
An analysis of health levels and various indicators
of urban environments for Healthy Cities projects

T Takano, K Nakamura

Abstract
Study objectives—(1) To identify and to
categorise the various city indicators that
are related to health levels; (2) to demon-
strate the extent of the influence on health
of these categorised health determinants;
and (3) to demonstrate both the interac-
tive associations among the health deter-
minants and the magnitude of influence of
each health determinant on the people’s
health.
Design—By using city statistics of study
areas, the health index and health deter-
minant indices were formulated. The
extent of influence of health determinants
on the health index was examined by
regression analysis; the interrelations be-
tween the health determinants and the
health index were examined by correla-
tion analysis.
Setting—All the administrative units in
Japan with populations more than 100 000
were selected as study areas to analyse the
relation of health and health determi-
nants.
Main results—The nine health determi-
nant indices used—healthcare resources,
preventive health activities, environmen-
tal quality, housing, urban clutter, local
economy, employment, income, and
education—explained 51.6% of the vari-
ances of the health index as a whole in the
cities studies. The health determinant
indices showed interrelations with each
other, in addition to individual health
determinant indices having a high corre-
lation with the health level index of the
population.
Conclusions—Both individually and col-
lectively the health determinants are
closely related to the health status of a
population and individual determinants
interact with each other. Simultaneous
analysis of the interrelations among
health determinants and health status
would contribute to widen integration ori-
ented perspective in policy interventions
based on collaboration between diVerent
sectors of society.
(J Epidemiol Community Health 2001;55:263–270)

Cities provide living conditions for their
residents in complex ways. Health levels, which
are largely dependent upon residents’ living
conditions and lifestyles, must be dealt with in
terms of a complicated interaction of a variety
of health determinants—physical, economic,
and social—in residential environments.

The determinants of health are defined by
the World Health Organisation (WHO) as “the
range of personal, social, economic and envi-
ronmental factors which determine the health
status of individuals or populations.” WHO has
also noted that “the factors which influence
health are multiple and interactive.” Health
determinants are considered to include such
factors as income and social status, education,
employment and working conditions, access to
appropriate health services, and physical
environments.1–4

In order to adopt and implement eVective
city health policies that will improve the health
status of residents, it is necessary to deal
collectively with a variety of health determi-
nants from an integration oriented viewpoint.
The Healthy Cities Project is one of the most
popular frameworks being used to realise com-
prehensive health policies from this
viewpoint.5–7

To implement Healthy Cities projects in
actual situations, it is helpful if collaboration
among various sectors of society, which is con-
sidered a key element of urban health manage-
ment, can use common databases and if infor-
mation can be shared among the various
government departments and other sectors of
society that are concerned with health issues.8

The availability of common databases also pro-
vides a platform for evidence-based decision
making.9

To show the relations between various health
determinants and the health status of cities is
regarded as necessary in order to provide a
common database for use in understanding
and explaining the current diversity of health
statuses within a given population. Thus, we
have analysed diverse health determinants and
their interrelations by using a number of
indicators of residential environments and
living conditions in all the cities in Japan having
a population of more than 100 000. The objec-
tives of this study were: (1) to identify and to
categorise, in accordance with the concept of
health determinants, the various city indicators
that are related to health levels; (2) to demon-
strate the extent of the influence on health of
these categorised health determinants; and (3)
to demonstrate both the interactive associa-
tions among the health determinants and the
magnitude of influence of each health determi-
nant on the people’s health.

Methods
STUDY AREAS

In Japan, local governmental units are defined
by the Local Autonomy Law (1947) to be one
of the following: Tokyo special ward cities,
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cities designated by ordinance, cities, towns,
and villages. The cities designated by ordi-
nance are further divided into wards for
purposes of their administrative services. Many
statistics are collected on the basis of these
local authority administrative units. In 1990,
there were 311 local administrative units with
populations more than 100 000. These con-
sisted of 21 of the Tokyo special ward cities, 93
wards of the 11 cities designated by ordinance,
and 197 cities.

