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ARTICLE INFO ABSTRACT

Keywords: Health communication inequality is one of the potential mechanisms linking socioeconomic status (SES) to
Health communication inequality health disparities. To our knowledge, no previous study has examined the association between exposure to
Television health information and mortality. We analyzed 3-year follow-up cohort data from the Japan Gerontological
Mortality

Evaluation Study (JAGES), involving 8544 males and 9698 females aged 65 years or older, to examine asso-
ciations between exposure to health information via different types of media and mortality. The baseline survey
was conducted from October to December 2013 in 21 municipalities in Japan. Adjusted for health conditions,
health behaviors, and other potential confounders, Cox proportional hazards models were used to estimate
hazard ratios (HRs) of all-cause mortality. Over a mean of 3.2 years of follow-up, 956 deaths occurred. Among
females, receiving health information from TV programs was associated with lower mortality (HR = 0.90; 95%
confidence interval [CI] = 0.83, 0.98). By contrast, there were no significant associations among males. Our
findings suggest that improving the accuracy of health information delivered via television might be beneficial.

Japanese elderly

1. Introduction and people with more education and higher income seek more health

information than their counterparts (Berry et al., 2011; Hay et al., 2009;

Health communication inequality is one of the potential mechan-
isms linking socioeconomic status (SES) to health disparities. According
to Viswanath, health communication inequalities are defined as: “dif-
ferences in access to and use of information resources; attention to and
processing of health information; and differential capacity to act on the
information between different social groups at the individual level and
differential capacity in generating, processing, and disseminating in-
formation at the group level” (Viswanath, 2006). The model highlights
the concern that disparities exist not only in access but also in the ca-
pacity and capability to take advantage of new developments in com-
munication science and technology which may ultimately result in in-
creased health disparities (Viswanath et al., 2007).

In general, females, whites (compared to racial/ethnic minorities),
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Hogue et al.,, 2012; Ishikawa et al., 2016; Ishikawa et al.,, 2012;
Viswanath, 2006; Weaver et al., 2010). Social capital (for example,
levels of civic participation, trust in the community, and mutual social
supports) promotes health media usage (Ishikawa et al., 2016;
Viswanath et al., 2007). It is also known that there are distinct patterns
of health communication by gender and that females are more likely to
be involved in the exchange of health information with others (Kontos
et al., 2011; Mertens et al., 2017; Rodgers et al., 2007; Saint-Charles
etal., 2012; Triana et al., 2016). In turn, exposure to health information
improves people's knowledge and awareness of health risk (Jung et al.,
2013; Viswanath et al., 2006; Wong and Sam, 2010), ultimately pro-
moting changes in risk behaviors such as diet, smoking, disease pre-
vention, and use of medical treatment (Beaudoin and Hong, 2011;

Received 18 July 2018; Received in revised form 7 December 2018; Accepted 11 December 2018

Available online 12 December 2018
0277-9536/ © 2018 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/02779536
https://www.elsevier.com/locate/socscimed
https://doi.org/10.1016/j.socscimed.2018.12.019
https://doi.org/10.1016/j.socscimed.2018.12.019
mailto:kos639@mail.harvard.edu
https://doi.org/10.1016/j.socscimed.2018.12.019
http://crossmark.crossref.org/dialog/?doi=10.1016/j.socscimed.2018.12.019&domain=pdf

K. Sato et al.

Finney Rutten et al., 2009; Freisling et al., 2010; Huston et al., 2009;
Kim and Jung, 2017; Redmond et al., 2010). Also, knowledge and
awareness can aid patients with time-sensitive conditions such as acute
coronary and cerebral symptoms in presenting hospital early (Bray
et al., 2015; Choudhary et al., 2016; De Silva et al., 2007; Khan et al.,
2007), and this can affect survival directly. However, to our knowledge,
no previous study has examined the association between exposure to
different types of health information and mortality.

Understanding the differences between reliance on alternative
forms of media is crucial for the effective delivery of health information
to different population groups. Generally speaking, people from higher
SES backgrounds tend to prefer printed media (i.e., newspapers and
magazines) or the Internet rather than television, while those from
lower SES backgrounds tend to prefer television (Beaudoin and Hong,
2011; Viswanath and Ackerson, 2011; Wong and Sam, 2010). None-
theless, how health outcomes vary according to the use of different
media remains unclear. Some studies found that printed media and
reliance on information obtained through interpersonal relationships
had more favorable associations with health-related knowledge and
behaviors than television (Beaudoin and Hong, 2011; Freisling et al.,
2010; Kim and Jung, 2017; Redmond et al., 2010; Viswanath et al.,
2006). In contrast, other studies pointed out some positive aspects of
obtaining health information from television (Jung et al., 2013;
Mertens et al., 2017; Paek et al., 2017). Also, there is a growing lit-
erature on the impact of the Internet on health (Viswanath, 2005), but
the evidence is still mixed as well. Some studies concluded that the
Internet exerts a positive influence (Freisling et al., 2010; Hesse et al.,
2005; Ishikawa et al., 2012; Viswanath et al., 2006), while others failed
to reach the same conclusion (Beaudoin and Hong, 2011; Mertens et al.,
2017; Redmond et al., 2010). For example, some studies reported a
negative impact of the Internet on uptake of flu vaccination (Jung et al.,
2013; Kim and Jung, 2017).

Trust in the information source can affect the awareness of health
risk and the adoption of behavior changes (Bleich et al., 2007; Finney
Rutten et al., 2009; Huston et al., 2009; Lindstrém and Janzon, 2007;
Liu et al., 2014). According to the World Values Survey (2010-2014)
(Inglehart et al., 2014), about 70% of Japanese people had confidence
in the press and television either “a great deal” or “quite a lot,” whereas
only about 20% of American people answered that they had confidence
in their press and television. In the survey, the Japanese indicated the
highest level of confidence in mass media among 60 surveyed countries.

In this study, we used large cohort data of older Japanese and ex-
amined differential associations between exposure to health informa-
tion and mortality according to the medium.

2. Methods

We used cohort data from the Japan Gerontological Evaluation
Study (JAGES). The JAGES is an on-going longitudinal study of
Japanese people aged 65 or older who were physically and cognitively
independent. From October to December in 2013, self-reported ques-
tionnaires were mailed to eligible residents in 21 municipalities in 9
(out of 47) prefectures. Random sampling methods were used in 11
large municipalities, while a Census of all eligible residents (65 years or
older) were conducted in 10 smaller municipalities. Of 28,448 people
invited to participate, 19,909 people returned the questionnaires, cor-
responding to a response rate of 70.0%. 1085 subjects for which sex and
age could not be confirmed or were reported in error were excluded.

2.1. Mortality outcome

To ascertain vital status, all participants were linked by the co-
operating municipalities to the administrative databases of the public
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long-term care insurance registers. Of the eligible sample of 18,824
individuals, 18,242 subjects were successfully linked to the adminis-
trative records through 2016, corresponding to a follow-up rate of
96.9%. The mean follow-up period was 3.2 years, and we observed 956
deaths during the period.

2.2. Exposure to health information

The JAGES asked the subjects to look back over the past one month
and answer the following six questions: “How often did you see a news
program about health on TV?,” “How often did you see an information
program about health, doctors or hospitals on TV?,” “How often did you
read an article about health in a newspaper or magazine for the gen-
eral?,” “How often did you read a magazine or newsletter with a special
column on health or medical care?,” “How often did you read an article
about health in a government-issued announcement or newsletter?,”
and “How often did you see information about health on the Internet?”
Options for each of the questions were “(1) Twice a week or more, (2)
About once a week, (3) Less than once a week, and (4) Not at all.” We
dichotomized answers into from (1) to (3) or (4) and created binary
variables for each of the items indicating whether the subject was ex-
posed to health information via the medium at least once in a month.
The cutoff point of frequency was determined by referring to previous
literature (Hay et al., 2009; Ishikawa et al., 2012; Redmond et al., 2010;
Rodgers et al., 2007).

2.3. Covariates

Demographic and SES variables included age (65-69, 70-74, 75-79,
80-84, =85 years), years of education (low (=9), middle (10-12), high
(=13)), marital status (married and spouse is alive, other), and annual
equivalized household income (low (<1.9), middle (2.0-3.9), high
(=4.0) million JPY). Variable related to health conditions included self-
rated health (very good, good, poor, very poor), depressive symptoms
assessed with the short version of the Geriatric Depression Scale (GDS)
(non-depressed (< 5), depressed (=5)) (Burke et al., 1991), instru-
mental activities of daily living (IADL) measured with the Tokyo Me-
tropolitan Institute of Gerontology Index of Competence (fully capable
(5), less capable (< 5)) (Koyano et al., 1991). We also included self-
reported disease diagnoses as follows: cancer, heart disease, stroke,
diabetes, respiratory disease and others (hypertension, hyperlipidemia,
gastrointestinal, liver, or gallbladder disease, kidney or prostate gland
disease, musculoskeletal disease, traumatic injury, blood or immune
system disease, dementia, Parkinson's disease, eye disease, ear disease,
and other). We used three scales to measure social capital, previously
validated, consisting of civic participation, social cohesion, and re-
ciprocity (Saito et al., 2016). Civic participation is measured as the
number of the following groups engaged in a month: volunteer groups,
sports groups, hobby activities, study or cultural groups, and activities
for teaching skills. Social cohesion is measured as the number of the
subject answering “strongly/moderately agree” in three questions
about community trust, norms of reciprocity, and community attach-
ment. Reciprocity is measured as the number of the subject answering
“any one or more” in three questions about receiving and providing
emotional support and receiving instrumental support. Each variable
scores from O to 3. Variables related to health behaviors included the
frequency of meat or fish intake (=1/day, < 1/day) and vegetable or
fruit intake (=1/day, < 1/day), walking time (=30min/day, < 30
min/day), alcohol intake (drinker, ex-drinker, non-drinker), smoking
status (smoker, ex-smoker, non-smoker), and body mass index (BMI)
(underweight (< 18.5 kg/mz), normal (18.5-24.9 kg/mz), overweight
(25.0-29.9 kg/m?), obesity (=30.0 kg/m?)).
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2.4. Statistical analyses

First, we carried out an exploratory factor analysis to find patterns
of media exposure. The factor analysis enabled us to find similar media
in users and cluster them into a factor. It was conducted using max-
imum likelihood estimation with Promax rotation. The number of fac-
tors was restricted to two at a maximum because the estimation ap-
peared to be Heywood case if three or more factors were chosen under
the Kaiser-Guttman rule (i.e., a factor should be retained if its eigen-
value is larger than 1). Then we used Cox proportional hazards models
to evaluate the associations of all-cause mortality with factor scores
(i.e., clustered measures of multiple media exposure) calculated by the
factor analysis with use of Bartlett's method. We statistically tested the
proportional hazards assumption and confirmed that the assumption
was satisfied (see Table A in a supplement). Data were separately
analyzed for males and females considering distinct patterns of health
communication by gender (Kontos et al., 2011; Mertens et al., 2017;
Rodgers et al., 2007; Saint-Charles et al., 2012; Triana et al., 2016). To
assure the validity of the gender stratification, we also tested the sig-
nificance of interaction terms between type of media and gender using
the full sample (see Table B in a supplement). Model 1 was adjusted for
age, years of education, marital status, and equivalized household in-
come as potential confounders. Model 2 was additionally adjusted for
health conditions (self-rated health, depressive symptoms, instrumental
activities of daily living (IADL), and self-reported disease diagnoses) as
potential confounders. Model 3 was further adjusted for scales of social
capital (civic participation, social cohesion, and reciprocity) as poten-
tial confounders. Lastly, Model 4 was additionally adjusted for health
behaviors (meat/fish intake, vegetable/fruit intake, walking time, al-
cohol intake, smoking status, and BMI) as potential mediators linking
exposure to health information to survival.

In our data, 3682 out of 8544 subjects (43.1%) for males and 5633
out of 9698 subjects (58.1%) for females included some missing values.
To mitigate potential biases caused by the missing values, we adopted
multiple imputation under the missing at random (MAR) assumption.
Incomplete variables were imputed by multivariate normal model using
all the covariates as explanatory variables: sex, age, years of education,
marital status, equivalized household income, self-rated health, de-
pressive symptoms, instrumental activities of daily living (IADL), self-
reported disease diagnoses, civic participation, social cohesion, re-
ciprocity, alcohol intake, smoking status, meat/fish intake, vegetable/
fruit intake, walking time, BMI, and exposure to health information (TV
news program, TV information program, newspaper or magazine for
the general public, magazine or newsletter with a special column,
government-issued newsletter, and the Internet). We created 20 im-
puted datasets, and the estimates were combined. For sensitivity ana-
lysis, we performed the same analyses on the subset of subjects without
missing values and confirmed that the significance of associations did
not change (see Table C in a supplement). In addition, to check ro-
bustness of imputation, we carried out sensitivity analysis using an al-
ternative modeling strategy, i.e., multiple imputation by chained
equations (MICE). The results from the corresponding model were si-
milar to results from the multivariate normal model (not shown). All
analyses were performed with use of Stata 14.2 (Stata Corp, College
Station, TX).

3. Results

The sample comprised 8544 males and 9698 females. Females were
more likely to seek health information through all types of media (ex-
cept for the Internet) compared to males. For both males (87.4%) and
females (89.6%), TV news program was the most prevalent source of
health information, followed by TV information program, newspaper or
magazine for the general public (Table 1).

Table 2 displays the percentages of those who were exposed to
health information more than once in the past one month according to
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Table 1
Characteristics of older Japanese male and female participants: Japan, 2013.
Male (n = 8544) Female (n = 9698) X2 test
n % n % P-value
Age (years) 0.04
65-69 2405 28.1 2606 26.9
70-74 2589 30.3 2922 30.1
75-79 1901 22.2 2215 22.8
80-84 1134 13.3 1274 13.1
=85 515 6.0 681 7.0
Education (years) < 0.001
Low (<9) 3251 38.1 4458 46.0
Middle (10-12) 2964 34.7 3519 36.3
High (=13) 2147 25.1 1470 15.2
Missing and 182 2.1 251 2.6
other
Marital status < 0.001
Married and 7187 84.1 5690 58.7
spouse is alive
Other 1191 13.9 3668 37.8
Missing 166 1.9 340 3.5
Annual equivalized household income (million JPY) < 0.001
Low (=<1.9) 3490 40.8 3829 39.5
Middle (2.0-3.9) 3024 35.4 2706 27.9
High (=4.0) 843 9.9 804 8.3
Missing 1187 13.9 2359 24.3
Self-rated health 0.006
Very good 1006 11.8 1114 11.5
Good 5732 67.1 6621 68.3
Poor 1379 16.1 1391 14.3
Very poor 214 2.5 211 2.2
Missing 213 2.5 361 3.7
Depressive symptoms (GDS) 0.03
Not depressed 5453 63.8 5683 58.6
(<5)
Depressed (=5) 1980 23.2 1903 19.6
Missing 1111 13.0 2112 21.8
Instrumental activities of daily living (IADL) < 0.001
Fully capable (5) 6046 70.8 8203 84.6
Less capable 2263 26.5 1179 12.2
(<5
Missing 235 2.8 316 33
Self-reported disease diagnoses
Cancer (yes) 392 4.6 235 2.4 < 0.001
Heart disease 1062 12.4 720 7.4 < 0.001
(yes)
Stroke (yes) 376 4.4 200 2.1 < 0.001
Diabetes (yes) 1384 16.2 981 10.1 < 0.001
Respiratory 549 6.4 412 4.2 < 0.001
disease (yes)
Others (yes) 5888 68.9 7094 73.1 < 0.001
Missing 481 5.6 669 6.9
Civic participation (number of participating groups in five indicators) < 0.001
None 4273 50.0 3901 40.2
One 1396 16.3 1535 15.8
Two 850 9.9 1034 10.7
Over three 545 6.4 779 8.0
Missing 1480 17.3 2449 25.3
Social cohesion (number of "strongly/moderately agree" in three 0.003
indicators)
None 1060 12.4 1279 13.2
One 1389 16.3 1682 17.3
Two 1821 21.3 1942 20.0
Three 3990 46.7 4269 44.0
Missing 284 3.3 526 5.4
Reciprocity (number of "any one or more" in three indicators) < 0.001
None 175 2.0 81 0.8
One 411 4.8 170 1.8
Two 597 7.0 591 6.1
Three 6945 81.3 8229 84.9
Missing 416 4.9 627 6.5
Frequency of meat or fish intake over the past month < 0.001
=>1/day 3528 41.3 4605 47.5
< 1/day 4852 56.8 4907 50.6
Missing 164 1.9 186 1.9
Frequency of vegetable or fruit intake over the past month < 0.001

(continued on next page)
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Table 1 (continued)

Male (n = 8544) Female (n = 9698) x> test
n % n % P-value
=1/day 6127 71.7 8080 83.3
< 1/day 2294 26.8 1469 15.1
Missing 123 1.4 149 1.5
Walking time 0.93
=30min/day 6263 73.3 7028 72.5
< 30min/day 2152 25.2 2408 24.8
Missing 129 1.5 262 2.7
Alcohol intake < 0.001
Drinker 4757 55.7 1390 14.3
Ex-drinker 788 9.2 164 1.7
Non-drinker 2912 34.1 7981 82.3
Missing 87 1.0 163 1.7
Smoking < 0.001
Smoker 1566 18.3 303 31
Ex-smoker 2585 30.3 225 2.3
Non-smoker 4286 50.2 8982 92.6
Missing 107 1.3 188 1.9
BMI (kg/m?) < 0.001
Underweight 443 5.2 871 9.0
(< 18.5)
Normal 5878 68.8 6283 64.8
(18.5-24.9)
Overweight 1767 20.7 1713 17.7
(25.0-29.9)
Obesity (=30.0) 126 1.5 227 2.3
Missing 330 3.9 604 6.2
Exposure to health information in the past one month
TV news program < 0.001
Once or more 7465 87.4 8690 89.6
None 744 8.7 508 5.2
Missing 335 3.9 500 5.2
TV information program < 0.001
Once or more 6841 80.1 7941 81.9
None 1330 15.6 1072 11.1
Missing 373 4.4 685 7.1
Newspaper or magazine for the general public < 0.001
Once or more 6698 78.4 7752 79.9
None 1495 17.5 1353 14.0
Missing 351 4.1 593 6.1
Magazine or newsletter with a special column < 0.001
Once or more 4209 49.3 5360 55.3
None 3949 46.2 3617 37.3
Missing 386 4.5 721 7.4
Government-issued newsletter < 0.001
Once or more 5400 63.2 6270 64.7
None 2697 31.6 2519 26.0
Missing 447 5.2 909 9.4
Internet < 0.001
Once or more 1587 18.6 987 10.2
None 6471 75.7 7792 80.3
Missing 486 5.7 919 9.5

the medium. For each category of characteristics, we compared the
percentages using a chi-squared test. People with a high level of edu-
cation were more likely to receive health information via media. People
who rated health conditions as very good or good, those who were fully
capable in IADL, and those who were not depressed were more likely to
receive health information. Also, variables related to social capital were
positively correlated with exposure to health information for all types
of the media. Those who practiced healthier behaviors (i.e., non-
smoker, taking meat/fish and vegetable/fruit more than once per day,
walking more than 30 min per day) were also more likely to report
exposure to health information.
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Table 3 shows results of an exploratory factor analysis. The factor
analysis suggested that two factors existed. For the first factor, variables
of TV news program and TV information program had high factor
loadings, and thus we labeled it “TV programs.” For the second factor,
variables of newspaper, magazine, and government-issued newsletter
had high factor loadings, and thus we labeled it “printed media.” The
Internet had low factor loadings for both of the factors. Hence, we
treated the Internet independently, and then estimated scoring coeffi-
cients of the two factors and factor scores for each of the subjects.

Table 4 shows hazard ratios (HRs) for the association of all-cause
mortality with exposure to health information by gender and according
to different types of media calculated with use of Cox hazards propor-
tional models. Predictors of TV programs and printed media were the
factor scores calculated by the factor analysis, while a predictor of the
Internet was a standardized z-score for ease of comparison with factor
scores. For males, there were no significant associations. In contrast, for
females, we found significant associations with factors of TV programs
and printed media in Model 1. For printed media, the significance
disappeared after adjusting for health conditions at the baseline as
confounders (Model 2). Meanwhile, an association with TV programs
was significant in both Model 2 and Model 3 (adjusting for social ca-
pital). Also, after adjusting for health behaviors as mediators (Model 4),
its beneficial association was remained significant. In Model 4, we
found a reduced mortality among females who were exposed to health
information in a month through TV programs (HR = 0.90; 95% con-
fidence interval [CI] = 0.83, 0.98). We also tested associations of
mortality with individual sources of health information. As well as the
result above, exposure to health information via TV news program and
TV information program was independently associated with a reduced
mortality among females (see Table D in a supplement).

4. Discussion

To our knowledge, this is the first study which explored associations
between exposure to health information via different media and sur-
vival. We found that older Japanese women who were exposed to
health information through television programs more than once a
month had reduced mortality. In contrast to women, mortality for men
was not sensitive to exposure to health information.

The observed differences by gender and by type of media may be
explained by differential trust in health information. Our results are
consistent with a previous study, which showed that Japanese women
were more likely to trust media than men and that television was more
trusted as a source of health information than newspapers, magazines,
and the Internet (Ishikawa et al., 2012). Surveys suggest that the Ja-
panese report high levels of trust in the public broadcasts from the
NHK, Nippon Hoso Kyokai (Japan Broadcasting Corporation) out of all
media channels (Japan Press Research Institute, 2017). NHK (like the
BBC in Britain) is publicly funded and delivers many health-specific
programs about nutrition, exercise, disease prevention and medical
treatment without commercial advertisements. Also, it often broadcasts
special programs related to health with thorough coverage and com-
pliance with international medical guidelines for an hour. The more
credible is a medium, the more it can affect health behaviors. A study
found a significant and larger effect of national television news on
taking a flu shot than local television news, local newspapers, and the
Internet (Jung et al., 2013).

Unlike other media, television conveys wellness information with
vivid images and plausible stories. It helps one imagine living a healthy
life and shape positive self-perceptions. A previous study showed that
positive self-perceptions of aging affected survival (Levy et al., 2002).
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Table 2
Percentages of those who were exposed to health information more than once a month: Japan, 2013.
TV news TV information Newspaper or magazine for Magazine or newsletter with ~ Government-issued Internet
program program the general public a special column newsletter
Age (years)
65-69 91.8 84.8 83.0 53.9 66.3 17.9
70-74 93.6 86.4 85.1 56.7 70.2 15.8
75-79 94.2 88.4 84.6 59.3 71.8 13.6
80-84 93.0 86.8 82.3 56.3 70.9 12.4
=85 88.1 79.3 76.9 47.1 63.2 12.7
P-value for x2 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Education (years)
Low (<9) 91.8 84.1 78.1 50.5 64.4 8.9
Middle (10-12) 94.1 87.3 87.2 58.7 72.9 15.8
High (=13) 93.1 87.9 89.1 62.0 72.8 27.3
P-value for x2 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Marital status
Married and spouse is alive 93.1 86.4 85.1 56.3 70.5 16.9
Other 92.6 85.4 80.0 54.8 66.1 11.1
P-value for x2 0.32 0.09 < 0.001 0.08 < 0.001 < 0.001
Annual equivalized household income (million JPY)
Low (=<1.9) 92.7 85.3 81.2 54.0 67.9 12.1
Middle (2.0-3.9) 94.0 88.0 87.6 58.4 73.4 19.6
High (=4.0) 92.1 87.0 86.9 59.6 68.3 21.8
P-value for x2 0.003 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Self-rated health
Very good 91.6 85.0 85.0 59.1 69.9 18.4
Good 93.4 86.5 85.1 56.6 70.5 15.6
Poor 91.7 85.0 78.0 51.9 63.8 11.9
Very poor 88.3 81.2 67.3 40.6 52.4 11.1
P-value for x2 < 0.001 0.003 < 0.001 < 0.001 < 0.001 < 0.001
Depressive symptoms (GDS)
Not depressed (< 5) 93.8 87.5 86.7 59.0 72.7 16.9
Depressed (=5) 90.0 82.2 75.5 47.2 59.9 12.1
P-value for x2 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Instrumental activities of daily living (IADL)
Fully capable (5) 94.2 87.7 86.5 59.2 72.5 16.6
Less capable (< 5) 87.4 79.3 71.8 42.5 55.9 10.5
P-value for (2 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Self-reported disease diagnoses
Cancer
Yes 92.4 86.0 86.3 56.9 66.9 19.1
No 92.9 86.1 83.5 55.8 69.3 15.1
P-value for 2 0.63 0.96 0.07 0.59 0.22 0.01
Heart disease
Yes 92.7 85.2 81.7 54.2 69.2 15.9
No 92.9 86.2 83.8 56.0 69.2 15.2
P-value for x2 0.78 0.26 0.03 0.15 0.98 0.49
Stroke
Yes 90.5 83.7 78.5 52.5 66.2 12.9
No 92.9 86.2 83.7 55.9 69.3 15.4
P-value for x2 0.03 0.11 0.001 0.12 0.13 0.13
Diabetes
Yes 91.9 84.8 81.2 54.7 65.7 15.9
No 93.0 86.3 84.0 56.0 69.7 15.2
P-value for (2 0.07 0.07 0.001 0.26 < 0.001 0.37
Respiratory disease
Yes 92.1 85.2 79.8 52.1 64.6 13.7
No 92.9 86.2 83.8 56.0 69.5 15.4
P-value for 2 0.35 0.43 0.002 0.02 0.003 0.19
Others
Yes 93.4 86.9 84.1 56.9 70.1 15.2
No 91.1 83.7 82.0 52.5 66.2 15.5
P-value for 2 < 0.001 < 0.001 0.002 < 0.001 < 0.001 0.70
Civic participation (number of participating groups in five indicators)
None 90.9 83.1 78.8 50.4 63.1 11.7
One 94.4 87.6 87.3 57.4 72.0 17.8
Two 95.0 89.2 90.3 62.0 76.8 20.6
Over three 96.7 92.4 94.0 72.0 83.4 28.5
P-value for %2 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Social cohesion (number of "strongly/moderately agree" in three indicators)
None 89.0 80.4 75.6 48.4 55.9 12.5
One 91.2 83.8 80.3 52.2 65.0 13.3
Two 92.8 85.8 84.5 53.3 68.8 15.3
Three 94.7 88.9 87.2 60.7 75.0 16.9
P-value for x2 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Reciprocity (number of "any one or more" in three indicators)
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Table 2 (continued)
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TV news TV information Newspaper or magazine for Magazine or newsletter with ~ Government-issued Internet
program program the general public a special column newsletter

None 78.4 70.5 64.7 41.3 41.7 8.1

One 83.3 71.3 65.8 37.1 48.3 12.8

Two 89.2 80.3 74.8 44.4 57.2 13.1

Three 93.8 87.6 85.6 57.9 71.6 15.8

P-value for x2 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Frequency of meat or fish intake over the past month

=>1/day 93.8 87.5 86.8 59.6 72.1 17.3

< 1/day 92.0 84.8 81.0 52.8 66.8 13.6

P-value for x2 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Frequency of vegetable or fruit intake over the past month

=1/day 93.7 87.1 85.6 57.6 71.1 15.9

< 1/day 89.7 81.9 76.3 49.1 61.3 13.0

P-value for x2 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Walking time

=30min/day 93.4 86.9 85.5 57.8 71.3 16.2

< 30min/day 91.2 83.7 78.2 50.6 63.1 12.8

P-value for x2 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Alcohol intake

Drinker 92.0 85.1 84.3 54.3 69.1 19.2

Ex-drinker 91.5 84.9 80.0 54.4 65.4 19.0

Non-drinker 93.4 86.7 83.5 56.9 69.5 12.7

P-value for x2 0.001 0.01 0.004 0.01 0.04 < 0.001
Smoking

Smoker 87.6 78.3 74.0 43.7 59.4 12.6

Ex-smoker 91.6 84.1 80.9 49.8 65.4 19.4

Non-smoker 93.8 87.6 85.5 58.9 71.4 14.7

P-value for x2 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
BMI (kg/m?)

Underweight (< 18.5) 92.3 85.2 82.4 52.3 68.1 13.7

Normal (18.5-24.9) 93.1 86.4 84.8 56.8 70.3 15.8

Overweight (25.0-29.9) 93.0 86.4 81.6 55.8 68.2 15.1

Obesity (=30.0) 92.6 84.4 81.4 52.7 60.9 14.0

P-value for x2 0.71 0.51 < 0.001 0.01 < 0.001 0.20

Also, people may watch health programs on TV with their families in a
living room. Such a situation would facilitate discussions on health is-
sues and the adoption of health behaviors (Mertens et al., 2012).

One may question how exposure to health information could impact
survival in such a short period. We propose that health information
seeking behavior is a lifelong habit and that it did not necessarily bring
about effects just within the follow-up period. The influence of health
information could have been already manifest as favorable health be-
haviors at the baseline. As we presented in Table 2, there were strong
correlations between exposure to health information and healthier be-
haviors though we cannot rule out reverse causation due to the study
design.

This study has several limitations. First, we cannot infer causality
from the results. Although the subjects were physically and cognitively
independent at the baseline and we controlled for various potential
confounders including health conditions, we cannot eliminate the
possibility viewing TV programs is endogenous, i.e., health-conscious
people watch these programs. Second, we considered health conditions
and social capital as confounders and health behaviors as mediators.

Table 3
Exploratory factor analysis using Promax rotation.

However, we could not distinguish between the confounding versus
mediation model because we did not follow up those variables in the
study period. Also, we were not free from model misspecification due to
complex pathways of health communication. Third, exposure to health
information and other covariates were self-reported, and thus they
could be biased (e.g., health-conscious people recalled viewing more
programs). Fourth, we did not have detailed information such as the
length of time watching TV, the quality of the contents, health literacy,
and actual changes in health behaviors after exposure to health in-
formation. Thus, further studies are needed to reveal the mechanisms
for the reduction in mortality among those who watched health pro-
grams on TV. Finally, some variables were missed, and we multiply
imputed them under the MAR assumption. However, the missing me-
chanism may depend on the value of the missing data, i.e., missing not
at random (MNAR). In this case, our estimation can be biased.

In summary, we found significant associations of TV programs with
survival among different forms of media. Health information via tele-
vision can reach out to people with low SES (Beaudoin and Hong, 2011;
Hay et al., 2009; Wong and Sam, 2010). Therefore, improving the

Rotated factor loading

Scoring coefficient

TV programs (Factor 1)

Printed media (Factor 2)

TV programs (Factor 1) Printed media (Factor 2)

TV news program 0.87
TV information program 0.66
Newspaper or magazine for the general public 0.16
Magazine or newsletter with a special column —0.06
Government-issued newsletter 0.02
Internet —0.04

—0.06 0.88 —0.13
0.14 0.32 0.15
0.59 0.05 0.54
0.72 —0.04 0.57
0.58 —0.003 0.38
0.29

Note. Factor loadings greater than 0.40 were indicated by boldface.
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Table 4
Adjusted hazard ratios (HRs) for associations of all-cause mortality with exposure to health information by gender and by types of media: Japan, 2013 through 2016.
Model 1 Model 2 Model 3 Model 4
HR 95% CI HR 95% CI HR 95% CI HR 95% CI
Males
TV programs 1.00 (0.94-1.07) 1.03 (0.96-1.10) 1.04 (0.97-1.11) 1.04 (0.97-1.11)
Printed media 0.96 (0.90-1.02) 1.01 (0.94-1.08) 1.02 (0.95-1.09) 1.03 (0.96-1.10)
Internet 1.00 (0.92-1.08) 1.02 (0.94-1.10) 1.02 (0.94-1.10) 1.02 (0.94-1.11)
Females
TV programs 0.86%** (0.80-0.93) 0.90** (0.83-0.97) 0.90%** (0.82-0.97) 0.90* (0.83-0.98)
Printed media 0.86** (0.79-0.94) 0.92 (0.84-1.01) 0.92 (0.84-1.01) 0.94 (0.86-1.04)
Internet 0.95 (0.83-1.09) 0.98 (0.85-1.13) 0.99 (0.86-1.14) 0.99 (0.86-1.15)

Note. HRs were calculated with use of Cox proportional hazards models. Predictors of TV programs and printed media were factor scores calculated by an exploratory
factor analysis, while a predictor of the Internet was a standardized z-score. 95% confidence intervals (CI) are in parentheses. Model 1 (demographic, SES): adjusted
for age, years of education, marital status, and annual equivalized household income. Model 2 (health conditions): model 1 + self-rated health, depressive symptoms,
instrumental activities of daily living (IADL), and self-reported disease diagnoses. Model 3 (social capital): model 1 + civic participation, social cohesion, and
reciprocity. Model 4 (health behaviors): model 3 + meat/fish intake, vegetable/fruit intake, walking time, alcohol intake, smoking status, and BMIL. *P < 0.05;

**P < 0.01; ***P < 0.001.

accuracy of health information delivered via television might be a
worthwhile investment to shrink health disparities.
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Abstract: Most studies have evaluated poverty in terms of income status, but this approach cannot
capture the diverse and complex aspects of poverty. To develop commodity-based relative deprivation
indicators and evaluate their associations with mortality, we conducted a 6-year follow-up of
participants in the Japan Gerontological Evaluation Study (JAGES), a population-based cohort of
Japanese adults aged 65 and older. We analyzed mortality for 7614 respondents from 2010 to 2016.
Cox regression models with multiple imputation were used to estimate hazard ratios (HRs) for
mortality. Seven indicators were significantly associated with mortality: no refrigerator, no air
conditioner, cut-off of essential services in the past year for economic reasons, and so on. Among
participants, 12.0% met one item, and 3.3% met two items or more. The HRs after adjusting for
relative poverty and some confounders were 1.71 (95%CI: 1.18-2.48) for relative deprivation, and 1.87
(95%Cl: 1.14-3.09) for a combination of relative poverty and deprivation. Relative deprivation was
attributable to around 27,000 premature deaths (2.3%) annually for the older Japanese. Measurement
of relative deprivation among older adults might be worthwhile in public health as an important
factor to address for healthy aging.

Keywords: relative deprivation; material poverty; relative poverty; mortality; older people

1. Introduction

Several studies have shown that relative poverty based on low income is significantly associated
with poor health [1]. However, a relative income approach has limitations when attempting to capture
the diverse and complex aspects of poverty. In order to assess poverty line, researchers of poverty
have proposed the concept of relative deprivation to measure the lack of a living standard that most
people in society enjoy. Townsend reported that people experience relative deprivation when they lack
the resources to follow a proper diet, cannot participate in activities, and do not have living conditions
and amenities that are customary, or are at least widely encouraged, in the societies in which they
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belong [2]. It has also been suggested that people who live in relative deprivation have different
characteristics from those living in relative poverty [3-5].

The association between relative deprivation and mortality was examined by some ecological
studies. The use of social indicator approaches such as the Townsend deprivation index or Carstairs
deprivation score has found that people in relatively deprived areas have a higher risk for standardized
mortality rates [6,7], cancer mortality rates [8], and suicide rates [9]. However, considering the
possibility of ecological fallacy, analysis at an individual level is needed. Although some Japanese
cross-sectional studies have shown an association with individual poor subjective health [10,11], to our
knowledge, no study has examined the association between relative deprivation and premature death
at the individual level.

Therefore, we examined the association between relative deprivation as one aspect of poverty
and mortality among older Japanese adults after controlling for relative income poverty and other
confounding factors.

2. Materials and Methods

2.1. Study Design and Participants

We used prospective cohort data from the Japan Gerontological Evaluation Study (JAGES),
a large-scale population-based study of Japanese people aged 65 or older who were physically and
cognitively independent. Baseline data were collected from August 2010 to January 2012, with a
response rate of 66.3%. Of these, the present analyses used data on 7614 participants who answered a
relative deprivation questionnaire, after excluding participants with missing information on sex and
age. The average age of the respondents was 73.5 years (standard deviation (SD) = 5.6), and 53.0%
were women. This study was performed on the basis of a collaborative research agreement with
the municipality. Ethical permission (No. 13-14) was provided by the Ethics Board at Nihon
Fukushi University.

2.2. Mortality Outcome

We retrieved information on death records from 2010 to 2016 from the government database of
public long-term care insurance. This government database covers all respondents. Among these
records, there were 514 (6.75%) deaths identified in the analysis sample.

2.3. Relative Deprivation and Relative Poverty

Commodity-based relative deprivation indicators have been developed using a consensual
approach based on public opinion. These indicators were drawn from a review of daily necessities
and basic needs in society [4,10,12-16]. Based on these previous papers, we evaluated 13 indices
that equated with “lack of daily necessities,” “lack of living environment,” and “lack of social
life” due to economic reasons. These factors are associated with a low standard of living in
current Japanese society [5,11]. Lack of daily necessities indicators included having no television,
no refrigerator, no air conditioner, no microwave oven, or no water heater due to economic reasons.
Lack of living environment indicators included having no private toilet, kitchen, or bathroom in
the house, and having a dining room that was not separate from the bedroom. Lack of social life
indicators included having no telephone or ceremonial dress, being absent from family celebrations
and events during the previous year due to economic reasons, and having essential services such
as water, electricity, or gas cut-off in the previous year (except in cases of forgetting to make a
payment). The relative deprivation index was assessed by counting the number of these items that the
respondent experienced.

Relative poverty was defined as an income of less than half of the median annual equivalent
income in the government statistics [17]; the threshold was 1.49 million Japanese yen in 2009.
This definition is accepted by the Organisation for Economic Co-operation and Development (OECD),
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and is conceptually based on the relative approach of the Luxembourg Income Study [18]. We used
annual pre-tax household income. For each response, we calculated the equivalent household income
by dividing the income by the square root of the number of household members. This square root
scale implies that, for instance, a household of four persons has needs twice as large as one composed
of a single person (it is not quadrupled).

2.4. Covariates

Demographic variables included sex, age, years of education, and marital status at the baseline
survey. In order to account for the health status at the baseline, presence of medical treatment,
self-recognition of forgetfulness, and depressive symptoms were also considered. Medical treatment
was determined by asking, “Are you currently receiving any medical treatment?”. Self-recognition of
forgetfulness was measured by asking, “Do people around you notice your forgetfulness, for example,
by telling you that you often ask the same thing?”. Depressive symptoms were assessed using the
short version of the Geriatric Depression Scale (GDS-15), which was developed for self-administration
in the community, using a simple yes/no format [19].

2.5. Statistical Analysis

First, we extracted the relative deprivation index that was associated with premature death among
older Japanese adults by calculating crude hazard ratios (HRs) for mortality using Cox regression
analysis. Second, we applied Cox regression analysis, starting with assessing the relationship between
relative poverty (monetary poverty) and mortality, adjusting for the above covariates (Model 1).
In Model 2, we assessed the association between relative deprivation and mortality, adjusting for
relative poverty and covariates. The relative deprivation index was divided to ternary (none, only one,
two and over) in Model 2. In addition, we examined the binary category (none or anyone) in Model
2a, and the quaternion category (none, one, two, three and over) in Model 2b, respectively. We also
examined the combination of relative deprivation and poverty in Model 3.

To mitigate potential biases caused by missing information in predictors and covariates,
we adopted the multiple imputation approach, under the missing at random assumption.
We generated 20 imputed data sets using the multiple imputation by chained equations procedure.
Finally, we calculated population attributable risk percentage (PAR%) in an older Japanese population.
This estimation assumed that the adjusted HRs truly reflected causal impact, and that our results
represented the entire older Japanese population. Data on annual mortality were obtained from
governmental reports [20]. We used STATA 15.1 for all analyses.

3. Results

The crude HR showed that the seven relative deprivation indicators were significantly associated
with a higher risk for death, respectively (Table 1 & Table S1). In particular, the experience of
cut-off of essential services in the past year had a higher risk for premature death compared with
other deprivation factors. A total of 15.3%, 3.3%, and 1.5% of respondents reported experiencing
a single deprivation item, two or more deprivation items, and three or more deprivation items,
respectively. A significantly greater HR for higher mortality was seen for these subjects, compared with
non-deprived people: 1.53 (95% confidence interval (CI): 1.24-1.90), 2.10 (95%Cl: 1.46-3.02), and 2.36
(95%CI: 1.41-3.95), respectively.
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Table 1. Relative deprivation index—its prevalence and association with mortality.

% Mortality
()
Item Category Crude HR (95%CI)

No television No 98.1 ref.
Yes (+) 19 1.83* (1.12-2.96)

No refrigerator No 98.9 ref.
Yes (+) 1.1 2.01* (1.11-3.65)

No air conditioner No 95.5 ref.
Yes (+) 4.5 1.51* (1.07-2.13)

No private bathroom No 93.2 ref.
Yes (+) 6.8 1.45* (1.08-1.96)

No ceremonial dress No 98.6 ref.
Yes (+) 1.4 1.84* (1.04-3.27)

Absence from family ceremonial occasions No 94.6 ref.
Yes (+) 5.4 1.65 ** (1.21-2.26)

Cut-off of essential services in the past year No 98.9 ref.
Yes (+) 1.1 2.12* (1.17-3.85)

Relative deprivation index ? None 84.7 ref.
1+ 15.3 1.53 *** (1.24-1.90)

None 84.7 ref.
1 12.0 1.38* (1.07-1.77)
2+ 3.3 2.10 *** (1.46-3.02)

None 84.7 ref.
1 12.0 1.38* (1.07-1.77)
2 19 1.90* (1.16-3.14)
3+ 15 2.36 ** (1.41-3.95)

***p <0.001, * p <0.01, * p < 0.05. HR: hazard ratio, 95%CI: 95% confidence interval. (+) is related to relative
deprivation. ® This index was assessed by counting the number of items.

After adjustment for individual attributes and relative poverty (Table 2), among respondents
with two or more deprivation items, mortality risk was 1.71 (95%CI: 1.18-2.48) times higher than
that in non-deprived subjects (Model 2). Respondents with only one deprivation item did not have
a significantly higher mortality risk. In addition, the adjusted HRs were 1.62 (95%CI: 0.97-2.69)
for respondents with two items, and 1.82 (95%CI: 1.10-3.01) for those with three or more items
(Appendix A, Table A1l). Relative poverty had a marginally significant association with mortality. In
addition, respondents who fell under both relative deprivation and relative poverty had 1.87 (95%CI:
1.14-3.09) times higher mortality risk compared with those who fell under non-deprivation and poverty.
The HR for relative deprivation was comparatively higher than that for relative poverty (Model 3).
When we analyzed raw data that did not impute missing values, the major results and trends were
similar to those reported above (Appendix A, Table A2).

The estimation of PAR% showed that about 27,000 premature deaths (2.3% of all deaths) or about
15,000 premature deaths (1.2% of all deaths) could be avoided annually if there was less severe relative
deprivation in Japan (Table 3).
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Table 2. Hazard ratios (HRs) for association of mortality with relative deprivation in multiple-imputed

dataset 2.
Model 1 Model 2 Model 3
HR (95%CI) HR (95%CI) HR (95%CI)

Relative poverty
Non-poverty ref. ref.
Poverty 1.26 * (1.02-1.56) 1.22 1 (0.98-1.53)
Relative deprivation
C
Non-deprivation ref.

1 1.14 (0.87-1.49)

2+ 1.71 ** (1.18-2.48)
Combination 4
No dep. & pov. ref.
Poverty only 1.22 1 (0.98-1.52)
Deprivation only 1.86 1 (0.92-3.76)
Pov. & dep. 1.87 * (1.14-3.09)

**p<0.01,*p <0.05 tp <0.10. HR: hazard ratio, 95%CI: 95% confidence interval.  Multiple imputation by chained
equations was performed using relative deprivation index, relative poverty, sex, age, years of education, marital
status, disease and/or impairment, self-recognition of forgetfulness, depressive symptoms (m = 20). ? Sex, age,
years of education, marital status, disease and/or impairment, self-recognition of forgetfulness, and depressive
symptoms were controlled. ¢ This index was assessed by counting the number of items. ¢ Relative deprivation in
combination variable was defined as respondents who fell under two and over deprivation index. Proportions of
each category were as follows: No dep. & pov.: 70.1%; poverty only: 27.0%; deprivation only: 1.1%; and pov. & dep.:
1.7%. In addition, the proportion is not coincident with other tables, because it was confined to the respondents
which answered the relative deprivation and poverty index.

Table 3. Estimated population attributable risks (PARs) in Japan.

Mortality
% Exposed 2 HR PAR
% b ne¢
Relative deprivation (1+) 15.3 1.25 3.7 44,197
(2+) 33 1.71 2.3 27,465
B+ 15 1.82 1.2 14,577
Relative poverty 18.0 1.22 3.8 45,698

2 The % exposed of relative deprivation is in our study participants. That of relative poverty is from Japanese official
statistics (comprehensive survey of living conditions). b PAR(%) = Pe(HR — 1)/(Pe(HR — 1) + 1); Pe: the proportion
of exposure in the target population; HR: hazard ratio. ¢ The denominator is the annual number of mortality among
people 65 years and older in 2015 (N = 1,199,686) which was obtained from governmental reports.

4. Discussion

Relative deprivation is an important element in poverty, although it might be unsuitable for an
international comparative study because the standard decent life varies by nation, culture, and period.
To the best of our knowledge, this is the first study to examine the effect and impact of relative
deprivation and relative poverty on mortality among older Japanese adults. Our results suggest the
effectiveness of our seven relative deprivation indicators as social determinants of healthy ageing.
Our findings are consistent with previous findings that analyzed poor social support [5,21] and
subjective health [10,11]. Our results also showed that the association between the relative deprivation
index and premature death remained even after adjusting for monetary poverty.

At the same time, our study added new evidence that relative deprivation has a stronger
association with mortality than relative poverty if subjects experience relative deprivation in two or
more items. There are several possible reasons for this finding. First, a relative deprivation index might
capture severe poverty conditions better than a relative income approach. Whelan et al. revealed that
people living in relatively deprived conditions experienced long-term and severe poverty throughout
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their life course [13]. Some studies also reported that people who have overlapping multidimensional
disadvantages are more likely to be socially excluded, have poor self-rated health, and experience
psychological distress [3,22]. Second, unlike monetary poverty, a poor standard of living (which
relative deprivation measures) might be closely related to unhealthy lifestyles, including poor eating
habits and nutrition, and lack of access to healthcare and welfare services. Third, relative deprivation
might increase psychosomatic stresses and anxieties related to complaints or dissatisfaction with
life [23,24]. Among Japanese older adults, a lower relative income compared with their reference
group was associated with the onset of functional disability and death from cardiovascular diseases,
regardless of the amount of the objective income [25,26].

Although the Europe 2020 strategy has adopted a strong material deprivation index as a goal
for social inclusion in the next decade, there are few discussions regarding specific policy in Japan.
Our results suggest that relative deprivation indicators could more accurately represent severe or
absolute poverty in society that relative poverty indicators cannot address. The income approach
has some limitations in the discussion of the poverty line, because the relationship between income
and consumption behavior is complex. Relative deprivation indicators, which are composed of
specific primary goods and resources, might be relevant to capture their part of “capabilities” [27].
Our results showed that subjects that fulfilled two or more deprivation indicators had a higher mortality
risk, although there are some discussions about the cut-off point of relative deprivation indicators.
The proportion of relative deprivation indicators was low, but PAR% was not. It is important to assess
and discuss relative deprivation in addition to the conventional relative income approach.

This study has several limitations. First, although we included indicators used in previous
studies, our relative deprivation indicators did not cover the full range of daily resources among older
people in Japan. Second, our analysis was limited to all-cause mortality. Third, our findings may be
underestimated because people living in serious poverty and deprivation may have been less likely
to participate in our survey. Finally, our data were not representative of the whole country. On the
other hand, it is important to note that we did perform a large-scale survey concerning non-monetary
poverty among older people in more than one municipality. Only a few studies have focused on
relative deprivation among Asian older adults [5,11,28].

5. Conclusions

It is well-known that poverty is one of the social determinants of health. One important implication
of our findings is that measurement of relative deprivation, along with relative poverty (monetary
poverty), might be worthwhile in public health as an important factor for healthy aging. From a life
course perspective, the impact of relative deprivation on health should be evaluated in older people as
one of the cumulative disadvantages.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/1660-4601/16/2/182/s1,
Table S1: Original thirteen relative deprivation index; its prevalence and association with mortality.
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Appendix A

Table A1l. Hazard ratios (HRs) for the association of mortality with other relative deprivation criteria
in multiple-imputed dataset 2.

Model 2-a Model 2-b
HR (95%CI) HR (95%CI)
Relative poverty
Non-poverty ref. ref.

Poverty
Relative deprivation ¢

1.231 (0.99-1.54) 1.221 (0.98-1.53)

Non-deprivation ref. ref.

1+ 1.25 t (0.99-1.59)

1 1.14 (0.87-1.49)

2 1.62 + (0.97-2.69)
3+ 1.82* (1.10-3.01)

**p<0.01,*p <0.05, t p <0.10. HR: Hazard ratio; 95%CI: 95% confidence interval. ® Multiple imputation by chained
equations was performed using relative deprivation index, relative poverty, sex, age, years of education, marital
status, disease and/or impairment, self-recognition of forgetfulness, depressive symptoms (m = 20). ® Sex, age,
years of education, marital status, disease and/or impairment, self-recognition of forgetfulness, and depressive
symptoms were controlled. ¢ This index was assessed by counting the number of items.

Table A2. Hazard ratios (HRs) for association of mortality with relative deprivation in raw data P,

Model 1 Model 2 Model 3 Model 4 Model 5
HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI) HR (95%CI)
Relative poverty
Non-poverty ref. ref. ref.
Poverty 1.24 t(1.00-1.53)  1.25*(1.00-1.56)  1.24 1t (0.99-1.54)  1.23 1 (0.99-1.54)
Relative deprivation ¢
Non-deprivation ref. ref. ref.
1+ 1.21 (0.94-1.57)
1 1.09 (0.81-147)  1.09 (0.81-1.47)
2+ 1.67 * (1.10-2.53)
2 1.68 1 (0.97-2.93)
3+ 1.64 1 (0.92-2.96)
Combination ¢
No dep. & pov. ref.
Poverty only 1.28 * (1.03-1.60)
Deprivation only 1.98 t (1.00-3.97)
Pov. & dep. 2.07 ** (1.26-3.39)

**p <0.01,*p <0.05, t p <0.10. HR: hazard ratio; 95%CI: 95% confidence interval. # Missing values in control
variables were included as a dummy variable. b Gex, age, years of education, marital status, disease and/or
impairment, self-recognition of forgetfulness, depressive symptoms were controlled. ¢ This index was assessed by
counting the number of items. 4 Relative deprivation in combination variable was defined as respondents who fell
under two and over deprivation index.
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Abstract

Background: Low back pain is an important public health issue across the world. However, it is unclear whether
socioeconomic status (SES) is associated with low back pain. This study determines an association between SES and
low back pain among older people.

Methods: We used cross-sectional data derived from the year 2013 across 30 Japanese municipalities. The survey
was conducted between October 2013 to December 2013. Functionally independent community-dwelling older
adults aged 65 and above (n = 26,037) were eligible for the study. Multilevel Poisson regression analysis with a
robust variance estimator was used to examine the association between SES and low back pain. Self-reported low
back pain in the past year was used as a dependent variable. Educational attainment, past occupation, equivalized
household income, wealth, and subjective economic situation represented SES and were separately analyzed as
independent variables, adjusted for covariates including age and sex.

Results: The prevalence of low back pain was 63.4%. Overall, lower SES were more likely to suffer from low back
pain compared with that for the highest. First, as for the educational attainment, the prevalence ratio (PR) (95%
credible interval (Cl)) for the lowest level was 1.07 {1.02-1.12). Second, as for the past occupation, the PR (95% Ci)
for the blue-collared workers compared with professionals was 1.06 (1.01-1.11). Third, as for the equalized
household income, the PRs (95% Cl) for lower middle and the lowest income levels were 1.08 (1.02-1.13) and 1.16
(1.10-1.23), respectively. Fourth, as for the wealth, the PRs (95% Cl) for lower middle and the lowest wealth levels
were 1.11 (1.04-1.19) and 1.18 (1.11-1.27), respectively. Fifth, as for the subjective economic situation, the PRs (95%
Cl) for lower middle and the lowest financial conditions were 1.18 (1.10-1.26) and 1.32 (1.22-1.44), respectively.

Conclusions: Significant socioeconomic inequalities were observed in low back pain among older individuals in
Japan. Policymakers and clinicians must understand the nature of these inequalities.

Keywords: income, Educational attainment, Subjective economic situation, Occupation, Low back pain,
Socioeconomic status, Health inequalities
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Introduction
Low back pain is the number one cause of disability [1]. It
is also most commonly experienced among musculoskel-
etal pains for all age groups [2, 3]. As a whole, musculo-
skeletal pains impact individuals’ diseases and functional
status such as depression [4], dementia [5], falls [6], and
disability [5]. Based on the systematic review of the preva-
lence of low back pain in the adult populations, the
estimated one-year prevalence was 38.0% + 19.4% and
more likely to be higher in the older populations [2].
Socioeconomic inequalities in health among older
populations have emerged as a global concern [7, 8].
Recent studies have reported that such inequalities were
observed not only in diseases but also in symptoms,
including musculoskeletal pains {9-12]. Various studies
reported socioeconomic inequalities in the risk factors of
low back pain [13-16] such as depression [17], obesity
[18], and smoking [18]. However, the results of previous
studies on socioeconomic status (SES) and low back pain
have been inconsistent. A recent large-scale cross-sec-
tional study from the United States reported that the
lowest income levels are significantly associated with low
back pain compared with the highest income levels [12].
On the other hand, another cross-sectional study from
France reported that there was no association between
educational attainment and low back pain [19]. The
difference in results might be explained by the different
aspects of SES indicators; income is a proxy of the
present SES and education is a proxy of the past SES.
Seldom studies have investigated the associations be-
tween various SES factors and low back pain. Here, we
conducted a cross-sectional study to determine the asso-
ciation of past and present SES with low back pain
among older Japanese people.
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Methods

Study population

We used data from the Japan Gerontological Evaluation
Study (JAGES) project, which was cross-sectional data
derived from the year 2013. Self-reported questionnaires
were mailed to 112,123 people aged 265 years, who were
not part of the long-term care insurance system [20].
Based on official residential registers obtained from
respective municipal governments, the questionnaires
were randomly mailed to residents selected from the
17-city areas, all of which have larger populations. In the
other 13 municipalities, all of which have a smaller
population, questionnaires were mailed to all eligible
residents. The survey was conducted between October
2013 and December 2013. The questionnaires were
divided into five subsets because many items were
inquired as the whole questionnaire. The 112,123 eligible
individuals were each distributed one of the five ques-
tionnaire subsets. Therefore, 38,724 individuals were
mailed the questionnaire that included questions on low
back pain. Of them, 27,684 individuals responded, with a
response rate of 71.5%. Consequently, we used the data
from 24,285 individuals in the analysis (see Fig. 1).

Dependent variables: Low back pain in the past year

To measure chronic pain rather than acute one, the
most widely used period is one-year prevalence of low
back pain in previous studies {2]. Although a previous
cohort study targeted at older people examined the asso-
ciation between pain intensity within one month and
incident disability [5], we consider that such relatively
acute pain might not have been enough when consider-
ing the long-term mechanism of disability. Therefore, we
used one-year prevalence of low back pain. Information

~

(

Thirty municipalities

Eligible for the survey: N = 112,123

Individuals who received the subset questionnaire
including inquiries related to low back pain: N = 38,724

Responded the questionnaire: N = 27,684

i Excluded

—: Missing on demographic characteristics (age & sex): N = 1,647

Missing on low back pain: N = 1,752

‘ Sample for the analysis: N = 24,285

Fig. 1 Recruitment diagram of the complete data
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on low back pain was obtained by asking the following
question to the participants: “Have you felt pain in or
around your lower back in the past year?” Responses of
“yes” indicated the presence of low back pain. If individ-
uals responded “yes” in the previous question, we further
obtained information on the severity of low back pain
by asking the following question: “Have you felt phys-
ically limited in your daily life because of low back
pain?” Responses of “yes” indicated the presence of
intense low back pain in our study. Furthermore, we
obtained information on medical access for low back
pain by asking the following question: “Have you con-
sulted a doctor for low back pain?” with possible an-
swers of “yes” or “no.”

