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ABSTRACT 

In Japan, a rapid pace of aging coupled with the 
lower birth rates causes the decrease of the 
population especially in rural area, which leads 
to the problems with the delivery of healthcare 
services. We investigated the relationship be-
tween the geographical accessibility (time and 
distance) and the utilization rate of outpatient 
services in the elderly by major disease groups 
in Tokushima prefecture, Japan. Distances and 
driving times to the nearest facilities from resi-
dential sites in major disease categories were 
measured by using geographic information sys-
tem. Utilization data was obtained from the claim 
data. In diseases of the musculoskeletal system 
and connective tissue (M00-M99), diseases of 
the digestive system (K00-K93), endocrine, nu-
tritional and metabolic diseases (E00-E90), dis-
eases of the eye and adnexa (H00-H59) and dis-
eases of the respiratory system (J00-J99), there 
were moderate negative correlations (around 
–0.4 to –0.6) both in distance and time. Distance 
and time to the nearest facilities were important 
factors for the utilization of outpatient services 
of major disease categories in Japanese elderly. 
Comprehensive approach which include socio- 
economic factors is needed to mitigate access 
problems in aging Japanese society. 
 
Keywords: Geographic Accessibility; Aging; 
Primary Care; Healthcare Utilization 

1. INTRODUCTION 

Aging is an issue that all developed countries are fac-
ing. In Japan, a rapid pace of aging coupled with the 
lower birth rates causes the decrease of the population 
especially in rural area, which leads to the problems with 
the delivery of social services [1-3]. Healthcare is one of 
the important social services which influence on the 
well-being of the people. In Japan universal access is 
guaranteed to all residents, so anyone can take healthcare 
services with no significant financial or geographical 
problems [4]. However, in rural areas the elderly may 
experience the difficulties in seeking healthcare services 
because the facilities are scarcer than in urban areas. 
Moving long distance to the medical facilities may lead 
to an inability to receive necessary treatments at right 
time and worsen the illnesses. 

Several studies on geographic accessibility in health 
care have been published. Most of them investigated the 
accessibility of specific services, such as vaccination, 
pediatric care and emergency care [5-11], or some of them 
showed the effect on health outcome [12-15], however, 
disease-wide accessibility of the elderly in primary care 
setting was not well-investigated. To evaluate the health- 
care accessibility of the elderly as a public health issue, 
appropriate area setting such as prefecture and consider-
ing major diseases which are popular among the elderly 
are required.  

In this study we investigated the relationship between 
the geographical accessibility (time and distance) and the 
utilization rate of outpatient services in the elderly by 
major disease groups in Tokushima prefecture, Japan. 
We used publicly opened data from several government 
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organizations. Geographical accessibility and healthcare 
utilization were estimated by using geographical infor-
mation system and claim data of health insurance respec-
tively. Relationships between them were analyzed by 
measuring coefficients of correlation. 

2. METHODS 

2.1. Study Area 

Tokushima prefecture is located on Shikoku Island in 
the southwestern part of Japan. Three fourth of the land 
is covered by mountains and the other is narrow plain 
and coast areas. Its population was 810 thousand in 2005 
and the population density was 195 per square kilometer. 
24.4% of the population (197 thousand) was the aged 65 
or more. The prefecture consisted of 50 municipalities in 
2005. Most of them are located in mountainous area and 
have the issues of aging and a population decline. Toku-
shima prefecture was considered one of the typical local 
areas of Japan (Figure 1). 

