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*Work force needs were estimated from estimated bed needs for acute
and chronic care.

*Physicians are deficient in northern rural area.

*Nurses are deficient in large cities.

» Centralization of medical technology was quantitatively

assessed from procedure volume and local
contribution of hospitals, showing the existence of
large regional difference.

It was shown that spatial allocation of health resources
needs to be arranged considering differences in
travelling behavior of patients by health care needs.

Estimation of health resource needs from disease
structure and case-mix unit data showed necessity of
reduction of acute care beds to less than half of
current general beds and substantial medical work
force deficiency in some area of Japan.
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Conclusion

» We have shown the feasibility of visualizing regional
needs and supply of healthcare services and
estimating regional health resources to be allocated,
using the case-mix data of Japan,
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Introduction

Understanding of hospital cost is crucial to achieve an ideal
balance between the assurance and improvement of patient safety
and quality, and efficient use of finite resources. From the view-
points of both the government and individual hospitals, interest in

Abstract

Objectives Understanding of hospital cost is crucial to achieve an ideal balance between
the assurance and improvement of patient safety and quality, and efficient use of finite
resources. However, neither a standardized calculation methodology nor a large-scale
database of costs in acute-care hospitals exists in Japan. This study aims to develop a
standardized methodology, construct a nationwide cost database in Japan, analyse the
characteristics of the database and examine the relationship between the cost and the charge
from the viewpoint of an appropriate reflection of the cost to the price.

Method We designed the costing framework, gathered the data for patients discharged
from 139 acute-care hospitals in Japan between July 2004 and October 2004 and con-
structed a database containing information on 284 730 patients. The characteristics of the
database and the relationship between the cost and the charge were investigated.

Results In the nationwide database we constructed, a wide range in the average cost per
hospitalization and average cost per diem was observed. A wide variation of cost compo-
nents was seen across major diagnostic categories. Moreover, there was a high correlation
between the cost and the charge (Correlation coefficient = 0.94).

Conclusions After designing a costing framework, a nationwide database comprised of
individual case-level costs with components for acute-care hospitals in Japan was success-
fully developed. We hope this study contributes to appropriate decision making and helps
motivate further research geared towards efficient hospital management and a rational
payment system in Japan,

standardized cost calculation has increased [1,2]. In the govern-
ment perspective, standard cost calculation represents essential
evidence in the process of health care policy making, such as the
planning of the reimbursement system, estimation of financial
resources required for health care services and decision making
based on economic evaluation. For example, previous research

626 © 2009 The Authors. Journal compilation © 2009 Biackwell Publishing Ltd, Journal of Evaluation in Clinical Practice 15 (2009) 626-633
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discussed the need for payments for appropriate care to reflect the
necessary costs [3,4]. Examining this issue from a government
viewpoint is especially relevant in Japan, where the government
sets a uniform medical service fee under the universal health care
system.

Also, at the individual hospital level, standard cost calculation
is necessary for business management, such as preparation and
control of the budget, evaluation of cost and performance, estab-
lishment of the management master plan, information for negotia-
tion of fund procurement and reference data for benchmarking.
The importance of each hospital’s management skill is increasing,
because hospital managers need to assess the cost that can be
controlled in the context of expanding medical expenditure that
is occurring in many developed countries [5-7]. Therefore, exam-
ining cost data from an individual hospital-level viewpoint is
important.

While there are previous studies [8—11] regarding cost calcula-
tion in Japan, it is difficult to apply their findings to government
policy making and hospital management. Caveats to interpretation
of the majority of these studies are that they explored only limited
cost coverage (as personnel costs, which accounted for the largest
portion of the total cost were not included), or limited diagno-
ses, or limited hospital departments. Furthermore, the previous
research investigated the costs of only a few participant hospitals.
Another limitation is that, because the data to calculate cost is not
collected routinely, standardized methodology for calculating cost
in Japan did not exist.

Recently in Japan, standardization of the health care service at
the patient level has been facilitated by a new, case-mix, patient
classification system. Some research utilizing this new classifica-
tion system has analysed the health care service in Japan [11,12].
In April 2003, a prospective payment system based on this new
case-mix classification was introduced into the Japanese reim-
bursement system for hospital inpatients [13,14]. Titled the Diag-
nosis Procedure Combination (DPC), the new reimbursement
system was integrated into 82 specialized function hospitals (80
university hospitals, the National Cancer Center and the National
Cardiovascular Center). Currently, 360 hospitals receive medical
fee reimbursements through the system.

