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ABSTRACT

Background: Analysis of the effects of social gradients on women’s health requires a suitable means of assessing
social standing.
Methods: We compared social gradients in stroke risk among 9317 married Japanese women from the Japan Public
Health Center-based Prospective Study over a 16-year period. Social gradient was estimated by 3 methods of
indicating social position: education level derived by using the individual approach (woman’s own educational level),
the conventional approach (using her partner’s educational level), and the combined approach (combining the
woman’s and her partner’s educational levels).
Results: As compared with the lowest educational group, stroke risk was similar among women in the highest
educational group using the individual approach and lower, but not significantly so, with the conventional approach.
With the combined approach, however, the age- and area-adjusted hazard ratio (HR) was significantly lower among
the highest education group as compared with the lowest group (HR = 0.52, 95% CI: 0.36, 0.76), and the relative
index of inequality was significant (RII = 0.48, 95% CI: 0.32, 0.72). Using the combined approach, the results were
similar irrespective of employment status. In the combined highest educational group, stroke risk among unemployed
women was significantly reduced by 54%, while stroke risk for employed women was significantly reduced by 46%,
as compared with the lowest educational group, with RIIs of 0.42 (95% CI: 0.21, 0.85) and 0.49 (0.30, 0.80),
respectively.
Conclusions: The results suggest that a combined approach better reflects social standing among married women
in Japan.
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INTRODUCTION

Social gradients in health have been well documented by
using various socioeconomic indicators such as educational
level, income, occupational position, and area deprivation.1,2

However, assessment of social gradients in health among
women, especially partnered women, has been a considerable
challenge.3–13

The validity of using the social position of spouses
or partners as a measure of a woman’s social standing
(the conventional approach) has been criticized in light of
the increasing number of women entering the labor

force.4,8,10,14 However, use of a woman’s own social
position appears to underestimate social inequalities in
health.15,16 Other research has assessed the usefulness of the
dominant, or gender-neutral, approach (assessing the most
dominant social position in the household) and the combined
approach (combining the social positions of all working
age adults in the household)8 for measuring social gradients
in women’s health.4,8,9,17

Krieger et al8 compared the individual, dominant, and
combined approaches and found that social gradients in
various health outcomes were greatest using the dominant
approach and smallest using the individual approach.
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Increasingly large numbers of women in Japan have
enrolled in university-level education since 1960.14 How-
ever, women’s participation in the labor force, by age group,
is represented by an M-shape curve, which reflects their
tendency to have a career break during their 20s and then
return to the labor force, as part-time employees, in their
40s.14,18 In addition, a married woman’s income is unlikely to
be similar to her husband’s.14,18

A previous study found that women with the highest and
lowest educational levels had higher incidences of total stroke
in Japan as compared with those in the middle educational
level.19 Another study found no significant association
between women’s own indicators of social position, such as
educational level and occupation, and stroke incidence.20

However, information on the relationship between social
standing and health among married women is limited.

Krieger et al8 concluded that the combined approach was
of little use for measuring social gradients in women’s
health. However, their findings suggested a need for care in
categorizing the social position of married women. Cultural
differences might be expected to influence socioeconomic
inequalities in women’s health,21 and a comparison of the use
of these different approaches in non-Western countries could
shed new light on the social gradients in women’s health in
these countries.

With educational levels as an indicator of social position,
we compared social gradients in stroke risk among married
women in Japan, using the individual approach (married
woman’s own educational level), conventional approach
(educational level of her partner), and combined approach
(combining educational levels of the woman and her partner).
We also investigated the role of women’s employment status
in the relationship between educational level and stroke risk.

METHODS

Study population
Participants in the Japan Public Health Center-based
Prospective Study (JPHC) have been drawn from 4 public
health center (PHC) areas since 1990. The recruited
participants were 54 498 individuals aged 40 to 59 years,
all of whom were registered in 14 administrative districts
within those PHC areas. Of the 54 380 eligible participants,
37 851 (70%) completed and returned the self-administered
questionnaires at baseline in 1990 and at follow-up in 2000.
The sampling design and procedures for the JPHC study have
been described in detail elsewhere.22 The JPHC study was
approved by the institutional review board of the National
Cancer Center, Tokyo, Japan.

