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Abstract

Objective: In Japan, each prefecture formulates a “Medical Care Plan” according to the basic policies established by the national government; however,
this has led to inter-prefectural disparities and concerns about unequal access to medical care. In Japan’s super-aged society, demand has increased
for home-healthcare and aseptic preparation services provided by community pharmacies. This study aimed to analyze the current situation in each
prefecture using NDB Open Data and identify disparities between the actual number of service provisions and the estimated demand, thereby supporting
the development of regional healthcare systems to meet the rising need for home-healthcare and aseptic preparation services.Methods: The number of
service provisions was determined using NDB Open Data, and the demand for each service was estimated based on population and medical-expenditure
data. Gini coefficients were calculated to evaluate the regional disparities. Results: Gini coefficients for the provision of home-healthcare and aseptic
preparation services per estimated unit demand were 0.3052 and 0.2882, respectively, indicating substantial disparities across prefectures.

Conclusion: This study revealed notable inter-prefectural disparities in the provision of advanced pharmacy services when evaluated based on estimated
demand. These findings provide evidence that can inform policy measures aimed at reducing disparities to advanced pharmacy services.
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INTRODUCTION

Japan’s healthcare environment is undergoing rapid changes
owing to factors such as population aging and advances
in medical technology. To respond to these changes, each
prefecture formulates a “Medical Care Plan” according to the
basic policies established by the national government=3. The
plan is designed to establish a healthcare system that meets
each prefecture’s needs. Consequently, the content of the
plan varies across prefectures, and it has been pointed out
that such variations may lead to inter-prefectural disparities
in access to healthcare services*®.

One of the targets of the Sustainable Development Goals is
universal health coverage,” aiming to ensure that all citizens
can access appropriate healthcare services without financial
hardship. In Japan, a universal health-insurance system has
been established®® and enrollment in public health-insurance
programs is required for all citizens; therefore, everyone can
receive medical services by paying only a portion of the total cost.
This scheme was based on the premise of no regional disparities
in healthcare access.

InJapan’s super-aged society, regional medical-care visits have led
to efforts to optimize the number of hospital beds. Consequently,
it is expected that the number of patients discharged from
hospitals will increase, and more patients will receive medical care
at home!®, This shift would lead to increased demand for home-
healthcare services provided by community pharmacies. The
number of patients discharged to home healthcare who continue
to receive injectable medications is expected to increase. This
trend likely resulted in increased demand for aseptic preparation
services provided by community pharmacies. To meet these
needs, it is essential to promptly establish a healthcare-provision
system in which community pharmacies providing advanced
services are appropriately distributed within communities and
capable of delivering the necessary services.

We focused on community pharmacies providing advanced
services; specifically, those providing home-healthcare services
and aseptic preparation services. We analyzed the geographical
distribution of these pharmacies and found that they were
unevenly distributed among the population®2. This disparity was
based on the per capita number of community pharmacies rather
than actual medical demand. To accurately assess the current
situation, it is necessary to evaluate the actual provision volume
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relative to the demand volume. Although accurately calculating
the volume of medical demand is difficult, estimation formulas
based on factors such as age-specific disease incidence rates
are used. For instance, the Japan Medical Association has
presented estimation formulas for medical and long-term care
demand based on expenses by age groups®®, which are used
to evaluate the regional distribution of physicians. Hara et al.
applied medical-demand estimates based on these estimation
formulas®.

Several studies have utilized NDB Open Data to evaluate
the provision volumes of various services by community
pharmacies in Japan®>*¢, NDB Open Data is a publicly available
medical database published by the Ministry of Health, Labour
and Welfare, and contains aggregated data on all medical
services conducted under the universal health-insurance
system. This dataset includes information on the number of
home-healthcare services and aseptic preparation services
provided.

In this study, to support the development of a regional
healthcare system that can meet the growing demand for
home-healthcare services and aseptic preparation services,
we first analyzed the current situation in each prefecture and
identified disparities in the actual number of services provided
relative to the estimated demand volume.

METHODS
Dataset

Universal health insurance has been established in Japan. All
pharmacy services based on prescriptions from physicians are
covered under this insurance system, referred to as “insurance
dispensing.” To provide insurance-dispensing services,
pharmacies must be registered as “insurance pharmacies” by
the Bureau of Health and Welfare. Community pharmacies in
Japan offer home-healthcare services and aseptic preparation
services. To receive fees for these services, pharmacies must
register with the Bureau of Health and Welfare. In this study,
a pharmacy registered to provide home-healthcare services
and aseptic preparation services was defined as a “community
pharmacy providing home-healthcare services and aseptic
preparation services.” Data on community pharmacies were
obtained in February 2023 by downloading the “List of Medical
Institutions Receiving Notifications” published on each Regional
Bureau of Health and Welfare website (the eight regional block
offices of Hokkaido, Tohoku, Kanto-Shinetsu, Tokai-Hokuriku,
Kinki, Chugoku-Shikoku, Shikoku, and Kyushu).

