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ABSTRACT
Background Relative deprivation of income is
hypothesised to generate frustration and stress through
upward social comparison with one’s peers. If
psychosocial stress is the mechanism, relative deprivation
should be more strongly associated with specific health
outcomes, such as cardiovascular disease (compared
with other health outcomes, eg, non-tobacco-related
cancer).
Methods We evaluated the association between
relative income deprivation and mortality by leading
causes, using a cohort of 21 031 community-dwelling
adults aged 65 years or older. A baseline mail-in survey
was conducted in 2003. Information on cause-specific
mortality was obtained from death certificates. Our
relative deprivation measure was the Yitzhaki Index,
derived from the aggregate income shortfall for each
person, relative to individuals with higher incomes in
that person’s reference group. Reference groups were
defined according to gender, age group and same
municipality of residence.
Results We identified 1682 deaths during the
4.5 years of follow-up. A Cox regression demonstrated
that, after controlling for demographic, health and
socioeconomic factors including income, the HR for
death from cardiovascular diseases per SD increase in
relative deprivation was 1.50 (95% CI 1.09 to 2.08) in
men, whereas HRs for mortality by cancer and other
diseases were close to the null value. Additional
adjustment for depressive symptoms and health
behaviours (eg, smoking and preventive care utilisation)
attenuated the excess risks for mortality from
cardiovascular disease by 9%. Relative deprivation was
not associated with mortality for women.
Conclusions The results partially support our
hypothesised mechanism: relative deprivation increases
health risks via psychosocial stress among men.

BACKGROUND
The association between income and health is well
established, wherein income represents the power
to purchase goods and services to maintain health.1

Beyond this direct relationship, researchers have
posited the potential health impact of income rela-
tive to others in the social group. The impact of
relative income on health can be explored through
the contextual effects of income distribution on
individual health, using a multilevel analytic strat-
egy.2 3 A meta-analysis of multilevel studies
revealed that an individual residing in a society
with higher income inequality experiences

increased risk of mortality, independent of indivi-
dual socioeconomic status (including absolute
income), compared with those living in a more
equal society.4 5 An alternative approach to investi-
gating the relative income hypothesis has focused
on the individual-level association between a sense
of ‘relative deprivation’ and health. Runciman
argued that having less access to goods compared
with others in a group (reference group) may lead
to feelings of frustration, anxiety, unfairness and
resentment, and these in turn may negatively affect
health. In their meta-analysis of social psychological
studies, Smith et al6 reported that relative depriv-
ation has been linked to a range of social outcomes
including riots, crime, lower educational attainment
and poor health. In theory, relative deprivation can
arise from social comparisons in different domains
(such as possession of material goods), but the most
frequent test of the hypothesis has been in the
income domain.7

Epidemiological studies have suggested an associ-
ation between relative income deprivation and
various health outcomes, including stress-related
health behaviour, such as smoking,8 mental health
services utilisation,9 poor self-rated health,10–13

functional disability14 and mortality.15 However, to
the best of our knowledge, no studies have investi-
gated the differential impacts of relative deprivation
on cause-specific mortality among older adults.16 If
relative deprivation affects health through psycho-
social stress—primarily via invidious social compar-
isons—then relative deprivation ought to be
associated more strongly with mortality from dis-
eases related to psychosocial stress. Therefore, the
purpose of this study was to evaluate the associ-
ation between relative income deprivation and the
risk of mortality from major causes, using data
from a large prospective cohort of Japanese older
adults. Our secondary purpose was to evaluate the
role of health behaviour and depressive symptoms
as potential mediators in the pathway linking rela-
tive deprivation and cause-specific mortality. Japan
was previously considered an egalitarian society;
however, statistics from the past few decades have
shown poverty rates to be continuously higher than
the average of the member states of the
Organization for Economic Cooperation and
Development, due in part to a long stagnation of
the economy and a rapidly ageing population.17

Moreover, as suggested by recent national represen-
tative data and systematic reviews, the country’s
structure of health disparity may not be typical.
Specifically, poorer health and health behaviour
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among some socially privileged people, namely managers and
professionals, has been shown.18

