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Abstract

This paper uses two nationally representative sets of medical claims data from medical

assistance and universal public health insurance systems to examine how medical assis-

tance system assignment affects short-term inpatient health care provision. In Japan, the

medical assistance system, which is part of a public assistance system, provides medical

care services for its beneficiaries without imposing any financial burdens, such as copay-

ments or advance premium payments. These circumstances can lead to inpatient costs, as

physicians may provide more treatments because there is a financial incentive. Because the

assignment of public assistance in Japan is not random but is subject to means testing by

the local government, I employ the instrumental variable model to control the potential corre-

lation. I find that medical expenditure is significantly higher for medical assistance patients

than for universal public health insurance patients, with an arc elasticity of approximately

0.20. This elasticity is slightly greater than that found for inpatient care in the randomized

RAND Health Insurance Experiment and recent empirical studies on low-income popula-

tions. In addition, the elasticities for patients who receive medication, treatment and surgery

are greater.

Introduction

Welfare systems guarantee a minimum standard of living and provide independence for those

who are destitute based on their level of need. In general, the level of welfare supplied is subject

to means testing, and the eligible beneficiaries are typically provided with income security,

employment support, and medical and long-term care financed by taxation. Health care ser-

vices in particular are important in enabling individuals to maintain and improve their health

status, quality of life, and life expectancy. As evidence for this statement, Currie et al. [1], Tra-

vis [2], Baker and Royalty [3], Choi [4], Gross and Notowidigdo [5], Finkelstein et al. [6], and

Chandra et al. [7] find that Medicaid and other health insurance schemes in the US have con-

tributed to improvements in access to health care services, health status, and quality of life for

low-income populations.

In Japan, the medical assistance (MA) system, which is part of a public assistance (PA) sys-

tem, provides medical care services for its beneficiaries without any financial burden for them,
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and Kumagai [8] and Hayashi [9] find that the MA system has contributed to maintaining and

improving the health of the Japanese PA beneficiaries. Specifically, Kumagai [8] examines the

MA system efficiency using prefectural data and finds that income transfers from the central

government to local governments have contributed to improving the health status of beneficia-

ries. Hayashi [9] examines the effects of medical factors on transfer deficits in the PA system

using municipal government data. The findings indicate that the central grants effectively

accommodate changes in local needs. However, Hayashi [9] notes that the number of benefi-

ciary households and factors related to mental illness among the recipients cause a transfer def-

icit toward the top of the conditional quantile, which compromises regional equity in

financing medical care for MA beneficiaries.

The Japanese government is currently considering drastic changes in health care reim-

bursement for MA beneficiaries because medical care expenses for PA beneficiaries have rep-

resented the greatest share of PA expenses since the 1950s, an average of 56.1 percent, which is

1.63 times greater than the average of livelihood assistance expenses. This expansion in MA

expenses has been detrimental to the fiscal situation of local governments, which bear one-

quarter of the medical costs. One possible major reason for this expansion is that MA patients

receive medical treatments at no cost to them; thus, The Government Revitalization Unit [10]

and The Fiscal System Council [11] proposed introducing copayments for MA patients and

mandating prescriptions of generic drugs. Because the former policy reform would be a partic-

ularly drastic environmental change for MA patients, it is necessary to strictly predict the pol-

icy effect on MA patients’ health and health care utilization. Although the behaviors of public

health insurance patients and medical suppliers increased medical expenditures in Japan [12–

19] due to ex post moral hazard and supplier-induced demand (SID), there are not yet any

studies or even fundamental empirical studies that investigate health care utilization by MA

patients.

In this paper, I use two nationally representative sets of claims data from the Japanese Min-

istry of Health, Labor and Welfare (MHLW) to compare short-term inpatient health care pro-

vision between MA and public health insurance (PHI) patients. The results provide extremely

important policy implications for Japanese health policy reform and the PA and MA systems

because this study provides the first empirical research on MA patients’ inpatient health care

utilization. The RAND Health Insurance Experiment (HIE) has already provided some helpful

insights into this issue; its findings indicate that the price elasticity for inpatient treatment is

0.17 [20–22]. However, there are no guarantees that this US result from the 1970s has external

validity because health care systems, medical technologies, and disease types in the US at that

time were quite different from those in other developing and other developed countries,

including Japan, at the present time. In addition, it is necessary to consider the specific socio-

economic characteristics of low-income patients [7], which are not considered in the RAND

HIE. Specifically, (i) low-income patients may simply be more price responsive because they

face tighter budget constraints; (ii) lower-income individuals may be less able to evaluate the

marginal benefit of their care than higher-income individuals and, as a result, may have a

higher propensity to reduce high-marginal-benefit care; and (iii) higher rates of chronic illness

among low-income populations could imply differential effects of cost-sharing in low-income

populations. More recently, Chandra et al. [7] used exogenous variation in the copayments

faced by low-income enrollees in the Massachusetts Commonwealth Care Program (MCCP)

to examine the impact of patient cost-sharing increases on health care utilization. They found

that the price elasticity with respect to hospital spending is estimated as –0.115, which is lower

than that of the randomized RAND HIE. However, this result does not necessarily have exter-

nal validity for the Japanese MA system because MA and other PA benefits are comprehen-

sively provided within the government’s budget. Moreover, there is at least an advantages of
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examining the Japanese system. Specifically, there is no regional heterogeneity in Japan like

that observed in the Medicaid system in the US. Specifically, MA patients can receive exactly

the same medical treatment as PHI patients, and physicians can receive the same revenue by

providing treatments to MA and PHI patients under the Japanese national fee schedule, inde-

pendent of the physician’s skill and experience.

In this study, I obtain two main findings. First, MA assignment increases medical expendi-

ture, with an arc elasticity ranging from 0.195 to 0.200. This elasticity is slightly greater than

that found for inpatient care in the RAND HIE, in the MCCP, and in recent Japanese studies

using only PHI patients. Second, elasticities for patients who receive medication and treatment

and operation are more elastic.

Materials and methods

Institutional background

The current Japanese PA system, which is one of the oldest social security programs in Japan,

has ensured that the Japanese people have the right to maintain a minimum standard of whole-

some and cultural living since 1950 [23]. The PA system comprehensively provides its benefi-

ciaries with income security, employment support, and medical and long-term care financed

by national and local taxes. The national government contributes 75 percent of the PA

expense, and local governments contribute the remaining 25 percent. The level of welfare sup-

plied is subject to means testing by the local prefectural and municipal governments, which

comprehensively consider the applicant’s assets, operating capacity, and family support. Gen-

erally, city inhabitants submit their PA applications to a municipal welfare office, and inhabi-

tants of towns or villages submit applications to a prefectural welfare office.

