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Abstract 

Background Given Japan’s rapidly aging population, the Ministry of Health, Labour and Welfare’s policy of reduc-
ing hospital beds and replacing medical care with nursing care requires the establishment of a coordinated system 
of medical and care services tailored to regional characteristics. To gain useful knowledge for the development 
of such a system, this study aimed to identify differences in the structure of the relationship between medical 
and care resources due to differences in regional characteristics.

Methods Initially, regional characteristics were used to group all 334 secondary medical areas (SMA) in Japan 
by principal component analysis. Subsequently, the related structure of the distribution of medical and care resources 
for each group were compared. For these　comparisons, first, the related structure of the distribution of medical 
and care resources nationwide was modeled using structural equation modeling. Secondly, multigroup analysis 
was conducted to investigate differences among the models across groups.

Results The nationwide SMAs were grouped largely based on urbanicity and middle-density regionality. The groups 
with high urbanicity and high middle-density regionality consisted of SMAs with a high and medium population 
density. By contrast, the low middle-density regionality group consisted of SMAs containing large cities with a high 
population density and depopulated areas with a low population density. The model of the related structure 
of the distribution of medical and care resources differed among these groups. In the non-urbanicity and middle-den-
sity regionality groups, nursing care abundance tended to increase acute care abundance. In addition, in all groups, 
nursing care abundance tended to increase long-term hospitalization care abundance and clinic care abundance 
(with beds).

Conclusions The key finding of this study was that the government’s objective of reducing hospital beds may 
not be achieved solely by expanding nursing homes. This is because many of the models did not show a tendency 
that higher nursing care abundance reduces the values of the factors which increase more hospital beds. This find-
ing was particularly relevant in middle-density regionality groups. This finding suggests that the location of nursing 
homes should be monitored because of concerns about the oversupply of nursing homes and sprawl in those areas.

Keywords Ministry of health, Labour and welfare, Aging population, Secondary medical area, Hospital bed, Nursing 
home, Regional characteristics, Principal component analysis, Structural equation modeling, Multigroup analysis
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Background
Japan, with the fastest aging rate in the world [1], needs 
to respond to the escalating demand for medical care. 
However, despite having the highest number of hospital 
beds per population worldwide, the medical care den-
sity per hospital bed is low, resulting in reduced medical 
productivity and efficiency [2]. In addition, the increase 
in the number of older adults living alone may make 
discharge from the hospital more difficult. As of Octo-
ber 2020, approximately 75% of hospitalized patients 
were 65 years of age or older, and the average duration 
of hospitalization was long [3]. In 2014, the Ministry of 
Health, Labour and Welfare (MHLW) responded to this 
issue by requesting each prefecture to establish a regional 
medical vision, indicating the direction of the medical 
delivery system, including the structural modification of 
hospital beds [4]. This structural modification entails the 
replacement of general hospital beds and long-term care 
hospital beds with four new categories: advanced acute 
phase, acute phase, convalescent phase, and chronic 
phase. The estimated number of hospital beds required 
in 2025 was based on this categorization for each sec-
ondary medical area (SMA). SMAs are regional units 
established to adjust beds for hospitals and clinics (medi-
cal facilities with 19 beds or fewer) [5]. SMAs comprise 
several municipalities. Nationally, advanced acute- and 
acute-phase hospital beds will decrease by 30%, conva-
lescent-phase hospital beds will increase threefold, and 
chronic-phase hospital beds will decrease by 20%. The 
threefold increase in convalescent-phase hospital beds 
suggests the MHLW’s strong desire to discharge hospi-
talized patients to their homes and replace the medical 
care for patients who have a long duration of hospitali-
zation with nursing care. The 20% decrease in chronic-
phase hospital beds will be replaced by nursing homes 
and home care [6]. In addition, the MHLW is requiring 
municipalities, the insurers in the long-term care insur-
ance system, to establish “community-based integrated 
care systems” tailored to regional characteristics by 2025 
[7]. These “community-based integrated care systems” 
are designed to provide an integrated approach to care, 
medical treatment, housing, livelihood support, and care 
prevention. Based on these regional medical visions, the 
MHLW emphasizes the need for collaboration between 
medical and care services in the basic policy of the Sev-
enth Medical Care Plan, which commenced in 2018 [8].

In summary, the MHLW and municipalities in Japan 
are collaborating to replace medical care with nursing 
care services by establishing a system of cooperation 
between medical and care services tailored to regional 
characteristics in preparation for the country’s increas-
ingly super-aging population. Therefore, by comprehend-
ing the distribution of medical and care resources in 

recent years, valuable insights will be gained, which will 
aid in the development of future medical and care coor-
dination systems.

Previous research
This section provides a summary of recent research 
exploring the allocation of medical and care resources, 
which is the focal point of the present this study. First, 
we review previous investigations on a global scale. Sec-
ond, we provide a detailed review of research conducted 
in Japan. In particular, we investigate studies that explore 
the distribution of medical and care resources individu-
ally, as well as their allocation in combination.

Numerous studies investigating the allocation of medi-
cal resources have been carried out on a global scale. 
International comparative studies have indicated that 
Japan boasts an equitable dispersion of nurses, and its 
healthcare system garners high levels of public satisfac-
tion [9, 10]. By contrast, a comparison with the USA 
reveals that physicians in the USA are inclined to gravi-
tate toward areas with higher income, unlike in Japan, 
where no such pattern is seen; these distinguishing fea-
tures are attributed to the existence of universal public 
health insurance in Japan [11, 12]. In addition, China 
exhibits regional variability in nursing homes and dis-
parities in the diversity of facilities around the aged [13, 
14]. Nevertheless, these studies are confined to analyz-
ing medical and care resources in isolation, and thus, the 
relationship between the two resources remains poorly 
understood.

The following two Japanese studies have explored the 
relationship between regional characteristics and the dis-
tribution of medical resources in recent years. The first 
study, conducted by Hara et al. [15], analyzed changes in 
physician distribution trends across SMAs nationwide 
from 2000 to 2014. The results indicated a decrease in 
physician supply in all regions except urban areas. The 
second study, by Seo et  al. [16], analyzed regional dif-
ferences in the performance of medical delivery systems 
and factors impacting medical costs in municipalities 
in Tokyo (urban areas) and Chiba Prefecture (suburban 
areas) in 2018. The results revealed that while the medi-
cal delivery system was well-developed in urban areas, 
it remained inadequate in suburban areas. These studies 
suggested that medical delivery systems differed due to 
regional characteristics. The following two Japanese stud-
ies examined the estimated number of hospital beds in 
the regional medical visions. The first study, conducted 
by Takizawa et al. [17], surveyed medical social workers 
working at medical institutions with convalescent-phase 
hospital beds in Aomori Prefecture in 2019. The results 
indicated that increasing the number of convalescent-
phase hospital beds up to the number estimated based 
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on the regional medical vision was challenging because 
of the underdeveloped treatment environment in com-
munity and home care. The second study, by Miyazawa 
[18], compared the estimated number of hospital beds 
based on regional medical visions with the real number 
in 2005, targeting SMAs nationwide. The results sug-
gested that the regional imbalance in medical supply can-
not be resolved. These studies indicated the discrepancy 
between regional medical visions and the actual situa-
tion. In summary, the four studies introduced so far indi-
cate that the uneven distribution of medical resources is 
related to regional characteristics. Moreover, these stud-
ies suggest that it is difficult to change the distribution of 
medical resources in some regions, even with interven-
tional policies such as regional medical visions, and that 
even if such changes are made, medical resources are still 
unevenly distributed in some regions.

The following three Japanese studies have explored 
the distribution of care resources and the current state 
of care delivery systems in recent years. The first study, 
conducted by Ikeda et al. [19], analyzed the relationship 
between the number of deaths at home and the distri-
bution of medical and care resources in municipalities 
nationwide in 2014 and 2017. The second study, by Jin 
et  al. [20], analyzed the factors contributing to regional 
differences in the cost of care, targeting long-term care 
insurance users and municipalities nationwide in 2016. 
The results showed that there were considerable regional 
differences in care costs, and that municipalities in urban 
areas with more “welfare facilities for older adults requir-
ing long-term care” (one type of nursing home that 
provides end-of-life care) per population were strongly 
associated with higher care costs. The third study, by 
Nishino et al. [21], estimated the number of users of long-
term care insurance facilities nationwide in 2010, com-
paring it with the MHLW target in 2025. That study also 
examined the applicability of the MHLW target for the 
provision of long-term care insurance facilities in 2025 
for a specific city in Ishikawa Prefecture. The results sug-
gested that it is difficult to transition from nursing home 
care to home care when the older adults receiving care 
are living in single-person households. In summary, these 
three studies suggest the presence of regional differences 
in the distribution of care resources and care delivery 
systems. Moreover, these studies suggest that the policy 
of providing home medical care and home care through 
“community-based integrated care systems” will be pro-
moted nationwide, but the distribution of care resources 
and the care provision system differ from region to 
region, suggesting that the promotion is difficult depend-
ing on regional characteristics.

