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Table 2
Multilevel odds ratios (95% CD for poor self-rated health among older dpanese: The Aichi Gerontological Bvaluation Study, Aichi, &pan, 2003 (N = 3451).
Model 1 Model 2 Model 3 Model 4 Model 5
Hxed effects
Individual level variables
Sex Female 0.94 0.93 0.93 0.94 0.93
0.76e 117 0.75¢ 1.15) (0.74 e 1.16) (0.75 ¢ 1.16) 0.75e 1.17)
Age 70e 74 1.39 1.39 1.37 1.39 1.37
(1.15e 1.68) (1.15e 187 (1.13 e 1.66) (1.15¢ 1.68) (1.13 ¢ 1.65)
75e 79 2.26 2.25 2.20 2.26 2.23
(183e 2.81) (1.82e 2.79) (1.78 ¢ 2.73) (1.83 e 2.79) (1.81e 2.74)
80e 84 1.92 191 1.85 1.92 1.90
(142 e 2.60) (141e 2.60) (1.37 e 2.50) (142 e 2.59) (1.39 e 2.58)
>85 1.43 1.42 1.36 1.43 1.40
092e 221) (091e 217 (0.87e 2.12) (091 e 2.20) (090 e 217
Marital status Separated/divorced 0.82 0.82 0.82 0.82 0.83
(0.66 e 1.01) (067e 1.02) (0.66 e 1.01) (066 e 1.01) (0.67e 1.03)
Never married 1.10 1.10 1.07 1.10 1.10
(057 e 2.03) (058 e 2.04) (0.56 ¢ 1.99) (0.58 e 2.05) (0.58 e 2.02)
Educational attainment (years) <6 201 2.00 1.91 2.00 1.93
(125e 3.22) (125 e 3.20) (1.19 e 307 (127e 3.19) (121 e 3.13)
6e 9 148 147 141 1.47 1.46
(1.18e 1.94) (1.14e 19D (1.08 e 1.84) (1.13 e 1.94) (1.13 e 1.949)
10e 12 1.08 1.07 1.05 1.07 1.07
(0.81e 1.43) (082e 141) (0.79 e 1.38) (0.81e 1.43) (0.82 ¢ 1.43)
Individuale level equivalent income <150 1.59 1.58 152 1.55 155
(1.04 e 2.50) (1.05 e 2.40) (1.00 e 2.35) (1.03 e 2.39) (1.00 e 2.43)
150e 199 1.62 1.61 1.56 1.59 1.60
(1.05 e 2.58) (1.07 e 2.46) (101e 243) (1.06 e 2.44) (1.03 e 2.54)
200e 249 1.41 1.40 1.35 1.38 1.41
(093 e 2.21) (093e 2.12) (0.89 e 2.08) (092e 2.13) (0.90 e 2.23)
250e 299 1.17 1.17 1.12 1.15 1.17
(0.71e 1.95) (0.72e 191 (0.68 ¢ 1.85) (0.70 e 1.90) (0.70 e 1.95)
300e 349 147 1.46 141 1.43 1.47
(093¢ 2.34) (094 ¢ 2.30) (0.89 e 2.24) (093 e 2.27) (0.92 e 2.38)
350e 399 122 1.22 1.19 1.19 1.22
(0.75 ¢ 2.01) (0.77e 1.96) (0.74 ¢ 1.96) 0.75 e 1.92) (0.75 ¢ 2.02)
400e 449 1.27 1.25 1.24 1.23 1.26
.74 e 2.17) (074 e 2.11) (0.73 ¢ 2.13) (0.74 ¢ 2.09) (0.73 e 2.18)
450e 499 0.90 0.89 0.88 0.88 0.90
(046 e 1.73) (045 e 1.69) (045 e 1.71) (046 e 1.68) (0.46 e 1.73)
Smoking status Past 123 1.21 121 1.23 125
(099e 154 (097e 1.53) (0.96 e 1.52) (098 e 1.54) (1.00e 1.57)
Current 1.02 1.00 0.98 1.01 1.03
(0.78 ¢ 1.32) (0.76 e 1.31) (0.75 ¢ 1.29) (0.77e 1.31) (0.79 e 1.35)
Mistrust 1.80
(1.37e 237
No-volunteering 1.62
(123 e 2.14)
Community level variables
Gini coefficient® 1.25 1.21 121 1.32 1.36
(098 e 1.55) (0.92e 1.66) (0.92e 157 (1.00e 1.79) (1.00 e 1.89)
Rate of mistrust® 0.84 0.81
(0.54e 1.28) (0.53 e 1.24)
Rate of non volunteer® 1.08 1.16
0.75 ¢ 1.34) (0.85 e 1.56)
Community-level equivalent income® 0.99 0.99 0.99 0.99 0.99
(0.96 ¢ 1.03) (095 1.03) (0.95 e 1.03) (096 e 1.08) (095 e 1.03)
Random effects
Community-level variance (SE) 0.020 0.021 0.021 0.020. 0.022
0.017) (0.019) (0.018) (0.017) (0.019)
Median odds ratio (MOR) 1.14 1.15 1.15 1.15 1.15
(103 e 127 (1.03 e 1.29) (1.03 e 1.28) (103e 127 (1.03 e 1.29)
DIC 4022.3 4022.9 4013.2 4023.3 4009.0

