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Abstract: The sustainable management of public hospitals is usually threatened by long-period operating
deficit, especially during the pandemic of COVID-19. This study aims at quantitatively decomposing the
historical changes in the annual operating costs of public hospitals in Japan to identify the main driving forces
responsible for a worsening imbalance between operating costs and income over the past two decades. A
dataset of the annual operating costs of public hospitals in Japan is compiled, in which influencing factors are
redefined to make the data amenable to the application of a decomposition method referred to as the
Logarithmic Mean Divisia Index (LMDI). Using the LMDI method, the contribution of each influencing factor
to the changes in public hospital operating costs was quantitatively determined. The results indicate an overall
positive effect arising out of the national reform of public hospitals that aimed to reduce the operating costs of
these institutions, but the rapid increase in the prices of medicines in recent years made a major contribution
to the increasing operating costs. The pandemic reveals a damage on public hospitals’ financial balance but the
city-wide lockdown offset part of the increased medical expense. Both long-term and short-term pricing
policies are required for the sustainable management of public hospitals.

Keywords: factor decomposition; operating costs; hospital management; COVID-19; Japan

1. Introduction

A high quality and cost effective healthcare service is a critical target in the management of
public hospitals, which represent the largest portion of total health spending in most countries.
Especially during the COVID-19 pandemic, people falling sick in large numbers resulted in patients
being rushed to public hospitals, immediately causing overcapacity problems with serious resource
and economic costs as a consequence 2. To increase the cost effectiveness of public hospitals, the
national governments formulated and implemented various reform plans such as developing an
hierarchical medical system, incorporating public hospitals, introducing private capital and more
efficient management systems, introducing a prospective payment system, implementing public
reporting for price transparency, and even allowing market competition in a bid to suppress
operating costs >%. Although various analysis tools, such as data envelope analysis, regression models,
and time series analysis, have been applied to evaluate the improvements in efficiency at public
hospitals after institutional reform, the results are variable and not intuitional enough to identify the
key influencing factors that significantly affect the operating effectiveness of these institutions >%12.

Japan’s public hospitals generally succeeded in supporting a higher quality healthcare service
with lower operating costs compared to other developed countries, but they were still facing the
problem of long-term financial deficits, which in turn became an additional risk factor in the national
fiscal crisis *. As Japan turns into an ageing society with a falling population, an increasing number
of hospitals are facing the risks attendant on a continuously worsening financial balance brought
about by an inverted population pyramid, making these hospitals vulnerable to bankruptcy in the
face of socioeconomic crises or pandemic diseases. As shown in Figure 1, from 1996 to the present,

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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the ratio of annual income to operating costs of public hospitals in Japan was always below 100%.
Even though it jumped to above 92% from 2008 and remained stable for 4 years, during the other
periods there was a consistent decreasing trend that remains a critical issue threatening the financial
system, particularly the worst result was recorded during the pandemic of COVID-19. Despite the
fact that most public hospitals carrying a deficit can continue to function for a long time due to the
financial support from the government, they must implement an action plan to improve the financial
balance. Meanwhile, the government has revised its guideline on hospital management to cut the
amount of subsidies given to the medical system.
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Figure 1. Total operating costs and income of public hospitals in Japan during 1996-2021.

To suppress the financial deficit ratios, in 2007, the Japanese government formulated a guideline
for the institutional reform of public hospitals and a new updated guideline was issued in 2015. The
former reform plan emphasized setting numerical targets with the aim of increasing operating
efficiency, restructuring and networking public hospitals including adjusting the number of doctors
and beds, and resetting the operational status of public hospitals such as by privatization. In contrast,
the updated 2015 reform plan emphasized flexibly setting targets to improve operating efficiency
considering the quality of the healthcare service, identifying the role of public hospitals in local
healthcare initiatives, adjusting hospital taxation that takes into account the actual bed occupancy
rate, and strengthening financial support to restructure and network public hospitals, among other
initiatives '*. According to the statistical reports on the operational status of public hospitals, both the
annual operating costs and income per hospital began to increase after the introduction of the 2007
reform plan, where the driving forces for this trend appear to be the cost of salaries and other
incidental costs, as shown in Figure 2 '°. However, this result cannot explain how the internal and
external factors had an influence on the changes in operating costs. Without a quantitative analysis
to identify the driving forces from various influencing factors, it is difficult for the government and
hospitals to formulate specific action plans to counter the expanding financial deficit.
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Figure 2. Average operating costs and income of a public hospital in Japan.