The following two Japanese studies addressed varia-
bles related to regional characteristics and medical and 

care resources in an integrated manner. The first study, 
conducted by Ishikawa et al. [22], identified the charac-
teristics of SMAs nationwide from 2008 to 2011, utiliz-
ing principal component analysis (PCA) with variables 
pertaining to regional characteristics and medical and 
care resources. The findings revealed that medical care 
adequacy was deficient in urban and remote areas. The 
second study, conducted by Kusunoki et  al. [23], ana-
lyzed the interrelation between regional characteristics 
and medical and care resources using factor analysis 
and structural equation modeling (SEM) for SMAs 
nationwide in 2015. The results indicated that suburban 
areas with a higher concentration of older individuals 
tended to have better medical care adequacy, whereas 
urban areas tended to have higher acute care adequacy 
via universities with medical schools. Although these 
two studies provide some perspective on the structure 
of the relationship between regional characteristics and 
medical and care resources, both methods used inte-
grated information on regional characteristics and the 
allocation of care resources. Consequently, the differ-
ence in the structure of the relationship between medi-
cal and care resources due to differences in regional 
characteristics remains unclear.

Research gap and purpose of this study
The summary of the studies discussed in the preced-
ing section indicates that the associated structure of 
the distribution of medical and care resources world-
wide has not been thoroughly elucidated. Even in 
Japan, where collaboration between medical and care 
services is encouraged, many studies separate medi-
cal and long-term care resources or investigate limited 
target regions. In addition, in studies using multivari-
ate analyses such as PCA or SEM, the difference in the 
structure of the relationship between medical and care 
resources due to differences in regional characteristics 
remains unclear. This is due to the limitations of the 
analysis methods, which have not been able to clarify 
the complex structure of relationships among variables. 
Therefore, the present study attempts to group all the 
SMAs of Japan using regional characteristics, and to 
compare the associated structure of the distribution 
of medical and care resources in each group so as to 
clarify the complex associated structure of variables. 
This study also aims to fill the existing research gap in 
which the difference in the structure of the relationship 
between medical and care resources due to differences 
in regional characteristics is unclear, thereby contrib-
uting to the future coordination of medical and care 
services.



Page 4 of 28Kusunoki and Yoshikawa  BMC Health Services Research          (2024) 24:222 

Methods
Study design
This study was divided into three phases. Initially, in the 
first phase, PCA was applied to group all SMAs through-
out Japan according to regional characteristics. Subse-
quently, we compared the associated structure of the 
distribution of medical and care resources for each group 
obtained in the first phase, the comparison consisted of 
the second and third phases as follows. In the second 
phase, SEM was conducted to build the associated struc-
ture of the distribution of medical and care resources 
in all of Japan. This is because a comparison of groups 
requires a model for the integrated groups. Finally, in the 
third phase, multigroup analysis was conducted to com-
pare the models, where the model obtained in the sec-
ond phase was applied to the groups obtained in the first 
phase.

By dividing the methodology into these three phases, 
the first phase deals with only variables of regional char-
acteristics, while the second phase deals with only vari-
ables of the distribution of medical and care resources. 
The third phase integrates these results. Therefore, this 
study attempts to resolve the limitation in previous stud-
ies, i.e., the inability to clarify the complex associated 
structure among variables caused by its analysis methods 
that treated variables in an integrated manner. Thus, we 
expect our findings to fill the above-mentioned research 
gap.

In the following sections, we first define the target 
regions to be analyzed, and then provide a detailed 
description of the methodology of these three phases.

Target regions
Japan’s medical administrative areas consist of, primary 
medical areas, tertiary medical areas, and SMAs. Primary 
medical areas are set up in units of municipalities and 
provide short-term hospitalization and outpatient visits. 
Tertiary medical areas are generally established on a pre-
fectural basis and provide advanced acute-phase and spe-
cialized medical care. SMAs, which are located between 
these areas, consist of several municipalities, and are 
defined by each prefecture based on the ability to provide 
medical care. Additionally, the MHLW requires welfare 
areas for older adults (areas determining the expected 
volume of long-term care insurance service provision) to 

coincide with SMAs [24]. Whereas previous studies have 
primarily focused on analyzing the distribution of care 
resources at the municipal level, the target regions in this 
study are 334 nationwide SMAs, considering the distri-
bution of medical and care resources simultaneously. The 
summary statistics of the populations and areas of the 
SMAs are presented in Table 1.

First phase: PCA for grouping all of Japan according 
to regional characteristics
The regional characteristics used in the first phase con-
sisted of 28 variables selected in reference to the study 
by Miyake et  al. [26], which classified SMAs based on 
various regional characteristics. These variables are pre-
sented in Table 2 [25, 27–31] and the summary statistics 
are presented in Table 3. In addition, the reasons for the 
selection of each variable are presented in Table  4. The 
variables are classified into the following four categories: 
population, which indicates the age composition and 
population size; household category which indicates the 
composition of households; industry and work, which 
indicates the industrial composition, mode of transpor-
tation, and economic scale, and land utilization, which 
indicates the land use status and spatial characteristics. 
As most of these variables are available for the year 2020, 
it was used as the base year for the present study.

The method of grouping SMAs by PCA was as fol-
lows. Initially, a PCA was performed to summarize the 
variables in Table 2. The number of PCs was determined 
from a parallel analysis, and a promax rotation was used 
to facilitate interpretation of the solution. Finally, the PC 
scores for all 334 SMAs were sorted in descending order 
and the SMAs were divided into top- and bottom-half 
groups. In the present study, a preferable method of anal-
ysis may have been to perform a detailed grouping based 
on a cluster analysis utilizing PC scores, as done in the 
study by Miyake et al. [26]. However, due to the smaller 
sample size in this method, multigroup analysis and SEM 
with such a detailed grouping often yields errors such as 
negative estimates of error variance. Therefore, grouping 
into two was assumed to be the maximum limit. Thus, 
the sample size for each group was 167. These PCA and 
parallel analyses were conducted using the “fa.paral-
lel” and “principal” functions from version 2.2.9 of the 

Table 1 Summary statistics of the populations and areas of the SMAs

† The abbreviations Mean, SD, MIN, Q1, Q2, Q3, MAX are as follows

Mean Mean Value, SD Standard Deviation, MIN Minimum Value, Q1 First Quartile, Q2 Second Quartile, Q3 Third Quartile, MAX Maximum Value

Variable Mean† SD† MIN† Q1† Q2† Q3† MAX† Source

Population 377,325 458,306 19,122 98,405 216,477 473,336 3,777,491 [25]

Area (km2) 1111 1102 64 433 852 1404 10,828
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Table 2 The 28 variables related to regional characteristics

†1 The “densely inhabited districts” are areas designated by the “population Census” [25], where adjacent basic unit areas have a population density of 4000 persons or 
more /km2, and the population of these adjacent areas is 5000 persons or more
†2 The “annual retail merchandise sales” data were obtained from the “Economic Census” data for 2016 [28] because data for 2020 were not available. To match the age 
of the population, the denominator used was the “Population Census” data for 2015 [25]
†3 The “municipal residence tax” is a Japanese tax levied on individuals based on their income in the previous year, which is paid to the municipality in which they 
reside
†4 The “land area used for building” was estimated from the tertiary land use mesh data using GIS. Data for 2020 were not available, so data for 2016 were used
†5 The “forest area” was estimated from the tertiary land use mesh data using GIS. Data for 2020 were not available, so data for 2016 were used
†6 The “land area used for rice paddies and agriculture” was estimated from the tertiary land use mesh data using GIS. Data for 2020 were not available, so data for 
2016 were used
†7 The “depopulated area” is defined in Japanese law, and is defined as a depopulated area or a partially depopulated area, based on the region’s rate of population 
decline and financial strength
†8 The “depopulated area” data for 2020 were not available, so data for 2022 were used. The denominator used was the “Population Census” data for 2020 [25]
†9 The “number of previous municipalities that merged with municipalities” was independently calculated by checking the “Population Census” data for 2020 [25]

Category Variable Calculation method Source

Population Proportion of population aged under 15 years Population aged under 15 years / population [25]

Proportion of population aged 65 years and over Population aged 65 years and over / population

Proportion of population change Population change over 5 years / population 5 years ago

Population density Population / land area  (km2)

Proportion of population in densely inhabited districts Population in densely inhabited  districts†1 / population

Proportion of daytime to nighttime population Daytime population / 100 nighttime population

Proportion of internal migrants from other municipalities Number of internal migrants from other municipalities / 
population

[27]

Household Persons per household Population / number of households [25]

Proportion of single-person households (excluding house-
holds aged 65 years and over)

Number of single-person households (excluding households 
aged 65 years and over) / number of households

