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Abstract

Japan is seeking a new system and method for providing efficiency-based healthcare in order to cope with changes in the
social structure. As a means of discussing ways to maintain our healthcare system, a relationship between healthcare facilities
and users should be evaluated and measured so it can be used as one kind of barometer. Having medical facilities in accessible
locations is the lifeline for the healthcare system. In order to establish a stable healthcare system, it is significant to secure
access within a certain space and time distance.

Therefore, the first step of this study is to evaluate and analyze the relationship between healthcare facilities and users
through simple physical distance (space accessibility), and then consider the healthcare system as “Social Common Capital”.
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I. Introduction

Today, the healthcare system in Japan is facing a
major transition period from many different aspects.
Due to the nation’s financial deterioration, the government
has been taking a restrictive policy on healthcare
expenditure. Meanwhile, a number of issues have been
pointed out; a loss of healthcare affiliation between
medical education institutions and regional/rural hospitals
caused by the reformation of the doctor and intern
dispatch program, an insufficient number of healthcare
professionals, disproportionate healthcare needs and
resources owing to the widening gap in regional population
and age group of residents. In some regions, healthcare
systems such as emergency medical and perinatal services
have been falling apart. Local government is under
increasing strain because of the collapse of the healthcare
system. One of the fundamental issues of this phenomenon
is a lack of perspective such as management concept in
designing the healthcare system, placement of medical
facilities based on hospital function and estimated
utilization, and the regional difference on medical treatment
fee “value”.
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Japan is seeking a new system and method for providing
efficiency-based healthcare in order to cope with the
changes in the social structure. As a means of discussing
ways to maintain our healthcare system, a relationship
between healthcare facilities and users should be evaluated
and measured so it can be used as one kind of barometer.

The placement of healthcare facilities is conducted
in diverse ways: Public healthcare facilities provide
healthcare, comfort and safety as social welfare. Private
healthcare facilities provide community-based healthcare as
well as business based. From a viewpoint of “Social
Common Capital”, with its high expectations for stability
and great social significance, we must pay special attention
to “healthcare as social welfare”. In some cases, healthcare
facilities are placed in areas with many residents. In other
cases, many residents happen to live in an area with
healthcare facilities. Therefore, the location of healthcare
facilities and the expansion of residential areas cannot be
explained as a simple or one-sided correlation. However,
having medical facilities nearby residential areas is an
approved requirement of a healthcare system as it must
provide emergency care for acute injury and illness,
treatment and control of chronic illness and health
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management with preventive healthcare. Having medical
facilities in accessible locations is the lifeline for the
healthcare system. In order to establish a stable healthcare
system, it is significant to secure access within a certain
space and time distance.

In a previous study related to the optimization of the
healthcare system, Cluyer'’ analyzed healthcare service
equity in its relationship with access needs and outcome.
Endo et al®’. analyzed the relationship between the medical
expense insurance and income level. There have been
various research on healthcare equity in recent years.
However, since many of them focus on medical expense
insurance, there have not been enough studies on
healthcare security based on the obvious and realistic
location for healthcare facilities or actual situation of users.
The studies by Yamada et al®’. and Kawaguchi et al*’. took
these perspectives into account and conducted a research
on the available hours of emergency medical services.
These studies are valuable as they investigated the actual
data of medical facility utilization from the viewpoint of the
healthcare facility. On the other hand, reviewing healthcare
facility locations to provide the types of healthcare services
that should be guaranteed in the first place is essential in
planning a new healthcare service system. Therefore, the
first step of this study is to evaluate and analyze the
relationship between healthcare facilities and users through
simple physical distance (space accessibility), and then
consider the healthcare system as “Social Common
Capital”. When taking practical matters such as emergency
medical services or convenience into consideration, the
analysis on time distance becomes necessary in addition to
space distance. In order to calculate the time distance, the
space distance must be calculated first. With a perspective
on further developing the research in the future, this study
deals with physical distance as its most fundamental point.

