do you think most people 
in your community offer assistance to others?”; “How strong 
is your attachment to your place of residence?”. Individual-
level social cohesion was scored “1” if respondents answered 
“very” or “moderately” to at least 1 of the 3 questions and “0” 
if respondents did not answer “very” or “moderately” to any of 
the questions. Community-level social cohesion was defined 
as the sum of the proportions of those who answered “very” 
or “moderately” to the 3 items. Three questions were used 
to assess reciprocity: “Do you have someone who listens to 
your concerns and complaints?”; “Do you listen to someone’s 
concerns and complaints?”; “Do you have someone who 
looks after you when you are sick for a few days?”. Individual- 
and community-level reciprocity was defined in the same 
way as social cohesion.

To examine the differences in the contextual associations 
with hypertension according to organization type, social 
participation was assessed in each of the 5 organizations 
involved in civic participation and 3 other organizations: 
(vi) nursing care prevention activities; (vii) senior citizen 
clubs; and (viii) community associations. Individual-
level social participation was scored “1” if respondents 
participated in a certain organization once a month or 
more often and “0” if respondents participated in the 
organization less than once a month. Community-level 
social participation was defined as the participation 
proportion in a community.

All the community-level social capital indices were 
standardized in the analyses. If participants did not 
respond to the questions on social cohesion or reciprocity, 
corresponding observations were assigned to the “missing” 
categories.
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Assessment of covariates

Demographic and physiological covariates included age, 
sex, and body mass index. Age was aggregated into 5 groups: 
65–69, 70–74, 75–79, 80–84, and 85 years and older. Body 
mass index was calculated as the weight divided by the 
height squared (kg/m2) and was divided into 4 categories: 
underweight (<18.5  kg/m2); normal weight (18.5–24.9  kg/
m2); overweight (25–29.9 kg/m2); and obese (≥30 kg/m2).

Considering the effect of psychological stress on 
hypertension, depressive symptoms were assessed using 
the 15-item Geriatric Depression Scale as a psychological 
covariate. Respondents were classified into 3 groups: 
no depression (0–4), mild depression (5–9), and severe 
depression (10–15).

To assess the impacts of health behaviors, drinking and 
smoking status (none, past, or current) were classified by 
each answer choice. Physical activity was assessed by the 
frequency of going outside (<once a week; ≥once a week) 
and the average time spent walking each day (≤30 minutes; 
30–59 minutes; and ≥60 minutes). The frequency of meeting 
friends (<once a week; ≥once a week) and eating status 
(eating alone or not) were used as psychosocial factors.

Socioeconomic status was evaluated by educational 
attainment (<10 or ≥10  years), marital status (married 
or single), occupational status (currently employed, 
formerly employed, and never employed), and annual 
equivalent income (<2,000,000; 2,000,000–3,999,999; or 
≥4,000,000 yen).

Information on diabetes mellitus, dyslipidemia, 
cardiovascular diseases, and stroke was obtained from the 
questionnaire.

As a community-level covariate, we calculated the 
population density per square kilometer for each community 
using the 2010 census and Land Utilization Tertiary 
Mesh Data (as of 2010)  of the National Land Numerical 
Information from the Ministry of Land, Infrastructure, 
Transport and Tourism in Japan. These calculations excluded 
nondeveloped areas (e.g., rivers, lakes, forest, and wasteland) 
and nonresidential land (farms and industrial districts).17 
Population density was stratified into quartiles. We used the 
ArcGIS 10.3 software for all spatial calculations.

If participants did not respond to these covariates, 
corresponding observations were assigned to the “missing” 
categories.

Statistical analysis

All data were analyzed using STATA 15.1 software (STATA 
Corp. LLC, College Station, TX). Continuous variables 
were assessed by t-test. Pearson’s chi-square test was used 
to analyze categorical variables. The correlations between 
the prevalence of civic participation and population density 
were assessed by linear regression analyses.

Two-level Poisson regression analyses with random 
intercepts and fixed slopes were applied to investigate the 
contextual relationship between community-level social 
participation and individual-level hypertension. A  total of 
116,013 respondents (first level) were nested within 818 
communities (second level). The multilevel prevalence ratios 

(PRs) and their 95% confidence intervals were calculated. 
In model 1, both individual- and community-level social 
capital indices and cross-level interaction terms between 
individual- and community-level civic participation were 
included. In model 2, all individual- and community-level 
covariates were added. Analyses stratified by sex were 
performed because the cross-level interaction between 
community-level civic participation and sex was significant 
(P = 0.014). In this study, logistic regression analysis was not 
appropriate because of the high prevalence of hypertension 
(43.7%).18

All P values were 2 tailed. P values lower than 0.05 were 
considered statistically significant.

