association of fair/poor SRH and mortality was equalized after we
controlled for the complete set of co-morbid conditions (Model 5B
male HR =1.70; Model 5B female HR = 1.67).

We next examined the contributions of different clusters of
covariates to the excess risk linking fair/poor SRH to mortality.
We illustrate this for the overall sample, as well as for men versus
women and low versus high education levels (Figure 1). Among
men, 48.6% of the excess risk could not be explained by the
variables in our models, whereas 76.0% of the excess risk among
women could not be explained.

Depression symptoms explained 24.7% of the excess risk of fair/
poor SRH for mortality for men, as compared to 8.7% for women.
Depression symptoms also explained 25.5% of the excess risk of
fair/poor SRH for mortality among people with lower education
levels, as compared to 13.6% among those with a higher
education.

Discussion

Several noteworthy findings emerged regarding sex/gender and
socioeconomic differences in the SRH-mortality association
among this Japanese older population, as compared with previous
studies from other countries. Our first hypothesis (stronger
association among men) was partially supported by the analysis.
While a stronger association was found among men, we found this
was because the presence of depressive symptoms had a stronger
influence on men’s ratings of SRH than women’s ratings. This was
contrary to our prior hypothesis that the presence of physical
health conditions would explain the stronger association of SRH to
mortality among men.

Our second hypothesis (stronger association between SRH and
mortality among more educated individuals) was not supported by
our analyses. The predictive ability of SRH for mortality was
similar among individuals with different levels of schooling.

Comparisons with previous studies
We found three noteworthy results with respect to the sex/
gender difference in SRH. First, Japanese women and men report

Self-Rated Health and Mortality Association

roughly the same prevalence of fair/poor SRH. This is consistent
with the findings of some previous studies in Western settings,
where women live longer than men but also tend to report poorer
SRH [9,19]. In our study, older Japanese men were more likely to
report fair/poor SRH than women after we controlled for sex/
gender differences in the prevalence of additional self-reported co-
morbid health conditions. Our second noteworthy finding is that
the association between fair/poor SRH and subsequent mortality
was stronger for men than women. This finding is consistent with
other studies from the Netherlands [19] and the United Kingdom
[14]. Third, the sex/gender difference in the association of fair/
poor SRH and mortality was progressively attenuated (and almost
eliminated) after controlling for additional self-reported health
conditions. Our findings in this regard are inconsistent with
previous studies from the Netherlands [19] and the United
Kingdom [14], both of which used almost the same statistical
procedures and reported that the sex/gender differential in the
predictive ability of SRH remained even after controlling for a
range of health conditions.

In terms of differences associated with educational attainment,
our study made four noteworthy findings. First, people with lower
educational attainment were more likely to report poor SRH,
which was attenuated (or explained) when we added co-morbid
conditions to the regression models. This implies that differences
in SRH across education-level groups reflect the real underlying
variation in “objective” health. Second, we found that the SRH-
mortality association tended to be similar across education levels.
This finding is consistent with previous studies reported in Sweden
[17] and the United Kingdom [12] but inconsistent with studies
from the United States [18] and the Netherlands [10]. We used
educational attainment as the proxy measure of relative socioeco-
nomic status, and differences in the predictive ability of SRH
according to socioeconomic status could be related to how
egalitarian a country’s society is (see the GINI coefficient of each
country among 1992-2007, Japan: 0.25, Sweden: 0.25, United
Kingdom: 0.36, United States: 0.41, and Netherland: 0.31) [27].
Our interpretation of this difference based on education level is
that although people with less education have more health
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Figure 1. Percentages of explainable excessive risk of self-rated health for age-adjusted mortality by other self-reported measures
added in Model 1B to 5B°. ? As some values of the explainable excessive risk by other self-reported measures (relative risk reduction) were
negative (i.e, —X.X%), the sum of the percentages in each bar was not 100% among several subgroups.
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problems (and hence report poorer overall SRH), their assessments
of their health are less accurate than those of people with more
education in terms of rating the impact of potentially life-
threatening conditions on their SRH levels. Third, we found that
the non-significant educational difference in the predictive ability
of poor SRH was more attenuated when we added life-threatening
physical conditions as control variables. Lastly, we found that
depression symptoms explained about 26% of the excess risk of
poor SRH on mortality among individuals with a lower education
level, while life-threatening physical conditions played a greater
role (36%) in explaining excess risk among individuals with a
higher education level.

