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Table 1. Mean and coefficient of variance (CV) of per capita income, life expectancy, and age-adjusted mortality of 46

prefectures in Japan, 1955 to 2000

Per capita income Life expectancy (years) Age-adjusted mortality (per 100,000)
Year (thousand yen) Men Women Men Women

Mean V) Mean (CV) Mean (CV) Mean V) Mean (CV)
1955 68.7 (22.0) 6295 (2.03) 67.13 (1.93) -
1960 1122 (26.6) 65.19 (1.66) 70.07 (1.37) -
1965 2155 (23.4) 6749 (1.44) 72.88 (1.01) 632.0 9.31) 3759 (6.37)
1970 4954 (21.7) 69.41 (1.35) 75.05 (0.71) 566.7 (10.64) 321.8  (5.84)
1975 1019.1 (14.2) 71.44 (1.06) 76.84 (0.64) 459.1 (9.65) 255.0 (5.50)
1980 1575.0  (12.7) 7334 (092) 7892 (0.54) 402.0 9.92) 206.2 (6.06)
1985 1960.9 (14.6) 7482 (0.80) 80.73 (0.53) 365.2 (9.50) 176.6  (6.46)
1990 2634.7 (15.9) 7596 (0.78) 82.10 (0.47) 3355 9.01) 1552  (5.57)
1995 2865.5 (13.2) 76.66 (0.76)  83.30 (0.54) 3199 (10.38) 1489 (9.12)
2000 2867.6 (124) 77.62 (0.75) 84.70  (0.48) 297.7 (8.82) 135.6  (6.28)

CV = Standard deviation/Mean x 100

Okinawa Prefecture to Japan. Okinawa Prefecture
was excluded from the current analyses to ensure
comparability of time trends.

Municipalities include cities (“shi”), towns
(“machi”), villages (“mura”), and wards (“ku”). The
number of municipalities fluctuated and numbered
almost 3350 during the observed periods because of
mergers and dissolutions of municipalities.

The entire observation period was 1955 to 2000, but
the analytical period depended upon variables because
of limited data availability. '

Data

Health indicators were life expectancy (LE) and
mortality. In prefectural analyses, LE and age-adjusted
mortality among populations aged 20 to 64 years were
used. The data were obtained from the Prefectural Life
Table and Vital Statistics (15-18).

In municipal analyses, the observed number of
deaths was obtained from Vital Statistics (/9,20)
and aggregated in intervals of five consecutive years
(1973-77, 1978-82, 1983-87, 1988-92, 1993-97, and
1998-2000). The expected number of deaths was
estimated using the age-specific population of the
municipality and age-specific mortality of the entire
country (/9-21). Analysed municipalities numbered
3346, 3348, 3356, 3346, 3361, and 3356, respectively,
for the five observation periods. *

Per capita income served as a socioeconomic
indicator. Per capita income by prefecture and
municipality was obtained from a published database
(21,22).

Analyses
In prefectural analyses, the slope index of inequality
(SID) served as a measure of the association between

health indicators and income. The SII is estimated from
the slope of the linear regression line between income
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ranking and health indicator and the mean of the health
indicator (23). Since the SII is independent of absolute
values of health and its predictive variables, it is useful
for comparison of the magnitude of health inequalities,
and especially for comparing time trends and different
indicators (23).

First, the prefectures were ranked according to
per capita income, and ranking values ranging from 0
(lowest income) to 1 (highest income) were assigned to
prefectures. Then, the linear regression line was fitted
with the health indicator as the dependent variable and
the ranking value as the explanatory variable. The SII
was estimated by dividing the slope by the mean of the
heath indicators and presented as a percentage (x 100).
The observation period was 1955 to 2000 for LE and
1965 to 2000 for mortality.

In municipal analyses, Poisson regression was used
with the number of observed and expected deaths and
per capita income, and the rate ratio (RR) of income
for mortality was estimated. Two income variables
were separately introduced. First, per capita income
was introduced as a continuous variable (in units of a
million yen). Second, an ordinal variable was used: the
lowest decile = 0.05 to the highest decile = 0.95. The
observation period was 1975 to 2000. Municipal per
capita income in 1975 was not available, so that in 1980
was used for the 1975 analysis.

SPSS 15.0J was used for linear regression analysis
and MLwiN 2.02 for Poisson regression analysis.

Results

Table 1 summarizes the health indicators and per capita
income of 46 prefectures from 1955 to 2000. Income
markedly increased, and especially until 1990, with
narrowing of the variation in accordance with the
coefficient of variance (CV). LE continuously increased
with narrowing variation. Age-adjusted mortality
continuously decreased but was not accompanied by
narrowing variation.
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Figure 1. Slope index of inequality for income and life expectancy
for 46 prefectures in Japan, 1955 to 2000. Vertical lines show the
95% confidence interval.