The number of claims for home-healthcare services, aseptic
preparation services, and medication-preparation and
community-based support fees were extracted from the 9th
NDB Open Data (based on Japanese claims data from 2022).
In accordance with privacy policies, values lower than 10
cases were disclosed in the NDB Open Data. In this study,
such missing values were treated as zero. The number of

prescriptions for FY2022 was obtained from data published on
the Japan Pharmaceutical Association website. Population data
were sourced from the “2023 Basic Resident Register” available
on the e-Stat website (https://www.e-stat.go.jp/) maintained
by the National Statistics Center of Japan, a comprehensive
government statistics portal. National medical expenses and
healthcare benefits for FY2022 were available on the e-Stat
website.

Estimation of medical, long-term care, and aseptic preparation
demand

Medical demand was calculated as the sum of the products of
the population size in each age group and the corresponding
age-specific coefficient. The coefficient for each age group
was derived as the ratio of the total medical expenses for that
age group to the total medical expenses for the age group
40-64 years, which was set as the reference value of 1 (Table
1A)1, Similarly, the demand for long-term care and aseptic
preparation services was calculated by applying age-specific
coefficients derived from the expenses for the respective
service fees (Tables 1B and 1C). Following the established
approach,3'*the 40—64 age group was selected as the reference
because it is generally considered a relatively stable population
before the significant increase in healthcare needs observed in
older groups. Furthermore, since eligibility for long-term care
insurance in Japan begins at age 40, this group may serve as a
consistent baseline for evaluating demand. These expenditure-
based indicators were used as pragmatic proxies for demand,
as they are thought to reflect variations in disease burden and
the utilization intensity of services in accordance with these
estimation formulas®>*4,

Gini coefficient

The Gini coefficient, commonly used as an indicator of income
inequality, has been widely applied to assess disparities in
the distribution of healthcare resources. We used the Gini
coefficient to evaluate disparities in various services provided
by community pharmacies across prefectures. The per capita
Gini coefficients and estimated demand were calculated as
previously described®2.

The bootstrap method was used to assess the reliability
of the Gini coefficients?®. From the original dataset
with n observations, n bootstrap samples were drawn with
replacement. A Gini coefficient was calculated for each
resample and this procedure was repeated X times, yielding
a distribution of bootstrap estimates. We conducted 1000
bootstrap replications, based on previous studies®?. All data
processing and statistical analyses were performed using the R
Studio statistical software (version 2024.12.1+563).

Ethical considerations

Ethical approval was waived for this study because it involved
database-related observations, with no research participants
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Table 1. Adjustment coefficients for each demand by age group based on each expenditure

(A) Medical demand

Age group (years)

Total medical expenditure per capita (thousand yen)

Adjustment coefficient

0-14 124.031 0.67
15-39 86.82 0.47
40-64 186.651 1

65-74 417.783 2.24
275 751.382 4.03

(B) Long-term care demand

Age group (years)

Expense for long-term care services per capita (thousand yen)

Adjustment coefficient

40-64 5.043 1
65-74 52.829 10.48
275 526.842 104.46

(C) Aseptic preparation demand

Age group (years)

Expense for aseptic preparation services per capita (yen)

Adjustment coefficient

0-14 0.499 2.7
15-39 0.0942 0.51
40-64 0.186 1
65-74 0.384 2.07
275 0.557 3.01

directly involved. All results were obtained based on openly
available website data.

RESULTS
Number of pharmacies and provisions of service by prefecture

In 2022, 61 122 insurance community pharmacies operated in
Japan. Amongthese, 23 287 (38.1 %) provided home-healthcare
services and 4857 (7.9 %) provided aseptic preparation services
(Table S1).

Figure 1 shows the relative number of pharmacies or
provisions of service per unit demand for each prefecture. All
values are normalized, with the median prefecture set to 100.
Specifically, the indicators include the number of pharmacies
or prescriptions per unit medical demand; the number of
pharmacies providing home-healthcare services or the number
of provisions of home-healthcare service per long-term
care unit demand; and the number of pharmacies providing
aseptic preparation services or number of provisions of aseptic
preparation service per unit demand for aseptic preparation.