METHODS
Data
Data for this study came from the Aichi Gerontological
Evaluation Study (AGES), a Japanese longitudinal panel study of
older adults. The detailed protocol of AGES is available else-
where.19 Briefly, the AGES baseline survey was carried out in
2003. Inclusion criteria for study participants were
community-dwelling older adults, aged 65 years or older, resid-
ing in eight rural and suburban municipalities (out of 1976
Japanese municipalities at the time), and who were physically
and cognitively independent. Functional status was ascertained
from the official database of the public long-term care insurance
system in Japan. Those who were identified as requiring assist-
ance in using a toilet, eating meals and changing clothes were
excluded from the baseline cohort. For eligible participants, we
conducted a baseline mail-in survey (n=59 622 individuals). We
gathered information on baseline sociodemographic status, life-
style factors, utilisation of healthcare services and social relation-
ships.20 In total, 32 891 participants responded to the survey
invitation (55.1% response, which is comparable to similar
surveys of community-dwelling residents). In the analysis for the
present study, we used data from 21 031 individuals (9602 men
and 11 429 women) who were residents of municipalities where
mortality registry microdata were available and successfully
linked to the baseline data. The study protocol was approved by
the Ethical Review Board of the Nihon Fukushi University (No.
10–05).

Measurement
Mortality data
The cause-of-death data provided by the national government
were based on the death certificate that included the underlying
causes of deaths, coded according to the International
Classification of Diseases V.10 (ICD-10). For this study, we
examined two major causes: malignant neoplasms or cancers
(ICD-10 codes: C00-C97) and cardiovascular diseases (CVD;
including heart and cerebrovascular diseases, ICD-9 codes:
I01-I52, I60-I69). Owing to limited numbers, other less
common causes were classified into an ‘other’ category. In add-
ition, following Eibner and Evans,8 we created another
cause-of-death category: tobacco-related cancers (cancers of the
lip, oral cavity, pharynx, trachea, tracheal branch and lung: I40–
49, I60–65), as tobacco smoking is partly a behavioural response
to daily stress.

Relative deprivation in income
Following recent studies,16 we used the Yitzhaki Index to oper-
ationalise the construct of relative deprivation, which is derived
from the formula:

YitzhakiIndexi ¼ 1
N

X
j

(yj � yi) Iij Iij ¼ 1; if yi , yj
0; if yi � yj

�

where the amount of relative deprivation for individual i is the
sum of the income shortfall compared with the income of all
individuals j, whose income exceeds individual i’s.21 We divided
that value by the number (N) of people in i’s reference group
(in order to make the Index scale-invariant, ie, avoid the situ-
ation where larger reference groups spuriously result in greater
Index values). When measuring relative deprivation, it is

important to carefully consider the definition of reference
groups (ie, the groups with which persons make social compari-
sons).22 Ishida reported that among Japanese men, satisfaction
with salary was based on reference groups defined by demo-
graphic status, including age group and same area of residence,
more than socioeconomic position (eg, occupational class and
educational attainment). In contrast, this tendency was weak
among women.23 Given this study result, we calculated the
Yitzhaki Index based on multiple definitions of reference
groups, using alternative combinations of basic demographic
information, namely gender, age group and/or same municipal-
ity of residence.

For the Yitzhaki Index, household income was made propor-
tional to the number of household members, by dividing the
gross income by the square root of the number of people in the
household. The income question included 14 categories, and
the midpoints were set as the household income in each
category.

Covariates
In terms of potential confounding factors, we considered demo-
graphic variables (age, gender and marital status), socio-
economic status (absolute income and educational attainment)
and health status (disease and medical care utilisation). We also
evaluated the contribution of depressive symptoms, measured
using the validated Geriatric Depression Scale short version, and
health behaviours (smoking, alcohol consumption, exercise
habits and having health check-ups) as potential mediators
linking relative deprivation to stress-related mortality.24 25

Statistical analysis
Imputation of missing values
AGES data included missing values. As the AGES questionnaire
covered a wide range of variables, we used a multiple imput-
ation technique through the Markov chain Monte Carlo
method under the missing at random assumption. We created
five imputed data sets based on different initial values. Using
each data set, we first estimated the Kaplan-Meier survival
curves and visually confirmed the proportionality assumption in
mortality rates across levels of relative deprivation and demo-
graphic factors. Next, we ran Cox’s proportional hazard regres-
sion controlling for potential confounding factors. After
calculating unadjusted HRs and 95% CIs, we created
multivariable-adjusted models. To evaluate the role of potential
mediators, we ran models further adjusting for health beha-
viours and depressive symptoms. Finally, we combined estimates
based on five imputed data sets using the SAS PROC
MIANLYZE procedure.