Independent variables: Socioeconomic status

We assessed five SES indicators as independent vari-
ables: Educational attainment, past occupation, equiv-
alized household income, subjective economic
situation, and wealth. For older adults, SES can be di-
vided into past or present SES. Thus, we firstly exam-
ined the maximum likelihood method with Promax
rotations for factor analysis to detect the type of SES
indicators. Using factor analysis, educational attain-
ment and past occupation were categorized into past
SES. On the other hand, equivalized household in-
come, wealth, as well as subjective economic situation
were categorized into present SES (Additional file 1:
Table S1). Educational attainment, representing past
SES, was categorized into three groups: <10 years
(junior high school; lower secondary education), 10—
12 years (high school; upper secondary education),
and > 13 years (college or university) [21]. Past occu-
pation, representing past SES, was ascertained by the
type of occupation in which participants had been
engaged for the longest period. Occupations were
categorized as follows: professionals, white-collared
workers except for professionals, blue-collared
workers, and those who had never worked before.
These categories referred to a previous study [22].
We classified equivalized household incomes per year,
as a present SES, into four groups: < 1,000,000 yen,
1,000,000-1,999,999 yen, 2,000,000-2,999,999 vyen,
and 2 3,000,000 yen. Wealth, as a present SES, was
ascertained as household assets including savings, real
estate (e.g. house, land, condominium), stocks, golf
membership and was classified into five groups: <
1,000,000 vyen, 1,000,000-4,999,999 yen, 5,000,000—
9,999,999 yen, 10,000,000-49,999,999 vyen, andz
50,000,000 yen. Subjective economic situation, as a
present SES, was ascertained by asking the following
question: “Which of the following best describes
your feelings against your current financial living
conditions as a whole?” with possible answers of
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“very difficult,” “difficult,” “comfortable,” and “very
comfortable.”

Covariates

We used several covariates on the basis of previous
works: age (65-69, 70-74, 75-79, 80—85, and = 85 years),
sex, number of people living together (living alone, living
with others), marital status [23] (married, widowed,
divorced, and never married), musculoskeletal disease,
body mass index (BMI) [15] (< 18.5 kg/m?, 18.5-24.9 kg/
m?, 25.0-29.9 kg/m?, 230 kg/m?), drinking habit [24, 25]
(current, former, never), smoking [16] (current, former,
never), physical activity [26, 27] (=4 times a week, 2-3
times a week, once a week, 1-3 times a month, a few
times a year and rare), and depression [13, 14] (none,
mild, severe). Following a previous study [26], physical
activity was measured as comprising the frequency of
moderately intensive activities such as walking (at a brisk
pace), dancing, gymnastics, golf, yard work, and car
washing. Drinking habit was ascertained by asking the
following question: “Do you drink alcohol?” with pos-
sible answers of “current”, “former,” and “never.” The
Japanese short version of Geriatric Depression Scale
(GDS), consisting of 15 questions, which has been previ-
ously reported to be validated as a screening index for
major depression, was used to assess the prevalence of
depressive symptoms [28, 29]. We classified the par-
ticipants into three groups: those with non-depressive
symptoms (GDS <5), those with mild depression
(GDS of 5-9), and those with severe depression (GDS
>10) [29].

Statistical analysis

Considering the hierarchical structures of municipalities
compared to individuals, multilevel Poisson regression
analysis with a robust variance estimator was used to
examine the association between SES and low back pain
{30]. The data was structured as two levels: individual as
level 1 and municipality as level 2. Estimates were
obtained from Bayesian estimation using Markov Chain
Monte Carlo (MCMC) methods. To avoid multicolli-
nearity, the variables of educational attainment, past oc-
cupation, equivalized household income, subjective
economic situation, and wealth were separately analyzed
in different models, adjusting for the covariates. Dummy
variables for all covariates were appropriately added to
the models.

We built four regression models: Model 1, a crude
model; Model 2, with age and sex adjusted to Model 1;
Model 3, with number of persons living together, marital
status, musculoskeletal disease, BMI, drinking habit,
smoking, physical activity added to Model 2; Model 4,
with depression added to Model 3. Depression was con-
sidered to be a possible intermediate factor in our
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analyses based on previous studies [31, 32]. To evaluate
the social gradient of pain, we also examined P for
trends for each model. Stratified analyses were also per-
formed regarding sex and age (<75 years old, 275 years
old), with reference to previous studies [2, 12]. This
stratification of age was made for the following reason:
copayment for medical services differs between older
adults aged < 75 years and = 75 years in Japan; thus, med-
ical access to low back pain might have been affected by
economic reasons [33]. Moreover, we performed the
same regression analysis in which SES indicators concur-
rently analyzed in the same model: Model A, past SES
indicators (educational attainment and past occupation)
concurrently added; Model B, present SES indicators (in-
come, subjective economic situation and wealth) concur-
rently added; Model C, all SES indicators concurrently
added. All of the previously mentioned models were ad-
justed for age, sex, number of persons living together,
marital status, musculoskeletal disease, BMI, drinking
habit, smoking and physical activity.

Before performing regression analyses, we employed mul-
tiple imputation under the missing at random (MAR) as-
sumption to handle the problem of missing values. Missing
variables were imputed by multivariate imputation chained
equations (MICE) using following variables; sex, age, equiv-
alized household income, educational attainment, past oc-
cupation, wealth, subjective economic situation, number of
people living together, marital status, presence of knee pain,
presence of low back pain, smoking, drinking habit, BMI,
GDS, physical activity, and residential municipality. On the
basis of a previous work, we imputed not only independent
variables and covariates, but also dependent variable [34].
Rubin’s rule was used to combine the results across 10 im-
puted datasets [35]. For the complete case analysis, we used
listwise deletion methods.

For sensitivity analysis, we performed the same ana-
lysis among participants who subjectively reported phys-
ical limitation due to low back pain in daily life (n=
7878) [36], as intense low back pain might shorten
healthy life expectancy [37]. Multilevel analyses were
performed with MLwiN, version 3.02 {(Centre for Multi-
level Modelling, University of Bristol) via Stata, version
15.1 (Stata Corp, College Station, TX). All other analyses
were conducted using Stata.

Results

Demographic characteristics

Table 1 and Additional file 1: Table S2 summarize the
demographic characteristics, health status, and health
behaviors of all eligible participants, respectively. The
prevalence of low back pain in the past year was 63.4%
in the complete data. (Additional file 1: Table S2) Those
who were older, female, living alone, less educated, lower
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income level and with lower wealth were more likely to
suffer from low back pain in the past year (Table 1).

Back pain and socioeconomic status

Table 2 summarizes the results of multilevel Poisson re-
gression analyses for the five SES independent variables
after imputation for missing data. The municipality level
variances were small in all models (Table 2).

First, as for educational attainment, after adjusting for
covariates and risk factors (Model 3), those of the lowest
educational level were more likely to experience low
back pain compared with the highest educational level-a
prevalence ratio (PR) (95% credible interval (CI)) of 1.07
(1.02, 1.12). This association was attenuated after add-
itional adjustment for depression—a PR (95% CI) of 1.05
(1.002, 1.10) (Model 4). Second, as with past occupation,
the PR (95% CI) of experiencing low back pain for
blue-collared workers compared with professionals was
1.06 (1.01, 1.11). This association was attenuated after
additional adjustment for depression—a PR (95% CI) of
1.04 (1.001, 1.10) (Model 4). Third, with regard to equiv-
alized household income, after adjusting for covariates
and risk factors (Model 3), the PRs (95% CI) for lower
middle and the lowest income levels were 1.08 (1.02,
1.13) and 1.16 (1.10, 1.23), respectively. Significant asso-
ciations persisted after controlling for additional adjust-
ment for depression (Model 4). Fourth, with regard to
subjective economic situation, Model 3 showed that the
PRs (95% Cls) for the “difficult” and the “very difficult”
situations were 1.18 (1.10, 1.26) and 1.32 (1.22, 1.44), re-
spectively. The associations similarly persisted in Model
4. Finally, with regard to wealth, Model 3 showed that
PRs (95% Cls) for the lower middle and the lowest
wealth levels were 1.11 (1.04, 1.19) and 1.18 (1.11, 1.27),
respectively. The associations similarly persisted in
Model 4. P for trends in education, past occupation, in-
come, subjective economic situation, and wealth were
significant (Table 2). All results using complete data
were similar to those from multiple imputation pooled
data (Additional file 1: Table S3).

Additional file 1: Table S3 also shows the associations
of covariates and risk factors with low back pain. Over-
all, being older, female, the presence of musculoskeletal
pain, obesity, and depression were associated with low
back pain in several models. As for BMI, both over-
weight and obesity were associated with low back pain
compared with normal weight (Model 3). For example,
when SES was determined by income level, PRs (95%
CI) for overweight and obesity were 1.07 (1.02, 1.12) and
1.16 (1.02, 1.32), respectively. The associations persisted
after additional adjustment for depression (Model 4).
Similarly, as for depression, both mild and severe de-
pression were associated with low back pain compared
with non-depression (Model 3). When SES was



tkeda et al. International Journal for Equity in Health (2019) 18:15

Table 1 The presence of tow back pain in participants by characteristic (n = 26,037)
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Characteristics Total Having low back pain P-
N N (9%) value
Sex
Male 12,088 6892 (61.0) <01
Female 13,949 8509 (65.5)
Age, years 7402 (6.25) °
65-69 7220 4155 (60.5) <.01
70-74 7796 4479 (61.3)
75-79 5754 3439 (64.8)
80-84 3519 2229 (69.0)
285 1748 1099 (69.8)
Educational attainment, years
< 10 (junior high school; lower secondary education) 10847 6602 (66.0) <01
10-12 (high school; upper secondary education) 9509 5597 (62.4)
213 (college or university degree) 5072 2866 {59.3)
Past occupation
Professionals 3742 2179 (594) <01
White-collared workers 5305 3150 (604)
Blue-collared workers 9627 6010 (64.3)
Never worked before 1302 826 (65.5)
Equivalized household income, yen
< 1 million 3119 2107 (70.3) <01
1 million—1.99 million 7735 4795 (63.7)
2 million-2.99 million 4819 2839 (60.3)
2 3 million 4974 2863 (58.6)
Subjective economic situation
Very difficult 1963 1378 (76.0) <01
Difficult 8853 5556 (67.2)
Comfortable 12,247 6871 (59.8)
Very comfortable 2286 1225 (56.5)
Wealth, yen
< 1 million 2101 1428 (70.3) <01
1 million-4.99 million 2815 1800 (65.8)
5 million-9.99 million 3255 1971 (62.0)
10 million-49.99 million 7842 4693 (61.0)
2 50 million 2828 1586 (57.2)
Depression
Non (GDS < 5) 15,592 8578 (58.2) <01
Mild (GDS of 5-9) 4178 2834 (71.9)
Severe (GDS 2 10) 1485 1101 (79.6)

# mean age (SD). Chi-squared test was performed
1 US doltar is approximately 100 yen and 1 EURO is approximately 130 yen

determined by income level, PRs (95% CI) for mild
and severe were 1.19 (1.13, 1.26) and 1.29 (1.19,
1.40), respectively. Additional file 1: Table S4 shows
the results of stratified analyses. When considering

sex stratification, sex differences were observed re-
garding education, past occupation, and equivalized
household income—the associations were observed
among males. When considering age stratification, no
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Table 2 The association of each socioeconomic status with low back pain after muiltiple data imputations (n = 26,037. Multilevel

Poisson regression analysis)

Socioeconomic status

Model 1

Model 2

Model 3

Model 4

PR 95% Cl

PR 95% CI

PR 95% Cl

PR 95% ClI

Fixed parameter
Education, years (ref, 213)
10-12
<10
P for trend
Random part
Municipality level variance (standard error)
Past occupation (ref, professionals)
Fixed parameter
White-collared workers
Blue-collared workers
Never worked before
P for trend
Random part
Municipality level variance (standard error)
Income, yen (ref, 23 million)
2 million-2.99 miltion
1 million-1.99 million
<1 million
P for trend
Random part

Municipality level variance (standard error)

Subjective economic situation (ref, very comfortable)

Fixed parameter
Comfortable
Difficult
Very difficult
P for trend
Random part
Municipality level variance (standard error)
Wealth, yen (ref, 250 million)
Fixed parameter
10 million-49.99 million
5 million-9.99 million
1 mitlion-4.99 million
< 1 million
P for trend
Random part

Municipality level variance (standard error)

1.05 1.01, 1.10
112 107,117
<001

0.001 {< 0.001)

1.02 097, 1.07
1.08 1.03,1.14
111 104,119
<001

0.001 (< 0.001)

103 0.98, 1.09
1.09 104,114
1.20 114, 1.26
<001

0.001 {<0.001)

1.06 1.00, 1.12
1.19 1.12,1.26
134 125,144
<001

0.001 (< 0.001)

107 101,112
1.09 103, 1.16
1.5 1.09,1.23
1.22 1.15,1.30
<001

0.001 (< 0.001)

1.04 0.99, 109
1.09 1.04, 1.14
<001

0.001 (< 0.001)

1.00 0.95, 1.06
1.06 1.02, 1.1
1.04 097,112
<001

0.001 (<0.001)

1.03 0.98, 1.08
1.09 1.04,1.14
117 111,123
<001

0.001 (<0.001)

1.07 1.004, 113
1.21 1.14,1.29
136 1.26, 147
<001

0.001 (<0.001)

1.07 101,112
1.09 102,115
1.14 1.08,1.22
1.21 1.14, 1.29
<001

0.001 (<0.001)

1.03 099, 1.09
107 102,112
<001

0.001 (<0.001)

1.01 095, 1.06
1.06 101, 1.1
103 095, 1.12
<001

0.001 (< 0.001)

1.03 097,109
1.08 102,13
1.16 110, 1.23
<0.01

0.001 (< 0.001)

105 099, 1.12
1.18 1.10, 1.26
1.32 1.22, 144
<001

0.001 (< 0.001)

1.05 099, 1.1

1.07 1.004, 1.14
AN 1.04,1.19

1.18 1.1, 1.27

<001

0.007 (< 0.001)

1.03 0.98, 1.08
1.05 1.002, 1.10
0.01

0.001 (< 0.001)

1.01 0.95, 1.06
1.04 1.001, 1.10
101 093,109
002

0.001 (<0.001)

1.02 0.97,1.08
1.05 1.002, 1.1
112 1.06,1.19
<001

0.001 (< 0.001)

1.04 098, 1.1
1.14 1.07,1.22
1.22 1.11,1.33
<001

0.001 (<0.001)

1.04 098, 1.10
1.05 098, 1.12
1.08 101, 1.16
1.13 1.06, 1.21
<001

0.001 (<0.001)

Abbreviations: PR prevalence ratio, 95% Cl 95% credible interval
Socioeconomic status was separately added to each model. Model 1, a crude model; Model 2, with age and sex adjusted to Model 1; Model 3, with number of
persons living together, marital status, musculoskeletal disease, BMI, drinking habit, smoking and physical activity added to Model 2; Model 4, with depression

added to Model 3
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Table 3 The association of combined socioeconomic status with low back pain after muitiple data imputations (n = 26,037. Poisson

regression analysis)

Socioeconomic status Model A Model B Model C
PR 95% Cl PR 95% CI PR 95% C!
Fixed effect parameters
Educational attainment, years (ref, 213)
10-12 1.03 098, 1.08 - - 1.01 097, 1.06
<10 1.05 1.002, 1.11 - - 1.02 0.97,1.08
Past occupation (ref, professionals)
White-collared workers 1.01 095, 1.06 - - 1.01 0.96, 1.07
Blue-collared workers 1.05 0.99, 1.10 - - 1.03 0.97,1.08
Never worked before 1.02 094, 1.11 - - 1.00 0.92,1.08
Income, yen (ref, 23 million)
2 mitlion-2.99 million - - 1.00 0.95, 1.06 1.00 095, 1.06
1 million-1.99 million - - 1.02 0.96, 1.07 1.02 0.96, 1.08
< 1 million - - 1.06 0.99,1.13 1.06 099, 1.14
Subjective economic situation (ref, very comfortable)
Comfortable - - 1.04 097, 1.1 1.04 097, 1.1
Difficult - - 1.12 1.04,1.20 1.15 1.07,1.24
Very difficult - ~ 147 1.07,1.29 127 1.15,1.39
Wealth, yen (ref, 250 million)
10 million-49.99 million - - 1.01 095, 1.07 1.00 0.94, 1.06
5 million-9.99 million - - 0.99 093,107 099 092, 1.06
1 million-4.99 million - - 1.01 0.94, 1.09 1.00 093, 1.08
< 1 million - - 1.03 095,1.12 099 095,111
Random parameter
Municipality level variance (standard error) 0.001 (< 0.001) 0.001 (< 0.001) © 0001 {<0.001)

Abbreviations: PR prevalence ratio, 95% Cl 95% credible interval

Model A, educational attainment and past occupation concurrently added to the model adjusting for age, sex, number of persons living together, marital status,

musculoskeletal disease, BMI, drinking habit, smoking and physical activity

Model B, income, subjective economic situation, wealth concurrently added to the model adjusting for age, sex, number of persons living together, marital status,

musculoskeletal disease, BMI, drinking habit, smoking and physical activity

Model C, all socioeconomic status concurrently added to the model adjusting for age, sex, number of persons living together, marital status, musculoskeletal

disease, BMI, drinking habit, smoking and physical activity

clear differences were observed between >75 years old
and < 75 years old.

Table 3 shows the associations when SES indica-
tors concurrently added to the regression models.
For past SES indicators, the significant association of
educational attainment persisted in the lowest group.
Meanwhile, for past occupation, the association was
no longer statistically significant for blue-collared
(Model A). For present SES indicators, the signifi-
cant associations of subjective economic situation
persisted among difficult and very difficult, while the
other associations were attenuated (Model B). When
all SES indicators were included in the model, only
the significant association of subjective economic
situation being difficult and very difficult persisted,
while associations were no longer statistically signifi-
cant for other indicators.

For sensitivity analysis, associations were empha-
sized for all models when performing the same analysis
among participants who experienced low back pain with
limitations in daily life (n="7878). (see Additional file 1:
Table S5).

Discussion

To the best of our knowledge, our study was the first to
reveal the association of past and present SES with low
back pain in the older population. We found that partic-
ipants with low SES, as measured by education, past
occupation, income, subjective economic situation, and
wealth, were more prone to experience low back pain
compared with those with high SES. Moreover, these
results showed that there was a socioeconomic gradient
in low back pain; people with lower socioceconomic back-
ground were more likely to suffer from pain. Therefore,
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low back pain is a problem for not only of the deprived
people, but also a problem for the whole society. Expect-
edly, the associations of SES with low back pain dramatic-
ally attenuated when depression was adjusted for.

Regarding present SES, a cross-sectional study from
the United States found lower-income levels to be asso-
ciated with low back pain in the general population [12].
This study also indicated that associations between in-
come and low back pain were stronger among males
than among females [12]. The findings of our study are
also in line with those of this cross-sectional study. We
found that older individuals with a lower income level
were more likely to suffer from low back pain. This asso-
ciation was strongly observed among older males.

We also newly elucidated the association between
other present SES, as represented by wealth or subjective
economic situation, and low back pain. Accordingly, we
found that participants with a lower level of both wealth
and subjective economic situation were more likely to
experience low back pain, when separately analyzed.

Our further analyses which included all SES factors
showed that the impact of more difficult subjective
economic situation remained significant while the effects
of other SES indicators were attenuated (see Table 3).
Recently, subjective economic situation has been fo-
cused upon as a new SES indicator representing the
perceived relative deprivation of individuals [38, 39].
A cross-sectional study from Germany showed that
subjective economic situation mediates associations
between objective SES indicators (education, occupa-
tion, and income) and depressive symptoms in adults
[39]. Moreover, the study reported that the associ-
ation of subjective economic situation with poor men-
tal health was stronger than that of other SES
indicators [39]. Our findings have the same context
with these results to show that the subjective eco-
nomic situation had the largest impact. Furthermore,
we revealed that present SES was found to be associ-
ated with low back pain among participants aged <
75years as well as >75years. This indicates that
present SES-related inequalities persist throughout the
life.

According to our understanding, this study is among
the first to reveal the associations of past SES, as mea-
sured by educational attainment and past occupation,
with low back pain among older individuals. We found
that participants with the lowest educational level and
blue-collared workers were more likely to suffer from
low back pain. Furthermore, the association between
education/occupation and low back pain was stronger
among males than among females. For educational at-
tainment, in contrast to our study, a cross-sectional
study from France that interviewed labor population re-
ported that the association of educational attainment
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with low back pain was no longer statistically significant
when adjusting for several lifestyle indicators, including
BMI and smoking [19]. The difference in educational in-
equalities between studies might be explained as follows:
educational inequalities affect health via health literacy
[40], and health literacy is significantly higher in labor
generations compared with that in older generations
[41, 42]. Therefore, such differences between studies
emerged due to demographic differences. No previous
study has investigated the association of occupational
inequalities with low back pain among older popula-
tions. However, numerous previous studies have indi-
cated that heavy labor—a common issue faced by
many blue-collared workers—is a risk factor of low
back pain [43—-46]. Our study is in accordance with
the results of these prior studies. Similar to present
SES, associations of past SES attenuated when all sta-
tus indicators were mutually adjusted (see Table 2,
Model 4). Furthermore, the association of educational
attainment with low back pain was also observed
among participants aged <75years as well as 275
years, indicating that educational inequalities persist
throughout the life.

When considering the mechanism of low back pain,
the role of risk factors must be determined. Previous
studies have indicated that depression [13, 14}, obesity
[15], smoking [16], and lower-income level [12] are risk
factors of low back pain, which is partially in accordance
with our findings. Consistent with the results of a previ-
ous study [12], present SES as represented by income,
subjective economic situation, and wealth were found to
be statistically associated with low back pain among
older adults. Two possible pathways exist for present
SES-related inequalities in health: psychosocial stress
and material poverty [47]. Subjective economic situation
is considered to be a result of income level and is
considered to represent psychosocial stress rather than
material poverty [47, 48]. Moreover, individuals with
lower income levels are more likely to face barriers in
accessing medical care [49]. In our study, among partici-
pants with low back pain, medical access to low back
pain was significantly different by SES (see Additional
file 1: Table S6). This indicated that barriers in accessing
medical care would be a proxy for material poverty to
account for socioeconomic inequalities in low back pain.
A previous study indicated a mutual effect between
depression and low back pain [14]. Additionally, a causal
relation between low SES and depression has been previ-
ously reported {31, 32], which supports our idea of
depression as an intermediary factor. In addition to
depression, numerous earlier studies have reported obes-
ity [15] to be risk factors of low back pain. In our study,
overweight and obesity were associated with low back
pain. The associations of obesity somewhat attenuated
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when depression was additionally adjusted for. Previous
studies have reported that such adverse health-related fac-
tors were strongly related to psychosocial stress [38, 39],
derived from relative deprivation. Therefore, in addition
to depression, obesity might contribute to low back
pain through psychosocial stress that is affected by
SES. Furthermore, the association of drinking habit
with low back pain was not statistically significant in
our study. However, previous studies have indicated
that alcohol abuse might be associated with low back
pain [24, 25]. We could not identify participants with
alcohol abuse; however, alcohol abuse is associated
with low SES [50].

There are several strengths and limitations of our
study. First, we examined the association of past and
present SES with low back pain. Second, we analyzed
a large sample size (n=26,037), which is higher than
that analyzed in previous studies [12, 19]. The first
limitation of our study is that we were unable to dis-
tinguish between acute and chronic pain, which leads
to regression dilution bias. In contrast to chronic
pain, a previous study has shown that individuals with
a higher income level were more likely to experience
acute low back pain {12]. Hence, we believe that our
results are under-estimating the associations when
considering such biases. Second, the pain question-
naire we used lacked information on degree of pain.
There is a possibility that inequalities in low back
pain might differ in degree of pain. In fact, in our
sensitivity analysis, the associations were emphasized
for all models when performing the same regression
analysis among participants who experienced low back
pain with limitations in daily life (see Additional file
1: Table S5). Future studies should include question
about degree of pain. Third, we could not clarify the
causal pathway because this is a cross-sectional study.
Thus, the probable mediation by depressive condi-
tions is not always consistent. However, we revealed
that past SES and present SES were associated with
low back pain. Longitudinal or cohort studies are ne-
cessary for future studies. Fourth, our study partici-
pants were not disabled and were not eligible for the
Japanese long-term care insurance system. Future
study is expected to investigate association between
SES and low back pain among population including
those of highly physically limited older people. Fifth,
the generalizability of the present results to the entire
Japanese population remains unclear. This is because
the 30 municipalities investigated in this study were
not randomly selected, and the sampling method for
residents differed according to the population of the
municipality. It was difficult to compare our study
population with the entire older population due to
lack of demographic characteristics in national survey.
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Conclusion

We analyzed data from a cross-sectional study, revealing
that socioeconomic inequalities were significantly associ-
ated with low back pain among the older Japanese popu-
lation. Policymakers and clinicians must understand the
nature of these inequalities.

Additional file

Additional file 1: Table S1. Factor loadings of each socioeconomic
status. Table $2. Health status and health behaviors of all eligible
participants (n = 26,037). Table $3. The associations of each parameter
with low back pain in complete data (n = 24,285. Multilevel Poisson
regression analysis). Table S4. The association of sociceconomic status
with fow back pain, stratified by sex or age after multiple data
imputations (n = 26,037. Multilevel Poisson regression analysis). Table S5.
The association of socioeconomic status with severe low back pain,
stratified by sex or age in the complete dataset (n = 16,762. Separately
Multilevel Poisson regression analysis). Table S6. Differences in medical
access for low back pain among participants having low back pain by
socioeconomic status (n = 15,401). (DOCX 119kb)
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Abstract

Background: A rapidly ageing population presents major
challenges to health and social care services. Cross-country
comparative studies on survival among older adults are lim-
ited. In addition, Japan, the country with the longest life ex-
pectancy, is rarely included in these cross-country compari-
sons. Objective: We examined the relative contributions of
social and behavioural factors on the differences in survival
among older people in Japan and England. Methods: We
used data from the Japan Gerontological Evaluation Study
(JAGES; n = 13,176) and the English Longitudinal Study of
Ageing (ELSA; n=5,551) to analyse all-cause mortality up to
9.4 years from the baseline. Applying Laplace regression

38.6% of men in the ELSA died, whereas 19.3% of women
and 31.3% of men in the JAGES died. After adjusting for age
and baseline health status, JAGES participants had longer
survival than ELSA participants by 318.8 days for women and
by 131.6 days for men. Family-based social relationships
contributed to 105.4 days longer survival in JAGES than ELSA
men. Fewer friendship-based social relationships shortened
the JAGES men’s survival by 45.4 days compared to ELSA
men. Currently not being a smoker contributed to longer
survival for JAGES women (197.7 days) and ELSA men (46.6
days), and having lower BMI reduced the survival of JAGES
participants by 129.0 days for women and by 212.2 days for
men. Conclusion: Compared to participants in England, Jap-
anese older people lived longer mainly because of non-
smoking for women and family-based social relationships
for men. In contrast, a lower rate of underweight, men’s bet-
ter friendship-based social relationships, and a lower smok-
ing rate contributed to survival among participants in Eng-

models, the 15th survival percentile difference was estimat-  land. ©2018 The Author(s)
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Introduction

Overall, Japanese people have the longest life expec-
tancy in the world, especially Japanese women [1]. Re-
search exploring the reasons for this greater longevity
among the Japanese population has identified a range of
potential explanations [2-5]. A milestone review by Mar-
mot and Smith [5] identified economic growth, a low-fat
diet, the public health system, and job security in Japan as
the most important factors for greater longevity in this
population. More recently, “a culture of hygiene, high lev-
els of educational attainment, an egalitarian society, and
strong government that led public health programmes,
particularly for tuberculosis control” [3] have been pro-
posed as key factors explaining the longevity of the Japa-
nese population. On the other hand, high blood pressure,
higher smoking rates in men, increasing social inequali-
ties, and increasing obesity have been reported as recent
threats to Japanese longevity [2, 3].

The health of the older population has become more
important in ageing societies, and life expectancy at birth
does not necessarily correspond to life expectancy at old-
er age [6]. To date, there is limited evidence from cross-
country comparative studies that have directly examined
the respective roles of health, behavioural, and social fac-
tors in relation to longevity among older adults. One
study examined the association between behavioural fac-
tors and life expectancy among older adults though it fo-
cused on European countries only [7]. However, most of
the cross-country comparison studies on mortality only
included Western countries. Here we compared popula-
tion data from Japan, the country with the highest life
expectancy, with population data from England. The aim
of this prospective cohort study was to determine the rel-
ative contributions of social and behavioural factors to
differences in survival between older adults in England
and Japan.

Methods

Data Source

Cohort data from two on-going prospective cohort studies, the
English Longitudinal Study of Ageing (ELSA) [8, 9] and the Japan
Gerontological Evaluation Study (JAGES) Project [10, 11], were
used in this analysis. ELSA targets independent-living older adults
in England aged 50 years or older and the first wave was conduct-
ed between 2002 and 2003. The first survey of the JAGES Project
was conducted in 2003, drawing participants from 6 municipalities
in the Aichi prefecture (at the time, the project was named the
Aichi Gerontological Evaluation Study [AGES]). Although Japan
has Okinawa, known in the past years as the Blue Zone [12], which

Differences in Survival among Older
Adults in Japan and England

is characterised as longer life in the world, the baseline survey did
not cover this area. JAGES participants were community-dwelling
individuals aged 65 years or older that were randomly selected
from each municipality. Further details of ELSA and JAGES can
be found in each cohort profile [8, 10]. In our study, we analysed
the data from individuals aged 65 years or older at the first wave in
both studies.

Ethical Considerations

Ethical approval for the ELSA was granted from the Multicen-
tre Research and Ethics Committee (MREC/01/2/91). The AGES
and JAGES study protocol and informed consent procedure were
approved by the Ethics Committee on the Research of Human
Subjects at Nihon Fukushi University (04-05 and 10-05).

Outcome Measure

The outcome was all-cause mortality occurring until 9.4 years
(3,436 days) from baseline. The end of follow-up was March 15,
2012 for the ELSA and March 28, 2013 for the JAGES. For both
studies, mortality data were obtained by linking with administra-
tive records. For the ELSA, all-cause mortality was ascertained for
the consenting study members (95% of the eligible participants) by
linking to the National Health Service mortality register. For the
JAGES, the mortality records of the national long-term care insur-
ance database (which contains each death reported by physicians
to their local municipal government) were linked with 99% of the
cohort participants.

Behavioural and Social Factors

For health-related behaviours, we used physical activity, smok-
ing, alcohol drinking, and body mass index (BMI). A level of phys-
ical activity was indicated by self-report on participants’ active in-
volvement in a sports club. The response was dichotomised. Based
on the self-reported smoking status, participants were categorised
into never smokers, past smokers, or current smokers. For alcohol
drinking, participants were categorised into: non-drinking, not
drinking every day, or drinking every day. A previous study re-
ported that a BMI of 22.5-25.0 had the lowest risk of mortality
[13]; we set a BMI of 22.5-24.9 as the reference category of BMI
variable. In our data, a small number of Japanese participants had
a BMI of 30 or over, participants with a BMI of 25 or over were put
into a category. Then, BMI was divided into the following groups:
less than 18.5, between 18.5 and 22.4, between 22.5 and 24.9, or 25
or over.

For social factors, socioeconomic status and social relation-
ships were used. As an indicator for socioeconomic status, par-
ticipants’ age when they completed their formal education (15
years or younger, 16-18 years, 19 years or older) was used for both
countries. In our study, social relationships were assessed via fam-
ily (marital status) and friendship-based social relationships (so-
cial network). For family-based social relationships, marital status
was categorised into married, divorced/widowed, or non-married.
For friendship-based social relationships, we assessed the frequen-
cy of meeting up with friends, grouped into: once or more a week,
once or twice a month, or less than once a month.

Covariates

Age at baseline was categorised as 65-69, 70-74, 75-79, or 85
years or older. In JAGES, older adults receiving the public disabil-
ity insurance benefit were not invited to the study even if they were
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<0.001

(24.0) 35.7

1,449
2,964

(12.0) 46.9

290
1,575

<0.001

30.6

(2.5)

160
234
6,093

395 (13.1)  36.5

1,270
1,350

Current smoker
Past smoker

(49.0) 30.3

39.0

(65.0)

24.8

(3.6)
(93.9)

33.1

(42.1)

Differences in Survival among Older
Adults in Japan and England

(27.0) 28.0

1,636

(23.0) 32.6

558

18.4

27.0

(44.8)

Never smoker

BMI

<0.001

(7.5) 577

456
2,387

(0.8) 70.6

(7.9)

17
178

402
1,657

<0.001

(8.8) 339

566
2,505

48 (17) 542
332

503
1,898

<18.5

(39.5) 33.6

50.0

19.1

(38.8)

36.7

(11.9)

18.5-22.4
22.5-24.9

225

(32.4) 245

1,960
1,244

39.6

(17.8)

33.6 1,855  (28.7) 14.9
1,532

(18.1)

(20.6) 24.5

34.8

(73.5)

15.3

(23.7)

25.9

(68.2)

ADL, activities of daily living; BMI, body mass index. * x? p value for the distribution of the participants between ELSA and JAGES.

living at their home [10], whereas ELSA targets independently liv-
ing older adults. Due to this research design, it is likely that system-
atic differences exist in participants’ disability status between two
studies. To account for this study design factor, activities of daily
living (ADL) were adjusted in all models as covariates. ADL were
determined from the participants’ response to three questions ad-
dressing the presence of difficulties in walking, bathing or shower-
ing, or using the toilet in both studies. Participants who reported
one or more difficulties were regarded as partially disabled. We
also used comorbidities to indicate the baseline health status of the
participants as covariates. The ELSA data contained self-reports of
doctor-diagnosed cancer, heart disease, stroke, hypertension, dia-
betes, and psychiatric disorders, whereas we used the receipt of
medical treatments for cancer, heart disease, stroke, hypertension,
diabetes, and psychiatric disorders for the JAGES sample.

Analysis

To estimate the country differences in survival, the Laplace re-
gression analysis was applied. The Laplace regression analysis en-
ables the estimation of the percentiles of survival time [14-17]. In
our study, the lowest mortality was observed among the female
participants of JAGES at 18.5%. Therefore, we used the 15th sur-
vival percentile difference (15th PD), i.e., the difference in the time
when the first 15% of the participants had died, to estimate the dif-
ference in survival between the groups [17]. We also estimated the
country difference in survival in relation to the explanatory factors.
For sensitivity analysis, we also ran the Cox proportional hazards
regression analyses [16, 17].

At first, to examine the contributions of each factor separately
among the ELSA and JAGES participants, stratified analyses in
each cohort were conducted. Then, the datasets for each cohort
were combined, and we conducted pooled analyses. In the pooled
analyses, we included the country dummy variable as a fixed effect
to calculate the difference in survival between the ELSA and
JAGES participants, and then examined the factors contributing to
the difference in survival between the two cohorts, by calculating
the number of days attributable to the different factors. For this
purpose, several models were constructed. At first, before examin-
ing the contribution of each factor, age, ADL, and baseline health
status (i.e., comorbidities) were included to adjust (Model 1). In
Models 2-4, socioeconomic status (i.e., age at which the partici-
pants left full-time education) and social relationships variables
(family-based and friendship-based) were separately added to
Model 1. Then, these 3 variables were simultaneously included
(Model 5). Modifiable health risks were separately added for: ex-
ercise (Model 6), alcohol drinking status (Model 7), smoking status
(Model 8), and BMI (Model 9). To evaluate the degree of explained
difference between the countries in survival time (days) by each
factor, the change in the differences in survival between the models
was calculated and displayed in a graph.

All analyses were stratified by gender. We did not apply weights
on our analyses, given that ELSA and JAGES used the different
sample weighting strategy. To support our decision, we conducted
sensitivity analysis applying weights on both datasets. Because the
results showed very close findings (see online suppl. Tables 1 and
2; see www.karger.com/doi/10.1159/000485797 for all online sup-
pl. material), we report non-weighted results. Although the mor-
tality outcome did not have any missing information, missing data
because of item non-response were dealt with multiple imputation
using chained equations by the STATA programme [18]. The

Gerontology 2018;64:266-277 269
DOI: 10.1159/000485797



numbers of missing responses are shown in online supplementary
Table 3. Imputation was conducted for each dataset (country) and
gender separately and 10 multiply imputed datasets were pro-
duced. Models were independently applied for each of the 10 im-
puted datasets. The imputation models included auxiliary vari-
ables known to be predictive of missingness. Then, single mean
estimates and adjusted standard errors were calculated using Ru-
bin’s rule [19]. For sensitivity analysis, complete case analysis was
also performed (in online suppl. Tables 4 and 5), which revealed
similar results to those from the imputed data. As other sensitivity
analysis, we excluded data from participants who died or dropped
out during the first 2 years from the baseline to reduce the possibil-
ity of reverse causation (in online suppl. Tables 6 and 7). STATA
SE version 14.1 (Stata Corp., College Station, TX, USA) was uti-
lised for all analyses.

Results

We analysed the data obtained from 3,083 women and
2,468 men in ELSA (mean age: 74.7 [SD = 7.3] and 73.7
[SD = 6.7] years, respectively) and 6,882 women and
6,294 men in JAGES (mean age: 73.4 [SD = 6.3] and 72.5
[SD = 5.7] years, respectively). The maximum follow-up
period was 3,435 days (9.4 years), and the mean follow-up
period was 3,047 days for women and 2,871 days for men,
respectively.

Table 1 shows the baseline characteristics and mortal-
ity in both cohorts, and reveals significant differences be-
tween the countries in these characteristics. The number
of deaths that occurred between the baseline and the end
of the follow-up period was 964 (31.3%) women and 953
(38.6%) men in ELSA and 1,330 (19.3%) women and
1,968 (31.3%) men in JAGES. Mortality rates per person-
year were 3.9 and 5.1% for ELSA women and men and 2.3
and 3.9% for JAGES women and men, respectively.

The results of the univariate and multivariable Laplace
regression analyses on the differences in the 15th percen-
tile of survival according to the explanatory variables are
presented separately for women (Table 2) and men (Table
3). Older age, partial disability, and comorbid status were
associated with a smaller percentile of survival time in
both ELSA and JAGES in the univariate and fully adjust-
ed multivariate models. Participants with the single status
had a smaller percentile of survival especially for ELSA
men. Poorer friendship-based social relationships were
associated with a smaller percentile of survival especially
in JAGES men. More years of education, any drinking,
and not being a current smoker tended to be associated
with longer survival in both the ELSA and JAGES par-
ticipants. Lower (<18.5) BMI was associated with shorter
survival especially for JAGES participants. The associa-

270 Gerontology 2018;64:266-277
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tions between each variable and 15th PD were similar in
both men and women. These associations are similar to
the sensitivity analyses through Laplace regression mod-
els that excluded those who died or dropped out during 1
year or 2 years from the baseline (in online suppl. Tables
6 and 7) and Cox proportional hazards models (in online
suppl. Table 8).

There were differences in survival between the JAGES
and ELSA participants. After adjusting for age, ADL, and
baseline health status and comparing the samples when
the first 15% of the participants had died, JAGES women
survived for 318.8 more days than ELSA women (in on-
line suppl. Table 9, Model 1), and JAGES men survived
for 131.6 more days than ELSA men (in online suppl. Ta-
ble 10, Model 1).

Figure 1 shows how much each of the aforementioned
factors explains these differences in 15th percentile of sur-
vival between the two cohorts. For example, smoking
contributed to 197.7 days (obtained from online suppl.
Table 9, Models 5 and 8; 320.8 minus 123.1) of longer sur-
vival for JAGES women compared to ELSA women. This
is explained as follows. There were more smokers among
ELSA women compared to JAGES women (Table 1), and
smokers had shorter survival than non-smokers (Table 2,
online suppl. Table 9). In contrast, smoking was more
prevalentamong JAGES men compared to ELSA men. As
a result, although smoking was associated with increased
mortality in both JAGES and ELSA men (Table 3), the
lower smoking rate among ELSA men contributed to 46.6
days longer survival compared to JAGES men.

Among women, not smoking were the most important
factor for survival among JAGES compared to ELSA par-
ticipants, whereas being a non-daily drinker was the most
important contributing factor for longer survival among
ELSA compared to JAGES women. Not being under-
weight also contributed to longer survival among ELSA
compared to JAGES women.

Among men, rich family-based social relationships in
JAGES was the most important contributor to longer sur-
vival compared to ELSA. Although the association of
family-based social relationships seemed to be stronger
among ELSA men (Table 3), the prevalence of being mar-
ried was higher among JAGES men (Table 1). Therefore,
a higher prevalence of being married seemed to contrib-
ute to 105.4 days longer survival in JAGES compared to
ELSA.

For ELSA men, not being underweight, non-daily
drinking, being a non-smoker, and better friendship-
based social relationships contributed to increased sur-
vival compared to JAGES men. Friendship-based social

Aida et al.
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Factors
Higher socioeconomic status
Family-based social relationships
Friendship-based social relationships
Physical activity
Fewer non-alcohol drinking
Not current smoking

Not lower BMI

Longevity for ELSA Longevity for JAGES

Women 7.7

-1733
197.7

-129.

=250

Higher socioeconomic status
Family-based social relationships
Friendship-based social relationships
Physical activity

Fewer non-alcohol drinking

Not current smoking

Not lower BMI -212.2

250
Longevity, days

1054

Fig. 1. Reasons for the difference in longevity (days) by each factor
between the English Longitudinal Study of Ageing (ELSA) and the
Japan Gerontological Evaluation Study (JAGES) presented sepa-
rately by gender. Explained difference in longevity (days) was cal-
culated from the results in online Supplementary Tables 9 and 10:
socioeconomic status (model 1 minus model 2), family-based so-

relationships predicted survival among JAGES partici-
pants only (Table 3), and the prevalence of poorer friend-
ship-based social relationships was higher among JAGES
men (Table 1). Therefore, a lack of friends contributed to
45.4 fewer days of survival in JAGES compared to ELSA
men.

Discussion

Research evidence on survival among older adults
based on cross-country comparative studies is limited, es-
pecially with Japan, which has the longest life expectancy.
In this study, we examined the differences in 15th percen-
tile of survival between older individuals living in Japan
and England from two prospective cohort studies, and
identified the factors contributing to these differences.

Differences in Survival among Older
Adults in Japan and England

cial relationships (model 1 minus model 3), friendships-based so-
cial relationships (model 1 minus model 4), physical activity (mod-
el 5 minus model 6), alcohol drinking (model 5 minus model 7),
smoking (model 5 minus model 8), and BMI (model 5 minus mod-
el 9).

The participants in Japan lived longer than those in Eng-
land at the 15th percentile of all-cause mortality after ad-
justing for age, ADL, and baseline health status. Major
contributing factors for the higher survival among the
JAGES compared to ELSA participants were lower smok-
ing rate in women, and better family social relationships
in men. In contrast, several factors contributed to longer
survival in ELSA compared to JAGES participants: a low-
er rate of underweight, moderate alcohol drinking for
both women and men, better friendship-based social re-
lationships in men, and a lower smoking rate in men.

Strengths and Limitations of this Study

To the best of our knowledge, this is the first cross-
country comparative population-level study to show the
absolute difference in survival (days) between the two
countries and the size of the effect of the factors contrib-
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uting to that difference. Using absolute measure is more
appropriate in public health decision making because
they are easier to explain to the general public than rela-
tive risks [20, 21]. Several previous studies directly com-
pared country differences using pooled data, but they
provided relative measures rather than absolute measures
[22, 23]. Traditional life table methods enable the direct
assessment of absolute longevity, yet a limited number of
factors can be tested with these methods [6, 24, 25]. Al-
though recently applied advanced methods enable the
consideration of multiple factors with absolute longevity,
direct comparison between countries using pooled data
has not been conducted [7].

In this study, because we could use pooled cohort data,
the country in which the participant resided was treated
as a fixed effect, using a dummy variable. As there is low-
er possibility of reverse temporal association between the
country of residence among older people and individual
sociodemographic characteristics and behaviours, the
possibility of bias when estimating the mediation effect is
small.

In both ELSA and JAGES, the mortality information
was reliable and obtained via credible official sources. Ad-
ditionally, most of the explanatory variables used in this
analysis were obtained through a similar approach across
the two studies. On the other hand, while we had relevant
information for when participants were older adults, we
could not consider various demographic, psychosocial,
and environmental factors in early life due to a lack of
available and comparable data.

There are notable differences between the two coun-
tries in those factors and they could have played a role in
explaining our results; for example, accumulation of
stress through divergent historical experiences could
have affected the difference in health between the two co-
horts. Inclusion of objective measures to indicate physical
health status or environmental factors that are compara-
ble in two cohorts could elaborate explaining the differ-
ences in the mortality between the two cohorts. Although
both England and Japan have universally accessible health
care systems, there are differences in health care provi-
sion [26]. The effect of medical care access on the out-
come should be considered in future studies.

High blood pressure is reportedly the greatest risk fac-
tor for mortality among Japanese women [2]. Although
we used comorbidities including hypertension in our
models, having an objective blood pressure measure
could have allowed further explanation of the differences
in longevity between the two countries. In addition, be-
cause this study used cohorts of older adults who survived

274 Gerontology 2018;64:266-277
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at least at the baseline of the survey, selection bias could
overestimate the association of factors such as moderate
alcohol drinking [27]. Our results suggest that moderate
drinkers have a longer life than non-drinkers.

Although a J-shaped relationship between alcohol
consumption and all-cause mortality has been previously
reported [28], a recent systematic review has challenged
the merits of moderate drinking after considering several
biases [29]. In addition, a study on the British cohort of
people born in 1958 suggested that non-drinking would
be likely to be associated with long-term illnesses in early
life [30]. Although we accounted for comorbidities at
baseline, a precise measure to indicate quantity of alcohol
intake that was comparable to both countries was impos-
sible to obtain; instead, we used frequency of alcohol use.
Results from alcohol use need to be carefully interpreted.

Another limitation relates to differences in the study
designs between the two cohorts. The sampling strategies
were different and the JAGES 2003 did not contain (or
aim for) a national representative sample. In addition,
older adults with disability were excluded from the
JAGES but not from the ELSA sample. We accommo-
dated the potential selection bias by accounting for the
baseline ADL and we only included those aged 65 years
and over in both studies. Additionally, in the sensitivity
analyses, we excluded participants who died within 1 year
or 2 years from the baseline, which likely reduced the pos-
sibility of health selection bias in our study.

Our study is based on the use of self-reported ques-
tionnaires from two cohorts. It is possible that compara-
bility in these cohorts is limited to some degree, such as
ADL. Given the cultural differences in these two cohorts,
their response to the ADL questions may be different.
However, the questions were phrased similarly in the two
cohorts with regard to their ability to perform certain dai-
ly tasks. Moreover, this is treated as a covariate in our
study. We are therefore confident that potential response
bias is minimal in our study. Questions were phrased dif-
ferently to the cohort members to obtain baseline health
status for this study, which raises the question for compa-
rability in this study. However, baseline health status is
treated as a covariate in the model; we think that the effect
on the longitudinal associations between social determi-
nants and longevity is minimal.

In relation to the analyses, we estimated the 15th sur-
vival PD, the difference in the time when the first 15% of
the participants had died. Future studies with longer fol-
low-up would better inform cross-country differences in
social determinants of longevity.

Aida et al.



Although the effect of the long-term change in the base-
line characteristics on longevity is not in our study focus,
this is likely to affect the course of longevity. Future studies
including time-varying factors would inform us how the
policies relevant to healthy ageing to be formulated.

Comparison with Previous Studies

The reasons for the longevity observed in Japanese
people have been examined in previous studies. The life
expectancy at birth for Japanese women was the longest
internationally with 86.8 years in 2015 [1]. Japanese men
also have a comparatively long life expectancy at 80.5
years. Since the milestone studies related to longevity
among Japanese individuals conducted by Marmot and
his colleagues [4, 5], lower mortality from coronary heart
disease, which is partly attributable to lower serum cho-
lesterol levels, has been considered one of the reasons for
the longer life expectancy found among the Japanese [3].
However, present analyses did not show any significant
association of overweight, a possible indication of higher
serum low density cholesterol, and therefore shorter sur-
vival. On the contrary, we found a significant association
between underweight and shorter survival among Japa-
nese participants, which can offer additional support to a
J-shaped or U-shaped association between BMI and mor-
tality among Japanese [12, 30]. Previous studies have re-
ported that BMI has a J-shaped or U-shaped relationship
with mortality [13, 31]. A recent study that pooled cohort
data from 10 million participants reported that those with
aBMI of 22.5-25.0 had the lowest risk of death compared
to those who were categorised as underweight or over-
weight [13]. Findings from our previous study on older
Japanese individuals also support the same trend [32].

In addition, the association of BMI with all-cause mor-
tality varies according to age; a relatively higher BMI is
associated with lower mortality among older populations
compared to younger populations [33, 34]. In a meta-
analysis of older adults, higher all-cause mortality was ob-
served among people with a BMI of 35 or more and a
significant increment of hazard ratio was not observed
among people with a BMI of 30-34 [34]. This may explain
why we did not observe shorter survival among the over-
weight participants in ELSA. Being underweight among
older adults is associated with frailty [35], and frailty is
linked to shorter longevity [36]. In the present study, a
relatively large number of older Japanese had a BMI of
less than 18.5, which was associated with increased mor-
tality. Therefore, being underweight in older populations
should be considered an important public health issue,
especially in Japan.

Differences in Survival among Older
Adults in Japan and England

Our results also showed that smoking reduced longev-
ity by about 2 years even when making comparisons only
for the period that the first 15% of participants died.
Smoking is the greatest risk factor for death among Japa-
nese men [2, 37]. We also confirmed the harmful effects
of smoking, as the high smoking rates among Japanese
men reduced their survival and decreased the difference
in survival between the Japanese and English cohorts by
46.6 days. In contrast, the lower rates of smoking among
women in Japan partially explained why their survival
was 197.7 dayslonger than women in England. Therefore,
among older populations, smoking is still an important
public health issue that predominantly affects different
genders in these two cohorts (Japanese men and English
women).

Previous studies have shown the considerable health
benefits of social relationships, such as marriage and con-
tact with friends, with both factors associated with longer
longevity [38, 39]. Our study added the knowledge about
the different distribution of social relationships regarding
health in two cohorts. The longevity of the participants in
Japan could partly be explained by social relationships
with families, especially for men. In contrast, longevity
for men in England compared to men in Japan was part-
ly derived from their social relationships with friends.

Similar to previous studies, the present study also con-
firmed that a higher educational level was associated with
longer survival [40, 41]. However, education did not sub-
stantially explain the differences in longevity between the
two cohorts of older adults, since their education levels
were similar. This similar distribution of educational at-
tainment in this generation in Japan and UK has already
mentioned in a previous study [5].

Public Health Implications

Although the mean longevity was longer among the
participants in Japan, we found some factors that contrib-
uted to survival among the participants in England. Tack-
ling the factors that contribute to reduced survival, such
as smoking for JAGES men and ELSA women, could ef-
fectively improve survival in both countries. In relation
to social relationships, public health interventions to pro-
mote social relationships with friends have been advo-
cated [42]. In Taketoyo in Japan, a resident-centred com-
munity intervention programme was developed to pro-
vide opportunities to promote social interactions with
community members. The programme improved social
interactions and reduced the incidence of functional dis-
ability among older adults. Improving social relation-
ships with family members, skills in handling worries and
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demands, and conflict management within families are
all potentially important components of community in-
terventions [43].

Conclusions

The participants in Japan lived significantly longer
than those in England. Lower smoking rates in women,
and better family social relationships in men were major
contributors to the longevity among the Japanese partici-
pants. In contrast, a lower rate of underweight, better
friendship-based social relationships in men, and a lower
smoking rate in men contributed to survival among par-
ticipants in England. Modifying health-related behav-
iours and enriching social relationships could make a dif-
ference in survival among elderly at the population level.
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Abstract

Background: A life-course perspective is essential in understanding the determinants of higher-level functional limitations. We examine the
impact of adverse childhood experiences (ACEs) on higher-level functional limitations in older people.

Methods: Data were from the Japan Gerontological Evaluation Study 2013, a population-based cohort of independent people aged 65 years
or older across Japan (7 = 19,220). ACEs before the age of 18 were assessed in terms of seven adversities: parental death, parental divorce,
parental mental illness, family violence, physical abuse, psychological neglect, and psychological abuse. Associations between the cumulative
number of ACEs and higher-level functional limitations were investigated by multivariate Poisson regression with robust error variances,
adjusted for age, gender, childhood disadvantage, adult sociodemographics, adult health behaviors, and health status.

Results: Of the older people, 36.3% reported at least one ACE. Older people who had experienced two or more ACEs showed significantly
greater higher-level functional limitations than those with no ACE in a crude model (prevalence ratio, PR = 1.61, 95% confidence interval,
CI = 1.51-1.71). After adjusting the covariates, this association remained (PR = 1.19, 95% CI = 1.12-1.27).

Conclusions: ACEs showed robust independent effects on higher-level functional limitations among older Japanese without disabilities, even
after adjusting for potential covariates in childhood and adulthood. The current findings may help in understanding the impact of the latent
effects of ACEs on functional limitations in older people.

Keywords: Childhood disadvantage—Latent effect—Life-course epidemiology

Recently, a life-course perspective, including exposure to major
events at an early life stage, has been proposed as an important
determinant of disability or higher-level functional limitations, such
as socializing and activities that require higher cognitive functions
(1-3). Previous studies suggested that low childhood socioeconomic
status (SES), assessed by parental education or parental occupation
(2), was also a risk factor for disability later in middle life. However,
the mechanism(s) by which low childhood SES induces higher-level
functional limitations later in life remain(s) unknown.

Adverse childhood experiences (ACEs), including interpersonal
loss, family psychopathology, abuse, and neglect (4), are more likely
to be observed among children in poverty. Several studies have
reported that ACEs are linked with health risk behaviors and dis-
eases, such as cardiovascular disease (5), cancer (6), chronic obstruc-
tive pulmonary disease (7), depression (8), obesity (9), and alcohol
abuse (8), which are associated with disabilities. ACEs have been
suggested as having enduring emotional, immune, and metabolic
effects, which may ultimately increase the risks of associated diseases
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(10). ACEs have also been associated with poorer verbal retrieval
and visual space memory among people aged more than 65 years
(11). In terms of disability, Rose et al. reported a dose-response rela-
tionship between ACEs and disability (self-reported activity limita-
tions and/or assistive device use) in middle-age adulthood (mean age,
48 years) with adjustment for potentially mediating health condi-
tions (12). These results indicated that ACEs may lead directly to
disabilities in later life (a latent effect model (13)). In addition, more
recent research has pointed out the importance of investigating
factors in young adults that could mitigate the influence of ACEs
on older people (14). Thus, increasing awareness of the potential
long-term impact of ACEs could be an essential and potentially cost-
effective target for avoiding at least some disabilities in older peo-
ple. However, to our knowledge, the impact of ACEs on higher-level
functional limitations in older people has not been reported before.

To explore any associations between ACEs and higher-level
functional limitations in older people, we used data from the Japan
Gerontological Evaluation Study (JAGES), which evaluated both
ACEs and higher-level functional limitations in community-dwelling
independent older people, aged 65 years or older, in Japan, some
of whom survived World War II (1937-1945) during their early
childhoods. Because the period of WWII was associated with ACEs,
including severe poverty and parental death (15,16), these data
provide a unique opportunity to investigate the impact of ACEs on
higher-level functional limitations in older people. Thus, the purpose
of this study was to investigate the independent effects of ACEs and
higher-level functional limitations; and to explore potential media-
tion paths, including sociodemographics, adult health behavior, and
health status as mediators and childhood disadvantage as a con-
founder of ACE effects in Japanese older people (Figure 1), referring
to the recent life-course model on aging (14).

