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ABSTRACT

Social epidemiology is the field of study that attempts to understand the social determinants of health and the
dynamics between societal settings and health. In the past 3 decades, large-scale studies in the West have
accumulated a range of measures and methodologies to pursue this goal. We would like to suggest that there may be
conceptual gaps in the science if Western research models are applied uncritically in East Asian studies of
socioeconomic, gender, and ethnic inequalities in health. On one hand, there are common concerns, including
population aging and gendered labor market participation. Further, international comparison must be built on shared
concepts such as socioeconomic stratification in market economies. On the other hand, some aspects of health, such
as common mental disorders, may have culturally specific manifestations that require development of perspectives
(and perhaps novel measures) in order to reveal Eastern specifics. Exploring and debating commonalities and
differences in the determinants of health in Oriental and Occidental cultures could offer fresh inspiration and insight

for the next phase of social epidemiology in both regions.

Key words: social epidemiology; social science; social determinants of health; interdisciplinary research

Social epidemiology aims to understand the wider
determinants of health by using observational studies that
measure an enlarged set of exposures. In addition to the usual
downstream biomedical and behavioral risk factors, such
studies include measurements of upstream factors that can
be called “causes of the causes.”’ The growing interest in
population research on aging motivates studies of a spectrum
of novel age-related health outcomes, including vascular
aging, functioning, and functional limitation.> This meth-
odology has generated much evidence that socioeconomic
circumstances, living and working conditions, and social and
psychological factors are strong influences on well-being
and health over the life course. In policy terms, the health
of a country’s population depends more on the ministries of
finance, housing, education, employment, and environment
than on the ministry of health—which would more accurately
be referred to as the ministry of illness.>* Social epidemiology
is science that supports the new public health movement® and
encourages interdisciplinary approaches that move outside
the borders of conventional health promotion in search of
effective interventions.

Research design is guided by theoretical models of the
causes of the causes, and these models can be split into 2

contrasting groups. Materialist models emphasize income,
employment, housing, and other “concrete” factors. Their
strength is measurability. In contrast, psychosocial models
seek explanations for social differences in health and well-
being by studying social, family, and working relationships
as well as beliefs and emotions. The strength of this level
of explanation is that it may lead to a detailed understanding
of the human experience of health and health inequality. Many
studies have explored whether the materialist or psychosocial
model is better at accounting for health inequalities within and
between populations, and most of these were published
between 1995 and 2005. The debate generated heat as well
as light. Both levels of explanation have intellectual and
empirical value, and their relative importance depends on the
health outcome and context in question.%’

The example of social capital shows that the distinction
between materialist and psychosocial explanations can be
exaggerated. Social capital has been measured in different
studies by using several related components, including degree
of social cohesion, number of social ties, and level of social
trust.® Both material and psychosocial advantage is gained
when social capital is relatively high: there may be exchange
of goods, loan schemes, and practical support of other kinds.
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There may also be emotional support at difficult times and
a sense of belonging that enhances health and quality of life.
Research in Japan has revealed such inter-relationships, eg,
greater area income inequality was linked to a lower level of
social trust and poorer self-rated health.”

Most evidence until now has been generated by research
groups in the United States, United Kingdom, and mainland
Europe, using Western population-scale studies.®!'*!" These
centers have contributed to graduate training for an increasing
number of groups of active East Asian researchers with
the skills and interests to study the important question
of social inequalities in health. It remains uncertain how
health inequalities are evolving across East Asia in this new
millennium.'*!* Japan remains at the top of the international
life expectancy league table. Perhaps it also maintains low
socioeconomic inequalities in health despite 2 decades of
economic stagnation and a rate of relative poverty that is now
similar to that in the United States and Mexico.'* If that were
the case, Japan would be a prime example of a rich country
maintaining excellent population health and managing to do
so in a sustainable way.

One challenge for research on the social and economic
determinants of health in East Asian countries is to understand
how their particular social systems and cultures support or
undermine health. In China, the prevalence of overweight
doubled in women and tripled in men between 1989 and 2006,
and there is evidence of emerging social inequality in this
important health determinant.'® In South Korea, low education
level has been linked with increased prevalence of metabolic
syndrome in women, and this inequality appears to be
growing in successive post-war birth cohorts.!® On the
other hand, Japan’s frugal food culture has so far largely
protected the population from the long march of the food
corporations,'”!¥ except in Okinawa, where the dietary pattern
is considerably westernized.!” The diversity in social trends
across East Asian countries suggests that comparative
studies would improve our understanding of how society
influences population and individual health. In other words,
there appears to be potential to study the considerable
variation both in exposures and outcomes across the region.
However, researchers in the region must determine whether
there are important conceptual and methodological gaps in the
science that has been developed in the Western context.