I. Discussion on Accessibility

In this study, accessibility refers to simple and physical
distance (space distance) between healthcare facilities and
users. When defining the users on the premise of “Social
Common Capital”, users are those who use the healthcare
facilities. Therefore, instead of limiting the definition of
users by their present health condition such as current
patient or utilization, this study covers all the utilization
possibilities in future, thus every resident within the area is
included as users. In addition, when a person needs
medical treatment, a healthcare facility is chosen by various
factors such as its size, reputation or availability of
transportation to get there. However, since this study is
focused on the placement of the healthcare facility as

“Social Common Capital”, a minimum requirement of
society, physical distance to the healthcare system is
measured based on the simplest model in which the user
chooses the nearest healthcare facility.

The measurement was done using the GIS (Geographic
Information System) method. Due to the various data
obtainable, part of Yokohama City and the entire Kanagawa
Prefecture were experimentally chosen as the target area
for analysis.

1) Investigating the Location of Healthcare Facilities
The location of healthcare facilities in the target area
was investigated. The addresses available to the public
were used to determine the location and then classified
by types of medical department. In this study, 4 types
of departments are shown: Departments of internal
medicine, pediatrics, gynecology and emergency.

2) User Specification
Considering the conditions mentioned previously, in
order to measure an accurate distance for users, the
residential location of users must be obtained. Since
this is quite difficult, a virtual urban space was created
on the GIS in which the population is distributed by
buildings. Data obtained from the Urban Planning
Basic Survey, which includes building type such as
house, apartment, store or office, was used to allocate
the population within the target urban district using
the total floor area of buildings classified as residences.

3) Measuring the Distance

In Japan, there have been many discussions on the
location of medical facilities and accessibility of residents to
medical facilities in the medical care zone. Most of the
analysis on the medical care zone has been conducted by
measuring the relationship between medical facilities and
their users by straight-line distance, or by outlined distance
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in which the population is concentrated in a median point of
area. However, through such a method, it is difficult to fully
understand the actual state of accessibility of residents to
the closest medical facility. Therefore, in order to analyze
and obtain more accurate data on the accessibility of
residents to medical facilities, this study adapted the virtual
urban space mentioned above and actual road network to
measure a network distance that is close to the actual travel
distance (Fig. 1).

II. Method of Measurement

The procedure of measurement is illustrated in Fig. 2
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Fig. 3. Plot of the Location of Medical Facilities

through 5.

1) The road network data within the target area is loaded.
In this measurement, the road network data for car
navigation systems was used. In Fig. 2, the road network
data and the prefecture border in Yokohama City is
shown.

2) Based on the addresses obtained, the location of medical
facilities were converted into coordinate values in
latitude/longitude and plotted on the map. Fig. 3 shows
the location of gynecology departments as an example.
The total number of plotted points are; 1192 for internal
medicine, 584 for pediatric, 141 for gynecology and 4 for
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Fig. 4. Measurement of Network Distance Every 100m
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Fig. 5. Details of Results

J. Natl. Inst. Public Health, 59 (1) : 2010 45



Accessibility in the Community Healthcare System

emergency departments.

3) In addition, the distance zone in every 100m network
distance was created from medical facility plotting. In
Fig. 4, the results are colored accordingly to each
distance zone. A more detailed map is shown in Fig. 5
with the rectangular shapes indicating buildings. Using
the calculation method mentioned in Chapter 2, the
information on population allocated in the buildings
classified as residence in the target area is embedded.
The number of residents by each distance zone was
measured based on such information.

V. Result of Measurement

1) Measuring Results in Yokohama City
Fig. 6 through 9 indicate the measurement results of

Person

internal, pediatric, gynecology and emergency departments.
Table 1 shows the data of distance by each department.
The total population of Yokohama City is around 3.3
million (Census 2006). 80% of the total population, about 2.6
million residents, live within 700m of internal medicine,
900m of pediatric and 1700m of a gynecology department.
In the graph for the number of residents by each
department and distance zone, for the 3 departments of
internal medicine, pediatric and gynecology, the number of
residents suddenly increases towards the peak, drops
dramatically to a certain distance and slowly decreases.
Although the number of departments used is significantly
different, there was similarity in the pattern of distance and
population measurement. For the emergency department,
the number repeatedly increased and decreased towards
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Fig. 9. Result of Survey for Emergency
Table 1. Summary of Each Distance
Department Max Distance Peak Distance 80% of Total Population Average
P (m) (m) (m) (m)
Internal Medicine 2,500 400 700 510
Pediatrics 3,000 500 900 610
Gynecology 5,000 1,000 1,700 1,206
Emergency 15,000 5,100 9,200 6,197

the peak, then decreased again by repeatedly increasing
and decreasing. There was more distribution in the
distance zone of around 10 to 12 km area.