Methods

Sample

We used data from the JAGES 2013 Project, which was designed to
investigate the social determinants of health among noninstitution-
alized, functionally independent individuals aged 65 or older. The
survey was initially conducted to elucidate the determinants of dis-
ability in older people; therefore, older adults with disabilities were
not included in the survey. The survey data used were sampled in
2013 from 30 municipalities in 15 prefectures in Japan. Among the
30 municipalities, we sampled the entire population of residents in
14 municipalities, whereas in the remaining 16 municipalities, we
mailed questionnaires to a random sample based on public long-term

Life Course
Childhood Adulthood Old age
//7) \\
Adverse Childhood Aqult health ngherv—leve]
. behavior and health functional
Experience (ACE) status limitation

T

_______________________________________________ :

Socio-demographics

Childhood
disadvantage

» Mediation path
....... > Confounding path

Figure 1. Conceptual model on the association between adverse childhood
experience and higher-level functional limitation in life-course model.

care insurance data acquired from municipal authorities. In total,
193,694 residents were targeted for the questionnaire. Of the eligi-
ble participants, 137,736 people responded (response rate = 71.1%).
ACEs were investigated in one-fifth of the sample (n = 25,928). We
excluded those who did not respond to questions on gender or age.
We also excluded those with limitations in activities of daily living,
meaning those who could not walk, take a bath, and use the toilet
without assistance. Furthermore, to focus on associations between
ACEs and higher-level functional limitations, we excluded those who
did not respond fully to the 13 questions on functional limitations
and ACEs (n = 4,606); thus, our analytic sample consisted of 19,220
individuals.

The JAGES protocol was approved by the Ethics Committee on
Research of Human Subjects at Nihon Fukushi University.

Assessing Higher-Level Functional Limitations
Higher-level functional limitations were evaluated using the Tokyo
Metropolitan Institute of Gerontology Index of Competence
(TMIG-IC) (17), based on the Lawton instrumental activities of
daily living scale (18). This is a 13-item index consisting of three
sublevels of competence with yes/no responses (1): instrumental
self-maintenance (five items: ability to use public transport, shop
for daily necessities, prepare meals, pay bills, and handle a bank
account) (2); intellectual activities (four items: ability to fill out
forms, read newspapers, read books or magazines, and interest in tel-
evision programs or news articles dealing with health); and (3) social
role (four items: ability to visit the home of friends, give advice to
relatives and friends, visit someone in hospital, and initiate conversa-
tion with younger people). This scale is used widely to assess higher-
level functional capacity in older people in Japan (19). Although a
higher TMIG-IC score denotes a higher capacity, we reversed the
score so that a higher score denotes a higher functional limitation
in our analysis.

Assessing ACEs

The ACE questionnaire was developed based on previous ACE stud-
ies (4), modified to suit older Japanese people (20). The respondents
were asked whether they had experienced the following adversities
before the age of 18 (yes/no responses): interpersonal loss (parental
loss, parental divorce), family psychopathology (parental mental ill-
ness, family violence), and abuse and neglect (physical abuse, psy-
chological neglect, psychological abuse). The sum of the number of
ACEs was categorized as 0, 1, and 2 or more, because the percent-
age of people who experienced three or more ACE was only 2.0%,
which needed to be collapsed.

Covariates

Potential covariates were also assessed with the questionnaire,
including age, gender, childhood disadvantage, sociodemographics,
and adult health behaviors and health status. Childhood disadvan-
tages were childhood economic hardship (a proxy measure of child-
hood SES) and adulthood height (a marker of cumulative nutritional
and unhygienic exposure during early childhood (21)). Childhood
economic hardship was assessed with a question about whether the
financial condition during childhood provided difficulties to thriv-
ing (yes/no response). Self-reported height was obtained from the
questionnaire. People reporting heights above 3 SDs from the mean
height (from the 2010 Japanese National Health and Nutrition
Survey (22)) were eliminated because they were assumed to be outli-
ers. Furthermore, height was categorized into five groups in 5-cm
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intervals for men (<155, 155-159.9, 160-164.9, 165-169.9, and
>170 cm) and women (<145, 145-149.9, 150-154.9, 155-159.9,
and 2160 cm) (3). In terms of adult sociodemographics, SES was
assessed by educational attainment (<10 years, 10-12 years, >13
years), annual household income (<1.5, 1.5-2.9, 3.0-4.9, >5 mil-
lion yen: 1 million yen is equivalent to 10,000 US$), and employ-
ment status (currently working, retired, or never worked). Marital
status (married, widowed, divorced/never married/other) and liv-
ing status (living alone, living with wife/husband, living with other)
were also obtained. Health behaviors included smoking (current,
quit, never) and drinking (current, quit, never) were investigated.
Body mass index was determined from the self-reported height and
weight (kg/m?), then categorized as underweight (<18.5), normal
weight (18.5-24.9), and overweight (>25). Depression was assessed
with the Geriatric Depression Scale (GDS) (23), then categorized as
no depression (score 0—4), mild depression (score 5-9), and severe
depression (score 10-15). The respondents were also questioned as
to whether they were currently under medical care. Missing values
were treated as dummy variables (24).

Analysis

Multiple Poisson regression analysis with robust error variances
was used to examine any associations between ACEs and higher-
level functional limitations, treated as count data. In addition to a
crude model, Model 1 was adjusted for age and gender and Model
2 was additionally adjusted for childhood disadvantage. Model 3
was adjusted for adult sociodemographics beyond Model 2. Model
4, the final model, was also adjusted for adulthood health behav-
iors and health status. Further, we conducted mediation analysis to
convert higher-level functional limitations into dichotomous (0-1 vs
2 or more) limitations, using a Stata program called “binary_media-
tion”, which allows for multiple mediator variables (25). All sta-
tistical analyses were conducted using Stata (ver. 13.1; StataCorp,
College Station, TX). The level of statistical significance was set at
p <0.05 (two-tailed).

Results

The mean age was 73.2 (standard deviation [SD] = 5.9) years old,
and 52.9% were women (Table 1). Approximately three quarters
(73.5%) were married, and 13.0% were living alone. Regarding adult
SES, 36.4% had less than 10 years of education, 12.4% earned less
than 1.5 million yen, and 60.8% were retired. Approximately one-
third were currently drinking and one-tenth were currently smoking.
Most of the participants were receiving medical treatment (78.5%).
Regarding the prevalence of each ACE, parental death was the high-
est (22.1%), followed by psychological neglect (11.6%), and psycho-
logical abuse (5.1%). In total, 36.3% reported at least one ACE and
7.4% reported two or more ACEs. Prevalence of ACEs by age cohort
showed that the rates of parental death were higher in the age group
of 70+ years, who were 2+ years old when World War II ended, com-
pared to the age group of 65-69 years (Supplementary Table S1). On
the other hand, the rates of parental divorce and family violence were
higher in the 65-69 age group than in the 70+ age group.

Comorbidity of ACEs was also confirmed. For example, 21.2%
of those who experienced physical abuse reported any one more
additional ACE and 64.4% experienced any two or more additional
ACEs (Supplementary Table S2).

Table 2 shows the prevalence ratio (PR) of higher-level functional
limitations, according to cumulative numbers of ACEs, using multi-
ple Poisson regression analysis with robust error variance. Regarding

higher-level functional limitations, the mean reversed TMIG-IC
score was 1.38 (SD = 1.82) and the median was 1, similar to other
studies (26-28). Overall, the cumulative number of ACEs showed
a positive association with higher-level functional limitations; that
is, the “dose-response” relationship was statistically significant. For
example, the PR of one ACE for higher-level functional limitation
was 1.21 (95% confidence interval [CI] = 1.16—1.26) in comparison
with no ACE, and the PR of two or more ACEs was 1.61 (95%
CI = 1.51-1.71), showing a significant dose-response association (p
for trend < 0.001). For two or more ACEs, the significant association
remained even after correction for possible confounders. Association
of other covariates and higher-level functional limitations can be
found in Supplementary Table S3. Childhood economic hardship
was also associated with higher-level functional limitations, after
adjusting for age and gender (PR = 1.23,95% CI = 1.18-1.27), and
the point estimate was attenuated after adjusting for ACE and adult-
hood height (PR = 1.16, 95% CI = 1.11-1.20), suggesting that ACE
and adulthood height (as a marker of cumulative nutritional and
unhygienic exposure during early childhood) mediated the associa-
tion between childhood economic hardship and higher-level func-
tional limitations in older people.

Mediation analysis revealed that adult sociodemographics (mari-
tal status, living status, education, annual income, employment
status), adult health behaviors (drinking, smoking), and health sta-
tus (body mass index, depression, and disease status) mediated the
association between ACEs and higher-level functional limitations by
66.1% (95% CI: 54.8%-77.5%), after adjustment of confounders
(i.e., age, gender, childhood economic hardship, adult height). Thus,
a significant portion of the association between ACEs and higher-
level functional limitations was mediated by adult sociodemograph-
ics, health behaviors, and health status; however, independent effects
exist, as hypothesized in Figure 1.

Regarding the three sublevels of competence (instrumental-self
maintenance, intellectual activities, social role), the “dose-response”
relationship between the cumulative number of ACEs was also sta-
tistically significant with all three sublevels of competence of the
TMIG-IC (Supplementary Table S4).

The PR for higher-level functional limitations according to cumu-
lative numbers of ACE stratified by age group and stratified by sex
are shown in Supplementary Tables S5 and S6, respectively. There
was no statistically significant interaction between the cumulative
number of ACEs and age or between ACEs and gender.

Discussion

In this large population-based study, the cumulative number of ACEs
was significantly associated with higher-level functional limitations
in older people without ADL limitations. Childhood disadvantage,
adult sociodemographics, and adult health behaviors and health sta-
tus attenuated the impact of ACEs on higher-level functional limita-
tions. Generally, significant associations remained after adjustment
for confounders and mediators, suggesting an independent effect of
ACEs in older age (13).

Possible pathways include the following. First, ACE may harm-
fully affect the development of cognitive function during childhood,
known to be a sensitive period. Danese and McEwen reported that
those who with a history of ACEs showed smaller volumes of the
prefrontal cortex and hippocampus in adulthood, suggesting that
ACEs caused enduring changes in the nervous system (29). The pre-
frontal cortex plays important roles in cognitive control and the hip-
pocampus has a specific role in the storage and recall of memory
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Table 1. Characteristics of Sample (n = 19,220) Table 1. Continued
Total Total
Characteristics N % Characteristics N %
Demographics 10+ 852 4.4
Age Missing 2,377 12.4
65-69 years old 6,138 31.9 Disease status, currently in treatment 15,086 78.5
70-74 years old 6,063 31.6 Retrospectively reported adverse childhood experience (ACE)
75-79 years old 3,959 20.6  Interpersonal loss
80+ years old 3,060 15.9 Parental death 4,245 22.1
Gender Parental divorce 378 2.0
Men 9,060 47.1  Family psychopathology
Childhood disadvantage Parental mental illness 138 0.7
Economic hardship 8,617 44.8 Family violence 717 3.7
Adulthood height Abuse and neglect
Short 1,536 8.0 Physical abuse 222 1.2
Middle-short 4,009 20.9 Psychological neglect 2,233 11.6
Middle 6,508 33.9 Psychological abuse 980 5.1
Middle-tall 4,760 24.8 ACE total score
Tall 2,407 12.5 0 12,248 63.7
Adult sociodemographics 1 5,556 28.9
Education 2+ 1,416 7.4
<10 years 7,000 36.4
10-12 years 7,638 39.7 Note: ACE = adverse childhood experience; BMI = body mass index;
13+ years 4,348 22.6 GDS = Geriatric Depression Scale.
Missing 234 1.2
Annual income sequences in context. These cognitive functions are important for
<1.5 million 2,382 12.4 higher-level functional limitations; thus, ACEs may lead to higher-
o m?ll?on 6,078 31.6 level functional limitations in older people.
3'0_4'9,;11110“ 4,705 4.5 Alternatively, a pathway effect may explain the association
15\/1(1):31[:11; ron i?;‘ i(l)(s) (13,30). That is, ACEs may increase the risk of a low adult SES,
Employment status which is associated with poor health behavior (such as smoking and
Current 4,624 24.1 heavy drinking) and disease status (such as cardiovascular disease),
Retirement 11,684 60.8 which may all be associated with higher-level functional limitations
Never 2,037 10.6 (a pathway model). In our study, the effects of ACEs on higher-level
Missing 875 4.6 functional limitations were attenuated by adding adult sociodemo-
Marital status graphics, health behaviors, and health status, suggesting that low
Married 14,135 73.5 adult SES, poor health behaviors, and health status are possible lead-
Widow 3,683 19.2 ing causes of higher-level functional limitations in older people.
Divorce/never married/other 1,191 6.2 Consi ith results of previous studies investigating associa-
Missing 211 11 - onsistent WI-t su p us studies g g
Living status tions between childhood SES and disabilities in older people (1-3),
Living alone 2,497 13.0 we found that childhood economic hardship and adulthood height
Living with wife/husband 15,805 8.2 (as a marker of cumulative social and environmental exposures dur-
Living with other 238 12 ing early childhood) were important factors for higher-level func-
Missing 680 3.5 tional limitations. A reason may be that poverty exposes children to
Health behaviors the risk of low birthweight (31) and poor nutrition (32), and more
Drinking harmful health risks, such as environmental pollutants and second
Current 6,969 36.3 hand smoke (33), which are all associated with cognitive function
Quit 896 4.7 (34-37), which are important for higher-level functional capacity in
II:I/Iei::irng 11’221 Sgg older people. We add to the literature that the association between
Smoking ’ childhood SES and high-level functional limitations in older people
Current 1,973 10.3 may be explained by ACEs, because we observed that the point esti-
Quit 3,077 16.0 mate of PR of childhood economic hardship for high-level functional
Never 14,055 73.1 limitation was attenuated after adjusting for ACEs (from 1.23 to
Missing 115 0.6 1.16). These results were consistent with a previous study showing
Health status that the impact of low childhood SES on mental disorders can be
BMI explained by ACEs (38). Moreover, to our knowledge, this is the first
<18.5 1,338 7.0 study to investigate the association between ACEs and higher-level
18.5-24.9 13,703 713 functional capacity in older people.
25.0+ 4,179 21.7 S . .
GDS > The present study has several limitations. First, the retrospective
04 12,918 672 assessment of ACEs may induce recall bias, which can be expected to
5.9 3,073 16.0 occur within an older age cohort. However, the prevalence of psycho-

logical neglect, for example, was similar across each age cohort, and the
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Table 2. Prevalence Ratio (95% Confidential Interval) of ACE for Higher-Level Functional Limitation

Model 4 (Model 3 +
adult health behavior

and health status)

Model 3 (Model 2 +

Model 2 (model 1 +

Crude Model 1 (adjusted age, sex) childhood disadvantage) adult sociodemographics)

Number of ACE

Reversed TIMG-IC
(mean = SD)

95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI

PR

Ref. Ref. Ref. Ref.

Ref.

(1.25 = 1.70)
(2.50 = 1.92)
(2.00 = 2.22)

1.02-1.10

1.06
1.19

1.05-1.14

1.09
1.34

1.16-1.26 1.17 1.12-1.22 1.13 1.09-1.18
1.55 1.46-1.65 1.46

1.51-1.71

1.21

1.12-1.27

1.26-1.43

1.37-1.55

61

2+

Tokyo

prevalence ratio; Ref = reference; SD = standard deviation; TIMG-IC

Geriatric Depression Scale; PR

Note: ACE = adverse childhood experience; BMI = body mass index; CI = confidence interval; GDS

Metropolitan Institute of Gerontology Index of Competence.

prevalence of parental death was higher among the older age cohort.
This is reasonable to expect, as parents of the people in this cohort were
more likely to have participated in World War II, suggesting that recall
bias may have no significant fault. In addition, there is evidence that
severe abuse is often remembered well and that false-positive reports
are probably rare, whereas less severe adversities are more likely to be
under reported (39). Thus, the association may be underestimated, but
is less likely to be overestimated. Second, we assessed seven categories
of ACE, each via a single item. Thus, other ACEs, such as sexual abuse
and parental substance abuse, were not included, because of the feasi-
bility according to the municipalities. However, childhood sexual abuse
and parental substance abuse are rare in Japan (40). Third, there is a
common method bias because all measures were assessed by a single
self-reported questionnaire. Reuben et al. reported that as compared
to prospective ACE studies, retrospective ACE studies showed stronger
associations with subjectively assessed outcomes, that is, our results
might have overestimated the association (41). Fourth, poor childhood
health may also affect a variety of health outcomes, but these were not
assessed, and we were unable to examine any effects on functional limi-
tations. Fifth, because we used data from the JAGES study, in which the
participants were healthy enough to participate in the survey, surviving
bias could result in an underestimation of the association between ACEs
and higher-level functional limitations among older people. Finally, our
analytical sample excluded people who have a disability, so the general-
izability of the findings may not be extended to those with disabilities.

In conclusion, our findings provide evidence for an independent
effect of ACEs on higher-level functional limitations among older
people in Japan. In addition to interventions aimed at improving
health behaviors in adulthood, policies aimed at reducing ACEs may
help decrease demand for medical and social care services associated
with functional limitations in old age.

Supplementary Material

Supplementary data is available at Journals of Gerontology, Series A:
Biological Sciences and Medical Sciences online.
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Abstract

Background

Increasing evidence suggests an impact of childhood disadvantage on late-life functional
impairment in Western countries. However, the processes by which childhood
disadvantage affects functional capacity are influenced by several factors unique to
particular societies. We examined the impact of childhood disadvantage on functional
decline among older Japanese, using a large-scale prospective cohort study.

Methods

Data came from surveys conducted in 2010 and 2013 as part of the Japan Gerontological
Evaluation Study (JAGES), a nationwide cohort study targeting community-dwelling
people aged 65 years and over. Childhood disadvantage included subjective childhood
socioeconomic status (SES), body height, and educational level. The sample was
stratified by age at baseline (6569, 70-74, 75—79, and > 80 years).

Results

A total of 11,601 respondents were analyzed. In the 65-69-year group, lower childhood
SES was associated with functional decline but this association was mediated by adult
SES. In contrast, childhood SES was independently associated with functional decline
in the older cohort. In the 75-79-year group, lower childhood SES was associated with
functional decline. However, in the > 80-year group, people with higher childhood SES
were more likely to experience functional decline. Shorter height was associated with
functional decline in the 70-74-year group. Higher education was related to functional
decline in all age groups except the > 80-year group.

Conclusions

These findings suggest that childhood disadvantage affects functional decline but its
effect varies by age cohort. The mechanisms underlying the association between
childhood disadvantage and functional decline may be influenced by social and historical
context.

Functional decline, Childhood disadvantage, Socioeconomic status, Body height,
Education, Japan

Topic: adult body height child prospective studies socioeconomic factors japanese
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Although studies have suggested that community social capital contributes to narrow income-based inequality in
depression, the impacts may depend on its components. Our multilevel cross-sectional analysis of data from
42,208 men and 45,448 women aged 65 years or older living in 565 school districts in Japan found that higher
community-level civic participation (i.e., average levels of group participation in the community) was positively
associated with the prevalence of depressive symptoms among the low-income groups, independent of individual
levels of group participation. Two other social capital components (cohesion and reciprocity) did not sig-

nificantly alter the association between income and depressive symptoms.

1. Introduction

Ageing is a major risk factor for many chronic diseases and physical
and mental illnesses. Specifically, in Japan, Wada demonstrated that in
the years 2000/2001, 33.5% of older people in four rural towns had
depressive symptoms, defined as scoring more than 5 points on the
Geriatric Depression Scale (GDS-15) (Wada et al., 2004). Depression
can cause other critical health issues including suicide, frailty, func-
tional disability, and mortality (Waern et al., 2003; Kondo et al., 2008;
Wada et al., 2004). Therefore, depression is a key target of the public
health actions targeted to older adults in Japan and worldwide (World
Health Organization, 2010; Ministry of Health Labour and Welfare,
2012).

Socioeconomic inequalities in the prevalence of depressive symp-
toms among older adults are also major targets of public health actions,
as social epidemiology studies have identified depression as strongly
concentrated among the socially disadvantaged older population
(Murata et al., 2008; Cole and Dendukuri, 2003).

Depression can be affected by psychosocial conditions in the com-
munity. Recent studies have suggested that high community social ca-
pital—defined as “resources that are accessed by individuals as a result
of their membership in a network or a group”—is associated with fewer
individual risks for depressive symptoms in older adults (Ivey et al.,
2015; Kawachi et al., 1999). However, the evidence is scarce on whe-
ther or not high community social capital is associated with the smaller

* Corresponding author.

socioeconomic disparity in depressive symptoms. Poverty puts one at
risk for social isolation, which, in turn, puts one at risk for depression.
Therefore, we could hypothesize that communities rich in social capital
may contribute more to those who are worse off, according to their
contextual characteristics as positive externalities (Berkman et al.,
2014). Our previous ecological study in Japan showed an inverse re-
lationship between community-level social capital and income-based
inequality in depressive symptoms among older adults (Haseda et al.,
2018). Although this ecological study supported the hypothesis, it could
not distinguish the compositional and contextual effects of community
social capital in reducing income-based inequality in depressive
symptoms; thus, a more sophisticated study is necessary: that is, a
multilevel analysis to assess whether or not community-level social
capital modifies the association between individual income and the
prevalence of depressive symptoms. Moreover, we also hypothesize that
the association between community social capital and income-based
inequality in depressive symptoms may differ by the dimensions of the
former. Specifically, based on recent discussions, we focused on the
structural and cognitive aspects of community social capital, which
when evaluated as cognitive social cohesion may contribute to in-
dividuals who comprise the community universally, regardless of so-
cioeconomic background. This is because people inhabiting a commu-
nity can reap the benefits of social cohesion equally, given that
cohesion is nonexcludable (Berkman et al., 2014). In theory and prac-
tice, cognitive social capital should and has been evaluated in terms of
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the levels of social cohesion (trust and reciprocity) (Berkman et al.,
2014). However, community social capital evaluated as a structural
aspect (levels of civic participation or the opportunities for participa-
tion (Berkman et al., 2014)) may not necessarily benefit all people. This
may be specifically so in a highly segregated community, because the
organizations for the rich and the poor may be completely different,
making positive spillover less likely to occur. Hence, the average level
of structural social capital cannot reflect equality in the opportunities
for social interaction. To differentiate the structural and cognitive as-
pects of community social capital, we used a recently developed vali-
dated social capital scale.

Thus, the purpose of this study was to evaluate the variable asso-
ciations between individual income and depressive symptoms across
communities with different levels of structural and cognitive social
capital, using large-scale multilevel data of older Japanese adults.

2. Methods
2.1. Data

We used cross-sectional data of the 2013 wave of the Japan
Gerontological Evaluation Study (JAGES). The JAGES 2013 wave was
an anonymous self-administered mail-in survey across 30 munici-
palities in 13 out of 47 prefectures in Japan. Although the participating
municipalities are not nationally representative, they vary significantly
and include small rural towns to large metropolitan cities from areas in
the North (Hokkaido) and South (Kumamoto) ends. Their population
ranged between 1246 and 3.7 million people, and the share of the older
population was between 18.0% and 47.6% (Statistics Bureau; Ministry
of Internal Affairs and Communications, 2013). Participants who were
aged 65 years or older were functionally independent in their daily
living; that is, they did not receive benefits from public long-term care
insurance at that time. Participants living in 16 large municipalities
were randomly selected by multistage sampling, while all eligible in-
dividuals living in 14 small municipalities were selected. We mailed
193,694 questionnaires, of which 137,736 were returned (response rate
= 71.1%). We excluded the responses without valid values for key
variables (age, gender, the area of residence, and depressive symptoms)
from the analyses.

2.2. Measures

2.2.1. Depressive symptoms

We used the Japanese short version of the Geriatric Depression
Scale (GDS-15) developed for self-administered surveys to assess de-
pressive symptoms (Yesavage and Sheikh, 1986; Niino et al., 1991). We
set a cut-off score of 4/5, which has been universally adopted as in-
dicating a depressive tendency based on validation studies (Nyunt et al.,
2009).

2.2.2. Income

We gathered information on annual income by asking, “What was
your pretax annual household income for 2012 (including pension)?” in
15 predetermined categories (in thousands of yen). We calculated
household income equivalized by dividing each response by the square
root of the number of household members and further dividing them
into tertiles.

2.2.3. Community social capital

We used the Health-Related Social Capital Scale developed and
validated among older Japanese people by Saito et al. (2017). The scale
has three subscales that assess civic participation, social cohesion, and
reciprocity. Scores for each subscale are derived from the summation of
the percentage that responded to multiple questions and are standar-
dized. Items for civic participation concern participation in five types of
groups in the community: volunteering, sports, hobby, culture, and skill
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teaching. Social cohesion items concern trust (“Do you think that
people living in your area can be trusted, in general?”), others’ per-
ceived intention to help (“Do you think that people living in your area
try to help others in most situations?”), and attachment to the re-
sidential area (“How attached are you to the area in which you live?”).
The sum of the percentage of those who answered “very” or “moder-
ately” to the items formed the score. Reciprocity items concern having
someone to provide or receive emotional support or to receive instru-
mental support: “Do you have someone who listens to your concerns
and complaints?” “Do you listen to someone's concerns and com-
plaints?” and “Do you have someone who looks after you when you are
sick and confined to a bed for a few days?” The sum of the percentage of
those who designated anyone to the questions formed the score.

2.3. Covariates

Referring to recent social epidemiology studies, we considered the
following variables as potential confounding factors in the association
between income and depression among older adults: age, years of
education (less than nine years or not), marital status (having a spouse
or not), living alone or not, comorbidities (having past medical history
of stroke, heart disease, diabetes mellitus, cancer, dementia, or
Parkinson's disease), and frequency of going out (Chang-Quan et al.,
2010; Yan et al., 2011; Stahl et al., 2016; Evans et al., 2005; Cohen-
Mansfield et al., 2010). We also considered the fixed effect of each
municipality.

2.4. Statistical analysis

We conducted a multilevel Poisson regression analysis in-
corporating both individuals and school districts. As recent studies re-
port that community-level factors had different impacts with regard to
gender, we modeled men and women separately (Eriksson et al., 2011;
Pattyn et al., 2011; Haseda et al., 2018). School districts are the
smallest areal units identifiable using JAGES data. Within 30 munici-
palities, there are 565 school districts. The district originally represents
the district unit determining the catchment area of each public school.
We chose to use this areal unit because a school district is likely to
represent Japanese “communities” developed in its local history, such
as “kyu-son” (former village areas). We believed that the school district
could represent the adequate areal size to reflect community social
capital that could work as the informal resource contributing to com-
munity autonomy.

We statistically investigated the effect modifications of community
social capital in terms of civic participation, social cohesion, and re-
ciprocity on the association between income and depressive symptoms.
To do so, in the Poisson regression, we modeled cross-level interaction
terms between each standardized community social capital component
and income besides those variables’ main effects. In addition to the
covariates explained above, we modeled individual responses to each
social capital component as potential confounders. Each individual-
level social capital component was binarized in our analyses; that is,
those who participated in any of the five kinds of groups in their
community were considered to engage in individual civic participation;
those who showed trust, others’ intention to help, or attachment to the
residential area were regarded as individually socially cohesive; and
those who answered that they have someone to provide or receive
emotional or instrumental support were considered to have individual
social support. We took into account missing values assigning dummy
variables for the missing category. We used Stata version 14.1 for these
statistical analyses. (Stata Corp. Texas, USA)

3. Results

We analyzed 87,656 individuals (42,208 men and 45,448 women)
after excluding those with missing responses to key variables (n = 7996
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Table 1
Descriptive characteristics of participants with depressive symptoms.
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Participants (n = 87,656)
Total (Men/Women)

n or mean [SD]

Have depressive symptoms

Men (n = 12,704) Women (n = 13,861)

n (%) or mean [SD] n (%) or mean [SD]

Age

65-74 52,294 (25,531/ 26,763)
75-84 29,963 (14,333/ 15,630)
85 and older 5399 (2344/ 3055)
Income

T1 (Low) 22,816 (10,349/ 12,467)
T2 (Middle) 20,047 (10,880/ 9367)
T3 (High) 28,928 (15,366/ 13,562)
Missing 15,865 (5813/ 10,052)
Education

< 9 years 37,669 (16,690/ 20,979)
> =09 years 48,481 (24,904/ 23,577)
Missing 1506 (614/ 892)
Comorbidities

none 58,160 (25,514/ 32,646)
1 or more 24,004 (14,185/ 9819)
Missing 5492 (2509/ 2983)
Living alone

Yes 72,576 (3604/ 7581)

No 11,185 (37,005/ 35,571)
Missing 3895 (1599/ 2296)
Having spouse

Yes 65,850 (38,815/ 27,035)
No 20,027 (2732/ 17,295)
Missing 1779 (661/ 1118)

Frequency of going out

> = 1/week

< 1/week

Missing

Participation in social groups
Any participation

No participation

82,904 (39,978/ 42,926)
3521 (1650/ 1871)
1231 (580/ 651)

35,105 (15,300/ 19,805)
41,247 (21,982/ 19,265)

Missing 11,304 (4926/ 6378)
Individual social cohesion
Cohesive 74,739 (36,331/ 38,408)

Not cohesive

Missing

Individual social support
Any support

11,814 (5454/ 6360)
1103 (423/ 680)

85,783 (41,044/ 44,739)

No support 1177 (818/ 359)

Missing 696 (346/ 350)

Community-level social capital (unstandardized value™)

Community civic participation 0.84 [0.17] (0.85 [0.17]/ 0.84 [0.18])
Community social cohesion 2.01 [0.15] (2.01 [0.15]/ 2.01 [0.15])
Community reciprocity 2.82 [0.05] (2.82 [0.05]/ 2.82 [0.05])

6996 (25.3) 7220 (23.4)
4808 (29.5) 5317 (27.4)
900 (32.0) 1324 (34.2)
4369 (38.3) 4896 (34.0)
3268 (28.2) 2683 (25.0)
2847 17.1) 2639 (17.3)
2220 (30.9) 3643 (26.6)
6132 (32.6) 7344 (29.1)
6309 (23.2) 6102 (22.3)
263 (31.1) 415 (28.1)
6942 (24.5) 9127 (23.6)
5112 (32.8) 3908 (33.8)
650 (22.3) 826 (21.4)
1844 (46.3) 2982 (32.5)
10,205 (25.0) 9973 (23.9)
655 (31.8) 906 (28.5)
9741 (24.7) 7131 (22.6)
2620 (41.0) 6208 (29.9)
343 (35.0) 522 (28.6)
11,495 (26.0) 12,422 (24.4)
983 (52.9) 1159 (51.4)
226 (30.3) 280 (27.8)
2906 (17.3) 4043 17.4)
8011 (33.4) 7289 (33.1)
1787 (29.9) 2529 (28.8)
9459 (50.4) 10,065 (46.4)
2982 (23.7) 3392 (22.2)
263 (28.2) 404 (27.2)
11,929 (26.4) 13,379 (25.3)
566 (65.2) 266 (66.8)
209 (27.1) 216 (26.3)

2 These values were standardized in the later analysis.

for age and gender, n = 28,786 for the area of residence, and n = 2506
for depressive symptoms) among eligible subjects. Descriptive statistics
showed that, similar to previous studies, the percentage of people who
showed depressive symptoms was more prevalent in lower-income
groups. The prevalence of depressive symptoms in lowest-, middle-, and
highest-income groups were 42.2%, 30.6%, and 18.5% among men and
39.3%, 28.6%, and 19.5% among women, respectively (Table 1).
Results of the Poisson regression showed that even after adjusting
for age, educational attainment, marital status, living arrangement, the
presence of comorbidities, frequency of going out, and the dummy
variables representing the municipality or residence, low income was
associated with the high prevalence of depressive symptoms. The ad-
justed prevalence ratio (PR) of depressive symptoms in the low-income
group among men compared to the high-income group was 1.89 (95%
confidence intervals [CI]: 1.80, 1.98), and the adjusted PR was 1.49
(95% CI: 1.42, 1.57) for the middle-income group (Model 2 in Table 2).
Among women, the PR of depressive symptoms in the low-income
group was 1.65 (95% CI: 1.57, 1.73) and 1.35 (95% CI: 1.27, 1.42) in
the middle-income group compared to the high-income group. All

10

community social capital components tended to be inversely associated
with depressive symptoms. The adjusted PR per 1 standard deviation
(SD) unit increase in community civic participation was 0.99 (95% CI:
0.97, 1.01) among men and 1.00 (95% CI: 0.97, 1.02) among women
(Table 2). The adjusted PR per 1 SD unit increase in community social
cohesion was 0.98 (95% CIL: 0.96, 1.00) among men and 0.97 (95% CI:
0.95, 1.00) among women (Table 3). The adjusted PR per 1 SD unit
increase in community reciprocity was 0.98 (95% CI: 0.96, 1.00) among
men and 0.98 (95%CI: 0.96, 1.00) among women (Table 4).

When we adjusted for covariates and cross-level interaction terms
(Model 3 in Table 2), the association between low income and the high
prevalence of depressive symptoms was stronger among those residing
in the areas with high community-level civic participation (P = 0.016
in men, P = 0.080 in women, Fig. 1, Supplementary 1). The difference
in predicted prevalence of depressive symptoms between the lowest-
and highest-income groups was 17.4% points among men and 14.4%
points among women where community-level civic participation was
the mean level, while the difference was 18.8% points among men and
15.4% points among women where community-level civic participation
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Fig. 1. Effect modification by community civic participation levels on the association between income and depressive symptoms: predicted mean values of depressive
symptoms (with 95% confidence intervals) by community civic participation across income tertiles. Error bars are 95% confidence intervals of predicted mean values
of depressive symptoms. Pipceraction i the probability that the slope of low- and high-income groups in the prevalence of depressive symptoms across community civic
participation levels would be the same as or more extreme than the actual observed results.
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Fig. 2. Effect modification by community social cohesion levels on the association between income and depressive symptoms: predicted mean values of depressive
symptoms (with 95% confidence intervals) by community social cohesion across income tertiles. Error bars are 95% confidence intervals of predicted mean values of
depressive symptoms. Pjperaction 1S the probability that the slope of low and high-income groups in the prevalence of depressive symptoms across community social
cohesion levels would be the same as or more extreme than the actual observed results.
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Fig. 3. Effect modification by community social cohesion levels on the association between income and depressive symptoms: predicted mean values of depressive
symptoms (with 95% confidence intervals) by community reciprocity across income tertiles. Error bars are 95% confidence intervals of predicted mean values of
depressive symptoms. Pj,ceraction iS the probability that the slope of low and high-income groups in the prevalence of depressive symptoms across community
reciprocity levels would be the same as or more extreme than the actual observed results.

was the + 1SD level. We did not find statistically significant effect
modification by the levels of community social cohesion or community
reciprocity for the association between income and depressive

symptoms (Tables 3 and 4). The decrement of difference in the pre-
dicted prevalence of depressive symptoms between the lowest- and
highest-income groups was 0.8% points among men (P = 0.487) and
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0.6% points among women (P = 0.687) per 1SD unit increase in
community-level social cohesion and 0.8% points among men
(P = 0.482) and 0.4% points among women (P = 0.838) per 1 SD unit
increase in community-level reciprocity (Figs. 2 and 3, Supplementary
1).

4. Discussion

The results of this study showed that the association between in-
come and depressive symptoms varied across communities in relation
to the levels of community social capital components, independent of
community- and individual-level potential confounders and individual
responses to social capital questions. Although the results suggest the
overall preventive effect of community social capital on depressive
symptoms, the effect size was small. The direction of the effect mod-
ification for the association between low income and high prevalence of
depression differed by components; civic participation potentially
strengthened the association, whereas social cohesion and community
reciprocity did not modify the association.

Recent literature reviews showed that high community-level cog-
nitive social capital is associated with a lower risk of developing
common mental disorders (Ehsan and De Silva, 2015). The results of
our study corresponded to this finding, showing the tendency of a
smaller prevalence of depressive symptoms among residents of com-
munities with richer social capital than among those living in com-
munities with poorer social capital. However, in our study, the effect
size was very small. Moreover, in contrast to the expectation, we could
not detect a clear buffering effect of community-level social cohesion
and reciprocity. Thus, our previous ecological observation might reflect
not the contextual effect but the compositional effect of community-
level social cohesion and reciprocity toward income-based inequality in
depressive symptoms (Haseda et al., 2018). The results of the present
study were not in line with another study based on JAGES, which
suggests that neighborhood social cohesion could alleviate the negative
effect of living alone (Honjo et al., 2018). This might happen because
the gap of prevalence in depressive symptoms would be wider among
different living arrangements than among different income groups,
which could indicate the clear protective effect of community-level
social cohesion.

Another literature review also suggests that a cohesive community
environment might enforce a sense of solidarity among residents and
serve as a barrier to discrimination and stigma toward socially vul-
nerable community members (i.e., ethnic minorities) (Pickett and
Wilkinson, 2008). While the mental burden caused by loneliness (as a
consequence of living alone) and discrimination could be directly buf-
fered by community-level cognitive social capital (namely social co-
hesion and reciprocity), the financial burden (as reflected by a low-
income status) might be affected more by the structural characteristics
of the community, that is, the stronger physical and mental barriers to
have new personal interactions and participation. To date, many studies
have consistently shown that poorer individuals are less likely to par-
ticipate in local activities (Mather, 1941; Marmot, 2002). As such, in
our study, the multilevel models controlling for individual levels of
community group participation suggest that community civic partici-
pation might actually increase the risk of depressive symptoms among
the poor. That is, the benefit of community environments that promote
group participation might not be effective for financially disadvantaged
people in general. The possible mechanism of the deteriorating effect of
community-level civic participation toward income-based inequality in
depressive symptoms could be explained by both theoretical and em-
pirical evidence. Social capital theorist Bourdieu conceptualizes that
privileged people can easily exploit their capital of social connections
(i.e., networks, by becoming members of groups) to reinforce their
status (Bourdieu, 1984). Arneil and Offer also state that social pressure
could exclude people of lower socioeconomic status, reflecting that the
community context expressed by the high overall civic participation
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only benefits people in mainstream society, while the remaining people
have few resources to develop opportunities (Arneil, 2006; Offer,
2012). In addition, Harpham et al. claim that group membership could
damage mental health by imposing an extra burden or introducing
stigma and peer pressure among vulnerable women (Harpham et al.,
2006). Such a situation could produce negative feelings such as an in-
feriority complex in lower-income people, which could lead to the
spread of depressive symptoms among them. The systematic review by
Uphoff and Pickett, which reported that certain types of social capital
might be beneficial only to those who had access to better health
through their affluent assets, also supports our findings (Uphoff et al.,
2013).

Although the overall trends in the findings were similar between
men and women, as is indicated in another study (Vyncke et al., 2014),
men showed potentially clearer results on the positive association be-
tween community civic participation and individual depressive symp-
toms and on the strengthening effects toward inequality in depressive
symptoms. This might be because of a larger gap in the prevalence of
depressive symptoms among income groups in men than women (Gero
et al., 2017). Alternatively, mental stresses due to poverty may be
stronger among older Japanese men. Saito et al. have reported that
relative income deprivation increases the mortality risks more for men
than for women among JAGES participants. Relative deprivation
compared to others in their community might become a harmful psy-
chosocial stressor for men (Saito et al., 2012).

This study has important policy implications. The Japanese gov-
ernment has officially recommended that local governments empower
communities and community social capital to promote community
health (Ministry of Health Labor and Welfare, 2015). Given the findings
of this study, such efforts might decrease the prevalence of depressive
symptoms in middle- or higher-income people. However, a conven-
tional population approach that simply promotes opportunities for local
group participation could widen the gap (Benach et al., 2013). Thus,
continuous assessments of community intervention policies in terms of
not only their overall effects but also their differential impacts on
subpopulations should be conducted.

There are several limitations to this study. First, although this ob-
servational study suggests a higher prevalence of depressive symptoms
among the poor in a community with rich civic participation, it cannot
be inferred that actual interventions to promote community networking
expand the socioeconomic gaps with regard to mental risks. For ex-
ample, in the community intervention program in Taketoyo town, the
municipal government strategically developed multiple voluntary so-
cial gathering programs called “ikoi-no-saron (recreation salon),” which
halved the incidence of functional disabilities among its participants
compared to non-participants. Importantly, the participants of the salon
were primarily those whose incomes were low (Hikichi et al., 2015).
Thus, a greater number of activities involving low-income people could
alleviate inequality in depressive symptoms. Second, this cross-sec-
tional study cannot account for temporal associations between com-
munity-level social capital and inequality in depressive symptoms.
There can be two causal pathways between community social capital
and depression. The former can affect not only individual mental health
but also the depressed residents’ decisions on moving into or out of the
community, potentially causing sample selection issues. Further studies
using longitudinal data are required. Third, although we used a small
area (i.e., school district) as the unit of community, because it was the
smallest identifiable unit, we do not have strong support for the validity
of utilizing this unit in evaluating community social capital. Hence, the
risk of the modifiable area unit problem (MAUP) should be considered
(Mobley et al., 2007). However, using the school district is correct in
terms of the scale that we used to assess social capital, as the unit was
exactly the same for developing the Health-Related Social Capital Scale
(Saito et al., 2017). Fourth, there is a substantial amount of missing
data. Given the general tendency of people with low-income levels and
mental illnesses to avoid responding, the prevalence of depressive
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symptoms may be underestimated, potentially causing an under-
estimation of the relationships between income and depressive symp-
toms, which could in turn result in biasing the modification effects of
community factors toward null. Fifth, the generalizability of this study
to Japan as whole or to other countries may be limited as the partici-
pating municipalities are not nationally representative, though JAGES
covers a wide variety of municipalities.

5. Conclusion

This cross-sectional research suggests that despite the potential
overall benefits to decrease depressive symptoms, high levels of com-
munity civic participation may increase the income-based inequality in
depressive symptoms. Policies aiming to build healthy communities
should consider the potential positive and negative effects of commu-
nity social capital (Portes, 1998). Universal activities promoting op-
portunities for civic participation might be insufficient in terms of
building an equitable community, and it potentially expands the dis-
parity in mental health. Such universal promotion should be coupled
with additional targeted interventions toward populations with high
isolation risks (Marmot et al., 2010).
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Association between childhood socioeconomic
status and fruit and vegetable intake among older

Japanese: The JAGES 2010 study.
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Abstract

Fruit and vegetable intake (FVI) contributes to the prevention of non-communicable
diseases. Although food preference is considered to be determined early in life, few studies
have investigated the association between childhood socioeconomic status (SES) and FVI
in older age. Because a school lunch program was initiated in Japan after World War II, we
were able in this study to examine this association in an older Japanese population. We
used data from a population of physically and cognitively independent adults aged 65years
or older who were living independently in the community and were recruited from 27
municipalities in the Japan Gerontological Evaluation Study 2010 project (August 2010-
January 2012). Three categories of childhood SES (low, middle, and high) and current FVI
were evaluated via a self-reported questionnaire. Poisson regression was used to
investigate the association between childhood SES and FVI in 19,920 individuals. After
adjustment for age and sex, older people with low childhood SES were 1.36 times more
likely (95% CI 1.23-1.52) to have poor FVI than those with high childhood SES. In the fully
adjusted model, the significant association disappeared. Further age-stratified analysis
revealed a positive association between childhood SES and FVI among people aged 70-
76years who were partially exposed to the school lunch program, but not among people
aged 65-69years old who were fully exposed to the program. In conclusion, social policy

such as school lunches targeting children with low SES could help improve FVI in old age.

Copyright © 2017 Elsevier Inc. All rights reserved.
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Community-level Sports Group Participation
and Older Individuals’ Depressive Symptoms
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ABSTRACT

TSUJL, T., Y. MIYAGUNI, S. KANAMORI, M. HANAZATO, and K. KONDO. Community-level Sports Group Participation and
Older Individuals’ Depressive Symptoms. Med. Sci. Sports Exerc., Vol. 50, No. 6, pp. 1199-1205, 2018. Purpose: Community-level
group participation is a structural aspect of social capital that may have a contextual influence on an individual’s health. Herein, we
sought to investigate a contextual relationship between community-level prevalence of sports group participation and depressive
symptoms in older individuals. Methods: We used data from the 2010 Japan Gerontological Evaluation Study, a population-based,
cross-sectional study of individuals 65 yr or older without long-term care needs in Japan. Overall, 74,681 participants in 516 commu-
nities were analyzed. Depressive symptoms were diagnosed as a 15-item Geriatric Depression Scale score of >5. Participation in a sports
group 1 d'month™" or more often was defined as “participation.” For this study, we applied two-level multilevel Poisson regression
analysis stratified by sex, calculated prevalence ratios (PR), and 95% confidence intervals (CI). Results: Overall, 17,420 individuals
(23.3%) had depressive symptoms, and 16,915 (22.6%) participated in a sports group. Higher prevalence of community-level sports
group participation had a statistically significant relationship with a lower likelihood of depressive symptoms (male: PR, 0.89 (95% ClI,
0.85-0.92); female: PR, 0.96 (95% CI, 0.92-0.99), estimated by 10% of participation proportion) after adjusting for individual-level
sports group participation, age, diseases, family form, alcohol, smoking, education, equivalent income, and population density. We found
statistically significant cross-level interaction terms in male participants only (PR, 0.86; 95% CI, 0.77-0.95). Conclusions: We found
a contextual preventive relationship between community-level sports group participation and depressive symptoms in older indi-
viduals. Therefore, promoting sports groups in a community may be effective as a population-based strategy for the prevention of
depression in older individuals. Furthermore, the benefit may favor male sports group participants. Key Words: DEPRESSION,
ELDERLY, MULTILEVEL ANALYSIS, SOCIAL CAPITAL, EXERCISE EPIDEMIOLOGY, JAPAN GERONTOLOGICAL
EVALUATION STUDY

a modifiable behavior, can prevent or alleviate depressive
symptoms in older individuals (3—6). In particular, group
participation in sports may have positive effects of physical
activity and social participation on mental health (7-11),
leading to enjoyment, enhanced self-esteem, and decreased
stress (8). Increasing the frequency of sports group partici-
pation may alleviate the worsening depressive symptoms
among older individuals who walk at an even rate compared

epression in older adults is strongly associated with
being house bound and isolated (1), which may lead
to a decline in physical and cognitive function and
eventually to premature death (2). Physical activity, which is
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with those who increase their daily walking time (11). Par-
ticipation in a sports group may also lower the risk of
functional disability compared with participation in other
kinds of social activities (e.g., local community, volunteer,
industry, or politics) (12). Therefore, growing evidence
suggests that sports group participation may have preventive
effects on psychological and physical functional decline in
older individuals.

The definition of social participation mostly focuses on a
“person’s involvement in activities that provide interaction
with others in society or the community” and is an index of
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social capital (13). There has been an increasing application
of social capital in public health (14). According to Putnam
(15), social capital refers to “features of social organiza-
tion, such as trust, norms, and networks, that can improve
the efficacy of society by facilitating coordinated actions”
(p. 167). It is also described as “resources that are accessed
by individuals as a result of their membership of a network
or a group” (p. 291) (16). Social capital has two levels: in-
dividual level, which refers to resources accessed by the
individual through their ego-centered networks, and group
level, which pertains to a characteristic of the whole social
network (16). Findings among studies investigating the re-
lationship between group (community)-level social capital
or social participation and older individuals’ mental health
were inconsistent. Although community-level bonding so-
cial capital (perceived homogeneous network) and bridging
social capital (perceived heterogeneous network) do not
necessarily improve mental health in older individuals (17),
Saito and colleagues (18) revealed that a composite score of
community-level social participation had a protective rela-
tionship for individual-level poor self-rated health and de-
pressive symptoms in older individuals after adjusting for
individual-level social participation. Inconsistent with this
study, community-level formal group participation did not
correlate with older depressed individuals’ symptoms in an-
other study with small samples (19). There is little evidence to
support an association between community-level sports group
participation and depressive symptoms in older individuals.

The present study investigated whether older individuals
living in community areas with a higher prevalence of sports
group participation among older individuals are less likely
to have depressive symptoms compared with those living
in community areas with a lower prevalence of such partic-
ipation after controlling for individual-level sports group
participation. We performed community- and individual-
level multilevel analyses to clarify the contextual relation-
ship between community-level sports group participation
and depressive symptoms in older individuals.

METHODS

Study sample. We used cross-sectional data from the
Japan Gerontological Evaluation Study (JAGES). The JAGES
project is an ongoing cohort study investigating social and
behavioral factors related to the loss of health with respect
to functional decline or cognitive impairment among in-
dividuals 65 yr or older (20). Between August 2010 and
January 2012, a total of 169,215 community-dwelling peo-
ple 65 yr or older were randomly selected from 31 munici-
palities including metropolitan, urban/semiurban, and rural
communities in 12 prefectures from as far north as Hokkaido
(i.e., the northernmost prefecture) and as far south as Okinawa
(i.e., the southernmost prefecture) in Japan and were mailed a
set of questionnaires. Overall, 112,123 people participated
(response rate, 66.3%). We used data from 74,681 re-
spondents (valid response rate, 44.1%) in 516 community

areas, after excluding (i) 46 community areas with <30 re-
spondents each (a total of 980 respondents), (ii) 4099 re-
spondents whose areas of residence were unknown, and (iii)
32,363 respondents whose status of sex, age, depressive
symptoms, or extent of sports group participation were un-
known. One community area was essentially equivalent to one
elementary or junior high school district. Generally, a school
district represents a geographical scale in which the Japanese
elderly can travel easily by foot or bicycle (21). Therefore, the
present study used the community area as a proxy for the
neighborhoods of people in our sample. JAGES participants
were informed that participation in the study was voluntary
and that completing and returning the questionnaire via mail
indicated their consent to participate in the study. Ethical
approval for the study was obtained from the Ethics Committee
at Nihon Fukushi University, Japan (Approval No.: 10-05).

Dependent variable. We assessed depressive symp-
toms using the 15-item Geriatric Depression Scale (GDS)
(22,23). Following previous research (22—24), mild or severe
depressive symptoms (GDS > 5) were set as an outcome of
the present study. Cronbach’s « for internal consistency of
the scale was 0.80 (24), and the cutoff point was previously
validated as a screening instrument for major depressive dis-
order with 96% sensitivity and 95% specificity (24).

Community- and individual-level independent
variables. Participants were queried on their frequency of
sports group participation. Possible answers were >4 d-wk ™',
2-3dwk ™', 1 dwk ™', 1-3 d'month ™', a few times a year, or
zero. We defined participating 1 d-month ' or more often as
“participation” in a sports group (18,25) and aggregated
individual-level sports group participation by community area
as a community-level independent variable. Previous research
(18) indicates that the correlation of the proportion of older
individuals with depressive symptoms (GDS > 5) in areas
with community-level sports group participation 1 d-month ™'
or more often (r = —0.355) tended to be strong compared
with that with community-level sports group participation
1 d-'wk™ ! or more often (r = —0.314).

Covariates. Sex was controlled by conducting a strati-
fied analysis. Age groups were categorized as 65-69, 70-74,
75-79, 80—84, and >85 yr. To gather information on disease
status in treatment, participants were asked if they were
currently receiving any medical treatment; answer choices
were yes and no. Participants were asked about household
members living with and were categorized as living with
others or living alone. Drinking status (none, past, or cur-
rent), smoking status (none, past, or current), and education
(<10, 10-12, or >13 yr) were classified by each answer
choice. Annual equivalent income was calculated by divid-
ing household income by the square root of the number
of household members and categorized into three groups:
<2,000,000; 2,000,000-3,999,999; or >4,000,000 yen. If
participants did not respond to the individual-level covariates,
corresponding observations were assigned to “missing” cat-
egories. As a community-level covariate, we calculated pop-
ulation density per square kilometer of inhabitable area for
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each community area and categorized into quartile catego-
ries (<1800, 1800—6999, 70009999, and >10,000 persons
per kilometer squared).

Statistical analysis. Descriptive statistics were used
to characterize the participants and community areas. In the
data set, 35,975 men and 38,706 women were nested in
516 community areas (community level). Having depressive
symptoms (GDS > 5) was the outcome variable, and after
adjusting for individual- and community-level covariates,
the effect of community-level sports groups was inferred.
To examine the contextual relationship of community-level
prevalence of sports group participation to individual-level
depressive symptoms, we applied two-level multilevel Poisson
regression analysis (the individual as level 1 and the com-
munity as level 2) with random intercepts and fixed slopes
and calculated the multilevel prevalence ratio (PR) and 95%
confidence interval (CI). Because percentages of individuals
with depressive symptoms (23.3%) were >10%, adjusted
odds ratio derived from logistic regression can no longer
approximate the PR (26). Two models of analysis were used.
Both community- and individual-level sports group partici-
pation and cross-level interaction terms were included in
model 1. In model 2, all individual- and community-level
covariates were added. The PR and 95% CI of community-
level sports group participation were estimated by 10% of
participation proportion. We used STATA 13/SE (StataCorp,
College Station, TX) for all statistical analyses.

RESULTS

Of 74,681 analytic samples (mean age + SD, 73.4 £ 6.0 yr
in male and 73.8 + 6.3 yr in female participants), 17,420
(23.3%) had depressive symptoms and 16,915 (22.6%)
participated in a sports group 1 d-month " or more often. When
the proportions of depressive symptoms and sports group
participation were calculated for each community area, the
ranges were 0.0%—-60.6% and 0.0%—56.5%, respectively.
Tables 1 and 2 show the descriptive statistics and crude PR
(95% CI) for having depressive symptoms for the individual-
and community-level variables by sex, respectively. Partici-
pants of both sexes with older age who had disease(s) under
treatment, lived alone, were past drinkers, or were past/current
smokers were more likely to have depressive symptoms.
Participants of both sexes who were current drinkers, with
higher educational levels, and higher equivalent incomes
were less likely to have depressive symptoms. Compared
with male and female participants who lived in community
areas with first (lowest) quartile of population density, those
who lived in areas with the second and fourth (highest)
quartiles as well as female participants who lived in areas
with the third quartile were less likely to have depressive
symptoms. Mean proportions of sports group participants by
population density categories were 18.9%, 25.6%, 26.2%,
and 26.0% from the first, second, third, and fourth quartiles
of population density, respectively.

Table 3 shows the results of the multilevel Poisson re-
gression analyses. Regardless of whether the model included
covariates and sex, community-level higher prevalence of
sports group participation had a statistically significant re-
lationship with lower likelihood of depressive symptoms
(male: PR, 0.89 (95% CI, 0.85-0.92); female, PR, 0.96
(95% CI, 0.92-0.99)) in the fully adjusted model esti-
mated by 10% of participation proportion. Individual-level
sports group participation also had a significant relationship
with low likelihood of depressive symptoms (male: PR,
0.56 (95% CI, 0.52-0.60); female: PR, 0.58 (95% CI,
0.55-0.62), in the fully adjusted model). We found statis-
tically significant cross-level interaction terms in male
participants only (PR, 0.86 (95% CI, 0.77-0.95), in the fully
adjusted model).

DISCUSSION

To the best of our knowledge, this is the first study to find
the contextual relationship between community-level prev-
alence of sports group participation in older individuals and
depressive symptoms in older individuals. A 10% increase
in community-level sports group participation was associ-
ated with an 11% and 4% reduction in the prevalence of
depressive symptoms after adjusting for individual-level
sports group participation and covariates. Not all older in-
dividuals are able to participate in a sports group because of
factors such as work, lower socioeconomic status (i.e., lower
income and lower educational attainment), or less social
support (27). Furthermore, not all of those individuals are
physically active because of demographic and biological,
psychosocial, behavioral, social and cultural, and environ-
mental factors (28). The results of the present study sug-
gested that promoting sports groups in a community may
be effective for the prevention of depression not only in
sports group participants but also in nonparticipants having
those barriers.

The individual-level relationship between sports group
participation and mental health in adults has been frequently
discussed in previous reports (7—10). A systematic review
indicated consistent evidence that club- and team-based
sports participation, when compared with individual forms
of physical activity, was associated with improved psycho-
logical and social health (7). On the basis of a 6-yr longi-
tudinal study using nationally representative data in Japan
(10), adults 50-59 yr old who participated in exercise or
sports activities were less likely to have worse mental health
compared with those who did not participate. In the current
study, we also found an individual-level preventive relation-
ship of sports group participation with depressive symptoms
in older individuals. The reciprocals of the PR for partici-
pating in a sports group were 1.79 (1/0.56) in male and 1.72
(1/0.58) in women. Male sports group participation may
mitigate the adverse effects of living alone on depressive
symptoms (PR, 1.70). In women, sports group participation
may help in overcoming the adverse effects of disease status
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TABLE 1. Characteristics of respondents and their associated PR for having depressive symptoms.