Under these circumstances, it has become increasingly impor-
tant and feasible to assess standardized cost information and
analyse its characteristics in Japan. Despite these needs, neither a
standardized cost calculation methodology nor a large-scale inpa-
tient cost database is available to generate such information.
Therefore, the goals of this study are to develop a standardized
methodology, construct a nationwide uniform cost database at
the inpatient level that covers a wide range of diseases in Japan,
analyse the characteristics of the database and examine the
relationship between cost and charge from the viewpoint of an
appropriate reflection of the cost to the price.

Materials and methods

Data collected

In this study, we gathered cost data about institutions playing
a leading role in providing acute-care medicine and patients
from 138 hospitals (including 20 national university hospitals,
29 private university hospitals and 89 non-university hospitals)

© 2009 The Authors. Journal compilation © 2003 Blackwell Publishing Ltd
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throughout Japan in 2004. The data obtained about institutions
included, but was not limited to, financial data, the number of beds,
staff assignment, floor space and number of patients. Claim data
and discharge summary data on patients included information
on all patients discharged between July 2004 and October 2004
from 139 hospitals (21 national university hospitals, 29 private
university hospitals and 89 non-university hospitals). Claim data
was charge data based on the nationally uniform fee-for-service
system, rather than the prospective payment system. For the
model, it was assumed that the exchange rate was 110 Japanese
yen (JPY) per US dollar.

This study was performed as part of a Japanese case-mix
classification project. In the present study, each patient had any
DPC code (14 digits), which consists of disease category [the
first 6 digits, compatible with the International Classification
of Diseases (ICD), tenth edition], major surgical procedure
(2 digits: from the ninth to the tenth digit), other 2 minor
procedures (2 digits, from the eleventh to the twelfth digit),
the existence of co-morbid and/or complication conditions
(1 digit: the thirteenth digit) and other complementary informa-
tion (3 digits). Moreover, the first two digits of the discase cat-
egory code are compatible with the major diagnostic category
(MDC) (Table 1). In 2004, the Japanese payment system that is
based on the DPC codes had about 2500 classifications, consist-
ing of 16 MDCs and 591 disease categories. Only the patients
whose DPC code was registered in =5 cases were included in
our database of 284 730 patients.

Cost calculation and construction of database

The standard costing framework for the database was designed
to generate the following information: (i) Processing of contents
of the standardized claims data (based on the nationally uniform

Table 1 Major diagnostic categories of Diagnosis Procedure

Combination (DPC)

01
02
03
04
05
06

Diseases and Disorders of the Nervous System

Diseases and Disorders of the Eye

Diseases and Disorders of the Ear, Nose, Mouth and Throat

Diseases and Disorders of the Respiratory System

Diseases and Disorders of the Circulatory System

Diseases and Disorders of the Digestive and Hepatobiliary System
and Pancreas

Diseases and Disorders of the Musculoskeletal System and
Connective Tissues

Diseases and Disorders of the Skin and Subcutaneous Tissue

Diseases and Disorders of the Breast

Endocrine, Nutritional and Metabolic Diseases and Disorders

Diseases and Disorders of the Kidney, Urinary Tract and Male
Reproductive System

Diseases and Disorders of the Female Reproductive System

Diseases and Disorders of the Blood and Blood-Forming Organs
and Immunological Disorders

Newborns and Other Neonates with Conditions Originating in the
Perinatal Period

Diseases and Disorders of Childhood not covered by other MDCs

Diseases and Disorders (Injuries, Burns, Toxicosis and Others) not
covered by other MDCs

07

08
09
10
1

12
13

14

15
16

627
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fee-for-service reimbursement schedule) for direct attribution of
medications and materials; (ii) Detailed subdivisions for allocation
of each service cost by activity indicators or substitutes; and (iii)
Individual case-level costs with components characterized by the
two parameters of cost sources and service functions. Figure 1
illustrates the flow in our cost calculation process. Direct medical
care costs (e.g. medications and materials) that can be charged
directly to patients are differentiated from indirect medical care
costs (e.g. staff salaries and other expenses) that cannot be charged
directly to patients. While the former are charged directly to
patients, the latter are allocated by the measurement of activity
indicators or substitutes.

To calculate patient cost, we utilized a 7-step algorithm (Fig. 2).
Step 1 involved establishing cost items (such as salary cost, mate-
rial cost, overhead and depreciation) based on cost items included
in profit-and-loss statements. According to whether or not the cost
items could be directly charged to the patients, the model contin-
ued at an appropriate step in the algorithm. If the cost item could
be directly charged to patients, the model continued at step 5. On
the other hand, if the cost item could not be directly charged to
patients, the model continued at step 2.