Proportion of single-person households aged 65 years 
and over

Number of single-person households aged 65 years 
and over / number of households

Proportion of nuclear households Number of nuclear households / number of households

Proportion of double-income households Number of double-income households / number of house-
holds

Proportion of households living in a detached house Number of households living in a detached house / number 
of households

Proportion of households living in government-owned rental 
housing

Number of households living in a government-owned 
(e.g., government management, urban renaissance agency, 
government corporation) rental housing / number of house-
holds

Industry & Work Proportion of workers in primary industry Number of workers in primary industry / population [25]

Proportion of workers in secondary industry Number of workers in secondary industry / population

Proportion of workers in tertiary industry Number of workers in tertiary industry / population

Proportion of working population Number of working population / population

Proportion of commuters using rail Number of commuters using rail / population

Proportion of commuters using their own vehicle Number of commuters using their own vehicle / population

Annual retail merchandise sales per capita Annual retail merchandise  sales†2 (JPY) / population [28]

Municipal residence tax per capita Municipal residence  tax†3 (JPY) / population [29]

Land utilization Proportion of densely inhabited district areas Densely inhabited district areas / total area [27]

Proportion of land area used for building Land area used for  building†4 / total area [30]

Proportion of forest area Forest  area†5 / total area

Proportion of land area used for rice paddies and agriculture Land area used for rice paddies and  agriculture†6 / total area

Proportion of depopulated area Depopulated  area†7, †8 / total area [31]

Number of pre-merger municipalities Number of previous municipalities that merged 
with  municipalities†9 in the 2000 transition

[25]
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“psych” package in R version 4.2.1 [32, 33]. The maximum 
likelihood method was used to estimate the PC loadings.

Second phase: SEM for building the model 
of the associated structure of the distribution of medical 
and care resources in all of Japan
In total, there were 15 variables of the distribution of 
medical and care resources used in the second phase. 
These variables can be aggregated by SMA, with refer-
ence to the study by Kusunoki et al. [23], and are pre-
sented in Table  5 [34–36]. The summary statistics are 
presented in Table  6. The variables are classified into 
the following five categories: hospital re-sources, clinic 
resources, care resources, home medical care and home 

care resources, and other medical resources. Among 
these valuables, in Table  5, “Hospital beds for long-
term hospitalization (per 10,000 people),” “Capacities of 
nursing homes (per 10,000 people),” “Workers in nurs-
ing homes (per 10,000 people),” and “Workers in home 
medical care and home care (per 10,000 people)” are 
aggregated resources that have similar characteristics 
regarding medical and care provision. An unaggre-
gated data analysis by SEM failed to yield goodness-of-
fit indexes within the acceptable range because of the 
large number of observed variables and multicollinear-
ity. Therefore, the aggregation of the aforementioned 
variables is the maximum limit. Population data, which 
were obtained from the “Population Census” data for 

Table 3 Summary statistics of the 28 variables related to regional characteristics

† The abbreviations (Mean, SD, MIN, Q1, Q2, Q3, MAX) are as follows

Mean Mean Value, SD Standard Deviation, MIN Minimum Value, Q1 First Quartile, Q2 Second Quartile, Q3 Third Quartile, MAX Maximum Value

Category Variable Mean† SD† MIN† Q1† Q2† Q3† MAX†

Population Proportion of population aged under 15 years 0.115 0.016 0.073 0.107 0.115 0.124 0.172

Proportion of population aged 65 years and over 0.325 0.059 0.177 0.285 0.322 0.364 0.487

Proportion of population change –0.036 0.039 –0.113 –0.065 –0.037 –0.011 0.101

Population density 1199 2837 12 88 240 676 18,939

Proportion of population in densely inhabited districts 0.435 0.301 0.000 0.167 0.410 0.656 1.000

Proportion of daytime to nighttime population 0.989 0.139 0.791 0.966 0.992 1.003 3.345

Proportion of internal migrants from other municipalities 0.033 0.012 0.015 0.025 0.031 0.037 0.085

Household Persons per household 2.314 0.199 1.660 2.169 2.321 2.451 2.826

Proportion of single-person households (excluding house-
holds aged 65 years and over)

0.201 0.063 0.102 0.156 0.189 0.229 0.526

Proportion of single-person households aged 65 years 
and over

0.138 0.035 0.062 0.111 0.130 0.161 0.240

Proportion of nuclear households 0.552 0.042 0.347 0.530 0.553 0.576 0.705

Proportion of double-income households 0.270 0.048 0.130 0.234 0.271 0.301 0.400

Proportion of households living in a detached house 0.685 0.150 0.126 0.622 0.714 0.797 0.912

Proportion of households living in government-owned 
rental housing

0.046 0.029 0.007 0.027 0.038 0.057 0.220

Industry & Work Proportion of workers in primary industry 0.035 0.030 0.000 0.012 0.026 0.051 0.155

Proportion of workers in secondary industry 0.117 0.037 0.042 0.091 0.111 0.140 0.219

Proportion of workers in tertiary industry 0.311 0.026 0.252 0.293 0.309 0.329 0.416

Proportion of working population 0.492 0.031 0.378 0.471 0.494 0.515 0.575

Proportion of commuters using rail 0.055 0.069 0.000 0.013 0.026 0.058 0.296

Proportion of commuters using their own vehicle 0.303 0.093 0.016 0.285 0.333 0.362 0.430

Annual retail merchandise sales per capita 1,006,947 276,048 530,218 895,739 983,887 1,079,131 5,126,176

Municipal residence tax per capita 52,019 17,379 30,886 41,060 48,343 56,713 192,724

Land utilization Proportion of densely inhabited district areas 0.113 0.226 0.000 0.005 0.021 0.083 1.000

Proportion of land area used for building 0.147 0.181 0.006 0.033 0.076 0.174 0.859

Proportion of forest area 0.583 0.254 0.001 0.465 0.656 0.779 0.939

Proportion of land area used for rice paddies and agricul-
ture

0.172 0.114 0.000 0.090 0.149 0.232 0.607

Proportion of depopulated area 0.487 0.384 0.000 0.000 0.517 0.859 1.062

Number of pre-merger municipalities 10.033 5.308 1.000 6.000 9.000 13.000 28.000
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Table 4 Reasons for the selection of the 28 variables related to regional characteristics

Category Variable Reason for the selection

Population Proportion of population aged under 15 years The demand for medical care is expected to increase 
with the number of children

Proportion of population aged 65 years and over The demand for medical and care increases with the number 
of older adults

Proportion of population change The supply of medical and care resources changes with the size 
of the population

Population density The higher the population density, the larger the population 
served by a single medical and care supply base and the more 
efficient the medical and care supply can be

Proportion of population in densely inhabited districts

Proportion of daytime to nighttime population The supply of medical and care resources is expected to change 
with changes in daytime and nighttime populations

Proportion of internal migrants from other municipalities The supply of medical and care resources changes with the size 
of the population

Household Persons per household A higher number of persons per household is expected to result 
in a higher percentage of persons living together and a lower 
demand for inpatient and institutional care

Proportion of single-person households (excluding households 
aged 65 years and over)

The demand for hospitalization is expected to be higher for single-
person households

Proportion of single-person households aged 65 years and over The demand for hospitalization and institutional care increases 
with a greater number of older single-person households

Proportion of nuclear households A higher percentage of nuclear households is expected to result 
in a higher percentage of persons living together and a lower 
demand for inpatient and institutional care

Proportion of double-income households A higher percentage of double-income households is expected 
to result in a higher percentage of persons living together 
at home and a lower demand for inpatient and institutional care

Proportion of households living in a detached house A higher percentage of households living in detached houses 
is expected to result in a less urbanized region, and thus in a situ-
ation where a single medical and care supply base cannot serve 
a large population or provide efficient medical and care supply

Proportion of households living in government-owned rental 
housing

A higher percentage of households living in government-owned 
rental housing is expected to result in a higher percentage of low-
wage earners and a higher demand for inpatient and institutional 
care

Industry & Work Proportion of workers in primary industry The supply of medical and care resources is expected to differ 
with the industrial compositionProportion of workers in secondary industry

Proportion of workers in tertiary industry

Proportion of working population A higher percentage of the working population results in lower 
percentages of children and older populations and a lower 
demand for inpatient and institutional care

Proportion of commuters using rail A higher percentage of commuters using railways results 
in a more urbanized region, where a single medical and care sup-
ply base can serve a large population and medical and care supply 
is efficient

Proportion of commuters using their own vehicle A higher percentage of commuters using their own vehicle results 
in a less urbanized region, where a single medical and care supply 
base cannot serve a large population and medical and care supply 
is inefficient

Annual retail merchandise sales per capita Active purchasing behavior suggests more disposable income, 
which is related to health and thus affects the medical and care 
supply system

Municipal residence tax per capita A higher municipal residence tax suggests more income, which 
is related to health and thus affects the medical and care supply 
system
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2020 [25], were used to calculate the variables pre-
sented in Table 5.