Male Female
Prevalence of Prevalence of
Depressive Depressive
Symptoms Symptoms
Total n n Pct. PR 95% ClI Total n n Pct. PR 95% ClI
Total 35,975 8327 23.1 38,706 9093 23.5
Participating in a sports group
Zero 25,790 7017 27.2 1.00 28,567 7694 26.9 1.00
A few times a year 2419 359 14.8 0.55 (0.49-0.61) 990 155 15.7 0.58 (0.50-0.68)
1-3 d'month ™" 2078 258 12.4 0.46 (0.40-0.52) 1392 216 15.5 0.58 (0.50-0.66)
1 dwk ™! 1947 256 13.1 0.48 (0.43-0.55) 3320 466 14.0 0.52 (0.47-0.57)
2-3 d-wk ' 2815 344 12.2 0.45 (0.40-0.50) 3622 470 13.0 0.48 (0.44-0.53)
>4 dwk ! 926 93 10.0 0.37 (0.30-0.45) 815 92 11.3 0.42 (0.34-0.51)
Participating in a sports group, 1 d-month™" or more often
No 28,209 7376 26.1 1.00 29,557 7849 26.6 1.00
Yes 7766 951 12.2 0.47 (0.44-0.50) 9149 1244 13.6 0.51 (0.48-0.54)
Age, yr
65-69 11,409 2354 20.6 1.00 11,923 2427 20.4 1.00
70-74 10,658 2304 21.6 1.05 (0.99-1.11) 11,271 2399 21.3 1.05 (0.99-1.11)
75-79 7771 1919 24.7 1.20 (1.13-1.27) 8170 2032 24.9 1.22 (1.15-1.30)
80-84 4297 1190 21.7 1.34 (1.25-1.44) 4719 1323 28.0 1.38 (1.29-1.47)
>85 1840 560 30.4 1.48 (1.35-1.62) 2623 912 34.8 1.71 (1.58-1.84)
Disease status in treatment
No 8326 1349 16.2 1.00 8094 1247 15.4 1.00
Yes 27,134 6865 25.3 1.56 (1.47-1.66) 29,920 7678 25.7 1.67 (1.57-1.77)
Missing 515 113 21.9 1.35 (1.12-1.64) 692 168 24.3 1.58 (1.34-1.85)
Living with others
Yes 32,914 7140 21.7 1.00 31,821 7101 22.3 1.00
No (living alone) 2461 1008 41.0 1.89 (1.77-2.02) 6157 1754 28.5 1.28 (1.21-1.35)
Missing 600 179 29.8 1.38 (1.19-1.60) 728 238 32.7 1.47 (1.29-1.67)
Drinking status
None 12,199 3213 26.3 1.00 30,445 7360 24.2 1.00
Past 2111 692 32.8 1.24 (1.15-1.35) 370 144 38.9 1.61 (1.37-1.90)
Current 19,806 3961 20.0 0.76 (0.72-0.80) 5991 1110 18.5 0.77 (0.72-0.82)
Missing 1859 461 24.8 0.94 (0.85-1.04) 1900 479 25.2 1.04 (0.95-1.14)
Smoking status
None 8625 1730 20.1 1.00 31,856 7060 22.2 1.00
Past 18,405 4182 22.7 1.13 (1.07-1.20) 1777 551 31.0 1.40 (1.28-1.53)
Current 6664 1840 27.6 1.38 (1.29-1.47) 1124 399 35.5 1.60 (1.45-1.77)
Missing 2281 575 25.2 1.26 (1.14-1.38) 3949 1083 27.4 1.24 (1.16-1.32)
Education, yr
<10 14,713 4157 28.3 1.00 18,158 4925 27.1 1.00
10-12 12,135 2481 20.4 0.72 (0.69-0.76) 14,294 2951 20.6 0.76 (0.73-0.80)
>13 8533 1491 17.5 0.62 (0.58-0.66) 5353 930 17.4 0.64 (0.60-0.69)
Missing 594 198 33.3 1.18 (1.02-1.36) 901 287 31.9 1.17 (1.04-1.32)
Annual equivalent income, yen
<2,000,000 14,633 4348 29.7 1.00 15,758 4482 28.4 1.00
2,000,000-3,999,999 13,589 2322 17.1 0.58 (0.55-0.60) 11,845 1997 16.9 0.59 (0.56-0.62)
>4,000,000 3854 430 11.2 0.38 (0.34-0.41) 3535 457 12.9 0.45 (0.41-0.50)
Missing 3899 1227 31.5 1.06 (0.99-1.13) 7568 2157 28.5 1.00 (0.95-1.05)
in treatment (PR, 1.52) and smoking (PR, 1.53). Furthermore, 1.04 in women), was comparable with the age-related differ-
it is worth noting that the mitigational relationship of 10% ences by 15 yrin men (PR, 1.12) and 10 yr in women (PR, 1.04).
increases in community-level sports group participation, which Among fundamental dimensions of social capital, the previ-
were estimated by the reciprocals of the PR (1.12 in men and ous report suggested that community-level social participation
TABLE 2. Characteristics of community areas and their associated prevalence.
Male Female
n=516 PR 95% CI PR 95% CI
Proportion of depressive symptoms
Mean (SD) 22.6% (6.9%) — —
(Min—Max) (0.0%-60.6%)
Proportion of sports group participants?
Mean (SD) 24.3% (8.2%) 0.85 (0.82-0.88) 0.89 (0.86-0.92)
(Min—Max) (0.0%-56.5%)
Population density, persons per kilometer squared of inhabitable area
<1800, n 129 1.00 1.00
1800-6999, n 129 0.92 (0.86-0.98) 0.91 (0.86-0.96)
7000-9999, n 129 0.93 (0.85-1.01) 0.84 (0.77-0.91)
>10,000, n 129 0.91 (0.84-0.99) 0.86 (0.80-0.93)

2PR and 95% Cl were calculated by 10% estimation.
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TABLE 3. Association of depressive symptoms with community- and individual-level variables determined by multilevel Poisson regression.

Male (n = 35,975)

Female (n = 38,706)

Model 1 Model 2 Model 1 Model 2
PR 95% CI PR 95% CI PR 95% CI PR 95% CI
Fixed effects
Community-level independent variable
Proportion of sports group participants
10% estimation 0.82 (0.79-0.85) 0.89 (0.85-0.92) 0.89 (0.86-0.92) 0.96 (0.92-0.99)
Individual-level independent variable
Participating in a sports group (1 d:month ™" or more often)
No 1.00 1.00 1.00 1.00
Yes 0.49 (0.46-0.52) 0.56 (0.52-0.60) 0.52 (0.49-0.55) 0.58 (0.55-0.62)
Cross-level interaction
Community-level exposure x individual-level exposure
10% estimation 0.86 (0.77-0.96) 0.86 (0.77-0.95) 1.03 (0.93-1.13) 1.04 (0.94-1.14)
Community-level covariate
Population density, persons per kilometer squared of inhabitable area
<1800 1.00 1.00
1800-6999 1.01 (0.96-1.06) 1.00 (0.95-1.05)
7000-9999 1.04 (0.95-1.12 0.94 (0.87-1.03
>10,000 1.00 (0.92-1.08) 0.95 (0.88-1.03)
Individual-level covariates
Age, yr
65-69 1.00 1.00
70-74 0.99 (0.94-1.05) 0.96 (0.91-1.02)
75-79 1.06 (0.99-1.12) 1.04 (0.98-1.11)
80-84 1.12 (1.04-1.20) 1.1 (1.04-1.19)
>85 117 (1.06-1.28) 1.34 (1.24-1.45)
Disease status in treatment
No 1.00 1.00
Yes 1.51 (1.42-1.60) 1.52 (1.43-1.61)
Missing 1.18 (0.98-1.43) 1.35 (1.15-1.59)
Living with others
Yes 1.00 1.00
No (living alone) 1.70 (1.59-1.82) 1.14 (1.08-1.21)
Missing 1.14 (0.98-1.33) 1.21 (1.06-1.38)
Drinking status
None 1.00 1.00
Past 1.19 (1.09-1.29) 1.41 (1.20-1.67)
Current 0.85 (0.81-0.89) 0.86 (0.81-0.92)
Missing 1.01 (0.89-1.16) 0.98 (0.88-1.09)
Smoking status
None
Past (1.09-1.22) (1.23-1.47)
Current (1.29-1.47) (1.38-1.70)
Missing (0.99-1.27) (1.05-1.22)
Education, yr
<10 1.00 1.00
10-12 0.86 (0.82-0.90) 0.89 (0.85-0.93)
>13 0.80 (0.75-0.85) 0.80 (0.74-0.86)
Missing 1.13 (0.98-1.30) 1.07 (0.95-1.21)
Annual equivalent income, yen
<2,000,000 1.00 1.00
2,000,000-3,999,999 0.64 (0.60-0.67) 0.66 (0.63-0.70)
>4,000,000 0.44 (0.40-0.48) 0.51 (0.46-0.56)
Missing 0.96 (0.90-1.02) 0.95 (0.90-1.00)
Intercept (SE) 0.220 0.003 0.185 0.008 0.227 0.003 0.189 0.007
Random effects
Community-level variance
Qu (SE) 0.0040 0.0027 0.0003 0.0020 0.0022 0.0025 0.0014 0.0022

was more closely related to older individuals® depressive
symptoms than was social cohesion and reciprocity (18).
In that study, community-level social participation was
evaluated by merging sports group, volunteer group, and
hobby activity participation. Those groups with egalitari-
an relationships could be categorized as horizontal social
capital and had a stronger contextual association with in-
dividuals’ health status than were groups with hierarchical
relationships (i.e., vertical social capital) (29,30). Even
when extracting sports group participation in the present

study, we found that the protective relationship with mental
health remained.

Social contagion, informal social control, and collective
efficacy are regarded as pathways from group-level social
capital to individual-level health outcomes (16). Social con-
tagion references the notion that behaviors spread more
quickly through a tightly knit social network (16). Sometimes
the behavior that spreads via the network can promote healthy
lifestyle changes, that is, the spread of smoking cessation
(31). Informal social control refers to the ability of adults
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in a community to maintain social order, that is, to step in
and intervene when they witness deviant behavior (16). In
relation to the present study, some older individuals may be
encouraged by sports group participants to get more exercise
or take up a sport irrespective of whether it is an individual
or a team-based sport. Collective efficacy is the group-level
analog of the concept of self-efficacy and refers to the ability
of the collective to mobilize to undertake collective action
(16,32). Facilities, systems, bylaws for health promotion, or
sports business and management may develop to reflect
the opinions and actions of communities with many sports
groups and participants. Group-level mechanisms of wide-
spread sports group participation may result in positive
spillover effects.

In the present study, a statistically significant cross-level
interaction term was observed in men only, suggesting that
male sports group participants living in community areas
with a higher prevalence of sports group participation might
be less likely to have depressive symptoms compared with
those living in community areas with a lower prevalence of
sports group participation. One of the possible benefits in
group sports is the opportunity to play key roles in those
groups. Takagi and colleagues (21) reported that Japanese
older men who held group leadership positions reported
lower depressive symptoms than those who participated but
did not have leadership roles. However, this interaction ef-
fect did not apply to women. Because Japanese society is
characterized by strong patriarchal values, men seek mean-
ing and identity by being valued in the workplace (21). Male
retirees may feel rewarded by seeking positions of authority
or responsibility within the social organizations in which
they participate. It is assumed that a community with many
sports group participants naturally also has many sports groups.
Accordingly, leadership positions for managing such groups
are necessary. Therefore, older male participants who live in
an active area with sports groups may have opportunities to
fill these key roles.

The strength of the present study is its large, nationwide,
population-based sample enabling sex-stratified community-
and individual-level multilevel analysis for clarifying the
contextual relationship of sports group participation. How-
ever, the study has several limitations. First, reverse causality
could occur because of the nature of the cross-sectional de-
sign, and further longitudinal studies are needed to resolve this
limitation. Second, the response rate and the valid response
rate were 66.3% and 44.1%, respectively; therefore, selection
bias may have affected the results. Several missing values may
also bring systematic bias. In our previous study, we reported
that both response rates and percentage of sports group par-
ticipants with lower incomes were significantly lower than
those in participants with higher incomes (33). Furthermore,
respondents with unknown status of depressive symptoms or
extent of sports group participation reported lower equivalent
income compared with valid respondents in our survey (data
not shown). The present study showed that respondents
with lower income tended to have depressive symptoms.

Therefore, nonrespondents or respondents who were excluded
from the analysis might have worse depressive symptoms and
be less likely to participate in sports groups compared with
valid respondents. Although the results showed a significant
relationship of sports group participation with depressive symp-
toms, this slightly low valid response rate might attenuate the
relationship. Third, we could not discuss the preferable frequency
of sports group participation because we set the cutoff point
for participation/nonparticipation to only one time point:
1 d'month " or more often/less than 1 d'month ', Although we
attempted an analysis in which the cutoff was set to 1 d-wk ™'
or more often/less than 1 d-wk ™!, the models did not con-
verge. However, we believe “at least 1 d-‘month™'” to be
an adequate and feasible frequency for both individuals
who are not familiar with sports and those who want to
establish a leadership position and manage a sports group in
their community.

CONCLUSIONS

Older individuals living in community areas with a higher
prevalence of sports group participation in older individuals
are less likely to have depressive symptoms compared
with those living in a community area with lower prevalence
of participation after adjusting for individual-level sports
group participation and other covariates; that is, we found a
contextual preventive relationship between community-level
sports group participation and depressive symptoms in older
individuals. Furthermore, the benefit may favor male sports
group participants. Promoting sports groups in a community
may be effective as a population-based strategy for the
preventing depression in older individuals regardless of each
individual’s participation status.
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ABSTRACT

Background: Studies on sex-specific socioeconomic gradients in objectively evaluated diabetes among older adults are scarce.

Methods: We used cross-sectional data of 9,893 adults aged 65 years and older in Aichi Prefecture without long-term care
insurance from the Japan Gerontological Evaluation Study (JAGES) in 2010 (Response rate: 66.3%). We collected
demographic, socioeconomic (income, years of education, and longest occupation) and behavioral information using a mail-in
self-reported survey. Blood samples for the objectively evaluated diabetes and self-reported medical history were collected at
annual municipal health checkups. Poisson regression analysis stratified by sex with multiple imputations was conducted to
calculate prevalence ratio and 95% confidence interval.

Results: A clear income gradient in diabetes prevalence was observed among women, from 11.7% in the lowest income quartile
(Q1) to 7.8% in the highest (Q4). Among men, the findings were 17.6% in Q1 to 15.1% in Q4. The prevalence ratios for diabetes
with incomes Q1 to Q4 were 1.43 (95% confidence interval [CI], 1.07—1.90) for women and 1.16 (95% CI, 0.90-1.50) for men
after adjusting for age and other socioeconomic factors. Even after adjusting for marital status, body mass index, other metabolic
risk factors, and lifestyle factors, the income-based gradient remained among women. Education and occupation were not
significantly associated with diabetes in the study population.

Conclusions: Only women showed an income-based gradient in diabetes. Monitoring income gradient in diabetes is important
in public health actions, even in older populations. Future longitudinal and intervention studies should evaluate the causal link of
income to diabetes onset, determine the mechanisms of the potential sex differences in the income/diabetes association, and
identify ways to mitigate the income-based inequality.

Key words: socioeconomic status; diabetes mellitus; sex differences; elderly adults; Japan

INTRODUCTION

Copyright © 2018 Yuiko Nagamine et al. This is an open access article distributed under the terms of Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Socioeconomic disparities in diabetes prevalence and in-

According to global reports on diabetes 2016, about 422 million
adults were living with diabetes worldwide in 2014. During the
past 4 decades, the global prevalence of adult diabetes has nearly
doubled, increasing from 4.7% to 8.5%.! In Japan, the National
Health and Nutrition Survey reported that 16.2% of men and 9.2%
of women aged over 20 years were suspected to have diabetes in
2015.! About 3.2 million people (1.8 million men and 1.4 million
women) received treatment for diabetes in 2014, and 70% were
over 65 years old.

cidence have been well documented in Western countries
and some Asian countries, including South Korea,'? China,!3!4
Taiwan,'> and Japan.'®!” Except for one study in China,'* inverse
relationships between socioeconomic status (SES) and diabetes
prevalence or incidence have been observed according to
occupational class,>'®!° income level,!%!%20 and educational
attainment.>'%18-22 However, few studies have investigated the
social gradient in diabetes among older adults, and the findings
of studies using data among older populations have been
inconsistent with respect to the association between SES and
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diabetes. For example, a Finnish study has shown that the low-
income group had a higher diabetes prevalence compared with
the high-income group among women, whereas among men the
high-income group was more likely to have diabetes.® Studies in
Germany?® and the United Kingdom® have shown that neither
income, education, nor occupation was associated with the
incidence of diabetes.

To date, many studies have suggested sex differences in the
association between SES and diabetes. Most studies have reported
more obvious social gradients in diabetes among women than men
in Western countries.>®!3-20:22 In Asian countries, only Lee et al
in South Korea investigated sex differences in the association
between SES and diabetes, similarly showing a stronger SES-
diabetes association among women than men.?! No evidence of
sex differences in the association between SES and diabetes has
been reported from other parts of Asia, including Japan.

These studies, other than the study in the United Kingdom
(N=17432), are not large (Finland: N =379, Germany N =
1,223), which may be a limitation in detecting the between-group
gaps. Moreover, in the recent studies, the definitions of diabetes
vary. For example, diabetes was defined using self-reports,® first
diabetes medication prescribed, and oral glucose tolerance tests.>®
Specifically, self-report of having diabetes could induce reporting
bias. The validity study by Goto et al found that positive
predictive value of self-report diabetes was 75.7%, whereas
negative predictive value was 96.5% in the Japanese population.?*
The bias may go toward null on the association between SES and
diabetes prevalence, given that health-conscious people with high
health literacy recognize their health status more accurately.
According to a Japanese nationally representative survey, health-
conscious people are likely to be more educated.” To our
knowledge, no studies have investigated the association between
objectively diagnosed diabetes and SES among the older
population.

Therefore, the purpose of this study was to investigate (1)
whether there is an association between SES and diabetes
prevalence among Japanese older adults, and (2) whether there
is a sex difference in this association, using large-scale cross-
sectional data with objectively measured biomarkers of diabetes.

METHODS
Study participants

We used cross-sectional data of the 2010 wave of the Japan
Gerontological Evaluation Study (JAGES). In 2010, in JAGES
we sent the questionnaires to 169,215 community-dwelling indi-
viduals over 65 years without long-term care insurance. From 31
municipalities in 12 out of 47 prefectures throughout Japan,
participants were randomly selected from the public residence
registries in 15 large municipalities; in the 16 smaller municipal-
ities, all eligible residents got the mail-in survey. In total 112,123
subjects answered the questionnaire (response rate: 66.3%). After
excluding the individuals with missing in demographic character-
istics, 102,869 subjects were valid for analysis. Since JAGES
exclude long-term care insurance takers from the study partic-
ipants, we cannot compare the characteristics of the participants
with the national census directly. However, the sex ratio of the
total JAGES 2010 individuals was mostly comparable to that of
the national census (national census: 42.6% men, 57.4% women;
JAGES2010 data: 45.9% men, 54.1% women). JAGES female
population was younger than that of the national census (national
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census: 32.2% age group >80; JAGES2010: 21.5% age group
>80), whereas the age structure of the male population was
mostly identical.?

In addition to these data, we obtained data of 9,893 JAGES
participants with results of annual health checkups from five
municipalities in Aichi Prefecture that participated in JAGES.
After excluding participants with data missing for HbAlc, fasting
blood glucose, casual blood glucose, or information of medica-
tion (N =306) or SES variables (income, education and longest
occupation) (N =2,774), a total 6,813 (3,475 men and 3,338
women) participants were eligible for the analysis. We applied
multiple imputation methods for the individuals having one or
more missing data. Thus, the final study sample was 9,893 (4,471
men and 5,422 women). Approvals were received by the Ethics
Committee in Research of Human Subjects at Nihon Fukushi
University for the JAGES protocol (No. 10-05) and by the Ethics
Committee of Chiba University, Faculty of Medicine for the use
of the data (No. 1777).

Measurement of diabetes and other metabolic risk
factors

Annual health checkups are organized by local municipalities of
Japan and performed at community centers or registered clinics or
hospitals. Participant blood samples taken at annual checkups
were analyzed following the standardized procedure of the Japan
Society of Clinical Chemistry for HbAlc, fasting glucose, casual
glucose, triglycerides (TG), and high-density lipoprotein (HDL)
cholesterol. The HbAlc ratios were reported as the Japan
Diabetes Society (JDS) values, then calculated for the values of
the National Glycohemoglobin Standardization Program (NGSP)
following a conversion formula.?” Blood pressure was measured
twice in the right upper arm with participants in the sitting
position, and the mean of the two measurements was recorded.

Definition of diabetes and other metabolic risk
factors

Based on the report from the Committee of the JDS on the
Diagnostic Criteria of Diabetes Mellitus,?® we defined diabetes
mellitus as having HbAlc of over 6.5% based on the NGSP and
fasting blood sugar >126 mg/dL (>7.0 mmol/L) and/or casual
blood sugar >200mg/dL (>11.1 mmol/L). People regularly
taking hypoglycemic agents or insulin were also considered to
have diabetes. We used the following criteria of the Japanese
Society of Internal Medicine® to define other metabolic risks:
hypertriglyceridemia (TG >150mg/dL), low HDL cholesterol
(HDL <40 mg/dL), or taking appropriate medication and hyper-
tension (systolic blood pressure >140mmHg and/or diastolic
blood pressure >90 mm Hg or taking antihypertensive drugs).

Socioeconomic status

Information of participants’ annual household income, educa-
tional attainment, and longest occupation were collected using
JAGES questionnaires. To adjust for differences in household
size, we equivalized household income to per person in a
household, dividing annual household income by the square root
of the number of individuals per household. Because the income
level of the participants was slightly higher than that of the entire
JAGES population in 2010 (eTable 1), to apply the income level
of the entire JAGES population, we categorized the study
participants using quartiles of equivalized household income of
all JAGES 2010 participants. We categorized the individuals into
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four groups: Q1 (low), JPY 1.25 million per year and below;
Q2 (lower middle), JPY 1.251-1.944 million per year; Q3 (upper
middle), JPY 1.945-3.061 million per year and Q4 (high),
JPY 3.062 million per year and above. Educational status was
categorized by the number of years of schooling (9 years or
fewer, 10-12 years, and 13 years or more). Longest occupation
was queried as follows: “What was the job that you did for
most of your working life?” Responses included the following
eight options: professional/technical, managerial, clerical, sales/
service, skilled/manual, agriculture/forestry/fishery workers,
other, and unemployed.*

Covariates

We used categorical 5-year age groups, marital status, body mass
index (BMI), other metabolic risks defined above, current
smoking, current alcohol intake, physical activities, and dietary
intake habits as covariates; these factors could be mediators of the
association between SES and diabetes. Marital status was cate-
gorized as married, widowed, separated/unmarried, and other.
BMI was classified into four groups: BMI <18.5, 18.5-24.9,
25.0-29.9, and >30.0. Other lifestyle factors included smoking
status (nonsmoker or current smoker/ex-smoker), alcohol intake
(nondrinker or drinker/ex-drinker), and walking time per day as
physical activity (<30min or >30min). As for dietary intake
habits, we included frequencies of the consumption of meat or
fish (<1 servings/day or >1 servings/day) and fruit or vegetables
(<1 servings/day or >1 servings/day).

Statistical analysis

First, we calculated the prevalence of diabetes by the levels of
socioeconomic indicators. Chi-squared test for sex was performed
both in Table 1 and Table 2. Second, we performed multivariate
Poisson regression analysis to calculate prevalence ratios (PRs) of
diabetes and their 95% confidence intervals (CIs) across SES
groups. To account for the potential biases due to the missing
values, we used the multiple imputation techniques. All variables
included in the analysis, such as the outcome variable, diabetes,
explanatory variables, and covariates were imputed. Under a
missing-at-random assumption, we created 10 imputed data using
chained equation method, made analyses for each dataset, and
combined the 10 results, using Rubin’s combination method.3!-3?
Under the chained equation method, we performed multinomial
logistic regression for the categorical variables and ordinal logistic
regression for the ordinal variables. We treated occupation and
marital status as nominal variables and categorized diabetes,
income, education, BMI, hypertension, triglyceridemia, smoking
habit, alcohol intake, walking duration per day, and eating habit as
ordinal variables, including dichotomous variables. Model 1 was
adjusted for age and each SES indicators (income quartile, years
of education, and longest occupation) separately. Model 2 was
adjusted for age and all SES indicators. Model 3 was additionally
adjusted for marital status, BMI, hypertension, low HDL, high
TG, smoking status, alcohol intake, walking time per day,
meat/fish intake, and fruit/vegetable intake.

Preliminary analysis showed that the interaction terms for sex
and socioeconomic indicators were not statistically significant
(P-value for the interaction term between income and sex = 0.18,
P-value for the interaction term between education and sex =
0.20). However, as Hawkes et al mentioned,> irrespective of the
statistical significance, the gender-stratified analysis is essential to
address the determinants of ill health by gender. Accordingly, we

Table 1. Participant characteristics (N = 6,813)
Men Women
(N=3475 (N=3,338)  P-value*
Diabetes No 2,948 (84.8%) 2,996 (89.8%) <0.001
Yes 527 (15.2%) 342 (10.2%)
Age, years 65-69 1,297 (37.3%) 1,335 (40.0%) 0.13
70-74 1,213 (34.9%) 1,093 (32.7%)
75-79 606 (17.4%) 572 (17.1%)
80 and above 359 (10.3%) 338 (10.1%)
Income quartile® Ql 534 (15.4%) 795 (23.8%)  <0.001
Q2 1,091 (31.4%) 903 (27.1%)
Q3 1,054 (30.3%) 897 (26.9%)
Q4 796 (22.9%) 743 (22.3%)
Years of education 9 or less 1,556 (44.8%) 1,715 (51.4%) <0.001

10-12 1,284 (36.9%) 1,259 (37.7%)

13 and over 635 (18.3%) 364 (10.9%)

Longest occupation  Professional/technical 968 (27.9%) 351 (10.5%)  <0.001
Managerial 345 (9.9%) 26 (0.8%)
Clerical 371 (10.7%) 812 (24.3%)
Sales/service 309 (8.9%) 646 (19.4%)

Skilled/manual 970 (27.9%)
Agriculture/forestry/ 202 (5.8%)
fishery worker

413 (12.4%)
217 (6.5%)

Other 303 (8.7%) 572 (17.1%)
Unemployed 7 (0.2%) 301 (9.0%)
Marital status Married 3,159 (90.9%) 2,329 (69.8%) <0.001

Widowed 227 (6.5%) 861 (25.8%)
Separated/unmarried 65 (1.9%) 123 (3.7%)
Other/missing 24 (0.7%) 25 (0.7%)
BMI, kg/m? <18.5 77 2.2%) 160 (4.8%) <0.001
18.5-24.9 1,671 (48.1%) 1,539 (46.1%)
25.0-29.9 573 (16.5%) 449 (13.5%)
>30.0 36 (1.0%) 67 (2.0%)
Missing 1,118 (32.2%) 1,123 (33.6%)
Hypertension No 1,500 (43.2%) 1,406 (42.1%) 0.040
Yes 1,659 (47.7%) 1,675 (50.2%)
Missing 316 (9.1%) 257 (1.7%)
High TG No 2,208 (63.5%) 2,145 (64.3%) 0.54
Yes 1,267 (36.5%) 1,193 (35.7%)
Low HDL No 2,682 (77.2%) 2,673 (80.1%) 0.004
Yes 793 (22.8%) 665 (19.9%)
Smoking status No 824 (23.7%) 2,851 (85.4%) <0.001
Smoker/ex-smoker 2,433 (70.0%) 192 (5.8%)
Missing 218 (6.3%) 295 (8.8%)
Alcohol intake Drinker/ex-drinker 2,248 (64.7%) 631 (18.9%)  <0.001
None 1,036 (29.8%) 2,543 (76.2%)
Missing 191 (5.5%) 164 (4.9%)
Walking time, <30 889 (25.6%) 989 (29.6%)  <0.001
min/day >30.0 2,447 (70.4%) 2,183 (65.4%)
Missing 139 (4.0%) 166 (5.0%)
Meat/fish intake, >1 1,138 (32.7%) 1,376 (41.2%) <0.001
servings/day <1 2,133 (61.4%) 1,796 (53.8%)
Missing 204 (5.9%) 166 (5.0%)
Fruit/vegetable >1 2,478 (71.3%) 2,773 (83.1%) <0.001
intake, servings/day <1 812 (23.4%) 406 (12.2%)
Missing 185 (5.3%) 159 (4.8%)

BMI, body mass index; HDL, high-density lipoprotein; TG, triglyceride.
“Chi-squared test for sex.

*Income quartile calculated by all participants in JAGES2010 (‘Low’
—1.250, ‘Middle-low’ 1.251-1.944, ‘Middle-high’ 1.945-3.061, ‘High’
3.062— million yen per year).

decided to analyze the data stratified by sex. Also, to investigate
the validity of our missing-at-random assumption for multiple im-
putations, we conducted a sensitivity analysis using the com-
plete case dataset (eTable 2). We used Stata/SE version 13.1
(StataCorp LLC, College Station, TX, USA) for the analyses.

RESULTS

Among our study participants, 15.2% of men and 10.2% of
women had diabetes. Around 70% of both men and women were
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Table 2. Prevalence of diabetes mellitus by socioeconomic
status and sex (N =6,813)

N Men N Women

Income quartile?

Q1 534 94 (17.6%) 795 93 (11.7%)

Q2 1,091 147 (13.5%) 903 105 (11.6%)

Q3 1,054 166 (15.7%) 897 86 (9.6%)

Q4 796 120 (15.1%) 743 58 (7.8%)
P-value 0.16 0.03
Years of formal education

9 or less 1,556 237 (152%) 1,715 187 (10.9%)

10-12 1,284 196 (153%) 1,259 113 (9.0%)

13 and over 635 94 (14.8%) 364 42 (11.5%)
P-value 0.96 0.16
Longest occupation

Professional /technical 968 145 (15.0%) 351 43 (12.3%)

Managerial 345 56 (16.2%) 26 5 (19.2%)

Clerical 371 59 (15.9%) 812 71 (8.7%)

Sales/service 309 51 (16.5%) 646 55 (8.5%)

Skilled/manual 970 132 (13.6%) 413 47 (11.4%)

Agriculture/forestry /fishery 202 28 (13.9%) 217 21 (9.7%)

workers

Other 303 53 (17.5%) 572 62 (10.8%)

Unemployed 7 3 (42.9%) 301 38 (12.6%)

P-values were calculated using Chi-squared test.

“Income quartile calculated by all participants in JAGES2010 (‘Low’ —1.250,
‘Middle-low” 1.251-1.944, ‘Middle-high® 1.945-3.061, ‘High’ 3.062-
million yen per year).

under 75 years old (Table 1). A total 15.4% of men and 23.8% of
women were in the low-income quartile; these percentages were
22.9% and 22.3%, respectively, for the high-income quartile.
With regard to years of formal education, 44.8% of men and
51.4% of women had nine years or fewer years of schooling, and
18.3% of men and 10.9% of women had 13 years or more.
Distributions of longest occupation were entirely different

between men and women. Compared with the entire JAGES
2010 population, our study participants were older; had slightly
higher income and lower education levels; and there were more
married and physically active participants, as well as more
alcohol drinkers (eTable 1).

The prevalence of diabetes by income quartile among men was
17.6% in Q1 (lowest income), 13.5% in Q2, 15.7% in Q3, and
15.1% in Q4 (highest income) (P =0.16); among women,
prevalence values were 11.7% in Q1, 11.6% in Q2, 9.6% in Q3,
and 7.8% in Q4 (P = 0.03) (Table 2). Education- and occupation-
related gradients were not observed in the population.

The results of multivariate analysis showed that among
women, an income-based gradient was observed in the prevalence
of diabetes. Compared with Q4 (highest income category), PRs of
diabetes for Q1, Q2, and Q3 were 1.43 (95% CI, 1.07-1.90), 1.33
(95% CI, 1.01-1.75), and 1.22 (95% CI, 0.91-1.64) (P for trend =
0.01; Table 3, women, model 1). After mutually adjusting for
each SES factor, the PRs of QI, Q2, and Q3 compared to Q4
were 1.42 (95% CI, 1.06-1.90), 1.33 (95% CI, 1.00-1.76), and
1.23 (95% CI, 0.91-1.65), respectively (P for trend =0.016;
Table 3, women, model 2). Even after adjustment for marital
status, BMI, other metabolic risk factors, and lifestyle factors, the
association was not attenuated (Q1: PR 1.43; 95% CI, 1.07-1.92,
Q2: PR 1.32; 95% CI, 0.99-1.76; Q3: PR 1.22; 95% CI,
0.91-1.65; P for trend = 0.01; Table 3, women, model 3). No
socioeconomic gradient was observed among men (Table 3).

The estimates based on our sensitivity analysis using complete
case data were mostly identical to our original analysis with
slightly smaller PRs and wider Cls (eTable 2).

DISCUSSION

Using the large-scale data of Japanese older adults, we found two
major findings on the social inequality in objectively measured

Table 3. Prevalence ratios and 95% confidence intervals for diabetes mellitus by sex with multiple imputation (N = 9,893)

Men (N =4,471)

Women (N = 5,422)

Model 1

Model 2

Model 3

Model 1

Model 2

Model 3

Income quartile
QI (lowest)
Q2
Q3
Q4 (Highest)
Trend P
Years of formal education
9 years or less
10-12
13+
Trend P
Longest occupation
Professional /Technical
Managerial
Clerical
Sales/Service
Skilled/Manual
Agriculture/Forestry /Fishery workers
Others
Unemployed

1.16 (0.90-1.50)
0.93 (0.74-1.17)
1.02 (0.79-1.30)
1 (referent)

0.52

0.97 (0.78-1.20)
1.00 (0.81-1.25)
1 (referent)
0.701

1 (referent)

0.98 (0.73-1.32)
1.03 (0.77-1.38)
1.05 (0.79-1.41)
0.86 (0.69-1.08)
0.91 (0.63-1.31)
1.12 (0.84-1.48)
1.64 (0.68-3.94)

1.16 (0.88-1.52)
0.94 (0.74-1.19)
1.03 (0.80-1.32)
1 (referent)
0.55

0.99 (0.78-1.24)
1.02 (0.81-1.27)
1 (referent)
0.84

1 (referent)

0.98 (0.73-1.33)
1.03 (0.77-1.38)
1.04 (0.78-1.39)
0.87 (0.69-1.09)
0.89 (0.62-1.30)
1.10 (0.82-1.47)
1.60 (0.66-3.90)

1.18 (0.89-1.56)
0.96 (0.76-1.22)
1.02 (0.80-1.31)
1 (referent)
0.44

1.01 (0.80-1.27)
1.02 (0.81-1.27)
1 (referent)
0.99

1 (referent)

0.98 (0.73-1.33)
1.05 (0.78-1.42)
1.01 (0.75-1.35)
0.86 (0.68—1.08)
0.88 (0.61-1.29)
1.08 (0.81-1.45)
1.59 (0.66-3.86)

1.43 (1.07-1.90)
1.33 (1.01-1.75)
1.22 (0.91-1.64)
1 (referent)

0.01

1.03 (0.77-1.39)
0.96 (0.71-1.30)
1 (referent)
0.56

1 (referent)

1.20 (0.60-2.41)
0.84 (0.59-1.20)
0.79 (0.55-1.12)
0.99 (0.69-1.43)
0.86 (0.55-1.33)
1.03 (0.72-1.46)
1.03 (0.68-1.57)

1.42 (1.06-1.90)
1.33 (1.00-1.76)
1.23 (0.91-1.65)
1 (referent)
0.016

0.97 (0.72-1.33)
0.96 (0.71-1.31)
1 (referent)
0.96

1 (referent)

1.21 (0.60-2.41)
0.86 (0.60-1.24)
0.77 (0.53-1.10)
0.97 (0.66-1.41)
0.83 (0.53-1.29)
0.99 (0.69-1.42)
1.00 (0.65-1.54)

1.43 (1.07-1.92)
1.32 (0.99-1.76)
1.22 (0.91-1.65)
1 (referent)

0.01

0.94 (0.69-1.28)
0.95 (0.69-1.29)
1 (referent)
0.72

1 (referent)

1.20 (0.60-2.40)
0.88 (0.62-1.26)
0.75 (0.53-1.08)
0.95 (0.65-1.39)
0.81 (0.52-1.27)
0.98 (0.68-1.41)
0.98 (0.64—1.50)

Model 1 was adjusted for adjusted for income quartile, years of formal education and longest occupation separately with age.

Model 2 was adjusted for income quartile, years of formal education, longest occupation, and age.

Model 3 was additionally adjusted for marital status, BMI, hypertension, low HDL, high TG, smoking status, alcohol drinking habit, walking time per day, and

meat/fish intake and vegetable intake.
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diabetes: 1) the clear income gradient in diabetes prevalence was
only observed among women but not among men; and 2) among
men and women, there was no clear gradient in diabetes
prevalence by years of education and longest occupation.

The socioeconomic gradient was potentially more marked
among women, which was consistent with recent studies in other
countries.!>?! Robbins et al have proposed, as potential reasons,
that women culturally have difficulties in health care access than
men, fewer opportunities for regular exercise, unhealthy lifestyle
behaviors, disadvantaged nutritional factors, more psychological
stress, more depression, and more negative pre- or peri-natal
environmental factors.!® Other scholars have suggested the
different roles of obesity in the association between income and
diabetes by sex. In a Swedish study, Agardh et al found that
among the low-income group, BMI explained their excess risk for
subjectively diagnosed type 2 diabetes by 21% among men and
35% among women.> Nonetheless, a study from Canada that
investigated the association between self-reported diabetes and
SES found that BMI did not explain the associations between
income and diabetes both among men and women.?® In the
present study, further adjustment for covariates, including BMI,
did not substantially alter the association between income and
diabetes for both sexes. To clarify the reasons for the sex
difference, further studies are needed.

We found a gradient in diabetes by income but not by
education or occupation. In theory, income has both materialistic
and psychosocial functions, and they may explain the income
gradient in diabetes distinctively. First, low income means limited
access to material goods and services to prevent diabetes, such as
balanced diet and necessary preventive care.>* Second, the access
limitation also leads to the social isolation and exclusion because
of the lack of opportunities for social interactions, leading to
mental stresses. Stress science and endocrinological studies have
suggested the direct effects of stress hormones on blood glucose
levels and insulin intolerance, as well as health behaviors.>*
Potential gender differences in our result could be explained by
the psychosocial functions of income, including health beliefs,
attitudes, and lifestyles, which may differ between men and
women even at the same income levels.?! Specifically, as
suggested by Saito et al, the loss of social interactions due to
the lack of income might affect women more than men among
Japanese older adults.>® Lastly, although the detailed mechanisms
are unknown, sex differences in the gene-related tolerance for
diabetes may also explain the stronger association among women
found in our study.’®37

Although we found a gradient in diabetes by income but not by
education or occupation, these results were inconsistent with
those among young or middle-aged adults'® but consistent with
results from older populations.® Socioeconomic status in older
people should be interpreted differently from that at younger
ages.*® In many countries, older people are likely to have lower
educational attainment. Among our study participants, the
percentage of people with university or higher level educations
was small in the age group investigated: 18.3% for men and
10.9% for women (Table 1). However, the university entrance
rate in Japan was 56.6% among men and 57.1% among women in
2016.*° Consequently, the number of older people with high
educational attainment is small, resulting in less statistical power
to capture the association between education level and diabetes.
The null finding between longest occupation and diabetes among
men and women may be explained by weak statistical power

owing to small sample sizes of each occupational category. For
example, among men, the PR of diabetes among unemployed
compared with professional/technical workers was large (PR
1.64; 95% CI, 0.68-3.94), which is in line with known occupa-
tion-based health disparities around the world (Table 3).%
Alternatively, the survivor effect could alter the association
between education, previous occupation, and diabetes, given that
those who are socioeconomically deprived are less likely to
survive; this tendency could be stronger in Japan, where many
people experienced the life-threatening post-war period.*!

Apart from those discussed above, four additional limitations
in our study should be mentioned. First and foremost, owing
to the cross-sectional nature of the study, we cannot exclude the
possibility of reverse causation (ie, diabetes causes reduced
income). Second, generalizability is limited, as our data were
obtained only from regions of central Japan and the study does
not include older people with long-term care insurance. Third,
selection bias should also be discussed. Our study participants
were more health conscious than the general population, as
participants were limited to those who underwent health checkups.
In Japan, about 38% of the population received health checkups
in 2010.*? Underestimation of the magnitude of SES-related
health associations found in this study may be owing to this bias.
Nonetheless, our sensitivity analysis using complete cases only
showed the same income-based gradient, suggesting the missing
did not induce a critical bias to the levels of the income-based
gradient in diabetes. Finally, we did not evaluate the health
gradient stemming from other SES indicators, including pre-
viously suggested indicators associated with health: wealth,’
relative deprivation,*’ and social exclusion.®® Specifically, future
studies should evaluate the wealth-based gradient given that older
adults are more likely to rely on savings or other similar financial
resources rather than regular income, which mostly consists of a
government pension.

In conclusion, we found a clear income-based gradient in
diabetes among Japanese older adults and the gradient was
potentially more remarkable among women, but this was not
the case for education and longest occupation. This was the
first large-scale study clarifying the socioeconomic disparity in
diabetes among Japanese older population. Given the findings
of this study, monitoring income gradient in diabetes is important
in public health actions, even in older populations. Future
longitudinal and intervention studies should evaluate the causal
link of income to diabetes onset, determine the mechanisms of the
potential sex differences in the income/diabetes association, and
identify ways to mitigate the income-based inequality.

ACKNOWLEDGEMENTS

Conflicts of interest: None declared.

Funding: This study used data from JAGES (the Japan
Gerontological Evaluation Study), which was supported by
MEXT (Ministry of Education, Culture, Sports, Science and
Technology-Japan)-Supported Program for the Strategic
Research Foundation at Private Universities (2009-2013), JSPS
(Japan Society for the Promotion of Science) KAKENHI Grant
Numbers (JP18390200, JP22330172, JP22390400, JP23243070,
JP23590786, JP23790710, JP24390469,  JP24530698,
JP24683018, JP25253052, JP25870573,  JP25870881,
JP26285138, JP26882010, JP15H01972), Health Labour Scien-
ces Research Grants (H22-Choju-Shitei-008, H24-Junkanki

J Epidemiol 2019 | 5



Socioeconomic Disparity in Diabetes Among Older Japanese Adults

[Seishu]-Ippan-007, H24-Chikyukibo-Ippan-009, H24-Choju-
Wakate-009, H25-Kenki-Wakate-015, H25-Choju-Ippan-
003,  H26-Irryo-Shitei-003  [Fukkou], = H26-Choju-Ippan-
006, H27-Ninchisyou-Ippan-001, H28-Choju-Ippan-002, H30-
Junkankitou-Ippan-004), the Research and Development Grants
for Longevity Science from AMED (Japan Agency for Medical
Research and development), the Personal Health Record (PHR)
Utilization Project from AMED, the Research Funding for
Longevity Sciences from National Center for Geriatrics and
Gerontology (24-17, 24-23, 29-42, 30-22), World Health
Organization Centre for Health Development (WHO Kobe
Centre) (WHO APW 2017/713981). The views and opinions
expressed in this article are those of the authors and do not
necessarily reflect the official policy or position of the respective
funding organizations.

APPENDIX A. SUPPLEMENTARY DATA

Supplementary data related to this article can be found at https: //
doi.org/10.2188 /jea. JE20170206.

REFERENCES

1. WHO. Global report on diabetes. 2016.

2. National Health and Nutrition Survey 2014. Tokyo: Ministry of
Health, Labor and Welfare; 2014.

3. Agardh EE, Ahlbom A, Andersson T, et al. Explanations of
socioeconomic differences in excess risk of type 2 diabetes in
Swedish men and women. Diabetes Care. 2004;27:716-721.

4. Best LE, Hayward MD, Hidajat MM. Life course pathways to adult-
onset diabetes. Soc Biol. 2005;52:94-111.

5. Demakakos P, Marmot M, Steptoe A. Socioeconomic position and
the incidence of type 2 diabetes: the ELSA study. Eur J Epidemiol.
2012;27:367-378.

6. Hiltunen LA. Are there associations between socio-economic status
and known diabetes in an elderly Finnish population? Cent Eur J
Public Health. 2005;13:187-190.

7. Tentolouris N, Andrianakos A, Karanikolas G, et al. Type 2 diabetes
mellitus is associated with obesity, smoking and low socioeconomic
status in large and representative samples of rural, urban, and
suburban adult Greek populations. Hormones (Athens). 2012;11:
458-467.

8. Icks A, Moebus S, Feuersenger A, Haastert B, Jockel KH, Giani G.
Diabetes prevalence and association with social status—widening of
a social gradient? German national health surveys 1990-1992 and
1998. Diabetes Res Clin Pract. 2007;78:293-297.

9. Jaffiol C, Thomas F, Bean K, Jégo B, Danchin N. Impact of
socioeconomic status on diabetes and cardiovascular risk factors:
results of a large French survey. Diabetes Metab. 2013;39:56-62.

10. Krishnan S, Cozier YC, Rosenberg L, Palmer JR. Socioeconomic
status and incidence of type 2 diabetes: results from the Black
Women’s Health Study. Am J Epidemiol. 2010;171:564-570.

11. Robbins JM, Vaccarino V, Zhang H, Kasl SV. Socioeconomic status
and diagnosed diabetes incidence. Diabetes Res Clin Pract. 2005;
68:230-236.

12. Hwang J, Shon C. Relationship between socioeconomic status and
type 2 diabetes: results from Korea National Health and Nutrition
Examination Survey (KNHANES) 2010-2012. BMJ Open. 2014;4:
€005710.

13. Zhang H, Xu W, Dahl AK, Xu Z, Wang HX, Qi X. Relation of
socio-economic status to impaired fasting glucose and Type 2
diabetes: findings based on a large population-based cross-sectional
study in Tianjin, China. Diabet Med. 2013;30:e157—e162.

14. Zhu S, Hu J, McCoy TP, et al. Socioeconomic status and the
prevalence of type 2 diabetes among adults in northwest China.
Diabetes Educ. 2015;41:599-608.

6 | J Epidemiol 2019

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Chen KT, Chen CJ, Gregg EW, Engelgau MM, Narayan KM.
Prevalence of type 2 diabetes mellitus in Taiwan: ethnic variation
and risk factors. Diabetes Res Clin Pract. 2001;51:59-66.
Okumiya K, Sakamoto R, Kimura Y, et al. J-curve association
between economic status and diabetes independent of functional
disability in Japanese elderly. Geriatr Gerontol Int. 2012;12:755—
756.

Fukuda Y, Hiyoshi A. Associations of household expenditure and
marital status with cardiovascular risk factors in Japanese adults:
analysis of nationally representative surveys. J Epidemiol. 2013;
23:21-27.

Robbins JM, Vaccarino V, Zhang H, Kasl SV. Socioeconomic status
and type 2 diabetes in African American and non-Hispanic white
women and men: evidence from the Third National Health and
Nutrition Examination Survey. Am J Public Health. 2001;91:76-83.
Smith BT, Lynch JW, Fox CS, et al. Life-course socioeconomic
position and type 2 diabetes mellitus: the Framingham Offspring
Study. Am J Epidemiol. 2011;173:438-447.

Tang M, Chen Y, Krewski D. Gender-related differences in the
association between socioeconomic status and self-reported diabetes.
Int J Epidemiol. 2003;32:381-385.

Lee DS, Kim YJ, Han HR. Sex differences in the association
between socio-economic status and type 2 diabetes: data from the
2005 Korean National Health and Nutritional Examination Survey
(KNHANES). Public Health. 2013;127:554-560.

Kautzky-Willer A, Dorner T, Jensby A, Rieder A. Women show a
closer association between educational level and hypertension or
diabetes mellitus than males: a secondary analysis from the Austrian
HIS. BMC Public Health. 2012;12:392.

Kowall B, Rathmann W, Strassburger K, Meisinger C, Holle R,
Mielck A. Socioeconomic status is not associated with type 2
diabetes incidence in an elderly population in Germany: KORA S4/
F4 cohort study. J Epidemiol Community Health. 2011;65:606—612.
Goto A, Morita A, Goto M, et al; Saku Cohort Study Group.
Validity of diabetes self-reports in the Saku diabetes study.
J Epidemiol. 2013;23:295-300.

Furuya Y, Kondo N, Yamagata Z, Hashimoto H. Health literacy,
socioeconomic status and self-rated health in Japan. Health Promot
Int. 2015;30:505-513.

Communications MolAa. Reference Table 2. The Base Population
by Age (5-Year Age Group) and Sex for Prefectures - Total
population, Japanese population, Foreigners, October 1, 2010.
Tokyo: Statistics Bureau; 2010.

Geistanger A, Arends S, Berding C, et al; IFCC Working Group
on Standardization of Hemoglobin Alc. Statistical methods for
monitoring the relationship between the IFCC reference measure-
ment procedure for hemoglobin Alc and the designated comparison
methods in the United States, Japan, and Sweden. Clin Chem.
2008;54:1379-1385.

Committee of the Japan Diabetes Society on the Diagnostic Criteria
of Diabetes Mellitus, Seino Y, Nanjo K, Tajima N, et al. Report of
the committee on the classification and diagnostic criteria of diabetes
mellitus. J Diabetes Investig. 2010;1:212-228.

[Definition and the diagnostic standard for metabolic syndrome—
Committee to Evaluate Diagnostic Standards for Metabolic
Syndrome]. Nihon Naika Gakkai Zasshi. 2005;94:794-809.
Yamamoto T, Kondo K, Aida J, Fuchida S, Hirata Y; JAGES group.
Association between the longest job and oral health: Japan
Gerontological Evaluation Study project cross-sectional study.
BMC Oral Health. 2014;14:130.

Rubin D. Multiple Imputation for Nonresponse in Surveys. New
Joursey: Wiley-Interscience; 2004.

Carpenter J, Kenward M. Multiple Imputation and its Application.
John Wiley & Sons; 2013.

Hawkes S, Buse K. Gender and global health: evidence, policy, and
inconvenient truths. Lancet. 2013;381:1783-1787.

Berkman LF, Kawachi I, Glymour MM. Social epidemiology. 2nd
ed. USA: Oxford University Press; 2014.

Saito M, Kondo N, Kondo K, Ojima T, Hirai H. Gender differences
on the impacts of social exclusion on mortality among older


https://doi.org/10.2188/jea.JE20170206
https://doi.org/10.2188/jea.JE20170206
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=14988291&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17619606&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22539241&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22539241&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16419383&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16419383&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23422769&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23422769&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17532522&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23142159&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20133518&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15936465&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15936465&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=25138810&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=25138810&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23397898&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=26246592&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11137183&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22998380&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22998380&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23208515&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23208515&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11189829&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21242301&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12777423&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23706862&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22646095&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20693490&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23774288&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24131729&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24131729&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18539643&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18539643&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24843435&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15865013&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=25345714&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23683645&dopt=Abstract

36.

37.

38.

39.

Nagamine Y, et al.

Japanese: AGES cohort study. Soc Sci Med. 2012;75:940-945.
Dong Y, Guo T, Traurig M, et al. SIRT1 is associated with a
decrease in acute insulin secretion and a sex specific increase in
risk for type 2 diabetes in Pima Indians. Mol Genet Metab. 2011;
104:661-665.

Cruz M, Valladares-Salgado A, Garcia-Mena J, et al. Candidate gene
association study conditioning on individual ancestry in patients
with type 2 diabetes and metabolic syndrome from Mexico City.
Diabetes Metab Res Rev. 2010;26:261-270.

Grundy E, Holt G. The socioeconomic status of older adults: How
should we measure it in studies of health inequalities? J Epidemiol
Community Health. 2001;55:895-904.

Ministry of Education C, Sports, Science and Technology of Japan.

40.

41.

42.

43.

School Basic Survey 2016. 2016.

Jin RL, Shah CP, Svoboda TJ. The impact of unemployment on
health: a review of the evidence. CMAJ. 1995;153:529-540.

Tani Y, Kondo N, Nagamine Y, et al. Childhood socioeconomic
disadvantage is associated with lower mortality in older Japanese
men: the JAGES cohort study. Int J Epidemiol. 2016;45:1226—1235.
Ministry of Health WaL. Specific Health Checkups Report 2010.
2010.

Kondo N, Saito M, Hikichi H, et al. Relative deprivation in income
and mortality by leading causes among older Japanese men and
women: AGES cohort study. J Epidemiol Community Health. 2015;
69:680-685.