2.2. Data Source 

In this study we defined the elderly as aged 65 years or 

more. We obtained 2005 population data of Tokushima 
prefecture in 500 m2 block level from the 2005 Popula-
tion Census of Japan, reported by the Statistical Survey 
Department, Statistics Bureau, Japanese Ministry of In-
ternal Affairs and Communications [16]. A list of clinics 
and hospitals which included address and specialties 
were publicly released by Tokushima prefectural gov-
ernment [17]. As for utilization of medical facilities, we 
employed the statistics of Tokushima National Health 
Insurance 2003 and 2004 [18,19], which included the 
aggregated data on age, sex and disease (major category 
of ICD10) specific utilization of outpatient services in 
May for 50 municipalities in Tokushima Prefecture. Be-
cause 88.5% of the aged 65 or more who lived in Toku-
shima prefecture enrolled in Tokushima National Health 
Insurance Organization in 2003, the data was considered 
the representation of the elderly in Tokushima Prefecture. 
We used the average of 2003 and 2004 for the analysis. 
The road network data for Tokushima Prefecture was 
derived from the National Land Numerical Information 
released by the National and Regional Policy Bureau, 
Japanese Ministry of Land Infrastructure, Transport and 
Tourism [20]. 

 

Population density of 65 years
old or more (/km2) 

0 - 99 

100 - 199 

200 - 299 

300 - 399 

400 - 499 

500 - 999 

1000 - 1999 

2000 - 
0      10    20 km 

Tokushima Prefecture 

N 

S 

W E 

 

Figure 1. Distribution of the population aged 65 years or more in Tokushima prefecture. 
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2.3. Measuring Geographic Access 

Distances and driving times via normal roads between 
residential sites and medical facilities were measured by 
using geographic information system. As for residential 
sites we assumed all residents within 500 m2 block lo-
cated at the center of the block. As for medical facilities 
the locations of the facilities were geocoded by using the 
CSV Address Matching Service supplied by the Center 
for Spatial Information Science at the University of To-
kyo [21]. In October 2006, there were 3394 blocks and 
831 medical facilities (in specialties there were 654 In-
ternal Medicine, 202 Orthopedic Surgery, 80 Ophthal-
mology and 62 Psychiatry access points because several 
facilities had more than 2 specialties) in Tokushima Pre-
fecture (Figure 2). 

To estimate travel distance and time, we constructed 
digital transportation network by using digital data of 
road and average travel speed at the time of rush hours 
[22]. We specified the nearest points on the road network 
from center of block and the location of medical facilities; 
then measured the shortest routes between two points. 
We employed the distance and time to the nearest facility 
as variables of geographic accessibility. To estimate the 
average distance and travel time in each municipality, 
block level data were aggregated weighted by the popu-
lation of block. 

2.4. Estimating the Utilization in the Elderly 

Data on utilization of medical facilities was provided 
as total sum of the days of visit in May. To estimate the 
age, sex, and disease specific utilization rate of outpa-
tient services in each municipality, we employed the fol-
lowing equation. 

Utilization rate of outpatient services per 1000 
Population 

= Total sum of the days of visit/(Number of 
insured × 20 days) × 1000, 

where 20 days means the working days of May in Japan. 
Table 1 showed the utilization rate of outpatient ser-

vices in major disease groups. Because 7 disease group, 
diseases of the circulatory system (I00-I99), diseases of 
the musculoskeletal system and connective tissue (M00- 
M99), diseases of the digestive system (K00-K93), en-
docrine, nutritional and metabolic diseases (E00-E90), 
diseases of the eye and adnexa (H00-H59), diseases of 
the respiratory system (J00-J99) and mental and behav-
ioral disorders (F00-F99), contributed more than 80% of 
total utilization, we analyzed the accessibility of these 7 
disease categories. 
 

0 10 20 km
 

Figure 2. Distribution of medical facilities in Tokushima pre-
fecture. 

 
Table 1. Utilization rate of outpatient services per 1000 population aged 65 or more. 