In this study, we dealt with each of these 311
local administrative units as a “city unit,” in
accordance with how they are commonly
regarded, and we used statistics relating to
them throughout the study. The population of
the individual units of this study ranged from
100 811 to 829 455; the median and average
were 178 484 and 225 943, respectively. The
sum of the units’ populations was 70 268 396,
which amounted to 73.5% of the total popula-
tion of all of the cities in Japan.

FORMULATION OF THE HEALTH INDEX

Thirty five health indicators (see table 1) were
used to formulate a health index representing
the health status of the population. The indica-
tors were computed by applying age adjust-
ment and other standardisation techniques to
statistics of the 1990 Population Census of
Japan10 and of the Vital Statistics Japan for each
year from 1988 through 1992.11 Vital statistics
were used by summing up five consecutive
years of statistics of individual city units. Then,
factor analysis of the 35 health indicators was
performed using a varimax operation. The fac-
tor score of a factor that explained the greatest
variance among the health indicators was taken
as the health index. In addition, Pearson corre-
lation coeYcients between the health index and
individual health indicators were calculated.

FORMULATION OF THE HEALTH DETERMINANT

INDICES

Seventy one indicators (see table 2) from a
variety of fields were used to formulate health
determinant indices. Indicators were selected
and calculated by using statistics from the fol-
lowing sources: 1990 Population Census of
Japan,10 1993 Housing Survey of Japan,12 1991
Establishment Census of Japan,13 1991 Indica-
tors of Citizens’ Income,14 1989–1991 Annual
Reports concerning Fires,15 1990 Statistics of
National Health Insurance,16 1990 National
Consumption Survey Japan,17 1993 Yearbook
of Cities in Japan,18 1990 Meteorological Data
by Satellite Observation,19 1990 Forestry Cen-
sus,20 1990 Report on Atmospheric Monitor-
ing Stations,21 1993 Basic Statistics for Com-
munity Medical Care,22 and 1990 Indices of
Municipalities.23

Excluded from this analysis were indicators
of the urban basic infrastructure—such as
water supply and electric power supply—that
are already suYciently provided in the study
areas and that diVer little among cities, and that
thus are marginal variables for explaining
health inequalities among the study areas.

The selected 71 indicators were divided into
nine categories of health determinants in
accordance with the general concept of health
determinants.1 2 4 24

Principal factor analysis was then performed
to obtain one factor from each individual
category of health determinants. The factors
were selected by considering that the eigen-
value of the correlation matrix should be more
than 2, and that the selected factor should
explain at least 30% of the variance within its
individual set of indicators. Calculations
showed that one factor in each individual
category satisfied the above mathematical
criteria, and that the factors represented
individual aspects of health determinants. Also,
Pearson correlation coeYcients between health
determinant indices and indicators of the con-
cerned categories were calculated.

ANALYSIS OF THE EXTENT OF HEALTH

DETERMINANTS’ INFLUENCE ON HEALTH

To determine the health determinants’ extent
of influence on the health index, we performed
regression analysis using a forward procedure.
The health index was used as a dependent
variable. Nine health determinant indices were
categorised into three groups: (1) healthcare,
(2) residential environment, and (3) socioeco-
nomic status. Then the indices of the three
groups were included as independent variables
one after another. The three individual groups
consisted of the following indices: (a) health-
care related (HC) indices: healthcare resources
and preventive health activities; (b) urban resi-
dential environment (ENV) indices: environ-
mental quality, urban clutter, and housing; and
(c) socioeconomic status (SES) indices: local
economy, employment, income, and educa-
tion. Also, because the demographic character-
istics of aging influence health indicators in
various ways, five demographic indicators were
analysed by factor analysis and one factor that
was derived as an aging index was included as

