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Abstract
The aim of this study is to clarify whether health-care inequality in Japan widens dur-
ing a depression, even though Japan has a universal health-care system. To this end, we 
investigate the time-series fluctuations in health-care expenditure inequalities in Japan for 
the period 2008–2017, which includes the period during which the global financial cri-
sis affected Japan. We construct an economy-wide inequality index comparing the actual 
health-care expenditure at various income levels (low, middle and high) against the esti-
mated health-care needs. The findings of the study are as follows. First, the rich (the top 
20% income class) spend far more than their estimated needs on health care, whereas 
the poor (bottom 20%) spend far less. Second, during the global financial crisis, health-
care inequality especially among the working generation became greater in Japan, mainly 
because not only the low-income class but also the middle-income class (the bottom 
30–60%) was unable to pay for health care.

Keywords Health-care Inequality · Universal Health-care System · Panel Data Analysis · 
The Global Financial Crisis

1 Introduction

The Japanese health-care system provides universal coverage through compulsory 
public health insurance. The system provides treatments and drugs at relatively low, 
centrally controlled rates (Ikegami et  al. 2011, Murray 2011). Patients do not make 
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out-of-pocket payments beyond monthly upper limits, which are predetermined based 
on income and age. While patients usually pay 30% of reimbursement prices, a reduced 
co-payment rate of 10% or 20% is available for low-income patients aged 70 years and 
above. Lower insurance premiums are applied to those with low incomes, including 
retired persons aged 60 years and above based on the ability-to-pay principle in Japan’s 
public health insurance system. With the multiplicity of the health-care system, the 
main goal of Japan’s universal coverage is equitable health care. However, severe eco-
nomic depression can lead to an unequal distribution of health care, with low-income 
patients unable to pay for it. In this study, we measure health-care inequality in Japan in 
the 2008–2017 period, which includes the global financial crisis.

We develop a method based on Van Doorslaer et  al. (2000) to measure the differ-
ence between actual health-care utilization and the estimated health-care needs for each 
income level. Thus, we develop an economy-wide health-care inequality index. Related 
studies that employ similar methods are Van Doorslaer et  al. (1997, 2004, 2006)  for 
OECD countries, Morris et al. (2005) for England, Allin et al. (2010) for Canada and 
Ohkusa and Honda (2003) and Watanabe and Hashimoto (2012) for Japan.

The contributions of this paper are twofold. First, we employ more detailed Japanese 
data than the previous studies (Ohkusa and Honda (2003), and  Watanabe and Hashi-
moto (2012)). Our data source, the Japan Household Panel Survey (JHPS), is a yearly 
survey that includes health-care expenditure and is more comprehensive than the data 
sources used in previous studies. Second, we analyse the relationship between economic 
depression and health-care inequality. Because our sample period includes the global 
financial crisis, we can demonstrate how the business cycle affects health-care inequal-
ity under a universal health-care system. This has been an open question in the exist-
ing literature  (Fujita et  al. 2016,  Fukuda et  al. 2007, Hanibuchi et  al. 2016, Hiyoshi 
et al. 2014, Kanchanachitra and Tangcharoensathien 2017, Kondo et al. 2008, Macinko 
et al. 2003, Nakaya & Ito 2020, Sarah et al. 2015, and Xu 2013).

2  Materials and Methods

For the empirical method, we follow Van Doorslaer et  al. (2000). Ohkusa and Honda 
(2003) and Watanabe and Hashimoto (2012) also apply this method using Japanese 
data. They calculate the inequality index based on two concentration curves: health-care 
utilization  LM(R) and estimated health-care needs  LN(R), where R denotes the cumula-
tive proportion of the population ranked by income (or assets for the elderly). The two 
curves are represented in Fig.  1, where the horizontal line is R and the vertical line 
is the cumulative proportion of health-care expenditure. An important finding of this 
study is that  LM(R) is below the diagonal line and  LN(R) is above it, which indicates 
that the poor (rich) have low (high) health-care utilization despite high (low) needs (Van 
Doorslaer et al., 2004).

