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Abstract
Measuring and improving home care clinic resource volume and geographic allocation are an important public health issue regarding prolonging home care system usage among disabled elderly
people. This study examined clinic volume and accessibility’s association with hospitalization duration among disabled elderly people in 13 municipalities in Japan; additionally, this study compared clinic volume and accessibility’s ability to explain hospitalization duration in this population. Home care clinics’ service volume and geographic accessibility were calculated for 17 municipalities using public data and geographic information systems. We analyzed medical claim data
from October 2012; the sample included 22,662 persons who were aged ≥75 years, certified as
disabled in daily living, and lived in 13 municipalities regarding which data could be obtained for
all examined municipality characteristics. Multilevel logistic models with random intercepts were
constructed for municipalities and individual- and municipality-level independent variables in
order to examine home care clinic volume and accessibility’s correlation with hospitalization duration. Clinic volume ranged from 0 to 9.53 per 10,000 elderly people; clinic accessibility ranged
from 0% to 83%. Clinic volume and accessibility were both significantly negatively correlated with
hospitalization duration of ≥10 days (odds ratios, 0.944 and 0.713; confidence intervals, 0.914 0.974 and 0.553 - 0.921, respectively). Clinics were not homogeneously geographically distributed;
clinic accessibility explained hospitalization duration better than clinic volume. Clinic accessibility
may more accurately indicate care clinic allocation appropriateness than clinic volume.
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1. Introduction
Prolonging home care system usage is recommended in order to reduce hospital stay duration and medical costs
among disabled people. In Japan, public health professionals in local municipalities are responsible for improving home care systems that care for disabled elderly people [1]. Among the most important aspects of home care
systems in each municipality is the equitable provision of accessible services. Public health professions in Japanese municipalities are also required to assess and improve regional resources accessible to home care services
[1]. In Japan, home care clinics play a significant role in communities: they are differed from general clinic, and
provide uninterrupted service to home-dwelling disabled adults. Home care clinics are expected to promote
home death and the continuity of home dwelling and reduce institutionalization among elderly community
members.
The Andersen-Newman model [2] has been extensively used as a conceptual guide to human function and
service use. This model includes resource volume (i.e., the amount of available resources compared to the population’s size) and resources’ geographical distribution as factors of service resource quality, as resource volume
alone does not adequately indicate service availability if resources are not homogeneously geographical distributed. Long-term care services’ geographic accessibility may be quantified by measuring the distance from residents’ homes to service locations: a larger number of residents living near services in a given municipality are
equivalent to greater geographic service accessibility in that municipality. Earlier research has extensively examined the effects of geographic service accessibility on health care allocation: residents who live closer to services are more likely to visit service buildings, leading to better outcomes [3]-[5]. Many of these studies determined the distance from residences to service buildings using Geographic Information Systems (GIS) and traffic
networks. One study measured the population reachable from the nearest general practice and community pharmacy services, and consequently calculated geographic areas’ “reachable proportion” as an index of service accessibility [5].
This study examined the association between clinic volume, geographic accessibility, and hospitalization
among disabled elderly people in 13 municipalities in A prefecture, Japan. This study additionally compared
clinic volume and geographic accessibility’s ability to explain hospitalization in this population.

2. Methods
This study used a secondary analysis method to analyze home care clinic addresses and publicly available data
describing elderly people in A prefecture, Japan. These data were used to calculate clinic allocation characteristics for each municipality. This study also examined health care and long-term care insurance claim data. These
data were analyzed to examine individual elderly persons’ hospitalization duration and municipalities’ clinic allocation characteristics. This study was conducted as part of a joint research project in the Institute of Gerontology Study. We received written consent to use insurance claim data in an anonymous electronic format from the
A Prefecture National Health Insurance Organization. This organization insures all 17 municipalities of A Prefecture and manages claim data. Insured individuals were informed of the research through a public relations
paper issued by A prefecture. The ethics committee of the Graduate School of Medicine at the University of
Tokyo committee approved this study.