The MA system, which is part of the PA system, provides medical care services for its bene-

ficiaries but has several institutional differences from the universal PHI system. S1 Table sum-

marizes the differences between the MA and PHI systems in Japan. Although universal PHI

subscribers pay advance premiums, copayments and taxes to receive medical care, MA

patients receive exactly the same medical coverage as PHI patients without these financial bur-

dens; public funds fully finance the beneficiaries’ medical costs under the Japanese MA system.

These circumstances are likely to account for two major inefficiencies in health economics,

namely, excess utilization by the beneficiaries (ex post moral hazard) and excess medical care

provision by the medical suppliers (the physician agency problem), which could significantly

increase medical costs. Regarding inpatient treatment, the latter problem in particular may

lead to more costs, as physicians may provide more treatments because of the financial incen-

tive, known as SID, because they know that MA patients can receive treatments without any

need for copayment. The most extreme case occurred in Yamamoto Hospital in 2009. The hos-

pital director was arrested for medical billing fraud involving fictitious treatments, professional

negligence, and the involuntary manslaughter of several MA patients due to irrelevant and

unprofessional surgical operations. Another reason that MA expenses account for such a large

share of public expenses is that welfare recipients initially have a great need for health care. A

2012 survey by the MHLW reported that approximately 75 percent of households benefiting

from the Japanese PA system included aged (48.1%), injured or diseased (16.1%), or disabled

(11.1%) people. This patient structure itself may result in a significant increase in medical

expenditure for MA patients.

Data

I use two nationally representative sets of individual-level data for the period 2000–2010,

namely, the Fact-finding Survey on Medical Assistance (Iryo-Fujo Jittai Chosa) and the Survey of
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Medical Care Activities in Public Health Insurance (Syakai Iryo Shinryo-Koui Betsu Chosa). The

MHLW conducted these surveys to obtain basic information for system administration and to

provide claims data for the reimbursement of medical care costs for both MA and PHI

patients. Both are repeated cross-sectional surveys consisting of randomly selected claims data

assessed in June each year. The data in common include each patient’s gender, age, residential

prefecture, monthly medical expenditure, actual days of care, main classified illness according

to the International Statistical Classification of Disease and Related Health Problems (ICD-

10), duration of medical facility visits, and type of medical institution (hospital or clinic).

The sample used in this study consists of patients admitted to a medical institution for a

length of stay not exceeding 31 days in May each year because using repeated cross-sectional

data for a certain month in a year is not appropriate for analyses that track the course of a

patient’s disease.

In other words, these data are useful to estimate the correct effect of MA assignment on

inpatient health care provision in the short term because short-term hospitalization has a high

likelihood of representing a complete episode. In addition, the medical expenditure of the

patients in the sample is reimbursed through the fee-for-service payment scheme because

information on PHI patients participating in the prospective payment system was unavailable.

However, because claims data have some disadvantages, as do most discharge data, the results

of this study should be carefully interpreted. First, as with the data used in Chandra et al. [7],

Shigeoka [18], and Fukushima et al. [19], they include only limited individual characteristics,

such as age, gender, and place of residence. There are no records for education, income, and

health conditions in either survey, and admission health outcomes, such as rehospitalization

and death, are not included in the Fact-finding Survey on Medical Assistance. Second, they do

not include non-users, as with Shigeoka [18]. Therefore, the estimated parameters may be

lower than those that include non-users (healthy people) because non-users are generally

more price sensitive than health care consumers. However, Shigeoka’s [18] estimated price

elasticity based on repeated cross-sectional surveys is similar to that of another paper on the

same issue, Fukushima et al. [19], which uses panel data including patients and non-users.

Table 1 presents descriptive statistics for the sample and mean comparison tests. The sam-

ple consists of 18,693 MA and 280,827 PHI patients. The mean medical expenditure is 77,741

yen greater for MA than for PHI inpatients. In addition, MA patients are on average 10.1 years

older than PHI patients, but the proportion of MA female patients is 4.5 percent lower. More-

over, the proportions of MA patients with the following main illnesses are significantly higher

than those of PHI patients: mental and behavioral disorders (7.9 percentage points (pp)); dis-

eases of the circulatory system (6.5 pp); and endocrine, nutritional, and metabolic diseases

(4.8 pp). Conversely, the proportions of MA patients with the following main illnesses are sig-

nificantly lower than those of PHI patients: pregnancy, childbirth, and puerperium (8.4 pp);

diseases of the eye and adnexa (6.8 pp); and diseases of the genitourinary system (4.7 pp). The

number of hospital visits is also 42.1 pp higher for MA patients than for PHI patients.

Identification strategy

The basic model. To estimate the effect of MA assignment on medical expenditure, I

specify the following simple linear regression model:

Yit ¼ a0 þ aMAMAit þ xitαþ lþ tt þ uit; ð1Þ

where Yit is patient i’s medical expenditure adjusted to 2010 prices using the consumer price

index (CPI) in year t. MAit is a dummy variable representing assignment under the MA system

such that MAit = 1 if patient i is an MA patient and MAit = 0 if patient i is a PHI patient. In
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Table 1. Descriptive statistics.

Sample All patients MA patients PHI patients

Variables Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean

Differencec

Std. Err.

Dependent variable

Monthly medical expenditure (thousand yen in 2010 prices) 230.03 266.77 302.92 313.11 225.17 262.68 77.74��c 2.34

Independent variable

Medical assistance (= 1) 0.06 0.24 1.00 0.00 0.00 0.00

Gender (female = 1) 0.52 0.50 0.48 0.50 0.53 0.50 -0.05��c 0.00

Age a 53.71 25.64 63.16 18.42 53.08 25.92 10.09��c 0.14

Predominant diseases (ICD-10, large classifications) b

Certain infectious and parasitic diseases (= 1) 0.04 0.19 0.04 0.19 0.04 0.19 0.00 0.00

Neoplasms (= 1) 0.10 0.30 0.10 0.29 0.10 0.30 -0.01��c 0.00

Diseases of the blood and blood-forming organs and certain disorders involving the immune

mechanism (= 1)

0.00 0.06 0.00 0.07 0.00 0.06 0.00 0.00

Endocrine, nutritional and metabolic diseases (= 1) 0.04 0.19 0.08 0.28 0.03 0.18 0.05��c 0.00

Mental and behavioral disorders (= 1) 0.03 0.16 0.10 0.30 0.02 0.15 0.08��c 0.00

Diseases of the nervous system (= 1) 0.03 0.17 0.04 0.18 0.03 0.17 0.00��c 0.00

Diseases of the eye and adnexa (= 1) 0.10 0.30 0.04 0.19 0.11 0.31 -0.07��c 0.00

Diseases of the ear and mastoid process (= 1) 0.01 0.08 0.00 0.06 0.01 0.08 0.00��c 0.00