Table 1 Pearson correlation coeYcients of health indicators and health index

Health indicators Health index

Male life expectancy at birth 0.748
Female life expectancy at birth 0.866
Male life expectancy at 65 0.881
Female life expectancy at 65 0.877
Male age adjusted mortality rate of all causes −0.760
Female age adjusted mortality rate of all causes −0.905
Male age adjusted mortality rate of malignant neoplasms −0.595
Female age adjusted mortality rate of malignant neoplasms −0.575
Male age adjusted mortality rate of malignant neoplasms of stomach −0.556
Female age adjusted mortality rate of malignant neoplasms of stomach −0.463
Female age adjusted mortality rate of malignant neoplasms of uterus −0.395
Male age adjusted mortality rate of ischaemic heart disease −0.277
Female age adjusted mortality rate of ischaemic heart disease −0.290
Male age adjusted mortality rate of cerebrovascular disease −0.246
Female age adjusted mortality rate of cerebrovascular disease −0.234
Male age adjusted mortality rate of pneumonia and bronchitis −0.761
Female age adjusted mortality rate of pneumonia and bronchitis −0.822
Male age adjusted mortality rate of motor vehicle accidents −0.177
Male age adjusted mortality rate of suicide −0.246
Female age adjusted mortality rate of suicide −0.307
Male proportional mortality of age 50 and older 0.192
Male proportional mortality of age 65 and older 0.323
Male proportional mortality of age 80 and older 0.178
Male longevity diVerential index 0.373
Female longevity diVerential index 0.459
Stillbirth rate −0.203

Health indicators having statistically significant correlation (p<0.01) with the index of health are
listed. Other health indicators used to formulate the index of health were: female age adjusted
mortality rate of malignant neoplasms of breast; female age adjusted mortality rate of motor vehi-
cle accidents; female proportional mortality of age 50 and older; female proportional mortality of
age 65 and older; female proportional mortality of age 80 and older; male proportional mortality
of age 85 and older; female proportional mortality of age 85 and older; infant mortality rate; and
perinatal mortality rate.
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Table 2 Pearson correlation coeYcients of healthcare, urban residential, and socioeconomic indicators and health
determinants indices

Indicators

Health
determinants
indices

Healthcare
resources

Number of hospitals and clinics per population 0.899
Number of hospitals per population 0.505
Number of general hospitals per population 0.377
Number of clinics per population 0.867
Number of dental clinics per population 0.818
Number of hospital and clinic beds per population 0.474
Number of beds in general hospitals and clinics per population 0.546
Number of hospitals and clinics per habitable land 0.546
Number of clinics per habitable land 0.534
Number of dental clinics per habitable land 0.439
Number of medical doctors per population 0.775
Number of dentists per population 0.764
Number of pharmacists per population 0.783
Percentage of households less than 500 m to the nearest medical facilities 0.476

Preventive
activity

Participation rate to general health check up 0.348
Participation rate to health check up of stomach cancer 0.799
Participation rate to health check up of lung cancer 0.569
Participation rate to health check up of cervical cancer 0.497
Number of public health nurses per population 0.410
Number of community welfare volunteer per population 0.472
School meal provision at junior high school 0.487

Environmental
quality

Percentage of houses which have sunshine at least 5 hours a day 0.740
Normalised diVerence vegetation index area averaged by a circle of 3 km radius 0.854
Normalised diVerence vegetation index area averaged by a circle of 10 km radius 0.958
Normalised diVerence vegetation index area averaged by a circle of 19 km radius 0.933
Index of higher nitrogenoxide measurement −0.922
98% value of the daily average of nitrogenoxide −0.914

Housing
Percentage of houses constructed after 1975 0.953
Index of newer houses 0.973
Percentage of houses not facing at least 2 m width 0.480
Percentage of houses with flush toilet 0.426
Sewer diVusion rate 0.266
Urban clutter
Length of road per total land area 0.719
Length of road per habitable land area 0.635
Number of goods vans per kilometer of road 0.817
Number of cars per kilometer of road 0.819
Percentage of houses less than 1 km away from railway station and less than 500 m away from bus stop 0.636
Percentage of houses less than 50 m away from road of more than 6 m width 0.536
Percentage of non-wooden houses 0.462
Percentage of city planning area 0.451
Households in apartment flats with 6 or more floors 0.816

