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Introduction some studies have found that the ability of SRH to predict

subsequent mortality is higher among more educated individuals

The single-item measure of self-rated health (SRH) (“In general, compared to those with fewer years of schooling [10,18], although

how do you rate your overall health? Excellent, good, fair, or not all studies have reported this result. In addition, some studies

poor?”) is perhaps the most widely adopted health-status have found the predictive ability of SRH for mortality to be higher
assessment approach in studies around the world [1-3]. Among among men than women [9,10,14-16,19].

the reasons for its popularity are its brevity, test-retest reliability, There are alternative explanations for the differential perfor-
and criterion validity (i.e., its ability to predict subsequent mance of SRH by population subgroups [18,20]. First, some
mortality from the view that mortality is the most “objective” groups may be more attuned to their health status and, thus, able
measure of “true” health) [4-8]. to provide a more accurate, condensed assessment of their bodily

More recently, however, studies have begun to focus on the conditions. For example, if less educated individuals inaccurately
differential performance of the predictive ability of SRH for assess their health status (i.e., either subjectively over- or under-

mortality across population subgroups [3,6,9-19]. For example, rating their “true” health status), then such non-differential

?@: PLoS ONE | www.plosone.org 1 January 2012 | Volume 7 | Issue 1 | e30179
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exposure misclassifications will tend to attenuate the association of
SRH with the health outcome (mortality). Alternatively, different
population subgroups may be systematically biased in their
subjective assessments. For example, if women are overly sensitive
to their somatic symptoms and exaggerate their health problems
— while, conversely, men deny and downplay their problems if
they are not severe or life-threatening — then one would expect to
see a stronger association between SRH and mortality among
men. Spiers and her colleagues suggest that the sex/gender
difference in the SRH-mortality relationship is due to “variation in
the definitions that individuals call upon when rating their health,”
rather than to actual differences in physical conditions [14].

In short, researchers need to have a better understanding of the
sources of the differential performance of SRH in tapping the
underlying health status that they are trying to capture. In the
present study, we specifically focus on examining sex/gender and
education-level differences in the relationship between SRH and
mortality and on testing whether the differences in these
associations could be explained by underlying variations in
(objectively assessed) health conditions.

Based on previous reports in Western settings [18,19], we
hypothesized that we would find (1) a weaker association between
SRH and mortality among women compared to men and that this
finding could be explained by a stronger link between SRH and
non-life-threatening physical conditions among women, and (2) a
stronger association between SRH and mortality among individ-
uals with higher education levels.

Methods

Participants

The analyses in the study were based on an observational
prospective study, “AGES 2003 Cohort Study,” which is part of the
larger Aichi Gerontological Evaluation Study (AGES). Details of this
project have been described elsewhere [21,22]. Briefly, we first
obtained approval for our study in six municipalities in Chita
Peninsula (south of Nagoya, the fourth largest city in Japan), Aichi
Prefecture. Using a cluster random sampling approach, we sampled
people from the municipalities who were at least 65 years old and did
not need nursing care in 2003. A self-administered questionnaire was
mailed to eligible individuals in late 2003, and 14,804 individuals
returned the questionnaire. The enrollment rate was 50.4%, which is
quite favorable compared to other cohort studies (for example, the
Nurses’ Health Study II had a baseline participation rate of around
24%) (see official website of Nurses’ Health Study — accessed at
http://www.channing.harvard.edu/nhs/?page_id = 70). According
to the limited information available on non-respondents, which was
provided from several of the six municipalities, there were no large
differences between respondents and non-respondents in terms of
age and gender, while people with a higher socioeconomic status
were more likely to respond (65.1% for the highest socioeconomic
status group; 49.5% for the lowest socioeconomic status group) [22].
The study protocol and informed consent procedure were approved
by the ethics committee in Research of Human Subjects at Nihon
Fukushi University. The vital status of subjects enrolled in the AGES
2003 cohort was obtained by matching them to the residential basic
database in local governments. We recorded subjects” date of death
and any moves out of the residential area. After eliminating these
people, we followed up on the remaining 14,668 subjects for the next
1,461 days (48 months).