The results revealed that inter-prefectural disparities were
greater for the number of service provisions per unit demand
than for the number of pharmacies per unit demand. In
addition, the disparities in home-healthcare service and
aseptic preparation service provisions per unit demand were
significantly larger than those observed in the number of
prescriptions per unit medical demand.

Gini coefficient for pharmacy services

We analyzed inter-prefectural disparities in the number of
pharmacies and service provisions using the Gini coefficient,
a commonly used measure of inequality. The Gini coefficient
for the number of pharmacies per unit medical demand was
0.0553. The coefficients were higher for pharmacies providing
advanced services: 0.1370 for those providing home-healthcare
services per long-term care unit demand and 0.1800 for those
providing aseptic preparation services per unit demand for
aseptic preparation, indicating greater disparities in the
availability of these services (Table 2).

Furthermore, the Gini coefficients for the number of service
provisions were even higher: 0.3052 for home-healthcare
services per long-term care unit demand and 0.2882 for aseptic
preparation services per unit demand for aseptic preparation.
These values were substantially higher than the corresponding
Gini coefficients for the number of pharmacies providing each
service (Table 2). This finding is consistent with results based
on relative-value, as shown in Figure 1.

DISCUSSION

In this study, we examined regional disparities in the number
of pharmacies providing advanced services and actual
provisions of these services, adjusted for the estimated service
demand. Evaluating service access based on demand rather
than population size allows for a more accurate assessment
of disparities and supply-demand mismatches that may be
overlooked in population-based evaluations. This demand-
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Figure 1. Comparison of the number of pharmacies (A—C) and provisions of services (D—F) per unit demand.The y-axis is the
relative number of pharmacies or provisions of service per unit demand for each prefecture. All values are normalized, with
the median prefecture set to 100.The prefectures are arranged in descending order along the x-axis based on their relative

values. (A, D) medical demand; (B, E) long-term care demand; (C, F) aseptic preparation demand.

Table 2. Gini coefficient for the number of pharmacies or service provisions.

(A) Number of community pharmacies per capita

Gini coefficient

95% ClI

Community pharmacies 0.0537 0.0411:0.0675
Community pharmacies providing home-healthcare services 0.1075 0.0813:0.1404
Community pharmacies providing aseptic preparation services 0.1852 0.1466:0.2252

(B) Number of community pharmacies per unit demand

Gini coefficient

95% ClI

Community pharmacies

0.0553

0.0453:0.0714

Community pharmacies providing home-healthcare services 0.137 0.1130:0.1756
Community pharmacies providing aseptic preparation services 0.18 0.1381:0.2206
(C) Number of service provisions per capita Gini coefficient 95% CI

Dispensing and pharmaceutical care services (number of prescriptions) 0.0505 0.0425:0.0631
Home-healthcare services 0.259 0.2015:0.3193
Aseptic preparation services 0.2716 0.2184:0.3436
(D) Number of service provisions per unit demand Gini coefficient 95% ClI

Dispensing and pharmaceutical care services (number of prescriptions) 0.0611 0.0466:0.0781
Home-healthcare services 0.3052 0.2575:0.3700
Aseptic preparation services 0.2882 0.2354:0.3575
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adjusted approach enables more effective policy planning
and resource allocation. Our findings revealed notable inter-
prefectural disparities in the number of pharmacies providing
home-healthcare services and aseptic preparation services,
with even greater disparities observed in service provision
rates.

The Gini coefficients for the number of pharmacies providing
home-healthcare services and aseptic preparation services
per unit demand were 0.1370 and 0.1800, respectively. In
contrast, the Gini coefficients for the actual provisions of these
services per unit demand were substantially higher, at 0.3052
and 0.2882, respectively. Generally, a Gini coefficient exceeding
around 0.3 indicates a high inequality level. In Japan, the
geographic distribution of physicians is known to be uneven;
for example, the Gini coefficients for physician-to-population
ratios at the municipal and secondary medical-care area levels
have been reported as 0.34 and 0.21, respectively?’. This study
is the first to demonstrate significant regional disparities in the
provision of home-healthcare services and aseptic preparation
services at pharmacies, even after adjusting for the estimated
service demand. Although the number of home-healthcare
services provided by pharmacists has been increasing annually,
previous studies have noted regional differences in their
provision?. Notably, comparable trends in regional disparities
were observed in both per capita and per unit demand
evaluations (Table 2). This consistency may indicate that the
observed inequalities are relatively stable across different
denominators and are unlikely to be solely dependent on
the specific parameters of the demand estimation model. By
conductingademand-based evaluation, our study substantiates
and quantitatively confirms these disparities.