2.1. Volume and Geographical Accessibility of Clinic
Each municipality’s volume of clinics was calculated by dividing the number of home care clinics in the municipality by the population of individuals aged ≥75 years in that municipality (data obtained from the 2010 Japan
National Population Survey [6]).
Clinics’ geographical accessibility was quantified by calculating the proportion of elderly people living near
home care clinics in each municipality. Accessibility could range between 0 (no elderly people in the municipal-
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ity lived near a clinic) to 1 (all elderly people in the municipality lived near a clinic). We divided each municipality into 0.5-square-kilometre areas (termed “meshes”), each of which was subsequently associated with the
number of people living in the area aged ≥75 years (data obtained from the 2010 Japan National Population
Survey [6]). We then located all clinics on this map of divided municipalities and established each clinic’s
“reachable area” using the ArcGIS program (Esri, Redlands, CA, USA). Clinics’ reachable area covered the
geographical area ≥10 minutes’ travel from the agency by car, not using highways. Figure 1 shows clinics with
black triangles and reachable areas with gray shadows. Meshes fully within a reachable area were coded as
“reachable meshes”; the population in these meshes was coded as “reachable population.” We calculated each
municipality’s total reachable population. Finally, we calculated each municipality’s “reachable proportion” (i.e.,
the reachable population divided by the total elderly population. Reachable proportion = reachable population
(number)/all of population in a municipality). These methods were developed through discussion with four public health nursing researchers and one geographic science researcher.

2.2. Measurement and Participants
Only disabled individuals (as identified by Japanese long-term care insurance level [7]) aged ≥75 years were included. A care level of 1 (requires partial support) to 5 (requires maximum support) indicates that the individual
requires support for activities of daily living. We analyzed medical insurance claim data from October 2012; the
sample included 22,662 persons living in 13 municipalities regarding whom we could obtain data for all municipality characteristics.

2.3. Hospitalization Duration
Data regarding participants’ hospitalization duration were obtained as numerical data from health care claim data. This data was not normally distributed; therefore, it was converted to categorical data (0: ≤10 days in a single
month, 1: ≥10 days hospitalized in a month). An additional category was constructed (0: ≤25 days, 1: ≥25 days)
to allow this procedure’s effect on sensitivity to be monitored.

2.4. Individual Variables
Examined individual variables included age, sex, municipality of residence, and certified care level in October
2012. Age, sex, residence, and certified care level were collected from long-term care insurance claim data. Data
on the presence of conditions or impairments in October 2012 and the following six months were collected from
health care insurance claim data to account for these conditions’ or impairments’ subsequent development. Data
on ten types of disease were collected, following the 10th version of the International Statistical Classification of
Diseases and Related Health Problems; these were as follows: cancer (C00-97), cerebral vascular disorder (I60,
I61, I63, I69.0, I69.1, I69.3), arthropathy (M15-19), fracture (S02, S12, S22, S32, S42, S52, S62, S72, S82, S92,
T02, T08, T10, T12), pneumonia (J12-18), chronic obstructive pulmonary disease (J41-44), dementia (F01, F03,
G30), psychiatric disorder (F20-48), neurological disorder (G00-29, G31-99), and ischemic heart disorder
(I20-25).

2.5. Municipality Variables
We examined the quality of collaboration between physicians and care managers in each municipality. Care
managers are professionals in Japanese home care management; collaboration between care managers and physicians was considered important to preventing long-term hospitalization and promoting smooth discharge from
hospitals. We measured the quality of collaboration between physicians and local care managers using the existing prefecture public survey question “Do physicians and care managers in your municipality share their
clients’ goals well?” Responses used a 5-point Likert scale (1 = not at all; 5 = completely); higher scores indicated better collaboration. The question was answered by public health center officers in 13 municipalities [8].

2.6. Statistical Analysis
Municipality and individual demographic information were collated; hospitalization duration’s bivariate relationship with individual variables was subsequently analyzed. We then tested the fit of multilevel logistic mod-
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els that included random intercepts for municipalities and individual- and municipality-level independent variables. Odds ratio was calculated for participants’ hospitalization duration (0: ≤10 days in a single month, 1:
≥10 days hospitalized in a month). Individual variables that were significant at p < 0.1 and all municipality variables were included in this model. Regression analysis was conducted using two models with independent variables set as clinic volume and clinic accessibility. All statistical analysis was performed using SPSS v. 21.

3. Results
Table 1 presents municipalities’ characteristics. Clinic volume ranged from 0.0 to 9.53 per 10,000 elderly
people. Clinic accessibility ranged from 0.00 to 0.83. Five municipalities’ accessibility was <0.30; two
scored >0.80. These indexes’ relationship was nonlinear.
Table 2 presents statistics describing individual variables and hospitalization duration. Among 22,662 participants, 2538 (11.2%) had been hospitalized for ≥10 days. Participants’ average age was 86.7 years; 28.1% were
male. Over fifty percent were certified as care level 1 or 2 (25.4% and 24.8%, respectively). The most common
condition or impairment was cerebral vascular disorder (11.5%), followed by dementia (11.2%).
Table 3 presents the results of analysis of hospitalization duration. Clinic volume and clinic accessibility were
significantly negatively correlated with hospitalization of ≥10 days (OR: 0.944; confidence interval [CI]: 0.914 0.974 and OR: 0.713; CI: 0.553 - 0.921, respectively). This result was replicated in the longer ≥25-day duration
category (OR: 0.916; CI: 0.870 - 0.963 and OR: 0.660; CI: 0.465 - 0.938, respectively).