Diseases of the circulatory system (= 1) 0.13 0.34 0.20 0.40 0.13 0.34 0.07��c 0.00

Diseases of the respiratory system (= 1) 0.11 0.31 0.08 0.28 0.11 0.31 -0.02��c 0.00

Diseases of the digestive system (= 1) 0.09 0.29 0.10 0.30 0.09 0.29 0.01��c 0.00

Diseases of the skin and subcutaneous tissue (= 1) 0.01 0.08 0.01 0.08 0.01 0.08 0.00 0.00

Diseases of the musculoskeletal system and connective tissue (= 1) 0.04 0.21 0.06 0.24 0.04 0.20 0.02��c 0.00

Diseases of the genitourinary system (= 1) 0.09 0.28 0.04 0.20 0.09 0.29 -0.05��c 0.00

Pregnancy, childbirth and the puerperium (= 1) 0.08 0.28 0.01 0.08 0.09 0.29 -0.08��c 0.00

Certain conditions originating in the perinatal period (= 1) 0.01 0.12 0.00 0.04 0.01 0.12 -0.01��c 0.00

Congenital malformations, deformations and chromosomal abnormalities (= 1) 0.00 0.06 0.00 0.04 0.00 0.06 0.00��c 0.00

Symptoms, signs and abnormal clinical and laboratory findings, not elsewhere classified (= 1) 0.02 0.14 0.03 0.16 0.02 0.14 0.01��c 0.00

Injury, poisoning and certain other consequences of external causes (= 1) 0.06 0.24 0.08 0.27 0.06 0.24 0.02��c 0.00

Medical supplier’s characteristics

Hospital (= 1) 0.44 0.50 0.84 0.37 0.41 0.49 0.42��c 0.00

Regional Characteristics

ln (Private insurance prevalence)d 0.36 0.83 0.56 1.00 0.35 0.82 0.21��c 0.01

ln (Unemployment rate)e 1.52 0.23 1.58 0.23 1.52 0.23 0.06��c 0.00

ln (Physician density)f 2.27 0.19 2.30 0.22 2.27 0.19 0.03��c 0.00

ln (Nurse density)g 3.96 0.08 3.97 0.09 3.96 0.08 0.01��c 0.00

ln (Share of hospital beds of public hospital)h 3.23 0.37 3.17 0.33 3.24 0.37 -0.06��c 0.00

ln (Public assistance expenditure)i 2.90 0.58 3.19 0.53 2.88 0.57 0.31��c 0.00

Number of observations 299,520 18,693 280,827

a The age of patients aged 100 and over is set as 99 because of the original data specification. In the empirical analyses, the reference group is patients aged zero.
b In the empirical analyses, 119 middle-classified predominant diseases according to the ICD-10 are used, and the reference group is the disease described as “symptoms,

signs and abnormal clinical and laboratory findings, not classified elsewhere”.
c �� represents statistical significance at the 1percent level.
d Sourced from Life Insurance Fact Book, the Life Insurance Association of Japan.
e Sourced from Labour Force Survey, Statistics Bureau, the Ministry of Internal Affairs and Communications.
f Sourced from Survey of Physicians, Dentists and Pharmacists, the Ministry of Health, Labour, and Welfare.
g Sourced from Survey of Medical Institutions, the Ministry of Health, Labour, and Welfare.
h Sourced from Report on Public Health Administration and Services, the Ministry of Health, Labour, and Welfare.
i Source from Survey on Local Public Finance Conditions, the Ministry of Internal Affairs and Communications.

https://doi.org/10.1371/journal.pone.0204798.t001
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fact, although the copayment rate differs by age and income level among the PHI subscribers,

it cannot be correctly identified because of limited information on patients in claims data. The

parameter αMA represents the average treatment effect (ATE) and is significantly positive if a

physician provides an MA patient with more inpatient treatment than a comparable PHI

patient.

The vector xit consists of independent variables composed of patients’ and medical suppli-

ers’ characteristics. The patient characteristics include dummy variables for gender (female = 1),

age, and 113 types of main illnesses. The medical supplier characteristics include a hospital

dummy variable that captures differences in the number and quality of medical devices and

the difference in the number of medical staff in hospitals and clinics. Under the Japanese Med-

ical Care Act, the definition of a hospital is a medical institution with 20 or more hospital beds.

Therefore, some patients are hospitalized in a clinic, which is defined as a medical institution

with 19 or fewer hospital beds. The variables λ and τt represent local (prefectural) and yearly

fixed effects, respectively, and uit is an error term.

MA assignment and dummy endogenous variable models. A consistent ATE for αMA

can be obtained by using ordinary least squares (OLS) estimation when the exogenous

assumption for uit holds. However, PA assignment is not random but is subject to means test-

ing by local prefectural and municipal governments. In fact, Suzuki and Zhou [24] and Haya-

shi [25] find that municipality fiscal status and local socioeconomic conditions lead to

significant variations in the local public assistance ratio. In addition, as discussed previously,

approximately 75 percent of welfare recipients initially tend to have a great need for health

care, and the stigma associated with being a beneficiary may make low-income people hesitant

to apply to the PA system. However, the beneficiary may dare to receive low-intensity medical

care services to avoid stoppage of PA benefits due to health improvement. This evidence sug-

gests that there are a potentially positive and negative correlations between MAit and uit,
implying bias in the OLS estimators of Eq (1).

To control for this potential correlation, I employ a dummy endogenous variable model

[26, 27]. In this study, the following MA assignment equation is first estimated by a probit

model to obtain its predicted probability ofcPit :

ProbðMAit ¼ 1jxit; zitÞ ¼ Φðbo þ xitβx þ zitbz þ lþ ttÞ; ð2Þ

where F(�) represents the cumulative standard normal distribution and zit is an exogenous var-

iable correlated with PA assignment and unrelated to uit. Next, usingcPit as an instrumental

variable for MA, Eqs (1) and (3) are estimated using the regular instrumental variable (IV)

method:

MAit ¼ g0 þ xitγx þ gp �
cPit þ lþ tt þ eit; ð3Þ

where eit is an error term that is assumed to be exogenous. Using nonlinear prediction as an

instrument has the advantage that the resulting two-stage least squares estimates will be more

efficient than those found using a linear first-stage regression because the nonlinear model

gives a better approximation of the first-stage conditional expected function than the linear

model [28].