An issue when modelling both absolute income and relative
income deprivation simultaneously is the strong correlation
between the two variables. Potential collinearity due to the cor-
relation could cause mixed findings in the association between
relative deprivation and health.26 In this study, we sought to
resolve this issue using stratified Cox regression, which is an
approach to adjust a covariate, when the calculation of the cov-
ariate estimate is not required.27 We used the STRATA option
SAS PROC PHREG procedure (SAS Institute Inc, Cary, North
Carolina, USA) and used income quartiles as strata. Since the
prevalence of stress-related behaviour (eg, smoking), relevant
disease profiles and overall health risk due to psychosocial stress
differs for males and females, all analyses were stratified by
gender.28
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Sensitivity analysis
To evaluate the robustness of our findings, we further evaluated
alternative results using the original data that were not multiply
imputed (with up to 22.9% missing data for income). In add-
ition, we conducted a stratified Cox regression using income
quintiles rather than quartiles for the stratification variable.

RESULTS
During a maximum of 1666 days (4.5 years) of follow-up, we
identified 1062 deaths during 35 795 person-years of observa-
tion in men and 620 deaths during 42 499 person-years in
women. Descriptive analysis showed that overall, in both men
and women, mortality from the three selected causes was posi-
tively associated with higher relative deprivation, lower house-
hold income, older age, unmarried status, lower educational
attainment, currently needing medical care, currently smoking,
no alcohol consumption, less walking, no recent health check-
ups and having depressive symptoms (table 1 and online supple-
mentary table S1). The results of the Cox regression showed
that mortality had a positive association with higher relative
deprivation and lower absolute income. However, the associ-
ation was statistically evident for mortality from CVD among
men. For example, when relative deprivation was defined based
on comparison with others of the same gender and residing in
the same municipality, the crude HR for CVD mortality among
men was 1.23 (95% CI 1.09 to 1.38) for each SD unit increase
in relative deprivation. The HR was 1.09 (95% CI 0.99 to 1.21)
for cancer mortality, and 1.19 (95% CI 1.00 to 1.41) for all
other causes of mortality. The corresponding HRs among
women were 1.09 (0.93 to 1.27) for CVD, 1.10 (0.94 to 1.29)
for cancer and 0.98 (0.82 to 1.19) for other causes (table 2).
The HRs for mortality by tobacco-related cancers were 1.01
(0.83 to 1.23).

After additional adjustment for socioeconomic status includ-
ing absolute income, the adjusted HR of relative deprivation
defined by gender and municipality increased to 1.54 (95% CI
1.11 to 2.13) for CVD mortality, whereas they were 0.94 (95%
CI 0.74 to 1.19) for cancer and 1.00 (95% CI 0.66 to 1.51) for
other causes. Further adjustment for health behaviour and
depressive symptoms (ie, potential mediators between relative
deprivation and mortality) attenuated the association slightly.
For example, the adjusted HR of relative deprivation defined by
gender and municipality attenuated from 1.54 to 1.45 in men.
Similar to the crude models, we did not find clear independent
associations between relative deprivation and mortality among
women (table 2; for full results, please see online supplementary
table S2).

Sensitivity analysis using non-imputed data showed similar
results with slightly smaller HRs. The adjusted HR of relative
deprivation, defined by gender and municipalities adjusted for
socioeconomic factors, was 1.36 (95% CI 1.06 to 1.75), which
was attenuated to 1.24 (95% CI 0.94 to 1.62) in the model add-
itionally adjusted for health behaviour and depressive symptoms
(see online supplementary table S3). The results of further sensi-
tivity analyses using income quintile as the stratification variable
did not substantially change the results of our original analysis
(see online supplementary table S4).

