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Abstract

Background: Japan is one of the Organization for Economic Co-operation and Development (OECD) countries
where population aging and increasing health care expenditures (HCE) are urgent issues. Recent studies have
identified factors other than age, such as proximity to death and morbidity, as contributing factors to the increase
in medical costs. It is important to assess HCE by disease and analyze their factors to estimate and improve future
HCE.

Methods: We extracted individual records spanning approximately 2 years prior to the death of persons aged 65 to
95 years from the National Health Insurance data in Japan, and used a Bayesian approach to decompose monthly
HCE into five disease groups (circulatory, chronic kidney disease, neoplasms, respiratory, and others). The
relationship between the proximity to death and the average HCE in each disease group was stratified by sex and
age and analyzed using a descriptive statistical method similar to the two-part model.

Results: The average HCE increased rapidly as death approached in most disease groups, but the increase-pattern
differed greatly among disease groups, sex, and age groups. The effect of proximity to death on average HCE was
small for chronic diseases, but large for lethal diseases. When stratified by age and sex, younger and male
decedents tended to have higher average HCE, but the extent of this varied by disease group. The two-year
cumulative average HCE for neoplasms in the 65–75 years age group was about six times larger than those in the
85–95 years age group.
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Conclusions: In Japan, it was suggested that disease, proximity to death, age, and sex may contribute to HCE.
However, these factors interact in a complex manner, and it is important to analyze HCE by disease. In addition,
preventing or delaying the severity of diseases with high medical burdens in younger people may be effective in
reducing future terminal care costs. These findings have important implications for future projections and
improvements of HCE.
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Background
Currently, health care expenditures (HCE) are on the
rise in most Organization for Economic Co-operation
and Development (OECD) countries, and the upward
trend in the ratio of HCE to GDP has continued for
more than 30 years [1]. Population aging has long been
identified as a factor in the increase in HCE [2], and the
former is still underway in many countries [1]. For ex-
ample, in Japan, the percentage of the total population
aged 65 and over has increased from 23.0 to 28.4% over
the past 10 years, from 2010 to 2019. Many studies have
examined the relationship between age and HCE [3–7].
It has been pointed out that the ratio of end-of-life care
expenditures for decedents to total healthcare costs is
greater than the ratio of decedents to the total popula-
tion [8, 9]. According to Lubitz et al. [8], in Medicare al-
though decedents accounted for only 6% of the total
population, end-of-life HCE accounted for 28% of the
total annual HCE, most of which was concentrated
within the months before death. This indicates the im-
portance of analyzing end-of-life HCE and factors that
influence them to estimate future healthcare costs. It has
also been pointed out that end-of-life care, which in-
cludes medical care costs, decreases with increasing age
[8–10], suggesting that we cannot simply conclude that
aging leads to an increase in medical costs.
After much debate about the relationship between

aging and HCE, a “red herring” hypothesis was proposed
[11], that suggested that although age and HCE are posi-
tively correlated, proximity to death (PTD), rather than
age itself, is the main factor driving HCE, and numerous
articles related to this debate have been published [12–
44]. While Zweifel et al. [11] found that PTD was an im-
portant factor in HCE and not age itself, Seshamani
et al. [23] have reported that both PTD and age are im-
portant factors. They solved the problems of multicolli-
nearity and inappropriate handling of records with no
medical costs in the Heckman model adopted by Zweifel
et al. [11] by adopting a two-part model. Other studies
[15, 16, 32] have pointed out the same thing, that PTD
only reduces the overestimation of the effect of age on
HCE, and that both PTD and age are important.
Werblow et al. [13] decomposed HCE into all seven

healthcare services (ambulatory care, prescriptions,
hospitalization, outpatient care, nursing home care,