In addition, the structure of Eq (2) indicates that the predicted probabilitycPit includes com-

prehensive information on medical assistance assignment, as discussed in Suzuki and Zhou

[24] and Hayashi [25]. In that sense, it is desirable that z, which is individual patient character-

istics or exogenous environment changes, is strongly correlated with PA assignment and unre-

lated to uit. Unfortunately, because the claims data contain little socioeconomic information

for patients in xit, λ and τt, instead I employ the logarithm of the lagged prefectural amount of
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local governments’ PA expenses adjusted to 2010 prices. The total PA expense depends on the

number of beneficiaries and on the actual content of PA support, and it is considered to

include comprehensive information on the PA program in each region. According to Suzuki

and Zhou [24], local governments with high PA expenses may face fiscal hardship and thus

may become strict in making PA assignments. In this case, MA and u are negatively correlated

in Eq (1). However, because most of the PA expenses financed by a local government are subsi-

dized by the local allocation grant [25], local governments may be tolerant of accepting the

beneficiaries. In this case, MA and u are positively correlated. In addition, the PA expenses in

the previous year are not considered to influence individual decision making in terms of health

care supply in year t. These facts indicate that the logarithm of the lagged PA expense satisfies

appropriate characteristics in this study. Moreover, its means and standard deviations during

the study sample expands (S1 Fig), and these large geographic and time variations, as used in

Finkelstein [29], Choi [4], and Kondo and Shigeoka [16], are useful for identifying its effect. In

addition, there is a possibility that the estimated parameter is not interpreted as a price effect

when a PHI patient’s private insurance mostly covers inpatient medical expenditure. In fact,

the Nationwide Survey for Life Insurance by the Japan Institute of Life Insurance reports that

the private insurance prevalence rate during the study period exceeds 70 percent. As men-

tioned above, because the claims data contain little socioeconomic information for patients, I

add the prefectural variable of private life insurance policies in force per capita, a proxy for pri-

vate insurance prevalence, as the second best. However, it should be noted that most private

health insurance companies in Japan do not reimburse individual copayments but rather pro-

vide fixed return insurance per day (Kawaguchi [30]). That is, the insurance plan functions

not as risk protection but as income security insurance, such as compensation benefits for tem-

porary disability. In addition, the public health insurance plans financed by insurance premi-

ums and taxation provide most of the medical benefit coverage. Therefore, the prevalence of

private health insurance may have little effect on inpatient utilization. Moreover, it should be

noted that several recent empirical studies have found that macroeconomic conditions signifi-

cantly affect both PA assignment and health care utilization. One such factor is business cycle

influence. The PA rates generally increase during periods of economic depression; thus, the

business cycle significantly affects the population’s health and health care utilization in several

developed countries [31–36]. Another factor is the local government’s budgetary condition.

Local governments facing fiscal hardship may not only become strict in making PA assign-

ments [24] but may also reduce resources at public medical institutions, such as staff and med-

ical equipment. As these factors may affect both MA assignment and health care utilization,

omitting these variables from regression equations leads to bias in the estimated parameters.

In this regard, because Chandra et al. [7] do not consider these effects, their estimated parame-

ters may be biased. For example, if increases in the copayment rates and premiums in the

MCCP are due to budget difficulties in the Commonwealth of Massachusetts, several changes

in medical resources may occur there during the same period. This means that the variable of

copayment rate and the error term are correlated. To eliminate this omitted variable bias, I

add four prefectural variables as proxies for the two factors of prefectural regional unemploy-

ment rate and regional medical resources. The prefectural regional unemployment rate is the

proxy for the business cycle, and the proxies for regional medical resources are the number of

physicians per 100,000 inhabitants (physician density), the number of nurses per 100,000

inhabitants (nurse density), and the ratio of the number of hospital beds in public medical

institutions to the total (public hospital bed ratio). Although some aspects of these factors are

already captured by the prefectural fixed effect λ, λ captures only the time-invariant unob-

served heterogeneity and does not contain the remaining time-variant factors. Therefore, add-

ing prefectural heterogeneity is equivalent to considering time-variant regional specific time
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trends (μt), and the empirical equations are corrected as follows.

Yit ¼ a0 þ aMAMAit þ xitαþ lþ mt þ tt þ uit ð4Þ

MAit ¼ g0 þ xitγx þ gp �
cPit þ lþ mt þ tt þ eit ð5Þ

cPit in Eq (5) is the probit model’s predicted probability of Eq (6), and S2 Table shows the

selected estimation results of MA assignment equations:

ProbðMAit ¼ 1jxit; zit; l; lt; ttÞ ¼ Φðbo þ xitβx þ zitbz þ lþ mt þ ttÞ ð6Þ

In addition, I estimate clustering robust standard errors that allow for correlated residuals

within prefectures to consider any serial correlation.

Results

Aggregate effect

Table 2 shows the estimated arc elasticity ε with respect to the effect of MA assignment on

medical expenditures, which is the same formula used in the RAND HIE [37]:

ε ¼
dy
dMA

�

1ðMAit¼1Þþ1ðMAit¼0Þ

2

YMAþYPHI
2

 !

¼daMA �
1

YMA þ YPHI

� �

ð7Þ

where 1(MAit) is an indicator function for MA assignment, and YMA and YPHI are the sample

means for MA and PHI patients, respectively.

The arc elasticity obtained from the OLS estimation is approximately −0.004, and that of

the IV estimation ranges from 0.195 to 0.200. Because the first-stage F-statistics indicate that

cPit has sufficient power to explain PA assignment in the IV models, the IV estimation elimi-

nates the negative bias in the OLS estimators. These results also indicate the possibility that fis-

cal measures of the local allocation grant affect MA assignment. In addition, they are more

elastic than the 0.17 observed for inpatient care in the randomized RAND HIE and the 0.16

indicated in the MCCP and the recent Japanese empirical studies of Shigeoka [18] and

Fukushima et al. [19]. These low elasticities with respect to medical expenditure imply that the

SID effect on MA patients exists but has little impact on medical expenditure. Moreover, the

coefficients of the private insurance prevalence were not significant in all of the models, and

the results were largely unchanged.

Table 2. The effect of medical assistance assignment on inpatient health care provision.