Many previous studies tried to quantitatively identify the driving forces which may significantly
push a hospital into either a surplus or deficit, but generally the research results are so inconsistent
that a definitive conclusion cannot be reached (Table 1). For example, Taniguchi, et al. ' applied risk
factor analysis to hospitals in a management status survey during the 1990s. They identified the
number of outpatients, salary costs, material costs and medical material costs as the main factors
influencing whether a hospital had a surplus of funds. Similarly, Shimomura and Kubo 7 compared
the cost structure of 57 hospitals that made a surplus and 44 hospitals that made a loss by regression
analysis using financial statement data obtained from the National Hospital Organization. The study
indicates that medical material costs, salary costs, insurance assessment, equipment-related costs,
depreciation costs, etc., are much higher in the group of hospitals that made a loss than in the
profitable hospital group. However, Ishikawa '8 applied a multiple linear regression analysis to cost
structure changes of 569 public hospitals before/after public hospital reform. The analysis revealed
that outpatients and average stay in hospital have positive effects on hospital management, while the
effects from material costs and salary costs on hospital deficit were not significant. Furthermore,
Ishibashi '? also applied a multiple regression analysis to 726 municipal public hospitals in the reform
plan years 2008 and 2013. He found that factors such as money transferred from other accounts,
inpatient unit price, average daily number of inpatients, and outpatient unit price have a positive
effect on hospital profit, while factors such as interest on revenue bonds, retirement payments,
depreciation costs, and asset shrinkage have a negative effect. Other factors, such as average daily
number of outpatients, average inpatient days, and average salary of regular staff do not significantly
affect the income-expenditure balance. In other cases, a multiple regression analysis performed by
Otsubo and Imanaka 2 indicates that outpatient number and inpatient unit price have a positive effect
on hospital profit while salary costs do not have a significant effect. Meanwhile, cluster analysis by
Kawaguchi 2! confirmed again that salary costs and the proportion of material costs to hospital profit
are the main factors having a negative influence on hospital profit. The reasons why the results are
inconsistent may be attributed to the following. First, the variables chosen in previous studies are not
unified. Some decomposed the costs into more items while some considered fewer, so that the
variables are not unified either in total or on average. Second, the interaction between variables is
complex with both synergies and trade-offs. For example, longer inpatient stays may generate more
profit but decrease the total number of inpatients hospitalized. Third, the degree to which variables
have an influence may change considerably during the period of public hospital reform in response
to the government’s guideline.

Table 1. Representative studies focusing on correlation analysis regarding public hospital’s deficit
status.
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Studies A?j:)}llsls Identified key influencing factors
Ishikawa, Multivariate Number of outpatients and average stay duration of inpatients
2019 regression contribute to operating profit, material cost and salary cost contribute to
analysis operating deficit
Ishibashi, Multivariate ~ Charge income from inpatients, number of inpatients per day, and
2016 regression charge income from outpatients contribute to operating profit,
analysis retirement bonus and depreciation cost contribute to operating deficit
Shimomura . . .
. Insurance appraisal, salary cost, material cost, medical consumables cost,
and Kubo, t-test analysis . .
2011 equipment-related cost, depreciation cost, etc.
Otsubo and Multllv falr;ate Number of outpatients and charge income from outpatients per
Imanaka, rzzlie:si(?n person-day contribute to operating profit, depreciation cost contributes
2008 . to operating deficit
analysis
Kawaguchi, Cluster Ratio of salary cost and material cost to the total operating costs is the
2005 analysis main factor influencing operating efficiency

Taniguchi et Risk factor Salary cost, charge income from outpatients, material cost, depreciation
al., 2004 analysis cost, etc.