 ICD10 rate % Cumulative %

Diseases of the circulatory system I00-I99 43.3 30.3% 30.3% 
Diseases of the musculoskeletal system and connective tissue M00-M99 23.5 16.5% 46.8% 
Diseases of the digestive system K00-K93 16.9 11.9% 58.6% 
Endocrine, nutritional and metabolic diseases E00-E90 12.3 8.6% 67.2% 
Diseases of the eye and adnexa H00-H59 8.8 6.1% 73.4% 
Diseases of the respiratory system J00-J99 6.8 4.8% 78.2% 
Mental and behavioural disorders F00-F99 6.7 4.7% 82.9% 
Diseases of the genitourinary system N00-N99 4.5 3.2% 86.0% 
Certain infectious and parasitic diseases A00-B99 4.3 3.0% 89.0% 
Neoplasms C00-D48 3.6 2.5% 91.5% 
Injury, poisoning and certain other consequences of external causes S00-T98 3.2 2.3% 93.8% 
Diseases of the skin and subcutaneous tissue L00-L99 2.7 1.9% 95.6% 
Diseases of the nervous system G00-G99 2.5 1.7% 97.4% 
Diseases of the ear and mastoid process H60-H95 2.0 1.4% 98.8% 
Diseases of the blood and blood-forming organs and certain disorders involving the 
immune mechanism 

D50-D89 0.4 0.3% 99.0% 

Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified R00-R99 1.4 1.0% 100.0% 
Total 143.0  

ICD10: International Statistical Classification of Diseases and Related Health Problems 10th Revision. 
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2.5. Analysis on the Relationship between 

Geographic Access and Utilization 

To investigate the relationship between geographical 
access and utilization, specialty of medical facilities and 
disease groups should be matched. According to the pa-
tient survey [23], 73.4% of the patients with circulatory 
system diseases (I00-I99) visited the internal medicine, 
66.0% of Diseases of the musculoskeletal system and 
connective tissue (M00-M99) visited the orthopedic sur-
gery, 64.4% of Diseases of the digestive system (K00- 
K93) visited the internal medicine, 78.7% of the patients 
with endocrine, nutritional and metabolic diseases (E00- 
E90) visited the internal medicine, 98.2% of patients 
with eye and adnexa diseases (H00-H59) visited oph-
thalmology, 55.3% of the patients with Diseases of the 
respiratory system (J00-J99) visited internal medicine, 
and 67.3% of the patients with mental and behavioral 
disorders (F00-F99) visited the psychiatry. Therefore, we 

analyzed the relationship between geographical access of 
4 medical specialties and utilization of 7 diseases. 

In statistical analyses, coefficients of correlation were 
measured as the indicators of relationship and p value 
under 0.05 was considered statistically significant. We 
used ArcGIS9.2 Network Analyst [24] for measuring 
geographic access and the JMP8 [25] for statistical 
analysis. All data used in this study was publicly opened. 

3. RESULTS 

Geographic accessibilities were summarized in Table 
2. Among four specialties, the average distance and time 
to the nearest medical facilities were shortest in internal 
medicine, 2.7 km and 7.9 minutes, and the longest in 
psychiatry, 9.9 km and 20.8 minutes respectively. The 
distributions of variables were skewed to the right in 
both distance and time (Figures 3 and 4). 

Table 3 showed the population covered within the 
 
Table 2. Geographic access from residential area to the nearest medical facility in aged 65 or more. 

Distance (kilometer) Time (minute) 
Specialty Number of facilities 

average median max min average median max min 

Internal Medicine 654 2.7 1.5 31.6 0.9 7.9 4.7 86.6 0.00 

Orthopedic Surgery 202 5.1 2.6 41.3 0.9 12.2 7.3 101.1 0.00 

Ophthalmology 80 9.3 4.3 71.8 5.2 19.7 11.5 127.6 0.01 

Psychiatry 62 9.9 5.4 68.3 5.7 20.8 13.9 121.9 0.01 
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Figure 3. Boxplot of the distance to the nearest medical facilities. 
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Figure 4. Boxplot of the time to the nearest medical facilities. 
 
Table 3. Population coverage of aged 65 or more within certain distance and time from the nearest medical facility. 