In step 2, we established the cost units, consisting of direct and
indirect departments. Direct departments (such as wards, radiol-
ogy and specialized medical departments) were involved directly
in diagnosis and/or care of patients. Indirect departments (such
as medical administration, accounting and medical records

K. Hayashida et al.

management) were not directly involved in diagnosis and/or care
of patients.

In step 3, the cost of each department was calculated on the
basis of the cost item and the proper allocation. For example,
the salary cost within each department was calculated based on
departmental activity. Costs of materials were calculated based
on dispensing of materials. Other costs were calculated based on
appropriate allocated parameters, such as staff assignment, floor
space and the number of patients.

Step 4 was department cost accounting, which was similar
to that performed in step 3. In step 4, however, all department costs
were summarized into only the direct department cost, on the basis
of appropriate allocated parameters, such as the number of beds,
staff assignment, floor space and the number of patients.

Step 5 involved assessment of only the cost items (i.e. medicines
and medical materials) that could be directly charged to the
patient. Data on most of these directly charged items could be
extracted from claim data in the Japanese payment system. In our
model, we charged the cost of medicines and medical materials
directly to each patient.

Step 6 involved allocation of department cost to each patient,
based on the activity indicators or substitutes, such as weighted
intensity of the procedure and length of stay in a hospital.

Step 7 involved cost calculation at the patient level. The sum of
the cost that could be directly charged to patients and the cost that
was allocated from the department cost was determined.

(Cost that can be
charged directly to
patients)

Material cost and

(Cost that cannot be charged directly to patients)

Material cost and

Clerical

’ i Nurse”
other costs that D°C|t°r S Comadioa sua;?ys worker's other costs that Other expenses
Cost item can be charged saiary staff's salary salary cannot be charged
directly to patient directly to patien
Indirect & f ¢ \I;
department oo Indirect department

4

Central
clinical
facilities

Service divisions
(Direct departments)

Allocation to each

service division

Patients

Figure 1 Flow-sheet for calculation of costs of medical care.

628

245

© 2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd



K. Hayashida et al. Nationwide cost database of Japanese hospitals

{Department cost accounting »

€8s sen0e0000000000000000000000 0000000000000 e
.

1. Establish cost items 2. Establish cost unit

A

3. Cost calculation of
department (service division)

\ 4

4. Allocate the cost of an indirect
department to a direct department

.
ess0s00s0t0000e0ss0snnansne

.
260000 s0000000s0sccnssporscsrsrserssensnenns

5. Directly charge to patients 6. Allocate to patients

[m=————— Y e e e e e o = = v s o Ve o - an - 3

Figure2 Steps to calculate costs to | 7. Calculate the cost of to an individual inpatient
inpatients. e m e d m e mmrcr e, rr e e, e e e, - ———— -

costs of materials for inpatients with MDCOS5 (diseases/disorders
of the circulatory system) and MDC13 (diseases/disorders of the
Cost was analysed by using aggregated data derived from DPC blood and blood-forming organs and immunological disorders)
code, disease category with/without surgical procedure and MDC. comprised a large portion of the total cost, in comparison with costs
First, the variation (minimum, maximum and quartile) in the of materials for inpatients with other MDCs. For example, the costs
average cost per hospitalization and the average cost per diem was of materials for inpatients with MDCOS who underwent surgical
measured across DPC codes (14 digits). Next, the five most costly treatment represented 52% of the total costs for these patients. Also,
and least costly disease categories in terms of the average cost per the cost per hospitalization with a surgical procedure was higher

Analysis of cost data

hospitalization and the average cost per diem were determined. than for non-surgical inpatients, except for inpatients with MDCO08
Third, the variation of cost components across MDCs was exam- (diseases and disorders of the skin and subcutaneous tissue). The
ined. Lastly, from the viewpoint of appropriate pricing, we inves- cost per diem for inpatients with any MDC who underwent a
tigated the relationship between the cost and the corresponding surgical procedure was higher than for non-surgical inpatients with
charge based on the nationally uniform fee-for-service system. any MDC. The differences in hospitalization costs for surgical
All statistical analyses were performed using SPSS 15.0J for - versus non-surgical cases tended to be larger than the ratios of costs
Windows. per diem for surgical versus non-surgical cases.

Moreover, the cost of materials in hospitalizations involving
surgery and the percentage of the cost of materials as a component
of total cost were higher than for non-surgical inpatients with
A large-scale cost database containing data on 284 730 patients almost all MDCs. In contrast, the cost of materials was more
and individual patient case-level costs with components was expensive and the cost of materials represented a higher proportion
successfully constructed. A wide range of average costs per hos- of total cost in non-surgical inpatients with MDCO08, MDCO09
pitalization, from $820 to $65 737 (first quartile: $4373; median: (diseases/disorders of the breast), MDCI11 (diseases/disorders
$7163; third quartile: $12 712) was observed across DPC codes of the kidney, urinary tract and male reproductive system) and
(14 digits). Also, average costs per diem varied from $300 to MDCI12 (diseases/disorders of the female reproductive system)
$2475 (first quartile: $437; median: $491; third quartile: $565) compared with the cost of materials in surgical inpatients with the
across DPC codes (14 digits). Table 2 compares the five most same MDCs.