home care, and other services) and examined the associ-
ation between PTD or age and HCE for each service.
They reported that age was not significant for HCE for
most services, while PTD was significant. However, they
also noted that age had a significant effect on HCE asso-
ciated with long-term care services. They termed this
“school of red herring” as the fact that the associations
between PTD or age and HCE differed depending on
whether health care services were long-term care related
or not. Polder et al. [21] used health insurance data of
13.4% of the Dutch population to analyze the total costs
of medical care and nursing care in the year before death
by gender and the disease that caused death. Results
showed that among the deceased, younger age was asso-
ciated with higher cost of medical care, while older age
was associated with higher cost of nursing care and
higher cost of malignant neoplasms as a cause of death
in both men and women, especially in the younger age
group. When the correlation between age and HCE was
examined by controlling for diseases that caused death,
morbidity, number of comorbidities, length of hospital
stay, and PTD, HCE was reported to be lower in older
age groups [20, 22–28, 42]. The reasons for lower HCE
in older age groups include nursing care services as a
substitute function for medical services in the elderly
and reduced medical intensity [18, 22, 23, 35]. Wong
et al. [24] analyzed hospital HCE for 94 different diseases
among Dutch survivors and decedents and found that
the significance and effect of PTD and age differed for
each disease, which they termed the “carpaccio of red
herring.” Dormont et al. [14] also analyzed the relation-
ship between aging, changes in morbidity and medical
technology, and HCE, and concluded that the impact of
aging on HCE is smaller than that of advanced medical
care on HCE. In addition, some studies have reported
that the closer one is to death, the more likely one is to
have diseases, and that PTD itself is a substitute for
morbidity [20, 27], suggesting that it is important to
consider morbidities when analyzing the factors of HCE.
Thus, although there have been many discussions until
recently, no conclusion has been reached on the factors
that determine HCE, and research is still being con-
ducted that include not only age and PTD, but also the
effects of lifestyle, income, price, and medical environ-
ment [37–41, 44].
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Japan is an OECD country where population aging is
serious and at the same time, the increase in HCE has
become a problem. In the early 2000s, the percentage of
the total population aged 65 years or older was less than
20%, but in 2019, it had reached 28% [1], and verifying
the correlation between age and HCE is an important
issue in estimating future healthcare costs in Japan. Ha-
shimoto et al. [18] examined the relationship between
age, PTD, and health care and nursing care expenditures
using claims data from the National Health Insurance
(NHI) of the population aged 65 and older in the Kyu-
shu district of Japan. They pointed out the possibility of
both the contribution of PTD to increased HCE and the
contribution of aging to increased nursing care expendi-
tures. Hosoya [19] used macroeconomic data of 25
OECD countries, including Japan, and estimated the re-
lationship between age and HCE in a fixed effects model
after controlling for other macroeconomic variables such
as GDP.
In this study, to examine the relationship between

PTD and HCE, we stratified our data by sex and age
group and examined trends in average HCE for each
month from the month of death to 23months prior. In
Japan, reimbursement claims data are summed up
monthly and HCE by disease is not known, making it
unclear how much medical expenses are spent on which
diseases. Therefore, we used the Bayesian methods to
decompose the incurred HCE into five representative
disease groups and analyzed the average per capita HCE
for each disease group for each month prior to death.
Our proposed method for appropriate allocation of costs
by disease is to obtain the average HCE of representative
diseases while considering the uncertainty of the param-
eters that enables analysis of HCE by disease and is use-
ful for understanding the trend of average HCE. Polder
et al. [23] analyzed medical and care costs by the disease
that caused death. In this study, however, we used our
proposed method to allocate the incurred HCE to each
disease group on an average basis. Ours is a novel
method of analysis that is more objective in that it ap-
propriately allocates costs to diseases other than those
that cause death. In addition, due to the aforementioned
problems with reimbursement claims data in Japan,
there have been no studies on the relationship between
PTD and HCE by disease [18], which is another novelty
of this study.

Methods
Study objective
The purpose of this study was to clarify the relationship
between PTD and end-of-life HCE for diseases using
data from the Japanese National Health Insurance Sys-
tem. We analyzed the relationship between PTD and
HCE, stratified by sex, age, and disease group,

considering the results of studies outside Japan that have
reported the importance of the relationship between
morbidity and age [20–28]. The HCE for each stratified
group were estimated for each month prior to death
using a method similar to the two-part model that has
been frequently used since Seshamani et al. [23, 33]. Fi-
nally, the estimated HCE were accumulated for approxi-
mately 2 years prior to death, and the impact of each
disease group on the cost of medical care at the end of
life was examined, and differences by sex, age, and dis-
ease were analyzed.