2 Odds ratios for 0.1 unit difference in Gini coefficient, rate of mistrust and rate of non-volunteering are shown.
b Odds ratios for 100 unit difference in community-level equivalent income are shown.

health was 1.12 (95%CI = 0.99e 1.24) per 0.05 unit increase in Gini
coefficient. Celeste et al. (2009) showed that the adjusted multi-
level odds ratio of 0.1 unit increase in Gini coefficient for having one
or more missing teeth among 15e 19 year old Brazilians was 1.19
(95% CI = 1.05e 1.35). The present study on individual subjects
showed similar results to previous ecological studies in wealthy
countries. Income inequalities had a stronger association with
periodontal disease (Sabbah, Sheiham, & Bernabe, 2010) and dental
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caries (Bernabe & Hobdell, 2010; Bernabe, Sheiham, & Sabbah,
2009) than absolute income.

Previous studies showed that contextual social capital attenu-
ated the association between health-related quality of life and
income inequality (Kim &Kawachi, 2007). Subramanian et al. (2001)
found that self-rated health was significantly associated with
contextual social capital but not income inequality. In the present
study, associations between income inequality and self-rated health



1566 J Aida et al. / Social Science & Medicine 73 (2011) 1561e 1568
Table 3
Multilevel odds ratios (95%CD for poor dental status among older Jpanese: The Aichi Gerontological Evaluation Study, Aichi, Japan, 2003 (N = 3451).
Model 1 Model 2 Model 3 Model 4 Model 5
Fxed effects
Individual level variables
Sex Female 141 141 141 141 141
(1.14 e 1.75) (1.14e 1.74) (114 e 1.75) (1.15e 1.75) (1.14 e 1.74)
Age 70e 74 1.69 1.70 1.68 1.69 1.68
(141e 2.01) (143 e 2.01) (141 e 2.00) (142 e 2.01) (14le 199
75e 79 3.19 3.20 3.15 3.20 3.18
(255 e 4.01) (256 ¢ 4.00) (253 e 3.96) (257e 4.01) (254 e 3.98)
80e 84 4.05 405 401 4.07 407
(2.82 e 5.85) (282 e 5.82) (281 e 5.83) (287 e 587 (286 ¢ 5.88)
>85 12.72 12.76 12.45 12.75 12.70
(6.28 e 29.18) (6.35 ¢ 28.82) (6.13 e 28.13) (6.19 ¢ 28.87) (6.21 ¢ 28.49)
Marital status Separated/divorced 1.05 1.06 1.06 1.06 1.06
(0.85e 1.31) (0.86 e 1.31) (085 e 1.30) (086 e 1.31) (0.86e 1.32)
Never married 0.76 0.76 0.75 0.76 0.76