How do people assess their own health? A recent
landmark review article on SRH provided a theoretical framework
for how people assess their own health [3,28]. According to Jylha’s
theory, people go through three stages in the process of assessing
their health: (1) “recognizing the meaning of health and identifying
the components that should be included as components of self
health,” (2) “considering the way in which those components
should be taken into account,” and (3) “deciding which of the
levels in the presented scale best summarizes these components.”
Thus the theory posits that individuals move through a logical and
sequential series of mental steps when asked to rate their health
status. . However, the logical flow of Jylha’s theory has been
criticized because (1) an individual’s decision-making process is not
that logical and is influenced by psychological filters and (2) each
individual does not have access to their complete health
information for the decision-making process [28]. Therefore,
critics argue that Jylha’s assumption (i.e., that individuals are
rational enough to thoroughly and carefully think through the
three stages one by one) does not fit with reality and that
individuals are more heuristic [28,29].

Our research findings can contribute to the theoretical debate
on at least three points. I'irst, people seem to rate their own health
in a heuristic manner, as proposed by Huisman and Deeg [28],
because the study participants in every subgroup exhibited an
excess risk for mortality which could not be completely explained
by a set of diagnosed illnesses and socio-demographic factors.
Second, the percentages of explainable excessive risk varied
according to socio-demographic factors and depression symptoms,
and moreover, the set of explanatory factors differed for each
subgroup. This suggests that people in different subgroups may be
differentially utilizing information in order to rate their health.
Third, when we focus on the sex/gender difference, the
percentage of unexplainable excessive risk was greater among
women (76%) than men (48.6%), implying that Japanese women
are more heuristic than Japanese men in the process of assessing
their own health (assuming that added control variables constitute
the available information for assessing their own health). Overall,
our findings support the argument that a framework of
psychological factors should be added to Jylha’s theoretical
framework, as Huisman and Deeg suggest [3,28].

What is SRH? Beyond the debate on how people assess their
own health, a more fundamental set of questions raised by this
research include: What is SRH? Subjective health? Objective
health? True health? Although these questions have not yet been
answered, several scholars have suggested measuring true/
objective health using the SRH question in self-administered
questionnaires via several methods, including Jylha’s theoretical
framework [3], described above; an anchoring vignette [2]; and
validity evaluation with bio-markers [3,30], where the focus in
reladon to SRH is the distance between latent true/objective
health and self-rated subjective health [20,30]. On the other hand,
several scholars discuss how SRH is “a measure of people’s

@ PLoS ONE | www.plosone.org

Self-Rated Health and Mortality Association

perception of their health rather than a measure of true health,”
and therefore, it can be “the most informative from the holistic
point of view” [28].

Although our findings cannot provide us with a direct clue
about what SRH is, the stepwise inclusion of control variables in
adjusted models is suggestive of what “goes into” an individual’s
assessment of SRH. However, two important hypothetical
explanations are missing from Jylha’s theory and the foregoing
discussion, which should be discussed here to understand our
findings more deeply [3]. First, bio-physiological changes inside
the body, which can be detected by slight changes in the level of a
bio-marker (inflammatory, immunological, endocrinological, etc.)
through a blood test and which the host (the individual) has not yet
perceived in their mind, can contribute to SRH. Several bio-
markers (e.g., hemoglobin, albumin, interleukin-l f, tumor
necrosis factor o) have been associated with SRH, and such
factors can contribute to the host’s SRH without their knowledge
[3,30]. Thus, the single-item SRH question and its answer may be
partly based on the rich information provided by ongoing bio-
physiological changes in the body, which can be useful in the
context of promoting activities and preventive medicine.