Population (%) Population coverage (%) 
Specialty Number of facilities 

<5 km <10 km <15 km <20 km <15 km <30 km <45 km <60 km

Internal Medicine 654 94.8 98.9 99.8 99.9 95.4 98.9 99.7 99.9 

Orthopedic Surgery 202 86.5 93.4 96.8 98.9 89.3 96.7 99.0 99.7 

Ophthalmology 80 77.1 86.0 90.8 94.9 80.2 91.9 96.2 97.9 

Psychiatry 62 66.7 84.4 89.4 93.1 72.4 90.2 95.8 97.9 
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certain distance and time. In four specialties, around 90% 
of the aged 65 or more was resided within 15 km or 30 
min from the medical facilities. In internal medicine, 
around 95% of the aged 65 or more was resided within 5 
km and 15 min. Population coverage were decreased in 
orthopedic surgery, ophthalmology and psychiatry. 

Relationship between geographic access and utiliza-
tion of 50 municipalities was summarized in Table 4. In 
five disease groups, diseases of the musculoskeletal sys-
tem and connective tissue (M00-M99), diseases of the 
digestive system (K00-K93), endocrine, nutritional and 
metabolic diseases(E00-E90), diseases of the eye and 
adnexa (H00-H59) and diseases of the respiratory system 
(J00-J99), there were moderate negative correlations 
(between –0.4 to –0.6) both in distance and time. In cir-
culatory system diseases (I00-I99), there were weak 
negative correlation (–0.267 –0.205) but was not statisti-
cally significant. In mental and behavioral disorders 
(F00-F99), relationship was not detected. 

4. DISCUSSION 

The objective of this study was to understand the rela-
tionship between the geographical accessibility and the 
disease-wide utilization of outpatient services in Japa-
nese elderly. We identified the moderate negative corre-
lation between geographic accessibility and the utiliza-
tion of outpatient services in five disease groups, which 
contributed more than half of the total visits of the eld-
erly. Several authors reported the relationship between 
the geographical accessibility and service utilization in 
primary care settings. Nteta, et al. reported that the per-
sons who lived within 5 km from community health cen-
ters were accessible and satisfied with the primary 
healthcare services provided [6]. Nemet, et al. investi-
gated the relationship between distance and the utiliza-
tion of health care by a group of elderly residents in rural 
Vermont, and reported the increased distance from pro-
vider does reduce utilization [8]. They partially supported 

our findings, however, our study suggested disease-wide 
approaches were required to mitigate the access prob-
lems of the elderly who lived in rural areas. 

In mental and behavioral disorders, there was no sta-
tistically significant relation. Zulian, et al. reported the 
distance decay effect existed in the utilization of com-
munity-based mental health services [26]. On the other 
hand, Endo et al. reported there were some patient-per- 
ceived barriers to the utilization of mental healthcare 
services in Japanese lung cancer patients [27], and Jitsu-
nari, et al. reported patients tended to avoid referring to 
mental health facilities near to the residential sites at the 
district level [28]. Socio-cultural factors such as relation 
with neighbors and/or colleagues at the worksites rather 
than geographic accessibility might affect the utilization 
of mental health services in Japanese elderly. 

The other factors such as health status, car ownership 
and income, are well-known as the factors which affect 
healthcare utilization [29,30]. Table 5 showed the relati- 
onship between utilization and some socio-economic 
factors. Even the aggregated data of municipalities, an-
nual income and pavement rate showed the positive ef-
fects on the utilizations. Single rate and employment rate 
of 65 or more showed the negative effect on several dis-
ease groups. These suggest the comprehensive approaches 
including socio-economic factors are important and fur-
ther studies are needed to mitigate the access problems of 
the elderly who lived in rural areas. 

Japan is facing the unprecedented speed of aging and 
the decrease of population in modern human history [31]. 
To secure the accessibility of healthcare services, com-
prehensive approach which includes the allocation of 
medical facilities, training of general physician and relo-
cation of residential sites should be considered. Because 
most of the East Asian countries and territories, China, 
Rep. Korea, Taiwan and Hong Kong, will experience the 
same phenomenon with Japan in next 20 years [32], 
policies Japan chooses might be a good lesson learned in 
this region. 