Women who reported a medical history of cancer, stroke, or
myocardial infarction at baseline (n = 315) were excluded
from the study. We limited inclusion to (1) pairs with an
identical surname and address, (2) women with a married
partner, and, to eliminate the possibility that an identified pair

was a parent and child, (3) pairs with an age difference less
than 16 years between the woman and her male partner. A
total of 13 292 married couples were identified. Furthermore,
to reduce misclassification bias, only women who had
remained married for more than 10 years since the baseline
survey (n = 10 204) were included. Of these women, those
with no valid information on their or their partner’s
educational level were also excluded (n = 572), leaving a
total of 9317 married women as our study population.

Derivation of educational levels using the individual,
conventional, and combined approaches
Information on the highest achieved educational level of
the married women and their partners was obtained via the
baseline questionnaire administered in 1990. Responses were
categorized into 3 groups: (1) junior high school (compulsory
full-time education in Japan), (2) high school, and (3) college
or higher.
Women’s own educational levels were used for the

individual approach, while their male partners’ educational
levels were used for the conventional approach. For the
combined approach, the educational levels of the women and
their partners were first categorized as either compulsory
education alone or higher education (high school, college, or
higher). Four groups were then created: group I (lowest, both
partners with compulsory education only), group II (woman
with higher education, partner with compulsory education),
group III (woman with compulsory education, partner with
higher education), and group IV (highest, both partners with
higher education).

Outcome variable
The outcome variable and endpoint for our study was
confirmed incidence of total stroke. All study participants
were followed for 16 years, from 1990 (baseline) through
2005.
Stroke was defined by using the criteria of the National

Survey of Stroke, namely, a neurologic deficit of sudden
or rapid onset persisting 24 hours or longer, or until death.23

Definitive diagnosis of each stroke subtype, ie, subarachnoid
hemorrhage, intraparenchymal hemorrhage, and ischemic
stroke (thrombotic or embolic stroke), was established based
on clinical findings from computed tomography (CT),
magnetic resonance imaging (MRI), or autopsy. A total of
30 hospitals were registered under the 4 PHC areas in the
JPHC study. These hospitals were equipped with at least
1 imaging facility (CT or MRI) in a designated clinical
cardiology department. The methods used to confirm stroke
cases have been described in detail elsewhere.24

Residential status and survival were confirmed annually
through the residential registry of each PHC area. A total of
645 respondents who moved out of their original area of
residence (7%) and 47 married women who were lost to
follow-up (0.4%) were treated as censored.
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Covariates
Information on employment status was collected in the
baseline survey, and married women were categorized as
either employed or unemployed. Information on age, self-
perceived psychological status, smoking, physical activity,
alcohol use, and existing medical conditions was collected
through responses to the baseline questionnaire. Body mass
index (BMI) was calculated by using self-reported height and
weight at baseline.

Married women were asked to rate their perceived
psychological status as low, moderate, or high. Smoking
status was recorded as currently smoking, quit smoking, or
never smoked. Frequency of leisure time physical activity was
recorded as almost none, 1 to 3 times per month, or at least
once a week. Alcohol use was categorized as almost none, 1 to
3 times a month, less than 150 g ethanol per week, 151 g to
299 g ethanol per week, and 300 g or more ethanol per week.

Regarding existing health conditions among married
women, we identified the presence of hypertension,
diabetes, and hypercholesterolemia by examining responses
to the relevant questions regarding medical history and/or use
of medications to control those conditions. Information on
menopausal status was also obtained by examining responses
to relevant questions in the baseline questionnaire.

Statistical analyses
Rates of incident total stroke were calculated during the 16-
year follow-up period from 1990 to the endpoint in 2005.
Age-adjusted mean values or proportions of cardiovascular
risk factors at baseline were calculated based on educational
levels derived from the 3 approaches by using multivariate
regression for continuous measures and logistic regression for
dichotomous measures.