4. Discussion
4.1. Clinic Volume and Accessibility
Clinic volume ranged between 0.0 and 9.53 per 10,000 elderly people; clinic accessibility ranged between 0.0
and 0.83. These indexes’ relationship was nonlinear; therefore, greater clinic volume did not entail greater clinic
accessibility. Figure 1 illustrates that clinics were often concentrated in parts of each municipality where the
population was dense. This trend supports reports on long-term care facility allocation stating that long-term
Table 1. Characteristics and sample size of municipalities.
Municipality
ID

Volume of clinics
(number)

Volume of clinics per 10,000 elderly
population (number/10,000)

Reachable
proportion (rate)

Quality of coordination
(score)

Sample
size (N)

A

12

3.25

0.80

2

8182

B

1

1.19

0.58

4

2196

C

1

1.96

0.63

2

1496

D

1

1.64

0.12

4

1713

E

4

8.87

0.77

2

1225

F

4

5.07

0.83

1

2194

G

8

4.85

0.78

-

-

H

4

3.45

0.78

4

2284

I

1

3.47

0.65

2

705

J

0

0.00

0.00

2

188

K

2

9.53

0.66

-

-

L

1

2.51

0.33

3

930

M

0

0.00

0.00

2

508

N

1

5.05

0.70

-

-

O

0

0.00

0.20

4

337

P

1

3.18

0.01

3

704

Note: Quality of coordination: Quality of coordination between physicians and care managers.
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Table 2. Participant characteristics and hospitalization duration.
Hospitalization days

Age (mean (SD) (range))

86.7 (6.1) (75 - 114)

<10 days

≥10 day

n = 20,124

n = 2538

86.8 (6.1) (75 - 114)

85.9 (5.8) (75 - 109)

Odds
ratio

p

0.975 <0.001

Men

6519

5653

(28.1)

866

(34.1)

Women

16143

14471

(71.9)

1672

(65.9)

1

5488

5114

(25.4)

374

(14.7)

2

5458

4996

(24.8)

462

(18.2)

1.264

3

4096

3663

(18.2)

433

(17.1)

1.616 <0.001

4

4074

3454

(17.2)

620

(24.4)

2.454 <0.001

5

3546

2897

(14.4)

649

(25.6)

3.063 <0.001

0.754 <0.001

Care level

0.001

Presence of conditions or impairements (multiple answers)
Cancer

1118

893

(4.4)

225

(8.9)

2.095 <0.001

Cerebral vascular disorder

2796

2311

(11.5)

485

(19.1)

1.821 <0.001

Arthropathy

937

853

(4.2)

84

(3.3)

0.773

Fracture

1371

1131

(5.6)

240

(9.5)

1.754 <0.001

Pneumonia

720

506

(2.5)

214

(8.4)

3.570 <0.001

Chronic obstructive pulmonary disease

269

223

(1.1)

46

(1.8)

1.647

0.002
0.527

0.027

Dementia

2522

2249

(11.2)

273

(10.8)

0.958

Psychiatric

1061

865

(4.3)

196

(7.7)

1.863 <0.001

Neurological disorder

1199

1000

(5.0)

199

(7.8)

1.627 <0.001

Ischemic heart disorder

957

855

(4.2)

102

(4.0)

0.944

0.588

Note: Numbers are N (%).

Figure 1. Distributuion of aged population (left) and home care clinics (right) for 17 municipalities.

care service providers are concentrated in urban areas due to greater market opportunities [9]. The clinics examined in this study may be distributed similarly to long-term care service providers, as both treat a similar
population of disabled community-dwelling people. And it could relate to better appropriateness of accessibility
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Table 3. Factors relating to hospitalization duration.