J Epidemiol 2019 | 7


http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22655673&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21871827&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21871827&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20503258&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11707484&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11707484&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7641151&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=27401729&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=25700534&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=25700534&dopt=Abstract

JEAOFERE %65 %% 55 201845 H

MO EAE i i 723 is 2 28 5 IR D AFSE

—EFE WA T 572010 —

WA B (FALT emsw) RE B2 Y hvak)
W R AT g ) EEE A (3 Ry By /)

A AR, HISEESERE 2% e LTI DRTORI HEHICE - -k %
HEWTROIZ AT L C, SHICE A ERAZ A S22 L, EEAWiEH 2 PR 5 ER ORE %215
HTZEHEE LT,
ik AT 2010 & 2013 FFICAE 24 THETANC THERE L7, 65 bl Lo B/ ERE L
ZAT T ZRWHISE(E Sl 131,468 A & i I HEHA 2170, 86,005 A ([ 65.4%)
DHLEENMG O, 205 h, &E 1,374 A CF¥ 1,152 B#) B3 TE7- 81,810
ANDOHING, 767 N (514 0.84%, i 1.0%) MEa L7z, HARu-0maekeE, L8 -
FRESHY, FRESRRUER, #RSN, HUSEREE-CHN B 4 A SO UVE AL CAl A L 72, Cox Hufsl
NP—=REFNLEZHNT, e FRRFHEER & OBEIZOWT, ~PF— R e 95%(E1H
X[ (BLF, 95%CI) #H L7z,
R OHTORER, NDEEN 10 50 1127251225407TC 1.32 (95%CI : 1.19-1.47) 5D
i L Qs BREZERTIE, 1 AEDLLEE 2.22 (95%CI : 1.85-2.68) fi%, it
25 200 AT (400 LA E L HlR) 728 1.35 (95%CI : 1.00-1.82) DY 27 M-
7o FEEZM - TEBOER T, EANT T TIZSML TR0 E 2.27 (95%CI: 1.79-3.53)
5, AR—=YDOEIZBML TR E 1.53 (95%CT : 1.24-2.68) i, #EHKOZIZHINL T
WU E 1,32 (95%CT : 1.11-2.87) %, BREEZS 220 E 1.44 (95%CT : 1.23-1.89) 5D Y A
712 o0z AFIRIOER TIE, B3R OBINE 1 EARE TH 5 & 2.20 (95%CI: 1.14-
4.24) 1%, WAROEINHE 1 [BIRETH D & 1.55 (95%CI: 1.03-2.34) 5DV A7 7257,
TR ER TIE, EBAREERAE L 1.40 (95%CI : 1.18-1.66) fif, Hilsi~nD&E 5
72N E 3.02 (95%CI : 2.59-3.53) 5D U A7 1257, ERREBOER TIL, PAFELNICE
HFARH D E 1.836 (95%CI 2 1.12-1.65) 5DV A7, @E 1 FELNIZERE L7285k &
% & 1.45 (95%CI : 1.14-1.85) 5DV A7 1257, LEFMOERTIX, #/3a3zK-> T
% & 1.39 (95%CI: 1.05-1.85) 5D U A7 257, HIUIRILTIEL, BNADIREFZ L 1.43
(95%CI : 1.03-2.00) %, [CMEHiEHEF 72 L 1.88 (95%CI : 1.10-1.72) 1%, FERIFIGHEF
72L 1.28 (95%CI : 1.03-1.60) 5D VY A7 Zo1=,
fham mEEDEAEN IR CTED Ukt 2720121, BRtasme+52 L,
BICEEZ Do TH L) 2 &, BERENEBMICOEBIMNICHRIZATND Z &, BFL
AT 70 EAETRIREENZE L TV D Z E AR Sz,
¥F—U—F HURfEE&EEE, B, S, HeotT, AETEREE



[EAOHIE §65KE 45 201844 A

NP L OHUE L~ UIC BT 2 Z i ) XA V7 HEIE L Y — 2 v L% v B X LRI
DOEFHEDE N —JAGES2010 FAKAFZE —

HF K A7 AXVr) HE FGL (¥ = YAtbn)

AL fERE (AT vxA) g wAl (2R YY)

Hif) #ulkS< 0 Ik B0 #ET 2 fetET 5 E CHIBGEZK A EE L Sh, Y—YylFy
v’ %L (Social Capital, LLT, SC) 23EH I TW5, HUGZWiEE OBUEIZ AR P eE
AR (Ml L~V DS O BE D HE A LV OBE A R o THERR) , A EZRAVEER (E
N L DS 00 B D & Hisk L~ L O B 235 - THERR) 23281 v b, MBS H
W5 SCHREEIZIZZ OMWFEN /2N ENREFE L, RO BB, EA - il o L~
IZBWNWT 2 DOFEBRNRWENEY 27 LML RS SC fifEafhiiti 2 2 L2 AL L
7=

TiE ARRFGRIE, BARBEZAGHINGE (JAGES) 2010 ([Z&0 L7z 25 fRBE 31 ilTA:
DEIERIE AT TR 65 sl B @il 98,744 4 Z it & Lz, fEAL~L
DuPRAT 4y 7 ERGHT (FEKEE %) OBEBIZIE, EAT =y 7 VX MOENHE
U A7 FRIETH HAEGHIEIR T, 7 LA, EEWEEEIC T, (K58, DS, L
b0, REMEREIKT, 9o 8 fEAMA Lz, SAZEE, SC 12 (GEEMHR— kK,
B, My b U —27, Saito @ SC f/IZ) OHEER] 35 FIZ (280 €T /L) L L
Too THEEEEUT, s, MR, BOBEIE, SMETS, SR OAE, FEIRRERRL, MSIEIRRE,
FIEMERL & Uiz, il L~V O3 Hr AL X & L, Spearman ONEMAHRI /34T (7 B /KHE
5%) ZFEM LTz, ZEUIBA L~V ERERE L, Fln R - R EE) 12X 51k
ZEIEL, 1HXHY 30 4 L0 EORT 349 #21X, %) 287 #KIXK & g & Lz,
fEF AL~V TIE SC FREENRWIZ EENF#EY X7 4 8 RN A BIIRWR#EN) 72 B
A 28 35 FEHE (80.0%) TH LMz, UL, Mkl ~r ik SCFEENAEVIE & B
Y 27 S EOIERGERY 72 BEAY 20,735 F5HE (57.1%) T 1 2L kA b7z, EREY: - i
NFEZAIBERRN 72 <, BB Y X 7 1TRiERY7e SCHRIEIE, HEmR— b, 250 5
L, "7 T7 47 GAL1E, A 1~2[E), AR—> @k GE1E, A 1~2 [, FE5%E),
I d Y & Saito D SCHEIE (Fhazn, #HK) O 15,735 518 (42.9%) [T E o7,
fham AR - BN ERAUSEIRIL 20,735 F51E (57.1%) TH LI, 2 DOFERN R < Iy
Y R 7 i A Rie S D MU IR AR I, ARSI AR — RO T T o 7 R AR —
e & (42.9%) O SCHEICHE E 7=,

F—U—R V=T Xy XL, NHETY, RS0, HIkEZE, AEREFRIsEE, #
PNEEE 3Dk



BEUNEYT—3 > 465128 (2018F 12 A)

NEEFHDO-ODOUIEZHIEE XL E 21— & 6 REZRAV-EMNIEROFTE
HF R, B OREE, ML S, ERE R, P fERE, R Bz, Ik sahl

B[R] iS5 < VI KD TRHICA 2 il O BEOFREE & S % OEZ I 5
N EEAME Lo, [J5E] RSP RMERE Web, PubMed THiSE L AT L7 RIS
BIFD i LB, © TV A >, @ HEA, @ ETHT v i LS, @
BEFEIR A L7z, 2 DLl EORRSCCTHIERNICA B 2B (FRHiME) 238% - 72 Eic o
T, 5 ANOFHli#E AR IS AR IS B 6 HVEA 7o 977l L7, [RER] BT
WFFEIZ K D THETAS « KX L)L 2 s B & L 72l 9E3 2 <, 70 b0 A 28 FRER, PBiE 69
RENHRE STV, BN S -7 27 F81ED 5 5 3 ALLEAS 6 HAEAu /o4 & GF il L
O 14 F/IET, 22y A — SV HIE R ENFmOMIIELE, 5o, BALZ b,
R, FRAFEECD IR, AR - ERE ORI ME o 72, [REE] 14 SRR DS U TS
AR E Bz, 5%, BAE, FBAMRREIR T 722 120 b 2 IR FECREWTIF eI & %
THZBEORRENEZEND.


https://webview.isho.jp/search/result?target=authors&searchType=1&phrase=%E4%BA%95%E6%89%8B%E3%80%80%E4%B8%80%E8%8C%82
https://webview.isho.jp/search/result?target=authors&searchType=1&phrase=%E9%84%AD%E3%80%80%E4%B8%9E%E5%AA%9B
https://webview.isho.jp/search/result?target=authors&searchType=1&phrase=%E6%9D%91%E5%B1%B1%E3%80%80%E6%B4%8B%E5%8F%B2
https://webview.isho.jp/search/result?target=authors&searchType=1&phrase=%E5%AE%AE%E5%9C%8B%E3%80%80%E5%BA%B7%E5%BC%98
https://webview.isho.jp/search/result?target=authors&searchType=1&phrase=%E4%B8%AD%E6%9D%91%E3%80%80%E6%81%92%E7%A9%82
https://webview.isho.jp/search/result?target=authors&searchType=1&phrase=%E5%B0%BE%E5%B3%B6%E3%80%80%E4%BF%8A%E4%B9%8B
https://webview.isho.jp/search/result?target=authors&searchType=1&phrase=%E8%BF%91%E8%97%A4%E3%80%80%E5%85%8B%E5%89%87

EZDHPIr 264 545 201841 H 27 H  p.319-322

TA T a—ADBLEI S BT ak— MR & F O
JAGES (H AREZHZHEHmATFFE)
FrEHA T - Tl FTERFETHEZE ¥ —

= — JAGES (Japan Gerontological Evaluation Study ; H AEH2A5EMAFZE)
IuYxr ME, 1999 FITIE U bR ominE 2 X GR L Licak— MIZETHD. Ty
=7 FOFHIOBIE, ATy LV OREEREZED RO E RS 2 5K « LR
AR E 2D ZHEAICHE 232 Licdh v, BELRRICE U ChER B2 G- B 1E
L7208 DRl « HF9E 2 feiT T b, JAGES 13, HilTA2S 3 4E 2 L ISR ET D i fr i
SN AT 72 A 2 LR TTT 5 T C, fRITHRTA 2 30 L7223 & i 4 50 L T & 72. 2010
AL, &b HIOATERREE W B RER 2 A E B I AL, @ O & o BE
ERATLTE T A%, EIEBRIERA~DTA 7 a—AOHBEHRIET 5720, T CICE2ZT
— X LRERT DR EOEEEITo TS, S5, EITHIE & BA#RE, LT —H I
LEFELRVWERLES MO #ELE S Nl oTr—2 LA T L ENTEE, XV
FERRZR RS FBE L 7R D TH A D .

¥F—U—F JAGES, &, 8AZER, HEK, 714 73—2



() Alzheimer’s
CrossMark @9

Dementia

Alzheimers & Dementia: Translational Research & Clinical Interventions 3 (2017) 23-32

ELSEVIER

Featured Article

Social interaction and cognitive decline: Results of a 7-year community
intervention

Hiroyuki Hikichi™*, Katsunori Kondo™, Tokunori Takeda“, Ichiro Kawachi®

“Department of Social and Behavioral Sciences, Harvard T.H. Chan School of Public Health, Boston, MA, USA
bCenter for Preventive Medical Sciences, Chiba University, Chiba-shi, Chiba, Japan

“Center for Gerontology and Social Science, National Center for Geriatrics and Gerontology, Obu, Aichi, Japan
“Department of Rehabilitation and Care, Seijoh University, Tokai-shi, Aichi, Japan

Abstract Introduction: There are few intervention studies that demonstrated linking social participation to
lower risk of cognitive decline. We examined prospectively the protective effect of a community
intervention program promoting social participation on the incidence of cognitive disability.
Methods: The baseline was established in a survey of community-dwelling older people aged
65 years old or more in July 2006 (2793 respondents, response rate 48.5%). The setting was Taketoyo
town in Japan, where municipal authorities launched an intervention that was based on the establish-
ment of community-based centers called “salons,” where the town’s senior residents could congregate
and participate in social activities, ranging from arts and crafts, games, and interactive activities with
preschool children. Three salons were established in May 2010, and a total of 10 salons were in oper-
ation by 2013. We recorded the frequency of salon participation among survey respondents till 2013
and conducted two follow-up surveys (in 2010 and 2013) to collect information about health status
and behaviors. The onset of cognitive disability was followed from May 2007 to January 2014. We
used the marginal structural models to evaluate the effect of program.

Results: The range of prevalence of cognitive disability was from 0.2% to 2.5% during the observa-
tion period. The proportion of respondents who participates to salons increased over time to about
11.7%. The frequency of salon participation was protectively associated with cognitive decline,
even after adjusting for time-dependent covariates and attrition (odds ratio = 0.73, 95% confidence
interval: 0.54-0.99).

Discussion: Our study suggests that operating community salons that encourage social interactions,
light physical activity, and cognitive activities among older participants may be effective for prevent-
ing cognitive decline. In future studies, we need to understand what sorts of activities (e.g., those
involving light physical activity vs. purely intellectual activities) are most effective in maintaining
cognitive function.

© 2016 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
Keywords: Prevention; Community intervention; Social participation; Japan; Marginal structural models
1. Introduction
Dementia is a major cause of disability and dependency
among older people. Worldwide, an estimated 47.5 million
people suffer from dementia while 7.7 million new cases
*Corresponding author. Tel.: +1-617-998-1086; Fax: +1-617-495-8543. are added each year [1]. The number of people living with
E-mail address: hikichi @hsph.harvard.edu dementia is projected to triple by 2050 [2].

http://dx.doi.org/10.1016/j.trci.2016.11.003
2352-8737/ © 2016 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Japanese society is confronted with the fastest pace of pop-
ulation aging in the world, with a population prevalence of de-
mentia that is nearly double the world average (Japan: 15.0%
in 2012 [3] vs. world average: 5.2% in 2015 [4]). The popula-
tion with dementia is forecast to reach 7 million by 2025 [5].
The prevention of dementia is therefore a top priority for
Japanese public health policy [6]. One approach advocated
by Japanese government to prevent cognitive decline in older
adults has been to encourage more social participation [7].
Observational studies suggested that social participation is
associated with lower risk of cognitive decline [8]. However,
these studies are prone to confounding bias due to their obser-
vational nature; specifically, the selective participation of
cognitively healthier individuals in community-based pro-
grams encouraging social participation.

Since 2007, the municipality of Taketoyo (population
41,000) in Aichi Prefecture, Japan, has been engaged in a
community intervention program designed to facilitate so-
cial participation among older residents, with the aim of pre-
venting cognitive and physical functional decline. The
intervention program is based on opening 10 community-
based centers (referred to as “salons”), where seniors can
congregate to engage in a variety of social programs and
activities [9,10].

In the present study, we report on the 7-year evaluation of
this intervention program. Our design is quasi-experimental
in the sense that the community salons were newly estab-
lished by the Taketoyo municipality (where none previously
existed), and we have information (from an ongoing cohort
study) about the health status of individuals before and after
the salons were opened. Because of the repeated assessments
of salon participation and covariates over time, there is a
possibility of time-varying confounding. For example, social
participation could improve health status (covariates), which
also may influence the probability of social participation in
subsequent time periods. Therefore, we attempted to address
time-varying confounding through marginal structural
modeling with inverse probability weighting.

2. Methods
2.1. Study population

The study population consisted of participants in the Ai-
chi Gerontological Evaluation Study (AGES), which was es-
tablished in 1999 in Aichi prefecture. One of the field sties of
the AGES cohort was in the town of Taketoyo (population
41,531 in 2006) [11]. We conducted a mail-in questionnaire
survey of all community-dwelling older people who were
physically and cognitively independent and aged 65 years
or older (n = 5759) in July 2006.

The questionnaire survey inquired about personal charac-
teristics, health status, and health habits of the respondents.
As shown in Fig. 1, the response rate to the baseline survey
was 48.5% (n = 2793). An additional 200 subjects were
removed from the baseline of the present study because of

missing/invalid information, relocation out of the area, or
death/incident disability.

Of the 2593 eligible participants from the baseline survey,
we lost 326 subjects due to death/functional decline and
relocation during the 3-year and 3-month follow-up period.
In the second survey in August 2010, we recontacted 1769
individuals (participation rate: 78.0%). During an additional
3-year and 2-month follow-up term, 268 respondents drop-
ped out of our cohort. We obtained 1352 responses from
1501 eligible subjects in the third survey conducted in
October 2013 (participation rate: 90.1%). The cumulative
follow-up rate during the total period was therefore 73.9%.
We also collected information on their frequency of partici-
pating in salons until the end of March 2014. In addition, the
onset of functional and cognitive disability was followed
from May 1, 2007 to January 7, 2014. (The observation
period was 2443 days.) Our study protocol was approved
by the Ethics Committee at Nihon Fukushi University and
Seijoh University.

2.2. The intervention

Taketoyo town is located approximately 35 km south of
Nagoya in Aichi Prefecture, Japan. The community salon
project was launched in May 2007 when the municipal au-
thorities began to open community-based centers where
the town’s senior residents could congregate and participate
in social activities. Initially, three salons were established,
and by 2013, a total of 10 salons were in operation, staffed
by community volunteers (Fig. 1).

In September 2013, we conducted a survey of a sample of
152 volunteers in the Taketoyo program. Of the 91 volun-
teers who responded to the survey (26 male and 65 female),
the average age was 71 years, and the average duration of
volunteering was 4.3 years. Almost all of them were re-
cruited to volunteer by their friends who were participating
in the salon activities. They were all required to take a
training course conducted by two occupational therapists.

Although the salon programs were not standardized
across locations, popular activities included dance classes,
chatting with other participants, arts and crafts (calligraphy,
origami, and poetry recitation), singing, playing musical in-
struments, quizzes and games (e.g., bingo, cards, Japanese
chess), as well as interactive activities with preschool chil-
dren. In each salon, 90—120 minutes of programming were
scheduled between 1 to 3 times per month.

Any resident aged 65 years or older was eligible to partic-
ipate for a nominal fee of 100 Japanese Yen (roughly 1 US
dollar) per visit.

2.3. Outcome variable

Our primary outcome is the onset of cognitive disability
assessed by a standardized in-home assessment. The Japa-
nese government established a national long-term care insur-
ance scheme in 2000 [12]. Under this system, a certification
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Fig. 1. Participants flow during the follow-up period.

committee in each municipality dispatches trained investiga-
tors to applicants’ homes to evaluate their eligibility for
nursing care (e.g., home helper).

During the home visit, each individual is assessed with
regard to their activities of daily living and instrumental ac-
tivities of daily living status, cognitive function (e.g., short-
term memory, orientation, and communication), as well as
mental and behavioral disorders (e.g., delusions of persecu-
tion, confabulation, and soliloquy) using a standardized pro-
tocol. Following the assessment, the applicants are classified
into one of eight levels according to the severity of their
cognitive disability (Supplementary Table 1).

The level of cognitive decline is strongly correlated with
the Mini—-Mental State Examination (Spearman rank corre-
lation p = —0.73, P <.001), according to a previous valida-
tion study among 116 institutionalized older residents and 66
older individuals requiring outpatient day long-term care
(The age range was between 60 to 101 years) [13]. Another
previous study demonstrated that level I of the home
assessment scale corresponds to a 0.5-point rating on the
clinical dementia rating (suspected dementia) for 590 older

individuals aged 75 years and more (specificity and sensi-
tivity, both 0.88) [14]. On the basis of these validation
studies, a cognitive decline rating of level I or higher was
defined as incident cognitive disability in this study.

We matched data from the AGES participants to the long-
term care insurance registry for the follow-up period from
May 1, 2007 to January 7, 2014. Respondents who died, or
who developed incident functional disability without cogni-
tive decline, or moved out of the area, or did not respond to
the survey during the follow-up period, were censored.

2.4. Explanatory variable

Our primary treatment variable was frequency of partici-
pation in community salons in each year. Taketoyo town
keeps a participant register that recorded the participant’s
name and frequency of salon participation. Among partici-
pants during the 7-year follow-up, 10%-50% of them partic-
ipated only once to 3 times in any given year. Our definition
of “participant” was restricted to those who participated more
than 3 times a year (numbers of the participants: 99, 159, 152,
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162, 162, 175, and 158, for each year) (Supplementary
Table 2) because we hypothesized that participation on fewer
occasions could not be plausibly expected to prevent func-
tional disability. Therefore, anyone who participated on fewer
than four occasions was classified as nonparticipants.
Because the distribution was right-skewed in each year, we
log-transformed the values (arbitrarily inserting “1” instead
of “0” for those who did not participate at all).

2.5. Covariates

We selected as potential confounding variables sex, age,
educational attainment, and equalized household income
[15], depressive symptoms measured by the Geriatric
Depression Scale-15 (GDS-15) [16], low cognitive function
[17], comorbidities including stroke, heart disease, and hy-
pertension [18], drinking and smoking [19], walking time
[20], and frequency of participating in sports clubs [21].

We did not perform a detailed assessment of mild cogni-
tive impairment; instead we asked three items on the survey:
“Have people around you noticed that you are forgetful, for
example, by telling you that you often ask the same thing?”
“Can you look up phone numbers and make phone calls by
yourself” and “Do you sometimes forget what date it is
today?” [17].

Age was grouped into the following categories: 65-74 years
and 75 years or over. Educational attainment was categorized
as 9 years or under and 10 years or over. Household income was
equalized by the square root of the number of household mem-
bers and categorized into “Under 2.0 million JPY” and “2.0
million JPY and over.” Depressive symptoms were categorized
into lower risk (4 points and under) versus higher risk (5 points
and over) [22]. Low cognitive function was categorized as
negative condition (1-3 points) versus neutral condition (0
point) [17]. As shown in Supplementary Fig. 1, our covariates
were updated by the surveys conducted in 2010 and 2013.

2.6. Statistical analysis

Initially, we conducted a discrete time logistic regression
analysis adjusting for all covariates to examine the associa-
tion between frequency of salon participation and onset of
cognitive disability.

In longitudinal data, exposures and covariates can have
complex bidirectional associations. For example, salon
participation (our treatment of interest) could affect the onset
of diseases. Incident chronic conditions can therefore simul-
taneously act as a confounder of the relation between salon
participation and cognitive function as well as a potential
mediating variable between future salon participation and
cognitive function. This scenario of time-varying confound-
ing cannot be addressed by conventional methods such as re-
striction, stratification, or covariance adjustment [23]. In
addition, our data had a high attrition rate in which 1241 re-
spondents dropped out before the third wave survey, which
may induce selection bias [24].

To address these potential biases, we used Marginal
Structural Models (MSMs) that estimated the stabilized in-
verse probability of receiving the treatment (i.e., salon
participation) SW(#) and the probability of remaining uncen-
sored up to time t SW(c) to create a pseudo-population to bal-
ance the distribution of potential confounders across
exposure levels and uncensored cases [25]. SW(¢) and
SW(c) are defined as

HAWAG=1), V. Ck)=0}
W)= kllf{A k)|A(k 1)z , C(k)=0}
and
- {1 Pr{C(k)=0[C(k—1)=0, A(k—1), V}
@=11 Pr{C(k)=0[C(k—1)=0,A(k—1), L(k—1) }

where A(k) denotes the exposure at year k, A(k—1) repre-
sents the exposure history prior year k, V is baseline covari-
ates, L(k—1) represents the covariates history including V,
C(k) is the incident censoring at year k, C(k—1) is uncen-
sored history until year k—1.

Because our treatment—that is, frequency of
salon participation—is a continuous measure, we estimated
each person’s probability density of receiving treatment in
each year [26]. We used Poisson regression to create SW(¢)
because the exposure is a zero-inflated variable [27]. The
SW(c) was estimated using logistic regression. And, we ob-
tained an overall weight SW=SW(r) X SW(c) [28].

To estimate the odds ratios of cognitive decline as a result
of salon participation, we used all baseline covariates V as
well as time-varying covariate history L in the weighted
MSMs model to control for potential confounding in the
pseudo-population [29].

In addition, the data obtained from the questionnaires
included missing answers in each wave, which may cause
loss of power and biased estimations [30]. To address poten-
tial bias due to missing data, we used multiple imputation by
Markov Chain Monte Carlo method for covariates in each
year [31]. We created 20 imputed data sets and combined
each result of analysis using the Stata command “mi esti-
mate.”

All analyses were performed using STATA version 14.0
(STATA Corp LP, College Station, Texas, USA).

3. Results

Descriptive statistics are shown in Table 1. The incidence
of cognitive disability tended to increase over time. The
range of prevalence of cognitive disability was from 0.2%
to 2.5% during the observation period. The proportion of re-
spondents who participates to salons increased over time to
about 11.7%. The incidence rate ratio for salon participation
versus nonsalon participation was 0.61 (95% confidence
interval [CI]: 0.30-1.10). The averaged frequency of
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Table 1
Characteristics of analytic samples during follow-up period
2007 2008 2009 2010 2011 2012 2013
n % n % n % n % n % n % n %

Cognitive disability

Nonincidence 2556 98.6 2524 98.8 2494 98.8 1753 99.1 1715 97.8 1673 97.5 1349 99.8

Incidence 37 14 32 1.2 30 1.2 16 0.9 38 22 42 2.5 3 0.2

Total 2593 100 2556 100 2524 100 1769 100 1753 100 1715 100 1352 100
Participation*

Nonparticipants 2494 96.2 2397 93.8 2372 94.0 1607 90.8 1591 90.8 1540 89.8 1194 88.3

Participants 99 38 159 6.2 152 6.0 162 9.2 162 9.2 175 10.2 158 11.7

Total 2593 100 2556 100 2524 100 1769 100 1753 100 1715 100 1352 100
Sex

Male 1306 504 - - - - 874 494 - - - - 665 49.2

Female 1287 496 - - - - 895 506 - - - - 687 50.8

Total 2593 100 - - - - 1769 100 - - - - 1352 100
Age

65-74 years 1770 683 - - - - 910 514 - - - - 387 28.6

75 years and over 823 31.7 - - - - 859 48.6 - - - - 965 71.4

Total 2593 100 - - - - 1769 100 - - - - 1352 100
Educational attainment

9 years and under 1405 548 - - - - 925 527 - - - - 701 52.2

10 years and over 1158 452 - - - - 831 473 - - - - 643 47.8

Total 2563 100 - - - - 1756 100 - - - - 1344 100
Equalized income

<2.0 million JPY 921 47.1 - - - - 682 483 - - - - 574 535

>2.0 million JPY 1034 529 - - - - 730 51.7 - - - - 498 46.5

Total 1955 100 - - - - 1412 100 - - - - 1072 100
Number of comorbidities

0 756 416 - - - - 530 36.8 - - - - 368 3255

1 899 494 - - - - 790 549 - - - - 647 572

2 150 83 - - - - 117 81 - - - - 109 9.6

3 14 0.7 - - - - 2 02 - - - - 7 0.7

Total 1819 100 - - - - 1439 100 - - - - 1131 100
Depressive symptoms (GDS-15)

4 points and under 1617 723 - - - - 1104 729 - - - - 838 74.7

5 points and over 620 277 - - - - 411 271 - - - - 284 25.3

Total 2237 100 - - - - 1515 100 - - - - 1122 100
Low cognitive function

0 point 1486 59.7 - - - - 1027 615 - - - - 846 64.2

1 point and over 1002 403 - - - - 644 385 - - - - 471 35.8

Total 2488 100 - - - - 1671 100 - - - - 1317 100
Current drinking

No 1535 60.3 - - - - 1102 65.6 - - - - 900 68.1

Yes 1010 39.7 - - - - 579 344 - - - - 422 31.9

Total 2545 100 - - - - 1681 100 - - - - 1322 100
Current smoking

No 1946 86.0 - - - - 1459 91.0 - - - - 1254 94.9

Yes 318 140 - - - - 144 9.0 - - - - 67 5.1

Total 2264 100 - - - - 1603 100 - - - - 1321 100
Walking time (continuous)

Less than 30 minutes 759 307 - - - - 600 357 - - - - 351 26.6

30-60 minutes 909 36.7 - - - - 571 340 - - - - 518 39.2

60-90 minutes 405 164 - - - - 259 154 - - - - 226 17.1

90 minutes and more 402 162 - - - - 250 149 - - - - 226 17.1

Total 2475 100 - - - - 1680 100 - - - - 1321 100
Frequency participating to

sports club

Never 1763 710 - - - - 1034 712 - - - - 756 67.6

A few times a year 59 26 - - - - 57 39 - - - - 39 3.5

1 to 3 times a month 52 23 - - - - 52 36 - - - - 51 4.6

Once a week 179 78 - - - - 109 75 - - - - 89 8.0

2 or 3 times a week 190 83 - - - - 151 104 - - - - 105 9.3

Almost everyday 47 20 - - - - 49 34 - - - - 79 7.0

Total 2290 100 - - - - 1452 100 - - - - 1119 100

Abbreviation: JPY, Japanese Yen.
*We defined more than 3-time visitors as “participants.”
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participation also increased from 9.02 to 18.67 times per
year (Supplementary Table 2). Equalized income gradually
decreased during the follow-up period. More than half of
the sample reported household income under 2 million Jap-
anese Yen (about 20,000 US dollars) by 2013.

Systematic differences were observed in who partici-
pated in the salons (Supplementary Table 3). Women
were more likely to participate than men, as well as those
who also participated in sports clubs. By contrast, individ-
uals from higher SES background (higher educational
attainment and equalized income), higher depression
scores, sedentary individuals, as well as smokers and regu-
lar drinkers were less likely to participate. That is, healthier
and more sociable persons at baseline were more likely to
participate in salons.

As shown in Table 2, the results of the multivariate
model showed that salon participation frequency (contin-
uous variable) was not significantly associated with lower
risk of cognitive disability (odds ratio [OR] = 0.96, 95%
CI: 0.91-1.01). The log-transformed frequency of salon
participation was also associated with lower risk of incident
cognitive disability (OR = 0.72, 95% CI: 0.54-0.98). In
addition, the MSMs results indicated that frequency of
salon participation was protectively associated with cogni-
tive disability, even after adjusting for time-dependent co-
variates and attrition (OR = 0.73, 95% CI: 0.54-0.99)

Table 2

(Table 3). This model also showed that older age (75 years
or older) is an important risk factor for incident cognitive
decline (OR = 325, 95% CI. 1.86-5.69), while
increasing walking time was protective (OR = 0.69, 95%
CI: 0.55-0.87).

4. Discussion

To our knowledge, this is the first study to demonstrate
that a community-based intervention encouraging social
participations is effective for the prevention of incident
cognitive disability. The association remained after control-
ling for time-dependent confounding and attrition during the
follow-up period, using MSMs. The association between fre-
quency of salon participation and incident cognitive
disability appears to be statistically and clinically important.
For example, salon participation was associated with the
prevention of cognitive disability (OR = 0.73, 95% CI:
0.54-0.99, in model 2 of MSMs) as well as the daily walking
(OR = 0.69, 95% CI: 0.55-0.87).

As shown in Supplementary Table 3, people who partic-
ipated in the salons were more likely to be female, from
lower socioeconomic background (lower educational
attainment and equalized income), less likely to report
depressive symptoms, less physically active, and less likely
to smoke or drink. Therefore, an important challenge in

Odds ratio and 95% CI for the risk of cognitive decline in the results of multivariate model

Multivariate model

Model 1 Model 2
Odds (95% CI) P Odds (95% CI) P

Frequency of participation

In(X + 1) 0.96 (0.91-1.01) 12 0.72 (0.54-0.98) .04
Sex (Ref.: male)

Female 0.93 (0.67-1.29) .68 0.95 (0.68-1.31) 73
Educational attainment (Ref.: 9 years)

10 years and over 0.81 (0.60-1.10) 17 0.81 (0.59-1.09) .16
Age (Ref: 65-74 years)

75 years and over 6.21 (4.14-9.32) <.01 6.23 (4.15-9.34) <.01
Equivalent income (Ref.: <2 million JPY)

2 million JPY and more 0.97 (0.68-1.40) .88 0.97 (0.68-1.40) .88
Number of comorbidities

0-3 0.93 (0.73-1.17) 52 0.92 (0.73-1.17) 51
Depressive symptoms (Ref.: <4 points)

>5 points 1.52 (1.09-2.13) .01 1.51 (1.08-2.12) .02
Low cognition score (Ref.: 0 point)

>1 point 2.36 (1.72-3.24) <.01 2.36 (1.71-3.24) <.01
Current drinking

Yes (Ref.: no) 0.75 (0.51-1.09) .13 0.75 (0.51-1.09) 13
Current smoking

Yes (Ref.: no) 1.52 (0.98-2.33) .06 1.51 (0.98-2.33) .06
Walking time

1: <30 minutes to 4: >90 minutes 0.75 (0.63-0.89) <.01 0.75 (0.63-0.89) <.01
Frequency participating in sports club

1: a few times to 6: almost everyday 0.98 (0.93-1.05) .63 0.98 (0.93-1.05) .63

Cons. 0.01 (0.01-0.02) <.01 0.01 (0.01-0.02) <.01

Abbreviations: CI, confidence interval; Odds, odds ratio; Ref., reference; JPY = Japanese Yen.
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Table 3
Odds ratio and 95% CI for the risk of cognitive decline in the results of marginal structural model
Marginal structural models
Model 1 Model 2
Odds (95% CI) P Odds (95% CI) P
Frequency of participation
In(X+ 1) 0.72 (0.53-0.98) .04 0.73 (0.54-0.99) .04
Time-invariant covariates
Sex (Ref.: male)
Female 1.08 (0.78-1.51) .64 1.04 (0.74-1.46) .82
Educational attainment (Ref.: 9 years)
10 years and over 0.82 (0.59-1.13) 22 0.86 (0.62-1.18) .36
Time-variant covariates at baseline
Age (Ref: 65-74 years)
75 years and over 4.89 (3.5-6.82) <.01 2.30 (1.54-3.45) <.01
Equivalent income (Ref.: <2 million JPY)
2 million JPY and more 0.90 (0.63-1.3) .58 0.92 (0.58-1.45) 71
Number of comorbidities
0-3 1.01 (0.77-1.31) 97 1.06 (0.74-1.52) 74
Depressive symptoms (Ref.: <4 points)
>5 points 1.23 (0.83-1.80) .30 0.84 (0.49-1.45) .53
Low cognition score (Ref.: 0 point)
>1 points 1.67 (1.22-2.29) <.01 1.04 (0.68-1.59) .85
Current drinking
Yes (Ref.: no) 0.90 (0.63-1.30) .58 1.42 (0.78-2.60) 25
Current smoking
Yes (Ref.: no) 1.26 (0.82-1.93) 29 0.86 (0.31-2.41) 78
Walking time (continuous)
1: <30 minutes to 4: >90 minutes 0.87 (0.73-1.02) .09 1.16 (0.93-1.44) .19
Frequency participating in sports club
1: a few times to 6: almost everyday 1.09 (0.95-1.25) 21 1.10 (0.96-1.26) .19
Time-variant covariates during follow-up term
Age (Ref: 65-74 years)
75 years and over 3.25 (1.86-5.69) <.01
Equivalent income (Ref.: <2 million JPY)
2 million JPY and more 1.01 (0.64-1.61) .96
Number of comorbidities
0-3 0.91 (0.67-1.25) .58
Depressive symptoms (Ref.: <4 points)
>5 points 1.68 (1.03-2.74) .04
Low cognition score (Ref.: 0 point)
>1 point 2.26 (1.44-3.53) <.01
Current drinking
Yes (Ref.: no) 0.61 (0.31-1.18) .14
Current smoking
Yes (Ref.: no) 1.68 (0.59-4.81) .33
Walking time
1: <30 minutes to 4: >90 minutes 0.69 (0.55-0.87) <.01
Frequency participating in sports club
1: a few times to 6: almost everyday 0.94 (0.88-1.01) 11
Cons. 0.01 (0.01-0.02) <.01 0.01 (0.01-0.02) <.01

Abbreviations: CI, confidence interval; Odds, odds ratio; Ref., reference; JPY, Japanese Yen.

scaling up the salon intervention to the general population is
to understand how to design the programs in such a way as to
appeal to broader segments of the population. One possibil-
ity is to adopt a social marketing approach consisting
of outreach, education, and networking efforts within a
targeted area [32].

There are plausible mechanisms by which salon partici-
pation might assist in the prevention of cognitive disability.
In the interim appraisal that was conducted 2 years after the

start of this intervention program, the salon participants re-
ported that they had joined other local organizations such
as sports or hobby clubs. They also reported increased social
support (both receipt and provision) after joining the com-
munity salons [33]. That is, participants appear to have
expanded their social network through salon participation,
which in turn helped to preserve cognitive function [34].
In addition, some salon activities included light physical ac-
tivity (e.g., stretching exercises) and other activities such as



30 H. Hikichi et al. / Alzheimer’s & Dementia: Translational Research & Clinical Interventions 3 (2017) 23-32

handicrafts that might have helped in the maintenance of
cognitive functions [35,36]. Salon participation may also
have helped to reduce the risk of depression (itself a risk
factor for cognitive decline) by boosting people’s sense of
purpose in life [37].

In an interim appraisal of 100 salon participants con-
ducted 3 years after the start of the salon project, the par-
ticipants were more likely to perform well on cognitive
tests such as the three-words delayed recall test and
word fluency test [38]. However, this study did not
compare the cognitive function of nonparticipants or con-
trol for confounding factors. In a previous analysis from
the same intervention study—based on 5 years of
follow-up—we reported that salon participation was asso-
ciated with lower risk of functional disability [9]. How-
ever, we were able to control for baseline covariates
only and did not take account of time-varying risk factors
during follow-up.

In the United States, the Experience Corps was an inter-
vention program that recruited retired seniors in Baltimore
to serve as a volunteer teacher’s aides in local schools. The
program was designed to support the academic success of
children and to promote the health of older volunteers by
enhancing their physical, social, and cognitive functioning
[39]. Their intervention found that brain cortical and hip-
pocampal volumes were increased among male partici-
pants in the treatment group during 2-year follow-up
[40]. In another intervention study conducted in Oregon,
an online conversation program was provided to 83 seniors
living in retirement communities or senior centers [41].
The intervention sought to increase social interaction
among seniors through online conversations with trained
interviewers for 6 weeks. The intervention group showed
improved semantic and phonemic fluency compared with
the control group. Multimodal interventions incorporating
social engagement are therefore likely to be effective for
the prevention of cognitive decline; however, evidences
remain extremely scarce [42]. Our study suggests that
operating community salons that encourage cognitive ac-
tivities, social interactions, and light physical activity
among older participants may be effective for preventing
cognitive decline.

An important strength of this study was to reduce esti-
mation bias caused by time-dependent variables. Although
about 50% subjects dropped out from our cohort during
7-year observation terms, the proportion of salon partici-
pants increased year by year (Table 1). It causes a selection
bias: Healthy subjects (time t — 1) are more likely to
participate in the community salons (time t — 1 and t),
thereby maintaining their health conditions as well as the
lower risk of cognitive decline (time t + 1). The MSMs
created a pseudo-population in which the exposure is inde-
pendent of measured confounders [29]. An additional
strength is our objective measures of the frequency of salon
participation as well as cognitive disability based on in-
home assessment.

A limitation of our study is the response rate at baseline
survey that was 48.5%. This may limit the generalizability
of our findings, although our response rate is comparable to
other surveys of community-based residents [43]. The demo-
graphic profile of our analytic sample is also similar to the in-
dependent census data for Taketoyo residents aged 65 years
or older (Supplementary Table 4). In addition, the follow-
up rates for the two follow-up surveys were quiet high
(78.0% and 90.1%, for respectively). On the other hand,
because we did not perform a detailed assessment of early
presymptoms of cognitive decline, we cannot rule out the
possibility of reverse causation, for example, that individuals
with early symptoms of cognitive decline were less likely to
participate in salon activities. In addition, there is a possibil-
ity that differential misclassification occurred in our assess-
ment of outcomes because older persons who have mild
cognitive impairment may tend to avoid medical diagnosis.
We also lacked information about incident diabetes mellitus
which may have affected both salon participation and cogni-
tive decline. Our outcome variable (an 8-point scale of cogni-
tive decline obtained from in-home assessment) does not
amount to a clinically based diagnosis of dementia, although
it has been demonstrated to be highly correlated with MMSE
scores and CDR scores in previous validation studies [13,14].

In conclusion, opening and operating community-
based salons may be an effective intervention for the
prevention of cognitive decline in the older Japanese
population. In future studies, the assessment of cognitive
decline under the long-term care insurance scheme should
be validated against The Fourth Edition of Diagnostic and
Statistical Manual of Mental Disorders (DSM-1V) criteria.
We need to also understand what sorts of activities and
programs (e.g., those involving light physical activity
vs. purely intellectual activities) are most effective in
maintaining cognitive function.
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RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the pub-
lished literature using PubMed. Although many
observational studies have shown that social partici-
pation in older people is protectively associated with
incident cognitive decline, no previous studies have
demonstrated that social participation is effective
for prevention of incident cognitive disability in the
context of a community intervention study.

2. Interpretation: Our findings suggest that operating a
“community salon” program can contribute to the
prevention of the onset of cognitive decline through
increasing the social participation of the participants.

3. Future directions: Further studies are needed to un-
derstand what sorts of activities and programs (e.g.,
those involving light physical activity vs. purely in-
tellectual activities) are most effective in maintaining
cognitive function.
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participation mitigate the association? A
fixed-effects longitudinal analysis
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Abstract

Background: Empirical evidence investigating heterogeneous impact of retirement on mental health depending
on social backgrounds is lacking, especiallty among older adults.

Methods: We examined the impact of changes in working status on changes in mental health using Japanese
community-dwelling adults aged 265 years participating in the Japan Gerontological Evaluation Study between
2010 and 2013 (N = 62,438). Between-waves changes in working status ("Kept working”, "Retired”, “Started work”,
or "Continuously retired"} were used to predict changes in depressive symptoms measured by the Geriatric Depression
Scale. First-difference regression models were stratified by gender, controlling for changes in time-varying confounding
actors including equivalised household income, marital status, instrumental activities of daily living, incidence of
serious illnesses and family caregiving. We then examined the interactions between changes in working status
and occupational class, changes in marital status, and post-retirement social participation.

Results: Participants who transitioned to retirement reported significantly increased depressive symptoms
(B = 033, 95% Cl: 0.21-045 for men, and B = 0.29, 95% Cl: 0.13-045 for women) compared to those who
kept working. Men who were continuously retired reported increased depressive symptoms (B = 0.13, 95%
Cl: 0.05-0.20), whereas males who started work reported decreased depressive symptoms (8 = —0.20, 95%
Cl: -0.38--0.02). Men from lower occupational class (compared to men from higher class) reported more
increase in depressive symptoms when continuously retired (f = —0.16, 95% Cl: -0.25--0.08). Those reporting
recreational social participation after retirement appeared to be less influenced by transition to retirement.

Conclusions: Retirement may increase depressive symptoms among Japanese older adults, particularly men
from lower occupational class backgrounds. Encouraging recreational social participation may mitigate the

adverse effects of retirement on mental health of Japanese older men.

Keywords: Retirement, Mental health, Social participation, Fixed-effects, Japan, Older adults

Background

Population aging is occurring worldwide and an increa-
sing number of older adults are engaging in work in late
life. Japan is experiencing the fastest rate of population
ageing in the world. In Japan, the labor force participa-
tion rate among people aged 65 years or older was 21.3%
in 2014, which ranked 7th among all OECD countries
[1], and the population of older workers increased from
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4.8 million in 2004 to 6.8 million in 2014 [2]. To main-
tain both the quality of life of each older individual and
the financial sustainability of healthcare and long-term
care systems, preventing physical and mental impair-
ments is the key goals of public health measures for the
aged [3]. Specifically, the maintenance of mental health
counts as it could be strongly affected by the stressful
life events that are likely to happen in older ages. Among
those life events, in this study, we focused on retirement,
the major events that most people experience.

Transition from work to retirement is a major life event
in most people’s lives. However, there is controversy about

© The Author(s). 2017 Open Access This article is distributed under the terrns of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/hy/4.0/), which permits unrestricted use, distribution, and
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the impact of retirement on mental health [4]. While
many studies done in European countries suggest that
retirement is beneficial to mental health [5-8] or has no
health impact [9-11], results from some studies in Asian
populations indicate the opposite, ie. the transition to
retirement is detrimental to mental health [12, 13]. These
geographic differences in the association between retire-
ment and mental health may be partly due to the diffe-
rences in employment conditions and how retirements are
culturally perceived by people in each region.

There are several potential mechanisms through which
retirement may have adverse impact on mental health.
Above and beyond the immediate reduction in income,
social role theory posits that retirement results in the
loss of many non-financial benefits of work, such as
opportunities for health-promoting social contacts and
access to social support that can buffer the adverse
effects of stress [14-16]. Activity theory also posits
that the transition to retirement results in reduced
wellbeing for individuals for whom work provided
meaning in life [17].

Moreover, the impact of retirement on mental health
may not be universal and could vary between individuals
depending on his/her occupational class or social situation
(e.g. the presence of social support in the home environ-
ment from a marital partner) [4, 6, 18, 19]. In addition,
social participation after retirement may compensate for
any adverse effect of retirement stemming from loss of
sense of meaning in life, which has been suggested to be
linked to mental health [4, 12, 13, 20]. However, the po-
tential impact of other types of social participation such as
hobby clubs remains unknown.

In the present study, we sought to evaluate [1] the
association between changes in working status and
changes in depressive symptoms in a cohort of
community-dwelling Japanese older adults, [2] whether
the association can be mediated by changes in social
contacts and social support, [3] the interaction between
changes in working status and occupational class,
changes in marital status, and social participation after
retirement.

Methods

Data

We used data from the 2010 and 2013 waves of Japan
Gerontological Evaluation Study (JAGES) project.
Detailed descriptions of JAGES are available elsewhere
[21, 22]. In brief, the JAGES conducted postal surveys
targeting physically and cognitively independent
community-dwelling older adults aged =265 years in
Japan. The baseline survey was conducted in 2010 and
we sampled 112,123 older adults residing in 31 munici-
palities in Japan (Response rate = 66.3%). The second
survey was conducted in 2013 in which we sampled
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137,736 older adults residing in 30 municipalities in
Japan (Response rate = 71.1%). Twenty-four municipa-
lities participated in both years. Sixty-two thousand four
hundred thirty-eight participants responded to both
surveys.

The 2013 wave of JAGES dataset consisted of five
modules. The question inquiring about participants’
sense of meaning in life was measured only in one of the
five modules, which was only mailed to one-fifth of the
total sample. We used respondents to this module
(N = 12,487) to test the interaction between retirement
and two types of social participation, as well as whether
a sense of meaning in life mediated this relationship. All
variables used in this study were self-reported. Ethical
approval of this study was obtained from the ethics re-
view board of the University of Tokyo Medical School.

Measurement

Changes in depressive symptoms

Depressive symptoms were measured at both waves
using the validated Japanese short version of the Geriat-
ric Depression Scale (GDS-15) [23] Total scores could
range from O tol5, where higher scores indicate more
depressive symptoms. GDS-15 has been commonly used
as a screening tool for depression among older adults
with a cutoff of 5 or above to indicate clinical depres-
sion [23, 24]. We used changes in total GDS-15
scores from 2010 to 2013 as the continuous outcome
variable in this study.

Changes in working status

Information on working status (either “currently wor-
king” or “retired and not currently working”) was
collected in both 2010 and 2013. Thus, no one among
the subjects was considered to be partially retired. We
categorized subjects as “Kept working (working/wor-
king)”, “Retired (working =» not working)”, “Started work
(not working > working)”, or “Continuously retired (not
working =¥ not working)” based on patterns of changes
in working status from 2010 to 2013.

Changes in social contacts and social support

We used two variables to tap changes in social contacts.
First, we asked the number of friends and acquaintances
the subjects met in the past month at both waves, and
then, changes in the answers were modeled as a conti-
nuous variable. Second, we asked subjects “What is the
relationship between you and the person you often
meet?” At each wave, we focused on individuals who
maintained social contacts with colleagues in the work-
place. As for social support, we collected information at
both waves on whether or not subjects received emo-
tional (‘Do you have anyone who will listen to you when
you have worries and complains?’) and instrumental
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(‘Do you have anyone who can take care of you when
you are sick in bed for a few days?’) social support from
their friends. Between-wave changes in perception of
social supports from friends were made into a catego-
rical variable.

Occupational class

The occupation that subjects had engaged in for the lon-
gest period of time was asked at both waves. Since it is
unlikely that the longest job of older people aged 65 years
or older change within 3 years (from 2010 to 2013), we
treated this as a time-invariant variable. Professionals
and managers were categorized as “higher occupational
class”. Clerical support workers, service and sales
workers, craft and related trades workers, skilled agricul-
tural, forestry, and fishery workers, and others were
categorized as “lower occupational class”.

Social participation/a sense of meaning in life

Participation in different clubs/groups was asked at both
waves. We defined “social participation with roles” as
participation in volunteering clubs or neighborhood
councils. We defined “recreational social participation”
as participation in sports organizations, hobby clubs, or
older adults clubs. A sense of meaning in life was mea-
sured in 2013 by asking “Do you feel a sense of meaning
in life” (yes/no).

Covariates

Changes in equivalised household income, marital status,
instrumental activities of daily living, incidence of
serious illnesses and family caregiving were treated as
time-varying covariates. These variables are potential
confounding factors, which could have influence on both
retirement decision and mental health. Household in-
come at each wave was equivalised in order to adjust for
the number of members within households. Marital sta-
tus of subjects at each wave was defined either “married”
or “non-married (including being widowed, divorced, or
single)”. Subjects’ instrumental activities of daily living
(IADL) were measured using the Tokyo Metropolitan
Institute of Gerontology (TMIG) Index of Competence
as a broad indicator of physical health. TMIG Index of
Competence was validated using the data of Japanese
older community residents [25] and its total scores
could range from 0 tol3, where higher scores indicates
more independency in daily livings. Incidence of se-
rious illnesses and need for caregiving was assessed in
2013 by administering a checklist for events occurring
in the past year.

Statistical analysis
As for missing values in some variables used in the ana-
lysis, we executed multiple imputation by chained
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equation method to create 100 data sets without missing
value. We used the FCS statement of the MI procedure
in SAS version 9.3 to create imputed data sets. Then, we
excluded those who indicated depression in 2010 (GDS
score of 5 or more as described below), those who never
worked, and those who answered inconsistently to the
question about the occupational class at the two time
points. We ran all models using each data set and, using
MIANALYZE procedure, we obtained the final estimates
combining 100 estimates derived from 100 analyses.

We used first-difference models stratified by gender to
investigate the main effects of changes in working status
on changes in depressive symptoms with full-sample
data (Model 1). The first-difference models tool the
changes in all variables in the models, which enable to
can control for all observed and unobserved time-
invariant confounders (e.g. age and education) by cancel-
ling out the estimates of time-invariant confounders. In
model 2, we added variables regarding changes in social
contacts and social support to test whether these
changes could explain the association between changes
in working status and changes in depressive symptoms.
In model 3, we added an interaction term between
changes in working status and occupational class. In
model 4, we added an interaction term between transi-
tion to retirement and changes in marital status.

In the analysis involving a sense of meaning in life, we
analyzed only one of the five sub-samples of JAGES data
because it is the only module that contains information
on participants’ sense of purpose in life. In model 5, we
used the first-difference model again to test the main
effect of changes in working status on depressive symp-
toms among this sub-population. In the model 6, we
added the interaction term between transition to retire-
ment and two types of social participation. Lastly, in
model 7, we added sense of meaning in life as a cova-
riate to check whether it mediated the interaction
between retirement and social participation.

We stratified data by gender instead of modeling gen-
der interaction effects to make it easy to interpret our
results and prevent the problems of multicollinearity on
interaction terms.

Results

Descriptive analysis showed that subjects in the full-
sample dataset and the sub-sample dataset were broadly
similar in terms of their background characteristics
(Table 1). Nearly a quarter of male and female subjects
indicated depressive symptoms at baseline.

For men, we observed significant increases in GDS
score among those who transitioned to retirement
(B = 0.33, 95% CI: 0.21-0.45) and those who were con-
tinuously retired (B = 0.13, 95% CI: 0.05-0.20) compared
to those who kept working (Model 1 in Table 2). For
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Table 1 Demographic Characteristics of Subjects from Full-dataset and Sub-dataset by Gender
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Full-sample Sub-sample
Men Women Men Women
N = 28,868 N = 33,569 N=75866 N=6621
Mean SD Mean SD p-value Mean sD Mean SD p-value
Age in 2010 729 56 731 56 <0001 729 56 73.1 56 0.02
GDS-15 score change (2010 — 2013) 0.1 24 0.03 24 0.0005 0.1 25 —-0.01 23 002
n % n % n % n %
Working status in 2010
Working status 8095 303 5287 19.2 <.0001 1687 310 1058 195 <.0001
Not working 17530 656 16556 60 3510 647 3231 596
Never worked 1087 4.1 5730 208 232 43 1133 209
Missing 2156 599 437 1199
Depression in 2010
Having depression in 2010 6353 255 6816 255 084 1340 264 1354 257 04
Not having depression in 2010 18,602 745 19878 745 3730 736 3913 74.3
Missing 3913 6875 796 1354
Household income in 2010 (10,000 Japanese Yen)
< 300 12,129 456 15,051 54 <.0001 2429 448 2921 532 <.0001
300-600 9759 367 8427 30.2 2027 374 1676 305
< 600 4711 17.7 4393 15.8 969 17.9 897 16.3
Missing 2269 5698 441 1127
Marital status in 2010
Married 24608 879 19790 613 <0001 5007 88 3894 61.1 <.0001
Non-married 3374 121 12,520 388 685 12 2484 39
Missing 886 1259 174 243
IADL in 2010
13 9401 366 15,590 53.1 <.0001 1882 36 3052 52.7 <0001
10, 12 12959 504 11548 393 2642 505 2313 40
<9 3351 13 2250 77 710 13.6 423 7.3
Missing 3157 4181 632 833
The numbser of friends subjects met in the
past 1 month in 2010
0 2041 76 1065 35 <.0001 419 7.7 198 33 <.0001
1,5 11,426 425 12,589 408 2302 423 2495 41
6- 13,396 499 17,236 558 2728 50.1 3385 557
Missing 2005 2679 417 543
Colleague as a friend who subjects met
frequently in 2010
Having colleague as a friend 11439 424 8027 254 <0001 2365 432 1522 244 <.0001
Not having colleague as a friend 15563 576 23625 746 3116 569 4713 756
Missing 1866 1917 385 386
Emotional social support from friends in 2010
Having emotional social support 7233 266 15,156 479  <.0001 1425 257 2974 479 <.0001
Not having emotional social support 19,950 734 16,482 52.1 4112 743 3234 52.1
Missing 1685 1931 329 413
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Table 1 Demographic Characteristics of Subjects from Full-dataset and Sub-dataset by Gender (Continued)

Instrumental social support from friends in 2010

Having instrumental social support 632 23 2144 6.8 <0001 114 2.1 400 6.4 <0001
Not having instrumental social support 26793 977 29539 932 5454 978 5844 936
Missing 1444 1886 298 377

Occupational class
Higher 9265 362 3031 126 <0001 1879 365 605 129 <0001
Lower 16325 638 20940 874 3268 635 4083 87.1
missing 3153 6394 698 1326

Social participation with roles in 2013
Participated in social activities with roles 6536 263 7361 278 0001 1292 256 1461 28 0.005
Not participated in social activities with roles 18346 737 19,132 722 3764 745 3754 72
missing 3986 7076 810 1406

Recreational social participation in 2013
Participated in recreational social activities 11,714 465 16,067 58 <.0001 2367 46.3 3167 579 <0001
Not participated in recreational social activities 13458 535 11,657 421 2751 538 2304 42.1
missing 3696 5845 748 1150

A sense of meaning in life in 2013
Having a sense of meaning in life in 2013 4666 862 5036 842 0003
Not having a sense of meaning in life in 2013 748 138 945 158
missing 452 640

GDS-15 the short version of the Geriatric Depression Scale (ranging from 0 to 15, higher score indicates more depressive symptoms). Depression in 2010 was defined by
GDS-15 score of 5 or above. Non-matried includes being divorced, widowed, and single. JADL Instrumental activities of daily living (ranging from 0 to 13, higher score
indicates more independency in daily livings). Higher occupational class = professionals and engineering, managers. Lower occupational class = clerical support workers,
service and sales workers, craft and related trades workers, skilled agricultural, forestry, and fishery workers, others. Social participation with roles = volunteering clubs,
neighborhood councils. Recreational social participation = sports organizations, hobby clubs, or older adults clubs. Full-sample: subjects from all of the five modules of
JAGES. Sub-sample: subjects from only one of the five modules from JAGES that includes information on a sense of meaning in life. We used t-test for age and changes

in GDS score and chi-square test for other variables to calculate p-values

women, we observed significant increases in GDS score
among those who transitioned to retirement (f = 0.29,
95% CI: 0.13-0.45) compared to those who kept wor-
king. After including changes in social contacts and
social support in Model 2, significant associations
observed in Model 1 were overall unchanged and
remained statistically significant.

When including interaction terms (Additional file 1:
Table S1), we did not find any statistically clear evidence
on that the association between changes in working
status and GDS scores were altered by occupational class
(Model 3), though there were tendency that the relative
increase in GDS score among men who were conti-
nuously retired were smaller among high occupational
classes than lower occupational class (§ = -0.08, 95% CI:
-0.22-0.07) (Fig. 1). There was no significant interaction
between changes in working status and occupational
class among women. We observed no significant interac-
tions between transition to retirement and changes in
marital status among men and women (Model 4).

Analyses using the sub-dataset showed consistent
results: significant increases in GDS score among
men who transitioned to retirement (f = 0.40, 95%

CL: 0.12-0.68) as well as men who were continuously
retired (p = 0.29, 95% CI: 0.11-0.47) compared to
men who kept working (Model 5 in Additional file 2:
Table S2). Women who transitioned to retirement re-
ported marginally significant increases in GDS scores
(B = 0.32, 95% CI: -0.04-0.68, p = 0.09).