DISCUSSION
The key findings of this study are twofold. First, among older
Japanese men, relative deprivation may be associated with
increased risk for mortality from CVD (but not cancer or other
causes), independent of absolute income; no association was

observed among women. Second, potential mediators, including
health behaviours and depressive symptoms, partially explained
the association between relative deprivation and mortality from
CVD. Nevertheless, relative deprivation was not independently
associated with mortality from tobacco-related cancers.

To the best of our knowledge, there has been one previous
report evaluating the association between Yitzhaki-based relative
deprivation and mortality from specific causes. Using data from
working-age men from the US National Health Interview
Survey, Eibner and Evans found that relative deprivation was
associated with mortality from coronary heart disease (48%
increase in risk for each SD unit increase in the Yitzhaki Index)
and tobacco-related cancers (58% increase). In contrast, the
associations were less clear for mortality from all other cancers,
accidents and adverse events.8 Our findings (based on older
population data) suggest a comparable magnitude of association
between relative deprivation and coronary heart disease among
men to that of Eibner and Evans. Thus, the hypothesis that
social comparisons may induce psychosocial stress, which
increases the risk for CVD (at least among men), has been sup-
ported. Although Eibner and Evans also identified an increased
risk for tobacco-related cancers among relatively deprived
working-age men, this was not found in our study. A possible
explanation for this discrepancy may relate to age differences.
Younger people may be more likely to select ‘starting tobacco’
as their response to behaviour-change triggers, including psy-
chosocial stress, compared with older people whose lifestyles
are largely established. In addition, although CVD risk could
increase due to both chronic vascular damage and acute events
triggered by stressful experiences, cancer risks can only be
increased chronically. Therefore, since tobacco-related cancer
requires a few decades to develop, our follow-up period of
4 years might not have been long enough to capture the aetio-
logical association between relative deprivation, stress, smoking
and cancer.

In our analysis, additional adjustment for health behaviours
and depressive symptoms attenuated the HRs for CVD mortality.
Although this was in line with our a priori hypothesis, the degree
of attenuation was modest (mortality risk per SD unit increase in
relative deprivation, defined by gender and municipality, attenu-
ated by nine basis points from 54% to 45%; table 2). One
explanation for this finding is that the induction period between
exposure and mortality varies for relative deprivation and health
behaviours. For example, cancer mortality is likely to reflect
behaviours that were adopted decades prior to the observation
period, thereby introducing measurement error in our mediation
analysis.

Among women, we did not find any association between rela-
tive deprivation and mortality. This is consistent with our previ-
ous findings on the association between relative deprivation and
risk of functional decline.14 We note that absolute income itself
was not associated with mortality by leading causes among
women (table 2). The weaker association between income and
mortality among women (compared with men) has been noted
in previous studies based in Japan.29 It thus appears that house-
hold income as an indicator of socioeconomic position has a dif-
ferent meaning for Japanese women compared with men. This
may be explained as follows: among older Japanese, the most
prevalent occupation for women is ‘home-maker’; thus, older
Japanese women may not be psychologically primed to make
income comparisons in the same manner as wage earners.

Our study has several strengths. First, this is the first study to
evaluate the association between relative income deprivation
and risk for mortality by leading causes among older men and
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women in a developed country. Second, we utilised a large
population-based cohort, with objective and reliable mortality
information, as well as statistical techniques to address missing
information. Third, our sensitivity analyses confirmed the

robustness of this study’s findings. Nonetheless, some caution
should be noted in interpreting the results of this study. Owing
to the limited number of mortality cases, we were not able to
evaluate the association between relative deprivation and

Table 1 Cause-specific mortality rates (per 1000 people per year) by relative deprivation and household income (N=21 031): AGES cohort,
2003–2007

Men (N=9602) Women (N=11 429)

N Cancer CVD Other
Tobacco
cancer n Cancer CVD Other

Tobacco
cancer

Relative deprivation by definitions of reference groups, quartile (10 000 yen)
Gender and municipality of residence
Q1 (men 0–30, women 0–30) 2400 10.8 5.8 3.3 3.1 2902 4.3 4.5 3.2 0.8