 
Table 4. Relationship between geographic access to the nearest medical facility and utilization rates of outpatient services in 50 mu-
nicipalities of Tokushima prefecture. 

 Distance Time 
Disease 

ICD-10 R P value R P value 

Diseases of the circulatory system I00-I99 –0.267 0.060 –0.205 0.154 

Diseases of the musculoskeletal system and connective tissue M00-M99 –0.592 <0.0001 –0.569 <0.0001 

Diseases of the digestive system K00-K93 –0.598 <0.0001 –0.535 <0.0001 

Endocrine, nutritional and metabolic diseases E00-E90 –0.550 <0.0001 –0.546 <0.0001 

Diseases of the eye and adnexa H00-H59 –0.392 0.005 –0.453 0.001 

Diseases of the respiratory system J00-J99 –0.571 <0.0001 –0.462 0.001 

Mental and behavioural disorders F00-F99 0.024 0.866 0.013 0.930 

ICD10: International Statistical Classification of Diseases and Related Health Problems 10th Revision; R: coefficients of correlation. 
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Table 5. Relationship between socio-economic factors and utilization rates of outpatient services in 50 municipalities of Tokushima 
prefecture. 

 
Annual income 

(2001) 
Single rate of 65 or 

more (2000) 
Employment rate of 65 

or more (2000) 
Pavement rate 

(2002) 
 

ICD-10 R P value R P value R P value R P value

Diseases of the circulatory system I00-I99 –0.075 0.604 –0.289 0.042 0.385 0.006 0.116 0.423 

Diseases of the musculoskeletal system 
and connective tissue 

M00-M99 0.535 <0.0001 –0.236 0.100 –0.286 0.044 0.320 0.024 

Diseases of the digestive system K00-K93 0.477 0.001 –0.409 0.003 –0.125 0.389 0.367 0.009 

Endocrine, nutritional and metabolic 
diseases 

E00-E90 0.339 0.016 –0.334 0.018 –0.117 0.419 0.368 0.009 

Diseases of the eye and adnexa H00-H59 0.260 0.069 –0.047 0.748 –0.147 0.308 0.508 0.000 

Diseases of the respiratory system J00-J99 0.358 0.011 –0.325 0.022 –0.133 0.358 0.328 0.020 

Mental and behavioural disorders F00-F99 0.167 0.248 –0.354 0.012 0.344 0.015 0.243 0.089 

ICD10: International Statistical Classification of Diseases and Related Health Problems 10th Revision; R: coefficients of correlation. 

 
In this study we chose Tokushima prefecture as a 

study area which was facing the Pacific Ocean, the origin 
of the Nankai-Tonankai earthquakes. Historically big 
tsunamis hit the coastline of Tokushima prefecture sev-
eral times and caused the catastrophic damage like the 
Great East Japan Earthquake occurred on March 11, 
2011. The allocation of medical facilities is important to 
mitigate the burden of coming aged society, but more-
over the location of residence or town itself should be a 
critical issue of the coast area against tsunami disasters. 

There are several limitations in this study. First, be-
cause of data limitation we employed ecological study 
design, which makes it difficult to discuss more precisely. 
Second, the several factors, such as quality of care pro-
vided, severity of disease, amenity of facilities and wait-
ing time at the facilities were not considered. Third, 
socio-economic factors which might affect the behaviors 
of utilization were not considered well. Fourth, we did 
not evaluate the outcome of the patients. 

We demonstrated the relationship between geographic 
accessibility and the utilization of healthcare facilities of 
the elderly in Tokushima prefecture, Japan. We concluded 
that distance and time to the nearest facilities were im-
portant factors for the utilization of outpatient services of 
major disease categories in Japanese elderly. Compre-
hensive approach which include socio-economic factor is 
needed to mitigate access problems in aging Japanese 
society. 
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