Hazard ratios (HRs) with 95% CIs were calculated
using Cox proportional hazards regression after adjusting
for age and area, which were regarded as potential
confounding variables (Model 1). Further adjustments were
made for known conventional cardiovascular risk factors
such as smoking, alcohol use, perceived psychological stress,
physical activity, BMI, history of hypercholesterolemia,
hypertension, diabetes, and menopause, which were
considered mediators in this study (Model 2).

A relative index of inequality (RII) was calculated for
each model to obtain a quantitative estimate of the overall
magnitude of inequalities in the stroke risk of married women.
The RII is a regression-based summary measure used
in research on social inequalities.25 Dummy variables for
hierarchical categories of social position were given to
each individual (low = 0.1, medium = 0.5, high = 0.9 for
both the conventional and individual approaches; Q1 = 0.05,
Q2 = 0.35, Q3 = 0.65, Q4 = 0.95 for the combined approach).
The RII encompasses a range from 0 (lowest) to 1 (highest),
weighted by the number of subjects in each category, and
represents the ratio of the stroke risk for those at the bottom

of the social hierarchy versus those at the top of
the hierarchy.26,27 Further analysis was conducted after
stratification according to women’s employment status.
Married women without information on employment status
were excluded from this stratified analysis (n = 71). These
analyses were applied to all 3 approaches. All analyses were
conducted using SAS version 9.2.

RESULTS

Among our study sample of married Japanese women
(n = 9317), there were 179 cases of newly diagnosed stroke
during 144 655 person-years of follow-up (mean follow-up,
15.5 years). Table 1 shows the distribution of educational
levels of male partners by the educational level of the married
women. These data suggest that men and women were likely
to find partners with the same educational level, though the
proportion of such marriages declined with increasing
educational level.
Table 2 shows the demographic characteristics of married

women according to educational level, as derived from the 3
approaches. Regardless of the approach used, women with
the highest educational level were more likely to be young,
stressed, and physically active and were less likely to smoke,
be obese, have a history of hypertension, or be menopausal
than women in the lowest educational group. The proportions
of employed women were similar in all educational groups,
though slightly more women who were partnered with a
college-educated man were not employed.
Table 3 presents the adjusted HRs and 95% CIs for stroke

risk among married women according to educational levels
derived using the individual and conventional approaches.
Analysis using the woman’s educational level (individual
approach) yielded a U-shaped association. Regarding the
compulsory education group, age- and area-adjusted HRs for
stroke risk among women in the high school education group
and the college/higher education group were 0.56 (95% CI:
0.39, 0.80) and 0.99 (0.61, 1.58), respectively. The calculated
RII was not significant for the individual approach.

Table 1. Numbers of married women (n = 9317) at different
educational levels according to their partner’s
educational level

Partner’s educational level

Junior high
school

(n = 4335)

High school
(n = 3792)

College or
higher

(n = 1190)

Women’s educational level
Junior high school
(n = 4429, %) 3156 (71) 1152 (26) 121 (3)

High school
(n = 3763, %) 1014 (27) 2208 (59) 541 (14)

College or higher
(n = 1125, %) 165 (15) 432 (38) 528 (47)
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Using the conventional approach, the age- and area-
adjusted HR for stroke risk among women in the high
school education group was significantly reduced by 46%,
relative to those in the lowest educational group (HR = 0.54;
95% CI: 0.39, 0.77), and remained significantly lower even
after controlling for hypothesized mediating factors. The age-
and area-adjusted stroke risk was also lower among women
in the college/higher educational level group, but not
significantly so (HR = 0.74; 0.45, 1.23). The age- and area-
adjusted RII calculated by using the conventional approach
was steeper than that obtained using the individual approach
(RII = 0.45; 95% CI: 0.25, 0.83).