Estimation method OLSa, b, c IVa, b, c

Medical assistance (N = 299,520) -0.004 -0.004 -0.004 0.200��cc 0.198��cc 0.195��cc

(0.017) (0.017) (0.017) (0.057) (0.058) (0.057)

Adjusted R2 0.176 0.176 0.176 0.168 0.168 0.168

First-stage F statistics 1393.520��cc 1541.220��cc 1578.310��cc

Private insurance prevalence No Yes Yes No Yes Yes

Regional specific time trends No No Yes No No Yes

a All equations include a constant term and dummy variables for gender, age, predominant diseases, hospital, area, and year.
b Upper values are estimated arc elasticities, and clustering robust standard errors allowing for correlated residuals within prefectures are in parentheses.
c �� and � represent statistical significance at the 1 and 5 percent levels.

https://doi.org/10.1371/journal.pone.0204798.t002
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Heterogeneity by specific health conditions

Short-term inpatients generally suffer from acute diseases, and the medical care they receive is

different from that provided to inpatients with chronic diseases. In this subsection, I investi-

gate how the estimates change for a sample of inpatients with acute diseases, which are defined

based on the definition used by Card et al. [38], and those with chronic diseases, which are

defined based on the definition used by Goldman et al. [39] and Fukushima et al. [19]. In addi-

tion, it has been found that intensive medical care provision to patients before death results in

an extremely high medical expenditure in a short period [40–50]. These results indicate that a

few patients with ultraexpensive medical expenditure, who have fatal conditions and no choice

in whether to receive medical care, could greatly affect the basic results. Ideally, the decedents

would be excluded from the sample, but they cannot be identified in the data. Therefore, I

additionally investigate how the results are influenced by excluding patients with expenditure

in the top 1 percentile (more than 1,313,345 yen) from the original sample.

Table 3 summarizes the empirical results and shows that MA assignment does not have a

significant effect on inpatients with acute and chronic diseases. This means that physicians

provide the same treatment to MA and PHI patients with these diseases. In addition, MA

assignment for non-ultraexpensive patients also has a significantly positive effect on monthly

medical expenditure, but its elasticity, ranging from 0.089 to 0.095, is less than that of the

aggregate effect. This finding indicates that there are few differences in inpatient treatment

provided to MA and PHI patients.

Heterogeneity by treatment type

Because a physician decides the type and volume of inpatient treatments for patients, some

physicians may be influenced by the financial incentive to provide more profitable treatments

to their patients. In this subsection, I investigate how MA assignment affects several types of

inpatient treatment provision: diagnostic imaging, examination, medication, and treatment

and operation.

Table 3. Estimated arc elasticities by specific health conditions.

Estimation method OLSa, b, c IVa, b, c

Acute diseases (N = 24,413) -0.004 -0.004 -0.003 0.185 0.201 0.199

(0.024) (0.024) (0.023) (0.133) (0.141) (0.127)

Adjusted R2 0.091 0.091 0.092 0.083 0.081 0.083

First-stage F statistics 662.053��s3 657.967��s3 709.879��s3

Chronic diseases (N = 49,953) -0.016 -0.016 -0.016 0.051 0.053 0.050

(0.019) (0.019) (0.018) (0.043) (0.043) (0.043)

Adjusted R2 0.158 0.158 0.158 0.157 0.157 0.157

First-stage F statistics 715.973��s3 854.023��s3 846.008��s3

Excluding the top 1 percentile 0.010 0.009 0.009 0.095� 0.092� 0.089

(N = 296,525) (0.013) (0.013) (0.013) (0.046) (0.046) (0.046)

Adjusted R2 0.220 0.220 0.220 0.218 0.218 0.218

First-stage F statistics 1553.490��s3 1737.370��s3 1778.520��s3

Private insurance prevalence No Yes Yes No Yes Yes

Regional specific time trends No No Yes No No Yes

a All equations include a constant term and dummy variables for gender, age, predominant diseases, hospital, area, and year.
b Upper values are estimated arc elasticities, and clustering robust standard errors allowing for correlated residuals within prefectures are in parentheses.
c �� and � represent statistical significance at the 1 and 5 percent levels.

https://doi.org/10.1371/journal.pone.0204798.t003
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Table 4 summarizes the empirical results and shows that the estimated elasticity varies by

the type of medical treatment provision. Specifically, the elasticities are elastic for treatment

and operation (0.384 to 0.389) and medication (0.362 to 0.367) but inelastic for examination

(0.075 to 0.078). On the other hand, MA assignment was not found to have a significant effect

on diagnostic imaging.

Discussion

In this paper, I use two nationally representative sets of medical claims data from the MHLW

in Japan to examine how assignment to the MA system affects the provision of short-term

inpatient health care for MA beneficiaries. I find that MA assignment generally increases

monthly medical expenditure, with an arc elasticity ranging from 0.195 to 0.200. This elasticity

is slightly greater than that found for inpatient care in the randomized RAND HIE, in the

MCCP, and in recent Japanese studies using only PHI patients. Second, the significant elastic-

ity varies by the type of medical services provided and patients’ health conditions, ranging

from 0.075 to 0.389.

The finding of low elasticities with respect to medical expenditure implies that health care

provision to MA beneficiaries would not change drastically even if the government introduced

a low fixed copayment or a low copayment rate. Therefore, the efficiency of the MA system as

well as the fiscal status of local governments could be improved without worsening the health

of MA beneficiaries. In addition, the findings of this study imply that the result indicating that

low-income patients are price insensitive is robust despite institutional differences among the

unitary and composite systems, such as Medicaid in the US and the Japanese MA system.

Table 4. Estimated arc elasticities by treatment type.

Estimation method OLSa, b, c IVa, b, c

Diagnostic imaging (N = 161,179) -0.054��l3 -0.053��l3 -0.053��l3 0.129 0.133 0.133

(0.011) (0.012) (0.012) (0.078) (0.078) (0.080)

Adjusted R2 0.155 0.155 0.155 0.150 0.149 0.149

First-stage F statistics 704.549��l3 797.835��l3 822.030��l3

Examination (N = 264,183) -0.046��l3 -0.046��l3 -0.046��l3 0.078� 0.075� 0.075�

(0.007) (0.007) (0.007) (0.031) (0.030) (0.029)

Adjusted R2 0.273 0.273 0.273 0.271 0.271 0.271

First-stage F statistics 1095.820��l3 1159.500��l3 1192.590��l3

Medication (N = 242,457) 0.127��l3 0.128��l3 0.128��l3 0.362��l3 0.367��l3 0.364��l3

(0.015) (0.015) (0.015) (0.059) (0.057) (0.056)

Adjusted R2 0.082 0.083 0.083 0.076 0.076 0.076

First-stage F statistics 1053.520��l3 1123.750��l3 1154.500��l3

Treatment and operation (N = 173,002) 0.098��l3 0.098��l3 0.098��l3 0.389��l3 0.389��l3 0.384��l3

(0.023) (0.022) (0.022) (0.075) (0.080) (0.078)

Adjusted R2 0.162 0.162 0.162 0.157 0.157 0.157

First-stage F statistics 921.361��l3 956.140��l3 992.673��l3

Private insurance prevalence No Yes Yes No Yes Yes

Regional specific time trends No No Yes No No Yes

a All equations include a constant term and dummy variables for gender, age, predominant diseases, hospital, area, and year.
b Upper values are estimated arc elasticities, and clustering robust standard errors allowing for correlated residuals within prefectures are in parentheses.
c �� and � represent statistical significance at the 1 and 5 percent levels.