2) Measurement Result for Emergency Department in
Entire Kanagawa Prefecture

J. Natl. Inst. Public He

In Fig. 10, the measurement results for emergency
department in the entire Kanagawa Prefecture and its
impacted area around the borderline of Tokyo is shown.
Also, Fig. 11 shows a relationship between population and
distance. Fig. 12 shows a relationship between population
density and distance collected every 500m.

alth, 59 (1) : 2010 47



Accessibility in the Community Healthcare System

In Kanagawa prefecture, it is evident that the distance to the population density increases at around 41km due to the
the emergency department becomes very far in the reduction of the evaluated area around the borderline in the
mountainous regions in the west of the prefecture. A small west of the prefecture.

mountain population is visible at around 25km. In addition,

Fig. 10. Result for Emergency Department of entire Kanagawa Prefecture
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Fig. 11. Relationship between Population and Distance
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Fig. 12. Relationship between Density and Distance

V. The Analysis and Summary

1) Social Common Capital and Accessibility

From the measurement results of internal medicine in
the Yokohama City, all citizens have access to internal
medicine clinics within 2km. Considering that internal
medicine clinics are open to all age groups and genders of
users, the healthcare system in this region is well
maintained. The Yokohama City is in a concentrated
population district with robust industry and economic
activities. Therefore, the supply and demand for healthcare
is in good balance and the role of healthcare as social
common capital can be consigned to the market-base.
Different results must be expected when the same analysis
is conducted in the area with no urbanization. Especially in
the rural area with a high aging population, the idea of
accessibility becomes more significant. Access to healthcare
facilities have a variety of conditions; some patients go to
the facility by themselves while others have healthcare
professionals coming to their home. However, from a
viewpoint of efficient utilization in human capital, a mobile
healthcare facility is not an easy task to perform. Instead of
going to see patients outside, the doctors can see more
patients in a clinic during the time spent for traveling which
leads to more efficient healthcare. In addition, it is difficult
to provide advanced medical treatment with a doctor
visiting a patient’s home due to limited facilities. Therefore,
it is clear that a patient will still receive advanced medical
treatment if necessary at a medical facility even if doctor
visits are introduced. It is necessary to examine a
healthcare system as social common capital from a
viewpoint of various methods using the analysis of
accessibility as a base point. In pediatric and genecology

departments, as this study included all the users within
the target and even included the users who are not in need
of medical treatment, the measurement results are
overestimated. However, from a social common capital
point of view, there should not be any area without standard
accessibility to medical facilities. Although it is questionable
to say that all users must be provided with every type of
healthcare system, it is necessary to choose what should be
provided and how to manage the system provided. That is
the ideal social common capital. Also, for medical
departments catering for users with special needs, policy
induction for an urban structure may be considered. In
some municipal governments, policy induction tied up with
exclusive healthcare has been successful and apparent. In
those towns, parents experience a supportive environment
for raising children or elderly people are provided with
more comfortable living. Such evaluation is effective from a
viewpoint of accessibility.

Healthcare such as emergency departments that require
fast and immediate action must be provided without
restricting its users. However, from the measurement
results of Yokohama City and Kanagawa Prefecture, it is
difficult to say that such healthcare is provided with equity.
This tendency is more pronounced in areas like those west
of Kanagawa with low population densities. Assuming our
future society is to have fixed or decreased medical
resources, the fundamental issue is how to assign medical
resources, such as the location of healthcare facilities and
how to provide healthcare. The most efficient method is to
maintain one’s objectivity and lay out a solution in a
quantitative manner. Therefore, analyzing accessibility has
the potential of realizing such possibilities.

2) Future Development
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