RESULTS

Table 1 shows the descriptive characteristics of the 818 
communities. Community-level civic participation, which 
was the sum of the participation proportions of the 5 
organizations used to define civic participation, was 1.03 (the 
possible range of values was between 0 and 5). The sum of the 
proportions of those who answered “very” or “moderately” 
to the 3 questions about social cohesion and reciprocity was 
2.00 and 2.80, respectively (the possible range of values was 
between 0 and 3). Community-level civic participation was 
significantly positively correlated with population density 
(r  =  0.36, P  <  0.001). The baseline characteristics of the 
respondents and crude PRs for hypertension are shown 
in Table 2. The mean ages of the total, male, and female 
populations were 73.5 ± 6.1, 73.4 ± 6.0, and 73.5 ± 6.2 years, 
respectively. The prevalence of hypertension was 43.7% in 
the total population, 44.4% among males, and 43.0% among 
females. In the total population, 44.1% of respondents were 
involved in civic participation, and a larger number of females 
participated in the organizations of civic participation than 
males (males: 40.0%; females: 48.1%; P < 0.001).

The results of the multilevel Poisson regression analyses 
are shown in Table 3. In model 1, both individual- and 
community-level civic participation were associated with 
a lower incidence of hypertension in all the groups. After 

Table 1. Descriptive characteristics of the communities

Community-level variables Mean SD Minimum Maximum

Community-level social capital (unstandardized valuea)

 Civic participation 1.03 0.23 0.29 1.76

 Social cohesion 2.00 0.18 1.32 2.67

 Reciprocity 2.80 0.07 2.40 3.00

Population density, persons per kilometer squared of inhabitable area

 First quartile (n = 205) 3,032.7 10,71.5 795.8 4,773.8

 Second quartile (n = 204) 7,017.5 1,281.5 4,801.0 9,024.7

 Third quartile (n = 205) 10,587.9 908.8 9,043.9 12,156.6

 Fourth quartile (n = 204) 14,734.5 3,022.1 12,189.8 37,915.6

The number of communities was 818.
aThese values were standardized in the Poisson regression 

analysis.
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adjustment for individual- and community-level covariates 
in model 2, the association between community-level civic 
participation and hypertension remained significant in 
the total and female groups (total: PR  =  0.98 (0.96–0.99), 
P < 0.05; females: PR = 0.97 (0.95–0.99), P < 0.05) and neared 
significance in the male group (males: PR  =  0.98 (0.96–
1.005), P = 0.13). The interaction between community-level 
civic participation and sex in relation to hypertension was 
significant (P = 0.012). No significant association was found 
in social cohesion and reciprocity at both the individual and 
community levels in model 2. In addition, we observed no 
statistically significant interaction between individual- and 
community-level civic participation in all the analyses.

Further analyses were performed to examine the 
differences in the contextual associations with hypertension 
according to organization type (Table 4). Instead of civic 
participation, each of the 8 organizations was used to 
create individual- and community-level social participation 
variables. Sports groups (total: PR  =  0.98 (0.97–0.997), 
P < 0.05; females: PR = 0.98 (0.96–1.00), P = 0.057), hobby 
activity groups (total: PR = 0.98 (0.96–0.99), P < 0.05; females: 
PR  =  0.98 (0.96–0.995), P  =  0.057), and study or cultural 
groups (total: PR  =  0.97 (0.95–0.999), P  <  0.05; females: 
PR  =  0.98 (0.94–1.01), P  =  0.19) showed significant or 
near-significant contextual relationships with hypertension 
after adjusting for all the covariates in the total and female 
groups. In males, sports groups (males: PR  =  0.98 (0.96–
1.01), P = 0.17) and hobby activity groups (males: PR = 0.98 
(0.96–1.001), P = 0.07) showed a near-significant contextual 
relationship with hypertension in model 2.  On the other 
hand, participation in senior citizen clubs showed a positive 
(harmful) contextual relationship with hypertension in the 
total and female groups.

DISCUSSION

To the best of our knowledge, this is the first study 
to demonstrate the contextual relationship between 
community-level social participation and hypertension in 
older people. Civic participation, defined as participation 
in sports groups, volunteer groups, hobby activity groups, 
study or cultural groups, and activities to teach skills or pass 
on experiences to others, showed a beneficial contextual 
relationship with hypertension. We also found that the 
relationship varied by sex and organization type. The findings 
of this study suggest that promoting and organizing certain 
types of social activities in a community may be beneficial to 
the prevention of hypertension even in people who do not 
participate in such activities.

Several studies have reported that individual-level 
participation in horizontal organizations (characterized 
by nonhierarchical, egalitarian relationships) may 
be more beneficial to health than participation in 
vertical organizations (characterized by hierarchical 
relationships).4,19 In this study, the 5 organizations involved 
in civic participation, and nursing care prevention activities 
were considered horizontal organizations. Senior citizen 
clubs and community associations were considered vertical 
organizations. In line with these, participation in horizontal 

organizations was beneficially associated with hypertension 
at the individual level. Furthermore, beneficial relationships 
with hypertension were also found with civic participation 
and some organizations comprising civic participation at the 
community level. This indicates that certain types of social 
participation, particularly the horizontal type, may have 
a beneficial group-level effect on hypertension. Although 
prospective investigations are required to confirm the 
causal effects, these findings are compelling because they 
suggest a population approach for reducing the prevalence 
of hypertension in communities through improvements in 
the contextual characteristics of communities. For example, 
promoting social participation programs, providing 
facilities for sports and hobby, and improving infrastructure 
for easy access may create a beneficial surrounding 
environment based on social participation. Residents of 
such communities can benefit from social participation not 
only by direct involvement but also through membership of 
the communities through their contextual effect.