The method for building the model of the associ-
ated structure of the distribution of medical and care 

resources in the 334 SMAs nationwide by SEM was as 
follows. Initially, to formulate a hypothesis about this 
associated structure, an exploratory factor analysis 
(EFA) using the variables in Table 5 was performed. The 

Table 4 (continued)

Category Variable Reason for the selection

Land utilization Proportion of densely inhabited district areas A higher population density suggests a situation where a sin-
gle medical and care supply base can serve a large population 
and medical and care supply is efficient

Proportion of land area used for building A higher percentage of land area used for building suggests 
a more urbanized region where a single medical and care supply 
base can serve a large population and medical and care supply 
is efficient

Proportion of forest area A higher percentage of forest area suggests a less urbanized 
region where a single medical and care supply base cannot serve 
a large population and medical and care supply is inefficient

Proportion of land area used for rice paddies and agriculture A higher percentage of land area used for rice paddies and agri-
culture suggests a less urbanized region where a single medical 
and care supply base cannot serve a large population and medical 
and care supply is inefficient

Proportion of depopulated area A higher percentage of depopulated area suggests a situation 
where a single medical and care supply base cannot serve a large 
population and medical and care supply is inefficient

Number of pre-merger municipalities A larger number of previous municipalities suggests dispersed 
medical and care supply bases before the merger and inefficient 
medical and care supply

Table 5 The 15 variables related to medical and care resources

Category Variable Calculation method Source

Hospital resources General hospital beds (per 10,000 people) Number of “general hospital beds” / (population/10,000) [34]

Hospital beds for long-term care (per 10,000 people) Number of “long-term hospital care beds” and “hospital 
psychiatric beds” / (population/10,000)

Hospital physicians (per 10,000 people) Number of “hospital physicians” / (population/10,000)

Hospital nurses (per 10,000 people) Number of “hospital nurses” / (population/10,000)

Hospital assistant nurses (per 10,000 people) Number of “hospital assistant nurses” / (popula-
tion/10,000)

Clinic resources Clinics without beds (per 10,000 people) Number of “clinics without beds” / (population/10,000) [34]

Clinic beds (per 10,000 people) Number of “clinic beds” (excluding clinic long-term care 
beds) / (population/10,000)

Clinic long-term care beds (per 10,000 people) Number of “clinic long-term care beds” / (popula-
tion/10,000)

Clinic physicians (per 10,000 people) Number of “clinic physicians” / (population/10,000)

Clinic nurses (per 10,000 people) Number of “clinic nurses” / (population/10,000)

Clinic assistant nurses (per 10,000 people) Number of “clinic assistant nurses” / (population/10,000)

Care resources Capacities of nursing homes (per 10,000 people) Capacities of “nursing homes” / (population/10,000) [35]

Workers in nursing homes (per 10,000 people) Number of “nurses” and “staff members” in “nursing 
homes” / (population/10,000)

Home medical care 
and home care 
resources

Workers in home medical care and home care(per 
10,000 people)

Number of “nurses” and “staff members” in “home medi-
cal care” and “home care”  / (population/10,000)

[35]

Other medical resources Universities with a faculty of medicine Number of “universities with a faculty of medicine” [36]
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number of factors was determined from a parallel analy-
sis, and promax rotation was used. Subsequently, based 
on the results, we identified latent factors behind the 
variables in Table  5 from the obtained factors and for-
mulated hypotheses regarding the relationships among 
them. Finally, SEM was used to test this hypothesis and 
to model the associated structure. The factor analysis and 
parallel analyses were conducted using the “fa.parallel” 
and “fa” functions from version 2.2.9 of the “psych” pack-
age in R version 4.2.1 [32, 33]. The maximum likelihood 
method was used to estimate the factor loadings. The 
SEM and multigroup analysis were conducted using the 
“sem” function from version 0.6.12 of the “lavaan” pack-
age in R version 4.2.1 [33, 37]. To estimate the popula-
tion for these analyses, a diagonal weighted least squares 
method was used. This method employs a highly robust 
diagonal matrix to ensure accurate estimation results 
for non-multivariate normal data, rendering them suit-
able for utilizing the variables in Table 5 for medical and 
care resources. While the SEM and multigroup analy-
sis were also conducted using the maximum likelihood 
method, which used PC and factor analyses, the values 
of the goodness-of-fit indexes utilized in this study were 
outside the tolerance limits. For the SEM and multigroup 
analysis described below, the goodness-of-fit indexes 
adopted in this study were the root mean square error of 
approximation (RMSEA), the comparative fit index (CFI), 
and the Tucker–Lewis index (TFI), the standardized 
root mean square residual (SRMR), and the p-value(χ2), 
which can be given by the “sem “ function. The RMSEA 

shows a high goodness-of-fit when the value is less than 
0.05, and a low fit when the value is above 0.10. The CFI 
and TLI show a high goodness-of-fit when the values 
are more than 0.95. The p-value (χ2) indicates the prob-
ability of the test of the null hypothesis by the χ2 value 
that the model constructed fits the sample in SEM; thus, 
a higher probability indicates a higher goodness-of-fit. 
However, because the null hypothesis is more likely to be 
rejected as the sample size increases in SEM, the value 
of χ2 divided by the degrees of freedom (df ), introduced 
by Schermelleh-Engel et al. [38], was used in this study. 
This value, “χ2/df “ shows a high goodness-of-fit when the 
value is less than 2.

Third phase: multigroup analysis for comparing the model 
of each group
A multigroup analysis was conducted using the obtained 
structural model with the SMAs grouped by regional 
characteristics as the sample. However, when a sam-
ple size is halved, as in this case, a solution may not 
be obtained owing to the deterioration of the model’s 
goodness-of-fit index in the multigroup analysis. In such 
cases, a multigroup analysis is conducted after adding 
constraints to fix the error variance of specific variables 
to the obtained structural model. It is also expected that, 
even with these constraints, a solution to the multigroup 
analysis may not be obtained. In these cases, SEM is per-
formed for each group, with the same arrangement of 
variables, but with constraints to fix the error variance of 
particular variables.

Table 6 Summary statistics of the 15 variables related to medical and care resources

† The abbreviations (Mean, SD, MIN, Q1, Q2, Q3, MAX) are as follows

Mean Mean Value, SD Standard Deviation, MIN Minimum Value, Q1 First Quartile, Q2 Second Quartile, Q3 Third Quartile, MAX Maximum Value

Category Variable mean† SD† MIN† Q1† Q2† Q3† MAX†

Hospital resources General hospital beds (per 10,000 people) 76.366 22.940 21.258 59.544 73.098 90.612 169.916

Hospital beds for long-term care (per 10,000 people) 61.346 35.933 0.000 35.484 52.552 76.763 281.538

Hospital physicians (per 10,000 people) 13.253 5.973 2.453 9.452 12.100 15.119 62.815

Hospital nurses (per 10,000 people) 68.009 20.248 12.101 52.812 66.253 82.672 140.001

Hospital assistant nurses (per 10,000 people) 10.239 6.985 0.684 5.239 8.225 13.403 42.500

Clinic resources Clinics without beds (per 10,000 people) 7.310 1.922 2.787 6.120 7.009 8.261 26.259

Clinic beds (per 10,000 people) 9.389 8.719 0.000 3.465 6.369 11.779 50.354

Clinic long-term care beds (per 10,000 people) 0.918 1.458 0.000 0.000 0.276 1.339 12.876

Clinic physicians (per 10,000 people) 7.473 2.328 1.497 6.040 7.394 8.583 29.561

Clinic nurses (per 10,000 people) 12.373 4.116 4.319 9.779 11.923 14.412 47.580

Clinic assistant nurses (per 10,000 people) 9.187 5.268 1.747 5.253 8.071 11.916 30.923

Care resources Capacities of nursing homes (per 10,000 people) 155.052 44.211 61.412 124.073 150.392 179.421 319.266

Workers in nursing homes (per 10,000 people) 145.586 47.555 48.225 110.481 143.452 177.789 308.726

Home medical care 
and home care 
resources

Workers in home medical care and home care (per 
10,000 people)

22.489 10.049 7.742 15.789 20.425 26.340 79.268
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Results
PCA
Initially, the parallel analysis suggested that four PCs 
were suitable, as shown in Fig.  1. Subsequently, we 
interpreted the outcomes of the PCA in the following 
order of the contribution ratio, as shown in Table 7.

(1) PC 1, which we interpreted as “urbanicity,” features 
high PC loadings for “population density” and other 
variables related to population concentration.

(2) PC 2, which we interpreted as “middle-density 
regionality,” features high PC loadings for “Propor-
tion of households living in a detached house” and 
“Proportion of commuters using their own vehicle.” 
The definition of a middle-density region used in 
this study was an area with a medium population 
density where many of the houses are detached and 
the primary means of transportation is the vehicle. 
Therefore, large cities with an extremely high popu-
lation density where the primary means of trans-
portation is railways and depopulated areas with an 
extremely low population density were not included 
in the middle-density region.