Education
Age adjusted years of education (male) 0.946
Age adjusted years of education (female) 0.942
Average years of education of male aged 25–29 0.918
Local budget for education per population 0.376
Local budget for education per population aged 5–19 0.403

Employment
Male workforce enrolment as percentage of male aged 15–65 0.857
Female workforce enrolment as percentage of female aged 15–65 0.780
Workforce enrolment as percentage of population aged 15–65 0.908
Unemployment rate −0.638
Unemployment rate among population aged 20–24 −0.654
Unemployment rate among population aged 60–64 −0.644
Manufacturing industry workers as percentage of total work force 0.502
Wholesale, retail trade, and eating establishment workers as percentage of total work force −0.323
Professional and technical workers as percentage of total workforce −0.333
Managers and oYcials as percentage of total workforce −0.239
Family expenses for meat consumption adjusted by the area diVerence of food consumption −0.383

Income
Per capita income 0.896
Average annual earnings per household 0.812
Standardised deviation of average annual earnings per household 0.876
Per capita balance of savings 0.736
Per capita value of housing and land property 0.845
Per capita value of consumer durables 0.684

Local economy
Growth rate of number of establishments 0.805
Growth rate of total work force 0.791
Medium to large scale establishments (5 and more employees) as percentage of all businesses 0.733
Local government financial index 0.697
local tax revenue as proportion to the total amount of revenue to the local government 0.730

Indicators having statistically significant correlation (p<0.01) with individual health determining factors are listed. Other indicators used
to formulate individual health determining factors were: family expenses for fish consumption adjusted by the area diVerence of food
consumption for employment; indoor swimming pool with courses of 25 m and more per population for healthcare resources; school
meal provision at elementary school for preventive activities; and number of public health nurses per clinical nurses for preventive
activities.
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an independent variable of a fourth group (AG:
aging) used to estimate the health index. The
first three groups were put into the model in six
diVerent orders. The orders were (1) HC,
ENV, SES; (2) HC, SES, ENV; (3) ENV, HC,
SES; (4) ENV, SES, HC; (5) SES, HC, ENV;
(6) SES, ENV, HC. The adjusted coeYcient of
determination (r2) was calculated for each step
(each step adding one new group) of each indi-
vidual model. Finally, the aging index (AG)
was added to the model, and the adjusted coef-
ficient of determination (r2) was calculated.
The final adjusted coeYcient of determination
by health determinants indices and the aging
index was calculated so as to show the
variations in the health index as explained by
the set of health determinants defined in this
study. This series of calculations of the adjusted
r2 of regression analysis also was performed by
setting male and female age adjusted mortali-
ties as dependent variables.

ANALYSIS OF THE INTERRELATIONS BETWEEN THE

HEALTH DETERMINANTS AND THE HEALTH INDEX

Correlation analysis was performed to show
the interrelations among health determinants
and the relation between the health determi-
nants and health. Pearson correlation coeY-
cients were calculated using associated prob-
ability. In addition, Pearson correlation
coeYcients were calculated between the health
index and each of the nine health determinant
indices—health resources, preventive health
activities, environmental quality, urban clutter,
housing, local economy, employment, income,
and education—and among the nine health
determinant indices. The results have been
presented in a chart to show the interrelations
among these indices.

Results
THE HEALTH INDEX

The first factor that had an eigenvalue of 10.9
and that explained 31.2% of the variance
among 35 health indicators was taken as the
health index. Health indicators with a statisti-
cally significant (p < 0.01) correlation with the
health index are listed in table 1, along with
their Pearson correlation coeYcients; 26 indi-
cators had a significant correlation with the
health index.