Measures
Self-rated health: Using the 2003 baseline questionnaire, we
assessed SRH using the question, “How would you rate your

@ PLoS ONE | www.plosone.org
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overall health at the present time?” Four response options were
provided: excellent, good, fair, or poor. On the questionnaire, this
item was the third question (following inquiries about the subject’s
sex/gender and age) to avoid anchoring or priming the question
by other questions related to health conditions (which were asked
about in later sections of the survey).

Co-morbidities: The same baseline self-administered ques-
tionnaire was used to measure other health conditions by asking
whether individuals were currently receiving medical attention for
a variety of specific life-threatening physical conditions, including
cancer, heart disease, stroke, hypertension, diabetes mellitus,
hyperlipidemia, respiratory disease, or liver disease (respondents
answered yes or no to each). We additionally assessed daily living
activities (walking, bathing, and hygiene), as well as 10 non-life-
threatening physical conditions (obesity, osteoporosis, joint
disease/neurological pain, trauma/fracture, gastrointestinal dis-
ease, visual impairment, hearing impairment, urinary disorder,
sleep disorder, and other). These distinctions were based on a
previous study conducted in the Netherlands on the same issue
[10]. Subjects’ mental-health status was assessed by the Geriatric
Depression Scale (GDS-15) [23]. Health-related behaviors (smok-
ing [never, before, currently] and alcohol consumption [no, not
frequently, frequently]) were also measured.

Socio-demographic characteristics: We included the
following socio-demographic characteristics in the study: age,
sex/gender, education (<high school [<10 years of education],
high school [10-12 years of education], and >high school [>12
years of education]), and marital status (ever married or never
married).

Statistical analysis: We created logistic regression models to
explore the associations between SRH and sex/gender and
education. Education (<high school or not) and SRH (fair/poor
or not) were dichotomized to allow us to apply a concise
interpretation of the interaction (product term). We conducted
the following sequence of regression analyses (Models 1A to 5A): in
Model 1A, we controlled for age only. In Model 2A, we controlled
for marital status and whether the subject smoke or drank, in
addition to age. In Model 3A, we added depression symptoms. In
Model 4A, we added 13 non-life-threatening health conditions.
Finally, in Model 5A, we added eight major life-threatening health
conditions.

To explore the SRH-mortality association, Cox models were
used to estimate hazard ratios (HRs) for mortality in the different
sex/gender and education-level subgroups. The proportionality
of all predictors was examined graphically beforehand using
log-minus-log survival plots. We then created Models 1B to 4B,
in which we added SRH as an exposure variable to Models 1A
to 4A.

In both the logistic regression and Cox models, we added
interaction terms (male x <high school, fair/poor SRH xmale, and
fair/poor SRHx<high school) to the sets of explanatory
covariates to statistically test the marginal difference in the effect
size in the different sex/gender and education-level subgroups.

The relative risk reduction (i.e., explainable excessive risk)
resulting from the successive addition of covariates from HR
Model xB to HR Model (x+1)B was calculated as follows, where
x=1,2, 3, or 4 [24,25]:

[(HR Model xB—HR Model (x+1)B)
/(HR Model 1B (Unadjusted) —1)] x 100 (%)

The assumption is that the risk reduction calculated from HR
Model xB to HR Model (x+1)B can be interpreted as the
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contribution of the added covariates to the excess risk for mortality
associated with fair/poor SRH.

Clustered standard error was calculated in all of the analyses to
account for clustering of respondents in the six sampled
municipalities [26]. A two-tailed p value of <0.05 was considered
statistically significant. We used Stata/IC version 12.0 (StataCorp,
College Station, TX, USA).

Results

Sex/gender-SRH and education-SRH associations at
baseline

As expected, increasing age was associated with higher levels of
depression, an increase in non-life-threatening health conditions,
and a higher prevalence of fair/poor SRH among both men and
women (Table 1). Higher levels of depression and non-life-
threatening health conditions were more prevalent among women
than men. Lower educational attainment (<high school) was also
associated with a higher prevalence of fair/poor SRH (p<<0.001
among both sexes/genders; the p value was obtained using the
age-adjusted logistic regression model for the education-SRH
association) (Table 2 [Model 1A]).

In the age-adjusted model (Table 2), men were no more likely
to report fair/poor health than women. Subsequent models that
adjusted for sex/gender differences in pre-existing co-morbid
conditions resulted in a higher odds ratio for poor SRH among
men compared to women. For example, after controlling for 13
co-morbid conditions, men were 1.27 times more likely to report
poor SRH than women (95% CI: 1.09-1.48) (Table 2 [Model
4A]).