The health-care utilization concentration index is calculated as:

C
M
= 1 − 2

1

∫
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M
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This measures two times the area between  LM(R) and the diagonal line. The health-care 
needs concentration index is calculated as:

This measures two times the area between  LN(R) and the diagonal line.
The measure of inequality compares the difference between  LM and  LN. If  LM =  LN 

for all R, then no inequality exists because all patients receive the same amount of 
health care as their estimated needs. However, if the poor spend below their needs and 
the rich spend above theirs, then the  LM(R) curve is located below the diagonal line, 
whereas the  LN(R) curve is located above it, increasing the difference between  LM and 
 LN. Therefore, the inequality index  HIWV is defined as twice the area between the two 
curves, calculated as:

Thus, the larger the  HIWV, the more severe the health-care inequality.
The inequality index  HIWV can be constructed by a simple method (Van Doorslaer et al. 

(2000)) using data on the health-care utilization and needs of each person. In our analysis, 
health-care utilization is measured by the actual health-care expenditures and needs using 
our regressions. First, the data on actual health-care expenditure are taken from the JHPS, 
which reports the health-care expenditure (out-of-pocket expenditure) of each family head 
and his/her partner. Second, the health-care needs are estimated by regressions on the data, 
with the health-care expenditure as the dependent variable. The independent variables are 
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Fig. 1  Health-care utilization  LM(R) and estimated health-care needs  LN(R)
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sex, age, a cross-term for sex and age, the frequency of smoking, the frequency of drinking, 
self-assessment of health, experienced symptoms and the experience of medical treatment 
and hospitalization. The variables used are explained in Table 1.

Tables 2 and 3 show the descriptive statistics of the variables used for age 20–59 and 
over 60, respectively. We use a fixed-effect estimator on the panel data. The fitted value 

Table 1  Explanation of variables used

Dependent variable

Health-care expenditure Expenses for treatment at hospital/clinic (* Even if you 
received a high medical care benefit, please write the 
amount that you paid at the medical institution.)

Independent variable
Sex 1: Female

0: Male
Age
Sex and age
Self-assessment of health 1: Bad

2: Not so good
3: Normal
4: Quite good
5: Good

Smoking Frequency of smoking cigarettes
1: Every day
2: Sometimes
3: Used to smoke but do not now
4: Never smoked

Drinking Frequency of drinking alcohol
1: Never drink
2: A few times/month
3: 1–2 times/week
4: 3 times or more/week

Experienced symptoms Experienced the following symptoms
Headache/dizziness 1: Never
Palpitation/shortness of breath 2: Rarely
Stomach and intestines 3: Sometimes
Backache/shoulder pain 4: Often
Got tired easily
Caught a cold easily
Felt reluctant to meet other people
Felt dissatisfied with life
Felt anxiety over the future
Medical treatment/hospitalized Experienced medical treatment or hospitalized in the last year

1: Treatment at hospital or clinic
2: Both treatment at hospital or clinic and hospitalized
3: Hospitalized
4: None
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(prediction value) is regarded as the health-care needs of each person in each year. Based 
on the health-care expenditure and needs data, we can draw  LN(R) and  LM(R) curves for 
each year.

For the regression, we divide the samples into two categories: those aged 20–59 years, 
and those aged over 60 years. This is because of possible differences in co-payment rates 

Table 2  Descriptive statistics of used variables (for those aged 20–59 years)