Although statistical evidence was weak but there was a
trend among men and women that increase in depres-
sive symptoms was less among those who participated in
recreational social participation (B = -0.22, 95% CI:
-0.72-0.29 for men, and = -0.28, 95% CI: -0.92-0.37
for women) (Model 6 in Additional file 3: Table S3, Fig. 2).
After additional adjustment for whether or not subjects
have a sense of meaning in life (Meodel 7 in Additional file
3: Table $3), the magnitude of interaction effect between
transition to retirement and recreational social participa-
tion among men considerably reduced (f = -0.05, 95% CI:
-0.54-0.44), whereas it did not change among women
(B = -0.27, 95% CI: -0.89—0.35). Notably, having a sense of
meaning in life was strongly associated with increased
depressive symptoms among men and women (§ = -2.66,
95% CI: -3.00—-2.32 for men, and = -1.84, 95% CI: -2.11-
1.57 for women).
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Table 2 Multiple linear regression of Changes in GDS score on change in working status by gender (full-sample)

Independent variables

Dependent Variable: Changes in GDS-15 score from 2010 to 2013

Model 1 Model 2
Men Women Men Women
{3 coefficient (95%CH)
Changes in working status (2010-2013)
Kept working Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Retired 033 (021,045 029 (0.13,045) 033 (021,045 028 (0.12,0.44)
Started work -020  (-038,-0.02) 0.10 (013,033 -021 (-0.39-003) 0.10 (-0.13,033)
Continuously retired 0.13 (0050200 005 (-004,0.14) 0.0 (0020.18) 005 (-0.03,0.14)
Changes in Equivalized household income (10,000 JPY) —0.0004 (—0.0007, —0.0005 {(-0.0007, -0.0004 {-0.0007, —0.0004 (-0.0007,
—-0.0002) -0.0002) -0.0002) -0.0002)
Changes in ADL -024  (-026,-021) -028 (-031-025 -023 (-025-02) -026 (-03-0.23)
Incidence of stressful life events in
the past 1 year
Serious illnesses 0.59 (047,070) 070 (054,087) 058 (046,0.7) 070 (0.53,087)
Started family caregiving 0.54 (035,073) 0.55 (038072) 054 (034073) 055 (0.38,0.72)
Changes in marital status
Married — Married Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Married - Not married 048 (0.26, 0.70) 0.15 (-0.02,032) 048 (0.26,0.7) 0.16 (-0.01,0.33)
Not married — Married -004  (-045,036) 054 (013095) -004  (-044037) 051 (0.11,092)
Not married - Not married 0.20 (0.08,0.31) 0.11 (0.040.18) 021 {0.09,033) 0.1 (0.04,0.18)
The number of friends subjects met in the past 1 month -0.02 (-0.03,-001) -0.03 (-0.04,-002)
Colleagues as a friend who subjects met frequently
Continuously having colleagues as a friend Ref. Ref. Ref. Ref.
Lost colleagues as a friend 0.01 (-0.09,0.11) 0.06 (—0.06,0.19)
Continuously not having colleagues as a friend 0.08 (0.004,016) —-0.003 (-0.09,0.09)
Newly had colleagues as a friend 0.04 (-0080.15) -003  (-0.170.1)
Emotional support from friends
Continuously having emotinal social support from friends Ref. Ref. Ref. Ref.
Lost emotional social support from friends 0.16 (0.04028) 0.16 (0.04,0.27)
Continuously not having emotional social support from friends 0.21 (0.12,0.3) 0.12 (0.04,0.2)
Newly had emotional support from friends 0.08 (-003,019) -001 (=0.12,0.1)
Instrumental support from friends
Continuously having instrumentat social support from friends Ref. Ref. Ref. Ref.
Lost instrumental social support from friends 023 (-0.2066) 0.19 (-0.05,042)
Continuously not having instrumental social support from friends 005 (-032,042) 006 (-0.13,0.25)
Newly had instrumental support from friends -0.01 (-042,041) -008  (-0330.16)

GDS-15 the short version of the Geriatric Depression Scale (ranging from 0 to 15, higher score indicates more depressive symptoms). Subjects are those
who did not show depression at baseline (GDS score < 5). IADL Instrumental activities of daily living {ranging from 0 to 13, higher score indicates more
independency in daily fivings). Non-married includes being divorced, widowed, and single. Data of full-sample (all of the 5 sub-versions of JAGES datasets)

was used for these analysis

Discussion

We summarize our key findings. First, the transition to
retirement in both men and women and sustained re-
tirement in men were associated with increased depres-
sive symptoms among Japanese older adults. Second, the
associations between retirement and increased depres-
sive symptoms remained statistically significant after

additionally adjusting for changes in social contacts and
social support, suggesting that they did not mediate the
impact of retirement on mental health at least among
Japanese older adults. Third, there was a statistically
non-significant trend that men from higher occupational
class backgrounds appeared to be less influenced by sus-
tained retirement, whereas we did not find such a trend
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among women. Fourth, we found no interaction between
changes in working status and changes in marital status.
Finally, there was a statistically non-significant trend that
men and women who reported recreational social par-
ticipation after retirement appeared to be less adversely
impacted by retirement. Importantly, the magnitude of
interaction effect between transition to retirement and
post-retirement recreational social participation substan-
tially reduced only among men after additionally adjus-
ting for a sense of meaning in life. This, if causal, may
suggest that having a sense of meaning in life through
social participation may be crucial in mitigating the
adverse impact of retirement on mental health - par-
ticularly for Japanese men.

In our data, nearly a quarter of male and female sub-
jects indicated depressive symptoms at baseline defined
by the GDS score of 5 or more. Another population-
based study in Japan targeting people over the age of
64 reported that prevalence of those who scored more
than 5 in GDS-15 was 23.8%, which is compatible to
our data [26].

Qur finding that retirement may increase depressive
symptoms is inconsistent with many studies conducted
in European countries [5—11], whereas a previous study
in another Asian population supports our result [12, 13].
We speculate that, for Japanese workers (men especially),
the loss of non-financial benefits of work outweighs the
other benefits of retirement such as a relief from work-
related stress overall. Interestingly, we found that changes
in social contacts and social supports failed to explain the
association between retirement and depressive symptoms.
Although convincing evidence is lacking, the adverse
effect of retirement may be attributable to a loss of other
benefits of work including sense of meaning in life.
Indeed, the literature suggests that many Japanese workers
tend to find their purpose in life from work [27]. Retire-
ment among Japanese workers may thus result in a loss of
a sense of meaning in life.

Among Japanese workers who experienced the post-
War period of rapid economic growth, employment was
characterized by long hours of work as well as a shared
sense of sacrifice with the goal of rebuilding the nation
in the aftermath of the destruction wrought by the
Second World War [28]. The participants in JAGES
study — all of whom were aged over 65 years at baseline
in 2010 — belong to this cohort. In return for their sacri-
fice of leisure and family life, Japanese workers of this
generation were rewarded with a life-time employment
guarantee. Commitment to the company thereby molded
the identity of an entire generation of Japanese workers.
It is in this context that we may interpret the findings of
the present study. The transition to retirement for many
Japanese workers entails the severing of links with work
colleagues as well as loss of a sense of meaning in life. It
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is important to note at the same time, however, that the
post-War lifetime employment guarantee has broken
down in Japanese society in the aftermath of the 1991
economic bubble collapse. Our findings may therefore
not apply to future generations of Japanese workers.

Qur results also suggest that retirement may be more
toxic among Japanese men from lower occupational
class backgrounds compared to managerial/professional
occupations. One explanation is that men from high SES
backgrounds may have extra social roles besides work-
related social roles, and therefore, may be less affected
by a loss of work-related role due to retirement.
Additionally, there may be some health benefits of
retirement for the managerial/professional class. Indeed,
mortality trends in Japan by occupational class indicate
that suicide rates in these groups have risen sharply in
the past two decades, possibly as a result of the pres-
sures stemming from economic stagnation [29, 30]. It is
possible that retirement can be somewhat beneficial for
those workers as it relieves them of the work-related
distress. The observed wide confidence intervals for the
interaction terms between changes in working status
and occupational class among women may be due to
the small number of women who were from high-
occupational background. Indeed, among female
JAGES subjects in 2010, only 12.6% were categorized
as high occupational class.

Our findings also indicate the trend that participation
in recreational activity could mitigate the increase in
depressive symptoms among Japanese retired men and
women but perhaps through different mechanisms.
Results from the model additionally adjusting for a sense
of meaning in life suggests that recreational social par-
ticipation may benefit retired Japanese men by compen-
sating for a loss of a sense of meaning in life due to
retirement. However, this was not the case for retired
women. We speculate that recreational social participa-
tion for these retired women had differential meaning
such as increased opportunities for informal socializing,
rather than provision of a sense of meaning in life. In-
deed, Takagi et al. also argued that there was a gender
difference in mechanisms through which social partici-
pation enhances mental health [24]. We found no sig-
nificant interaction between transition to retirement and
social participation with roles including volunteerism,
which was inconsistent with preceding findings [12, 13].
Participation in activities involving roles may not be
completely voluntary and some participants might have
been feeling a psychological distress due to “role strain”,
namely a pressure to accomplish their roles [20, 31].
This may explain the non-significant interaction effect of
social participation with roles and its wide variance.

Ours is, to our knowledge, the first study to evaluate
the association between changes in working status and
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changes in depressive symptoms using data of Japanese
older people. Strengths of our study include the large
sample size of older adults with repeated measures of
both outcomes and exposures, and the use of first-
difference models to account for all time-invariant con-
founding factors. Nonetheless, several limitations should
be noted. First, there is a possibility of reverse causation,
such that workers are more likely to seek retirement
when they feel depressed [32]. Although we partly
addressed this issue by excluding subjects who showed
depression at baseline from the analyses, future studies
should specify reasons for retirement to permit causal
inference. Second, unmeasured confounding factors may
also exist. Even though we controlled for all observed/
unobserved time-invariant confounding factors and se-
veral possible time-variant confounding factors, there
may be other stressful life events or circumstances,
which causes changes in working status and changes in
depressive symptoms. Third, some of our measure-
ments were admittedly crude. We used changes in
received social supports from “friends” as a measure-
ment of changes in work-related social relationships.
However, it is obvious that social relationships
people obtain from work are not necessarily reported
as “friends”. Fourth, we evaluated social participation
at the same time with our final outcome. Since we
hypothesized that post-retirement social participation
could mitigate the possibly adverse impact of retire-
ment on mental health, it is ideal to measure social
participation before measuring post-retirement men-
tal health. Fifth, generalizability of our findings is
limited. As the effect of retirement on mental health
is presumably culture dependent, our findings may
not be generalizable to other countries or future
generations. Lastly, our single item measurement of
“a sense of meaning in life” is not validated, and
therefore, it may not successfully capture a subject’s
sense of meaning in life.

Conclusions

Retirement may increase depressive symptoms among Japa-
nese older people, possibly men with lower occupational
class backgrounds in particular. An important public health
implication of our study is that there is a possibility that en-
couraging recreational social participation may compensate
for a loss of a sense of meaning in life due to retirement
and mitigate the potentially adverse effects of retirement on
mental health of Japanese older men.
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Methods: We used cross-sectional data from the Japan Gerontological Evaluation Study, a nationwide
survey involving 123,760 functionally independent older people nested within 702 communities (i.e.,
school districts). We conducted exploratory and confirmatory factor analyses on survey items to deter-
mine the items in a multi-dimensional scale to measure community social capital. Internal consistency
was checked with Cronbach's alpha. Convergent construct validity was assessed via correlating the scale

Reliability Results: From 53 candidate variables, 11 community-level variables were extracted: participation in
Older people volunteer groups, sports groups, hobby activities, study or cultural groups, and activities for teaching
specific skills; trust, norms of reciprocity, and attachment to one's community; received emotional
support; provided emotional support; and received instrumental support. Using factor analysis, these
variables were determined to belong to three sub-scales: civic participation (eigenvalue = 3.317,

o = 0.797), social cohesion (eigenvalue = 2.633, o = 0.853), and reciprocity (eigenvalue

= 1424,

o = 0.732). Confirmatory factor analysis indicated the goodness of fit of this model. Multilevel Poisson
regression analysis revealed that civic participation score was robustly associated with individual sub-
jective health (Self-Rated Health: prevalence ratio [PR] 0.96; 95% confidence interval [CI], 0.94—0.98;
Geriatric Depression Scale [GDS]: PR 0.95; 95% CI, 0.93—0.97). Reciprocity score was also associated with
individual GDS (PR 0.98; 95% CI, 0.96—1.00). Social cohesion score was not consistently associated with

individual health indicators.

Conclusions: Our scale for measuring social capital at the community level might be useful for future

studies of older community dwellers.

© 2016 The Authors. Publishing services by Elsevier B.V. on behalf of The Japan Epidemiological
Association. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Introduction

A growing body of studies suggests that social capital has a

significant influence on health and health behaviors.!® The
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which clarifies the contextual effect of community-level social
capital as a group attribute or collective property. Community-level
social capital is important for older adults to maintain health and
well-being, as they are likely to spend many hours in the com-
munity. Japan is a global leader among developed countries that are
experiencing rapid population aging. The proportion of older peo-
ple is currently 26.0% and is predicted to reach 30.3% by 2025. To
tackle issues associated with this situation, the Japanese govern-
ment started a novel public health agenda for the health of older
adults called Integrated Community Care for older adults.'® This
agenda aims to build social capital at the community level, improve
local healthcare governance, and enrich local resources/environ-
ments supporting older residents. Therefore, interest in measuring
and monitoring social capital at the community level has increased
among central and local governments.

To date, several scales have been developed to measure social
capital, including scales that can be used in the workplace,'! in the
school setting,'>"> and for caregivers of children requiring special
care needs,'* as well as for trainees in clinical and translational
science.'” However, to our knowledge, no community social capital
scale is available that is useful for studies of older people in
industrialized countries like Japan. The generalizability of existing
social capital scales might be limited, as most of them have been
developed in only a few or single communities. Information on the
validity and reliability of those scales is widely lacking.>'® Available
scales also fail to capture multiple dimensions of community-level
social capital, such as cognitive and structural social capital.>!®

In this paper, using large-scale data from a survey of
community-dwelling older adults, we developed and validated an
instrument to measure community social capital in older
community-dwelling populations. Various definitions of commu-
nity social capital have been offered.'® 2! Of these, influential def-
initions in the fields of epidemiology and public health include the
definition by Coleman??: “a variety of different entities having two
characteristics in common: they all consist of some aspect of social
structure, and they facilitate certain actions of individuals who are
within the structure”. Putnam's definition is also well known:
“features of social organization such as networks, norms, and social
trust that facilitate coordination and cooperation for mutual
benefit”.>> In social epidemiology, Kawachi and Berkman intro-
duced a more straightfoward definition that is useful in public
health settings: “resources that are accessed by individuals as a
result of their membership of a network or a group”."”

Referring to these definitions, we have developed a health-
related social capital scale at the community level because we
assumed that our scale would be used to conduct community
diagnosis (i.e., to evaluate the characteristics of the community and
individual residents). Evaluating the contextual effects of commu-
nity characteristics on individual health is a key interest of studies
and activities of public health.

Methods
Data

We analyzed cross-sectional data derived from the year 2013
wave of the Japan Gerontological Evaluation Study (JAGES) Project.
JAGES investigated people aged 65 years or older who did not have
physical or cognitive disabilities, a state which was defined as not
receiving public long-term care insurance benefits in 30 munici-
palities. The municipalities were not randomly selected but covered
a wide range of characteristics in terms of regions and population
sizes in Japan. In 13 relatively small municipalities, self-
administered questionnaires were mailed to all functionally inde-
pendent older adults, and in 17 municipalities, questionnaires were

mailed to randomly selected older adults based on the official
residential registers (response rate, 71.1%). The respondents were
129,739 residents nested in 832 communities that were primarily
based on school districts, with some municipal exceptions. Com-
munities containing <50 respondents were excluded to avoid non-
precise values due to small samples. Ultimately, we derived data
from 702 communities comprising 123,760 individuals. The mean
number of observations per community was 176 (standard devia-
tion [SD], 226).

We aggregated individual responses into small areas (i.e., school
districts) to assess social capital at the community level. Although
social capital could be evaluated at various levels of aggregations,
such as municipality, prefecture, and country levels,”* we selected
the school district as the unit of community in this paper for the
following reasons. First, in most regions, school district could
represent a geographical scale in which older adults can travel
easily by foot or bicycle, and many local activities by community
organizations, such as senior citizens club and sports clubs, are
performed within each school district. Second, school district is
valuable unit for considering local public health activities. Using
school districts as the sampling unit, we could evaluate regional
variability in social capital within each municipality, which may
help local public health practitioners in conducting their activities.
Third, it is the smallest area size in which we could maintain suf-
ficient precision of the aggregated information, in terms of the
number of samples within each community.

Selection of candidate variables for social capital scale

Referring to available concepts of social capital,'®~?! we selected
53 indicators that were potentially associated with social capital
(See eTable 1 for full lists of variables). For example, selected vari-
ables included the proportion of residents in each community who
reported participating in community-based activities (e.g., volun-
teer groups; sports groups or clubs; hobby activity groups; senior
citizen clubs; community associations; study or cultural groups;
nursing care prevention activities; activities to teach skills or pass
on experiences to others; local events, including festivals and
dances; activities to support older people requiring protection;
activities to support older people requiring nursing care; activities
to support parents raising children; and local living arrangement
improvement or beautification activities). Items also assessed social
integration (e.g., average number of friends and frequency of con-
tact with them, the proportion of people who received or provided
social support, and interactions with neighbors), trust, norms of
reciprocity, and attachment.

Subjective health indicators

The concurrent validity of our social capital scale was evaluated
using the health indicators of self-rated health (SRH) and depres-
sive symptoms. These are valid predictors of mortality regardless of
other medical, behavioral, or psychosocial factors.’>?® We
measured SRH using the question “How do you feel about your
current health status: excellent, good, fair, or poor?” Depressive
symptoms were assessed using the 15-item Geriatric Depression
Scale (GDS) that was developed for self-administration in the
community using a simple binary (yes/no) format.>’?® Scores >5 on
the GDS indicate mild to severe depression.”®

Statistical analysis
Selection of variables for social capital scale

First, we aggregated each selected variable into the community
(school district) level because a community social capital scale
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Table 1

Correlation between social capital candidate indicators and subjective health at the community level (n = 702).

Partial correlation®

SRH (fair/poor) GDS (>5)
Volunteer group (>once a month) —0.093** —0.193***
Sports group (>once a month) —0.233*** —0.355"**
Hobby activity (>once a month) —0.256*** —0.332%**
Study or cultural group (>once a month) —0.144*** —0.205***
Skills teaching (>once a month) -0.106** —0.200***
Frequency of contact with friends (rarely) 0.272*** 0.372%**
Number of friends (>10) —0.140** —0.255***
Receive emotional support (any one or more) —0.049 —0.189***
Provide emotional support (any one or more) —0.154** —0.265***
Receive instrumental support (any one or more) —0.186*** —0.292***
Community trust (strongly & moderately trusted) —0.204*** —0.373***
Norms of reciprocity (agree strongly & agree) —0.144*** —-0.331"**
Community attachment (strongly & moderately attached) —0.136"** —0.315***
Facilities you feel free to drop in —0.102** —0.206™*

GDS, geriatric depression scale; SRH, self-rated health.
***p < 0.001, **p < 0.01, *p < 0.05.

¢ Population density and elderly proportion at municipality level were controlled.

should be created from the multiple indicators representing
community-level characteristics. For example, when perceptions
about trust are aggregated to the group level, it is no longer a
measure of personal perceptions but a measure of the trustwor-
thiness of people in the group.” Second, to extract the variables
related to health outcomes, we calculated partial correlations be-
tween each candidate variable and the health indicators of SRH and
GDS, after controlling for population density and the proportion of
older individuals (ecological analysis). Candidate variables with
moderate or strong correlations with either SRH or GDS were then
extracted (r > 0.150). When several variables were conceptually
similar, we adopted the variable with the closest relationship to be
the health indicators. Third, we conducted exploratory factor
analysis and eliminated low-communality variables so that the
remaining variables maximized internal consistency, as evaluated
based on Cronbach's alpha test. Fourth, we applied the maximum
likelihood method with promax rotations for these factor analyses
to account for the correlations among the factors identified. The
utilization of multiple community indicators rather than a single
indicator in creating a community social capital scale increases the
reliability of the scale created. We then performed confirmatory
factor analysis. We did not attempt to improve the fit index of our
confirmatory factor analysis model via basing the analysis on re-
sidual covariance matrices.

Evaluating concurrent validity

The concurrent validity of our scale was determined using
multilevel Poisson regression predicting individual SRH and GDS.
To model contextual effects of community social capital, we used
multilevel analysis to account for the variability in health outcomes
due to individual compositions (i.e., individual's sociodemographic
backgrounds and the responses to the questions used for making
our community social capital scale).” To model potentially different
associations between community social capital and individual
health across individual characteristics, we also applied a cross-
level interaction term. We used Stata 12.1 (StataCorp, College Sta-
tion, TX, USA) and MLwiN 2.32 (Centre for Multilevel Modelling,
Bristol University, Bristol, UK) for statistical analysis.

Ethical considerations
JAGES participants were informed that participation in the

present study was voluntary and that completing and returning the
self-administered questionnaire via mail indicated their consent to

Table 2
Extraction of social capital candidate indicators based on reliability.

Communalities (Factor analysis)

Number of items 14 11
Volunteer group 0.325 0315
Sports group 0.638 0.640
Hobby activity 0.743 0.752
Study or cultural group 0.500 0.495
Skills teaching 0.295 0.288
Less frequency of contact with friends 0.273

Number of friends 0.229

Receive emotional support 0.679 0.687
Provide emotional support 0.538 0.533
Receive instrumental support 0.392 0.394
Community trust 0.795 0.883
Norms of reciprocity 0.720 0.650
Community attachment 0.534 0.529
Facilities you feel free to drop in 0.273

Cronbach's alphas 0.728 0.752

participate in the study. Ethics approval was obtained from the
Ethics Committee at Nihon Fukushi University (13-14).

Results

Based on the results of the correlation analysis, we selected 14 of
the 53 candidate variables that were strongly or moderately asso-
ciated with health indicators (Table 1). We excluded three variables
to improve communalities and ultimately adopted 11 for inclusion
in our health-related community social capital scale based on in-
ternal consistency (o = 0.752) (Table 2).

Exploratory factor analysis (Table 3) suggested that three factors
(eigenvalues: 3.317, 2.633, and 1.424) composed of the 11 variables,
with cumulative contribution of 67.0%. The first factor was mainly
associated with the participation in volunteer groups, sports
groups, hobby activities, study or cultural groups, and activities for
teaching skills (o = 0.797). We collectively named this factor “civic
participation”. The second factor that was strongly associated with
trust, community trust and attachment (o = 0.853), was named
“social cohesion”. The third factor that was strongly associated with
receiving and providing emotional support and receiving instru-
mental support (o = 0.732) was named “reciprocity”. Social cohe-
sion score significantly correlated with reciprocity score (r = 0.436,
p < 0.001). Confirmatory factor analysis showed that the root mean
square error of approximation was 0.089, the comparative fit index
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Table 3
Factor loadings of community-level social capital scale.
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Exploratory factor analysis®

Confirmatory factor analysis®

Civic participation (F1)  Social cohesion (F2)

Reciprocity (F3)

Civic participation (F1)

Social cohesion (F2)

Reciprocity (F3)

Volunteer group 0.536 0.119
Sports group 0.791 -0.015
Hobby activity 0.868 —0.020
Study or cultural group 0.706 -0.023
Skills teaching 0.536 0.003
Community trust 0.055 0.934
Norms of reciprocity —0.058 0.817
Community attachment 0.055 0.716
Received emotional support  —0.092 —0.005
Provided emotional support 0.104 —0.097
Received instrumental —0.061 0.257

support
Correlation coefficient

F1 & F2 0.154 (p = 0.000)

F1 & F3 0.065 (p = 0.087)

F2 & F3 0.436 (p = 0.000)

—0.029
0.100
0.021

—0.051

—0.060

—0.009

-0.015
0.007
0.831
0.750
0.486

0.557 -
0.796 -
0.867 -
0.693 -
0.532 -

0.178 (p = 0.000)
0.031 (p = 0.495)
0.392 (p = 0.000)

2 Exploratory factor analysis was applied promax rotation and maximum likelihood method.
b Model fit indicators of confirmatory factor analysis were as follows: Chi-square (df) = 271.2(41), p < 0.001, RMSEA = 0.089, CFI = 0.925, TLI = 0.899, SRMR = 0.058.

was 0.925, the Tucker—Lewis index was 0.899, and the standard-
ized root mean square residual was 0.058, which were almost
comparable to the criterion of the fit index.

Table 4 shows descriptive statistics for the variables in the
multilevel Poisson regression model. Individual-level civic partici-
pation was calculated via summing the number of civic groups (up
to five) in which respondents participated once or more per month.
Individual-level social cohesion and reciprocity were dichotomized
into those who responded “strongly/moderately agree” and “any
one or more” compared with all other responses. Even after con-
trolling for individual socio-demographic status (i.e., age, gender,
marital status, education, and annual household income), all
community-level social capital scores were significantly associated
with depressive symptoms (Table 5). The prevalence ratio (PR) was
0.94 (95% confidence interval [CI], 0.92—0.95) per 1 SD increase in
the score for civic participation. The PRs for social cohesion and
reciprocity were 0.97 (95% CI, 0.95-0.99) and 0.96 (95% (I,
0.95—0.98), respectively. When the outcome was changed to self-
rated health, the PRs of social capital scores were similar to the
associations with GDS scores, although statistical significance was
marginal for social cohesion and reciprocity.

Additional adjustments for individual-level responses to the
questions used to form our scale for evaluating social capital did not
affect the PRs for civic participation (PR for poor/fair SRH, 0.96; 95%
Cl, 0.94—0.98; PR for GDS, 0.95; 95% CI, 0.93—0.97; Model 2).
Reciprocity was also associated with individual GDS (PR 0.98; 95%
Cl, 0.96—1.00). On the other hand, the same adjustment attenuated
the association between community-level social cohesion and in-
dividual health indicators. Most cross-level (individual and com-
munity) interactions were not statistically significant (Model 3).
Applying an indicator method using a dummy variable as cate-
gorical data, which was done to account for non-normal distribu-
tion and missing data, did not alter the major results and trends
(eTable 2). In addition, correlation coefficients between each
community-level social capital score and individual responses were
not high (0.09—0.17).

Discussion

We developed and validated an 11-item scale, which was
comprised of sub-dimensions of civic participation, social cohesion,

Table 4
Descriptive statistics of final sample.

Outcome

Fair/poor health

Depressive symptoms

Level 1 (individuals, n = 123,760)

Age, years
Gender

Marital status

Education

Annual household income
(Equivalent income)

Civic participation (number of groups
which participated once or more per
month in five indicators)

Social cohesion (number of “strongly/

moderately agree” in three indicators)

Reciprocity (number of “any one or
more” in three indicators)

Level 2 (communities, n = 702)

Civic participation (factor score)
Social cohesion (factor score)
Reciprocity (factor score)

No (n = 97,324, 78.6%),

Yes (n = 22,134, 17.9%)
Unknown (n = 4,302, 3.5%)"
No (n = 74,648, 60.3%),

Yes (n = 26,700, 21.6%)
Unknown (n = 22,414, 18.1%)°

Mean = 74.0, Range = 65—106
Male (46.3%)*

Female (53.7%)
Married (70.0%)*
Divorced (20.9%)
Separated (3.3%)
Never married (2.2%)
Unknown (3.6%)

>10 years (n = 56.0%)"
<10 years (41.7%)
Unknown (2.3%)
>\4,000,000 (8.4%)"
\2,000,000—\3999.999 (30.0%)
<\2,000,000 (41.4%)
Unknown (20.2%)
None (45.1%)

One (15.5%)

Two (10.3%)

Over three (6.9%)
Unknown (22.1%)°
None (12.9%)

One (17.1%)

Two (20.6%)

Three (44.6%)
Unknown (4.7%)"
None (1.3%)

One (3.0%)

Two (6.7%)

Three (82.8%)
Unknown (6.2%)"

Mean = 0, Range = —2.79 to 3.66
Mean = 0, Range = —3.82 to 2.86
Mean = 0, Range = —4.55 to 2.26

2 Reference categories used for subsequent regression analyses.
b Unknown cases in these major variables were eliminated in subsequent
regression analyses.
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Table 5
Estimated prevalence ratios from multilevel Poisson regression analysis.
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Self-rated health (fair/poor)

Depressive symptoms (GDS >5)

Model 1
PR (95% CI)

Model 2
PR (95% CI)

PR (95% CI)

Model 3 Model 1

PR (95% CI)

Model 2
PR (95% CI)

Model 3
PR (95% CI)

Fixed parameters
Community level variables
Civic participation (factor score)
Social cohesion (factor score)
Reciprocity (factor score)
Individual-level variables
Civic participation (0—3)
Social cohesion (0—3)
Reciprocity (0-3)
Cross-level interactions
Community level civic participation
x Individual level civic participation
Community level social cohesion
x Individual level social cohesion
Community level reciprocity
x Individual level reciprocity
Random parameters

0.94*** (0.92—0.96)
0.99 (0.97—1.01)
0.98 (0.97—1.01)

0.96*** (0.94—0.98)
1.03* (1.01-1.05)
1.00 (0.98—1.03)

0.74*** (0.72—0.76)
0.84*** (0.83—0.85)
0.86** (0.84—0.88)

Community level intercept variance 0.004 (0.002) 0.004 (0.002)
(standard error)

Community level civic participation <0.001 <0.001
slope variance (standard error)

Community level social cohesion <0.001 <0.001
slope variance (standard error)

Community level reciprocity slope <0.001 <0.001

variance (standard error)

0.97** (0.95—0.99)

0.74*** (0.72—0.76)
0.84*** (0.83—0.85)
0.86*** (0.84—0.88)

0.98 (0.95—1.00)

0.99 (0.97—1.02)

0.94*** (0.92—0.95)
0.97** (0.95—0.99)
0.96*** (0.95—0.98)

0.95*** (0.93—0.97)
1.02* (1.00—1.04)
0.98* (0.96—1.00)

0.95*** (0.93—-0.97)
1.03 (1.00—1.06)
1.03 (0.98—1.09)

1.03 (0.99—-1.07)
1.02 (0.95-1.09)

0.76*** (0.75—0.78)
0.77"* (0.76—0.77)
0.82"** (0.80—0.83)

0.76*** (0.75—0.78)
0.77*** (0.76—-0.77)
0.82*** (0.80—0.83)
1.01 (0.98—1.03)

1.00 (0.98—1.02) 0.99 (0.98—1.01)

0.98* (0.96-1.00)

0.003 (0.002) 0.001 (0.001) <0.001 <0.001
<0.001 <0.001 <0.001 <0.001
<0.001 <0.001 <0.001 <0.001
<0.001 <0.001 <0.001 <0.001

CI, confidence interval; GDS, geriatric depression scale; PR, prevalence ratio.
**p < 0.001, **p < 0.01, *p < 0.05.

All models are also adjusted for individual-level age, gender, marital status, education, and annual house income. Unknown cases in social capital variables and dependent
variables were eliminated in this analysis. Sample size of model 1 was as follows: SRH; individual = 119,458, community = 702, GDS; individual = 101,348, community = 702.
Sample size of model 2 and model 3 were as follows: SRH; individual = 88,436, community = 702, GDS; individual = 79,081, community = 702.

and reciprocity, to measure social capital at the community level.
Evaluations of communalities of factors and internal consistency, as
well as confirmatory factor analysis, demonstrated that these 11
indicators formed a reliable scale. We also found evidence to sup-
port convergent validity: the indicators were correlated with health
outcomes in expected directions. Our instrument might be useful
for gerontological studies and activities in Japan, and, although
further studies are needed, the scale may be useful in other coun-
tries with a similar context to that of Japan.

The distinction among civic participation, social cohesion, and
reciprocity dimensions are fundamental in social capital the-
ory.>161729 Our factor analysis statistically identified these three
components. According to Islam et al, the structural dimension of
social capital includes externally observable aspects of social or-
ganization and is characterized by behavioral manifestations of
network connections or civic engagement.”” This concept was re-
flected in the variables included in our civic participation and
reciprocity variables. That the factors reflecting subjective atti-
tudes, such as trust, norms of reciprocity, and attachment within
the community, were collectively named “social cohesion” was also
theoretically reasonable. The “reciprocity” component of our social
capital scale may capture the dimension of community social cap-
ital that promotes the exchange of individual social supports within
the community. Our results, which showed strong correlation be-
tween “reciprocity” and “social cohesion”, are also consistent with
the theoretical framework. We did not find remarkable inflations of
confidence intervals or strong correlation between community-
level social capital scores and individual responses after adjusting
for individual measures. These findings suggest that the potential
for multicollinearity was not large.

Social capital studies in public health have so far yielded mixed
findings, potentially as a result of inconsistencies in the manner in

which investigators have operationalized and measured the
concept of “social capital”, often by resorting to proxy variables
available through secondary data sets. Previous studies have used
indicators, such as community voting rates in elections or the local
crime rate, as proxies for social capital. Although these variables
could be viewed as either antecedents or consequences of social
capital, they do not directly capture its core concepts. In addition,
differences between study findings might relate to variations in
culture, region, units of analysis, and age cohorts.

Although communities in Japan might have closer social ties
than those in the United States, generalized trust, which is the
central concept of social cohesion or cognitive social capital, is low
in cohesive societies because human relations in such a society are
based on mutual “assurance” rather than “trust”.? This has resul-
ted in an unfavorable effect of trust on health in some Japanese
studies.>">?> Nonetheless, studies to date are difficult to compare
due to their use of conventionally created alternative scales based
on an assortment of concepts. Hence, we believe that our novel
scale for measuring community social capital could provide a useful
option for such studies. Using a common scale would contribute to
the discussion about between-study differences of the “true” in-
terests of investigators.

Our findings suggest that community-level civic participation is
more closely correlated with health outcomes than social cohesion.
This might be because the indicators of civic participation applied
in our study were more objective than those used to determine
social cohesion. Our analysis also showed a reverse predictive value
of community-level social cohesion for health indicators. Further
studies should be conducted to identify the possible reasons for
those results. Portes's concepts of the dark side of social capital may
help understanding the reasons.>> Portes has pointed out four
potentially harmful characteristics of group-level social capital: the
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exclusion of outsiders, excess claims on group members, re-
strictions on individual freedoms, and downward-leveling norms. A
Japanese empirical study demonstrated that stronger social cohe-
sion was associated with depressive symptoms in residents whose
hometown of origin differed from the communities where they
currently resided.>* Alternatively, the weaker predictive value of
community-level social cohesion might be explained via mea-
surement bias due to the potential non-participation of those who
trust others less. Information bias when asking about personal
perceptions might be another explanation. Compared with infor-
mation about individual memberships in community groups, in-
dividual perceptions regarding trust or reciprocity could be more
easily influenced by various temporary conditions. This might also
reflect some degree of reverse causation, in which healthier people
are more likely to participate. Although individual-level percep-
tions of social capital were more strongly associated with individual
health compared with community-level social capital, this is not
unexpected, since more proximal exposure to the individual is
likely to correlate with individual-level health outcomes.

Strengths and limitations

This study has several important and inherent strengths. The
survey was originally designed to measure social capital, which
allowed the use of various conceptually appropriate candidate
variables. The large sample size in terms of numbers of individual
participants and communities in particular is an important
strength, as our analysis has sufficient power to create a
community-level scale. We created a social capital scale specifically
for the elderly population, which is the first of its kind. Neverthe-
less, the study also had some key limitations. The cross-sectional
design might have included reverse causality that potentially
biased the results of our evaluation of concurrent validity. More-
over, it would be better to conduct further validations. For example,
criterion validity could be evaluated using more objectively
measured community-level variables, such as the proportion of
participation in each organization and the voting rate. Validation
studies using hard outcomes, such as mortality, are also required.
Although the response rate to our survey was relatively high
(71.1%), selection bias cannot be fully excluded. Generalizability
might be limited because our dataset was not a nationally repre-
sentative sample and was created for older adults. Caution is
needed when applying our community social capital scale to data
obtained from alternative contexts, such as younger populations or
using data created via alternative survey methods. However, the
geographic and cultural variations of the municipalities included in
our sample were high, and the municipalities included metropol-
itan and rural areas. Moreover, we used school districts as com-
munity units, but we do not know whether our scale would be
similarly valid when evaluating a community defined using an
alternative area unit. Ideally, a social capital index that can be
applicable at any level of aggregation should be created. However,
we found that the three factors based on our alternative factor
analyses using individual-level data also showed the same items in
each factor, suggesting the potential generalizability of our social
capital scores to alternative units of aggregation.

Conclusion

We developed a health-related community social capital scale,
which was composed of 11 items assessing civic participation, so-
cial cohesion, and reciprocity. The scale was designed to allow
calculations based on data derived from older populations. This
new standard social capital measure could shed light on public

health and gerontological issues, as well as other matters associ-
ated with community social capital.
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living in a hilly environment on diabetes mellitus. The purpose of this study was to investigate the impact
of a hilly neighborhood environment on DM in older people.

Methods: We used data from the Japan Gerontological Evaluation Study, a population-based, cross-
sectional study of individuals aged 65 or older without long-term care needs in Japan, which was con-
ducted in 2010. A total of 8904 participants in 46 neighborhoods had responded to the questionnaire and

ggt‘:::tzs' undergone a health check. Diabetes mellitus was diagnosed as HbAi. > 6.5% and those undergoing
Slope treatment for diabetes mellitus. Poorly controlled diabetes mellitus was diagnosed in those without other
Physical environment chronic diseases who had an HbA > 7.5%, and in those with other chronic diseases if their HbA;. was
Steps >8.0%. Neighborhood environment was evaluated based on the percentage of positive responses in the
Neighborhood questionnaire and geographical information system data. A multilevel analysis was performed, adjusted
Elderly for individual-level risk factors. Furthermore, sensitivity analysis was conducted for those who were

undergoing treatment for diabetes mellitus (n = 1007).
Results: After adjustment for other physical environmental and individual covariates, a 1 interquartile
range increase (1.48°) in slope in the neighborhood decreased the risk of poorly controlled diabetes
mellitus by 18% (odds ratio [OR]: 0.82, 95% confidence interval [CI]: 0.70—0.97). Sensitivity analysis
confirmed that larger slopes in the neighborhood showed a significant protective effect against diabetes
mellitus among those who were undergoing treatment for diabetes mellitus (OR: 0.73, 95% CI: 0.59—0.90).
Conclusion: A hilly neighborhood environment was not associated with diabetes mellitus, but was

protective against poorly controlled diabetes mellitus.
© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The control of type 2 diabetes mellitus (DM) is one of the most
* Corresponding author. Department of Global Health Promotion, Tokyo Medical important public health issues in our aging society (Zimmet et al.,
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estimated to reach 266 million in 2030 (Qi et al., 2008), a trend that
is partially attributed to the increasing older population (Charvat
et al., 2015). Although several individual-level lifestyle risk factors
(such as healthy diet, physical activity, and obesity (Zimmet et al.,
2001; Zimmet, 1992)) have been identified, and individual-level
interventions are reported to be effective (Colagiuri et al., 2010;
Aguiar et al., 2016), changes to the neighborhood environments
that influence lifestyle behaviors (Feng and Astell-Burt, 2013) and
other such interventions might also be effective as a preventative
public health strategy (Rose, 1992).

Previous studies have reported the preventive effect of changes to
neighborhood environments on the development of type 2 DM,
including changes to deprived neighborhoods (Muller et al., 2013;
Williams et al.,, 2012), as well as access to exercise facilities, grocery
stores (Christine et al., 2015; Auchincloss et al., 2008), and green
spaces (Astell-Burt et al., 2014). It is known that the neighborhood
environment related to walkability, such as the number of parks,
intersection density, public transportation density, and net residen-
tial density, is associated with physical activity (Sallis et al.,, 2016).
Moreover, perceived neighborhood walkability has shown an inverse
association with sedentary behavior (Van Dyck et al., 2012). However,
few studies have focused on the impact of a hilly environment on DM.
A hilly environment may promote muscular activity in the daily lives
of residents, and such activity may prevent DM (Minetti et al., 2002).
Interestingly, Villanueva et al. reported that the rate of self-reported
DM in adults living in a neighborhood with steeper slopes was lower
than that of adults living in flatter areas (Villanueva et al., 2013).
Studies using a more objective assessment of DM status, such as
HbA;. levels, rather than self-reported assessment studies, are
needed to investigate the link between a hilly environment and DM.

In older people, the control of DM is important to the prevention
of complications (The effect of intensive t, 1993; Intensive blood-
glucose ¢, 1998; Ohkubo et al., 1995) such as diabetic nephropathy,
retinopathy, neuropathy, and microvascular problems (Zimmet,
1999). Management of these complications involves significant
medical costs (Liebl et al., 2015). Furthermore, intensive glycemic
control to prevent the onset or deterioration of DM may be harmful in
frail older people who are more likely to have other diseases (Lipska
et al., 2015; Vijan et al., 2014). Therefore, close attention should be
paid to those with poorly controlled DM, which is defined as HbA;
levels of 7.5% or greater in healthy individuals with no comorbidities
other than DM, or 8.0% or greater in elderly people with chronic
disease, mild cognitive impairment, or an inability to perform two or
more daily tasks (Kirkman et al., 2012). To our knowledge, however,
no study has focused on the association between the neighborhood
environment and poorly controlled DM in older people.

In this study, we used large population-based data on older
people (i.e., 65 years or over) without long-term care needs to
investigate the link between the neighborhood physical environ-
ment—assessed by both survey-based and geographic information
system (GIS)-based data—and DM, which was assessed by HbA1
levels obtained from community-based health checks. We hypoth-
esized that older people living in a hilly environment, that is, living
in an area with steep slopes, may be less likely to have DM, espe-
cially poorly controlled DM, after accounting for potential lifestyle
and other such factors in the neighborhood physical environment.

2. Methods
2.1. Sample

We used part of the data from the Japan Gerontological Evalua-
tion Study (JAGES) project, a large, ongoing, prospective epidemio-

logical study of the Japanese population aged 65 years or older from
31 municipalities across all areas of Japan without long-term care

needs (n = 112,123; response rate, 66.3%). For the current study, we
used data from individuals in six municipalities in the Chita
peninsula, Aichi, for whom we had health check data (n = 9893). The
data were collected in August 2010 to January 2012. We excluded
individuals for whom information on HbA1c levels (n = 393) and
neighborhood code (n = 7) were missing. After further limiting the
sample to those who had lived in the same city for 10 years or more,
a total of 8904 participants were included in analyses to determine
the impact of living in a hilly environment on DM. The JAGES pro-
tocol was approved by the Ethics Committee for Research of Human
Subjects at Nihon Fukushi University (No. 10-05).

2.2. HbA;c measurement and blood glucose level

HbA;. was measured at community health centers or registered
hospitals in health checks organized by the municipality and
analyzed by local hospital laboratories using the latex agglutination
method, and reported by the Japan Diabetes Society (JDS). The
measured ratio was converted to a National Glycohemoglobin
Standardization Program (NGSP) value based on the transform
equation (Geistanger et al., 2008). Fasting blood glucose level was
also measured in around half of the participants (N = 4623, 51.9%),
and casual blood glucose level was measured in another one-fifth of
participants (N = 1960, 20.2%).

DM was diagnosed if HbA;. was >6.5%, fasting glucose level was
>126 mg/dl, or casual glucose level was >200 mg/dl, or if the pa-
tient was undergoing treatment for DM regardless of the level of
HbA1c. Poorly controlled DM was defined as HbA1. > 7.5% for those
without other diseases or >8.0% for those with other chronic dis-
eases, including cancer, heart disease, stroke, hypertension, or dys-
lipidemia, based on the latest consensus report on DM among older
people from American Diabetes Association (Kirkman et al., 2012).

2.3. Objective neighborhood environment (slope, population
density, and land value)

We used the ArcGIS 10.1 software to assess the neighborhood
physical environment as a special calculation, and included the
presence of slopes, grocery stores, and parks. In accordance to a
previous study using JAGES data (Takagi et al., 2013a), we used the
elementary school district as the neighborhood unit, which is a
proxy for a geographical area that is easy for elderly people to
navigate (Hanibuchi et al., 2008). The average area of an elementary
school district was 6.34 km? (SD = 3.86).

The average land slope of school districts was calculated using
the Elevation, Degree of Slope 5th Mesh Data (as of 2011) of the
National Land Numerical Information from the Ministry of Land,
Infrastructure, Transport and Tourism in Japan, based on the Digital
Map 50 m Grid (Elevation) from the Geospatial Information Au-
thority of Japan (GSI) (Ministry of Land I and Transport and
Tourism, 2016a). The range of slopes was from 0.95 to 9.79°, with
a mean of 3.03 (SD = 1.82).

The number of grocery stores in each school district was
calculated using the 500-m mesh data from the Census of Com-
merce of 2007 conducted by the Ministry of Economy, Trade and
Industry. In this study, a grocery store was defined as a department
store, general merchandise store, specialized supermarket, daily
commodities store, or convenience store. The average count of
parks was calculated using the City Park Data (as of 2011) of Na-
tional Land Numerical Information from the Ministry of Land,
Infrastructure, Transport and Tourism in Japan, from GSI. The city
park parameter included open spaces, athletic grounds, and ball
parks that were built based on the Urban Park Act across the
country (Ministry of Land I and Transport and Tourism, 2016b).
Similarly, the number of hospitals in each school district was
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calculated using Medical Institution Data (as of 2010) of the Na-
tional Land Numerical Information from the Ministry of Land,
Infrastructure, Transport and Tourism in Japan, from GSI.

The population density of school districts was calculated using
the 2010 census and Land Utilization Tertiary Mesh Data (as of
2010) of the National Land Numerical Information from the Min-
istry of Land, Infrastructure, Transport and Tourism in Japan based
on the 1:25,000 Topographic Map of Japan. These calculations
excluded non-developed areas (e.g., rivers, lakes, forest, and
wasteland) (Ministry of Land I and Transport and Tourism, 2016c).

Further, to assess neighborhood socioeconomic status, land
value was obtained from the GSI. The mean land value reported
within each school district was used as a proxy for neighborhood
socioeconomic status, according to previous studies in Japan
(Takagi et al., 20134, 2013b; Aida et al., 2013).

2.4. Perception of physical environments

To assess the psychological barriers to walking around the
neighborhood due to slopes or stairs, we used the following
question: “How do you feel about the difficulty in walking within
1 km around your home due to slopes or steps?” A Likert scale with
four possible responses was used (1: a lot; 2: to some extent; 3: not
so much; 4: not at all), along with “unknown” as a response item.
The response was recorded as 1 for a positive response and 0 for the
others. Similarly, the perception of ease of access to grocery stores
to obtain fresh vegetables and fruits, and to parks or sidewalks, was
also determined in the questionnaire by asking “Do you feel that it
is easy to access grocery stores within 1 km around your home to
obtain fresh vegetables or fruits?” and “Do you feel that the park or
sidewalks are appropriate for physical activity or walking?” which
were answered with the same response items as above. The pro-
portion of positive responses for each school district was calculated.

2.5. Covariates

For individual covariates, the questionnaire inquired about the
duration of residence in the city, marital status (married, widowed,
divorced, never married, other), number of household members,
annual household income, education, working status (currently
working, retired, never worked), drinking (current drinker, ex-
drinker, never drinker), smoking (current smoker, ex-smoker,
never smoker), vegetable consumption (2 times/day, once a day,
4—6 times/week, < 3 times/week), walking habits (less than
60 min/day or > 60 min/day), frequency of meeting with friends
(less than once per month or 1 or more times per month), going-out
behavior (less than once per month or 1 or more times per month),
height, weight, and depression status using the Geriatric Depres-
sion Scale (GDS) (Wada et al., 2003) with a validated cut-off (5 or
more) (Schreiner et al., 2003; Tani et al., 2015; Murata et al., 2008).
Age, sex, height and weight were retrieved from the health check
records, and body mass index (BMI) was calculated.

2.6. Analysis

For neighborhood assessments that were obtained from objec-
tive and questionnaire sources, except for population density, the
interquartile range (IQR) was calculated to facilitate comparison of
the strength of the association with DM. Before the main analysis,
the association between each neighborhood assessment was
calculated using Spearman's correlation coefficient.

The multilevel logistic regression with a random intercept model
was used to investigate the association between neighborhood
slope and DM or poorly controlled DM. Model 1 was adjusted for
other neighborhood measurements that were associated with

slope: perception of access to grocery stores (unit: IQR), number of
parks (unit: IQR), number of hospitals (unit: IQR), population den-
sity (tertile), and land value (unit: IQR). Model 2 was adjusted for
individual covariates that may be associated with DM: age; sex;
marital status; number of household members; income; working,
drinking, and smoking status; vegetable consumption; walking;
going-out behavior; frequency of meeting with friends; categorized
BMI (<18.5, 18.5—25, 25+); and depression. Model 3 was adjusted
for the covariates in Models 1 and 2 simultaneously. For sensitivity
analysis, we performed the same analyses on patients who were
receiving DM treatment to avoid possible confounding biases in the
association between a hilly environment and poorly controlled DM.

For the sensitivity analysis, we performed the same analysis but
excluded participants who left the house less than once a month
and who had a BMI of 30 or more (N = 526), as it can be considered
that they are not exposed to a hilly environment.

3. Results

Table 1 shows the characteristics of participants with DM and
poorly controlled DM. The prevalence of DM and poorly controlled
DM was 17.7% (n = 1573) and 2.5% (n = 223), respectively. The
average age was similar between participants with DM (72.5 years,
standard deviation [SD] = 5.2), poorly controlled DM (72.3 years,
SD = 5.0), and all participants (72.6 years, SD = 5.5) (72.3 years,
SD = 5.0). More than 96% of all participants had lived in the current
city for 20 years or more. Around one-third of participants were
current drinkers, around 10% were current smokers, and 25% ate
vegetables less than once a day. Two-thirds of participants walked
less than 60 min per day, 20% met friends less than once per month,
and 5% went out less than once per month. These unhealthy be-
haviors were more likely to be found among participants with DM
or poorly controlled DM. Furthermore, DM or poorly controlled DM
participants were more likely to be depressed and overweight (i.e.,
BMI > 25.0). For DM and poorly controlled DM participants, the
mean HbA;. level was 6.5% and 8.2%, and the proportion of those
undergoing treatment for DM was 64.0% and 77.6%, respectively.

Table 2 shows the Spearman's correlation coefficients for
community-level measures. GIS-slope was inversely correlated
with a low perception of access to grocery stores to obtain fresh
vegetables and fruits in the community, GIS-number of parks, and
land value (r = —0.49, —0.30, and —0.48, respectively). No statis-
tically significant correlation was observed between GIS-slope and
other community-level measures.

Results of the multilevel logistic regression analysis for DM are
shown in Table 3. The crude model revealed a protective associa-
tion, although the significance was marginal (p = 0.085), between
GIS-slopes and DM (odds ratio [OR] = 0.93, 95% confidence interval
[CI] = 0.89—1.01). After adjustment for neighborhood environment
covariates (Model 1), individual covariates (Model 2), and neigh-
borhood and individual covariates (Model 3), the association
became null, but the point estimate was similar (OR = 0.98, 95%
Cl = 0.88—1.09; OR = 0.93, 95% CI = 0.85—1.01; OR = 0.98, 95%
CI = 0.88—1.10, respectively). No statistically significant association
was observed between other community-level measures and DM in
the fully adjusted model.

Table 4 shows the results of the multilevel logistic regression
analysis for poorly controlled DM. The crude model showed a sig-
nificant association between GIS-slope, and poorly controlled DM
(OR = 0.86, 95% CI = 0.75—0.98). After adjustment for neighbor-
hood environment covariates (Model 1), individual covariates
(Model 2), and neighborhood and individual covariates (Model 3),
the same trend remained (OR = 0.83, 95% CI = 0.70—0.99;
OR = 0.85, 95% CI = 0.74—0.97; OR = 0.82, 95% CI = 0.70—-0.97,
respectively). Similarly to DM, no statistically significant
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Table 1
Characteristics of total participants, and participants with diabetes mellitus and poorly controlled diabetes mellitus (N = 8904).
Total DM (n = 1,573, 17.7%) Poorly controlled DM
(n = 223.2.5%)
N or Mean % or SD N or Mean % or SD N or Mean % or SD
Sociodemographics
Age mean (y.o.) 72.6 5.5 725 52 723 5.0
Sex Men 4072 45.7 888 56.5 125 56.1
Women 4832 54.3 685 43.6 98 44.0
Duration of living in the same city 10-19 years 311 35 58 3.7 8 3.6
20-29 years 523 5.9 113 7.2 12 5.4
30-39 years 1522 171 312 19.8 45 20.2
40-49 years 2177 24.5 378 24.0 56 251
50+ years 4371 49.1 712 453 102 45.7
Marital status Married 6858 77.0 1253 79.7 178 79.8
Widow 1683 18.9 259 16.5 41 18.4
Divorce/Never married/Other 257 29 45 29 2 0.9
Missing 106 1.2 16 1.0 2 0.9
Number of household members 1 736 8.3 112 7.1 13 5.8
2 4199 47.2 740 47.0 106 47.5
3+ 3388 38.1 614 39.0 82 36.8
Missing 581 6.5 107 6.8 22 9.9
Education <10 years 4522 50.8 787 50.0 116 52.0
10-12 years 3062 344 552 35.1 71 31.8
13+ years 1217 13.7 218 13.9 35 15.7
Missing 103 1.2 16 1.0 1 0.5
Annual income <1.5 million 1040 11.7 193 123 26 11.7
1.5—2.9 million 3027 34.0 549 349 85 38.1
3.0—5.9 million 2835 31.8 513 326 74 332
5.0 + million 1027 115 164 10.4 19 8.5
Missing 975 11.0 154 9.8 19 8.5
Working status Currently working 1631 183 280 17.8 43 19.3
Retired 5268 59.2 928 59.0 125 56.1
Never worked 895 10.1 167 10.6 27 121
Missing 1110 12.5 198 12.6 28 12.6
Behaviors
Drinking Current 3147 353 582 37.0 72 323
Quit 251 2.8 63 40 15 6.7
Never 4952 55.6 815 51.8 119 53.4
Missing 554 6.2 113 7.2 17 7.6
Smoking Never 4984 56.0 744 47.3 101 45.3
Quit 2319 26.0 488 31.0 68 30.5
Current 748 8.4 166 10.6 25 11.2
Missing 853 9.6 175 111 29 13.0
Vegetable eating 2 times/d 4009 45.0 633 40.2 84 37.7
1 time/d 2793 314 527 335 71 31.8
4-6 times/w 941 10.6 161 10.2 25 11.2
3 or less times/w 648 73 132 84 24 10.8
Missing 513 5.8 120 7.6 19 8.5
Walking time per day <60 min/d 5591 62.8 993 63.1 147 65.9
60+ min/d 2812 31.6 488 31.0 61 274
Missing 501 5.6 92 5.9 15 6.7
Frequency of meeting with friends <1 time per month 1720 19.3 335 213 49 22.0
1+ time per month 6655 74.7 1136 722 154 69.1
Missing 529 5.9 102 6.5 20 9.0
Frequency of going out <1 time/m 375 4.2 65 41 16 7.2
1+ times/m 8038 90.3 1406 89.4 189 84.8
Missing 491 5.5 102 6.5 18 8.1
Health status
GDS <5 5236 58.8 863 54.9 120 53.8
5+ 2263 254 456 29.0 67 30.0
Missing 1405 15.8 254 16.2 36 16.1
BMI mean 23.0 3.1 23.8 34 23.8 33
<185 575 6.5 74 47 14 6.3
18.5-24.9 6229 70.0 994 63.2 138 61.9
25.0+ 2100 23.6 505 32.1 71 31.8
HbA1c mean (%) 5.54 0.67 6.49 1.00 8.20 1.10
DM treatment not treated 5766 64.8 417 26.5 23 103
treated 1007 113 1007 64.0 173 77.6
Missing 2131 239 149 9.5 27 12.1

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in square meters); GDS, Geriatric Depression Scale; DM, diabetes mellitus.

association was observed between other community-level mea- undergoing treatment are shown in Table 5. Overall, a high GIS-
sures and poorly controlled DM. slope was inversely associated with poorly controlled DM partici-
The results of analysis for those with poorly controlled DM pants undergoing treatment, with the point estimate of the GIS-
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Table 2
Summary of neighborhood measures and their Spearman correlations (n = 46).
Mean SD Median Min Max 1 2 3 4 5 6 7 8
1. GIS-Slopes (degree) 3.03 1.82 2.63 0.95 9.79 1.00
2. Perception of difficulty to walk due to slopes and stairs 49.2 12.2 48.1 254 80.3 0.21 1.00
in the community (%)
3. GIS-Number of grocery stores (n) 235 16.5 18.5 6 71 -033 -0.18 1.00
4. Perception of access to grocery stores for fresh vegetables 73.7 129 75.4 42.2 95.1 —-049 0.19 025 1.00
and fruits in the community (%)
5. GIS -Number of parks (n) 4.1 3.8 3 0 14 —-030 -0.17 042 042 1.00
6. Perception of access to park and sidewalk (%) 73.8 11.7 75.7 52.6 94.6 -021 029 0.15 051 0.57 1.00
7. GIS-number of hospital 184 13.2 16 3 67 0.17 -0.19 022 -0.13 0.10 -0.12 1.00
8. Population density (population/km?) 25773 17689 2211.0 4058 10,2279 -029 0.10 014 038 029 041 -028 1.00
9. Land value (yen/m?) 67,958 21,644 66,356 29,600 109,800 —048 0.07 020 043 041 059 —-0.32 0.57
*Bold shows significance p < 0.05.
Table 3
Association between neighborhood environment and diabetes mellitus (N = 8904).