https://doi.org/10.1371/journal.pone.0204798.t004
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This study has some limitations. First, the claims data do not include detailed individual

heterogeneity, such as education, income, life habits, family structure, and disease history and

severity, or potentially useful characteristics of medical suppliers, such as number of staff and

beds, available medical equipment, and type of medical agency. In particular, information

about patients’ health conditions in the past and just before the hospitalization may have a

strong effect on MA patients’ medical expenditures or on may make their threshold for hospi-

talization lower. Thus, there is a potential bias in the estimates if there is a correlation between

these factors and the independent variables in the equations, especially when using repeated

cross-sectional data. In particular, the lack of income information may cause an estimation

bias. Because it is generally known that health and income are positively correlated (Currie

[51]), the MA dummy variable in Eqs (1) and (4) includes the effects of both the difference in

the copayment rate and the health capital stock. For example, because MA patients are gener-

ally poorer in health than PHI patients, the difference between them in health at admission

may lead to a major difference in medical expenditure. Unfortunately, health status is also

unavailable in the data, and it is highly likely that a potential bias in the estimates remains. If

health at admission is the same for MA and PHI patients, one good way to separate these

effects is to employ the subsample of patients aged 3 and under, because the copayment for

PHI patients aged 3 and under has been fully covered by prefectural public subsidy since 1994

[52, 53]. This means the major difference between MA and PHI patients is the health capital

stock based on family income level because the actual copayment of any patient aged 3 and

under is zero. However, to my knowledge, no empirical studies have found that health at

admission is the same for both MA and PHI patients in Japan. To this limitation, the claims

data from the diagnosis procedure combination/ per-diem payment system (DPC/PDPS) may

be a useful dataset to determine a patient’s health condition at the beginning of admission.

However, the DPC/PDPS is generally applied to the patients with acute illness, but those

patients tend to have no choice about receiving medical cares despite the presence or absence

of the copayments. Second, the claims data used do not include information on patient out-

comes. Thus, it was not possible to evaluate how the MA system directly influences the utility

of MA beneficiaries and social welfare. Third, because the DPC/PDPS is the prospective pay-

ment system, constant medical fees are reimbursed to the medical institutions in spite of the

presence or absence of the copayments, which does not provide a financial incentive to the

medical suppliers. In addition, because the data in this study are from a repeated cross-section

during a certain month in each year, it is impossible to consider individual-level variations in

health and health care utilization over time. Finally, information regarding the reason for

being a PA beneficiary, the monthly benefit amount, and other related attributes of beneficia-

ries could improve the estimates. Further analysis using other nationally representative and

comprehensive data that contain more detailed variables would help to improve and confirm

my findings.

Supporting information

S1 Fig. Within and between variations in the PA expenditure.

(TIF)

S1 File. Supporting information on “The medical assistance system and inpatient health

care provision: Empirical evidence from short-term hospitalizations in Japan”.

(DOCX)

S2 File. References.

(DOCX)

The medical assistance system and inpatient health care provision

PLOS ONE | https://doi.org/10.1371/journal.pone.0204798 October 4, 2018 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0204798.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0204798.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0204798.s003
https://doi.org/10.1371/journal.pone.0204798


S1 Table. Institutional comparison between the medical assistance and public health insur-

ance systems in Japan.

(DOCX)

S2 Table. Estimation results of the MA assignment equation.

(DOCX)

Acknowledgments

I would like to thank the editor, the two reviewers for their helpful comments and suggestions.

I also thank the Ministry of Health, Labour and Welfare in Japan for authorization to use the

original microdata from the Fact-finding Survey on Medical Assistance and the Survey of Medi-
cal Care Activities in Public Health Insurance for this study under the Statistics Act (No. 53)

pursuant to Article 33.

Author Contributions

Conceptualization: Michio Yuda.

Data curation: Michio Yuda.

Formal analysis: Michio Yuda.

Funding acquisition: Michio Yuda.

Investigation: Michio Yuda.

Methodology: Michio Yuda.

Project administration: Michio Yuda.

Resources: Michio Yuda.

Software: Michio Yuda.

Supervision: Michio Yuda.

Validation: Michio Yuda.

Visualization: Michio Yuda.

Writing – original draft: Michio Yuda.

Writing – review & editing: Michio Yuda.

References
1. Currie J, Gruber J, Fischer M. Physician payments and infant mortality: evidence from Medicaid fee pol-

icy. Am Econ Rev. 1995; 85: 106–111. PMID: 10160520

2. Travis KM. Physician payment and prenatal care access for heterogeneous patients. Econ Inq. 1999;

37: 86–102.

3. Baker LC, Royalty AB. Medicaid policy, physician behavior, and health care for the low-income popula-

tion. J Hum Resour. 2000; 35: 480–502.

4. Choi MK. The impact of Medicaid insurance coverage on dental service use. J Health Econ. 2011; 30:

1020–1031. https://doi.org/10.1016/j.jhealeco.2011.08.002 PMID: 21885138

5. Gross T, Notowidigdo MJ. Health insurance and the consumer bankruptcy decision: evidence from

expansions of Medicaid. J Public Econ. 2011; 95: 767–778.

6. Finkelstein A, Taubman S, Wright B, Bernstein M, Gruber J, Newhouse JP, et al. The Oregon health

insurance experiment: evidence from the first year. Q J Econ. 2012; 127: 1057–1106. PMID: 23293397

The medical assistance system and inpatient health care provision

PLOS ONE | https://doi.org/10.1371/journal.pone.0204798 October 4, 2018 12 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0204798.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0204798.s005
http://www.ncbi.nlm.nih.gov/pubmed/10160520
https://doi.org/10.1016/j.jhealeco.2011.08.002
http://www.ncbi.nlm.nih.gov/pubmed/21885138
http://www.ncbi.nlm.nih.gov/pubmed/23293397
https://doi.org/10.1371/journal.pone.0204798


7. Chandra A, Gruber J, McKnight R. The impact of patient cost-sharing on low-income populations: evi-

dence from Massachusetts. J Health Econ. 2014; 33: 57–66. https://doi.org/10.1016/j.jhealeco.2013.