Compared with the Gini coefficients for the number of
pharmacies and number of prescriptions per unit medical
demand, those for home-healthcare services and aseptic
preparation services were significantly higher. These findings
suggest that, under current conditions, prescription dispensing
at pharmacies exhibits minimal inter-prefectural disparities
when standardized by demand - indicating adequate
pharmacy supply relative to population and a demand-driven
limitation. While pharmacies providing basic services such as
outpatient dispensing have become more evenly distributed,
the diffusion of advanced services tends to lag because of
factors such as higher costs, operational complexity, and limited
visibility of benefits. This pattern aligns with the diffusion of
innovations theory?3. Currently, the expansion of pharmacies
providing home-healthcare services and aseptic preparation
services appears to be in the “Introduction” phase of this
diffusion process. However, because the benefits of these
services are not always visible to patients or stakeholders,
increasing their visibility may help accelerate broader adoption.

Interestingly, disparities in the actual provision of services
were greater than those in the number of pharmacies. What
factors might explain this gap? For example, in China, although
community care facilities have been developed, their utilization

remains limited because of factors such as supply-demand
mismatches, economic and cultural barriers, service-quality
concerns, and lack of public awareness.?* A similar pattern is
observed in Japan, where the number of aseptic preparation
services at pharmacies is increasing but the services remain
concentrated in a limited number of pharmacies®®. Simply
increasing the number of pharmacies is insufficient; enhancing
service provision within existing pharmacies —that is, providing
a wider range of services per pharmacy — is crucial. Technical
and financial barriers to providing aseptic preparation
services have been previously reported. To address these
challenges, initiatives such as training programs organized
by local pharmaceutical associations are critical. However,
the availability of such programs varies across regions, likely
contributing to the observed regional disparities?®?’. Developing
standardized training programs across prefectures could help
reduce these gaps. Furthermore, targeted financial support for
underserved or resource-limited regions may represent another
potential strategy to mitigate these inequities. Additionally,
workforce planning for community pharmacies could benefit
from incorporating demand-adjusted indicators—such as
age structure or projected home-care needs—rather than
relying solely on population size or the number of pharmacies.
Integrating these metrics could better align service capacity
with actual population needs and potentially reduce regional
disparities. Another potential issue is insufficient awareness
of home-healthcare services and aseptic preparation services
at community pharmacies among residents and healthcare
providers. Promoting broader awareness could be a critical
strategy to reduce regional disparities in service provision.

Limitations

This study estimated the demand for medical and long-
term care and aseptic preparation based on publicly insured
healthcare expenditures. While actual demand should ideally
be measured using patient numbers and case severity, such
detailed data are generally unavailable at prefecture level. The
indicators used in this study were calculated from reimbursed
unit costs and the number of service claims. Because unit
costs reflect service complexity and claim counts approximate
service volume, these indicators are considered to reasonably
reflect patient needs. Therefore, despite these limitations, we
believe they provide a valid proxy for healthcare demand.

Another limitation concerns the use of NDB Open Data, which
suppresses data for cells with fewer than 10 cases. Notably,
such suppression occurred only for aseptic preparation
services, which were examined across five categories in 47
prefectures (235 cells in total), of which 20 cells (8.5%) were
suppressed. These suppressed cells were distributed across
18 prefectures, with no prefecture having more than three
suppressed cells, and no apparent geographic clustering was
observed. In our primary evaluation, these suppressed values
were treated as zero, which inevitably introduces some degree
of error. To assess the potential impact of this assumption, we
calculated the Gini coefficient under two scenarios: assuming all
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suppressed cells contained 0 cases and assuming all contained
9 cases. The resulting difference in the Gini coefficient was
approximately 0.7 %. Specifically, the Gini coefficient for aseptic
preparation services only varied from 0.2882 (assuming zero)
to 0.2862 (assuming nine). This marginal difference suggests
that the choice of handling suppressed data does not alter the
fundamental finding of substantial regional disparity, thereby
supporting the robustness of our results. Consequently,
we consider that while this data suppression represents a
limitation, its influence on our overall findings is likely minimal

this study revealed significant inter-prefectural disparities.

As the demand for home-healthcare services and aseptic
preparation services continues to grow, pharmacies must
play a greater role in supporting community health through
the provision of high-quality services. Regional disparities

in healthcare resources have been shown to affect health
outcomes in other fields—for instance, studies have reported
that an uneven distribution of cancer specialists among
prefectures can influence cancer mortality rates?®. Similarly,
disparities in the availability of advanced pharmacy services
may contribute to health inequities. Our findings highlight the

CONCLUSION

By evaluating both the number and provisions of advanced
pharmacy services based on demand rather than population,

need to address such disparities, and we hope that this study
contributes to efforts to promote more equitable healthcare

delivery across prefectures.
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