Figure 1 shows the SII for LE and per capita income
in prefectural analyses from 1955 to 2000. A positive
sign means that a prefecture with higher incomes had a
longer LE. The SII decreased during 1955 to 1995 for
women and during 1970 to 1995 for men. In contrast,
the SII increased for both men and women from 1995 to
2000.

The SII for age-adjusted mortality and per capita
income from 1965 to 2000 is shown in Figure 2. A
negative sign means that a prefecture with higher
incomes had a lower mortality rate. According to the
SII, the association between income and mortality
decreased until 1995 but increased from 1995 to 2000.

Table 2 shows the results of municipal analyses,
demonstrating the RR of per capita income for mortality.
An RR of less than 1.0 means that municipalities with
higher incomes had a lower mortality rate. There were
some differences in absolute values between continuous
and categorical variables due to the different units, but
the time trends were similar. The association between
income and mortality decreased until 1995. For women
in 1990 and 1995, the RR was more than 1.0, showing
that municipalities with higher incomes had a higher
mortality rate. From 1995 to 2000, RR increased in both
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Figure 2. Slope index of inequality for income and age-adjusted
mortality for 46 prefectures in Japan, 1965 to 2000. Vertical lines
show the 95% confidence interval.

men and women.
Discussion

This paper demonstrated the possibility of health
inequalities increasing from 1995 to 2000 in Japan. An
increase in health inequalities over the past few decades
has been found in other industrial countries (24-26). The
current findings offer the first suggestion of a recent
increase in health inequalities in Japan.

Until 1995, the association between income and
health indicators decreased, as shown in previous
studies (8,9,27). The decrease in health inequalities
was accompanied by significant LE extension and
a decline in mortality. Possible contributors to the
improved health of the Japanese population have
been noted. An egalitarian social system and culture
appears to contribute substantially through compulsory
education, universal health insurance coverage, public
health services, income adjustment policy, and strong
social relationships (6,8-10). This is considered to be a
good indication that fewer socioeconomic inequalities
improve the health of the population (6, 11).

The association of income and health indicators

Table 2. Results of poisson regression of per capita income and mortality by ml;nicipal level: rate ratio with 95%

confidence interval

Year Men Women
Continuous” Categorical® Continuous® Categorical’®

1975 0.779 (0.766, 0.793) 0.861 (0.851, 0.872) 0.877 (0.861, 0.893) 0.945 (0.933, 0.958)
1980 0.855 (0.841, 0.870) 0.920 (0.909, 0.931) 0.938 (0.921, 0.955) 0.987 (0.975, 1.000)
1985 0.876 (0.865, 0.887) 0.913 (0.902, 0.924) 0.959 (0.946, 0.972) 0.998 (0.878, 1.134)
1990 0.950 (0.943, 0.957) 0.941 (0.940, 0.942) 1.004 (0.996, 1.012) 1.042 (1.030, 1.055)
1995 0.944 (0.936, 0.951) 0.935 (0.925, 0.945) 1.012 (1.003, 1.020) 1.035 (1.023, 1.048)
2000 0.886 (0.883, 0.889) 0.853 (0.849, 0.857) 0.975 (0.972, 0.979) 0.972 (0.967, 0.977)

°Per capita income was used as the continuous variable in units of a million yen.
®Per capita income was used as the ordinal variable: from the lowest decile of 0.05 to the highest decile of 0.95.

40

—128—

hitp.//www.biosciencetrends.com



BioScience Trends 2007;1(1):38-42.

increased from 1995 to 2000. This increase was
consistent regardless of different health indicators and
different geographic levels for both men and women.
The recent data invite several warnings about Japanese
health status. LE of some occupational classes declined
in the past few years (28). LE of all Japanese men also
declined from 2004 to 2005 (29). This is not conclusive,
but the increase in health inequalities may be linked to
the deterioration of the health of the population.

Although the explanation for the possible increase in
health inequalities in recent years is beyond the scope
of this study, increasing socioeconomic inequalities are
a potential contributor to increasing health inequalities.
Some measures such as the Gini coefficient suggest a
widening of income distribution in Japan (/4,30). The
economic recession after the collapse of the bubble
economy in the early 1990s and the subsequent policies
on economics, taxation, and social security might have
contributed to increased socioeconomic inequalities
(12-14). Crumbling of the lifetime employment system
found in Japanese companies, the increase in unstable
employment, and the increase in social security costs
might have also accelerated worries about increasing
socioeconomic inequalities (/2-14).