(3) PC 3, which we interpreted as “workplace region-
ality,” features high PC loadings for “Proportion of 
daytime to nighttime population” and “annual retail 
merchandise sales per capita.”

(4) PC 4, which we interpreted as “childcare regional-
ity,” features high PC loadings for “Proportion of 

population aged under 15 years” and “Proportion of 
nuclear households.”

Because promax rotation was used in the PCA, cor-
relations were found between the obtained compo-
nents. A slight negative correlation was seen between 
“urbanicity” and “middle-density regionality.” This could 
be because of the substantially higher population concen-
trations in urban areas and the middle concentrations in 
middle-density regions. A slight positive correlation was 
found between “middle-density regionality” and “child-
care regionality.” This could be because middle-density 
regions are more suitable than urban areas for rearing 
children and have a higher proportion of households with 
children. A slight negative correlation was found between 
“workplace regionality” and “middle-density regionality,” 
and a slight positive correlation between “urbanicity” and 
“workplace regionality.” This could be due to commercial 
areas and business districts being biased toward locations 
with large population concentrations.

Division of SMAs
Based on the PC scores, the SMAs nationwide were cat-
egorized into different groups. The results are presented 
in Figs. 2, 3, 4, 5, and the characteristics of each grouping 
are summarized below.

(1) The grouping by “urbanicity” indicated that the 
areas along the Pacific Belt and Japan’s major cities 
(Tokyo, Osaka, Nagoya, Fukuoka, Sendai, and Sap-

Fig. 1 Results of the parallel analysis for the principal component analysis
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Table 7 Results of the principal component analysis

Category Variable Principal component loading

Urbanicity Middle-density regionality Workplace regionality Childcare 
regional-
ity

Population Proportion of population 
aged under 15 years

0.47 –0.11 –0.10 0.73

Proportion of population 
aged 65 years and over

–0.93 –0.05 –0.07 –0.32

Proportion of population 
change

0.93 0.00 0.04 0.29

Population density 0.73 0.01 0.16 –0.51

Proportion of daytime 
to nighttime population

–0.03 0.02 0.86 –0.02

Proportion of popula-
tion in densely inhabited 
districts

0.78 –0.26 –0.09 0.08

Proportion of internal 
migrants from other munici-
palities

0.53 –0.47 0.22 0.12

Household Persons per household 0.09 0.89 –0.13 0.05

Proportion of single-person 
households (excluding 
households aged 65 years 
and over)

0.59 –0.35 0.37 0.08

Proportion of single-person 
households aged 65 years 
and over

–0.87 –0.56 –0.10 –0.25

Proportion of nuclear 
households

0.15 –0.02 –0.68 0.37

Proportion of double-
income households

–0.20 0.85 0.07 –0.01

Proportion of households 
living in a detached house

–0.70 0.42 –0.13 –0.08

Proportion of households 
living in a government-
owned rental housing

–0.38 –0.71 –0.10 –0.05

Industry & Work Proportion of workers in pri-
mary industry

–0.76 –0.04 0.16 –0.09

Proportion of workers 
in secondary industry

0.18 0.95 0.02 –0.07

Proportion of workers in ter-
tiary industry

0.15 –0.47 0.16 0.08

Proportion of working 
population

–0.30 0.69 0.28 –0.07

Proportion of commuters 
using rail

0.87 –0.01 –0.17 –0.36

Proportion of commuters 
using their own vehicle

–0.60 0.43 0.13 0.30

Annual retail merchandise 
sales per capita

0.15 0.03 0.86 0.04

Municipal residence tax 
per capita

0.79 0.07 0.37 –0.19
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poro) were classified as high “urbanicity” SMAs. In 
addition, SMAs with prefectural capitals tended to 
be classified as high “urbanicity” areas. The reason 
why some SMAs, such as Okinawa Prefecture and 
its surrounding islands far from Honshu mainland, 
were classified as high “urbanicity” is seemingly due 
to their high population density.

(2) As defined earlier, the grouping by “middle-density 
regionality” indicated that the areas that are not 
included in Japan’s major cities with an extremely 
high population density (Tokyo, Osaka, Nagoya, 
Fukuoka, Sendai, and Sapporo) or depopulated 
areas with an extremely low population density 
were classified as high “middle-density regional-
ity” SMAs. SMAs classified as high “middle-density 
regionality” areas included urban and rural areas. 
This seems to be due to the presence of areas with 
a medium population density among urban areas 
and areas with a certain population size among 
rural areas. For this reason, SMAs consisting of 
Hokkaido Prefecture, where the population is con-
centrated in Sapporo, and several other large cities 
were classified as low “middle-density regionality” 
areas, even though most of the rest of the munici-
palities have a very low population density.

(3) The grouping by “workplace regionality” indicated 
that the workplace regionality of Japan’s major cit-

ies was high, whereas that of the surrounding areas 
was low, as these areas primarily serve as “bedroom 
communities.”

(4) The grouping by “childcare regionality” indicated 
that Japan’s major cities (other than Tokyo, Osaka, 
and Nagoya) were classified as areas with high 
childcare regionality, whereas remote areas were 
classified as areas with low childcare regionality.

EFA
Initially, the results of the parallel analysis suggested 
that five factors were suitable, as shown in Fig. 6. Subse-
quently, we interpreted the outcomes of the EFA in the 
following order of the contribution ratio, as shown in 
Table 8.

(1) Factor 1, namely “Clinic care abundance (without 
beds),” was determined to have a high factor load-
ing for “Clinics without beds (per 10,000 people),” 
indicating an abundance of clinics without beds.

(2) Factor 2, namely “Clinic care abundance (with 
beds),” was determined to have high factor loadings 
for “Clinic beds (per 10,000 people)” and “Clinic 
long-term care beds (per 10,000 people),” indicating 
an abundance of clinics with beds.

(3) Factor 3, namely “Nursing care abundance,” was 
determined to have high factor loadings for “Capac-

Table 7 (continued)

Land utilization Proportion of densely 
inhabited district areas

0.80 –0.02 0.03 –0.46

Proportion of land area used 
for building

0.91 0.05 –0.08 –0.34

Proportion of forest area –0.85 –0.06 0.10 0.01

Proportion of land area used 
for rice paddies and agri-
culture

0.13 0.16 –0.10 0.50

Proportion of depopulated 
area

–0.92 –0.16 0.11 –0.14

Number of pre-merger 
municipalities

–0.18 –0.07 0.22 0.42

Information volume Urbanicity Middle-density regionality Workplace regionality Childcare regionality

Sum of squared loadings 10.9 4.90 2.69 2.31

Contribution rate 0.39 0.17 0.10 0.08

Cumulative contribution 
rate

0.39 0.56 0.66 0.74

Correlation coefficient 
between principal compo-
nents

Urbanicity Middle-density regionality Workplace regionality Childcare regionality

Urbanicity - –0.37 0.18 –0.05

Middle-density regionality - –0.21 0.42

Workplace regionality - –0.08
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ities of nursing home (per 10,000 people)” and 
“Workers in nursing homes (per 10,000 people),” 
indicating an abundance of nursing homes.

(4) Factor 4, namely “Acute care abundance,” was deter-
mined to have a high factor loading for “General 
hospital beds (per 10,000 people),” indicating an 
abundance of hospitals offering acute care.

(5) Factor 5, namely “Long-term hospitalization care 
abundance,” was determined to have a high factor 
loading for “Hospital beds for long-term hospitali-
zation,” indicating an abundance of hospitals pro-
viding long-term hospitalization care.

Table  8 shows the correlation coefficients of 0.5 or 
higher among some of the factors. The factor “Clinic care 
abundance (without beds)” was positively correlated with 
the factor “Acute care abundance,” both of which affect 
the provision of medical ser-vices related to short-term 
hospitalization and outpatient visits. “Nursing care abun-
dance” was positively correlated with both “Clinic care 
abundance (with beds)” and “Long-term hospitalization 
care abundance,” which affect the provision of medical 

and care services related to long-term hospitalization and 
nursing home care.