Although the correlation analysis referred to above can identify the main influencing factors and
their relative influencing intensity on a hospital’s deficit, too many variables make it difficult to
ascertain which variables interact with each other, while at the same time it cannot easily identify
which factors act as the forces driving the operating costs of public hospitals. Beyond these
approaches, decomposition methods, such as Logarithmic Mean Divisia Index (LMDI), make it
possible to extract the driving forces from various internal and external factors to an aggregate
indicator, if the indicator is defined as the product of such factors. Since the LMDI method can
completely decompose the changes of an overall indicator into the contributions of influencing
factors, it has become a commonly used decomposition method which is often applied to analyzing
the driving forces behind carbon emissions and energy consumption of a city, region, country, or
sector. For instance, in terms of energy consumption, it is usually decomposed into the contributions
from population, income, energy mix, and energy intensity ****. In terms of carbon emissions, the
indicator is usually decomposed into the contributions from economic growth, industrial structure,
energy mix, energy intensity, and emission factor ***. In terms of the transportation sector’s carbon
emissions and energy consumption, it is usually decomposed into the contributions from population,
income, traffic activity intensity, modal shift, each mode’s carbon emission factor/energy intensity
242930 The LMDI method is also applied to other fields in decomposition studies, but as the authors
knew, this method had never formerly been used for analyzing changes in a hospital’s overall
financial performance. Compared to regression analysis, the LMDI method may mask some of the
complex interactions between influencing factors, but can immediately reveal the structural changes
between influencing factors before and after institutional reform, and during the pandemic of
COVID-19.

This study aims at quantitatively decomposing the historical changes in the annual operating
costs of public hospitals in Japan to identify the main forces responsible for driving the worsening
imbalance between operating costs and income over the preceding two decades. This will not only
provide further evidence that can be used to evaluate the effectiveness of the recent institutional
reform of the public healthcare system, but also provide an overarching perspective of the impacts
arising out of the socio-economic changes to the operation of public hospitals that will in turn support
further policy making. In addition, as this is the first time the LMDI method has been applied to the
field of healthcare, this study also provides a reference for the academic community to broaden the
scope of research in this area.
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The rest of this paper is organized as follows: Section 2 describes the process of data collection
and model development, Section 3 summarizes the decomposition results on operation costs of
public hospitals along with some discussion, Section 4 presents the main findings from the study and
their policy implications.

2. Model development

2.1. Definition of indicators

Regarding the calculation process employed in decomposition by the LMDI method, Ang 3!
supported a practical guideline, while the data preparation and model development for applying the
LMDI method refers back to several previous studies in the field of energy consumption and carbon
emissions, as mentioned before. The basic preparation for LMDI decomposition is to establish an
aggregate formula of the influencing factors contributing to the changes in the aggregate indicator.
In this study, the aggregate is the total operating costs of public hospitals in Japan, and the influencing
factors are defined as summarized in the Table 2:

Table 2. The aggregate and influencing factors defined in this study.

Item Definition
Ct Average total operating costs of one public hospital in Japan in year ¢ (JPY)
Pop* Population of Japan in year t (person)
In* Annual income per capita in year ¢ (JPY/person)
Nt Consultation rate by annual income in the year ¢ (times/JPY)
Rt Coverage of one public hospital in terms of total annual medical consultations in year ¢
(%)
Visit duration for a single consultation to a public hospital including inpatients and
Tt outpatients in year t (days/time), here a single consultation of an outpatient is counted
as a one-day stay in a public hospital
Cst Type i operating cost for one patient during his/her one-day stay in a public hospital in

' year t (JPY/day)

Accordingly, the operating cost of one public hospital can be aggregated as the following
equation (1):
Ct=Y,Cl =Y,Pop' xIn* x N* xR x T x Cs! (1)
Here, population is a kind of total indicator, while average income, consultation rate, and visit
duration for a single consultation are the factors influencing the level of demand for medical
consultations, the coverage of public hospitals for medical consultations means the service level of
public hospitals, and each term of operating cost points to the management cost of public hospitals
in providing medical consultations for the public.

2.2. Decomposition by LMDI method

According to the definition of the aggregate indicator and influencing factors mentioned above,
the annual changes in the indicator (operating cost) can be calculated as the sum of the contribution
of each influencing factor, as the following equation (2):

AC = ACpyy + ACy, + ACy + ACk + ACT + ACc 2)

Table 3. The contribution from each influencing factor to the total operating cost.