Crude Model 1 (adjusted Model 2 (adjusted Model 3 (adjusted for
for neighborhood for individual neighborhood and
environment covariates) covariates) individual covariates)

OR 95% CI OR 95% ClI OR 95% CI OR 95% CI

GIS-Slopes (IQR: 1.48°) 0.93 0.86—1.01 0.98 0.88—1.09 0.93 0.85—1.01 0.98 0.88—1.10

Perception of difficulty to walk due to slopes and 1.07  0.94-1.22 1.01 0.88—1.17 1.07 094-1.22 1.05 0.92-1.20
stairs in the community (IQR: 14.5%)

GIS-Number of grocery stores (IQR:16) 0.99 0.89—-1.09 0.97 0.88—1.08

Perception of access to grocery stores for fresh 1.11 0.98—-1.27 0.99 0.85—1.16 1.10 0.96—1.26 0.99 0.84—-1.16
vegetables and fruits in the community (IQR:16.3%)

GIS-Number of parks (IQR:5) 1.16 1.01-1.33 1.07 0.89—-1.57 1.16 1.002—1.34 1.15 0.98—-1.35

Perception of access to park and sidewalk (IQR: 19.4%) 1.26 1.06—1.50 1.25 1.04—-1.49

GIS-Number of hospital (IQR:16) 0.89 0.78—-1.00  0.92 0.76—1.11 0.88 0.77-0.999  0.91 0.75-1.11

Population density (ref: low) Middle 1.22 0.94—-1.57 1.09 0.81-1.48 1.19 0.92—-1.56 1.02 0.75-1.38

High 1.23 0.96—-1.59  0.98 0.69—-1.39 1.23 0.95-1.60 0.99 0.68—1.42
Land value (IQR:35,017 yen/m?) 1.21 1.02-1.44 0.98 0.76—1.27 1.20 1.01-1.44 1.06 0.84-1.33

Unit: interquartile range (IQR).

Model 1 adjusted for each hilly assessment, perception of access to grocery stores (unit: IQR), number of parks (unit: IQR), number of hospitals (unit: IQR), population density

(tertile), and land value (unit: IQR).

Model 2 adjusted for age, sex, marital status, household number, income, working status, drinking, smoking, vegetable consumption, walking, going-out behavior, frequency

of meeting, BMI (category), and depression.
Model 3 adjusted for covariates in Model 1 and 2.

Table 4

Association between neighborhood environment and poorly controlled diabetes mellitus (N = 8904).

Crude Model 1 (adjusted for Model 2 (adjusted Model 3 (adjusted for
neighborhood for individual neighborhood and
environment covariates) covariates) individual covariates)

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

GIS-Slopes (IQR: 1.48°) 0.86 0.75—0.98 0.83 0.70—0.99 0.85 0.74—0.97 0.82 0.70—0.97

Perception of difficulty to walk due to slopes and 1.11 0.90—-1.36 1.11 0.89—-1.37 1.08 0.88—1.33 1.08 0.88—1.33
stairs in the community (IQR: 14.5%)

GIS-Number of grocery stores (IQR:16) 0.98 0.84-1.15 0.98 0.84-1.14

Perception of access to grocery stores for fresh 1.13 0.93—-1.38 1.05 0.84—-1.32 1.11 0.91-1.35 1.03 0.83—-1.28
vegetables and fruits in the community (IQR:16.3%)

GIS -Number of parks (IQR:5) 0.99 0.77-1.26 091 0.72—-1.16 0.99 0.78—1.27 0.93 0.73-1.17

Perception of access to park and sidewalk (IQR: 19.4%) 117 0.88—1.56 1.14 0.85—1.52

GIS-Number of hospital (IQR:16) 0.88 0.72—1.08 1.05 0.78—1.40 0.88 0.73—-1.07 1.03 0.77-1.36

Population density (ref: low) Middle 1.36 0.91-2.02 1.20 0.76—1.90 1.34 0.90—1.99 1.18 0.75-1.84

High 1.23 0.83-1.83 1.07 0.61-1.90 1.20 0.80—1.78 1.00 0.57-1.76
Land value (IQR:35,017 yen/m?) 1.16 0.87—1.55 0.90 0.64—1.28 1.17 0.88—1.57 0.92 0.66—1.28

Unit: interquartile range (IQR).

Model 1 adjusted for each hilly assessment, perception of access to grocery stores (unit: IQR), number of parks (unit: IQR), perception of access to home doctor (unit: IQR), and

population density (tertile).

Model 2 adjusted for age, sex, marital status, household number, income, working status, drinking, smoking, vegetable consumption, walking, going-out behavior, frequency

of meeting, BMI (category), and depression.
Model 3 adjusted for covariates in Model 1 and 2.
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Table 5

Association between neighborhood environment and poorly uncontrolled diabetes mellitus among participants of under-treatment of DM (N = 1007).

Crude Model 1 (adjusted for Model 2 (adjusted Model 3 (adjusted for
neighborhood for individual neighborhood and
environment covariates) covariates) individual covariates)

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

GIS-Slopes (IQR: 1.48°) 0.85 0.73—-0.99 0.76 0.62—0.94 0.84 0.72—0.99 0.73 0.59—-0.90

Perception of difficulty to walk due to slopes and 1.03 0.83-1.29 1.10 0.84—1.44 1.04 0.83—-1.31 1.14 0.86—1.51
stairs in the community (IQR: 14.5%)

GIS-Number of grocery stores (IQR:16) 1.05 0.90-1.23 1.05 0.90—-1.22

Perception of access to grocery stores for fresh 1.14 0.93-1.38 1.23 0.95-1.59 1.12 0.92—-1.38 1.24 0.94—-1.62
vegetables and fruits in the community (IQR:16.3%)

GIS -Number of parks (IQR:5) 0.90 0.69-1.17 0.80 0.60—1.07 0.88 0.67-1.14 0.78 0.58—1.05

Perception of access to park and sidewalk (IQR: 19.4%) 0.97 0.70-1.34 0.92 0.66—1.28

GIS-Number of hospital (IQR:16) 0.96 0.77-1.21 1.12 0.78—1.62 1.00 0.79-1.26 1.20 0.82—-1.75

Population density (ref: low) Middle 1.05 0.65—-1.71 0.86 0.49-1.51 1.04 0.63—-1.71 0.83 0.47—-1.49

High 0.98 0.62—1.55 0.80 0.39-1.67 0.90 0.56—1.44 0.74 0.35—-1.58
Land value (IQR:35,017 yen/m?) 1.00 0.72—-1.39 0.77 0.51-1.18 1.00 0.71-1.40 0.77 0.49-1.20

Unit: interquartile range (IQR).

Model 1 adjusted for each hilly assessment, perception of access to grocery stores (unit: IQR), number of parks (unit: IQR), perception of access to home doctor (unit: IQR), and

population density (tertile).

Model 2 adjusted for age, sex, marital status, household number, income, education, working status, drinking, smoking, vegetable consumption, walking, going-out behavior,

frequency of meeting, BMI (category), and depression.
Model 3 adjusted for covariates in Model 1 and 2.

slope impact being similar to that for those who were not under-
going treatment for DM.

As for the sensitivity analysis, excluding those who did not go
out and were obese, we confirmed similar results. A high GIS-slope
was not associated with DM (OR: 0.97, 95% CI: 0.89—1.05), but
showed a protective effect for poorly controlled DM (OR: 0.83, 95%
CI: 0.70—0.99), which was also confirmed among those with treated
DM (OR: 0.70, 95% CI: 0.56—0.89) in the fully adjusted model.

4. Discussion

In this study, we found that a hilly neighborhood environment
was not significantly associated with DM, but did show a protective
effect, with a 1 interquartile range (IQR) increase (1.48°) in slope in
the neighborhood associated with an 18% decrease in the risk of
poorly controlled DM. This protective effect against poorly
controlled DM was confirmed when we limited the analysis to
those who were undergoing treatment for DM, suggesting that DM
treatment status was not a confounder of the association.

The result of this study is consistent with that of a previous
report showing lower rates of self-reported DM among adults living
in a neighborhood with steeper slopes than those living in a flat
area (Villanueva et al., 2013). We have added new evidence that
living in a hilly environment has a protective effect on poorly
controlled DM, but not DM per se, among older people whose DM
status was determined by objective measurement (i.e., HbA1c).
Furthermore, reverse causation is unlikely, as analysis was
restricted to those living in the same city for 10 years or more.

There are three possible preventive mechanisms of living in a
hilly neighborhood environment against poorly controlled DM.
First, daily walks around the neighborhood may enable “uncon-
scious” physical training that protects against poorly controlled
DM. It is known that physical training increases glucose uptake due
to the redistribution of GLUT4 glucose transporters (Cartee, 2015;
Richter and Hargreaves, 2013), which may function to prevent
poorly controlled DM. Previous studies reported that a certain
amount of motivation is needed to undertake walking to prevent
DM (Kabeya et al., 2016; Honda et al., 2015). In our study, walking
duration was not associated with poorly controlled DM, but a hilly
environment showed a significant preventive effect, suggesting
that the hilliness of a walking path, and not walking duration per se,

is important in the prevention of poorly controlled DM. Second,
older people living in a hilly environment may be reluctant to use a
bicycle, and so might walk than with those living in a flatter area.
Third, a hilly environment tends to have beautiful scenery that may
encourage older people to walk. We did not find an association
between a hilly environment and walking duration or going-out
behavior, possibly because walking behaviors were self-reported.
A further study is needed to elucidate how a hilly environment is
protective against poorly controlled DM using an objective mea-
surement of physical activity, such as an actigraph (Lee et al., 2015).

Several limitations of this study need to be considered. First, the
sample may not be representative of all populations as we limited
the analysis to those who received a health check organized by the
municipality under Japan's National Health Insurance system.
Accordingly, the study findings may not be generalizable. Second,
the school district examined may be too large for older people; that
is, the area of daily activity may be smaller and may not cover the
hilly environment within the school district. To account for this
limitation, a further study using GPS tracking is needed. Third, HbA;
was assessed only once. However, examination of the trajectory of
HbA1c could provide information on the potential time-dependent
effect of a hilly environment on HbA;. Fourth, we could not
distinguish between type 1 and type 2 DM, and it is therefore unclear
whether the protective effect on poorly controlled DM is applicable
to both types of DM. However, we considered that most of the cases
in this study were type 2 DM as prevalence of type 1 DM was low
(Maahs et al., 2010). Because type 1 DM involves the autoimmune
destruction of pancreatic B-cells leading to insulin deficiency, which
is treated with insulin injections, living in a hilly environment would
not be associated with the prevention of poorly controlled DM.

Nevertheless, the current finding has possible health policy
implications in the prevention of poorly controlled DM among
older people. City planners should be advised to build slopes or
steps within the community to prevent poorly controlled DM since
it is not feasible to create a hilly landscape, and moving people to a
hilly environment may have adverse effects on social networks.

In conclusion, a hilly neighborhood environment showed a
protective effect on poorly controlled DM, but not DM per se,
among older people in Japan. These findings can be used in resi-
dential planning policies with the goal of protecting against a rise in
poorly controlled DM among older people.



T. Fujiwara et al. / Social Science & Medicine 182 (2017) 45—51 51

Competing interests
Nothing to declare.
Acknowledgements

This study was supported by a grant of the Strategic Research
Foundation Grant-aided Project for Private Universities from the
Ministry of Education, Culture, Sport, Science, and Technology,
Japan (MEXT), 2009—2013, for the Center for Well-being and So-
ciety, Nihon Fukushi University; a Health Labour Sciences Research
Grant, Comprehensive Research on Aging and Health (H22-Choju-
Shitei-008, H24-Junkankitou-Ippan-007, H24-Chikyukibo-Ippan-
009, H24-Choju-Wakate-009, H25-Kenki-Wakate-015, H25-Irryo-
Shitei-003 (Fukkou), H26-Choju-Ippan-006, H28-Chouju-Ippan-
02) from the Japanese Ministry of Health, Labour and Welfare; JSPS
KAKENHI (JP22330172, JP22390400, JP23243070, JP23590786,
JP23790710, JP24390469, JP24530698, JP24653150, JP24683018,
JP25253052, JP25870573, JP25870881, 22390400, JP15K18174,
JP15KT0007, JP15H01972) from the Japan Society for the Promotion
of Science; a grant from the National Center for Geriatrics and
Gerontology (24-17, 24-23); and also the Research and Develop-
ment Grants for Longevity Science from AMED.

References

Aguiar, EJ., Morgan, PJ., Collins, C.E., Plotnikoff, R.C., Young, M.D., Callister, R., 2016.
Efficacy of the type 2 diabetes prevention using life style education program
RCT. Am. J. Prev. Med. 50 (3), 353—364.

Aida, J., Kondo, K., Kawachi, 1., Subramanian, S.V., Ichida, Y., Hirai, H., et al., 2013.
Does social capital affect the incidence of functional disability in older Japa-
nese? A prospective population-based cohort study. ]. Epidemiol. Community
Health 67 (1), 42—47.

Astell-Burt, T., Feng, X., Kolt, G.S., 2014. Is neighborhood green space associated
with a lower risk of type 2 diabetes? Evidence from 267,072 Australians. Dia-
betes Care 37 (1), 197—201.

Auchincloss, A.H., Diez Roux, A.V., Brown, D.G., Erdmann, C.A., Bertoni, A.G., 2008.
Neighborhood resources for physical activity and healthy foods and their as-
sociation with insulin resistance. Epidemiology 19 (1), 146—157.

Cartee, G.D., 2015. Mechanisms for greater insulin-stimulated glucose uptake in
normal and insulin-resistant skeletal muscle after acute exercise. Am. J. Physiol.
Endocrinol. Metabolism 309 (12), E949—E959.

Charvat, H., Goto, A., Goto, M., Inoue, M., Heianza, Y., Arase, Y., et al., 2015. Impact of
population aging on trends in diabetes prevalence: a meta-regression analysis
of 160,000 Japanese adults. ]. Diabetes Investig. 6 (5), 533—542.

Christine, PJ., Auchincloss, A.H., Bertoni, A.G., Carnethon, M.R., Sanchez, B.N.,
Moore, K., et al., 2015. Longitudinal associations between neighborhood phys-
ical and social environments and incident type 2 diabetes mellitus: the multi-
ethnic study of atherosclerosis (MESA). JAMA Intern Med. 175 (8), 1311-1320.

Colagiuri, S., Vita, P, Cardona-Morrell, M., Singh, M.F,, Farrell, L., Milat, A, et al,,
2010. The Sydney diabetes prevention program: a community-based trans-
lational study. BMC Public Health 10, 328.

Feng, X., Astell-Burt, T., 2013. Neighborhood socioeconomic circumstances and the
co-occurrence of unhealthy lifestyles: evidence from 206,457 Australians in the
45 and up study. PLoS One 8 (8), e72643.

Geistanger, A., Arends, S., Berding, C., Hoshino, T., Jeppsson, J.0., Little, R, et al.,
2008. Statistical methods for monitoring the relationship between the IFCC
reference measurement procedure for hemoglobin Alc and the designated
comparison methods in the United States, Japan, and Sweden. Clin. Chem. 54
(8), 1379—1385.

Hanibuchi, T., Murata, Y., Ichida, Y., Hirai, H., Kondo, K., 2008. An evaluation of an
area's social capital by public health nurses. Nihon Koshu Eisei Zasshi 55 (10),
716—723.

Honda, T., Kuwahara, K., Nakagawa, T., Yamamoto, S., Hayashi, T., Mizoue, T., 2015.
Leisure-time, occupational, and commuting physical activity and risk of type 2
diabetes in Japanese workers: a cohort study. BMC Public Health 15, 1004.

Intensive blood-glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with type 2 dia-
betes (UKPDS 33). UK Prospective Diabetes Study (UKPDS) Group. Lancet
1998;352(9131):837—-53.

Kabeya, Y., Goto, A., Kato, M., Matsushita, Y., Takahashi, Y., [sogawa, A, et al., 2016.
Time spent walking and risk of diabetes in Japanese adults: the Japan public
health center-based prospective diabetes study. ]. Epidemiol. 26 (4), 224—232.

Kirkman, M.S., Briscoe, VJ., Clark, N., Florez, H., Haas, L.B., Halter, ].B., et al., 2012.
Diabetes in older adults. Diabetes Care 35 (12), 2650—2664.

Lee, W.Y.,, Clark, B.K., Winkler, E., Eakin, E.G., Reeves, M.M., 2015. Responsiveness to
change of self-report and device-based physical activity measures in the living

well with diabetes trial. ]. Phys. Act. Health 12 (8), 1082—1087.

Liebl, A., Khunti, K., Orozco-Beltran, D., Yale, ].F,, 2015. Health economic evaluation
of type 2 diabetes mellitus: a clinical practice focused review. Clin. Med. In-
sights Endocrinol. Diabetes 8, 13—19.

Lipska, KJ., Ross, J.S., Miao, Y., Shah, N.D,, Lee, S]., Steinman, M.A., 2015. Potential
overtreatment of diabetes mellitus in older adults with tight glycemic control.
JAMA Intern Med. 175 (3), 356—362.

Maahs, D.M., West, N.A., Lawrence, .M., Mayer-Davis, E.J., 2010. Epidemiology of
type 1 diabetes. Endocrinol. Metabolism Clin. N. Am. 39 (3), 481—497.

Minetti, A.E., Moia, C., Roi, G.S., Susta, D., Ferretti, G., 2002. Energy cost of walking
and running at extreme uphill and downbhill slopes. J. Appl. Physiol. (1985) 93
(3), 1039—-1046.

Ministry of Land I, Transport, Tourism, 2016a. In: National Land Numerical Infor-
mation Elevation, Degree of Slope 5th Mesh Data. Ministry of Land, Infra-
structure, Transport and Tourism, Tokyo.

Ministry of Land I, Transport, Tourism, 2016b. In: National Land Numerical Infor-
mation City Park Data. Ministry of Land, Infrastructure, Transport and Tourism,
Tokyo.

Ministry of Land I, Transport, Tourism, 2016c¢. In: National Land Numerical Infor-
mation Land Utilization Tertiary Mesh Data. Ministry of Land, Infrastructure,
Transport and Tourism, Tokyo.

Muller, G., Kluttig, A., Greiser, K.H., Moebus, S., Slomiany, U., Schipf, S., et al., 2013.
Regional and neighborhood disparities in the odds of type 2 diabetes: results
from 5 population-based studies in Germany (DIAB-CORE consortium). Am. J.
Epidemiol. 178 (2), 221-230.

Murata, C., Kondo, K., Hirai, H., Ichida, Y., Ojima, T., 2008. Association between
depression and socio-economic status among community-dwelling elderly in
Japan: the Aichi gerontological evaluation study (AGES). Health Place 14 (3),
406—414.

Ohkubo, Y., Kishikawa, H., Araki, E., Miyata, T., Isami, S., Motoyoshi, S., et al., 1995.
Intensive insulin therapy prevents the progression of diabetic microvascular
complications in Japanese patients with non-insulin-dependent diabetes mel-
litus: a randomized prospective 6-year study. Diabetes Res. Clin. Pract. 28 (2),
103-117.

Qi, L., Hu, EB., Hu, G., 2008. Genes, environment, and interactions in prevention of
type 2 diabetes: a focus on physical activity and lifestyle changes. Curr. Mol.
Med. 8 (6), 519—-532.

Richter, E.A., Hargreaves, M., 2013. Exercise, GLUT4, and skeletal muscle glucose
uptake. Physiol. Rev. 93 (3), 993—1017.

Rose, G., 1992. The population strategy of prevention. In: Rose, G. (Ed.), The Strategy
of Preventive Medicine. Oxford University Press, New York.

Sallis, J.F.,, Cerin, E., Conway, T.L, Adams, M.A., Frank, L.D., Pratt, M., et al., 2016.
Physical activity in relation to urban environments in 14 cities worldwide: a
cross-sectional study. Lancet 387 (10034), 2207—2217.

Schreiner, A.S., Hayakawa, H., Morimoto, T., Kakuma, T., 2003. Screening for late life
depression: cut-off scores for the geriatric depression scale and the cornell scale
for depression in dementia among Japanese subjects. Int. J. Geriatr. Psychiatry
18 (6), 498—505.

Takagi, D., Kondo, K., Kondo, N., Cable, N., Ikeda, K., Kawachi, I, 2013. Social
disorganization/social fragmentation and risk of depression among older peo-
ple in Japan: multilevel investigation of indices of social distance. Soc. Sci. Med.
83, 81-89.

Takagi, D., Kondo, K., Kawachi, I., 2013. Social participation and mental health:
moderating effects of gender, social role and rurality. BMC Public Health 13, 701.

Tani, Y. Sasaki, Y., Haseda, M., Kondo, K., Kondo, N., 2015. Eating alone and
depression in older men and women by cohabitation status: the JAGES longi-
tudinal survey. Age Ageing 44 (6), 1019—1026.

The effect of intensive treatment of diabetes on the development and progression of
long-term complications in insulin-dependent diabetes mellitus. The Diabetes
Control and Complications Trial Research Group. N. Engl. J. Med. 1993;329(14):
977-86.

Van Dyck, D., Cerin, E., Conway, T.L,, De Bourdeaudhuij, I, Owen, N., Kerr, ]J., et al.,
2012. Associations between perceived neighborhood environmental attributes
and adults' sedentary behavior: findings from the U.S.A., Australia and Belgium.
Soc. Sci. Med. 74 (9), 1375—1384.

Vijan, S., Sussman, J.B., Yudkin, J.S., Hayward, R.A., 2014. Effect of patients’ risks and
preferences on health gains with plasma glucose level lowering in type 2 dia-
betes mellitus. JAMA Intern Med. 174 (8), 1227—1234.

Villanueva, K., Knuiman, M., Koohsari, M.J., Hickey, S., Foster, S., Badland, H., et al.,
2013. People living in hilly residential areas in metropolitan Perth have less
diabetes: spurious association or important environmental determinant? Int. J.
Health Geogr. 12, 59.

Wada, T., Ishine, M., Kita, T., Fujisawa, M., Matsubayashi, K., 2003. Depression
screening of elderly community-dwelling Japanese. J. Am. Geriatr. Soc. 51 (9),
1328-1329.

Williams, E.D., Magliano, DJ., Zimmet, P.Z, Kavanagh, A.M., Stevenson, C.E.,
Oldenburg, B.E, et al., 2012. Area-level socioeconomic status and incidence of
abnormal glucose metabolism: the Australian diabetes, obesity and lifestyle
(AusDiab) study. Diabetes Care 35 (7), 1455—1461.

Zimmet, PZ., 1992. Kelly west lecture 1991. Challenges in diabetes epi-
demiology—from west to the rest. Diabetes Care 15 (2), 232—252.

Zimmet, P.Z., 1999. Diabetes epidemiology as a tool to trigger diabetes research and
care. Diabetologia 42 (5), 499—518.

Zimmet, P, Alberti, K.G., Shaw, J., 2001. Global and societal implications of the
diabetes epidemic. Nature 414 (6865), 782—787.


http://refhub.elsevier.com/S0277-9536(17)30231-9/sref1
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref1
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref1
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref1
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref2
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref2
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref2
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref2
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref2
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref3
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref3
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref3
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref3
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref4
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref4
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref4
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref4
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref5
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref5
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref5
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref5
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref6
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref6
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref6
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref6
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref7
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref7
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref7
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref7
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref7
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref8
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref8
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref8
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref9
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref9
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref9
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref10
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref10
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref10
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref10
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref10
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref10
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref11
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref11
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref11
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref11
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref12
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref12
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref12
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref14
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref14
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref14
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref14
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref15
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref15
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref15
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref16
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref16
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref16
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref16
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref17
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref17
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref17
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref17
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref18
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref18
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref18
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref18
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref19
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref19
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref19
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref20
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref20
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref20
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref20
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref21
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref21
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref21
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref22
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref22
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref22
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref23
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref23
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref23
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref24
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref24
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref24
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref24
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref24
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref25
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref25
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref25
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref25
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref25
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref26
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref26
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref26
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref26
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref26
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref26
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref27
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref27
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref27
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref27
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref28
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref28
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref28
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref29
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref29
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref30
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref30
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref30
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref30
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref31
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref31
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref31
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref31
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref31
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref32
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref32
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref32
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref32
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref32
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref33
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref33
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref34
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref34
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref34
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref34
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref36
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref36
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref36
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref36
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref36
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref37
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref37
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref37
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref37
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref38
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref38
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref38
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref38
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref39
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref39
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref39
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref39
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref40
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref40
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref40
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref40
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref40
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref41
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref41
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref41
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref41
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref42
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref42
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref42
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref43
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref43
http://refhub.elsevier.com/S0277-9536(17)30231-9/sref43

J Dent Res. 2017 Aug;96(9):1006-1013. doi: 10.1177/0022034517713166. Epub 2017 Jun 12.
Dental Status and Compression of Life Expectancy

with Disability.

Matsuyama Y?, Aida J*, Watt RG?, Tsuboya T, Koyama St, Sato Y?, Kondo K34, Osaka
K*.

Author information

Abstract

This study examined whether the number of teeth contributes to the compression of
morbidity, measured as a shortening of life expectancy with disability, an extension of
healthy life expectancy, and overall life expectancy. A prospective cohort study was
conducted. A self-reported baseline survey was given to 126,438 community-dwelling older
people aged =65 y in Japan in 2010, and 85,161 (67.4%) responded. The onset of
functional disability and all-cause mortality were followed up for 1,374 d (follow-up rate =
96.1%). A sex-stratified illness-death model was applied to estimate the adjusted hazard
ratios (HRs) for 3 health transitions (healthy to dead, healthy to disabled, and disabled to
dead). Absolute differences in life expectancy, healthy life expectancy, and life expectancy
with disability according to the number of teeth were also estimated. Age, denture use,
socioeconomic status, health status, and health behavior were adjusted. Compared with
the edentulous participants, participants with 220 teeth had lower risks of transitioning from
healthy to dead (adjusted HR, 0.58 [95% confidence interval (CI), 0.50-0.68] for men and
0.70 [95% CI, 0.57-0.85] for women) and from healthy to disabled (adjusted HR, 0.52 [95%
Cl, 0.44-0.61] for men and 0.58 [95% CI, 0.49-0.68] for women). They also transitioned
from disabled to dead earlier (adjusted HR, 1.26 [95% CI, 0.99-1.60] for men and 2.42
[95% ClI, 1.72-3.38] for women). Among the participants aged 285 y, those with =20 teeth
had a longer life expectancy (men: +57 d; women: +15 d) and healthy life expectancy (men:
+92 d; women: +70 d) and a shorter life expectancy with disability (men: -35 d; women: -55
d) compared with the edentulous participants. Similar associations were observed among
the younger participants and those with 1 to 9 or 10 to 19 teeth. The presence of remaining
teeth was associated with a significant compression of morbidity: older Japanese adults' life

expectancy with disability was compressed by 35 to 55 d within the follow-up of 1,374 d.
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aging; dentition; epidemiology; longevity; oral health; survival analysis
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Abstract

Background: Several previous studies reported social participation may reduce the incident of dementia; therefore,
the type of positions held in the organization may relate to dementia onset. However, this hypothesis remains
largely unknown. The purpose of the present study was to examine the additive effect of a leadership position in
the organization on dementia onset and social participation among elderly people in a local community, according
to data from a Japanese older adults cohort study.

Methods: Of 29,374 community-dwelling elderly, a total of 15,313 subjects responded to the baseline survey and
were followed-up from November 2003 to March 2013. To evaluate the association between dementia onset and
social participation as well as the role in the organization, we conducted Cox proportional hazard regression
analysis with multiple imputation by age group (aged 75 years older or younger). The dependent variable was
dementia onset, which was obtained from long-term care insurance data in Japan; independent variables were
social participation and the role in the organization to which they belonged (head, manager, or treasurer).
Covariates were sex, age, educational level, marriage status, job status, residence status, alcohol consumption,
smoking status, and walking time, instrumental activities of daily living, depression, and medical history.

Results: During the follow-up period, 708 young-old elderly people (7.7%) and 1289 old-old elderly people

(27.9%) developed dementia. In young-old elderly, relative to social non-participants, adjusted Hazard Ratio (HR)

for dementia onset for participants (regular members + leadership positions) was 0.75 (95% confidence interval (Cl),
0.64-0.88). Relative to regular members, adjusted HR for dementia onset for non-participants was 1.22 (95% Ci, 1.
02-1.46), for leadership positions 0.81 (95% Cl, 0.65-0.99). The results for old-old elderly participants did not show
that any significantly adjusted HR between dementia onset and social participation, the role in the organization.

Conclusions: In young-old elderly people, social participation might have a positive effect on dementia onset, and
holding leadership positions in organization could lead to a decrease in risk of dementia onset by almost 20% than
regular members.

Keywords: Japan, Social participation, Leadership role, Dementia onset, Cohort study

* Correspondence: tarao@wasedajp

SFaculty of Sports Sciences, Waseda University, T359-1164 Saitama
Prefecture, Tokorozawa, Mikajima, 2—579-15, Saitama, Japan

Full list of author information is available at the end of the article

- - © The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
i ) Bi@Med Central International License (http://creativecammons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
- reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, previde a link to
the Creative Commons license, and indicate if changes were made. The Creative Cormmaons Public Dornain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies 1o the data made available in this article, unless otherwise stated.



Nemoto et al. BMC Geriatrics {2017)17:297

Background

The number of dementia patients has increased dra-
matically because of the aging population worldwide. In
2010, more than 35 million people developed dementia
and it is estimated that increase to 115 million people
in 2050 [1]. The population aging rate of Japan is 26.7%
in 2015, and prevalence of dementia will increase from
2.8 million (9.5%) in 2010 to 4.7 million (12.8%) in
2025 [2].

Identifying factors related to dementia onset is funda-
mental for improving preventive strategies; several
systematic reviews and meta-analyses have identified
some modifiable factors related to cognitive function or
dementia onset [3—5], and social participation is one of
the factors related to dementia onset [5]. The following,
which are promoted by social participation, decrease
risk of dementia: increasing physical activity (leaving
one’s home), accessing emotional support by expanding
social networks, and increasing frequency of cognitive
activity by obtaining a social role [6]; however, most of
them only focused on absence of social participation
and dementia onset or cognitive function, and the
additive effect of leadership positions remains largely
unknown.

Some observational studies investigated the relation-
ship between leadership positions and health status.
According to Ishikawa et al. [7], holding leadership
positions on the association was related to a 12% risk
reduction of mortality. Takagi et al. [8] suggested that
performing leadership positions was significantly re-
lated to low odds ratio {OR) for depression for women
(OR, 0.57; 95% CI, 0.37-0.88). Having leadership posi-
tions within civic groups may decrease the risk of
dementia considerably; elderly people who manage the
organization to which they belong perform various
tasks or acquire roles that stimulate brain function or
are beneficial to their health more so than compared
with regular members, and this positively affects cogni-
tive function.

The degrees of relationship between social participa-
tion and dementia onset may be different according to
age group; in old-old (aged 75 or over), the age-related
change has a greater effect on physical or mental
health than in the young-old {aged 65-74) [9], and so-
cial participation can be a burden to the old-old.
Therefore, to examine the relationship between social
participation and dementia onset by age group is
needed.

The purpose of the present study was to assess the
additive effect of leadership positions in civic groups on
the association between dementia onset and social par-
ticipation among older adults in a local community,
using data from a large cohort study (the Aichi Geronto-
logical Evaluation Study: AGES).
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Methods

Data

This study was based on data from the Aichi Geronto-
logical Evaluation Study (AGES) project as a part of the
Japan Gerontological Evaluation Study (JAGES). JAGES is
a largely Japanese prospective cohort study aiming to find
out the details of related factors for major health problems
amorig the older adults, such as depression, dementia, or
functional deterioration [10, 11].

Participants
Participants were chosen from within six municipalities
in Aichi prefecture, consisting of urban, semi-urban,
and rural settings. Out of 49,707 older adults aged
65 years and older in a local community who did not
receive public long-term care insurance benefits, 29,374
individuals were selected using two methods: random
sampling in two larger municipalities, and a complete
survey in four semi-urban or rural municipalities. In
October 2003, we conducted the baseline mail survey.
A total of 15,313 individuals completed the baseline
self-administrated questionnaire and followed up from
November 2003 to March 2013. To identify the predict-
ive factors for dementia onset, we involved relatively
healthy older adults, and excluded individuals with any
premonitory symptoms of dementia, such as being un-
able to walk, take a bath or use a toilet independently.
Individuals who developed dementia within two years
of the baseline were also excluded to clarify the rela-
tionship between dementia onset and initial conditions
(Fig. 1).

The Ethics Committee on Research of Human Subjects
at Nihon Fukushi University approved this study protocol.

Measurements

Incident dementia

Dementia onset was determined using disabling demen-
tia, which is defined as incident functional disability
with dementia. This was obtained from long-term care
insurance data managed by local municipalities, as de-
scribed previously [12]. Briefly, the degree of functional
disability was evaluated according to a two-step proced-
ure: on-site assessment of physical and mental condi-
tion by an agent from the home care provider, and
further assessment by the Long-term Care Approval
Board, consisting of health care professionals (doctors,
nurses, caseworkers, or others) that referenced the re-
sults of on-site assessment and the primary physician’s
report, which is a standard form for assessing medical
conditions and physical functions by a home physician
[2]. Dementia was determined according to the Degree
of Independence in Daily Living for Elderly with
Dementia (Dementia Scale) {13, 14]. This scale was
developed by the Japanese Ministry of Health, Labour
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29,374 Individuals were
selected for baseline survey.

|

15,313 Completed the
baseline survey.

397 Could not walk,
take a bath or use a
toilet independently.

828 Had missing
exclusion criteria.

14,088 Follow up for
incident dementia .

238 Developed
dementia within the
first two years from
baseline.

13,850 included in the
analysis.

Fig. 1 Flow of participants thorough the study
\

and Welfare, and health professionals in Japan use it
to assess physical and cognitive function and classify
individuals into levels I-IV and M. Level I means that
the individuals have symptoms of dementia, but will
be able to maintain an independent daily life. Level 1I
indicates that the individuals show some symptoms
and behaviors causing trouble in their daily life or
some difficulties with communication, but could con-
tinue to live independently if monitored. Level III in-
dicates that the individuals have the same symptoms
as Level II patients, but more frequently, and some-
times require care to support their daily lives. Level IV
indicates that the individuals have the same symptoms
as in Level III, but more frequently, and always need
care in their daily lives. Level M indicates individuals
with severe mental or physical diseases and behavioral
disorders, who require specialized medical care. We
defined individuals scoring levels 1I to IV or M as
having dementia. A previous study has shown that the
Dementia Scale is well correlated with the Mini Men-
tal State Exam score [15].
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Social participation and leadership positions in an
organization

The scale of social participation was taken from the
Japanese General Social Survey [16], and categorized orga-
nizations into following eight types: neighborhood associ-
ation, senior citizen club/fire-fighting team, religious
group, political organization or group, industrial or trade
association, volunteer group, citizen or consumer group,
hobby group, and sports group or club. Participants were
asked whether they were members of each association and
their frequency of participation; those who answered “I do
not participate in any organization” and “participate in the
organization” but “very little” for frequency of participa-
tion were classified as “non-members”. Therefore, the
individuals who belonged to one or more associations
were asked their position in the organization; those who
serve as head, manager or treasurer were categorized as
having “leadership positions”, while others were classified
as “regular members”.

Covariates
In this study, demographic variables, health behavior,
and health status were included as covariates.
Demographic variables consisted of sex, age (65-69,
70-74, 75-79, 80-84, 85 years and over), educational
attainment (less than 10 years, 10 or more years), marital
status (married, other), residential status (solitary, other),
employment (worker, non-worker), health behavior in-
cluding alcohol status (drinker, non-drinker), smoking
status (smoker/ former smoker, never-smoker), walking
time (less than 30 min/day, 30 min/day and longer),
health status included instrumental ADLs (IADLs) (the
subscale of Tokyo Metropolitan Institute of Gerontology
Index of Competence: TMIG-IC [17]), medical history
(heart disease, stroke, hypertension, diabetes), depression
(Geriatric Depression Scale — Short Version, GDS-SV
[18]). Those who earned full score for TMIG-IC were
categorized as “high”, the GDS-SV cut-off was 5, as in a
previous study [19], and subjects who scored above the
cut-off were categorized as “depressed”.

Statistical analysis

To handle missing data, we carried out multiple
imputation with full conditional specification, and
created 50 multiply imputed datasets [20]. Imputed
model included incident of dementia, social participa-
tion and leading positions, demographic variables,
health behavior, and health status. Therefore, Cox pro-
portional hazard models were used on these datasets.
These estimates and their standard errors were com-
bined using Rubin’s rules {21], and Hazard Ratio (HR)
or confidence interval (CI) was calculated. For com-
parison, Cox proportional hazards model was used on
the subset of complete case data.



Nemoto et al. BMC Geriatrics (2017)17:297

We calculated HRs for incident of dementia accord-
ing to social participation and by age group (young-old,
old-old) using the Cox proportional hazards model to
examine the relationship between these factors, and
carried out a similar analysis model that exchanged so-
cial participation and leading role variables to assess
the additive effects of leading positions. We used a level
of significance of less than 5% in all analyses. SAS 9.4
(SAS Institute, Cary, NC) was used for all calculations.

Results

Of 29,374 individuals, 15,313 completed the baseline
survey (response rate, 52.1%). Non-responders were
younger, and there was no difference between sexes.
Of the 15,313 subjects, 13,850 were included in the
analysis. A total of 1463 individuals were excluded
from analysis; 397 could not walk, take a bath or use a
toilet independently, 828 had missing exclusion cri-
teria, and 238 developed dementia within the first two
years from baseline (Fig. 1). The mean follow-up
period was 7.9 years (standard deviation, 2.4 years),
and the number of missing values across each variable
varied between 0 (0%) and 933 (10.1%) in young-old, 0
(0%) and 721 (15.6%) in old-old; the total number of
individuals who had incomplete data among the all
variables was 2629 (28.5%) in young-old and 1663
(36.0%) in old-old. The number of individuals who
died during follow-up was 1611 (17.5%) in young-old
and 1363 (29.5%) in old-old.

Of the 13,850 subjects of the analysis, 9234 (66.7%)
were young-old and 4616 (33.3%) were old-old. Of
these young-old, 708 (7.7%) developed dementia, 3003
(32.5%) were non-members, 2514 (27.2%) were regular
members, 2784 (30.1%) were in leadership positions,
whereas in old-old, 1289 (27.9%) developed dementia,
1774 (38.4%) were non-members, 1289 (27.9%) were
regular members, and 832 (18.0%) were in leadership
positions (Table 1). Table 2 shows that the incidence
of dementia onset increased with age. The incidence
in each category of old-old individuals was much
higher than in young-old participants.

The results of Cox proportional hazards model on
the imputed data indicated that the crude HR for de-
mentia onset for regular members or those holding
leadership positions, compared with non-members, was
0.65 (95% CI, 0.55-0.75), and adjusted HR was 0.75
(95%Cl, 0.64—0.88) in young-old, whereas crude HR
was 0.73 (95% CI, 0.64-0.82), but adjusted HR was
non-significant in old-old (Table 3).

Table 4 shows the relationship between having a lead-
ing role and dementia onset. In young-old, both crude
HR and adjusted HR for dementia onset for non-
members, relative to regular members, were significant
(crude HR, 1.38; 95%CI, 1.15-1.65, adjusted HR, 1.22;
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95% CI, 1.02-1.46), and crude HR or adjusted HR for
leadership positions were also significant (crude HR,
0.76; 95% CI, 0.61-0.94, adjusted HR, 0.76; 95% CI,
0.65-0.99); however, in the old-old group, there was not
significant adjusted HR.

Discussion

The present study showed that social activity. non-
members have a greater risk of incident dementia than
social activity members, and members in leadership po-
sitions have a significantly lower risk compared with
the non-leading members in the young-old group.
However, in the old-old group, non-significant differ-
ences in dementia risk were observed. These findings
seem to suggest that social participation might be ef-
fective for prevention of dementia, and this preventive
effect could become stronger in the young-old group if
leadership positions are taken.

Our findings are broadly consistent with those of pre-
vious studies. Kuiper et al. [4] assessed the relationship
between social participation and incidence of dementia
through meta-analysis. The results of this analysis re-
vealed that individuals with less social participation had
a higher risk of dementia onset relative to subjects with
higher levels of social participation (RR, 1.41; 95% CI,
1.13-1.75). Although the mechanism underlying the
association between social participation and incidence
of dementia was not identified, the following pathways
were possible: 1) higher level of physical activity due to
leaving the home may promote cognitive reserve [6], 2)
frequent contact with others may cause positive emo-
tional states such as increased self-esteem, social com-
petence, and adequate mood, which lead to lower stress
levels [22], 3) performing various activities (e.g., en-
gaging in a hobby, calculating the scores of games) that
stimulate cognitive function serves to prevent a cogni-
tive decline (“use it or lose it” theory) [23]. The present
study implies that social participation might have a
suppressive effect on the incidence of dementia, but the
effect may be different based on participation in social
activities. Although the reasons for the additive effect
of a leadership role on incidence of dementia are not
fully understood, one reason might be the difference in
the frequency of social participation. Compared with
regular members, individuals who take on leadership
roles such as president, facilitator or treasurer have
more frequent opportunities for social participation,
and also take responsibility for actions to manage group
activities (e.g., holding meetings, planning activities,
and communicating with regular members). In this
study, the proportion of individuals engaging in group
activities more than once a month was higher among
those in leadership positions than regular members
(81.7% vs 64.8%, data not shown). Higher frequency of
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Tahle 1 Initial characteristics of the participants
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Table 1 Initial characteristics of the participants (Continued)

Young-old  Old-old Young-old  Old-old
(n=9234)  (n=4616) (n=9234)  (n=4616)
n % n % n % n %
Dementia onset No-dementia 8526 923 3327 721 Depression normal 6004 650 2591 561
Dementia 708 77 1289 279 depressed 2304 250 1316 285
Sex Male 4714 511 2080 451 Missing 926 100 709 154
Female 4520 489 2536 549 IADL High 7649 828 319 692
Social participation Non-participants 3003 325 1774 384 Low 1335 145 1182 256
Regular-members 2514 272 1289 279 Missing 250 27 238 52
teadership positions 2784 301 832 180
Missing 933 101 721 156 gocial participation may help to strengthen the health
Age 65-69 5082 550 - - benefits of social participation [24], or enable individ-
70-74 4152 450 - - uals to obtain information that supports a healthy life-
75-79 _ _ 287 612 style [25]. Socially-responsible activities may improve
80-84 _ _ 19 275 the quantity or quality of stimulation of the brain’s cog-
> g5 B o0 s nitive function, or maintain better mental health [8].
However, we did not investigate the type of activity, or
Educational attainment < 10 yrs 5286 572 2849 617 e laboratory data, so this is only speculation. As little
2 10yrs 389 422 1712 371 jg known about the mechanism behind the increased
Missing 5206 55 12 positive effect of leadership on cognitive function, fur-
Marital status Married 7343 795 2647 573  ther investigation is needed.
Single 1766 191 1891 410 In contrast to the young-old group, there were no sig-
Missing 135 14 78 17 nificant relationships between social participation or
Living arrangement Lving with others 8294 808 3900 ges  leadership and dementia onset in the old-old group.
Living alone o 84 0 123 These results support the findings of previous 'studles
[11, 26, 27]. Iwasa et al. [26] suggested that social par-
Missing 16117 M7 32 tcipation was not attributed to the prevention of cogni-
Occupational status Employed 2806 304 608 132 tjve decline among Japanese community-dwelling elderly
Not employed 6296 682 3916 848 aged 70 years and over, based on the data from a five-
Missing 132 14 92 20  Year prospective cohort study. One possible explanation
Walking time (per day) < 30 min 2794 303 1586 344 is that as the prevalence of individuals with health prob-
> 30 min 5523 598 2548 5o  lems is much higher in this group than in the young-old
Missing 917 99 482 104
Medical history Table 2 Incidence rates (1000 person-years) of dementia onset
Heart disease No 8164 884 3800 s25 DY 5€% age and educational attainment
Yes 1070 116 87 175 Young-old Old-old
Stroke No 9119 988 4520 979 Incidence rate 95% CI Incidence rate  95% Cl
Yes s o2 9% a1
Hypertension No 6266 679 2905 629 Male 93 83-104 362 328-399
Ves 2068 321 1711 371 Female 93 84-105 439 40.7-47 4
Diabetes No 8168 885 4157 901 9€
Yes 1066 115 450 99 6569 55 4864 - -
Alcohol consumption  Non-drinker 5535 599 3317 719 70-74 143 130-158 - -
Drinker 3582 388 1181 256 7579 - - 313 288-341
Missing 117 13 118 26 80-84 - - 515 46.3-57.3
Smoking Never smoked 5312 575 2800 607 285 - - 833 718-96.8
Past smoker/smoker 3615 39.1 1601 347  Educational attainment
Missing 307 33 215 47 <10 yrs 10.2 9.2-113 426 394-459
210yrs 89 78-101 362 326-40.1
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Table 3 Relationship between social participation and dementia

onset
Crude Adjusted
HR 95% Cl HR 95% Cl
Young-old(n = 9234)
Social participation
Non-participants  reference reference
Participants 064 0.55-0.75 075 064-0.88
Old-old(n = 4616)
Social participation
Non-participants  reference reference
Participants 0.73 065-082 09N 0.81-1.03

Adjusted for sex, age, educational attainment, marital status, living
arrangement, occupational status, walking time, medical history, alcohol
consumption, smoking, depression, and [ADL

group, the relationship between social participation and
dementia onset in old-old elderly may be relatively
weaker than that in the young-old group. In the present
study, health status such as diabetes, depression, and In-
dependent Activity of Daily Living were strongly related
to dementia onset (Additional file 1); therefore, these
health problems may be the major correlated factors of
incidence of dementia in old-old elderly. However, we
may have underestimated this relationship in the old-old
group for several reasons. First, the percentage of indi-
viduals who had died or moved out during follow-up
period was much higher (29.5%) among the old-old than
young-old (17.5%), which means that about 30% of the
old-old participants had died or moved out before devel-
oping dementia. Secondly, the presence or absence of so-
cial participation and leadership were assessed at baseline,
but prior experience was not assessed; therefore, old-old
participants who had experienced social participation or
leadership before the assessment but had already retired
from these activities at the time of baseline assessment

Table 4 Relationship between having a leadership positions
and dementia onset

Crude Adjusted
HR 95% Ct HR 95% Cl
Young-old(n = 9234)
Regular-members reference reference
Non-participants 1.38 1.15-164 122 1.02-1.46
Leadership positions  0.76 061-094 081 0.65-0.999
Old-old(n = 4616)
Regular-members reference reference
Non-patticipants 1.30 1.15-148 099 0.86-1.13
Leadership positions  0.86 072-102 098 0.83-1.14

Adjusted for sex, age, educational attainment, marital status, living
arrangement, occupational status, watking time, medical history, alcohol
consumption, smoking, depression, and IADL
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were categorized as non-members. Thus, in this study, the
category of non-member in the old-old group contained
those who were non-members later in life and those who
were members before the study period. These reasons can
be attributed to underestimation of the association
between social participation and incidence of dementia.
Further studies of the association of social participation
with dementia onset in old-old elderly people are needed.

This study has several limitations. First, the incidence
of dementia in this study was obtained from the results
of an examination and judgment by the Certification
Committee of Needed Long-Term Care in the partici-
pant’s municipality. Therefore, underestimation of de-
mentia incidence might have occurred, because every
dementia patient does not necessarily submit an appli-
cation to the Certification Committee. Second, as the
type of dementia was not assessed, such as Alzheimer
disease, vascular dementia, or Lewy body dementia, the
effect of social participation or leadership on each type
of dementia remained unclear. Third, the response rate
of the baseline survey was 52.1%, meaning that non-
responders may have induced selection bias. In this
study, the characteristics of non-responders were un-
known, but we think it is possible that old-old people
or those with lower health status may have been less
likely to respond to the survey. There may therefore
have been differences in baseline characteristics be-
tween study participants and non-participants. Fourth,
as the experience of social participation or leadership
before the baseline survey was not assessed, the rela-
tionship between social participation and dementia on-
set may be affected by the results of these factors,
especially among old-old participants. Future studies
evaluating this association should take into account the
subject’s experience of social participation and leader-
ship before the baseline survey. Fifth, this study could
not identify which types of social activity or leadership
were related to the incidence of dementia. Further
studies are needed to examine this issue, especially
qualitative studies that assess the influence of social
participation or a leadership role on older adults’ daily
lives. Finally, as the assessment of social participation
and leadership were carried out only at the baseline
survey, the influence of change in status of participa-
tion during the follow-up period on the relationship
was not clear.

In summary, despite the above-mentioned limitations,
this study revealed that social participation might have a
repressive effect on the incidence of dementia and also
leadership within the activity group might have stronger
positive effect on dementia incidence among young-old
adults. These finding should be used to encourage
young-old adults to participate in and take leadership
positions in social activity organizations.
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Conclusions

In young-old elderly people, social participation might
have a positive effect on the prevention of dementia onset,
and leadership within a group may lead to a reduction of
risk of dementia onset of almost 20%, compared with
regular members.

Additional file

Additional file 1: Relationship between having a leadership positions
and dementia onset in old-old. (XLSX 13 kb)
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Effectiveness of “Kenko-koryu-no-ie” in improving health
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Abstract

Background: A “Kenko-koryu-no-ie” approach was started in Tokai city, Aichi Prefecture, to improve the health
of the local residents through community development. This study examines the changes in health

behavior of local residents and their subjective health, as brought about by the facility.
Methods: Participants included 17 organization representatives and 326 elderly people who used the facility.
The participants responded to a self-reported questionnaire about facility usage conditions, health
behavior and subjective health before and after the commencement of the facility, which was

started one year ago.

Results: Answers were received from 280 facility users; however, due to invalid answers, only 221 respondents

could be included in the study (effective response rate 66.4%) . Among the respondents, 7 organizations

_59_
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(41.2%) and 97 participants (51.3%) reported that the frequency of usage of the facility had increased.

Changes in the participants health behavior were observed with increased opportunities to walk (380%) ,

opportunities to go out (39.8%) , opportunities for conversation (52.9%) , opportunities to participate

in hobby meetings (25.3%) , opportunities to participate in sports meetings (18.6%) . Furthermore,

82 people (37.1%) reported positive changes in subjective health since the commencement of the facility.

Analysis of the relevance of the changes between the health behavior and subjective health indicated

that those who exhibited improvement in health behavior also reported an improvement in their

subjective health.

Conclusion:

The establishment of the “Kenko-koryu-no-ie” helped in the promotion of health behavior in local

residents and improved their subjective health. Through community development, the concept of

“Kenko-koryu-no-ie” could be used as a primary prevention program for the elderly.
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Key words : community development, elderly people, health behavior, social participation, subjective health
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Although exercising with others may have extra health benefits compared to exercising alone, few
studies have examined the differences. We sought to examine whether the association of regular
exercise to subjective health status differs according to whether people exercise alone and/or with
others, adjusting for frequency of exercise. The study was based on the Japan Gerontological Evaluation
Study (JAGES) Cohort Study data. Participants were 21,684 subjects aged 65 or older. Multivariable
logistic regression models were used to examine the association. The adjusted odds ratios (ORs) for
poor self-rated health were significantly lower for people who exercised compared to non-exercisers.

In analyses restricted to regular exercisers the ORs for poor health were 0.69 (95% confidence intervals:
0.60-0.79) for individuals exercising alone more often than with others, 0.74 (0.64-0.84) for people
who were equally likely to exercise alone as with others, 0.57 (0.43-0.75) for individuals exercising with
others more frequently than alone, and 0.79 (0.64-0.97) for individuals only exercising with others
compared to individuals only exercising alone. Although exercising alone and exercising with others
both seem to have health benefits, increased frequency of exercise with others has important health
benefits regardless of the total frequency of exercise.

Physical activity has been demonstrated to have various health benefits". The benefits of physical activity apply
regardless of the context, i.e. whether it occurs as part of work, leisure, transport, or housework®. However, it
remains unclear whether exercise is more beneficial for those exercising with others, compared to exercising
alone (e.g. on the basement treadmill).

This question has been previously discussed by distinguishing physical activity into exercising alone versus
with others®. The mechanisms for health benefits from exercising with others may include not only physiological
effects through physical activity, but also psychological and social factors. A systematic review focusing on the
psychosocial benefits of exercising with others revealed that working out with others may enhance social connect-
edness, social support, and peer bonding®. These social relationships have been shown in turn to have potential
health benefits®’, and exercising with others may therefore have extra health benefits compared to exercising
alone.

However, few studies have examined the differences in health associations between exercising alone and exer-
cising with others. One study conducted on middle-aged Japanese adults showed that there was statistically no
difference in the incidence of poor mental health five years later between non-exercisers and those exercising
mostly alone, while the incidence was lower among those exercising mostly with exercising others, compared to
non-exercisers®. However, the study did not directly compare exercising alone and with others, and the analyses
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Management Department, ITOCHU Techno-Solutions Corporation, Tokyo, Japan. 3Physical Fitness Research
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Exercising with others (Ewo)

None A few times/yr 1-3/mo l/wk

None Non-exercisers

A few times/yr

Exercising 1-3/mo

alone (Ea) Iwk Ea-only
2-3/wk
24wk

Figure 1. Patterns of exercise. Ea-only: people who only exercised alone. Ea > Ewo: people who reported
exercising more frequently alone than with others. Ea=Ewo: people who reported exercising alone or with
others with equal frequency. Ea < Ewo: people who exercised with others more frequently than exercising alone.
Ewo-only: people who only exercised with others.

did not adjust for differences in the frequency of exercise. One cohort study examining older Japanese adults
showed a higher risk of incident functional disability (hazard ratio was 1.29 (95% confidence intervals: 1.02-
1.64)) among those who did not participate in a sports organization compared to those who did, even though
both groups reported regular exercise®. A cross-sectional study in Australian adults showed that sports club par-
ticipants resulted in more positive benefits for various aspects of quality of life than gymnasium participants
or walking participants'®. These studies suggest the possibility that exercising with others has additional health
effects over and above exercising alone. However, exercising alone and exercising with others were not directly
compared. We therefore sought to address this gap using cross-sectional data from a cohort of older Japanese
adults.

Self-rated health is one subjective indicator that reflects overall health status. Self-rated health is commonly
used as a health outcome because of its established validity as a predictor of mortality, regardless of other medical,
behavioral, or psychosocial factors'!. Therefore, the aim of this study was to examine whether the association
of subjective health status to exercise differs according to exercising alone and/or with others, adjusting for fre-
quency of exercise. We hypothesized that there would be a lower prevalence of poor self-rated health among those
performing exercising with others compared to those only exercising alone, even after adjusting for frequency
of exercise. Although the existing guideline on physical activity mentions intensity and duration?, it does not
mention whether exercise should be performed alone or with others. If exercising with others is shown to have
greater health benefits than exercising alone, this would suggest the importance of including a social interaction
perspective in health promotion using physical activity.

Methods

Study sample. We used cross-sectional data from the baseline wave of the Japan Gerontological Evaluation
Study (JAGES), which is a population-based survey of community-dwelling seniors'?. The JAGES sample includes
only those who did not already have functional disabilities at the baseline survey. Those without functional disa-
bilities were defined as those without eligibility for receiving long-term public care insurance benefits. The cohort
was established in 2010 to examine prospectively the determinants of healthy aging in a sample of individuals
aged 65 years and older. Subjects were selected by random sampling in each municipality, using the residential
registry in each locality as the sampling frame. The present analysis was based on a sub-sample of the JAGES
cohort study as a national sample of 137,736 people in 30 municipalities across Japan (response rate: 71.1%).
Questionnaires were sent to 38,724 people and responses were received from 27,684 (response rate: 71.5%). We
excluded 6,000 respondents who did not respond to the questions on age, sex, self-rated health, frequency of exer-
cising alone and with others, or need of assistance in activities of daily living (ADL). The final study population
consisted of 21,684 subjects. Subjects comprised 10,390 men (47.9%) and 11,294 women (52.1%), with a mean
age of 73.51+6.0 years.