We further tested the effect of employment status on
the associations between educational levels and stroke

risk among married women. The associations between
derived educational level and stroke risk differed according
to employment status. Using the individual approach,
employment status had no effect on the association between
educational level and stroke risk: a U-shaped association was
identified for both employed and unemployed women.
However, employment status did influence the association
between stroke risk and partner’s educational level
(conventional approach): age- and area-adjusted stroke risk
was higher in unemployed women with a college level
or higher education, as compared with unemployed women
with a high school education. There was a U-shaped
association between stroke risk and partner’s educational
level among unemployed women. A different pattern was

Table 2. Age-adjusted baseline characteristics according to educational level derived from individual, conventional and
combined approaches among a cohort of married women (n = 9317)

Individual approach Conventional approach Combined approach

JHS HS College JHS HS College
Group I
(lowest)
JHS:JHS

Group II
HS/College:JHS

Group III
JHS:

HS/college

Group IV
(highest)

HS/college:
HS/college

No. at risk 4429 3763 1125 4335 3792 1190 3156 1179 1273 3709
Mean age (year) 49.2 47.4 46.3 49.0 47.5 46.9 49.5 47.9 48.8 46.9

Employed (%) 75.5 75.9 75.8 76.9 76.7 68.1 76.6 77.4 72.9 75.3
Perceived high psychological stress (%) 18.3 23.4 33.6 19.6 23.0 28.5 18.4 23.1 18.2 26.6
Current smoker (%) 4.1 2.9 3.1 3.9 3.2 3.0 3.8 4.0 4.7 2.7
Ethanol consumption >300 g/week (%) 0.7 0.7 0.1 0.7 0.5 0.4 0.7 0.8 0.7 0.4
Physical activity more than once a week (%) 13.3 17.5 21.3 13.3 17.6 20.6 12.4 15.6 15.6 19.3
Mean BMI (kg/m2) 23.7 23.2 23.1 23.7 23.3 22.9 23.8 23.4 23.6 23.1
BMI ≥27 (%) 14.0 9.6 9.0 13.6 10.7 7.6 14.5 11.2 12.7 8.9
Hypercholesterolemia (%) 1.5 1.5 1.0 1.5 0.6 0.9 1.7 1.1 1.1 1.5
Medical history of hypertension (%) 13.1 10.3 9.4 13.2 10.3 9.9 13.6 12.2 12.1 9.4
Medical history of diabetes mellitus (%) 2.2 1.3 1.9 1.6 1.6 1.3 1.8 1.2 2.0 1.3
Menopause (%) 40.2 38.7 35.2 40.5 37.9 36.6 40.6 40.6 39.2 37.1

JHS = junior high school; HS = high school.
BMI = Body Mass Index (Kg/m2).

Table 3. Hazard ratios (HRs) with 95% CIs for stroke risk in married women (n = 9317) according to educational levels derived
from individual and conventional approaches

Individual approach Conventional approach

Junior
high school

High school College RIIa
Junior

high school
High school College RIIa

ALL Person years 69 138 58362 17155 144655 67712 58865 8078 144655
No. of cases 114 44 21 179 115 46 18 179

Model 1 HR 1.00 0.56 (0.39, 0.80) 0.99 (0.61, 1.58) 0.62 (0.34, 1.12) 1.00 0.54 (0.39, 0.77) 0.74 (0.45, 1.23) 0.45 (0.25, 0.83)
Model 2 HR 1.00 0.61 (0.43, 0.88) 1.09 (0.67, 1.76) 0.73 (0.40, 1.32) 1.00 0.59 (0.41, 0.84) 0.82 (0.49, 1.36) 0.53 (0.29, 0.96)

Unemployedb Person years 17 576 13390 3761 34728 16241 13105 5381 34728
No. of cases 40 12 10 62 40 12 10 62

Model 1 HR 1.00 0.47 (0.25, 0.88) 0.79 (0.33, 1.80) 0.40 (0.14, 1.19) 1.00 0.43 (0.23, 0.83) 0.94 (0.46, 1.90) 0.57 (0.22, 1.48)
Model 2 HR 1.00 0.50 (0.27, 0.96) 0.81 (0.34, 1.96) 0.46 (0.16, 1.36) 1.00 0.47 (0.24, 0.91) 1.03 (0.50, 2.13) 0.66 (0.25, 1.74)