Item Definition

AC Annual changes in total operating cost of one public hospital (JPY)
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6
ACrop Annual contribution from population changes in Japan to the operating cost of one
public hospital (JPY)
AC, Annual contribution from income level changes to the operating cost of one public
" hospital (JPY)
AC, Annual contribution from consultation rate changes to the operating cost of one public
hospital (JPY)
4Ac, Annual contribution from the changes in patient visit duration to the operating cost of
one public hospital (JPY)
AC,, Annual contribution from the structural changes and cost-efficiency management level

to the operating cost of one public hospital (JPY)

Next, the annual contribution of each influencing factor can be calculated by the following
equation (3)-(8):

ACpop; =0, if Popf x Pop{=0
popt
pop = LiAlpopi = Pop,i — i i»4p)n 0_
AC Y. AC AC Y L(CL, CO)In 222 3)

Pop?

Jif Pop! X Pop? # 0
ACpn; =0, if IntxInd=0
{ In,i i i
It
ACin = 548G = { 4G = TiL(CE €0 In () @
if Int x Ind # 0
(ACy; =0, if N{xN’=0
N{
ACy = Y ACy; = { ACy,; = ¥ L(CF,C%) In (N—> 5)
if NEFX N2 #0
(ACr; =0, if R!XR)=0
Rt
ACR = Zl'ACR,i = ACR,i = ZiL(Cit, Cio) ln (R_g> (6)
Lif REXR? #0
(ACr; =0, if T!xT2=0
Tt
ACT = ZiACT,i =4 ACT,i = Zi L(Cit, Cio) ll’l (T_l()> (7)
Lif TEXTY #0
ACcs; =0, if CstxCs)=0
( Cs,i i i
Cs
ACee = 54 ACes; = | ACcs; = T L(CF, 0 n (55) ®

l
\if CstxCs) #0
where, L(a,b) = (a — b)/(Ina — Inb)
The index decomposition calculation is general to any situation if the aggregate can be defined
as the product of all the influencing factors.

2.3. Data preparation

To apply LMDI decomposition to the operating costs defined as above, part of the necessary
data is obtained from statistics reports while the other parts are estimated from reliable statistics from
other sources. In this study, the population and income data are obtained from the national annual
statistics of Japan, while the overall indicators, such as consultation times of inpatients and
outpatients, are obtained from the Survey of Medical Institutions issued by the Ministry of Health,
Labour and Welfare 32, and the data on public hospitals are obtained from the Yearbook of Local
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Public Enterprises published by the Ministry of Internal Affairs and Communications . As
summarized in the Table 4, the data of influencing factors defined in this study are prepared from
the relevant statistical data.

Table 4. Data preparation for LMDI decomposition from the corresponding statistical report.

Statistics Mark Influencing factors Formula
Population O Population @®
Number of public hospitals @ Annual income per capita 3/
+
Annual income ®) Consultation rate by annual income (®+ /)&
(@+6)/(©+D)
Number of outpatients per @ Coverage of one public hospital in @+ / @
day in public hospitals terms of yearly medical consultations ®+®D
Number of inpatients per Visit duration for a single consultation +®

©

at a public hospital including
inpatients and outpatients

® +©/©

day in public hospitals

Material cost for one patient during
his/her one-day stay in a public @/(® + (9)
hospital

Number of outpatients per ®
day in all hospitals

Medicine cost for one patient during

Nugf; irnoilllrl}}:(?;;eirt:lssper @ his/her one-day stay in a public @/(® + ()
hospital
Annual gross number of Salary cost for one patient during
outpatients in public his/her one-day stay in a public @/(® + ()
hospitals hospital
Annual gross number of Depreciation cost for one patient
inpatients in public ©  during his/her one-day stay in a public @/(® + (9)
hospitals hospital
Average visit duration of Otber costs for one pa’Fient duri‘ng
inpatients in all hospitals his/her one-day s.tay ina public B®+O)
hospital
Material costs ()
Medicine costs @
Salary costs @
Depreciation costs
Other costs @®