Variable Mean Std. Dev Min Max Observations

Healthcare expenditure 29.874 91.126 0 3072 N = 25,218
n = 4410

Sex 0.518 0.500 0 1 N = 25,218
n = 4410

Age 43.922 9.395 20 59 N = 25,218
n = 4410

Sex and age 22.716 22.933 0 59 N = 25,218
n = 4410

Self-assessment of health 3.617 0.979 1 5 N = 25,218
n = 4410

Smoking 4.335 8.592 0 90 N = 25,218
n = 4410

Drinking 2.346 1.225 1 4 N = 25,218
n = 4410

Headache/dizziness 1.348 0.958 0 3 N = 25,218
n = 4410

Palpitation/shortness of breath 1.261 1.037 0 3 N = 25,218
n = 4410

Stomach and intestines 1.346 0.940 0 3 N = 25,218
n = 4410

Backache/shoulder pain 1.475 1.000 0 3 N = 25,218
n = 4410

Got tired easily 1.448 0.915 0 3 N = 25,218
n = 4410

Caught a cold easily 1.343 0.900 0 3 N = 25,218
n = 4410

Felt reluctant to meet other people 1.300 0.937 0 3 N = 25,218
n = 4410

Been dissatisfied with the present life 1.421 0.894 0 3 N = 25,218
n = 4410

Felt anxiety over the future 1.523 0.896 0 3 N = 25,218
n = 4410

Medical treatment/hospitalized 3.103 0.998 1 4 N = 25,218
Treatment at hospital or clinic 296 1.17% n = 4410
Both treatment and hospitalized 10,513 41.69%
Hospitalized 705 2.80%
None 13,704 54.34%
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and insurance premiums between the two age groups, as the elderly (over 60  years) are 
offered more generous, reduced co-payment rates and lower insurance premiums, as men-
tioned above. R denotes the cumulative proportion of the population ranked by income 
for the younger group (20–59 years), whereas it denotes the cumulative proportion of the 

Table 3  The descriptive statistics of used variables (for those aged over 60 years)

Variable Mean Std. Dev Min Max Observations

Healthcare expenditure 68.292 134.327 0 3600 N = 17,409
n = 3216

Sex 0.497 0.500 0 1 N = 17,409
n = 3216

Age 69.414 6.378 60 96 N = 17,409
n = 3216

Sex and age 34.280 34.775 0 94 N = 17,409
n = 3216

Self-assessment of health 3.294 0.993 1 5 N = 17,409
n = 3216

Smoking 2.356 6.908 0 100 N = 17,409
n = 3216

Drinking 2.169 1.309 1 4 N = 17,409
n = 3216

Headache/dizziness 1.402 1.034 0 3 N = 17,409
n = 3216

Palpitation/shortness of breath 1.381 1.032 0 3 N = 17,409
n = 3216

Stomach and intestines 1.390 0.952 0 3 N = 17,409
n = 3216

Backache/shoulder pain 1.446 0.970 0 3 N = 17,409
n = 3216

Got tired easily 1.421 0.862 0 3 N = 17,409
n = 3216

Caught a cold easily 1.392 0.897 0 3 N = 17,409
n = 3216

Felt reluctant to meet other people 1.355 0.999 0 3 N = 17,409
n = 3216

Been dissatisfied with the present life 1.386 0.876 0 3 N = 17,409
n = 3216

Felt anxiety over the future 1.453 0.864 0 3 N = 17,409
n = 3216

Medical treatment/hospitalized 2.635 0.928 1 4 N = 17,409
n = 3216

Treatment at hospital or clinic 376 2.16%
Both treatment and hospitalized 10,696 61.44%
Hospitalized 1235 7.09%
None 5102 29.31%
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population ranked by assets for those over 60 years, as this group includes many retired 
people.

We use JHPS surveys for 2009 (6911 households) to JHPS 2018 (3044 households). 
Our sample period is 2008–2017, during which the global financial crisis affected Japan 
while its health-care system did not greatly change. The JHPS contains data on households’ 
income, asset, consumption, work, assets, health and environment. It also includes indi-
vidual data (for the household head and his/her partner), including income, asset, health 
and work. One important advantage of the JHPS is that it reports individuals’ health-care 
expenditure. By using data on health-care expenditure, we can capture the health-care utili-
zation and needs more accurately.

3  Results

First, the results of the regression for health-care needs (i.e.,  LN(R) curve) are shown in 
Tables 4 and 5. For individuals aged 20–59 years, self-assessment of health, the frequency 
of smoking, the frequency of drinking and medical treatment/hospitalized are significant 

Table 4  The result of the 
regression for the healthcare 
needs (for those aged 
20–59 years)

***p < 0.01, **p < 0.05, *p < 0.1

Coefficient S.E

Sex (Female dummy) 21.80 (25.16)
Age 0.487 (0.329)
Sex and age − 0.613* (0.372)
Self-assessment of health − 3.772*** (0.718)
Smoking − 0.422*** (0.142)
Drinking − 3.125*** (0.933)
Experienced symptoms
Headache/dizziness − 0.464 (0.707)
Palpitation/shortness of breath 0.590 (0.743)
Stomach and intestines − 0.788 (0.697)
Backache/shoulder pain 0.170 (0.643)
Got tired easily − 0.276 (0.768)
Caught a cold easily − 0.292 (0.737)
Felt reluctant to meet other people − 0.514 (0.721)
Been dissatisfied with the present life − 0.0159 (0.978)
Felt anxiety over the future − 0.445 (0.968)
Medical treatment/hospitalized (Reference: Both treatment and 