Employed Person years 51 018 44549 13233 108801 50894 45338 12568 108801
No. of cases 75 34 8 117 75 34 8 117

Model 1 HR 1.00 0.60 (0.39, 0.93) 1.11 (0.63, 1.96) 0.74 (0.36, 1.52) 1.00 0.59 (0.36, 0.89) 0.55 (0.26, 1.14) 0.36 (0.16, 0.78)
Model 2 HR 1.00 0.65 (0.42, 1.02) 1.22 (0.68, 2.18) 0.86 (0.42, 1.79) 1.00 0.64 (0.42, 0.97) 0.60 (0.29, 1.27) 0.42 (0.19, 0.93)

Model 1: age- and area-adjusted.
Model 2: Model 1 + conventional cardiovascular risk factors (smoking status, alcohol use, perceived psychological stress, physical activity, Body
Mass Index, history of hypercholesterolemia, hypertension, diabetes, and menopause).
aRII = Relative Index of Inequality; bUnemployed = economically inactive women.
HR = Hazard Ratio.
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observed in employed women, ie, stroke risk decreased
among employed women as their partner’s educational level
increased. The age- and area-adjusted RII was significant
(RII = 0.36; 95% CI: 0.16, 0.78).

Using the combined approach, married women’s stroke
risk was lower in all groups, as compared with the lowest
educational group (Table 4). The age- and area-adjusted HRs
for stroke risk were 0.71 (95% CI: 0.44, 1.14) for Group II,
0.58 (0.36, 0.95) for Group III, and 0.52 (0.36, 0.76) for
Group IV (both with more than compulsory education) as
compared with Group I (both with compulsory education
only). Adjusting for conventional cardiovascular risk factors
slightly attenuated the HRs for those educational groups, but
the pattern of association was unchanged, and the effects
observed in Groups III and IV remained significant. The
age- and area-adjusted RII obtained using this approach was
similar to that obtained using the conventional approach and
was statistically significant (RII = 0.48, 95% CI: 0.32, 0.72).

Stratification by married women’s employment status
yielded information on the effect of their employment on
the relationship between combined educational levels and
their stroke risk. Among highly educated women whose
partner was only educated to compulsory level (Group II),
stroke risk was reduced by 50% if they were unemployed, but
by only 19% if they were employed. When highly educated
women were partnered with a man from the same educational
background (Group IV), stroke risk was lower in unemployed
women (HR = 0.46, 95% CI: 0.24, 0.87) than in employed
women (0.54, 0.34, 0.86). The effect of women’s employment
status on their stroke risk was marginal if they were only
educated to compulsory level and were partnered with a
highly educated man.

DISCUSSION

Analysis using educational levels derived from the individual,
conventional, and combined approaches gave different views
of the association between educational level and stroke
risk among married women in Japan. Education level, as
ascertained by using the women’s own educational levels
(individual approach) or their partner’s educational levels
(conventional approach), was nonlinearly associated with
stroke risk in married women, while educational level derived
by combining the educational levels of women and their
partners (combined approach) identified a significantly lower
stroke risk among women in all educational groups as
compared with the lowest educational group. The RII
obtained via the combined approach was greater than that
based on individual educational level and was significantly
greater than that based on conventional educational level.
These results demonstrate the usefulness of educational level
as a measure of social position, when educational level is
assessed with the combined approach.
Studies in Europe6,15,16 and the United States8,28 showed that

social gradients in women’s health were likely to be under-
estimated when women’s social position was based on their
own standing. Our findings confirmed that the social gradient in
married women’s stroke risk was smallest when using the
individual approach. The nonlinear, U-shaped association
between educational level and stroke risk identified in our
study was similar to that found in our previous study19 and
suggests that socioeconomic indicators for women such as
educational level, occupational position, and earned income
may not reflect their place in hierarchal society, thusminimizing
the apparent effect of social gradients on the health of women.