(041le 1.42) (041 e 1.43) (041 e 1.41) (04l e 142 04l e 145)
FEducational attainment (years): <6 172 1.77 1.70 1.74 1.69
097 e 3.12) (1.00 e 3.22) (095 e 3.08) (0.98 e 3.19) 096 ¢ 3.07)
6e 9 131 1.34 1.30 133 1.33
(1.03e 1.67) (1.06 e 1.69) (1.02e 1.65) (1.04 e 1.69) (1.04e 1.68)
10e 12 1.05 1.07 1.05 1.06 1.06
(082e 1.39) (084 ¢ 1.36) (0.82e 1.34) (0.83 e 1.36) (082 e 1.35)
Individuale level equivalent income: <150 125 1.27 1.24 1.27 1.24
(085 1.88) (085 e 1.88) (0.83e 1.82) (0.86 e 1.88) (083 e 1.81)
150e 199 1.11 1.13 1.11 1.13 1.10
(0.75 e 1.68) (0.76 e 1.69) (0.74 e 1.63) (0.76 ¢ 1.68) (0.74e 163)
200e 249 0.87 0.89 0.87 0.89 0.87
(0.60 e 1.29) (06le 1.31) 059 e 1.25) 060 e 1.29) (059 e 1.26)
250e 299 1.09 1.10 1.08 1.11 1.09
(0.69e 1.72) (0.70 e 1.73) (068e 169 0.70e 1.74 0.69e 1.70)
300e 349 0.87 0.89 0.87 0.89 0.87
(058 ¢ 1.33) (058 e 1.36) (057 1.29 (058 ¢ 1.34) (058 ¢ 1.31)
350e 399 0.98 0.99 0.98 1.00 098
(064 e 1.52) (065 e 1.54) (0.64 e 1.50) (065 e 1.53) (064e 150
400e 449 0.67 067 067 0.68 0.67
(04le 1.10) (042 e 1.09) (041 e 1.08) (042e 1.10) (042 e 1.09)
450e 499 068 0.68 0.68 0.69 0.68
(040 e 1.17) (040 e 1.17) (040 e 1.17) (040 e 1.18) (040 e 1.18)
Smoking status: Past 1.66 1.66 1.65 1.68 1.67
(1.33 e 207 (1.33e 207 (1.33 e 2.06) (1.34 e 2.09) (1.34e 2.09
Current 2.25 2.25 2.23 2.26 2.26
(173 e 2.95) (1.74 e 2.93) (172 e 291) (174 e 294 (178 ¢ 2.95)
Mistrust 141
(104 e 1.93)
No-volunteering 121
(096 e 1.51)
Community level variables
Gini coefficient? 154 156 154 1.71 167
(114 e 2.14) (1.15e 2.07 (117e 1.96) (116 e 2.21) (1.26 e 2.29)
Rate of mistrust® 0.76 0.74
©51e 1.13) (048 ¢ 1.17)
Rate of non volunteer® 1.39 1.07
(1.13 e 1.80) (0.84e 1.38)
Community-level equivalent income® 0.97 0.99 0.98 097 097
(093 e 1.02) (095 e 1.03) (094 e 10D (093 e 1.01) (0.92e 1.03)
Random effects
Community-level variance (SB) 0010 0.012 0.009 0.013 0.011
(0.012) (0.013) (0.011) 0.014) (0.012)
Median odds ratio (MOR) 1.10 1.11 1.10 1.11 1.11
(1.02e 122) (103 e 1.23) (1.02e 1.21) (1.03 e 1.24) (1.02e 1.23)
DIC 41228 4124.3 4121.3 4122.6 4120.0

2 Odds ratios for 0.1 unit difference in Gini coefficient, rate of mistrust and rate of non-volunteering are shown.
> Odds ratios for 100 unit difference in community-level equivalent income are shown.