10.008 PMID: 24287175

8. Kumagai N. An empirical analysis on Medicaid. J Health Care Soc. 2002; 12: 39–59.

9. Hayashi M. The effects of medical factors on transfer deficits in public assistance in Japan: a quantile

regression analysis. Int J Health Care Finance Econ. 2011; 11: 287–307. https://doi.org/10.1007/

s10754-011-9098-2 PMID: 21915728

10. The Government Revitalization Unit (Gyōsei Sasshin Kaigi). Social security: revision of the public assis-

tance system (including the revision of the medical assistance system). In: Report on the proposal style

of the budget screening process in the government revitalization unit, 2011. pp. 108–113. Available

from: http://warp.da.ndl.go.jp/info:ndljp/pid/9283589/www.cao.go.jp/sasshin/seisak.

11. The Fiscal System Council. The policy for fiscal year 2013 budget. 2013. Available from: http://www.

mof.go.jp/about_mof/councils/fiscal_system_council/sub-of_fiscal_system/report/zaiseia250121/.

12. Iizuka T. Experts’ agency problems: evidence from the prescription drug market in Japan. RAND J

Econ. 2007; 38: 844–862. PMID: 18478669

13. Kan M, Suzuki W. Effects of cost sharing on the demand for physician services in Japan: evidence from

a natural experiment. Japan World Econ. 2010; 22: 1–12.

14. Iizuka T. Physician agency and adoption of generic pharmaceutical. Am Econ Rev. 2012; 102: 2826–

2858. PMID: 29522299

15. Yuda M. Medical fee reforms, changes in medical supply densities, and supplier-induced demand:

empirical evidence from Japan. Hitotsubashi J Econ. 2013; 54: 79–93.

16. Kondo A, Shigeoka H. Effects of universal health insurance on health care utilization, and supply-side

responses: evidence from Japan. J Public Econ. 2013; 99: 1–23.

17. Shigeoka H, Fushimi K. Supplier-induced demand for newborn treatment: evidence from Japan. J

Health Econ. 2014; 35: 162–178. https://doi.org/10.1016/j.jhealeco.2014.03.003 PMID: 24709038

18. Shigeoka H. The effect of patient cost sharing on utilization, health, and risk protection. Am Econ Rev.

2014; 104: 2152–2184.

19. Fukushima K, Mizuoka S, Yamamoto S, Iizuka T. Patient cost sharing and medical expenditures for the

elderly. J Health Econ. 2016; 45: 115–130. https://doi.org/10.1016/j.jhealeco.2015.10.005 PMID:

26603160

20. Manning WG, Newhouse JP, Duan N, Keeler EB, Leibowitz A, Marquis MS. Health insurance and the

demand for medical care: evidence from a randomized experiment. Am Econ Rev. 1987; 77: 251–277.

PMID: 10284091

21. Newhouse JP, Insurance Experiment Group. Free for all? Lessons from the RAND health insurance

experiment. Cambridge, London: Harvard University Press; 1993.

22. Aron-Dine A, Einav L, Finkelstein A. The RAND health insurance experiment, three decades later. J

Econ Perspect. 2013; 27: 197–222. https://doi.org/10.1257/jep.27.1.197 PMID: 24610973

23. National Institute of Population and Social Security Research. Social Security in Japan. 2014. Available

from: http://www.ipss.go.jp/s-info/e/ssj2014/PDF/ssj2014.pdf. Cited 10 March 2016.

24. Suzuki W, Zhou Y. Welfare use in Japan: trends and determinants. J Income Distrib. 2007; 16: 88–109.

25. Hayashi M. How have local governments managed the public assistance system: discussions at the

consultative meetings on the public assistance system. In: Toshihiro I, Yoshihiro K, Haruko N, editors.

New risk in the social security system: Establishment of supportive measures over a lifetime. Tokyo:

The University of Tokyo Press; 2012. pp. 273–291.

26. Heckman JJ. Dummy endogenous variables in a simultaneous equation system. Econometrica. 1978;

46: 931–959.

27. Wooldridge JM. Econometric analysis of cross section and panel data. London: MIT Press; 2010.

28. Newey WK. Semiparametric efficiency bounds. J Appl Econ. 1990; 5: 99–135.

29. Finkelstein A. The aggregate effects of health insurance: evidence from the introduction of medicare. Q

J Econ. 2007; 122: 1–37.

30. Kawaguchi H. An international comparison on the public health system and private health insurance: A

role-sharing arrangement and a function of the public and private resources. Seijo Economic Review.

2012; 196: 59–92 (in Japanese).

31. Ruhm CJ. Are recessions good for your health? Q J Econ. 2000; 115: 617–650.

32. Ruhm CJ. Good times make you sick. J Health Econ. 2003; 22: 637–658. https://doi.org/10.1016/

S0167-6296(03)00041-9 PMID: 12842319

The medical assistance system and inpatient health care provision

PLOS ONE | https://doi.org/10.1371/journal.pone.0204798 October 4, 2018 13 / 14

https://doi.org/10.1016/j.jhealeco.2013.10.008
https://doi.org/10.1016/j.jhealeco.2013.10.008
http://www.ncbi.nlm.nih.gov/pubmed/24287175
https://doi.org/10.1007/s10754-011-9098-2
https://doi.org/10.1007/s10754-011-9098-2
http://www.ncbi.nlm.nih.gov/pubmed/21915728
http://warp.da.ndl.go.jp/info:ndljp/pid/9283589/www.cao.go.jp/sasshin/seisak
http://www.mof.go.jp/about_mof/councils/fiscal_system_council/sub-of_fiscal_system/report/zaiseia250121/
http://www.mof.go.jp/about_mof/councils/fiscal_system_council/sub-of_fiscal_system/report/zaiseia250121/
http://www.ncbi.nlm.nih.gov/pubmed/18478669
http://www.ncbi.nlm.nih.gov/pubmed/29522299
https://doi.org/10.1016/j.jhealeco.2014.03.003
http://www.ncbi.nlm.nih.gov/pubmed/24709038
https://doi.org/10.1016/j.jhealeco.2015.10.005
http://www.ncbi.nlm.nih.gov/pubmed/26603160
http://www.ncbi.nlm.nih.gov/pubmed/10284091
https://doi.org/10.1257/jep.27.1.197
http://www.ncbi.nlm.nih.gov/pubmed/24610973
http://www.ipss.go.jp/s-info/e/ssj2014/PDF/ssj2014.pdf
https://doi.org/10.1016/S0167-6296(03)00041-9
https://doi.org/10.1016/S0167-6296(03)00041-9
http://www.ncbi.nlm.nih.gov/pubmed/12842319
https://doi.org/10.1371/journal.pone.0204798


33. Ruhm CJ. Healthy living in hard times. J Health Econ. 2005; 24: 341–363. https://doi.org/10.1016/j.

jhealeco.2004.09.007 PMID: 15721049

34. Gerdtham UG, Ruhm CJ. Deaths rise in good economic times: evidence from the OECD. Econ Hum

Biol. 2006; 4: 298–316. https://doi.org/10.1016/j.ehb.2006.04.001 PMID: 16713407

35. Granados JAT. Macroeconomic fluctuations and mortality in postwar Japan. Demography. 2008; 45:

323–343. PMID: 18613484

36. Haaland VF, Telle K. Pro-cyclical mortality across socioeconomic groups and health status. J Health

Econ. 2015; 39: 248–258. https://doi.org/10.1016/j.jhealeco.2014.08.005 PMID: 25205610

37. Keeler EB, Buchanan JL, Rolph JE, Hanley JM, Reboussin D. The demand for episodes of medical

treatment in the health insurance experiment. In: The RAND publication series, R-3454-HHS. Santa

Monica, CA: RAND Corporation; 1988. Available from: https://www.rand.org/pubs/reports/R2829.html.