3. Results and discussion

3.1. Historical changes in influencing factors

According to the model development mentioned above, the operating costs of a public hospital
were decomposed into the product of several influencing factors, as shown in Table 5. First, it is clear
that the population of Japan continued to increase to reach 128.1 million by 2010 but then began to
decrease from that point on. In contrast, annual income per capita showed an overall decreasing trend
up until 2009 but then began to increase after that. Second, the consultation rate by annual income
per capita revealed an amazing 32% decrease from 1996 to 2021. This may be attributable to the
continuous improvement in public health and the effects arising out of the implementation of an
hierarchical medical system. This trend was also reflected in the changes in the coverage of one public
hospital as a proportion of total medical consultations, where the coverage peaked in 2000 then began
to decrease to some extent. In addition, the visit duration for a single medical consultation to a public
hospital revealed an increase from 2000 that may also be caused by the hierarchical medical system
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where public hospitals were more focused on treating critical patients. From these factors, after 2000,
the public hospital system became more concentrated on a regional scale and also became more
effective in the area of critical medical care compared to other hospitals.

However, the various costs per one patient during his/her one-day stay in a public hospital
showed a continuous increase in recent years, in particular, the salary cost doubled during the period
from 1996-2021. Although the depreciation cost and other costs were not the largest contributors to
the total operating cost, the rate of increase remained the same as that for salary cost. These changes
may be caused by the reform of public hospitals whereby they became more focused on dealing with
critical patients who need higher-level medical treatment. Interestingly, only the medicine cost
initially kept decreasing until 2009 then began to increase so that it finally reached the same level in
2019 that it was in 1996. During this period Japan made several adjustments to the medicine price
system, but clearly the exchange rate for the JPY was always a critical factor influencing the price of
medicines. In fact, the changes in medicine price were in a converse relationship to the variations in
the exchange rate of the JPY to the USD from 1996-2019. According to the Trade Statistics of Japan
issued by the Ministry of Finance, Japan’s importation of medicines had surpassed exports for
decades, particularly after the COVID-19 pandemic *. In 2021, the value of Japan’s imported
medicines reached 31 billion USD, which is 5 times the export value. In another words, the medicine
price seems to play an external role by affecting changes in the total operating cost of Japan’s public
hospitals.
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Table 5. Historical changes of factors influencing a public hospital’s operating cost.

199 199 199 199 200 200 200
Based on one public hospital Year 6 7 8 90 1 2 2003200420052006200720082009201020112012201320142015201620172018201920202021

125.126.126.126.126.127.127.127. 127.127. 127. 128. 128. 128. 128. 127. 127. 127. 127. 127. 127. 126. 126. 126. 126. 125.

Population milion ) 5 7 9357 88 9010186421009 7615
Annual income per capita million JPY/capita 3.373.353.273.253.343.223.19 3.24 3.30 3.31 3.35 3.35 3.10 3.00 3.09 3.05 3.06 3.18 3.25 3.41 3.40 3.48 3.50 3.50 3.32 3.51
Consultation rate by annual income . pat%erllt- 1.431.421.451.451.421.471.431.371311291241201251281241241241.181.151.09 1.08 1.06 1.05 1.03 1.01 0.98
times/million JPY
. ot . . 0.020.020.020.020.020.020.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Coverage of one public hospital in terms of yearly medical consultations %

33 4444333 3222222222222 2211
Visit duration for a single consultation at a public hospital includi
it duration for asingle consultation at a public hospital including daysftime  1501.501.491491491.48151153 154 155 156 156 157 157 1.58 1.58 1.57 157 157 157 1,57 1.58 1.58 1.58 1.58 1.5
inpatients and outpatients

175 180 187 192 194 198 213
Material cost for one patient during his/her one-day stay in a public hospital ~ JPY/patient-day 98 0 6 0 1 2 2247229324262449242025272603252925832617275627852874290730403096319034763712

4 352 25 304 288 2
Medicine cost for one patient during his/her one-day stay in a public hospital JPY/patient-day 32 32 328 305 33 28 282751268827442746282728062831284529192939302430303315331833813522382941224139
891 925 940 943 941 947 9841002102510551095114511991232124312761308133313851430149415251563160918981869
2 49 66 9413 9 6 1 2 6 2 915 9 4107 6 13

Depreciation cost for one pat“’“;g:;;’ﬁ his/her one-day stay inapublic oy, o day og5 10 107 L6 I 110127 1 1473156016481734173017351751 1785186922842368246825172571 260328942790