In the age-adjusted model, individuals who had completed less
than a high school education were 1.38 times more likely to report
fair/poor health compared to individuals with higher levels of
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completed schooling (95% CI: 1.30-1.47). However, after
adjusting for differences in chronic health conditions, this excess
risk was attenuated. This suggests that individuals with less
education have more co-morbid chronic conditions, which is
identical to the observation in Table 1.

SRH-mortality associations

During the four-year follow-up (from 2003 to 2007), 788 men
died in 26,482.9 person-years, and 430 women died in 29,723.6
person-years. Additionally, 58 men and 111 women moved out of
the study area. Older individuals, men, and individuals with a
lower education level had higher mortality rates (Table 1).

Cox models for the SRH-mortality association (Table 3-I)
showed that individuals who reported fair/poor SRH were
approximately two times more likely to die during the follow-up
period (age-adjusted HR =2.20 [95% CI: 1.87-2.58], without
including interaction terms). In the same model, the interaction for
sex/gender was statistically significant (p = 0.018), suggesting men
exhibit a stronger association between SRH and mortality than
women. The interaction for education was not significant
(p=0.549).

The stratified analyses by sex/gender (Table 3-II) showed that
the SRH-mortality association among men (age-adjusted
HR =244 [95% CI: 2.14-2.80]) was stronger than the corre-
sponding association among women (age-adjusted HR =1.88
[95% CI: 1.44-2.47]). The stratified analyses by education level
(Table 3-III) also showed that the SRH-mortality association
among people with a higher education (age-adjusted HR =2.39
[95% CI: 1.74-3.30]) seemed to be stronger than among those
with a lower education (age-adjusted HR =2.14 [95% CI: 1.83—
2.50]). (The interaction terms shown were not significant).

When we examined the regression models with the successive
introduction of control variables, the sex/gender difference in the

Table 1. Self-rated health at baseline and four-year mortality in AGES 2003 Cohort Study in Japan.

Depression
[GDS15]

Non-life-threatening Life-threatening
physical conditions

physical conditions  Baseline self-rated health Four-year Mortality

Men 65-69 2525 3.28 013 061 © 0.03

0.76 0.02 94.1% 5.9%

0.88 0.01 15.0%

~High school

High school

>High school

doi:10.1371/journal.pone.0030179.1001
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Table 2. Odds ratios of sex/gender and education for fair/poor self-rated health at baseline in logistic regression models®.

Model 1AP Model 2A" Model 3A° Model 4AP Model 5A®

ORs 95%ClI ORs 95%Cl ORs 95%ClI ORs 95%Cl ORs 95%Cl

Education (<high 1.38 1.30 147 1.36 1.26 1.46 1.11 1.00 1.23 1.08 0.98 119 1.16 1.07 1.26
school vs high/>
high school)

®Interaction terms were excluded in the models when we reported the ORs and 95% Cls on the table (effect-only models).

POR of sex/gender and that of education were calculated by different two models in Model 1A. In contrast, OR of sex/gender and that of education were calculated
simultaneously by a single model in Model 2A, 3A, 4A, and 5A.

doi:10.1371/journal.pone.0030179.t002

Table 3. Hazard ratios of self-rated health (SRH), sex/gender, and education for mortality during four-year follow-up in Cox
models?.

Model 1B® Model 2B° Model 3B® Model 4B* Model 5B°

1 Both sex/genders

SRH (fair/poor vs excellent/good)

1l Stratified by Sex/gender

SRH (fair/poor vs excellent/good)

Women with all education levels

Education (<high school vs hi

Lower education (both sex/genders)

Sex/gender (Male vs female)

SRH (fair/poor vs excellent/good)

®Interaction terms were excluded in the models when we reported the HRs and 95% Cls on the table (effect-only models).

PHR of each cell in Model 1B was calculated by each different model. In contrast, HR of sex/gender and that of education (and that of depression after Model 3B) were
calculated simultaneously by a single model in Model 2B, 3B, 4B, and 5B.

“As depression was included as the control variable in Model 3B in addition to the variables in Model 2B, HR of depression in Model 2B was not reported.
doi:10.1371/journal.pone.0030179.t003
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