Hypotheses based on EFA results and validation by SEM
Based on the results discussed above, we formulated 
hypotheses regarding the associated structure of the dis-
tribution of medical and care resources in this study. Our 
first hypothesis concerns the latent factors that cause the 
distribution of medical or care resources. Local demand 
determines the distribution of both resources, but with 
different constraints on the supply of each. The distri-
bution of hospital and clinic beds, classified as medical 
resources, is subject to strong restrictions because of the 
standard number of beds being determined based on the 
population by age group and bed utilization in a specific 
SMA to prevent excessive resource supply. Additionally, 
the MHLW induces prefectures to enhance home medi-
cal care, home care, and care in nursing homes when 
they formulate regional medical visions [39]. While nurs-
ing homes have personnel standards and other require-
ments, which are classified as care resources, they have 
fewer restrictions on their expansion than on medical 

Fig. 2 Results of the grouping by “urbanicity”
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resources. Therefore, the degree of enhancement of 
care resources is influenced by not only the degree of 
enhancement of medical resources, but also regional 
characteristics such as land prices and the number of 
workers needed to operate nursing homes. By contrast, 
the degree of medical resources is more directly influ-
enced by the degree of care resources, which affects bed 
utilization, than by these regional characteristics, as the 
standard number of hospital beds is constrained. Based 
on these inferences, and in light of the fact that the SEM 
in this study did not deal with regional characteristics, we 
constructed a model that assumes “Nursing care abun-
dance” as the cause.

Our second hypothesis concerns the causal rela-
tionship among the latent factors related to medical 
resources. The results of the EFA indicated a correlation 
between the two latent factors related to short-term hos-
pitalization as well as outpatient visits, and the two latent 
factors related to long-term hospitalization, respectively. 
Therefore, we investigated whether the causal latent fac-
tor is related to short-term hospitalization and outpatient 
visits, or to long-term hospitalization. To formulate this 
hypothesis, we referred to Innami [40], who discussed 
social hospitalization. Innami considered that there is a 
trend for older adults to be admitted to a hospital with 

long-term care beds as a substitute for fully occupied 
nursing homes, and to be accepted to a hospital with 
general beds as a substitute for fully occupied long-term 
care beds. From this perspective, we hypothesized that 
“Long-term hospitalization care abundance” and “Clinic 
care abundance (with beds)” related to long-term hospi-
talization affect “Acute care abundance” and “Clinic care 
abundance (without beds)” related to short-term hospi-
talization and outpatient visits.

The third hypothesis is related to the relationship 
between latent and observed variables, where each 
latent variable is defined based on the findings of the 
EFA. To facilitate the interpretation of the SEM solu-
tion, we assumed that only one of the latent variables 
was responsible for the observed variables, namely, the 
number of hospital beds, number of clinic beds, and 
nursing home capacity. However, in the case of the 
observed variables related to medical professionals, 
such as physicians, nurses, and assistant nurses, multi-
ple latent variables were assumed to be involved, even 
when the factor loadings on the factors considered 
as latent variables were low. In addition, we assumed 
that “Nursing care abundance” and “Clinic care abun-
dance (without beds)” were behind the observed vari-
able “Workers in home medical care and home care 

Fig. 3 Results of the grouping by “middle-density regionality”
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(per 10,000 people)” based on the results of the EFA. 
However, the observed variable “Universities with a 
faculty of medicine” was not expected to be affected 
by the latent variables assumed in this study. There-
fore, we assumed that this variable exerted an influ-
ence on “Clinic care abundance (without beds)” and 
“Acute care abundance” based on the findings of the 
EFA. Finally, Fig.  7 depicts the resulting SEM used to 
test the above hypotheses. Based on the goodness-of-
fit indexes, the model showed an acceptable level of fit. 
Note that in addition to the hypothesis of this study, 
by employing SEM, the assumption that latent factors 
related to medical resources are the cause could be 
tested. Therefore, analyses were conducted assuming 
that both “Acute care abundance” and “Long-term hos-
pitalization care abundance” were causes. However, 
these analyses generated cases that were not accepta-
ble from the goodness-of-fit indexes used in this study 
and cases in which the solutions did not converge.

Multigroup analysis
The results of the multigroup analysis for each of the four 
groupings shown in the "Division of SMAs" are presented 
below.

First, a multigroup analysis was performed with two 
groups divided by “urbanicity.” However, in the analysis, 
the error variances of the observed variables “Hospi-
tal nurses (per 10,000 people)” and “Workers in nursing 
homes (per 10,000 people)” were negative. Therefore, we 
added a constraint to fix these error variances at 0. How-
ever, when this constraint was applied, no solution was 
obtained because the covariance matrix of the residuals 
of the observed variables was not positively definite. As 
a result, SEM was performed for each of the two groups 
with a common arrangement of variables, but with con-
straints to fix the error variances of the variables in ques-
tion in each group; the results are shown in Fig. 8. Based 
on the goodness-of-fit indexes shown in this figure, the 
model showed an acceptable level of fit. Strictly speaking, 

Fig. 4 Results of the grouping by “workplace regionality”
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Fig. 5 Results of the grouping by “childcare regionality”

Fig. 6 Results of the parallel analysis for the factor analysis
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Table 8 Results of the factor analysis

Category Variable Factor loading

Clinic care abun-
dance (without 
beds)

Clinic care abun-
dance (with beds)

Nursing care abun-
dance

Acute care abun-
dance

Long-term hos-
pitalization care 
abundance

Hospital resources Hospital general 
beds (per 10,000 
people)

–0.20 0.02 0.24 0.81 0.06

Hospital beds 
for long-term hospi-
talization (per 10,000 
people)

0.00 –0.01 –0.04 0.16 0.85

Hospital physicians 
(per 10,000 people)

0.24 –0.08 –0.17 0.71 –0.06

Hospital nurses (per 
10,000 people)

–0.05 0.02 0.06 0.95 0.14

Hospital assistant 
nurses (per 10,000 
people)

0.01 0.01 –0.08 0.00 1.02

Clinic resources Clinics without beds 
(per 10,000 people)

1.01 –0.32 0.31 –0.12 –0.02

Clinic beds (per 
10,000 people)

–0.14 1.03 –0.11 0.03 0.05

Clinic long-term care 
beds (per 10,000 
people)

–0.07 0.78 0.08 –0.01 –0.07

Clinic physicians 
(per 10,000 people)

1.05 0.03 –0.25 –0.15 0.17

Clinic nurses (per 
10,000 people)

0.51 0.43 –0.05 0.08 –0.18

Clinic assistant 
nurses (per 10,000 
people)

0.16 0.52 0.10 –0.11 0.38

Care resources Capacities of nursing 
home (per 10,000 
people)

–0.01 –0.06 0.87 0.05 0.01

Workers in nursing 
homes (per 10,000 
people)

–0.05 0.05 1.03 0.10 –0.13

Home Medical care 
and home care 
resources

Workers in home 
medical care 
and home care (per 
10,000 people)

0.26 0.06 0.27 0.08 0.03

Other medical 
resources

Universities 
with a faculty 
of medicine

0.35 –0.07 –0.33 0.29 –0.08

Information volume Clinic care abun-
dance (without 
beds)

Clinic care abun-
dance (with beds)

Nursing care abun-
dance

Acute care abun-
dance

Long-term hos-
pitalization care 
abundance

Sum of squared loadings 2.56 2.23 2.19 2.18 2.01

Contribution rate 0.17 0.15 0.15 0.15 0.13

Cumulative contribution rate 0.17 0.32 0.47 0.61 0.74

Correlation coefficient between factors Clinic care abun-
dance (without 
beds)

Clinic care abun-
dance (with beds)

Nursing care abun-
dance

Acute care abun-
dance

Long-term hos-
pitalization care 
abundance

Clinic care abundance (without beds) - 0.25 –0.05 0.58 –0.08

Clinic care abundance (with beds) - 0.39 0.32 0.54

Nursing care abundance - 0.06 0.59

Acute care abundance - 0.20
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the two models obtained had different structures and 
should be interpreted with this in mind.

The standardized partial regression coefficients for the 
same path differed by more than 0.3 between the two 
models at the following locations.

(1) The path coefficients from “Nursing care abun-
dance” to “Long-term hospitalization care abun-
dance” and “Clinic care abundance (with beds)” 
were higher in the urbanicity group.

(2) The path coefficient from “Nursing care abundance” 
to “Clinic care abundance (without beds)” was neg-
ative for the urbanicity group, but positive for the 
non-urbanicity group.

(3) The path coefficient from “Clinic care abundance 
(with beds)” to “Clinic care abundance (without 
beds)” was positive for the urbanicity group, but 
negative for the non-urbanicity group.

(4) The path coefficient for the covariate relation-
ship between “Acute care abundance” and “Clinic 

Fig. 7 Resulting model of the structural equation modeling
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Fig. 8 Resulting model of the structural equation modeling by “urbanicity” and “non-urbanicity”
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care abundance (without beds)” was higher in the 
urbanicity group.

(5) The path coefficient from “Universities with a fac-
ulty of medicine” to “Clinic care abundance (with-
out beds)” was higher in the urbanicity group.

(6) The path coefficient from “Long-term hospitaliza-
tion care abundance” to “Hospital physicians (per 
10,000 people)” was negative in both groups, with a 
higher absolute value in the urbanicity group.

(7) The path coefficient from “Clinic care abundance 
(without beds)” to “Clinic nurses (per 10,000 peo-
ple)” was higher in the urbanicity group. Con-
versely, the path co-efficient from “Clinic care abun-
dance (without beds)” to “Clinic assistant nurses 
(per 10,000 people)” was negative for the urbanicity 
group and positive for the non-urbanicity group.