Data
The data used in this study were information on enrol-
lees and reimbursement claims data from the NHI in the
Shizuoka Prefecture, located in the center of Japan. The
NHI is a public medical insurance program that requires
self-employed and retired elderly people to join. Infor-
mation on enrollees is anonymized individual-level data,
including demographic information such as date of birth,
date of death, and gender. Reimbursement claims data
are a record of monthly total HCE and correspond to
ICD-10 codes, which can be linked to information on
enrollees by anonymized IDs. The billed HCE consists of
inpatient and outpatient expenditures and prescription
fees, but it is not broken down by the disease. For the
purpose of this study, it was necessary to estimate the
average HCE for each of the five disease groups using
the decomposition method of HCE, which will be ex-
plained later. The diseases were divided into five groups:
circulatory (I00-I99), chronic kidney disease (N18), neo-
plasms (C00-D48), respiratory (J00-J99), and others ac-
cording to the WHO ICD-10 definition [45]. The three
major causes of death among the elderly (65 years and
older) in Japan are neoplasms, heart disease, and cere-
brovascular disease, in descending order of frequency.
Heart and cerebrovascular diseases are included in the
circulatory group in this study. Others consisted of all
ICD-10 codes except for circulatory, Chronic Kidney
Disease (CKD), neoplasms, and respiratory diseases. In
the ICD-10 codes categorized as others, there were some
disease groups such as diabetes mellitus and metabolic
disorders that were attributed to lifestyle and were of
interest in this study. However, in the decomposition
method for HCE described below, some cases occurred
where the estimation was not stable due to insufficient
sample size, so they were included in others.
The NHI data recorded between November 2012 and

October 2018 were used, and there were 4,292,759 sam-
ples including both surviving and deceased individuals.
We selected insured individuals who had died during
the study period, had at least 2 years of coverage, and
were between 65 and 95 years of age at death. As a re-
sult, 122,318 samples were included in the analysis. The

Hiramatsu et al. Health Economics Review            (2022) 12:6 Page 3 of 19



age at death was divided into three age groups: 65–75
years, 75–85 years, and 85–95 years. Seshamani et al.
[33] pointed out that the effect of PTD becomes appar-
ent 15 years before death, and Wyl [28] found that HCE
increased significantly more than 2 years before death.
In this study, the time to death (TTD) to be analyzed
was 23months (approximately 2 years), based on both
the results of these previous studies and the sufficient
data points required to decompose HCE in our method.
Seshamani et al. [23] and Kolodziejczyk [34] pointed out
the problem of bias due to right-censoring of survivors
who did not die within the observation period, but this
problem did not arise in this study because only dece-
dents were included in the analysis.

Study procedures
Zweifel et al. [11] estimated the association of PTD and
age with HCE using a two-step Heckman model [46] and
found that PTD was significant and had a large effect.
However, Salas et al. [29] and Seshamani et al. [23, 33]
pointed out multicollinearity due to the inverse Mills ratio
calculated using Heckman’s method and the endogeneity
of PTD and avoided the problem of multicollinearity by
adopting a two-part model. The two-part model has been
known for a long time in the field of actuaries who calcu-
late insurance premium rates and is also called the “fre-
quency-severity model” [47]. In the two-part model [48],
the first step is to model the probability of incurring HCE
(frequency), and the second is to model the HCE condi-
tional on incurring IHCE (incurred health care expendi-
tures). In this study, following Klugman et al. [47], we
refer to the model of the first step as the frequency model
and the model of the second step as the severity model.
The average HCE (AHCE) can then be calculated by
multiplying the estimated frequency by the IHCE [49].
Since frequency and IHCE are estimated by stratified
group, TTD (in months), and disease group, AHCE also
represents the estimated per capita by stratified group,
TTD, and disease group.
In the frequency model, we defined the estimated fre-

quency, F.gtd, as the proportion of HCE occurrences by
stratified and disease groups in the corresponding TTD,
as shown in the following equation:

F :gtd ¼ 1
Ng

XNg

i¼1

Iigtd

N ¼
XG
g¼1

Ng

where Iigtd is a variable indicating whether or not the i-
th subject in the g-th stratified group (1 ≤ g ≤G) had
HCE in disease group d (1 ≤ d ≤ 5, five types of disease

group) in the month before death t (0 ≤ t ≤ 23), and is an
indicator variable that takes the value of 1 if HCE is in-
curred and 0 otherwise. G represents the number of
types of analysis targets stratified by sex, three age
groups, or both, and the largest number of types is six,
multiplied by the number of types of sex and age groups
(G = 2 × 3 = 6). N is the total number of individuals ana-
lyzed, and Ng is the number of individuals belonging to
the g-th stratified group.
By contrast, in the severity model, the IHCE of each

individual is summed up by month, so that cost alloca-
tions need to be made to the five disease groups. In
Japan, a method called the “primary disease method” is
often used to estimate IHCE by disease. This method al-
locates all the IHCE in the month to the disease for
which most medical resources are considered to have
been invested and it has several drawbacks. First, this
method depends on the subjectivity of the person who
judges the primary disease. Second, all medical resources
spent on other coexisting diseases are also allocated to
the primary disease, resulting in a bias in the estimation
of IHCE by disease. Therefore, a method that enables an
objective and appropriate cost allocation is necessary.
Wagner et al. [50] used Ordinary Least Squares (OLS)

regression to estimate medical costs by diagnostic group,
but they reported cases in which the estimated medical
costs were negative. This is an unavoidable problem be-
cause OLS assumes a normal distribution. On the other
hand, Zweifel et al. [11] and many other authors solved
the problem of negative HCE by logarithmically trans-
forming HCE. However, when heteroscedasticity exists,
it has been pointed out that bias occurs when retrans-
forming to the original medical cost dimension, and
Seshamani et al. [23] proposed a generalized linear
model using the log-link function as an alternative.
The IHCE of the same disease may vary depending on

the hospital where the patient receives treatment, doc-
tor’s judgment, and the comorbidity, and the mean value
of IHCE may not be truly one value. In addition, if the
covariates that represent these factors are not sufficiently
obtained as data, the methods described thus far are not
necessarily optimal, and fitting, including the uncertainty
of the estimated values, is important. Furthermore, the
HCE is a sum of normal distributions with different
model parameters, and the Bayesian method using Mar-
kov Chain Monte Carlo (MCMC) is suitable for estimat-
ing the model parameters of each normal distribution in
such cases. And by adopting the method using MCMC,
the expected value of medical cost for each disease did
not become negative as seen in Wagner et al. [50]. Fig-
ure 1 shows a network graph of the relationship between
the parameters to be estimated and the summed IHCE t
months before the death of the i-th subject belonging to
the stratified group g.
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Yigt in Fig. 1 is the IHCE of the i-th subject in the
stratified group g at t months before death and is an ob-
servable value (gray in Fig. 1 indicates that it is an ob-
servable value). Iigtd in Fig. 1 is an indicator variable that
specifies whether the i-th subject in group g has or does
not have IHCE for disease group d at t months before
death and is the same variable as Iigtd in the frequency
model. Yigtd in Fig. 1 is a random variable representing
the IHCE of disease group d at t months before the
death of the i-th subject, following a normal distribution
with mean value μgtd and variance σ2gtd, assuming that
IHCE of each disease group is independent of each
other. The purple line in Fig. 1 is the parameter to be es-
timated, while the variance σ2gtd is a nuisance parameter
and is not of interest in this study. The structure shown
in Fig. 1 can be expressed using the following equation:

Y igt ¼
X5

d¼1

Y igtd ∙Iigtd

Y igtd � Normal μgtd; σ
2
gtd

� �

We used R’s RStan 2.19.3 [51] to estimate the poster-
ior distributions of the parameters (μgtd, σ

2
gtd) by sam-

pling with MCMC. With reference to the mean and
variance in the sample in each stratified group of IHCE,
a weakly informative prior distributions were adopted as
the prior distributions for each parameter so that the
calculation would converge efficiently. HCE was

normalized to 100,000 Japanese yen (JPY), and all subse-
quent numbers related to medical costs in this study are
shown as normalized values (1 JPY is equivalent to
0.0093 USD at the average exchange rate during the
sample period). The prior distributions of the parame-
ters were the same for all disease groups and stratified
groups, as follows:

μgtd � Normal 0; 202
� �

σ2gtd � LogNormal 0; 102
� �

where LogNormal represents the lognormal distribution,
and this distribution is chosen such that the variance
does not take a negative value. For MCMC sampling,
the number of chains was set to four, and the number of
samples in each chain was set to 6000. The first 2000
steps were discarded as a warm-up period. The conver-
gence condition of MCMC was set as R̂ of all parameters
and log posterior probability being less than 1.05 [52],