Table 4. Hazard ratios (HRs) with 95% CIs for stroke risk in married women (n = 9317) according to combined (woman:partner)
educational level

Combined approach

Group I (lowest)
JHS:JHS

Group II
HS/college:JHS

Group III
JHS:HS/College

Group IV (highest)
HS/college:HS/college

RIIa

ALL Person years 49299 18413 19839 57103 144655
No. of cases 94 21 20 44 179

Model 1 HR 1.00 0.71 (0.44, 1.14) 0.58 (0.36, 0.95) 0.52 (0.36, 0.76) 0.48 (0.32, 0.72)
Model 2 HR 1.00 0.74 (0.46, 1.20) 0.61 (0.37, 0.99) 0.59 (0.40, 0.86) 0.54 (0.36, 0.81)

Unemployedb Person years 12106 4135 5470 13017 34728
No. of cases 35 5 8 14 62

Model 1 HR 1.00 0.49 (0.19, 1.26) 0.59 (0.27, 1.27) 0.46 (0.24, 0.87) 0.42 (0.21, 0.85)
Model 2 HR 1.00 0.49 (0.19, 1.26) 0.59 (0.27, 1.30) 0.51 (0.26, 0.99) 0.47 (0.23, 0.96)

Employed Person years 36761 14133 14257 43649 108801
No. of cases 59 16 12 30 117

Model 1 HR 1.00 0.81 (0.46, 1.42) 0.56 (0.30, 1.04) 0.54 (0.34, 0.86) 0.49 (0.30, 0.80)
Model 2 HR 1.00 0.84 (0.48, 1.49) 0.58 (0.31, 1.09) 0.61 (0.38, 0.98) 0.55 (0.33, 0.92)

Model 1: age- and area-adjusted.
Model 2: Model 1 + conventional cardiovascular risk factors (smoking status, alcohol use, perceived psychological stress, physical activity, Body
Mass Index, history of hypercholesterolemia, hypertension, diabetes, and menopause).
aRII = Relative Index of Inequality; bUnemployed = economically inactive women.
HR = Hazard Ratio; JHS = junior high school; HS = high school.
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The age- and area-adjusted RII was significant for the
conventional and combined approaches; however, the com-
bined approach produced a linear social gradient in stroke risk,
while the conventional approach did not. Although Krieger
et al8 gave the combined approach little credit because of the
consequent reduction in statistical power, the results of the
current study strongly suggest the need for careful examination
of each combined group before consolidation.

Stratification according to married women’s employment
status added another dimension to the association between
educational level and stroke risk. Analysis using the individual
and conventional approaches yielded a U-shaped relationship
in unemployed women, while the conventional and combined
approaches showed a linear relationship for employed women.
This suggests that socioeconomic conditions in each house-
hold are likely to be influenced by the partner’s educational
level, over and above the women’s own level. The iden-
tification of an effect of social gradient on stroke risk using the
combined approach, regardless of employment status, confirms
the effectiveness of this approach in reflecting the psychosocial
context of stroke risk among married women.

We adjusted for conventional cardiovascular risk factors
to determine if those factors could explain the identified
social gradient in stroke risk. However, adjustment for
cardiovascular risk factors did not materially attenuate the
association between social position and risk of stroke, which
suggests that these risk factors could not explain the
social gradient. Further studies are needed to explore the
mechanisms underlying the social gradient in stroke risk.

There were some limitations to the current study. Our
findings may be limited to married women living in medium
and small cities in Japan. Some variables were measured only
once at baseline, and we relied on self-report, which possibly
led to misclassification. The findings may also be limited by
the criteria we used to establish marital status and identify total
stroke cases. To minimize the risk of misclassification, we
excluded women who were no longer married 10 years after
the baseline survey. In addition, information on the educational
levels of partners was obtained from valid responses by the
corresponding male partner. The study protocol might have
reduced the numbers in the study population, though any
potential bias in the results is likely to be small.

In summary, a combined measure of educational level,
especially when stratified by women’s employment status,
could provide a detailed profile of the association between
social gradient and stroke risk among married women in
Japan. Individual or conventional measures of social position
are likely to underestimate the magnitude of social gradients
in women’s health, thus hampering the development and
implementation of relevant policies specific to women.
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