Second, a multigroup analysis was performed with two 
groups categorized by “middle-density regionality.” How-
ever, in this analysis, the error variances of the observed 
variables “Hospital nurses (per 10,000 people),” “Work-
ers in nursing homes (per 10,000 people),” “Clinic phy-
sicians (per 10,000 people),” and “Clinic assistant nurses 
(per 10,000 people)” were found to be negative. Thus, 
constraints were added to fix the error variances of these 
variables to 0. The results are displayed in Fig.  9. Based 
on the goodness-of-fit indexes shown in this figure, the 
model showed an acceptable level of fit.

The standardized partial regression coefficients for the 
same path differed by more than 0.3 between the two 
models at the following locations.

(1) The path coefficients from “Nursing care abun-
dance” to “Acute care abundance” and “Clinic care 
abundance (without beds)” were positive in the 
middle-density regionality group, but negative in 
the non-middle-density regionality group. By con-
trast, the path coefficient from “Nursing care abun-
dance” to “Long-term hospitalization care abun-
dance” was low in the middle-density regionality 
group.

(2) The path coefficient from “Long-term hospitaliza-
tion care abundance” to “Acute care abundance” 
was high in the non-middle-density regionality 
group.

(3) The path coefficients from “Acute care abundance” 
to “Hospital physicians (per 10,000 people)” and 
“Hospital nurses (per 10,000 people)” were lower in 
the middle-density regionality group. Conversely, 
the path coefficients from “Long-term hospitaliza-
tion care abundance” to these observed variables 
were lower in the non-middle-density regionality 
group.

Third, a multigroup analysis was performed with two 
groups divided by “workplace regionality.” However, in 
the analysis, the error variances of the observed vari-
ables “Workers in nursing homes (per 10,000 people)” 
was negative. Therefore, we added constraints to fix these 
error variances at 0. However, this resulted in no solu-
tion because of an optimizer error. As a result, SEM was 
performed for each of the two groups with a common 
arrangement of variables, but with constraints to fix the 
error variances of the variables in question in each group. 
The results are shown in Fig. 10. Based on the goodness-
of-fit indexes shown in this figure, the model showed an 
acceptable level of fit. Strictly speaking, the two models 
obtained had different structures, and should be inter-
preted with this in mind.

The standardized partial regression coefficients for the 
same path differed by more than 0.3 between the two 
models at the following locations.

(1) The path coefficient from “Nursing care abun-
dance” to “Clinic care abundance (without beds)” 
was negative for the workplace regionality group, but 
positive for the non-workplace regionality group.
(2) The path coefficients from “Acute care abun-
dance” to “Hospital physicians (per 10,000 people)” 
and “Hospital nurses (per 10,000 people)” were 
higher in the workplace regionality group. In con-
trast, the path coefficients from “Long-term hospital-
ization care abundance” to these observed variables 
were lower in the workplace regionality group.
(3) The path coefficients from “Clinic care abundance 
(without beds)” to “Clinic nurses (per 10,000 people)” 
were higher in the workplace regionality group. Con-
versely, the path coefficients from “Clinic care (with-
out beds) abundance” to “Clinic assistant nurses (per 
10,000 people)” were lower in the workplace region-
ality group.

Fourth, a multigroup analysis was performed with two 
groups based on “childcare regionality.” However, in this 
analysis, the error variances of the observed variables 
“Hospital nurses (per 10,000 people)” and “Clinic phy-
sicians (per 10,000 people)” were found to be negative. 
Thus, constraints were added to fix the error variances of 
these variables to 0. The results are displayed in Fig. 11. 
Based on the goodness-of-fit indexes shown in this fig-
ure, the model showed an acceptable level of fit.

The standardized partial regression coefficients for the 
same path differed by more than 0.3 between the two 
models at the following locations.

(1) The path coefficient from “Acute care abundance” 
to “Universities with a faculty of medicine” was 
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Fig. 9 Resulting model of the structural equation modeling by “middle-density regionality” and “non-middle-density regionality”
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Fig. 10 Resulting model of the structural equation modeling by “workplace regionality” and “non-workplace regionality”
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Fig. 11 Resulting model of the structural equation modeling by “childcare regionality” and “non-childcare regionality”
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negative in both groups, but the absolute value was 
greater in the “non-childcare regionality” group.

(2) The path coefficient from “Long-term hospitaliza-
tion care abundance” to “Acute care abundance” 
was lower in the “childcare regionality” group.

(3) The path coefficient from “Long-term hospitaliza-
tion care” to “Hospital physicians (per 10,000 peo-
ple)” was negative in both groups, and the absolute 
value was larger in the “non-childcare regionality” 
group.

Discussion
Distribution structure of medical and care resources 
in SMAs nationwide
The distribution structure of medical and care resources 
in SMAs nationwide is shown in Fig. 7. Our analysis sug-
gests that “Nursing care abundance” has a slightly nega-
tive effect on “Acute care abundance” and “Clinic care 
abundance (without beds).” A previous study by Suzuki 
et al. [41] reported a weak negative correlation between 
medical and care expenditures. Although their study was 
limited to a few regions and used data from 2003 to 2007, 
our results confirm the validity of the model used. Our 
findings are also consistent with the MHLW’s policy to 
expand the use of nursing homes to reduce the number 
of general hospital beds. However, the results also indi-
cate that the enhancement of nursing homes has only 
a slight effect on the reduction of general hospital beds 
and reduces the number of clinics without beds, which 
promotes home medical care services. Thus, our findings 
suggest that the MHLW’s goal of reducing hospital beds 
is difficult to achieve through nursing home enhance-
ments alone.

Moreover, our results indicate that “Nursing care abun-
dance” tends to increase “Long-term hospitalization care 
abundance” and “Clinic care abundance (with beds),” 
which implies that nursing homes alone are inadequate 
to meet the high demand for medical and care services, 
and therefore, must be supplemented with long-term 
hospitalization beds in hospitals and clinics. Addition-
ally, “Long-term hospitalization care abundance” tends to 
increase “Acute care abundance,” and “Clinic care abun-
dance (with beds)” tends to increase “Clinic care abun-
dance (without beds).” Hence, our results support the 
consideration of Innami [40], previously mentioned in 
the section “Hypotheses based on EFA results and valida-
tion by SEM.”

“Long-term hospitalization care abundance” and 
“Clinic care abundance (with beds)” significantly increase 
only the number of assistant nurses. This suggests that 
associate nurses play a larger role in long-term hospitali-
zation and clinic beds.

Moreover, “Universities with a faculty of medicine” 
tend to increase “Acute care abundance” and “Clinic care 
abundance (without beds).” A study by Kusunoki et  al. 
[23] reported that the number of universities with a fac-
ulty of medicine increases the adequacy of acute care 
medical resources. Although their study used data on 
the distribution of medical resources in 2015, our results 
support the validity of the model used. Furthermore, our 
findings suggest that the location of universities with a 
faculty of medicine leads to increased fulfillment related 
to short-term hospitalization and outpatient visits in the 
surrounding areas.

Distribution structure of medical and care resources 
considering regional characteristics
As previously stated, the subdivision of SMAs was 
based on PC scores for regional characteristics such as 
“urbanicity,” “middle-density regionality,” “workplace 
regionality,” and “childcare regionality,” which were deter-
mined through a PCA. “Workplace regionality” showed 
a slight correlation with “urbanicity,” while “childcare 
regionality” showed a slight correlation with “middle-
density regionality.” Consequently, the differences in 
path coefficients for the distribution structure of medi-
cal and care resources across groups divided by the PCs 
with slight correlations were similar. Moreover, “work-
place regionality” and “childcare regionality” showed low 
contribution rates. Therefore, the following discussion 
focuses on differences in the distribution structure of 
medical and care resources among each group divided by 
“urbanicity” and “middle-density regionality.”

Analysis based on Urbanicity
Figure  8 shows insights into differences in the distribu-
tion structure of medical and care resources between the 
urbanicity and non-urbanicity groups. In the urbanicity 
group, “Nursing care abundance” tended to increase 
“Long-term hospitalization care abundance” and “Clinic 
care abundance (with beds).” This observation suggests 
that in urban areas, the demand for nursing homes is 
met by the supply of long-term hospitalization and clinic 
beds. The reason for this could be the unavailability of 
land required for expanding nursing homes in urban 
areas due to the limited land size and high land price.