Results

expensive and least expensive disease categories between surgical Figure 3 is a scatter-plot that illustrates the relationship between
and non-surgical inpatients in terms of the average cost per hos- the average cost and the average charge per hospitalization, in
pitalization and per diem. terms of disease categories of surgical (A) and non-surgical cases

Table 3 shows the average cost of each cost source, the total cost (CJ). A high correlation (correlation coefficient = 0.94) between
per hospitalization and the total cost per diem across MDCs. The the cost and the charge was observed. For example, the charge for

© 2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd 629
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Figure 3 Relationship between average charge and average cost per hospitalization for surgical and non-surgical treatment of different disease

categories (equal and more than 20 cases registered).

surgical cases tended to cover the cost. On the other hand, the cost
for non-surgical cases in a variety of disease categories frequently
tended to be higher than the charge.

Discussion

Prior to this study, no nationwide database of hospital costs was
available in Japan. This study outlines the successful development
of a standardized, large-scale database comprised of individual
case-level costs with components and explores the costs of hospi-
talizations across DPCs and MDCs. A wide range of average cost
per hospitalization and average cost per diem was observed across
DPCs (14 digits) in Japan. The highest cost was from eight to nine
times greater than the lowest cost. Also, the five most expensive
and least expensive disease categories in terms of the average
cost per hospitalization and the average cost per diem differed.
Moreover, cost components varied across MDCs. Particularly,
in MDCO5 (diseases/disorders of the circulatory system) cases
involving surgical treatment, the costs of materials amounted to
52% of the total cost. This finding may represent one reason why
previous studies have noted disparities in the prices of cardiovas-
cular medical devices [15-17] in Japan and the US. Furthermore,
our database demonstrated a high correlation between the charge
and the cost of hospitalization in Japan, especially for surgical
inpatients. As obvious disparities exist between the cost and
charge for the treatment of some disease categories, there certainly
remains room for improvement in bridging this gap. On the other
hand, we also recognize that the necessity of the financial incentive
to expedite the broader adoption of highly cost-effective proce-
dures over cost—charge disparity reduction.

When interpreting the results of this study, there are some limi-
tations that should be noted. First, we used the simple length of
hospital stay without considering the nursing intensity as a basis
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for cost allocation. In Japan, although a study regarding this issue
is in progress, currently there are no standardized weighted mea-
sures. After standardized weighted measures are established in the
future, we will introduce these measures into our cost calculation
system. Second, consumable supplies and materials could not be
charged directly to each patient in the database, because almost
none of the hospitals used bar codes to manage distribution of
consumable supplies. The cost of consumables, however, had an
insignificant effect on patient cost, because the cost of consum-
ables represented only a small part of the total hospital cost. Lastly,
when we examined the relationship between the cost and the
charge, two unpaired patients were present in the large patient
sample studied. As we used the average value extracted from
the large database, and there was little difference in financial data
between the two patients originally, the inclusion of data on these
two patients had an insignificant effect on the overall results.
One of the strengths of the present study is the simplicity of
calculation of standardized patient cost per diem, without requir-
ing use of an advanced information technology system. The sim-
plicity of our cost calculation methodology makes it routinely
feasible, and therefore allows us to cover a wide range of cost
items, diagnoses and hospital departments from a large number of
participant hospitals. Furthermore, the Japanese payment system
is based on a nationally uniform fee-for-service reimbursement
schedule. In the Japanese payment system, information about
timing, specific procedures performed and specific materials
utilized can be obtained through standardized data on medical
claims. Therefore, it is possible to charge most medications and
materials cost to the corresponding patient directly and to allocate
other service costs by measuring activity indicators or substitutes
in our calculation. Another strength of our study is that the meth-
odology utilized and the database developed is valuable tools for
policy making. For example, our examination of the relationship
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between the cost and the charge can serve as a basis for discussion
of cost-based pricing.

Conclusions

As it is increasingly important and feasible to assess standardized
cost information, a nationwide database comprised of individual
case-level costs with components was developed for acute-care
hospitals in Japan, and the characteristics of the database were
analysed. For example, a high correlation between the average cost
of hospitalization of surgical patients and the charge was observed.