Q2 (men 30–60, women 30–66) 2393 12.6 7.2 3.8 3.8 2820 4.5 4.1 3.0 0.9
Q3 (men 60–108, women 66–114) 2390 11.9 7.7 3.5 2.8 2873 5.7 4.4 2.6 1.0
Q4 (men 108+, women 114+) 2419 14.2 9.2 5.5 3.6 2834 5.4 5.4 2.9 0.5

Gender and age group
Q1 (men 0–27, women 0–32) 2405 11.0 5.8 3.2 3.5 2980 4.4 4.4 3.0 0.8
Q2 (men 27–63, women 32–63) 2338 12.3 7.4 3.9 3.4 2829 4.3 3.9 3.1 0.9
Q3 (men 63–109, women 63–115) 2515 12.3 8.1 3.9 3.1 2742 5.9 4.3 2.4 0.8
Q4 (men 109+, women 115+) 2344 14.1 8.7 5.1 3.5 2878 5.3 5.8 3.1 0.6

Gender, age group, municipality
Q1 (men 0–30, women 0–30) 2399 11.0 6.0 3.4 3.5 2883 4.6 4.4 3.0 0.8
Q2 (men 30–60, women 30–64) 2399 12.4 6.9 3.7 3.4 2805 4.2 4.1 3.0 1.0
Q3 (men 60–108, women 64–113) 2424 12.9 8.1 3.6 3.1 2892 5.7 4.5 2.7 0.9
Q4 (men 108+, women 113+) 2380 13.3 8.7 5.4 3.4 2849 5.4 5.4 2.8 0.5

Equivalised household income, quartile (10 000 yen)
Q1 (men 0–138, women 0–112) 2378 14.6 9.0 5.1 3.5 2900 5.5 5.8 3.1 0.6
Q2 (men 138–202, women 112–195) 2441 12.0 7.7 3.9 3.1 3234 5.5 4.1 2.3 0.8
Q3 (men 202–318, women 195–275) 2301 12.6 7.8 4.0 3.2 2196 4.3 4.2 3.0 1.0
Q4 (men 318+, women 275+) 2482 10.7 5.5 3.1 3.5 3100 4.5 4.4 3.2 0.8

Tobacco cancer, tobacco-related cancers (cancers of the lip, oral cavity, pharynx, trachea, tracheal branch and lung).
AGES, Aichi Gerontological Evaluation Study; CVD, cardiovascular diseases.

Table 2 HRs (95% CIs) for cause-specific mortality by relative deprivation for three reference groups: AGES cohort data 2003–2007

Cause of death

Relative deprivation
defined by Variables adjusted for Cancer CVD Other

Tobacco-related
cancer

Men
Gender and municipality of
residence

Crude 1.09 (0.99 to 1.21) 1.23 (1.09 to 1.38) 1.19 (1.00 to 1.40) 1.01 (0.83 to 1.23)
Demographic+SES 0.94 (0.74 to 1.19) 1.54 (1.11 to 2.13) 1.00 (0.66 to 1.51) 0.95 (0.59 to 1.51)
+Health behaviour and depressive symptoms 0.90 (0.72 to 1.14) 1.45 (1.04 to 2.03) 0.94 (0.62 to 1.42) 0.92 (0.57 to 1.48)

Gender and age group Crude 1.08 (0.97 to 1.20) 1.19 (1.06 to 1.34) 1.15 (0.96 to 1.38) 0.99 (0.80 to 1.23)
Demographic+SES 0.91 (0.69 to 1.20) 1.60 (1.03 to 2.48) 1.04 (0.63 to 1.73) 0.91 (0.52 to 1.58)
+Health behaviour and depressive symptoms 0.89 (0.67 to 1.17) 1.54 (0.98 to 2.42) 0.94 (0.62 to 1.42) 0.91 (0.52 to 1.61)

Gender, age group and
municipality of residence

Crude 1.07 (0.96 to 1.18) 1.19 (1.06 to 1.34) 1.14 (0.96 to 1.36) 0.99 (0.81 to 1.21)
Demographic+SES 0.92 (0.73 to 1.17) 1.50 (1.09 to 2.08) 1.02 (0.67 to 1.53) 0.90 (0.56 to 1.45)
+Health behaviour and depressive symptoms 0.89 (0.70 to 1.12) 1.42 (1.02 to 1.98) 0.95 (0.63 to 1.44) 0.87 (0.54 to 1.42)