Fig. 1 Network graph representing the Severity Model

Table 1 Evidence criteria for Bayes Factor

Bayes Factor Level of evidence

1 to 3 Not worth more than a bare mention

3 to 20 Positive

20 to 150 Strong

> 150 Very strong
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and convergence was confirmed in all calculations. Since
Bayesian methods were used to analyze the IHCE, Bayes-
ian credible intervals are reported in this paper instead
of P values. In addition, the Bayes factor (BF) [53] for
the composite hypothesis was used to verify whether
there was a difference in IHCE by sex and age group,
and the evidence criteria expressed in Table 1 based on
Kass et al. [54] were adopted in this study.
Finally, based on the results obtained from the fre-

quency and severity models, the average HCE (AHCE)
for each disease group and the cumulative average HCE
(CAHCE) over a period of approximately 2 years before
death were calculated [49]. The formulation is as
follows:

AHCEgtd ¼ μ̂gtd ∙F :gtd

CAHCEgd ¼
X23
t¼0

AHCEgtd

where μ̂gtd denotes the mean value of the posterior dis-
tribution of μgtd, AHCEgtd denotes the AHCE of disease
group d in stratified group g at t months before death,
and CAHCEgd denotes the CAHCE of disease group d in
the stratified group.

Statistical analysis
We classified age into three groups and stratified the
subjects into up to six categories based on age group
and sex. For each stratified category, a frequency model
and severity model were created for each of the five dis-
ease groups for each TTD, and finally, AHCE and
CAHCE were calculated for each disease group.
To verify whether the differences in the values of fre-

quency for each category were significant, the Chi-
square test was conducted for each category and the
number of HCE incurred. We also performed the
Kruskal-Wallis and the Wilcoxon tests with Bonferroni
correction to test whether the difference in total IHCE,
the sum of the IHCE of the five disease groups, between
the age groups was significant. Similarly, the difference
in total IHCE between the two sexes was analyzed using
the Wilcoxon test. Pearson’s correlation coefficient was
calculated for each TTD to check whether the IHCE of
each disease group were independent of each other. The

decomposed IHCE by disease group was then tested for
differences between sex or age groups by Bayes factor.
The above analysis was performed by extracting the

relevant data for each subject for each month from 0 to
23months prior to death.

Results
Basic statistics
The number of individuals used in this analysis was
122,318 who were stratified by sex, age group, or both to
analyze the relationship between PTD and HCE for each
disease group. Table 2 shows the number of individuals
analyzed by sex and age group. The number of males
and females was almost the same, but the proportion of
the older adults was larger in females, which is attrib-
uted to their longer life expectancy.
Table 3 shows the number of HCE incurred for each

disease group when TTD is 0 to 6 months (TTD of 7 or
more is not shown). Table 4 shows the mean total IHCE,
which was the sum of IHCE for all diseases when the
TTD is 0 to 6 months. As a general trend, the number of
HCE incurred was larger in the following order: others,
circulatory, respiratory, neoplasms, and CKD. The num-
ber of HCE incurred in the others group was the largest
because it included a majority of the diseases. Regarding
the month of death (TTD = 0), there was a downward
trend in the number of HCE incurred and total IHCE
compared with the month before death (TTD = 1), be-
cause the effective period in the month of death was
only half a month. Despite this, the number of respira-
tory cases was characteristically higher than that in the
month before death. Table 3 shows only the number of
HCE incurred with TTD from 0 to 6, but values with
TTD from 7 to 23 were also included in the calculation
of Frequency.
Table 5 shows the admission rate based on TTD. The

admission rate increased rapidly as the month of death
approached. The older the group, the lower the admis-
sion rate tended to be across all TTD.
Table 6 shows the results of the Chi-square test for

the age group being independent of the number of HCE
incurred (the number of records with non-zero HCE)
for each disease group with TTD from 0 to 6 months,
based on the number of HCE incurred in Table 3. While
there was a significant relationship between age group
and the number of HCE incurred for most of the disease
groups, there were several TTD for which there was no
significant relationship with others. Table 7 shows the
results of the Chi-square test for the independence be-
tween sex and the number of HCE incurred for each dis-
ease group with TTD from 0 to 6 months, based on the
number of HCE incurred in Table 3. The relationship
between sex and the number of HCE incurred tended to