The health care system in Japan is considered among
the best in the world in terms of fairness of financial
contribution, health outcomes, and other indicators
(31). The system is believed to contribute to the healthy
status of the Japanese population (9). However, recent
figures suggest an increase in inequality in access to and
use of health care in Japan. Geographic disproportions
in health care, such as in the number of obstetricians,
gynecologists and pediatricians, and cancer care
resources are increasingly receiving attention (32,33).
A previous ecological study showed that the lack of
resources for maternal and child health is associated
with higher infant mortality in Japan (34). Other studies
have noted that the postgraduate medical training
system and recent health policies, mainly in relation to
the postgraduate medical training system and control
of health care expenditures, might trigger geographic
disproportions and widening inequalities in health
care (35). In addition, an increasing number of people
who cannot afford insurance premiums appears to be
endangering universal health insurance coverage (36).
Circumstances concerning health care may widen health
inequalities and consequently threaten improvements in
the health of the Japanese population.

Analyses of health inequalities often suffer from
methodological problems. The selection of both health
indicators and socioeconomic variables and methods of
analyzing their association are critical (37). The findings
of this study were obtained using sophisticated methods
with reliable health and socioeconomic variables at
two different levels. Nonetheless, a few limitations are
acknowledged below.

First, the observation period is too short to conclude
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that health inequalities were increasing until 1995, and
health inequalities should be continuously monitored.
Second, another combination of health indicators
and socioeconomic variables could demonstrate a
different pattern from that of this study. More specified
health indicators, such as cause-specific mortality,
will elucidate more detailed situations including an
explanation for increasing health inequalities. Area
indicators representing socioeconomic conditions
are critical in area-based analyses. Agreed-on area
indicators have not been established in Japan, unlike
in some countries where indicators such as deprivation
indices have been applied (38). The development
of area-based socioeconomic indicators is an urgent
challenge for the study of health inequalities in Japan.
Lastly, but of equal importance, ecological studies have
methodological limitations, including confounding
factors and the ecological fallacy (39). Nonetheless,
geographical data can yield meaningful evidence on
health inequalities, especially in the long term, since
individual-level data are generally of limited use for
such analyses (40). Further studies with individual-level
analyses based on a system to monitor individual-level
inequalities should be encouraged in order to provide
more conclusive evidence.

In conclusion, this study showed a possible increase
in socioeconomic inequalities in life expectancy and
mortality from 1955 to 2000, following a decrease in
inequalities from 1955 to 1995. Although conclusions
should be carefully drawn from further studies and
future monitoring, Japan’s marked health improvement
in the past half century may not enjoy an equal parallel
in the future.

Acknowledgements

This study was supported by a Grant-in-Aid for
Scientific Research from the Japan Society for the
Promotion of Science and a Health and Labour Sciences
Research from the Ministry of Health, Labour and
Welfare, Japan.

References

1. Acheson D. Independent Inquiry into Inequalities in
Health. London: Stationary Office, 2000.

2. Davey Smith G. Health Inequalities. Bristol: Policy
Press, 2003.

3. Drever F, Whitehead M. Health inequalities. London:
Stationery Office, 1997.

4. Gordon D, Shaw M, Dorling D, Davey Smith G.
Inequalities in health. London: Policy Press, 1999.

5. Wilkinson RG. Income distribution and life expectancy.
BMJ 1992;304:165-168.

6. Kawachi I, Kennedy BP. The Health of the Nations: Why
Inequality Is Harmful to Your Health. New York: The
New Press, 2002.

7. Organization WH. World Health Report 2006. Geneva:
World Health Organization, 2006.

Articl

8. Hasegawa T. Japan: historical and current dimensions of

41

—129—



Article

“10.

1L

12.

13.

14.

15.

16.

19.

20.

21.

22.

23.

24.

42

health and equity. In: Evans T, Whitehead M, Diderichsen
F, Bhuiya A, Wirth M, editors. Challenging inequalities in
health. New York: Oxford University Press, 2001:90-103.
Marmot MG, Davey Smith G. Why are the Japanese
living longer? BMJ 1989;299:1547-1551.

Takano T, Nakamura K. The national financial
adjustment policy and the equalization of health levels
among prefectures. ] Epidemiol Community Health
2001;55:748-754.

Wilkinson RG. Unhealthy Societies. New York:
Routledge, 1996.

Kariya T. Education in crisis and stratified Japan. Tokyo:
Yushindo Kobunsya, 2001.

Sato T. Japan as an inequalities society. Tokyo:
Chuokoron Shinsya, 2000.

Tachibanaki T. Japanese economy from point of view of
household expenditure. Tokyo: Iwanami Shoten, 2004.
Economic and Social Research Institute. Annual report
on prefectural accounts. Tokyo: National Printing Bureau,
1956, 1961, 1966, 1971, 1976, 1981, 1986, 1991, 1996,
2000.