Salary cost for one patient during his/her one-day stay in a public hospital ~ JPY/patient-day

7 8 8 0 5 2

264 275 283 292 305 317 340
Other costs for one patient during his/her one-day stay in a public hospital ~ JPY/patient-day > 7 8 8 3 5 9 364639064190452250275397552957295809596462756367 6434648466586815705772627173
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3.2. Contribution of influencing factors based on decomposition results

The decomposition results on the annual contribution of influencing factors are summarized in Figure 3. In general,
the net changes in operating cost at one public hospital consistently showed an increasing trend from 1996, but the
increase declined during the period 1996-2006, but then suddenly increased again from then on. From the
decomposition of each influencing factor, it is obvious that the cost for a patient during a stay in hospital made the
greatest contribution to the increase in total operating cost of one public hospital. This contribution includes 2 types of
effects: one was from the overall increase in each branch of operating cost, and the other was because of a worsening
cost structure in which the branch with the larger proportion of the total (salary cost) increased faster than the other
branches with a smaller proportion. Annually, the rising cost contributed around 45 million JPY to the total operating
cost.

In contrast, the contribution from the changing consultation rate by annual income generally remained negative so
that it fell annually by around 30 million JPY as a proportion of total operating cost. However, obviously, this reduction
was largely offset by the contribution from the changes in annual income per capita. During the entire period, visit
duration for a single consultation continued to contribute around 10 million JPY annually to the total operating cost.
Additionally, the coverage of one public hospital as a proportion of total yearly medical consultations contributed to
some reduction in total operating cost before 2010, but stopped after that. The smallest contribution came from the
changing population in Japan, so this contribution can be ignored in the short-and-medium-term analysis. Notably, the
pandemic of COVID-19 beginning from the year 2020 revealed a significant shock on public hospitals’ financial balance,
where the average cost for treating a patient immediately spouted but this increase was substantially offset by
unemployment and lockdown (less patients went to the hospitals). Comparing the contributions among all influencing
factors, it can be concluded that the increasing cost level and worsening cost structure was the main force driving the
long-term increase in total operating cost in a public hospital, while the other influencing factors are almost all yearly
variables that affected total operating cost in a single fiscal year.

Figure 3. Decomposition results of various factors influencing the total operating cost in a public hospital.

3.3. Discussion
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1. (1) Impact from the institutional integration of public hospitals

A broad institutional reconfiguration of public hospitals in Japan arose out of the national systemic reform of public
hospitals in 2007. As shown in Figure 4, the number of public hospitals in Japan reached a peak of 1000 hospitals in
2002, with this number rapidly decreasing to 753 hospitals in 2021. Even though during these two decades, annually
around 5 new hospitals were established, around 15 public hospitals were disestablished, incorporated, restructured,
or assigned to private owners. Particularly, the institutional reform of public hospitals in 2007 redefined the importance
of public hospitals to support regional medical systems in cooperation with private hospitals and clinics. Public
hospitals with serious human resource shortages were downgraded to regional clinics while some others with financial
problems were transferred into local incorporated administrative agencies that enabled them to source their own funds
to allow ongoing operation. Due to the budget constraints on public hospitals during the COVID-19 pandemic, this
trend in unlikely to change.
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Figure 4. Changes in the number of public hospitals in Japan (Details of the change in 2021 are currently not recorded in
the statistics).

The institutional reform of public hospitals had significant effects on the service level and management of public
hospitals in Japan. As summarized in Figure 5, one public hospital used to perform on an annual basis 0.024% of the
total number of medical consultations for all hospitals in 2000, but the coverage began to decrease during the period of
institutional reform of public hospitals. This was not only caused by the decrease in the number of public hospitals, but
also their increased focus on caring for critical patients, indicated by the continuous increase in the average charge
income for one patient during a consultation. From 1996 to 2021, the charge income level increased by 87.6%, which is
a positive outcome and evidence that shows the success of the institutional reforms. Notably, in the beginning of
COVID-19 pandemic in 2020, the coverage of a public hospital recorded the lowest rate because public hospitals became
locations of cluster infection that many patients tried to avoid going to, or cannot go to public hospitals due to the city-
wide lockdown and temporary regulation for public hospitals. In contrast, other local and private hospitals can function
more normally than public hospitals.
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Figure 5. Changes in service proportion of a public hospital and charge income per capita.