Table 2 Number of subjects by sex and age group

Male Female All

Age 65–75 75–85 85–95 65–75 75–85 85–95

N 10,699 25,165 27,630 5154 16,783 36,887 122,318

Ratio (%) 8.7% 20.6% 22.6% 4.2% 13.7% 30.2% 100%
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become more significant in older age across all disease
groups.
Total IHCE was lower in older age groups, with a sig-

nificant difference in the Kruskal-Wallis test for TTD
between 0 and 6months (p < 0.001). The more conserva-
tive Wilcoxon test with Bonferroni correction also
showed a significant difference among all age groups
(p < 0.001). Conversely, in both 75–85 and 85–95 age
groups, the Wilcoxon test showed significant differences
in total IHCE between males and females at TTD of 0 to
6 months (p < 0.001), but in the 65–75 age group, there
were no significant differences in most TTD (Table 8).
Tables 9 and 10 show Pearson’s correlation coeffi-

cients of HCE occurrence for each disease group at TTD
of 1 and 6months. For most of the other TTD, there
was not a strong correlation between the disease groups,
suggesting that the probability of incurring HCE for each
disease group was almost independent of each other, but
when the TTD was 1, there was a tendency for circula-
tory and neoplasms not to co-occur (r = − 0.12).

Frequency and severity models
The results of the four types of analysis have been de-
scribed in the following order: without stratification by
age group and sex, with stratification by age group, with
stratification by sex, and with stratification by both sex
and age group.

Without stratification by age group and sex
Additional file 1 shows the frequency (a) and IHCE (b).
The IHCE graph shows a 95% Bayesian confidence inter-
val with a pale-colored band. Since the month of death
has an effective period of only about half a month, the
values of both frequency and IHCE decrease in the
month of death for most of the disease groups. For all
disease groups, the frequency tended to increase as the
time of death approached, with a particularly large in-
crease in the months prior to death in respiratory dis-
eases, where frequency and IHCE 1 month before death
were approximately 1.5 and 3.5 times higher than 12
months before death, respectively. This is a large value
compared to other diseases and may represent the fact
that many patients are subjected to medical treatment,
such as intubation of a ventilator, as death approaches.
In addition, except for others, the frequency was large
for all TTD in the circulatory group, which may indicate
that many diseases in the circulatory group are chronic.
In IHCE, CKD had the highest medical costs for all
TTD, except in the months immediately before death,
probably because patients with CKD were on regular
dialysis. Neoplasms were the next largest group, with
relatively high medical costs across all TTD. The lowest
IHCE in the circulatory group could be because most
circulatory diseases are chronic, and the main medical
cost involves prescriptions for antihypertensive drugs,
which are less expensive than the treatment cost of

Table 4 Mean total IHCE (incurred health care expenditures)

Time to death

Sex Age Group 6 5 4 3 2 1 0

Male 65–75 2.9 (4.3) 3.2 (4.7) 3.4 (4.7) 3.8 (5.4) 4.3 (5.7) 5.7 (6.3) 4.4 (6.0)

75–85 2.2 (3.6) 2.5 (4.0) 2.7 (4.1) 3.1 (4.5) 3.7 (4.6) 4.9 (5.4) 3.7 (4.7)

85–95 1.7 (3.0) 1.9 (3.0) 2.1 (3.2) 2.5 (3.5) 3.1 (3.8) 4.2 (4.3) 3.1 (3.5)

Female 65–75 2.9 (4.4) 3. (4.2) 3.1 (4.4) 3.5 (4.9) 4.3 (5.5) 5.6 (7.3) 4.3 (6.1)

75–85 2.1 (3.3) 2.3 (3.9) 2.5 (3.9) 2.8 (4.2) 3.4 (4.4) 4.5 (5.6) 3.5 (5.0)

85–95 1.5 (2.6) 1.6 (2.7) 1.8 (3.1) 2.1 (3.3) 2.5 (3.5) 3.3 (3.8) 2.5 (3.1)
1The unit of IHCE (incurred health care expenditures) is 100,000 JPY
2The figures in parentheses indicate the standard deviation of total IHCE (incurred health care expenditures)