38. Card D, Dobkin C, Maestas N. Does medicare save lives? Q J Econ. 2009; 124: 597–636. https://doi.

org/10.1162/qjec.2009.124.2.597 PMID: 19920880

39. Goldman DP, Joyce GF, Escarce JJ, Pace JE, Solomon MD, Laouri M, et al. Pharmacy benefits and

the use of drugs by the chronically ill. JAMA. 2004; 291: 2344–2350. https://doi.org/10.1001/jama.291.

19.2344 PMID: 15150206

40. Lubitz J, Prihoda R. The use and costs of medicare services in the last 2 years of life. Health Care

Financ Rev. 1984; 5: 117–131. PMID: 10310597

41. Scitovsky AA. "The high cost of dying": what do the data show? Milbank Mem Fund Q Health Soc.

1984; 62: 591–608. PMID: 6440051

42. Lubitz JD, Riley GF. Trends in medicare payments in the last year of life. N Engl J Med. 1993; 328:

1092–1096. https://doi.org/10.1056/NEJM199304153281506 PMID: 8455667

43. Lubitz J, Beebe J, Baker C. Longevity and Medicare expenditures. N Engl J Med. 1995; 332: 999–1003.

https://doi.org/10.1056/NEJM199504133321506 PMID: 7885430

44. Zweifel P, Felder S, Meiers M. Ageing of population and health care expenditure: a red herring? Health

Econ. 1999; 8: 485–496. PMID: 10544314

45. Felder S, Meier M, Schmitt H. Health care expenditure in the last months of life. J Health Econ. 2000;

19: 679–695. PMID: 11184799

46. Werblow A, Felder S, Zweifel P. Population ageing and health care expenditure: a school of ’red her-

rings’? Health Econ. 2007; 16: 1109–1126. https://doi.org/10.1002/hec.1213 PMID: 17311357

47. Felder S, Werblow A, Zweifel P. Do red herrings swim in circles? Controlling for the endogeneity of time

to death. J Health Econ. 2010; 29: 205–212. https://doi.org/10.1016/j.jhealeco.2009.11.014 PMID:

20022392

48. Sato E, Fushimi K. What has influenced patient health-care expenditures in Japan? Variables of age,

death, length of stay, and medical care. Health Econ. 2009; 18: 843–853. https://doi.org/10.1002/hec.

1410 PMID: 18816581

49. Hashimoto H, Horiguchi H, Matsuda S. Micro data analysis of medical and long-term care utilization

among the elderly in Japan. Int J Environ Res Public Health. 2010; 7: 3022–3037. https://doi.org/10.

3390/ijerph7083022 PMID: 20948944

50. Yuda M, Wataru S, Ryoko M, Yasushi I. An empirical investigation of causal interrelationship between

medical and long-term care expenditures in the last year of life. In: Presented paper at the 9th World

Congress of the International Health Economics Association; 7–11 July 2013, Sydney, Australia; 2013.

51. Currie J. Healthy, Wealthy, and Wise: Socioeconomic status, poor health in childhood, and human capi-

tal development. Journal of Economic Literature. 2009; 47: 87–122.

52. Nishikawa M. Income restriction and individual payment in the infant medical-expense support grant.

Aoyama J Econ. 2010; 62: 195–214.

53. Takaku R. Effects of reduced cost-sharing on children’s health: evidence from Japan. Soc Sci Med.

2016; 151: 46–55. https://doi.org/10.1016/j.socscimed.2015.12.038 PMID: 26773292

The medical assistance system and inpatient health care provision

PLOS ONE | https://doi.org/10.1371/journal.pone.0204798 October 4, 2018 14 / 14

https://doi.org/10.1016/j.jhealeco.2004.09.007
https://doi.org/10.1016/j.jhealeco.2004.09.007
http://www.ncbi.nlm.nih.gov/pubmed/15721049
https://doi.org/10.1016/j.ehb.2006.04.001
http://www.ncbi.nlm.nih.gov/pubmed/16713407
http://www.ncbi.nlm.nih.gov/pubmed/18613484
https://doi.org/10.1016/j.jhealeco.2014.08.005
http://www.ncbi.nlm.nih.gov/pubmed/25205610
https://www.rand.org/pubs/reports/R2829.html
https://doi.org/10.1162/qjec.2009.124.2.597
https://doi.org/10.1162/qjec.2009.124.2.597
http://www.ncbi.nlm.nih.gov/pubmed/19920880
https://doi.org/10.1001/jama.291.19.2344
https://doi.org/10.1001/jama.291.19.2344
http://www.ncbi.nlm.nih.gov/pubmed/15150206
http://www.ncbi.nlm.nih.gov/pubmed/10310597
http://www.ncbi.nlm.nih.gov/pubmed/6440051
https://doi.org/10.1056/NEJM199304153281506
http://www.ncbi.nlm.nih.gov/pubmed/8455667
https://doi.org/10.1056/NEJM199504133321506
http://www.ncbi.nlm.nih.gov/pubmed/7885430
http://www.ncbi.nlm.nih.gov/pubmed/10544314
http://www.ncbi.nlm.nih.gov/pubmed/11184799
https://doi.org/10.1002/hec.1213
http://www.ncbi.nlm.nih.gov/pubmed/17311357
https://doi.org/10.1016/j.jhealeco.2009.11.014
http://www.ncbi.nlm.nih.gov/pubmed/20022392
https://doi.org/10.1002/hec.1410
https://doi.org/10.1002/hec.1410
http://www.ncbi.nlm.nih.gov/pubmed/18816581
https://doi.org/10.3390/ijerph7083022
https://doi.org/10.3390/ijerph7083022
http://www.ncbi.nlm.nih.gov/pubmed/20948944
https://doi.org/10.1016/j.socscimed.2015.12.038
http://www.ncbi.nlm.nih.gov/pubmed/26773292
https://doi.org/10.1371/journal.pone.0204798