Women
Gender and municipality of
residence

Crude 1.10 (0.94 to 1.29) 1.09 (0.93 to 1.27) 0.98 (0.82 to 1.19) 0.85 (0.55 to 1.31)
Demographic+SES 1.04 (0.71 to 1.53) 0.76 (0.50 to 1.15) 0.93 (0.55 to 1.58) 0.70 (0.23 to 2.18)
+Health behaviour and depressive symptoms 1.00 (0.68 to 1.48) 0.74 (0.48 to 1.12) 0.90 (0.54 to 1.52) 0.71 (0.23 to 2.18)

Gender and age group Crude 1.10 (0.94 to 1.29) 1.09 (0.93 to 1.28) 1.00 (0.83 to 1.21) 0.87 (0.57 to 1.32)
Demographic+SES 1.10 (0.66 to 1.83) 0.69 (0.38 to 1.23) 1.04 (0.48 to 2.22) 0.84 (0.19 to 3.70)
+Health behaviour and depressive symptoms 1.05 (0.63 to 1.77) 0.66 (0.36 to 1.20) 0.98 (0.46 to 2.08) 0.88 (0.20 to 3.88)

Gender, age group and
municipality of residence

Crude 1.09 (0.93 to 1.28) 1.09 (0.93 to 1.28) 0.99 (0.82 to 1.19) 0.84 (0.54 to 1.30)
Demographic+SES 1.01 (0.69 to 1.48) 0.77 (0.51 to 1.16) 0.97 (0.58 to 1.61) 0.64 (0.20 to 1.98)
+Health behaviour and depressive symptoms 0.97 (0.66 to 1.44) 0.75 (0.50 to 1.14) 0.94 (0.56 to 1.55) 0.64 (0.21 to 1.98)

Tobacco-related cancer includes cancers of the lip, oral cavity, pharynx, trachea, tracheal branch and lung. SES includes household income and educational attainment. Health behaviour
includes smoking, alcohol consumption, exercise habits and having health check-ups.
AGES, Aichi Gerontological Evaluation Study; CVD, cardiovascular diseases; SES, socioeconomic status.
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mortality by rarer causes, including suicide. Suicide may be
more directly associated with psychosocial stress than other
causes. This should be evaluated in future research, using a
longer follow-up and a larger sample size. Moreover, missing
data and attrition during follow-up may have introduced bias.
Although we used a stratified Cox regression to adjust for abso-
lute income, there might have been residual confounding within
each stratum of absolute income. However, our sensitivity ana-
lysis using quintile points for stratification showed mostly the
same HRs, suggesting that the extent of residual confounding
was small. In addition, income may not be the socioeconomic
indicator most used by older Japanese to compare themselves
with others. The majority of older Japanese are out of the
labour force, and thus may rely more on savings and other
assets rather than income. Further studies should explore rela-
tive deprivation with regard to other socioeconomic indicators,
including wealth and actual material conditions.

In conclusion, invidious social comparisons may increase the
risk for mortality by CVD, but not by major cancers and other
diseases in Japanese older men. The results of our study provide
partial support for the relative deprivation hypothesis. More
studies with detailed information on causes of death (cancers
related to health behaviours, suicide, etc) may be required to
gain a better understanding of the role of social comparisons on
health.16 Moreover, those effects may be strongly moderated by
broader social contexts, although evidence from other parts of
the world is mostly lacking.8 Further studies in other settings,
especially in developing countries, appear to be warranted.30

What is already known on this topic

▸ Relative deprivation of income may increase the risk for
premature death by increasing psychosocial stress due to
invidious social comparison.

▸ No study exists on the association between relative
deprivation and mortality by stress-related diseases
(cardiovascular diseases) and other causes less associated
with psychosocial stress among older adults.

What this study adds

▸ Among older men, relative deprivation in income was
associated with mortality by cardiovascular disease, but not
from cancer and other causes.

▸ This association was not observed among women.
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