Table 5 Admission ratio by time to death

Time to death

Sex Age Group 6 5 4 3 2 1 0

Male 65–75 18.1% 19.9% 22.0% 25.6% 31.8% 43.6% 69.8%

75–85 16.8% 19.0% 21.6% 25.9% 32.5% 44.2% 67.2%

85–95 15.1% 17.3% 20.1% 24.6% 31.6% 43.2% 63.2%

Female 65–75 16.9% 18.6% 20.4% 23.6% 30.4% 41.8% 67.5%

75–85 18.0% 20.0% 22.4% 25.9% 31.6% 42.0% 63.2%

85–95 15.4% 17.0% 19.3% 22.6% 28.0% 36.7% 53.0%
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lethal diseases such as neoplasms. In all disease groups,
IHCE tended to increase rapidly in a nonlinear pattern
in the months before death, except in the month of
death.
Additional file 2 shows AHCE (a) and CAHCE (b) for

each disease group. Comparing AHCE by disease group,
the order of increasing AHCE is others, respiratory, neo-
plasms, CKD, and circulatory. The AHCE in the others
group increased about 2.5-fold when compared with the
AHCE 1 year before death and 1 month before death,
but the degree of increase differed among disease
groups, and there was almost no change in chronic

diseases (CKD and circulatory). Although the frequency
of circulation is high, it is not large in terms of AHCE
due to the small IHCE, but the difference in AHCE be-
tween groups tended to disappear as TTD increased. In
the CAHCE, others accounted for approximately 60% of
the total CAHCE (3,200,000 JPY in 2 years), and respira-
tory and neoplasms each accounted for approximately
15%.
Table 11 shows a comparison of the estimated total aver-

age HCE and the corresponding actual total HCE for each
TTD. The error rate is the difference between the total
average HCE and the actual total HCE divided by the actual

Table 6 Chi-square test for the age group being independent of the number of HCE (health care expenditures) incurred

Time to death

Sex Disease Group 6 5 4 3 2 1 0

Male Circulatory 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

Respiratory 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

CKD 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

Neoplasms 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

Others 0.018* 0.346 0.087 0.484 0.375 0.023* 0.076

Female Circulatory 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

Respiratory 0.000*** 0.011* 0.171 0.144 0.321 0.000*** 0.000***

CKD 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.003**

Neoplasms 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

Others 0.000*** 0.217 0.008** 0.052 0.026* 0.091 0.000***

*p < 0.05, **p < 0.01, ***p < 0.001
CKD Chronic Kidney Disease

Table 7 Chi-square test for the independence of sex and the number of HCE (health care expenditures) incurred

Time to death

Age Group Disease Group 6 5 4 3 2 1 0

65–75 Circulatory 0.009** 0.000*** 0.000*** 0.000*** 0.000*** 0.029* 0.753

Respiratory 0.001*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

CKD 0.002** 0.003** 0.002** 0.001*** 0.007** 0.006** 0.007**

Neoplasms 0.581 0.279 0.066 0.314 0.143 0.185 0.483

Others 0.848 0.162 0.448 0.198 0.367 0.712 0.277

75–85 Circulatory 0.000*** 0.000*** 0.000*** 0.005** 0.004** 0.381 0.000***

Respiratory 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

CKD 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

Neoplasms 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

Others 0.000*** 0.000*** 0.000*** 0.000*** 0.001*** 0.305 0.265

85–95 Circulatory 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

Respiratory 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

CKD 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

Neoplasms 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

Others 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.001***

*p < 0.05, **p < 0.01, ***p < 0.001
CKD Chronic Kidney Disease
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total HCE, indicating that the AHCE can be estimated with
good accuracy (less than ±0.3%) across all TTD.