were attenuated by the contextual structural social capital variable.
The previous studies used only community-level variables as social
capital estimates and did not consider individual-level social capital.
When considering only community-level social capital (univariate
analysis in Table 1), our results were similar to those in previous
studies, namely, a significant association of contextual social capital
with self-rated health. Adental study in Brazil used homicide rate as
a proxy for social capital. That did not considerably reduce the

association between income inequality and dental health (Celeste
et al,, 2009). Similarly, in the present study, both individual- and
community-level social capital did not attenuate the effects of
income inequality on dental status. Multicollinearity between Gini
coefficient and community-level trust was suggested in the present
study (Tables 2 and 3, model 4 and 5). Another AGES Project study in
some of the same areas and subjects as for our study, indicated
similar multicollinearity (Ichida et al., 2009).
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There are several plausible pathways linking social capital to
health outcomes (Kawachi & Berkman, 2000). Hrst, social capital
may affect individual health by influencing health-related behav-
iors through promotion of more rapid diffusion of health infor
mation and by exerting social control over health compromising
behaviors. Second, social capital may affect health by improving
access to local service and amenities. Third, community social
capital may promote mental health by reducing psychological
distress. Fourth, communities with higher social capital produce
more egalitarian patterns of political participation resulting in the
implementation of policies that ensure the security of all their
members.

Income inequality had a stronger association with dental status
than with self-rated health. On the other hand, social capital was
more strongly associated with self-rated health than with dental
status. It is unclear why dental status was strongly affected by
income inequality and weakly affected by social capital. The effects
of social environment over the life-course are a possible explana-
tion of the present results. The number of remaining teeth is
a reflection of lifetime exposure to determinants, particularly in
early life, and cannot be reduced by positive changes in circum-
stances later in life. In fact, our results showed that the effect of
educational attainment was stronger for dental status than for self-
rated health. More educated people have better health (Grossman,
1972; Thrane, 2006). Usually, people receive education when they
are young. Experience of education in younger life could affects
dental status throughout the life-course. Similarly, dental status
among older people reflects lifetime exposure to income inequality.
On the other hand, self-rated health reflects current health status
(Solomon et al, 2010) and could be affected by current social
capital. These probable differences in exposures over the life-
course may partially explain our results. Because this study used
only cross-sectional data, further studies using longitudinal data
are needed to determine effects of the social environment on dental
health across the life-course. Another explanation is that dental
status could be affected more by the stress pathway caused by
social comparisons than by a social capital pathway. Psychological
stress affects periodontal disease (Boyapati & Wang, 2007), the
second highest cause of tooth loss in J&pan (Aida et al.,, 2006).

There were some limitations to the study. Hrst, it is cross-
sectional, therefore reverse causation cannot be ruled out. Longi-
tudinal studies are needed to measure the effects of income
inequality and social capital over the life-course. Second, there is
aremote possibility that immigration affected the results. However,
analyses were repeated by adding years of residence into the
models and the results were not substantially affected (data not
shown). In addition, the ethnicity of the respondents was not
recorded because almost all were considered to be Jpanese. In
2005, only 1.2% of people living in Jpan were of non-Jhpanese
ethnicity. Only 6.8% of those were 65 years or older. Third, the
measurements used were based on a self~administered question-
naire, and as such they are subject to response bias by social
desirability or social approval (Hebert, Clemow, Pbert, Ockene, &
Ockene, 1995). However, previous studies showed that self-rated
health predicted future health outcomes (Idler & Benyamini,
1997; Moller et al., 1996) even among older Jpanese (Ishizaki,
Kai, & Imanaka, 2006). Although self-reported estimates of the
number of remaining teeth accurately reflected clinical dental
status (Pitiphat, Garcia, Douglass, & BHshipura, 2002), validation
among dpanese elderly is needed. In addition, while a recognized
measure of social capital was used, different measures of income
inequality may show different results. A study that compared six
income inequality measurements showed that measures were
highly correlated and the association on US state-level mortality
was also highly correlated (Kawachi & Kennedy, 1997). This study
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has also strengths. Different types of health outcomes, namely,
dental status and self-rated health, were used. In addition, we
employed different levels and types of social capital indices with
appropriate statistical models. As a result, we found different
associations of income inequality and social capital on self-rated
health and dental status.

In conclusion, among older hpanese, community-level struc-
tural social capital (volunteering) attenuated the association
between income inequality and poor self-rated health, whereas
social capital had no effect on the association between income
inequality and poor dental status.
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