hospitalized)
Treatment at hospital or clinic 129.4*** (4.699)
Hospitalized 148.2*** (3.202)
None − 20.05*** (1.251)
Constant 42.01** (18.26)
Observations 25,218
R-squared 0.150
Number of ID 4,410
Standard errors in parentheses
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variables that determine health-care needs. For those over 60  years, self-assessment of 
health, drinking, felt reluctant to meet other people and medical treatment/hospitalized are 
significant. The fitted values of the regression give the  LN(R) curves. Next, the health-care 
utilization  LM(R) is constructed based on actual health-care expenditure data.

Given the  LN(R) curve and  LM(R) curve for those aged 20–59 years, we take the differ-
ence between the two curves and depict it in Fig. 2. The horizontal line is R (the cumulative 
proportion of population ranked by income), and the vertical line is the difference between 
the two concentration curves in Fig. 1. In Fig. 2, if the slope of the graph is downward at a 
certain income level, it indicates that health-care needs are higher than the actual health-
care expenditure at that income level compared with the other income levels. Conversely, if 
the slope of the graph is upward at a certain income level, it means that health-care needs 
do not exceed the actual health-care expenditure at that income level by as much as they 
do at other income levels, or that the health-care needs are less than the actual health-care 
expenditure at that income level. If the slope is at its most negative at a certain income 
level, this implies that needs exceed expenditure largely at the income level compared with 
all other income levels. Note that the bottom of the U-shaped graph does not have this 
meaning. By construction, the value of the graph starts and ends with zero because both 

Table 5  The result of the 
regression for the healthcare 
needs (for those aged over 
60 years)

***p < 0.01, **p < 0.05, *p < 0.1

VARIABLES Coefficient S.E

Sex (Female dummy) 33.16 (58.97)
Age − 0.610 (0.604)
Sex and age − 0.696 (0.702)
Self-assessment of health − 8.238*** (1.381)
Smoking − 0.230 (0.283)
Drinking − 5.457*** (1.772)
Experienced symptoms
Headache/dizziness − 0.537 (1.417)
Palpitation/shortness of breath 1.889 (1.454)
Stomach and intestines − 1.252 (1.321)
Backache/shoulder pain 0.855 (1.162)
Got tired easily 1.667 (1.446)
Caught a cold easily − 2.197 (1.420)
Felt reluctant to meet other people − 2.757** (1.324)
Been dissatisfied with the present life 2.481 (1.794)
Felt anxiety over the future − 1.903 (1.723)
Medical treatment/hospitalized (Reference: Both treatment and 

hospitalized)
Treatment at hospital or clinic 142.5*** (6.494)
Hospitalized 124.4*** (3.836)
None − 31.11*** (2.617)
Constant 157.1*** (46.31)
Observations 17,409
Number of ID 3,216
R-squared 0.120
Standard errors in parentheses
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Fig. 2  Difference between the  LM(R) and  LN(R) curves for those 20–59 year old

Fig. 3  Difference between the  LM(R) and  LN(R) curves for those over 60 years old
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 LM(R) and  LN(R) are concentration curves and they take the same values at each end, as 
described in Fig. 1. Figure 3 describes the same relationship for those over 60 years.

Regarding Figs.  2 and 3, we make four observations. First, the graphs are approx-
imately U-shaped for many years of our sample period. Many of the graphs tend to 
decrease until they reach the middle-income/asset level and then start increasing there-
after. This indicates that health-care needs tend to exceed actual health-care expendi-
tures below the middle-income/asset level, whereas this is not the case above the mid-
dle-income/asset level. It follows that in Japan, despite the universal health-care system, 
the poor generally spend less than their needs, whereas this is the reverse for the rich.

Second, comparing Figs. 2 and 3, in general, the graphs involve a larger U-shape for 
the working age group than those for the elderly. This implies that inequality is gener-
ally larger in the working age group.

Third, in Fig. 2, the curves at income levels around the top 20% are the most sharply 
upward sloping, which implies that the 20–59-years age group in this income bracket 
spend far more on health care than justified by their needs. In Fig.  3, the curves are 
moderately upward sloping, which implies that individuals over the top 50% asset level 
in the age group of over 60 years old spend slightly more than their needs. Conversely, 
both in Figs. 2 and 3, at income/asset levels around the bottom 20%, the curves are the 
most sharply downward sloping, implying that the expenditure of the individuals in this 
income/asset bracket is far below their needs.