THE HEALTH DETERMINANTS

The following nine factors were selected as
health determinant indices: healthcare re-
sources, preventive health activities, environ-
mental quality, housing, urban clutter, local
economy, employment, income, and educa-
tion. Table 2 shows the statistically significant
Pearson correlation coeYcients of the health-
care, urban residential, and socioeconomic
indices that we used for this study. The
individual health determinant indices repre-
sented the following aspects: (1) healthcare
resources: adequate healthcare resources exist;
(2) preventive health activities: preventive
health activities are conducted; (3) environ-
mental quality: good quality physical environ-
ment; (4) housing: new, good quality housing
with exists; (5) urban clutter: urban area that is

densely crowded and congested; (6) education:
the population is highly educated in terms of
both level and quality; (7) employment: good
employment opportunities are available; (8)
income: the population has a high income; (9)
local economy: local business is growing and
local financial conditions are good.

RANGE OF INFLUENCE OF HEALTH DETERMINANT

INDICES

Table 3 shows the adjusted coeYcient of deter-
mination (r2) as calculated for each step, adding
the HC, ENV, and SES indices into the
regression model so as to predict the health
index. The adjusted r2 represents the explained
variances among individual dependent vari-
ables in terms of the defined set of independent
variables. Adding one of the three sets of health
determinants—that is, either HC, ENV, or
SES, according to the order of adding depend-
ent variables—resulted in an absolute increase
in the adjusted r2. However, the range of the
increase of the adjusted r2 that resulted by add-
ing one particular set shows the extent of the
contribution of the individual areas of health
determinants. Additional health index vari-
ances that were explained by the healthcare
related indices ranged from 3.7% to 14.2%; the
urban residential indices ranged from 13.4% to
23.8%; and the socioeconomic indices ranged
from 24.0% to 34.5%.

The adjusted r2 of the model with nine health
determinant indices was 0.516, and that of the

KEY POINTS

x Nine health determinant indices—
healthcare, preventive health, environ-
ment, housing, urban clutter, local
economy, employment, income, and
education—were formulated.

x Individual health determinants had a high
correlation with the health level of the
population.

x Health determinant indices showed inter-
relations with each other.

x Simultaneous analysis of taking various
health determinants at once visualised
dynamics of health and health determi-
nant indices.

x An integration oriented perspective based
on an understanding of the relations
between health and health determinants
is useful.

Table 3 Explained variances of the health index by sets of
health determinants

Set of health determinants and the order of input
into a regression model equation Adjusted r2

HC 0.055
ENV 0.134
SES 0.241
HC + ENV 0.276
HC + SES 0.321
ENV + SES 0.479
HC + ENV + SES 0.516

HC: healthcare related indices; ENV: urban residential indices;
SES: socioeconomic indices. Adjusted r2 represents explained
variances of individual dependent variables by the defined set of
health determinants indices.
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model with nine health determinant indices
and the aging index was 0.548.

The results with the male and female age
adjusted mortalities and with the adjusted r2 of
the model with the nine health determinant
indices as independent variables were 0.590
and 0.483, respectively. The results with the
model of the nine health determinant indices
and the aging index and with the adjusted r2

were 0.669 and 0.553, respectively. For male
age adjusted mortality, the contribution of SES
was 0.348; for female age adjusted mortality
the contribution of SES was 0.182. The latter
was smaller than the contribution of ENV to
female age adjusted mortality.

THE INTERRELATION BETWEEN HEALTH

DETERMINANTS AND THE HEALTH INDEX

Figure 1 shows the interrelation between the
health determinants and the health index.

Pearson correlation coeYcients between
health determinant indices each other showed
that 29 pairs of the 36 pairs of indices had a
significant correlation (p < 0.05). Pearson cor-
relation coeYcients between the health index

and the health determinant indices showed a
significant correlation between the health index
and preventive health activities, environmental
quality, housing, urban clutter, education,
income, and local economy.

Discussion
This study showed, firstly, that the nine health
determinants used here explained more than
one half of the variances of the health index as
a whole in the cities studied; secondly, that the
health determinants showed interrelations with
each other, in addition to individual health
determinants having a high correlation with the
health level of the population.