Ministry of Health, Labour and Welfare. Age-adjusted
mortality rates by prefecture. Tokyo: Ministry of Health/
Health and Welfare Statistics Association, 1969, 1974,
1978, 1983, 1988, 1992, 1997, 2002.

Ministry of Health, Labour and Welfare. Prefectural
life tables 2000. Tokyo: Health and Welfare Statistics
Association, 2003.

Shigematsu T, Nanjo Z, Yoshinaga K. Revised edition:
Mizushima’s life tables by prefecture, Japan, 1921-1961.
Fukuoka: Department of Public Health, Medical School
of Fukuoka University, 1996.

Fukuda Y, Nakamura K, Takano T. Municipal
socioeconomic status and mortality in Japan: sex and
age differences, and trends in 1973-1998. Soc Sci Med
2004;59:2435-2445.

Ministry of Health, Labour and Welfare. Data Base
System of Ministry of Health, Labour and Welfare.
Tokyo: Ministry of Health, Labour and Welfare, 2002.
Statistics Bureau, Management and Coordination Agency.
System of Socioeconomic and Demographic Statistics.
Tokyo: Statistical Information Institute for Consulting
and Analysis, 2000.

Statistical Information Institute for Consulting and
Analysis. Municipal data of social indicators. Tokyo:
Statistical Information Institute for Consulting and
Analysis, 2003.

Wagstaff A, Paci P, van Doorslaer E. On the measurement
of inequalities in health. Soc Sci Med 1991;33:545-557.
Mackenbach JP, Bos V, Andersen O, Cardano M, Costa
G, Harding S, Reid A, Hemstrém O, Valkonen T, Kunst
AE. Widening socioeconomic inequalities in mortality

—130—

25.

26.

27.

28.
29.
30.
3L

32.

33.

34.

35.
36.

37.
38.
39.

40.

BioScience Trends 2007,1(1):38-42.

in six Western European countries. Int J Epidemiol
2003;32:830-837.

Fawcett J, Blakely T, Kunst A. Are mortality differences
and trends by education any better or worse in New
Zealand? A comparison study with Norway, Denmark and
Finland, 1980-1990s. Eur J Epidemiol 2005;20:683-691.
Pappas G, Queen S, Hadden W, Fisher G. The increasing
disparity in mortality between socioeconomic groups
in the United States, 1960 and 1986. N Engl J Med
1993;329:103-109.

Ishitani S, Nakamura K, Fukuda Y, Kizuki M, Seino K,
Inose T. Critical contribution of sanitation infrastructure
and primary medical care to child health status in Japan
from 1955 to 2000. J Med Dent Sci 2005;52:213-222.
Soukejima S, Kagamimori S. Occupation and
life expectancy. Jpn Med J (Natl Inst Health Jpn)
2005;4247:129-131.

Ministry of Health, Labour and Welfare. Life expectancy
of Japanese, 2005. Tokyo: Ministry of Health, Labour
and Welfare, 2006.

Forster M, d’Ercole M. Income distribution and poverty
in OECD countries in the second half of the 1990s. Paris:
OECD, 2005.

.World Health Organization. World Health Report, 2000.

Geneva: WHO, 2000.

Matsumoto K, Tanaka M, Maemura T. Hirao T,
Hasegawa T, Hasegawa T. Study on supply, demand and
maldistribbution of obstetricians and gynecologist in
Japan. Hosp Adm (Chic) 2007;44:93-103.

National Cancer Center. http://www.ncc.go.jp/jp/cis/
admin_council/pdf/2nd_shiryou-yamasaki.pdf

Imai H, Itou T, Yoshida T, Takuma N, Ishikawa M.
Association of numbers of obstetricians, gynecologists
and pedestrians with of perinatal indicators. Jpn Med J
2005;4246:28-32.

Kawabuchi K. Apprehension for Japanese health care.
Tokyo: Chikuma Shobo, 2006.

Irohira T, Yamaoka J. Income inequalities in health care.
Tokyo: Chuo Koron Shinsya, 2005.

Kunst A, Mackenbach J. Measuring socioeconomic
inequalities in health. Copenhagen: WHO Regional
Office for Europe, 1997.

Morris R, Carstairs V. Which deprivation? A comparison
of selected deprivation indexes. J Public Health Med
1991;13:318-326.

Greenland S, Robins J. Ecological studies, biases,
misconceptions, and counter-examples. Am J Epidemiol
1994;139:747-760.

Kunst AE. Using geographical data to monitor
socioeconomic inequalities in mortality: experiences
from Japanese studies. Int J Epidemiol 2005;34:110-112.

http://www.biosciencetrends.com