Measures. Subjective health status.  Subjects were asked, “How is your current health status?” with possible
responses: excellent, good, fair, and poor. Dichotomisation of multinominal self-rated health is frequently used in
studies and has been validated'. Based on the previous study, subjects who responded with “fair;” or “poor,” were
combined to form our outcome variable. The test-retest reliability of self-rated health was shown to be good in a
variety of subgroups by age and sex'*. In addition, the criterion-related validity of self-rated health was shown to
predict mortality in a review'!, and similar results were also observed in older Japanese adults, regardless of age,
marital status, health behaviors, symptoms of depression, and chronic co-morbid conditions?®.

Exercising alone and exercising with others. 'To define exercising alone, respondents were asked, “How often do
you exercise alone?” To define exercising with others, respondents were asked, “How often do you exercise with
a relative, friend, or acquaintance?” For each question, possible responses were: four or more times a week, two
or three times a week, once a week, one to three times a month, a few times a year, and none. Based on a previ-
ous study that examined the relationship between mortality and physical activity'®, the frequency of exercising
alone and exercising with others was divided into six mutually exclusive categories: (1) non-exercisers, (2) people
who only exercised alone (Ea-only), (3) people who reported exercising more frequently alone than with others
(Ea>Ewo), (4) people who reported exercising alone or with others with equal frequency (Ea = Ewo), (5) people
who exercised with others more frequently than exercising alone (Ea < Ewo); and (6) people who only exercised
with others (Ewo-only) (Fig. 1). Next, the total frequency of exercise (combinations of two variable categories)
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was calculated and divided into six categories (see Supplementary Fig. S1). The higher the category, the greater the
frequency of exercise. The categories were dichotomized into two groups: categories 1 to 3 reflected individuals
who exercised less than twice a week, categories 4 and 5 exercised more than twice a week.

Covariates. Based on previous studies”!’, age, sex, annual equivalized income (less than 2 million yen per
year = “low”, 2-3.99 million yen per year = “middle”, 4 million yen or more per year = “high”), educational
attainment (less than 10 years, more than 10 years), household composition (living alone, with others), occu-
pational status (employed, not employed), self-reported medical conditions (no illness or disability, illness or
disability), instrumental activities of daily living (JADL) (instrumental self-maintenance'?; 5 points = “high”,
0-4 points = “low”), depressive symptoms (Geriatric Depression Scale'®; 0-4 points = “no depression”, 5-9
points = “depressive tendency’, 10 points or more = “depression”), and total frequency of exercise were included
as covariates in our regression models. Furthermore, as exercising with others may reflect sociability; frequency
of meeting friends (two or more times a week, once a month to once a week, less than once a month), receiving
instrumental support, providing instrumental support, receiving emotional support, and providing emotional
support (yes, no) were also included as covariates.

Statistical analysis. To examine whether the association of subjective health status to exercise differs
according to exercising alone and/or with others, we performed multivariable logistic regression to calculate the
odds ratios (ORs) for poor self-rated health. All variables were set as dummy variables. A “missing” category was
used in analysis to account for missing values in response to questions.

The dependent variable was self-rated health and independent variables were the six groups characterized by
frequency of exercising alone and exercising with others. In Model 1, age, sex, annual equivalized income, educa-
tional attainment, household composition, occupational status, self-reported medical conditions, IADL, depres-
sion, frequency of meeting friends, receiving instrumental support, providing instrumental support, receiving
emotional support, and providing emotional support were added as covariates to the univariate model. In Model
2, total frequency of exercise was added to Model 1. In addition, to perform sensitivity analysis for examining
whether the associations differ by total frequency of exercise, we conducted further analysis by stratifying the
analyses into categories 4 and 5 (those who exercise at least twice a week) versus categories 1 to 3 (those who
exercised less than twice a week).

SPSS 21.0] was used for statistical analysis with a 2-tailed significance level set at 5%.

Ethics statement. Ethical approval for the study was obtained from the Nihon Fukushi University Ethics
Committee (application number: 10-04) and Chiba University Ethics Committee (application number: 1777).
This study was performed in accordance with the principles of the Declaration of Helsinki. Informed consent was
obtained from all participants.

Results

Table 1 shows characteristics of individuals according to their patterns of exercise. Those who exercised with oth-
ers (Ea > Ewo, Ea=Ewo, Ea < Ewo and Ewo-only) tended to be younger, and this group had a higher proportion
of people with a high equivalized income, high educational attainment, living with others, high IADL score, no
depression, rich social relationships, and good self-rated health. Among exercisers (Ea-only, Ea > Ewo, Ea=Ewo,
Ea < Ewo and Ewo-only), there was a higher proportion of people who exercised less than twice a week among
individuals who only exercised with others (Ewo-only).

Table 2 shows the adjusted ORs for poor self-rated health according to patterns of exercise. In Model 1 for all
participants, the ORs for poor health were significantly lower for individuals who exercised (regardless of whether
alone or with others; (Ea-only, Ea > Ewo, Ea=Ewo, Ea < Ewo and Ewo-only)). In the next set of models, we
excluded non-exercisers in order to draw comparisons just among the different types of people who performed
regular exercise. In these analyses, individuals who exercised alone (Ea-only) became the reference group for
all comparisons. In Model 1, the ORs were 0.67 (95% confidence intervals: 0.58-0.77) for people who exercised
alone more often than with others (Ea > Ewo), 0.72 (0.63-0.82) among people who exercised equally frequently
alone or with others (Ea=Ewo), 0.58 (0.44-0.76) for individuals who exercised more often with others compared
to alone (Ea < Ewo), and 0.86 (0.70-1.05) for individuals who only exercised with others (Ewo-only). The cat-
egory of individuals who exclusively exercised with others (Ea > Ewo, Ea = Ewo, Ea < Ewo and Ewo-only) was
statistically indistinguishable from people who exercised alone (Ea-only). The covariates in Model 1 plus total
frequency of exercise were included in Model 2; the corresponding ORs were 0.69 (0.60-0.79), 0.74 (0.64-0.84),
0.57 (0.43-0.75), 0.79 (0.64-0.97).

Stratified analysis was then performed by dichotomizing the sample according to frequency of exercise. In
Model 2, the ORs for individuals only exercising with others (Ewo-only) were similar results of the analysis per-
formed on all exercisers, even though these were not statistically significant in either stratum.

Discussion

This study was the first to examine whether the association of subjective health status to exercise differs according
to exercising alone and/or with others, adjusting for frequency of exercise. As expected, in the analysis of all par-
ticipants, the ORs for poor self-rated health were significantly lower for all exercise groups (Ea-only, Ea > Ewo,
Ea=Ewo, Ea < Ewo and Ewo-only) compared to non-exercisers. In the analysis excluding non-exercisers, the
ORs for poor self-rated health were significantly lower for people who exercised both alone and with others
(Ea>Ewo, Ea=Ewo and Ea < Ewo) and people who only exercised with others (Ewo-only) compared to people
who only exercised alone (Ea-only), after adjusting for total frequency of exercise. Moreover, although the ORs
were not significantly lower for people who only exercised with others (Ewo-only), similar results were found
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N 6,018 3,685 3,895 760 1,131 6,195
Age (years) Mean£5D 73.8+6.1 72.6£5.4 729+5.4 723+£5.1 724+5.5 74.5+6.7
Sex (%) Males 48.8 53.4 46.9 44.1 36.5 47.1
Low 44.3 38.2 41.7 41.1 352 44.1
Equivalized income (%) Middle 30.7 36.9 322 36.6 38.2 27.3
High 7.9 10.6 9.2 10.3 10.8 8.5
Missing 17.2 14.3 16.9 12.1 15.8 20.1
<9 40.1 30.8 37.6 29.3 299 47.9
Educational attainment (%) >10 58.5 68.1 61.2 69.5 68.3 50.1
Missing 14 1.1 1.2 1.2 1.8 2.1
Living alone 16.8 12.0 11.1 11.2 11.4 13.6
Household composition (%) ‘With others 79.1 84.8 85.0 85.7 85.5 81.3
Missing 4.1 32 39 32 3.1 5.1
Employed 22.2 20.8 22.2 17.4 229 26.1
Occupational status (%) Not employed 70.1 72.5 70.1 76.1 70.5 63.6
Missing 7.7 6.7 7.7 6.6 6.6 10.3
No illness or disability 14.4 16.9 16.4 12.8 18.2 14.2
Self-reported medical condition (%) Tllness or disability 81.3 78.3 77.8 80.5 75.2 80.4
Missing 4.3 4.8 5.8 6.7 6.6 54
High 81.2 86.8 84.9 90.4 86.4 70.4
TADL (%) Low 16.6 11.8 13.1 7.6 11.9 26.4
Missing 22 1.4 2.1 2.0 1.7 32
No depression 60.4 72.2 72.1 72.5 68.8 53.5
Depressive tendency 18.5 11.3 12.2 12.1 134 20.9
Depression (%)
Depression 5.6 2.0 2.7 2.8 4.1 8.7
Missing 15.4 14.4 13.0 12.6 13.8 16.9
<1/mo 31.9 16.1 16.3 13.8 16.9 35.6
Frequency of meeting friends (%) 1/mo-1/wk 35.4 38.7 29.4 29.7 33.6 31.6
>2/wk 285 42.9 51.2 54.5 47.3 26.7
Missing 4.2 2.3 3.1 2.0 22 6.2
Yes 91.3 95.7 95.7 97.1 95.8 89.3
Receiving emotional support (%) No 6.8 2.7 2.9 1.8 2.9 7.9
Missing 1.9 1.6 1.4 1.1 13 2.8
Yes 89.3 94.7 94.2 95.9 94.3 85.1
Providing emotional support (%) No 7.6 3.0 35 2.1 3.7 10.6
Missing 3.0 24 22 2.0 1.9 4.2
Yes 91.7 95.6 96.1 97.0 95.5 91.8
Receiving instrumental support (%) No 6.3 2.6 2.5 1.8 33 5.7
Missing 2.0 1.8 1.4 1.2 1.2 2.4
Yes 75.3 82.5 81.5 82.2 83.3 72.1
Providing instrumental support (%) No 19.8 13.6 14.0 14.2 13.9 21.9
Missing 4.9 39 4.5 3.6 2.8 6.0
None 0.0 0.0 0.0 0.0 100.0 100.0
A few times/yr 7.8 0.0 13.4 24.3 0.0 0.0
Frequency of exercising alone (%) 1=3/mo &1 9 o7 267 09 09
1/wk 114 9.4 123 29.6 0.0 0.0
2-3/wk 27.3 31.4 29.8 19.3 0.0 0.0
>4wk 45.5 54.3 34.7 0.0 0.0 0.0
None 100.0 0.0 0.0 0.0 0.0 100.0
A few times/yr 0.0 30.9 13.4 0.0 20.4 0.0
Frequency of exercising with others (%) 1=3/mo 09 289 >7 70 160 09
1/wk 0.0 26.2 12.3 14.5 18.5 0.0
2-3/wk 0.0 14.8 29.8 359 229 0.0
>4wk 0.0 0.0 347 42.6 222 0.0
Continued
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Ea-only Ea>Ewo | Ea=Ewo | Ea<Ewo | Ewo-only | Non-exercisers

Non-exercisers 0.0 0.0 0.0 0.0 0.0 100.0
Category 1 7.8 0.0 0.0 0.0 20.4 0.0
Total frequency of exercise (%) Category 2 81 4 B4 70 160 090
Category 3 11.4 9.4 9.7 14.5 18.5 0.0

Category 4 27.3 314 12.3 359 22.9 0.0

Category 5 45.5 54.3 64.5 42.6 22.2 0.0

Self-rated health (%) Poor 18.1 10.0 11.0 8.9 12.6 24.7

Table 1. Characteristics of individuals according to patterns of exercise. Ea-only: people who only exercised
alone. Ea > Ewo: people who reported exercising more frequently alone than with others. Ea = Ewo: people
who reported exercising alone or with others with equal frequency. Ea < Ewo: people who exercised with others
more frequently than exercising alone. Ewo-only: people who only exercised with others. Total frequency of
exercise (categories 1 to 3): people who exercised less than twice a week. Total frequency of exercise (categories
4 and 5): people who exercised at least twice a week. Results are presented as mean =+ SD for continuous
variables and percentage (%) for categorical variables.

when stratified analysis was performed using the collapsed groups reflecting frequency of exercise per week.
These results imply that increased frequency of exercise with others has important health benefits regardless of
the total frequency of exercise, although exercising alone and exercising with others both seem to have health
benefits.

In a previous study on middle-aged adults, there was no difference between those who did not perform exer-
cise or play sports (the reference category) and those who exercised mostly alone, whereas there was a signifi-
cantly lower OR of poor mental health later on among those who exercised mostly with others®. Similarly, in a
study on older adults, even for those exercising once a week or more, the risk of incident functional disability was
significantly lower among those who participated in a sports organization compared to those who did not®. The
results of these previous studies are consistent with the finding in the present study that the OR of poor self-rated
health was significantly lower among those exercising with others than those only exercising alone.

In those who exercised with others, the ORs for poor self-rated health seem to be smaller for those exercis-
ing both alone and with others (Ea > Ewo, Ea=Ewo and Ea < Ewo) than those who only exercised with others
(Ewo-only). This could still be residual confounding by total MET-hours, even though we were only crudely able
to adjust frequency of exercise (i.e. those performing both may be likely to be spending more total time exercising
compared to those only exercising alone). In contrast, the above-mentioned study on the association with mental
health did not find any differences in the risk of poor mental health between those exercising both alone and with
others and those who did not exercise et al.®. Although it is true that the reference for comparison was not the
same, the trend observed was different from that of the present study. One reason for this difference may be that
those exercising both alone and with others accounted for over half of those who exercised in the present study,
which includes representative samples, but accounted for only 3% in the previous study.

Social relationships may be one mechanism underlying the health benefits of exercising with others**.
Reviews have indicated that poor social relationships can increase mortality risk®’, and similar results were also
observed in older Japanese adults?!. In addition, social connectedness while exercising contributes to exercise
adherence®. Previous studies examining the mechanism underlying the relationship between exercising with
others and health revealed the possibility that social relationships may contribute to the association between
participation in a sports organization and incidence of functional disability>"’. In this research, we used a part of
general social relationships (frequency of meeting friends, receiving instrumental support, providing instrumen-
tal support, receiving emotional support, and providing emotional support) as covariates which could serve as
measures of sociability. As we could not use specific social relationships in exercising with others, future studies
are needed to use specific social relationships in exercising with others to examine whether these social relation-
ships mediate the association between exercising with others and health. Other possible mechanisms that may
have a positive association with exercising with others are: adherence to exercise routines®*=?>, self-esteem and
other psychological factors®, social capital?® and other social factors*. For example, those who exercise with others
may have continued to exercise for more years at the time of the survey than those who exercise alone. As we
could not determine the roles of those factors in the present study, further studies are needed.

The present study had some limitations. Firstly, while we considered the frequency of exercise, which is an
important point when investigating the association between exercise and health, we did not consider intensity
or duration?, or type of exercise?’. The differences between exercising alone and exercising with others may be
residually confounded by differences in these factors. The second limitation is that the phrase “exercise with oth-
ers” did not differentiate between exercise with only one other person and exercise with two or more other people
or in a group or organization. Associations with health may differ between the different forms of exercise with
others. The third is that we used combinations of two variable categories for “total frequency of exercise”, which
may have resulted in a slight lack of accuracy. The fourth is that there may be a confounding effect from demo-
graphic and psychosocial factors related to exercising with others?, which we did not examine. The fifth is that
the study was cross-sectional, and therefore cannot determine causal relationships. Further studies are therefore
also needed to consider these points.
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All participants

Non-exercisers 6,195 ref — ref —
Ea-only 6,018 0.68 0.62-0.74 0.75 0.69-0.83
Ea>Ewo 3,685 0.34 0.30-0.38 0.50 0.43-0.57
Ea=Ewo 3,895 0.38 0.34-0.42 0.54 0.48-0.61
Ea<Ewo 760 0.30 0.23-0.39 0.43 0.33-0.56
Ewo-only 1,131 0.44 0.37-0.53 0.64 0.52-0.78

Exercisers-only: all participants excluding non-exercisers

Total frequency of exercise: Category 1-5 (all exercisers)

Ea-only 6,018 ref — Ref — ref —
Ea>Ewo 3,685 0.50 0.44-0.57 0.67 0.58-0.77 0.69 0.60-0.79
Ea=Ewo 3,895 0.56 0.50-0.63 0.72 0.63-0.82 0.74 0.64-0.84
Ea<Ewo 760 0.45 0.34-0.58 0.58 0.44-0.76 0.57 0.43-0.75
Ewo-only 1,131 0.66 0.54-0.79 0.86 0.70-1.05 0.79 0.64-0.97
Total frequency of exercise: Category 4-5 (exercisers >2/wk)

Ea-only 4,381 ref — Ref — ref —
Ea>Ewo 3,159 0.53 0.46-0.61 0.69 0.59-0.80 0.69 0.59-0.80
Ea=Ewo 2,995 0.57 0.50-0.65 0.73 0.62-0.85 0.76 0.65-0.90
Ea<Ewo 597 0.45 0.33-0.61 0.56 0.40-0.77 0.55 0.40-0.75
Ewo-only 510 0.60 0.45-0.80 0.80 0.58-1.09 0.78 0.57-1.06
Total frequency of exercise: Category 1-3 (exercisers <2/wk)

Ea-only 1,637 ref — ref — ref —
Ea>Ewo 526 0.54 0.41-0.71 0.72 0.54-0.97 0.69 0.51-0.93
Ea=Ewo 900 0.55 0.44-0.69 0.69 0.54-0.88 0.65 0.51-0.84
Ea <Ewo 163 0.46 0.28-0.76 0.65 0.39-1.10 0.62 0.37-1.05
Ewo-only 621 0.59 0.46-0.76 0.77 0.59-1.02 0.79 0.60-1.04

Table 2. Odds ratios of poor self-rated health according to patterns of exercise. Ea-only: people who only
exercised alone. Ea > Ewo: people who reported exercising more frequently alone than with others. Ea = Ewo:
people who reported exercising alone or with others with equal frequency. Ea < Ewo: people who exercised with
others more frequently than exercising alone. Ewo-only: people who only exercised with others. Model 1 was
adjusted for sex, age, equivalized income, educational attainment, household composition, occupational status,
self-reported medical conditions, IADL, depression, and sociability. Model 2 was adjusted for the covariates in
Model 1 plus total frequency of exercise.

Conclusion

Among older Japanese adults, although exercising alone and exercising with others both seem to have health ben-
efits, increased frequency of exercise with others has important health benefits regardless of the total frequency of
exercise. A social interaction perspective may be useful to assist with promoting exercise benefits for older adults.
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Abstract

Previous studies have found an association between neighborhood characteristics (i.e.,
aspects of the physical and social environment) and the incidence of cardiovascular dis-
ease (CVD) and elevated CVD risk. This study investigated the relationship between neigh-
borhood characteristics and CVD risk among older people in Japan where research on this
association is scarce. Data came from the Japan Gerontological Evaluation Study project;
questionnaire data collected from 3,810 people aged 65 years or older living in 20 primary
school districts in Aichi prefecture, Japan, was linked to a computed composite CVD risk
score based on biomarker data (i.e., hemoglobin A1c, systolic blood pressure, diastolic
blood pressure, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol,
and estimated glomerular filtration rate). A sex-stratified multilevel linear regression analy-
sis revealed that for male participants, living in neighborhoods with a higher perceived
occurrence of traffic accidents and reduced personal safety was associated with an ele-
vated CVD risk (coefficient = 1.08 per interquartile range increase, 95% confidence interval
[CI] =0.30 to 1.86) whereas males living in neighborhoods with a higher perceived proxim-
ity of exercise facilities had a lower risk (coefficient = -=1.00, 95% Cl = -1.78 to —0.21). For
females, there was no statistically significant association between neighborhood character-
istics and CVD risk. This study suggests that aspects of the neighborhood environment
might be important for CVD morbidity and mortality in Japan, particularly among men.
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Introduction

In recent years there has been increasing interest in the role of neighborhood characteristics
(i.e., aspects of the physical and social environment) in the emergence of cardiovascular disease
(CVD)/CVDrrisk factors [1, 2] given their potential to influence individual behavioral factors
that are associated with CVDs such as dietary habits [3-5], physical activity levels [6] and
smoking [7, 8]. Previous studies have focused on a wide range of factors linked to the neighbor-
hood physical environment including access to shops selling fresh fruits and vegetables [1, 2,
9], hilly residential areas [10], physical activity resources [1, 2, 11-13], safety from traffic [11,
12], street connectivity [11, 12, 14] and the degree of greenness [15-18]. Similarly, in terms of
the social environment, several factors have been examined such as social cohesion [1, 2, 11],
structural social capital [19], social support for pro-physical activity [11] and the perceived risk
of crime [14, 20, 21]. In the main, these studies have shown that a favorable neighborhood
environment is inversely associated with CVD/CVD risk factors, while detrimental neighbor-
hood features have been linked to a greater CVD risk [16, 17].

Neighborhood environments might affect the cardio-metabolic risk of their residents in two
main ways: (a) through the impact they have on the energy balance and (b) as a result of psy-
chological stress [2]. For example, energy consumption or dietary composition is influenced by
the availability of different food items in the immediate neighborhood environment. Moreover,
residing in communities which have exercise and leisure facilities may be associated with a
higher level of physical activity [11-13, 15-18], whereas a high crime rate may result in more
time being spent indoors, and reduced physical activity. In addition, the detrimental features of
communities (e.g. crime, traffic accidents and high unemployment) can also act as chronic psy-
chological stressors, which can damage health both directly [14, 20, 21] and also indirectly
through unhealthy behaviors induced by psychological stress [22-24]. In contrast, community-
level social capital (i.e., resources accessed by individuals and groups within a social structure
that facilitate cooperation, collective action, and the maintenance of norms [25]), might protect
people from the effects of psychological stress as a result of greater social support [26, 27] or by
underpinning the emergence of a health-promoting environment (e.g., from increased physical
activity associated with participating in community organizations) [28].

Despite an increasing focus on the role of neighborhood characteristics in the emergence of
CVD/CVDrrisk, there are still important research gaps. For example, although most studies
have used various predictor variables (e.g., smoking, physical activity, body mass index (BMI),
hypertension, fruit and vegetable consumption) as CVD risk factors, few have simultaneously
assessed multiple biomarkers which would more accurately represent the overall risk for a
future CVD event [1, 11, 20, 29-31]. Further, these associations have still not yet been studied
in many parts of the world. For instance, to the best of our knowledge, there is no research on
the association between aspects of the physical and social neighborhood environment and
CVD risk in Japan, even though CVD is one of the leading causes of death in the country [32].

To address this issue the current study used data from the Japan Gerontological Evaluation
Study (JAGES) project, an ongoing epidemiological study that focuses on identifying social deter-
minants of health among Japanese people aged 65 years and older [33], to investigate the associa-
tion between neighborhood characteristics and CVD risk as evaluated by multiple biomarkers.

Methods
Data

The study data were collected through a postal survey undertaken in August 2010 to January
2012 in six municipalities in Chita peninsula, Aichi prefecture, Japan. This was linked to data
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obtained in the municipality-organized voluntary health check-up (the Tokutei kenkou shinsa:
Kenshin) in four of the six municipalities. Of the 20,432 people who participated in the JAGES
project in Aichi prefecture, health check-up information was linked for 9,893 (48.4%). Study
exclusion criteria included missing information for either: location or residence (at a primary
school zone level) (n = 9), weight and height (n = 41), biomarkers (n = 5,530); current smoking
status (n = 409). Individuals who had self-reported difficulty in daily living activities were also
excluded (n = 293). In addition, one municipality did not provide information on blood pres-
sure. A total of 3,810 participants residing in 20 primary school districts in 3 municipalities
were thus included in the subsequent analyses.

The study protocol and questionnaire procedures were approved by the Ethics Committee
for Research on Human Subjects at Nihon Fukushi University, Japan (No. 10-05) and the Eth-
ics Committee for Medical Research at the University of Tokyo (No. 10555). Informed consent
was assumed with the voluntary return of the questionnaire.

Dependent variable

CVD risk was evaluated with the Suita Score [34] using information from six biomarkers mea-
sured in the health check-up (i.e., hemoglobin Alc (HbAlc), systolic and diastolic blood pres-
sure, low-density (LDL) and high-density (HDL) lipoprotein cholesterol and the estimated
glomerular filtration rate (eGFR)) together with age, sex and current smoking status. The Suita
Score was developed by the National Cerebral and Cardiovascular Center, Japan, to predict
possible future CVD events; it was developed based on the Framingham Risk Score [35], which
is known to overestimate the risk of coronary heart disease among the Japanese population
[34]. The score can range from 10 to 95 with higher values indicating a higher risk of a future
cardiovascular event.

Independent variables

The questionnaire obtained information on different aspects of the neighborhood environ-
ment. Following the lead of previous studies [1, 2], we examined: (1) the proximity of shops
selling fresh fruits and vegetables; (2) the proximity of exercise facilities (i.e., places that are
suitable for exercise or walking); (3) the presence of slopes or stairs in the neighborhood; (4)
social capital; and (5) personal safety and the risk of traffic accidents.

Physical environment

For the first three above-mentioned variables (1-3), participants were asked about the environ-
ment within 1 km of their residential location (i.e., about shops or facilities that sell fresh fruits
and vegetables, parks or streets which are suitable for sports activities or walking, and places
where they find it difficult to walk because of environmental obstacles such as slopes or stairs).
They used one of five answer options to describe the extent to which these factors were present
in their immediate environment (i.e., greatly, to some extent, a few, none and don’t know). For
the current study we calculated the proportion of those who answered either “greatly” or “to
some extent” by primary school district.

These three neighborhood environmental features were also evaluated by geographic infor-
mation system (GIS) analysis; the number of shops which purportedly sold fresh food (such as
fruits, vegetables, meat and fish), the number of parks (i.e., exercise facilities), and the hilliness
of the neighborhood were calculated for each primary school district. Information on the num-
ber of grocery stores at a 500-meter resolution was available from the 2007 Commerce Census
conducted by the Ministry of Economy, Trade and Industry; in this study, the number of gro-
cery stores was calculated for each school district, assuming that all of the stores were located
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in the centroids of each geographical unit (i.e., 500mx500m). A grocery store was defined as
either a department store, general merchandise store, specialized supermarket, or daily com-
modities store. The average park count was calculated using National Land Numerical Infor-
mation City Park Data (as of 2011) from the Ministry of Land, Infrastructure, Transport and
Tourism (MLIT), Japan. The average hilliness of each neighborhood i.e. the land slope was cal-
culated based on the Elevation, Degree of Slope 5th Mesh Data (as of 2011) which was also
obtained from MLIT and was based on the Digital Map 50 m Grid (Elevation). ArcGIS 10.1
software was used for all spatial calculations.

Social environment

Community-level social capital was operationalized in two distinct forms. Cognitive social cap-
ital, which includes norms, values, attitudes and beliefs [36], was measured with the following
three questions, “generally speaking, do you trust people in your community?”, “do people in
your community try to be helpful to others?” and “how attached do you feel to your commu-
nity?” Each question had five answer options (i.e., greatly, to some extent, cannot say, not very
much, and not at all). The proportion of those who answered greatly or to some extent for each
question was calculated, standardized to a mean of 0 and standard deviation of 1 and then aver-
aged to create a composite score for each primary school district. Structural social capital,
which is usually operationalized as the extent and intensity of associational links and activity in
society [36], was measured with three questions on social participation (i.e., participating in
volunteer groups, sports organizations and hobby groups at least once a month). The propor-
tion of those who participated in each activity was calculated, standardized and then averaged
to create a composite score. Perceived personal safety and the risk of neighborhood traffic acci-
dents was evaluated with three questions; “Is there any road or intersection which is a high risk
for traffic accidents?”, “Is there any place where you think it is dangerous to walk at night?”,
and “how unsafe do you feel in your community?” The proportion of those who answered
“greatly” or “to some extent” for each question was calculated and standardized to compute a
composite score.

Covariates

Information on participants’ demographic and socioeconomic characteristics was also col-
lected (i.e. age, sex, marital status, educational attainment, employment and household equiva-
lent income). BMI was calculated based on self-reported height and weight. After excluding
those whose height or weight was above or below 4 SD from the mean, BMI was divided into
three categories: < 18.5; 18.5 to 24.9; > 25.0. Marital status referred to being either married or
not married, or was unknown. There were three educational attainment levels based on the
number of years spent in school, < 9 years; 10-12 years; and > 13 years. For employment sta-
tus respondents were categorized as being either employed; retired and not employed; had
never worked; or had missing data. Annual household equivalent income was calculated by
dividing the total household income by the square root of the number of household members
[37] and was divided into three categories: low (less than 2 million yen); middle (2 to 4 million
yen); and high (more than 4 million yen). Mental health i.e., the presence of depression, was
assessed using the 15-item Geriatric Depression Scale (GDS), a self-administered question-
naire. Participants were categorized into three groups i.e., non-depressed (a score of 0-4); mild
depression (5-9); and severe depression (10-15) [38].

Lifestyle information was collected on (1) the frequency of consuming fruit and vegeta-
bles, (2) alcohol consumption, (3) current cigarette smoking, (4) time spent in daily walking
and (5) the frequency of meeting friends. The frequency of fruit and vegetable consumption
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was assessed with the question, “How often did you eat fruit and vegetables in the previous
month?” Responses were grouped into four categories, > twice a day; once a day; four to six
times a week; < two to three times a week. Alcohol consumption was categorized with the
answer options yes, no, and used to drink. Smoking status was assessed by the question, “Do
you smoke?” with four possible answers, never; quit smoking more than 5 years ago; quit
smoking 5 or less years ago; and currently smoke. To assess time spent in daily walking
respondents were asked, “How long do you walk for each day on average?” with four
response options, < 30 minutes; 30-59 minutes; 60-89 minutes; and > 90 minutes. Informa-
tion on the frequency of meeting friends was obtained with the question “How often do you
meet friends or acquaintances?” with answers divided into two categories, > once a week;
and < once a week. Neighborhood socioeconomic status (SES) was evaluated by calculating
the land price of each primary school zone for the year 2010, with information which was
published by MLIT [39].

Statistical analysis

Following the lead of a previous study which investigated the association between neighbor-
hood SES and the Framingham Score [40], a multilevel linear regression analysis was con-
ducted to investigate the association between neighborhood characteristics and the Suita
Score as a continuous variable. Sex-specific analyses were undertaken as previous research
has indicated that not only do male and female lifestyles differ in Japan [32, 41] but that the
way the sexes interact with their surrounding neighborhood may differ [42]. For the multi-
level analysis we defined individual participants and primary school districts as Level 1 and
Level 2, respectively. To ensure comparability the nine neighborhood characteristics that
were the focus of this study were standardized (i.e. divided by their inter-quartile range

[IQR] values) and examined separately, with models being adjusted sequentially [2]. Model 1
adjusted for individual socio-demographic variables (i.e., age in years, age-squared, sex, BMI,
marital status, educational status, employment status, equivalent household income), depres-
sion and neighborhood SES; Model 2 further adjusted for individual behavioral variables
(i.e., time spent walking, fruit and vegetable consumption, alcohol consumption, smoking
and frequency of meeting friends). To maximize statistical power, if information was missing
for any of the covariates a “missing” category was created and included in the analysis. Addi-
tional analyses showed that the overall results did not change when the participants with
missing information were excluded. When investigating the effect of neighborhood cognitive
and structural social capital, we also included individual-level cognitive (i.e., trust, attach-
ment and reciprocity) and structural (i.e., participation in sports organizations, volunteer
groups and hobby clubs once a month or more frequently) social capital measures as covari-
ates, respectively.

To examine the robustness of the results, we also performed a sensitivity analysis, where the
analysis was restricted to those who had resided in the primary school districts for 10 years or
longer while adjusting for the same covariates included in Model 2, as it is possible that the
effects of the neighborhood environment may be cumulative and operate over a longer period
of time. We chose 10 years as a cut-off principally because the Suita Score and several similar
scores usually calculate the 10-year risk of CVD, which means 10 years is thought of as being a
long enough period of time to differentiate those who are at risk and those who are not in
terms of developing CVD.

Stata 13.0 (Stata Corp, College Station, TX) was used to conduct the statistical analyses.
Results are shown in the form of coefficients with 95% confidence intervals (CI). The level of
statistical significance was p < 0.05.
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Results

Descriptive statistics of the study participants are presented in Table 1. Participants’ average
age was 71.3 years and 52.6% were female. More than three quarters of the participants were
married, while just under half of them (47.8%) had < 9 years education, 36.1% had 10-12
years of education while 12.4% had obtained a further education (> 13 years). Most house-
holds (42.2%) were in the lowest income category of less than 2 million yen. Just under half of
the participants (46.4%) consumed vegetables twice a day or more often with 40% of them
reporting that they drink alcohol although this proportion was more than three times higher
among male participants (63.1% vs. 19.1%). A sex-based imbalance was also observed for cur-
rent smoking with 19.0% of the male participants smoking compared to only 2.4% of females.
Nearly one-third (32.7%) of the participants walked for at least one hour every day, while
75.3% of them met with friends one or more times a week. There was no statistically significant
difference by sex in HbAlc, systolic blood pressure or eGFR, while diastolic blood pressure was
higher among males and LDL and HDL cholesterols were statistically higher among females.
The total Suita Score was significantly higher among male participants.

Details of the neighborhood characteristics evaluated at a primary school district level are
presented in Table 2. Seventy-five percent of the participants in each school district answered
that there were shops selling fresh fruit and vegetables in the vicinity (76.4, IQR = 69.3 to 79.9),
while the proportion was almost identical for the perceived proximity of exercise facilities
(76.1, IQR = 68.7 to 83.8). A much lower proportion of respondents perceived barriers to walk-
ing in their immediate environment (43.0, IQR = 34.2 to 53.9). A GIS-based analysis revealed
there were 5.4 shops (median, IQR = 3.0 to 12.6) per square kilometer (km?) that supposedly
sold fresh fruit and vegetables, while there were 0.88 (median, IQR = 0.19 to 2.02) parks per
km?. The median value of the neighborhood slopes (a measure of hilliness) was 3.17 degrees
(IQR =2.30 to 4.44). The school district-level indices of cognitive and structural social capital
were 0.03 (IQR = —0.38 to 0.23) and 0.00 (IQR = —0.25 to 0.61). The median value for perceived
personal safety and risk of traffic accidents was 0.25 (IQR = —0.57 to 0.56). The median land
price was 64,362.5 yen (IQR = 42,550 to 82,375) per square meter.

In the multilevel linear regression analysis male participants who lived in neighborhoods
with a higher perceived proximity of exercise facilities had a lower CVD risk (Table 3). Each
IQR increase in the index of the perceived proximity of exercise facilities resulted in a 0.77
(95% confidence interval [CI] = —1.48 to —0.07) reduction in the Suita Score in Model 1. Specif-
ically, those who resided in communities with a greater number of perceived exercise facilities
(i.e., the top 25%) had a 0.77 lower score compared with those in communities with fewer per-
ceived exercise facilities (i.e., the bottom 25%). This remained statistically significant even after
adjusting for individual behavioral factors (coefficient = —1.00, 95% CI = —1.78 to —0.21). In
contrast, living in a neighborhood where the perceived risk of traffic accidents and reduced
personal safety was greater was associated with a higher CVD risk (i.e., coefficient = 0.81, 95%
CI=0.11 to 1.52) among men, which specifically meant that those in communities with a
higher perceived risk of traffic accidents and reduced personal safety (i.e., the top 25%) had
0.81 points higher score compared with those residing in communities with a lower perception;
this also remained statistically significant after adjusting for individual behavioral factors in
Model 2 (coefficient = 1.08, 95% CI = 0.30 to 1.86). Among the female participants, there was
no statistically significant association between any of the neighborhood characteristics and
CVDrisk.

When the analysis was restricted to those participants who had resided in their current resi-
dential location for 10 years or longer, the associations observed among the male participants
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Table 1. Characteristics of the study participants in Chita peninsular, Aichi Prefecture, Japan in 2010 (n = 3,810).

Total Men Women p-value
(n=3,810) (n=1,805) (n=2,005)
Mean [SD]/n (%)
Age (in years) 71.3[5.0] 71.2[4.8] 71.4[5.2] 0.28
Marital status
Married 2,935 (77.0) 1,586 (87.9) 1,349 (67.3) <0.001
Not married 748 (19.6) 164 (9.0) 586 (29.2)
Other 127 (3.3) 57 (3.2) 70 (3.5)
Educational attainment
< 9years 1,822 (47.8) 782 (43.3) 1,040 (51.9) <0.001
10-12 years 1,376 (36.1) 678 (37.6) 698 (34.8)
> 13 years 474 (12.4) 282 (15.6) 192 (9.6)
Missing 138 (3.6) 63(3.5) 75 (3.7)
Annual equivalent household income (yen)
< 2 million 1,607 (42.2) 765 (42.4) 842 (42.0) <0.001
2—4 million 1,380 (36.2) 732 (40.6) 648 (32.3)
> 4 million 234 (6.1) 112 (6.2) 122 (6.1)
Missing 589 (15.5) 196 (10.9) 393 (19.6)
Occupational status
Currently employed 701 (18.4) 411 (22.8) 290 (14.3) <0.001
Retired 2,314 (60.7) 1,228 (68.0) 1,086 (54.2)
Unemployed 374 (9.8) 64 (3.6) 310 (15.5)
Missing 421 (11.1) 102 (5.7) 319 (15.9)
BMI (kg/m?)
Lean (< 18.5) 195 (5.1) 52 (2.9) 143 (7.1) 0.001
Normal (18.5-24.9) 2,704 (71.0) 1,300 (72.0) 1,404 (70.0)
Overweight (25-29.9) 827 (21.7) 426 (23.6) 401 (20.0)
Obese (> 30) 84 (2.2) 27 (1.5) 57 (2.8)
GDS
Not depressed (0—4) 2,260 (59.3) 1,030 (57.1) 1,230 (61.4) 0.01
Mild depression (5-9) 720 (18.9) 346 (19.2) 374 (18.7)
Depression (10-15) 196 (5.1) 93(5.2) 103 (5.1)
Missing 634 (16.6) 336 (18.6) 298 (14.9)
Vegetable intake
> twice/day 1,767 (46.4) 685 (38.0) 1,082 (54.0) <0.001
Once/day 1,252 (32.9) 638 (35.4) 614 (30.6)
4-6 times/week 444 (11.7) 275 (15.2) 169 (8.4)
2-3 times/week or less 304 (8.0) 195 (10.8) 109 (5.4)
Missing 43(1.1) 12(0.7) 31(1.6)
Alcohol consumption
Drink 1,521 (39.9) 1,138 (63.1) 383 (19.1) <0.001
Don’t drink 2,249 (59.0) 656 (36.3) 1,593 (79.5)
Missing 40(1.1) 11 (0.6) 29 (1.5)
Cigarette smoking
Never 2,310 (60.6) 448 (24.8) 1,862 (92.9) <0.001
Quit 1,109 (29.1) 1,014 (56.2) 95 (4.7)
Smoke 391 (10.3) 343 (19.0) 48 (2.4)
Walking hours
(Continued)
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Table 1. (Continued)

Total Men Women p-value
(n=3,810) (n=1,805) (n=2,005)
<30 min 1,070 (28.1) 458 (25.4) 612 (30.5) <0.001
30-59 min 1,297 (34.0) 614 (34.0) 683 (34.1)
60—89 min 634 (16.6) 329 (18.2) 305 (15.2)
> 90 min 612 (16.1) 335 (18.6) 277 (13.8)
Missing 197 (5.2) 69 (3.8) 128 (6.4)
Meeting friends
< once/week 745 (19.6) 496 (27.5) 249 (12.4) <0.001
> once/week 2,869 (75.3) 1,233 (68.3) 1,636 (81.6)
Missing 196 (5.1) 76 (4.2) 120 (6.0)
HbA ¢ (%) 5.6[0.7] 5.6[0.8] 5.5[0.6] 0.29
Systolic blood pressure (mmHg) 131.7[16.5] 131.9[16.4] 131.5[16.5] 0.56
Diastolic blood pressure (mmHg) 73.7[10.2] 74.8[10.5] 72.8[9.9] <0.001
LDL cholesterol (mg/dL) 119.7 [28.9] 114.6 [29.0] 124.2[28.0] <0.001
HDL cholesterol (mg/dL) 58.9[15.6] 54.7 [15.0] 62.6[15.2] <0.001
eGFR(mL/min/1.73 m?) 68.9[13.9] 68.3[14.1] 69.4[13.6] 0.17
Suita Score 49.9(7.5] 54.2[6.7] 46.1[5.8] <0.001

doi:10.1371/journal.pone.0164525.1001

were generally more pronounced (Table 4), while there was no significant association between
any of the neighborhood characteristics and CVD risk among the female participants.

Discussion
Summary of the study’s main findings

The present study revealed that for males aged 65 years or older, living in a neighborhood with

a higher perceived proximity to exercise facilities was associated with a reduced CVD risk,

Table 2. Basic attributes of the neighborhood environment in the study locations in Chita peninsu-
lar, Aichi Prefecture, Japan (n = 20).

Attributes Median IQR

1. Proximity of shops selling fresh vegetables and fruits

1a. Perceived (%) 76.4 69.3,79.9

1b. GIS-based (per km?) 5.4 3.0,12.6
2. Proximity of exercise facilities

2a. Perceived (%) 76.1 68.7, 83.8

2b. GIS-based (per km?) 0.88 0.19,2.02
3. Walking environment in the neighborhood

3a. Perceived (%) 43.0 34.2,53.9

3b. GIS-based hilliness (degree) 3.17 2.30,4.44
4. Social capital

4a. Cognitive 0.03 -0.38, 0.23

4b. Structural 0.00 -0.25, 0.61
5. Personal safety and risk of traffic accidents

5a. Perceived 0.25 -0.57,0.56
Neighborhood SES

Land price (yen per m?) 64,362.5 42,550, 82,375

doi:10.1371/journal.pone.0164525.t002
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Table 3. Multilevel linear regression analysis examining the association between neighborhood characteristics and cardiovascular risk among

older people living in Chita peninsula, Aichi

coef.

Prefecture, Japan.

Male participants (n = 1,805) Female participants (n = 2,005)

1. Proximity of shops selling fresh fruits and vegetables

1a. Perceived —-0.02

1b. GIS-based 0.12
2. Proximity of exercise facilities

2a. Perceived -0.77

2b. GIS-based -0.14

3. Walking environment in the neighborhood

3a. Perceived -0.58

3b. GIS-based -0.21
4. Social Capital

4a. Cognitive -0.16

4b. Structural -0.27

5. Personal safety and risk of traffic accidents

5a. Perceived 0.81

*#%:p<0.01

*p<0.05
+:p<0.10

Model 1 Model 2 Model 1 Model 2

95% CI coef. 95% CI coef. 95% CI coef. 95% CI
-0.48, 0.45 -0.06 | —0.63, 0.50 -0.15| -0.67,0.37 -0.15| -0.66, 0.36
-0.69, 0.92 -0.04 | -0.95,0.87 0.14 | -0.63,0.92 0.07 | -0.70, 0.83
-1.48, -0.07* -1.00 | -1.78, -0.21* -0.16 | —0.96, 0.64 -0.22 | -1.01,0.56
-0.59, 0.30 -0.09 | -0.61,0.43 0.15|-0.34,0.64 0.10 | -0.38,0.59
-1.25, 0.08t -0.62 | -1.39,0.14 -0.30 | -0.98,0.38 -0.31-0.98,0.35
-0.76,0.34 -0.16 | —0.83, 0.51 0.08 | -0.55,0.71 0.09 | -0.54,0.71
-0.57,0.25 -0.26 | -0.71,0.19 -0.14 | -0.55,0.27 -0.17 | -0.57,0.23
-0.94, 0.41 -0.02 | -0.77,0.74 0.07 | -0.61,0.74 0.08 | -0.59,0.75
0.11,1.52* 1.08 | 0.30, 1.86** 0.40|-0.37,1.17 0.44|-0.31,1.19

Model 1 adjusted for basic individual socio-demographic variables (i.e., age in years, age-squared, sex, body mass index, marital status, educational status,
employment status, equivalent household income and depression) and neighborhood SES. When investigating the effect of neighborhood cognitive and

structural social capital (4a and 4b), we also inc

luded individual-level cognitive and structural social capital measures as covariates, respectively.

Model 2 further adjusted for individual behavioral variables (i.e., time spent walking, fruit and vegetable consumption, alcohol consumption, smoking and

frequency of meeting friends).

doi:10.1371/journal.pone.0164525.t003

while those who lived in neighborhoods where traffic accidents and reduced safety were per-
ceived as being more common had a higher CVD risk. Among female participants, no associa-
tions were observed between neighborhood characteristics and CVD risk. An additional
analysis that focused only on those participants who had resided in their current residential
location for at least 10 years produced the same results although the associations seen among
men were more pronounced.

Mechanisms linking neighborhood characteristics and cardiovascular
risk

To the best of our knowledge, no previous study has examined the association between the per-
ceived proximity of exercise facilities and CVD risk, although research on other health out-
comes has produced similar findings to the associations seen among men in this study. For
example, Auchincloss et al. [43] found that neighborhood physical activity resources were asso-
ciated with a lower hazard ratio for diabetes (0.65) in the U.S. Mathis et al. [44] investigated the
association between BMI and local recreational facilities and showed that obese older adults
had a significantly lower probability of having a park in their neighborhood. Previous research
has also highlighted the ways in which such an environment might be beneficial for health. For
instance, an earlier study showed that people who live in areas where there are more parks are
more likely to walk for at least 60 minutes per week, compared to those who live in areas with
tewer parks [12]. In addition, in Canada, park features (the number of facilities in a park such
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Table 4. Sensitivity analysis restricted to those participants who had resided in their current location for > 10 years in Chita peninsula, Aichi Pre-

fecture, Japan.

coef.

Male participants (n = 1,692) Female participants (n = 1,899)

1. Proximity of shops selling fresh fruits and vegetables

1a. Perceived -0.11

1b. GIS-based 0.07
2. Proximity of exercise facilities

2a. Perceived -0.84

2b. GIS-based -0.14

3. Walking environment in the neighborhood

3a. Perceived -0.53

3b. GIS-based -0.29
4. Social Capital

4a. Cognitive -0.20

4b. Structural -0.25

5. Personal safety and risk of traffic accidents

5a. Perceived 0.91

**:p < 0.01
*:p<0.05

Model 1 Model 2 Model 1 Model 2
95% CI coef. 95% CI coef. 95% CI coef. 95% CI
-0.58,0.37 -0.16 | —-0.72, 0.41 -0.14 | -0.64,0.37 -0.12 | -0.63,0.38
-0.74,0.89 -0.07 | -0.99, 0.85 0.13 | -0.64,0.90 0.05 | -0.70, 0.81
-1.56, -0.13* -1.07 | -1.86, —0.28** -0.18 | —0.96, 0.61 -0.22 | -0.99, 0.55
-0.59, 0.31 -0.11 | -0.62, 0.41 0.13 | -0.35,0.61 0.09 | -0.39, 0.56
-1.22,0.16 -0.57 | -1.35,0.21 -0.27 | —0.94, 0.41 -0.28 | —-0.94,0.39
-0.83,0.24 -0.27 | -0.92,0.38 0.04 | -0.58, 0.66 0.05 | -0.56, 0.66
-0.60, 0.21 -0.32 | -0.77,0.12 -0.14 | -0.54,0.26 -0.15| -0.54,0.25
-0.94,0.43 -0.01|-0.77,0.75 0.07 | -0.60,0.75 0.10 | -0.56,0.76
0.23, 1.60** 1.18 | 0.43, 1.94** 0.34|-0.42,1.11 0.39|-0.36,1.14

Models were adjusted for basic individual socio-demographic variables (i.e., age in years, age-squared, sex, body mass index, marital status, educational
status, employment status, equivalent household income and depression) and neighborhood SES and individual behavioral variables (i.e., time spent
walking, fruit and vegetable consumption, alcohol consumption, smoking and frequency of meeting friends). When investigating the effect of neighborhood
cognitive and structural social capital (4a and 4b), we also included individual-level cognitive and structural social capital measures as covariates,

respectively.

doi:10.1371/journal.pone.0164525.t004

as open spaces, paths, playgrounds, wooded areas, and unpaved trails) were a significant pre-
dictor of physical activity [13]. In England, the reported frequency of green space use among
people declined with increasing distance whereas those individuals who lived closest to differ-
ent types of green space tended to achieve the recommended level of physical activity [15]. The
results of the current study suggest that such health-promoting facilities may also have the
potential to reduce CVD risk in Japan. Future studies should obtain more detailed objective
information about how respondents interact with the specific features (e.g. parks) of the sur-
rounding environment to elucidate more precisely how these neighborhood characteristics
might influence CVD risk.

The association between perceived neighborhood safety, risk of traffic accidents and CVD
risk observed among men accords with the findings from earlier studies that have used the
same/similar neighborhood predictor variables. For example, in Sweden high levels of neigh-
borhood violent crime have been associated with coronary heart disease (CHD) (i.e., a first hos-
pitalization for a fatal or non-fatal CHD event) [20]. Similarly, neighborhood safety (defined as
being able to walk safely during the day and at night, crime and violence) has also been linked
to the cardiovascular health (CVH) score, a concept recently introduced by the American
Heart Association [1]. The perceived risk of traffic accidents and reduced personal safety have
also been associated with other health indicators such as obesity [21, 44], mental well-being
[45-47] and physical functioning [47]. Living in fear might result in more time being spent
indoors, lower levels of physical activity, and higher levels of psychological stress, all of which
have the possibility to impact on CVD risk. It should also be emphasized that we observed this
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association with perceived safety in a setting (Japan) where crime is not as common as in other
countries [48]. This highlights the importance of perceived safety on CVD risk and the need
for future research to determine the factors underlying this association more precisely (e.g.
what level of crime has an effect, does personal victimization explain this association etc.).

Although previous studies showed that living in a favorable food environment was associ-
ated with a lower CVD risk, in the current study we did not observe this association. For exam-
ple, Unger et al. [1] found that the presence of more healthily provisioned neighborhood food
stores was positively associated with CVH scores in the U.S. One possible reason for the null
finding in the current study is that the variation in the food environment was not large enough
to be mirrored in the CVD risk. Another possibility comes from the fact that we did not con-
sider the availability of fruit and vegetables from other sources such as mobile vendors or cater-
ing services or whether participants grew their own produce.

The association between the neighborhood walking environment (e.g., the perceived pres-
ence of slopes and stairs and a GIS measure of neighborhood ‘hilliness’) and CVD risk or
health in general has not been extensively studied. An earlier study undertaken in Australia
nonetheless showed that the odds of self-reported diabetes were lower among those who lived
in neighborhoods with steeper slope levels [10]. As neighborhoods were hillier on average in
our study (3.2 degrees) than the Australian study (3.3%, equivalent to 1.9 degrees), it would
have been reasonable to expect that there would have also been an association with CVD risk
in this study on the basis that hilliness is likely to be associated with an increase in energy
expenditure; however, hilly environments might also prevent people from undertaking physical
activity (especially those who are older).

To date, research on the association between neighborhood social capital and CVD risk has
produced conflicting results. Unger et al. [1] showed for example, that social capital (termed as
social cohesion in their study) was not associated with the CVH score. In contrast, Scheffler
etal. [19] found that a one-standard deviation increase in a social capital index (i.e., the Petris
Social Capital Index) was significantly associated with a decreased recurrence of acute coronary
syndrome, and that this was observed among those living in areas with lower SES. In addition,
one component of neighborhood cognitive social capital i.e., a lack of fairness, has also been
linked with decreased systolic blood pressure [49]. In the present study we did not find an asso-
ciation when using the Suita Score. It is uncertain what underlies this difference, although as
Unger et al. [1] pointed out, it is possible that the mechanisms linking social capital and CVD
risk might operate more at the individual level. Indeed, in this study, those men who partici-
pated in volunteer groups had a lower CVD risk (coefficient = —1.35, p = 0.003; data not shown
in table), while Yazawa et al. [50] who also used JAGES data found that individual-level social
participation was inversely associated with hypertension.

The sex difference in the association between neighborhood
characteristics and CVD risk

Earlier research showed that there was a sex difference in the effects of the neighborhood envi-
ronment on cardiovascular risk. However, it also highlighted that there was a more pro-
nounced association among female participants, which is opposite to the finding of the current
study. For example, the effect of inequity on CHD incidence and case fatality as measured by
neighborhood deprivation has been found to be slightly stronger for women than men [51]. A
sex difference has also been seen for other health outcomes. In a study undertaken in England
[47], multiple aspects of the residential environment (e.g., trust, integration into the wider soci-
ety, a left-wing political climate, the physical quality of the residential environment, and the
unemployment rate) had a larger effect for females than males in terms of self-rated health.
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Inoue et al. [52] also found that females were more affected by neighborhood socioeconomic
characteristics (i.e., differences in the Gini coefficient) than men in terms of C-reactive protein
concentration in rural China. Furthermore, while studying the French population, Vallée et al.
[53] suggested that females might be more influenced by the place where they live since they
tend to spend more time in their community surroundings.

One possible reason for these conflicting findings might relate to differences in the age
range of the study participants. Our participants were aged 65 years or older. Yasunaga et al.
[54] showed that among old people living in another location in Japan, the age-related reduc-
tion in habitual physical activity was reflected in a reduction in activity > 3 metabolic equiva-
lents (METs; multiples of resting metabolic rate) among men while for women it was < 3
METs, where 3 METs is the moderate physical activity intensity level recommended by the
World Health Organization to reduce non-communicable diseases [55]. Given this, the sex dif-
ference observed in the present study might have resulted from the different degrees to which
sex moderated the age-related reduction in environmental physical activity. Another possibility
comes from the fact that the mean CVD risk score was lower among females (i.e., females were
generally healthier than males); it is possible that it might have been more difficult to detecta
neighborhood effect among females, as they were generally healthier irrespective of their sur-
rounding environment.

Study limitations and future research

This study has several limitations. First, our study population might not have been fully repre-
sentative of all older persons living in Japan in several respects. For example, as our survey was
a postal survey which required a physical response to return the completed questionnaire it is
possible that those who had mobility or other serious health problems may have been automat-
ically excluded. Furthermore, as we used data from a non-compulsory health check-up it is
possible that our participants might have differed systematically from those who did not
undergo the medical examination in terms of such things as their socio-economic or health sta-
tus or how much they interact with the neighborhood environment-potentially biasing our
results. In addition, this study only focused on those who lived in Chita peninsular which limits
the generalizability of our findings. Second, the cross-sectional nature of the study precluded
the possibility of establishing causal relations. To further elucidate the impact of the neighbor-
hood environment on CVD risk in this setting, future studies should investigate these associa-
tions using longitudinal data. Third, we lacked information on potentially important
explanatory variables which might have affected both health and participants’ perceptions of
the neighborhood environment e.g. information on the purchasing of fresh fruits and vegeta-
bles (such as what was purchased and where it was purchased from), consumption of home-
grown vegetables, availability and utilization of exercise facilities (not only parks but also other
facilities such as recreational centers), incidence of crime or personal experience of victimiza-
tion. In addition, as information on the number of grocery shops was obtained from the 2007
Commerce Census, it is also possible that the number of shops had changed by the time the
study was undertaken (i.e., 2010). Fourth, as the Suita Score has been validated only among
people residing in Suita City, Osaka, CVD risk estimation might not have been accurate in this
study.

Future research should focus on how to combine different methods of assessing the neigh-
borhood environment (e.g. GIS-based methods and participants’ perceptions) and to deter-
mine what underlies any differences in outcomes such as the difference that was observed in
the current study, where statistically significant associations were only observed for participant
perceptions of the neighborhood environment. In addition, as there has been comparatively
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little research about the effects of the neighborhood environment on health and well-being
among older age groups, this should also be a priority for future research, especially given the
ongoing process of population aging in Japan and other countries.

Conclusion

This study revealed that for older men living in a neighborhood with a higher perceived prox-
imity to exercise facilities was inversely associated with CVD risk, while living in neighbor-
hoods where traffic accidents and reduced safety were perceived as being more common was
positively associated with CVD risk. This study suggests that efforts by the Japanese govern-
ment to create a healthy living environment might be important in combating CVD morbidity
and mortality in Japan, particularly among men.
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