2. (2) Impact of a decreasing population and an ageing society

From 2010, Japan’'s population began to decline with the advent of the super-ageing society. Will this trend have
an impact on the total operating cost of public hospitals? According to the decomposition result shown in Figure 6, the
impact is interesting. Although overall the increase in income level made a negative contribution to the decrease in
operating cost, the contribution from consultation rate by income always offset the former. It can be concluded that
people increasingly went to hospitals less frequently in last two decades, perhaps as a result of a continuous
improvement in public health. In general, income level seems to be an intermediate indicator, which may not have an
obvious effect on the operating cost level. The situation in the year 2020 was an exception that both unemployment and
lockdown happened to dramatically influence on the operation cost of a public hospital.
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Figure 6. Contribution of income level and consultation frequency to the operating cost of a public hospital.

3. (3) Operating cost level changes compared with charge income level

Both in terms of the overall socioeconomic situation and demand-side changes, the decomposition results indicate
a positive trend in reducing the total operating cost in a public hospital, while the operating cost level increase was
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found to be the main force driving the increase in total operating cost. Over the last two decades, what happened to the
level of operating cost? As can be seen from Table 5, salary cost represents around half of the total operating cost and
has maintained a rapid and consistent increase in the preceding decades. However, by comparing the change rate of
various costs to the charge income per person-day (Figure 7), it can be seen that the changes in charge income level are
closely correlated with the increases in salary cost. In addition, material cost, depreciation cost, and other incidental
costs were also generally following the same path of annual changes as charge income. The only mismatch was with
the medicine cost, which apparently increased more slowly than the charge income level before 2010, but gradually
increased more rapidly than the latter from that point on. As already mentioned, this may be caused by the monetary
easing policy and the devaluation of the JPY from the year 2010. Notably, due to the pandemic of COVID-19, salary cost
and material cost immediately increased while medicine cost decelerated its path of increase. It is not clear why the
depreciation cost suddenly increased in year 2014, but generally it was suppressed from making a contribution to the
increase in total operating cost.
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Figure 7. Relative change rate of various costs for a patient during a one-day stay in a public hospital against the change
rate of average charge income.

4. Conclusions

The increase in operating costs against charge income is a critical problem for the financial management of public
hospitals in Japan. To quantitatively identify the forces driving the increase in operating costs in recent decades, this
study conducted a complete decomposition analysis of public hospital’s operating costs using the LMDI method with
a corresponding definition of the influencing factors based on statistical data covering the period 1996-2021. The results
indicate that the continuously increasing level of various operating costs and a worsening cost structure played key
roles in increasing the total operating costs rather than the charge income. In particular, the continuous rise of medicine
cost caused by monetary easing and currency devaluation was a danger signal for public hospitals’ financial status.
However, the results also affirmed the positive effect of the institutional reform on the public hospital system in recent
decades, through which the hierarchical medical system of public hospitals became more focused on caring for critical
patients, which increased the efficiency of operating costs to charge income. The pandemic of COVID-19 revealed a
short-term shock on public hospital’s financial balance in the beginning year, but the situation seems to return to normal
later. Therefore, in summary, the continuous rise of medicine cost, which was not well reflected in the level of medical
charges, was the main reason for the long-term operating deficit of public hospitals in Japan.

Learning from these findings, policy makers should pay more attention to medicine cost management during
medical treatment. It may be difficult to reduce the amount of medicine prescribed due to the focus on critical patients,
but increasing the proportion of domestic medicine production can contribute partially to stabilizing the variations in
material and medicine prices arising from external factors. As experienced during the COVID-19 pandemic, the prices
of masks and disinfectant increased immediately to become several times higher than they were before, which had a
major impact on the financial balance of public hospitals during that time. Short-term subsidies can fill part of the gap
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between a hospital’s income and costs but cannot essentially solve the long-term imbalance between these factors. With
the ongoing institutional reform of public hospitals, a strategic national plan on building a stable medicine supply chain
is also indispensable.
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