Fourth and finally, regarding the time-series trend in Figs.  2 and 3, the graphs are 
decreasing around the bottom 30%–60% income/asset levels in 2010 and 2011 (i.e., the 
global financial crisis period), although they are increasing in 2008 and 2009. Note that 
this is observed for both age groups that we study. On the other hand, for the 20–59-
years age group, the graphs start increasing at the bottom 40% income level in 2012 and 
2013 (i.e., during the recovery period). This implies that even the middle-income class 

Fig. 4  Inequality Index and Income Fluctuations (for those 20–59 years old)
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group is forced to reduce the health-care utilization during the global financial crisis. 
From a different perspective, for the 20–59 years age group, the graphs increase sharply 
around the middle-income level in 2012 and during the period 2014–2017. The latter 
two trends are not observed for the group aged over 60 years.

Then, the inequality index  HIWV is calculated as twice the area between the two curves 
 LM(R) and  LN(R). Figures 4 shows the  HIWV (red line) and the average household equiv-
alence-adjusted income for each year (blue line) for those aged 20–59 years. Figure 5 is 
an analogous figure for those over 60 years old, where the blue line is the average house-
hold equivalence-adjusted assets for each year. For both age groups, the average household 
equivalence-adjusted income/assets are calculated using JHPS.

4  Discussion

The implications of our results are as follows.

(1) The rich (the top 20% income/asset class) spend far above their needs on health care, 
whereas the poor (bottom 20%) spend far below their needs. This is especially notice-
able for the working age group.

(2) During the global financial crisis (2010–2011), the bottom 30–60% income/asset 
classes began to spend below their needs, resulting in large inequality.

(3) Inequality is more severe for the working age group than for those 60 years old and 
above.

(4) During the other sample periods, there seems to be no relationship between health-care 
inequality and the business cycles.

Fig. 5  Inequality Index and Assets Fluctuations (for those over 60 years old)
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Cleeren et al. (2015) report that the effects of business cycles on health care vary across 
countries and situations. We found that in the global financial crisis period, the inequality 
became larger for both the 20–59-years age group and those over 60 years old. Our results 
show that in 2010–2011, the slopes of the graphs in Figs.  2 and 3 became negative for 
the middle-income/asset class (30–60%), although prior to the crisis, in 2008–2009, it was 
positive. This means that the middle-income/asset class began to spend below their needs, 
resulting in a large value for the inequality index. During the depression, household income 
decreased, and not only the low-income but also the middle-income class became unable 
to pay for health care, which increased health-care inequality. This is also consistent with 
Kondo et al. (2008) that shows an economic recession increased health disparity between 
the top and middle working groups in men.

Next, the values of the  HIWV are higher for 20–59-years age group than for those 
60 years and above. There are several explanations for this. First, for those over 60 years 
old, the income/asset shock caused by the depression was relatively small because the 
majority of them were already retired. Second, healthcare for this group is more critical, 
involving life-and-death decisions, than it is for the younger, 20–59-years age group. This 
is consistent with the previous literature: Watanabe and Hashimoto (2012) also show that 
the inequality level is smaller for retired people than for working people, despite employing 
a different data source to ours. Watanabe and Hashimoto (2012) employ the Japan Compre-
hensive Survey of Living Conditions, which reports only whether each person has visited a 
physician more than once in a year and, thus, health-care utilization takes a value of either 
zero or one. By contrast, our database, the JHPS, reports individuals’ health-care expendi-
ture, and is more detailed than that utilized by Watanabe and Hashimoto (2012). Based on 
our more detailed data source, we confirm that the inequality among the retired generation 
is smaller than among the working generation.

In summary, we measure the health-care inequality index from 2008 to 2017 and inves-
tigate how the global financial crisis affected health inequality in Japan. First, the health-
care expenditure of the lowest income class (bottom 20%) is below such individuals’ needs 
during these years, whereas that of the highest income class (top 20%) is far above such 
individuals’ needs. Second, in the 2010–2011 depression, health-care inequality among the 
working generation widened as health-care expenditure fell short of the needs of even the 
middle-income class.
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