The successful development of this database can lead to further
in-depth analyses in Japan. For example, it is possible to analyse
the time series (e.g. daily) variation in costs and examine the
difference in costs across varying hospital ownerships. Also, the
database can facilitate comparison between hospital costs and
revenue, which represents useful information for hospital manag-
ers. Moreover, the cost information in this large-scale database is
essential in performing important economic evaluations, such as
comparing the cost and the performance or outcome of a medical
intervention.

We hope that this study contributes to appropriate decision
making and helps motivate further research geared towards
efficient hospital management and a rational payment system in
Japan.

Acknowledgements

The authors are grateful to the hospitals that participated in the
research. This study was supported in part by Health Sciences
Research Grants from the Ministry of Health, Labor and Welfare,
Japan.

References

1. Lewis, M. A, La Forgia, G. M. & Sulvetta, M. B. (1996) Measuring
public hospital costs: empirical evidence from the Dominican repub-
lic. Social Science and Medicine, 43, 221-234.

2. Conteh, L. & Walker, D. (2004) Cost and unit cost calculations using
step-down accounting. Health Policy and Planning, 19, 127-135.

3, Scanlon, W. ]. (2006) The future of medicare hospital payment. Health
Affairs, 25, 70-80.

© 2009 The Authors. Journal compilation © 2009 Blackwell Publishing Ltd

250

10.

12.

13.

14,

15.

Nationwide cost database of Japanese hospitals

. Hayashida, K. & Imanaka, Y. (2005) Inequity in the price of physician

activity across surgical procedures. Health Policy, 74, 24-38.

. Garattini, L., Giuliani, G. & Pagano, E. (1999) A model for calculating

costs of hospital wards: an Italian experience. Journal of Munagement
in Medicine, 13, 71-82.

. Madorran Garcia, C. & de Val Pardo, 1. (2004) Strategies and perfor-

mance in hospitals. Health Policy, 67, 1-13.

. Cardinaels, E., Roodhooft, F. & van Herck, G. (2004) Drivers of cost

system development in hospitals: results of a survey. Health Policy,
69, 239-252.

. lijima, S., Fukuda, T., Kobayasi, Y. & Tamura, Y. (2003) [Resource

utilization of gastric cancer patients aggregated item-by-item and
comparison of the medical costs with the reimbursement level and
length of hospital stay] (Shinryou Koui Betsu Genka Keisan ni Moto-
zuku T Gan Syourei no Genka Sansyutsu to Zaiin Nissyuu/Shinryou
Housyuu to no Hikaku). Nippon Koshu Eisei Zasshi, 50, 314-324.
[in Japanese].

. Tanaka, K., Sato, J., Guo, J., Takada, A. & Yoshihara, H. (2004) Cost

accounting by diagnosis in a Japanese university hospital. Journal of
Medical Systems, 28, 437-445.

Tanaka, K., Sato, 1., Guo, J., Takada, A. & Yoshihara, H. (2004) A
simulation model of hospital management based on cost accounting
analysis according to disease. Journal of Medical Systems, 28, 689~
710.

. Muranaga, F.,, Kumamoto, I. & Uto, Y. (2007) Development of hos-

pital data warehouse for cost analysis of DPC based on medical costs.
Methods of Information in Medicine, 46, 679-685.

Fushimi, K., Hashimoto, H., Imanaka, Y., Kuwabara, K., Horiguchi,
H., Ishikawa, K. B. & Matsuda, S. (2007) Functional mapping
of hospitals by diagnosis-dominant case-mix analysis. BMC health
Services Research, 7, 50,

Matsuda, S. (2005) [Effect of DPC based payment and its future}
(Houkatsu Iryou Dounyuu no Kouka Oyobi Kongo no Tenkai). Nippon
Geka Gakkai Zasshi, 106, 633—636. [in Japanese}.

Okamura, S., Kobayashi, R. & Sakamaki, T. (2005) Case-mix
payment in Japanese medical care. Health Policy, 74, 282-286.
Yasunaga, H., Ide, H. & Imamura, T. (2007) Current disparities in
the prices of medical materials between Japan and the United States:
further investigation of cardiovascular medical devices. Journal of
Cardiology, 49, 77-81.

. Ide, H., Yasunaga, H., Imamura, T. & Ohe, K. (2007) Price differences

between Japan and the US for medical materials and how to reduce
them. Health Policy, 82, 7T1-77.

. Yasunaga, H., Ide, H., Imamura, T. & Ohe, K. (2007) Price disparity of

percutaneous coronary intervention devices in Japan and the United
States in 2006. Circulation Journal, 71, 1128-1130.

633