N = 22,662
Model 1
OR

(95% CI)

Model 2
OR

(95% CI)

Individual variables
Age

(Years)

0.977 (0.973 - 0.981) 0.977 (0.973 - 0.981)

Sex

(Female = 1, male = 0)

0.855 (0.773 - 0.946) 0.855 (0.773 - 0.946)

Care level: level 2

(Level 2 = 1, level 1 = 0)

1.278 (1.144 - 1.428) 1.272 (1.137 - 1.422)

Level 3

(Level 3 = 1, level 1 = 0)

1.641 (1.414 - 1.905) 1.633 (1.400 - 1.904)

Level 4

(Level 4 = 1, level 1 = 0)

2.475 (2.056 - 2.980) 2.463 (2.045 - 2.966)

Level 5

(Level 5 = 1, level 1 = 0)

3.185 (2.584 - 3.926) 3.166 (0.257 - 0.390)

Cancer

(Present = 1, not present = 0)

2.249 (1.966 - 2.574) 2.252 (1.970 - 2.575)

Cerebral vascular disorder

(Present = 1, not present = 0)

1.651 (1.308 - 2.084) 1.650 (1.310 - 2.078)

Arthropathy

(Present = 1, not present = 0)

0.999 (0.706 - 1.415) 1.002 (0.708 - 1.419)

Fracture

(Present = 1, not present = 0)

2.048 (1.803 - 2.327) 2.052 (1.806 - 2.330)

Pneumonia

(Present = 1, not present = 0)

3.172 (2.811 - 3.580) 3.177 (2.811 - 3.590)

Chronic obstructive pulmonary disease

(Present = 1, not present = 0)

1.544 (1.175 - 2.028) 1.546 (1.180 - 2.026)

Psychiatric

(Present = 1, not present = 0)

2.181 (1.537 - 3.095) 1.491 (1.299 - 1.712)

Neurological disorder

(Present = 1, not present = 0)

1.492 (1.299 - 1.714) 0.713 (0.553 - 0.921)

(Score)

0.878 (0.811 - 0.952) 0.895 (0.828 - 0.966)

Community variables
Quality of coordination between
physicians and care managers
Volume of clinics per 10,000 eldely population

(Numbers/10,000)

Accssibility of home care support clinics

0.944 (0.914 - 0.974)

(Rate)

0.713 (0.553 - 0.921)

Constant term
Model fiteness
Akaike information criterion

120261.74

120256.60

Baysian information criterion

120296.80

120264.63

Note: OR = odds ratio, CI = confidence interval.

that people can receive treatment from outside of their own municipality; nevertheless they lived municipality
with poor volume, they can use services from near clinics in neighbor municipality. Home care clinics are not
homogeneously geographically distributed and arrowed to provide care for people who lived in other municipalities; therefore, clinics’ geographic accessibility more accurately indicates available clinic resources than clinic
volume does.

4.2. Relationship between Accessibility and Hospitalization
Clinic volume and clinic accessibility were both significantly negatively correlated with hospitalization duration.
This supports the Andersen-Newman model [2], which proposes that increasing either service volume or service
accessibility promotes service use and improves outcomes. Increased clinic volume or accessibility might be
correlated with improved treatment and then reduced hospitalization duration among participants. This association has two likely causes: prevented hospitalization and reduced hospitalization duration. The former may reflect an increase in hospitalization avoidance through maximizing treatment quality; the latter may reflect a di-
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rect reduction in hospitalization duration. Continuity of care with the same physician has been found to prevent
hospitalization and discharge delays [10]; home care clinics may provide better continuity of care as they provide services to clients at all times of the day, every day.
The odds ratio of home care clinic volume was close to 1.0, whereas that of clinic accessibility was around
0.7. Nonetheless, due to clinics’ non-homogeneous geographic distribution and contribution in the regression
analysis, we concluded that geographic accessibility better explains reductions in hospitalization duration. The
implication for home care system development is that only focusing on volume of home care clinics within a
community might lead to misunderstanding resource readiness. Communities constructing new home care clinics should prioritize geographic accessibility rather than clinic volume.

4.3. Limitations
This study has the following limitations. Our analysis did not address caregivers’ needs or detailed medical conditions; previous research has found that these factors are related to hospitalization duration [11]. Additionally,
one rural prefecture containing 13 municipalities was analyzed; the present results therefore may not generalize
to urban municipalities. Because of data limitation, we cannot include usage of home care clinics in analysis.

5. Conclusion
Volume and accessibility of home care clinics are negatively correlated with hospitalization duration. Home care
clinics are not distributed homogeneously; clinic accessibility explains hospitalization duration better than clinic
volume. Clinic accessibility more accurately indicates clinic allocation appropriateness than clinic volume.
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