Some social dynamics are common to East and
West. Increasing longevity brings the challenges of a
new demographic that is the consequence of life expectancy
at birth increasing at the rate of 3 months per year across
a large number of countries.’® Although a great majority
of the young old are able to live independently, surveys
show the proportion that needs some social care tends to
increase rapidly with age.?! The personal and collective costs
in health-related quality of life and economic burden will
be serious and difficult to manage if we ignore these at
least partially avoidable problems. There is a lot to learn

J Epidemiol 2012:22(4):291-294

about healthy aging from studies in East Asia, and much
would be relevant in the West.

As well as the shared concerns about the health of aging
societies, there is another fundamental shift that interests
social epidemiologists in the East and West, namely, the
continuing trend toward gender equality within the family and
in relation to the labor market. Age at first marriage is
increasing and fertility is low, in part as a consequence of the
desire of young Japanese women to be free of family demands
at least until they have established a degree of economic and
personal autonomy.”> An undesirable effect in the Japanese
context is the high abortion rate: 22% of all pregnancies ended
in induced abortion in 2002.%*** One explanation may be that
younger generations of women have a sense that the health
effects of marriage are different for men and for women, ie,
marital partnership results in fewer health benefits for women,
whether they live in London or Osaka. The quality of the
relationship is probably what matters. Positive psychosocial
factors protect physical health, as shown in the inverse relation
between social support and cardiovascular disease risk—more
support, lower risk—in the East and West.?

Some aspects of population health are socially and
culturally specific. This is most obvious in the tracking
of vital statistics such as birth and death rates by country
over time. Evidence on income inequality, life expectancy,
and other health outcomes between and within countries
suggests that distribution of material and other resources
across a given society is a key determinant of health 26?7
Social stratification is an important issue in this respect
because social epidemiology in part builds on the assumption
that market economies generate social class hierarchies
based on market or economic power, and that these are
comparable.?®3® Further, a country’s system of social
stratification is fundamental in the assessment of health
inequalities and must be appropriately conceptualized and
measured to capture the particularities of the society of
interest. The labor market is a key dimension of social
structure, and social scientists have discussed over several
decades whether the Western concept of occupational social
class is applicable to Japan.’!32 A social classification based
on employment relations and status was found to detect
similar variation and function of social classes in Japan,
in comparison with Western countries.>'*> The research
community is increasingly interested in social stratification;
however, the Erikson—Goldthorpe classification—the theo-
retical basis of the UK National Statistics socioeconomic
classification (NS-SEC)—has as yet been paid little
attention, and the measure has not been applied by social
epidemiologists in Japan to assess health inequalities.

With respect to social stratification, international
comparison must be built on shared concepts and methods.
In contrast, some health determinants would best be studied
with culturally specific tools.>*3* Mental health is a par-
ticularly important dimension of health. The conventional,

-32-



Brunner E, et al. 293

Western approach has proved to have weaknesses and thus
a new understanding would be welcomed. Medication has
long been the first-line treatment for depression in Europe
and North America. However, it has been suspected for
many years that drug treatment does not lead to improved
outcomes except among those suffering from major and
chronic depression. A recent expert review by the UK
National Institute of Clinical Research confirmed this view
and concluded that medication should no longer be the
primary treatment for depression in the National Health
Service (NHS). The headline advice in the detailed 2010
report tells doctors: “Do not use antidepressants routinely to
treat persistent sub-threshold depressive symptoms or mild
depression because the risk—benefit ratio is poor.”*¢

Research in East Asia may help to solve the widespread
problem of chronic poor psychological health among adults. A
Japanese study using the Beck Depression Inventory (BDI),
which was developed in the United States, found that the
BDI had similar validity in terms of factor structure in the
United States and Japan, which implies that depression is a
universal construct with universal symptoms and solutions.?’
However, there is also a view that depressive symptoms
may differ between Western and Eastern societies, particularly
in their somatic manifestations (Ichiro Kawachi, personal
communication). Somatic symptoms measured in the BDI
are loss “of energy, sleep problems, irritability, appetite
problems, lack of concentration, tiredness, and sexual
disinterest. Draguns mentions the greater separation between
soma and psyche in Western culture.’* Related to this, there
may be a‘lower level of cultural acceptance of depression
as a largely mental disorder in East Asia.

These hypotheses suggest a need for studies using
instruments developed by researchers who appreciate
Eastern cultures, so as to inspire fresh thinking in the field
of mental health. It could be that a difference in the pattern
of depressive symptoms between East and West—which is
not evident using the BDI—may be detectable using an
instrument developed in the East. East Asian practices,
perhaps with emphasis on social support networks, may
work more effectively with mental distress than current
antidepressant medications.-3