Three group-level mechanisms are considered relevant to 
the pathways linking community-level social participation 
to hypertension: social contagion, informal social control, 
and collective efficacy.6 Social contagion demonstrates that 
behaviors spread more quickly in a tightly knit network, 
through the diffusion of information or the transmission of 
behavioral norms. In communities in which many people 
participate in sports clubs, for example, residents who do 
not participate in sports club may begin exercising and 
walking owing to the behaviors of the people surrounding 
them. Informal social control was originally developed 
to refer to the ability of community members to suppress 
crime. However, this is also applicable to the prevention 
of harmful behaviors associated with hypertension such 
as smoking and excessive drinking. Older individuals 
may be encouraged by others to stop these harmful 
habits more often in communities with many participants 
engaged in social activities. In fact, adjustment for these 
individual-level factors mitigated the association between 
social participation and hypertension. However, the 
association of civic participation and participation in some 
organizations with hypertension remained significant, 
suggesting that other mechanisms also contribute to the 
linking pathway. Collective efficacy is the ability of the 
collective to mobilize collective action. Coleman referred to 
the term “appropriable social organizations” to explain the 
phenomenon that once a social organization is established 
for one purpose, it can be later adapted for a different 
purpose.20 The opinions and actions of communities 
with widespread social participation may lead to the 
development of facilities, systems, and policies for health 
promotion.

In addition, a psychological factor can mediate the 
relationship between community-level social participation 
and hypertension. Community-level social participation, 
particularly in horizontal organizations, has been reported 
to have a protective relationship with individual-level 
depressive symptoms.8,9 Because psychological stress is well-
known to contribute to the development of hypertension,21 
residents of communities in which many people are involved 
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in horizontal-type organizations may be less likely to have 
hypertension through their alleviated mental stress.

In the present study, the beneficial relationship between 
community-level social participation and hypertension 
was stronger in females than males, although the overall 
trends were similar in both sexes. Although the reasons for 
the sex difference in the association are unclear, they may 
be partially explained by the differences in the strength of 
the reliance on the neighborhood for healthful resources. 
Antonucci and Akiyama reported that older females have 
larger networks and receive support from multiple sources, 
whereas males tend to rely on their spouses exclusively.22 
In addition, male respondents were likelier to have a job 
than their female counterparts (males: 31.4%; females: 
19.9%, P  <  0.001), and fewer male respondents engaged 
in civic participation. This suggests that males depend on 
other resources rather than the community to develop their 
social network.

Limitations

Our study has potential limitations. First, this is a cross-
sectional study, so the possibility of reverse causation 
cannot be completely excluded. However, a reverse causal 
relationship does not seem reasonable in the explanation 
of the negative association between civic participation and 
hypertension, as hypertension patients are expected to 
participate more frequently in organizations such as sports 
groups to improve their blood pressure. It is not reasonable 
to avoid participation in social activities as a means to 
prevent hypertension. Second, we defined hypertension 
as “hypertension on treatment” based on a questionnaire. 
Although a good agreement between self-reported 
hypertension and medical record data was expected,16 we 
could not include hypertension patients who were diagnosed 
at a checkup or clinic but did not receive treatment. However, 
the use of this definition is advantageous, in that we could 
exclude people for whom medical treatment was considered 
unnecessary because of the white-coat phenomenon, or as 
hypertension was controlled through lifestyle changes. Third, 
accessibility to medical facilities may have affected the results 
of this study because residents in large cities can usually 
access medical facilities more easily than those in small rural 
areas, which may have increased the number of patients 
with hypertension on treatment in large cities. However, 
the effect of accessibility probably led to the positive, rather 
than negative, association between community-level social 
participation and hypertension because the prevalence of 
civic participation was positively correlated with population 
density in this study. Fourth, selection bias may have affected 
the results because the survey response rate was 70.2%. 
Nonrespondents may have been likelier to be isolated from 
society and unhealthier than the respondents. In addition, 
there were several missing values, which may have led to 
systematic bias. Finally, it remains unknown whether the 
findings of this study can be extended to other populations. 
Particularly, the impact of organization type on the 
contextual effect of social participation probably varies by 
cultural background. However, basic concepts of this study 
(the contextual effect of social participation) seem to be 

generalizable and warrant further studies to be examined in 
other populations.

We found a contextual preventive relationship between 
community-level social participation and hypertension in 
older Japanese people. Females may derive a much stronger 
benefit from community-level social capital than males. In 
addition, the beneficial effects may vary by organization type. 
The design of the contextual characteristics of communities 
by promoting certain type of social participation and 
providing easy access to it may be an effective population 
approach to reduce the prevalence of hypertension among 
older people.
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