Furthermore, in the urbanicity group, “Nursing care 
abundance” tended to reduce “Clinic care abundance 
(without beds),” whereas in the non-urbanicity group, 
it tended to increase it. This finding suggests that in the 
urbanicity group, the supply of nursing homes and clin-
ics without beds is in a trade-off relationship with the 
demand for medical and care services among older 
adults. Conversely, it suggests that in the non-urbanicity 
group, the demand for medical and care services for older 
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adults is met by clinics without beds instead of nursing 
homes. In Japan, primary care is often provided by the 
nearest medical institution from the patient’s home. The 
non-urbanicity group does not have an incentive to locate 
a large medical institution such as a hospital because of 
its small population size, so clinics that are relatively easy 
to establish play the primary care role. As a result, in the 
non-urbanicity group, primary care by clinics without 
beds and home care can meet the demand for nursing 
care. In addition, the non-urbanicity group may make 
demands for medical and care flow out to neighboring 
SMAs because their vast distance from large cities cre-
ates an area unsupplied with medical and care resources. 
However, the present study could not test this possibility 
because we did not use data on patient transfers between 
SMAs. For this reason, it is desirable to include data such 
as the proportion of outflow and inflow of patients per 
SMA published by the MHLW.

“Universities with a faculty of medicine” in the 
urbanicity group tended to increase “Clinic care abun-
dance (without beds).” This trend may be attributed to 
the tendency for universities with a faculty of medicine 
to be located in urban areas, as indicated by the study by 
Kusunoki et al. [23].

Additionally, in the urbanicity group, “Long-term hos-
pitalization care abundance” tended to decrease “Hospi-
tal physicians (per 10,000 people),” whereas “Acute care 
abundance” tended to increase “Hospital physicians (per 
10,000 people).” Thus, in the urbanicity group, hospital 
physicians tended to be more available in acute care sec-
tions. This could be because physicians are concentrated 
in acute care owing to the existence of more universities 
with a faculty of medicine in the urbanicity group, where 
the supply of advanced acute care is greater compared 
with the non-urbanicity group.

By contrast, in the non-urbanicity group, “Clinic care 
abundance (without beds)” was less likely to increase 
“Clinic nurses (per 10,000 people),” but showed a strong 
tendency to increase “Clinic assistant nurses (per 10,000 
people).” The path coefficients suggest that in the non-
urbanicity group, the tendency of “Clinic care abundance 
(without beds)” to increase “Clinic nurses (per 10,000 
people)” and “Clinic assistant nurses (per 10,000 people)” 
was similar, which suggests that associate nurses play 
a larger role in clinics without beds in non-urbanicity 
groups. Associate nurses have more limited duties than 
do nurses because they provide nursing care under the 
direction of physicians and nurses. Therefore, the quality 
of nursing care may be lower in the non-urbanicity group 
of clinics without beds than in the urbanicity group. 
However, the present study could not test this possibil-
ity because the discussion of the quality of medicine used 
only data such as the number of medical workers per 

population in each SMA. For this reason, it is desirable to 
include data such as the number of medical accidents as 
indicators of the quality of medicine in future work.

Analysis based on middle‑density regionality
Figure 9 provides insights into the distribution structure 
of medical and care resources between the middle and 
non-middle-density regionality groups. In the middle-
density regionality group, “Nursing care abundance” 
appeared to increase “Acute care abundance” slightly. 
This suggests that the MHLW’s plan to reduce the num-
ber of general hospital beds by enhancing nursing homes 
may not produce favorable results in middle-density 
regionality areas. Here, we focus on two reports con-
cerning the distribution of occupied nursing homes. The 
first report, by Oguro et  al. [42], focused on sub-urban 
rural areas in Niigata city within an SMA in the middle-
density regionality group. That study reported a slight 
excess of nursing homes compared with demand. The 
second report, by Asano et al. [43], concerns Toyohashi 
city within an SMA in the middle-density regionality 
group. That study reported an increasing trend of nurs-
ing homes in urbanization control areas as defined by the 
Japanese City Planning Act, where development is strictly 
restricted. Although those studies were based on histori-
cal data and specific areas smaller than SMAs, the results 
suggested that similar distribution patterns of nursing 
homes exist in municipalities within SMAs with high 
middle-density regionality areas nationwide. From the 
urban planning perspective, middle-density regionality 
areas are of concern with regard to urban sprawl. Thus, 
the expansion of nursing homes in these areas should be 
closely monitored not only for the reduction of hospital 
beds and the efficient provision of care, but also from the 
perspective of preventing overdevelopment.

In the non-middle-density regionality group, “Nurs-
ing care abundance” tended to reduce “Acute care abun-
dance” and “Clinic care abundance (without beds).” 
Furthermore, “Nursing care abundance” tended to 
increase “Long-term hospitalization care abundance.” 
Thus, in non-middle-density regionality areas, compared 
with middle-density regionality areas, the demand for 
care is met by the supply of long-term hospitalization 
and clinic beds instead of nursing homes. According to 
the results of the PCA, non-middle-density regional-
ity areas are typical urban or remote areas. In typically 
urban areas, this result is consistent with the associated 
structure of medical and care resources in the urbanicity 
group. A study by Nakazono et al. [44, 45] in remote areas 
reported fewer users of nursing homes due to a decline in 
the older population. A related study conducted by Tok-
ito et  al. [46] estimated that the amount of care service 
demand in remote areas tends to decrease with future 
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changes in the older population. Although those studies 
were based on specific areas smaller than SMAs and used 
historical data, their results suggest a nationwide decline 
in demand for nursing homes in remote areas, which can 
lead to a disproportionate care supply. Consequently, 
supplemental medical and care supply with long-term 
hospitalization and clinic beds may meet the uneven 
demand for care in different locations.

In the non-middle-density regionality group, we 
observed strong tendencies for “Long-term hospitaliza-
tion care abundance” to increase “Acute care abundance” 
and for “Nursing care abundance” to increase “Long-
term hospitalization care abundance.” This result may 
be attributable to the consideration of Innami [40], pre-
viously mentioned in the section “Hypotheses based on 
EFA results and validation by SEM.” In addition, in the 
non-middle-density regionality group, “Long-term hos-
pitalization care abundance” tended to reduce “Hospital 
physicians (per 10,000 people)” and “Hospital nurses (per 
10,000 people).” This suggests that the quality of medi-
cine related to long-term hospitalization is lower in the 
non-middle-density regionality group. In a typical urban 
area among the non-middle-density regions, this result is 
consistent with the associated structure of medical and 
care resources in the urbanicity group.

Limitations
This study has some limitations in addition to those pre-
viously mentioned. Primarily, because this study was 
conducted in a cross-sectional setting, causal relation-
ships could not be identified. A time series analysis, for 
example, would be desirable to resolve this issue. Second, 
this study was limited to discussing regional differences 
in medical and care resources solely based on supply-side 
factors using data on medical and care resources. How-
ever, studies by Ibuka et al. [47] and Jin et al. [48] reported 
that regional differences in medical and care resources 
are also dependent on demand-side factors. Therefore, 
it is desirable to include data generated by demand-side 
factors, such as medical and care costs based on receipt 
data. Based on the perspective of the related structure of 
medical and care resources according to regional charac-
teristics obtained in the present study, these findings are 
expected to provide insights into factors that contribute 
to unnecessary medical and care provision, such as the 
physician-induced demand hypothesis [49] discussed in 
health economics.

Conclusions
This study elucidated the distribution structure of 
medical and care resources in SMAs nationwide. Fur-
thermore, it elucidated regional differences in the 

distribution of medical and care resources. The main 
findings of this study are summarized as follows.

First, with regard to the allocation of medical 
resources, our study revealed that the enhancement of 
nursing care tends to increase the provision of long-
term hospitalization care, which in turn, increases the 
demand for acute care. This trend supports Innami’s [40] 
observation that older adults tend to be accepted for 
long-term care hospital beds as a substitute for nursing 
homes, and for general hospital beds as an alternative 
to long-term care hospital beds. Additionally, our study 
suggests that physicians and nurses tend to be lower in 
number for long-term hospitalization beds and clinic 
beds, which is particularly pronounced in typical urban 
areas or remote regions. In urban areas, physicians and 
nurses tend to be concentrated in acute care because 
of the abundance of universities with a medical faculty 
providing advanced acute care. Conversely, in remote 
regions, the reduced demand for care discourages the 
establishment of nursing homes, resulting in an uneven 
distribution of care across different areas. Therefore, 
supplementing the medical and care supply through 
long-term hospitalization and clinic beds is essential to 
address the uneven distribution of care.

Second, concerning the allocation of care resources, 
our study suggests that the MHLW may not be able 
to reduce the number of hospital beds as intended 
through the enhancement of nursing homes alone, 
especially in middle-density regions, except for in 
typical urban areas or remote regions. Therefore, con-
structing numerous nursing homes in such regions 
may not be highly effective for reducing hospital beds. 
Moreover, from the urban planning perspective, mid-
dle-density regionality areas are of concern with regard 
to urban sprawl. Consequently, the location of nursing 
homes in such areas should be monitored carefully to 
ensure the efficient provision of care, reduction of hos-
pital beds, and prevention of overdevelopment.
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