If it is accepted that there might be culturally specific
aspects of the social determinants of health, then it may
be valuable to develop new constructs for use in social
epidemiology. Such work would complement the extension
of established methods, including measurement of socio-
economic position, to facilitate comparison of health
inequalities in East Asian countries. It is likely that existing
and new approaches are needed—combining development of
newly validated psychosocial measures with validation of
existing measures in China, Korea, Japan, and other East
Asian countries—to understand relationships between social
determinants such as strong community structures and levels
of well-being in their respective populations.
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Models of population health that are rooted in the cultures
of East Asian countries may improve on models developed
in the United Kingdom, for example, in their explanatory
power for social inequalities in health outcomes. This is not
to suggest that there is some mystical Oriental secret to health
and longevity, but rather that the whole picture of East—West
differences in social inequalities in health will not be captured
if we favor Occidental constructs of psychosocial factors,
well-being, and social position when such constructs are
subject to major cultural and philosophical influences.
Drawing on existing research models and methods is
practical and has been productive during the first phase of
social epidemiology in East Asia. Development of newly
validated measures of social determinants inspired by East
Asian researchers will surely be important for East and West
in the second phase.
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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 RIls 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.

Key words: social gradient; measure; stroke; women; Japan

INTRODUCTION

Social gradients in health have been well documented by
using various socioeconomic indicators such as educational
level, income, occupational position, and area deprivation.'
However, assessment of social gradients in health among
women, especially partnered women, has been a considerable
challenge.>™!3

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.*®1%14 However, use of a woman’s own social
position appears to underestimate social inequalities in
health.!>!1¢ 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)® for measuring social gradients
in women’s health. %8517

Krieger et al® 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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2-2 Yamadaoka, Suita, Osaka 565-0871, Japan (e-mail: iso@pbhel.med.osaka-u.ac.jp).
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Increasingly large numbers of women in Japan have
enrolled in university-level education since 1960.'* 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.'%18 In addition, a married woman’s income is unlikely to
be similar to her husband’s.'*!$

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.'”” Another study found no significant association
between women’s own indicators of social position, such as
educational level and occupation, and stroke incidence.?
However, information on the relationship between social
standing and health among married women is limited.

Krieger et al® 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,?! 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 54498 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,
37851 (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.’? 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
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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 13292 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=10204) were included. Of these women, those
with no valid information on their or their partner’s
cducational 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.??
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.?*

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,
considered mediators in this study (Model 2).

A relative index of inequality (RI) 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.”> 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,
Q\E =(.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

which were
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of the social hierarchy versus those at the top of
the hierarchy.?®?’ 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 mamriages 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% Cls 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 . College or
school F;;?Z ;;g(;c))l higher
(n=4335) (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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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

Group | Group I Gr,OUP v

JHS  HS  College JHS HS  College  (lowest) Group Il JHS: (highest)

JHSJHS HS/College:JHS HS/college HS/college:

HS/college
No. at risk 4429 3763 1125 4335 3792 1190 3156 1179 1273 3709
Mean age (year) 49.2 47.4 48.3 49.0 475 46.9 49.5 47.9 48.8 46.9
Employed (%) 755 759 75.8 76.9 767 68.1 76.6 77.4 72.9 75.3
Perceived high psychological stress (%) 18.3 23.4 338 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 27
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 17.5 213 13.3 17.6 20.6 12.4 15.6 15.6 19.3
Mean BMI (kg/m?) 237 23.2 23.1 237 233 229 23.8 234 236 23.1
BMI 227 (%) 14.0 9.6 9.0 13.6 10.7 7.6 14.5 11.2 12.7 8.9
Hypercholesterolemia (%) 15 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 12.2 121 9.4
Medical history of diabetes mellitus (%) 2.2 13 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 39.2 371

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

Table 3. Hazard ratios (HRs) with 95% Cls for stroke risk in married women (n =9317) according to educational levels derived

from individual and conventional approaches

Individual approach

Conventional approach

Junior . o Junior . a
high school High school College Rl high school High school College Ril
ALL Person years 69138 58 362 171556 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)
Unemployed® Person years 17576 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 51018 44549 13233 108801 50894 45338 12568 108801
No. of cases 75 34 8 17 75 34 8 17
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).
2RIl = Relative Index of Inequality; "Unemployed = economically inactive women.

HR = Hazard Ratio.

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
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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
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Table 4. Hazard ratios (HRs) with 95% Cls for stroke risk in married women (n =9317) according to combined (woman:partner)
educational level
Combined approach
Group | (lowest) Group Il Group HI Group IV (highest) Ri#
JHS:JHS HS/college:JHS JHS:HS/College HS/college:HS/coliege
ALL Person years 49299 18413 19839 57103 144 655
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)
Unemployed® 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 14 257 43649 108801
No. of cases 59 16 12 30 17
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).
aRI| = Relative Index of Inequality; PUnemployed = economically inactive women.

HR = Hazard Ratio; JHS = junior high school; HS = high school.

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.
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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 Europe®!>!¢ and the United States®?® 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 study'® and
suggests that socioeconomic indicators for women such as
educational level, occupational position, and eamned income
may not reflect their place in hierarchal society, thus minimizing
the apparent effect of social gradients on the health of women.
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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 al® 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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