The health index that we used in this study
represented a greater proportion of variances of
the selected populations’ health indicators.
Results with male and female age adjusted
mortalities as dependent variables also showed
that one half of the variances of the health indi-
ces were explained by selected health determi-
nant indices.

It was considered that for the obtained
statistical result to have a r2 greater than half

Figure 1 Interrelation between the health determinants and the health status. “Health Status” is represented by the health index. “Healthcare resources”,
“Preventive activities”, “Environmental quality”, “Housing”, “Urban clutter”, “Education”, “Employment”, “Income”, “Local economy” individually
represent health-determinant factors. Fine thread arrows indicate pairs of health determinant indices with statistically significant correlation with Pearson
correlation coeYcients. Thick thread arrows show relation between health determinant indices and the index of health with Pearson correlation coeYcients.
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was because of the adoption of variables from
various fields including healthcare, urban resi-
dential, and socioeconomic conditions, in
accordance with the concept of health determi-
nants taken with wide perspective that are
found in living conditions. The contribution of
wide range health determinants to the health
status of the population supported the
importance of the integrative approach of wide
range various administrative fields in the devel-
opment of health policies and in collaboration
among various sectors of society.

Each individual health determinant had a
statistically significant correlation with from six
to eight other health determinants. These
interrelations were not confined to determi-
nants within only one of the three categories of
health determinants—healthcare, urban resi-
dential, or socioeconomic—but extended to
determinants in the other two categories as
well. We concluded that the interrelations
among the indices formed both a complicated
interaction of varied health determinants and a
causal web-like relation between environmen-
tal factors and the health status in the cities
studied. We also concluded that the obtained
interrelation representing the dynamics of
health determining mechanism reinforced the
importance of comprehensive intervention in
the implementation of Healthy Cities projects.

Socioeconomic conditions defined a certain
proportion of the variances in health status.
The analysis showed high correlations between
the individual health determinants of the
socioeconomic category—education, employ-
ment, income, and local economy—and the
health of the population. It has been reported
that socioeconomic status is closely related to
health levels, including relations between
income inequalities and diVerences in
mortality,2 24–27 and between variations in edu-
cational levels and diVerences in mortality.28 29

Thus, the adoption of programmes to improve
socioeconomic conditions and to reduce socio-
economic inequalities is necessary in order for
Healthy Cities projects to achieve tangible
results.

Variables concerning residential environ-
ments also explain a certain proportion of the
variances in health levels. Our analysis showed
high correlations among the individual health
determinants of the urban residential environ-
ment category—environmental quality, hous-
ing, and urban clutter—and the health of the
population. With regard to the residential envi-
ronment, the adjusted r2 for explaining vari-
ances of female age adjusted mortality was
larger than that of men, with the diVerence
being 0.107. It has been reported that a greater
proportion of women than men expresses
demands to improve the residential environ-
ment.30 It is likely that the gender diVerences in
our study results reflect the fact that women
spend more time in their living places than men
do, and that therefore they might be greatly
influenced by their residential environment.31 It
might therefore be appropriate to suggest that
Healthy Cities projects should largely respond

to the needs and demands of the female popu-
lation in eVorts to improve residential environ-
ments.

We formulated an index of environmental
quality to reflect less air pollution, relatively
good access to greenery, and the availability of
longer hours of sunlight at individual resi-
dences. In this regard, the levels of nitrogen
oxide in the air reflect existing levels of air pol-
lution.32 In the areas that we studied, automo-
biles were the main source of nitrogen oxide air
pollution.33 Access to greenery in city areas
reflected high quality living environments that
included enough open space and parks, as well
as land use zones limited exclusively to
housing. Longer hours of sunlight also charac-
terised high quality residential areas. Good
urban planning schemes designed to promote
good residential areas have enabled individual
locations to have high quality residential space.
In Japan, land use zoning is specified by the
City Planning Law for the following specific
categories: exclusive residential building dis-
tricts, residential districts, neighbourhood
commercial districts, commercial districts,
quasi-industrial districts, industrial districts,
exclusive industrial districts. Within exclusive
residential districts, construction of better
equipped housing has been encouraged, and in
such areas the housing environments are
generally more supportive of health.34 35 It has
been reported that the health of people in
localities having a larger proportion of well
prepared exclusive housing areas tends to be
generally higher than in localities with a smaller
proportion of such housing areas.36 A study of
a community in the United States also revealed
that neighbourhood social environments im-
pact health independent of the socioeconomic
conditions of individuals and communities.37