Second, the distance or discrepancy between subjective health
and objective health cannot be merely a measurement error; it is a
causal factor (beyond a predictive factor) for mortality. SRH is a
form of self-fulfilling prophecy [31]. This idea is captured in a
traditional Japanese proverb, “yamai wa ki kara,” which translates
as “illness springs from one’s spirit” (“A’") and refers to the
Japanese conception that physical illness can result from a person’s
frame of mind toward body and physical illness itself [32]. It is
possible that individuals who report lower SRH feel defeated in
some way and that this state of mind has an adverse effect on their
physical health. To date, no study has been able to tease this out.

Therefore, future studies need to work on testing the “self-
fulfilling prophecy” hypothesis for the SRH-mortality association,
as well as establishing the theory of assessing one’s health to see the
bio-physiological mechanism behind the SRH-mortality associa-
tion. To establish the model, numerous broad scientific studies —
from molecular to social — are required now. Overall, the theory
of assessing one’s health could incorporate psychological filters,
not-yet-perceived bio-physiological changes, and self-fulfilling
prophecy into one explanatory model.

Study limitations

There are several limitations of and points of discussions
regarding the present study. First, the duration of follow-up (four
years) was relatively short compared to some previous studies (up
to 10 years) [6]. Although this limitation could be overcome with
additional follow-up with the same cohort, the trade-off is changes
in SRH (and hence exposure to misclassification) over time.
Second, the relatively low response rate to the baseline
questionnaire (50.4%) could yield a risk of selection bias (e.g.,
biased estimate of HR of SRH for mortality). However, the
differences in the socioeconomic status (see the Introduction to this
paper) and health condition characteristics (unknown and not
reported, but possible) between respondents and non-respondents
were arguably not likely to make the estimate biased because such
differences could not directly affect the SRH-mortality association
itself, at least not after the adjustment for education and health
conditions (life-threatening and non-life-threatening diseases). If
more information on non-respondents was available, we could test
the explanation above using statistical analysis or perform the
regression analysis with multiple imputation technique. Third,
educational attainment levels among the older study population
could differ from that of the entire Japanese population, given the
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rapid economic development of Japan over the last 50 years,
which has led to an increase in educational attainment with each
birth cohort.

Conclusions

In summary, we did not find a socioeconomic difference in the
SRH-mortality association, but we did find a sex/gender
difference, which was attenuated after adjusting for several social
and medical factors. Although the theoretical framework provided
by Jylha [3] hinted at this sex/gender difference, biological and
psychological factors may need to be incorporated into the model.
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Relative Deprivation in Income and Mortality
in Japanese Older Adults : AGES Cohort Study

Naoki Kondo", Katsunori Kondo?, Hiroshi Yokomichi',

and Zentaro Yamagata®'

Abstract

Relative deprivation hypothesis posits that relative deprivation in income or
social status compared to others can cause psychosocial stress and poor health
independent of absolute income. We evaluated this hypothesis using AGES data, a
large-scale data of Japanese older (aged 65+) adults. Participants of the 2003 AGES
baseline survey were individually linked with death information between 2003 and
2007 that were identified by the public long-term care insurance payment data base.
We used data of 16,023 participants without missing data on primary variables, who
were independent in terms of basic activities of daily living and residing in eight
municipalities in Aichi and Kochi prefectures at baseline. Relative deprivation
compared to others in the same sex, age group, and/or municipality was calculated
using a modified version of Yitzhaki index. During our follow-up, 1,236 deaths were
identified. Cox’s proportional hazard regression revealed that, even adjusting for
absolute household income, age, marital status, educational attainment, and medical
treatment history, ISD unit increase in income deprivation relative to others in the
same sex, age group, and municipality was associated with increased death hazard
(95% confidence intervals) of 1.20 (1.06-1.36) in men and 1.17 (0.97-141) in women.
Further adjustment for lifestyle risks (smoking, alcohol consumption, and preventive
care utilization) slightly attenuated the hazards estimated. Relative deprivation in
income may increase mortality risks regardless of absolute income in Japanese older
adults, and the impact may slightly larger among males.

Keywords : Relative deprivation, Sociceconomic status, Cohort study, AGES,
Mortality
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