We concluded that it is essential to develop
health planning and urban planning in concert
in order for Healthy Cities projects to be eVec-
tive.

The index of preventive health activities
reflected the positive preventive health activi-
ties, including participation in health check
ups, in communities. Participation in health
check ups, which constituted one element of
the index, represented not only the proportion
of the population that completed screening
programmes, but also showed participation in
health education programmes, because health
check up programmes conducted at public
health centres basically aim to provide partici-
pants with information about primary means
of preventing detrimental health factors. Life-
style related indicators such as the percentage
of smokers were not used in this analysis.
Changes in the lifestyles of people are consid-
ered as an appropriate intermediate health
outcome.38 Systematic collection and compari-
son at the municipal level of standardised data
relating to people’s lifestyles and to changes
thereof are necessary both to analyse lifestyles
as health determinants and to evaluate the
intermediate health outcomes of health promo-
tion activities. We have concluded that more
indicators representing the process of health
promotion activities should be developed and
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made possible for standardised comparison in
order to increase the explanatory value of such
analyses.

This analysis is based on the data relating to
cities in Japan in 1990. During this studied
period, per capita GDP was compatible with
23 734 US dollars39; percentage of workers of
primary, secondary, and tertiary industries
were 7.2, 34.1, and 58.7.39 Enrolment to
primary education was 100% and enrolment to
tertiary education among the corresponding
age group was 32%.40 Life expectancy at birth
was 76.04 years for male and 82.07 years for
female41 and infant mortality was 4.6 per 1000
live births in 1990.11

The presented figures of association between
health and health determinants might vary
from country to country. Also, those figures
might show diVerent features according to their
developmental stages during several decades of
time. In addition, a set of indicators could be
devised and adapted to fit the particular situa-
tions of various countries if it were desired to
apply the analysis to cities in countries other
than Japan. However, we concluded that it is
universally important to select wider range
determinants of health and to recognise the
existence of causal web-like interrelations
between health determinants and health status.
We have also concluded that these kinds of
analyses have been shown to be necessary as
tools for evidence-based decision making in the
formation of comprehensive health pro-
grammes such as Healthy Cities projects.

Appropriate indicators to be analysed should
be selected for the individual set of cities
analysed. For example, statistics concerning
water supplies and power stations were not
used in this study, because at present such
resources are uniformly available in virtually
every municipality in Japan. However, these
indicators were in fact significant health deter-
minants in Japan only several decades ago.
Thus, the indicators selected might need to
diVer among diVerent countries and regions
because the variances of indicators can diVer
among the population units of diVerent
countries and regions. Related to this, the rela-
tion between GDP and health by country has
changed over time in accordance with the
overall increases in health status and economic
conditions.40

In conclusion, the nine wide ranged health
determinants that we studied—healthcare re-
sources, preventive health activities, environ-
mental quality, housing, urban clutter, local
economy, employment, income, and
education—as a whole explained more than
50% of the variances in the index of people’s
health. Both individually and collectively the
health determinants are closely related to the
health status of a population. In addition, the
individual determinants interact with each
other. Simultaneous analysis of the interrela-
tions among health determinants would help
evidence-based decision making in formulating
urban health policies. In addition, an integra-
tion oriented perspective based on an under-
standing of the relations between health and

health determinants would widen policy inter-
ventions that are based on collaboration
between diVerent sectors of society.
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