With stratification by age group
Figure 2 shows the estimation results by age group. Figure
2c shows the difference in posterior distributions between
the 85–95 and 75–85 age groups, and between the 75–85
and 65–75 age groups by TTD, and the pale bands indi-
cate the 95% Bayesian credible intervals. The frequency
was higher in the older age group for all TTD in the circu-
latory and respiratory systems, and in others from the
month of death to several months before death. In neo-
plasms, the frequency tended to be higher in the younger
age group. In IHCE, BF was calculated from the difference
in posterior distributions between the age groups of 85–
95 years and 75–85 years, and between the age groups of
75–85 years and 65–75 years, to verify the strength of evi-
dence between the age groups. Table 12 shows the results
of calculating the BF values for each disease group by
TTD (from 0 to 12months) among the age groups. Ac-
cording to the results, the difference in IHCE in others,
CKD, and neoplasms between the age groups of 85–95
years and 75–85 years was considered strong evidence,
and IHCE was higher in the age group of 75–85 years;
however, differences in circulatory and respiratory rates
were not found across all TTD. Conversely, between the
age groups of 75–85 years and 65–75 years, there was
strong evidence of a difference in CKD and neoplasms,
and IHCE was higher in the age group of 65–75 years, but
there was no difference across all TTD for the other dis-
ease groups. Figure 3 shows the AHCE and CAHCE for
each disease group by age group. In general, the younger

age group had larger values for both AHCE and CAHCE,
but the older age group tended to have larger values for
respiratory diseases. In neoplasms, AHCE and CAHCE
were remarkably larger in the 65–75 years age group than
in other age groups, and the effect of PTD was also large.
In particular, the CAHCE of the of 65–75 years age group
was about three times larger than that of the of 75–85
years age group and about six times larger than that of the
of 85–95 years age group.

With stratification by sex
Figure 4 shows the estimation results by sex. The bottom
graph (c) shows the difference in posterior distributions
by TTD for males and females and the pale bands indicate
the 95% Bayesian credible intervals. The frequency was
higher for females in the circulatory and other groups,
whereas it was higher for males in other disease groups. In
the IHCE, BF was calculated from the difference in poster-
ior distributions between males and females, and the
strength of the evidence for the difference between males
and females was tested. Table 13 shows the BF values for
each TTD (from 0 to 12months) for each disease group.
The results show that there is no strong evidence of a dif-
ference between males and females in circulatory and
CKD, but a difference was seen between males and fe-
males in respiratory, others, and neoplasms. For respira-
tory and others, IHCE was greater in males, but for
neoplasms, IHCE was greater in females. Overall, the dif-
ferences between the sexes were not as large as the differ-
ences between the age groups. Figure 5 shows the AHCE
and CAHCE for each disease group by sex; males tended
to have higher values for both.

Table 8 Wilcoxon test in total IHCE (incurred health care expenditures) between men and women

Time to death

Age Group 6 5 4 3 2 1 0

65–75 0.481 0.095 0.003** 0.011* 0.332 0.045* 0.071

75–85 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

85–95 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000*** 0.000***

*p < 0.05, **p < 0.01, ***p < 0.001

Table 9 Pearson correlation coefficients of health care
expenditure occurrence at time to death of 1

CKD Neoplasms Others Respiratory

Circulatory 0.11 −0.12 0.08 0.09

CKD −0.04 0.02 0.02

Neoplasms −0.01 −0.01

Others 0.02

CKD Chronic Kidney Disease

Table 10 Pearson correlation coefficients of health care
expenditure occurrence at time to death of 6

CKD Neoplasms Others Respiratory

Circulatory 0.11 −0.06 0.05 0.10

CKD −0.01 0.02 0.03

Neoplasms 0.00 0.06

Others 0.00

CKD Chronic Kidney Disease
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By age and sex
Additional file 3 shows the AHCE and CAHCE obtained
by stratifying by age group and sex and applying the fre-
quency and severity models (the results for frequency
and IHCE are not shown). Except in respiratory diseases,
CAHCE was larger in females than in males between the
ages of 65 and 85. In the respiratory, CAHCE was
greater in males than in females in all age groups. Except
for others, the CAHCE of neoplasms in females aged
65–75 years was the largest.

Discussion
The purpose of this study was to test the “red herring”
hypothesis established by Zweifel et al. [11] and to find
the driving factors of end-of-life care costs by disease
in Japan, where the population is aging more rapidly
than in other OECD countries. In this study, we strati-
fied 122,318 decedents aged 65 to 95 years who were
enrolled in the NHI in the Shizuoka Prefecture, by age

group and sex, and decomposed medical costs by dis-
ease group based on Bayesian methods. Frequency,
IHCE, and AHCE had different profiles for each disease
group for TTD, but the values tended to increase as
the month of death approached. The profiles of fre-
quency, IHCE, and AHCE for TTD differed among the
categories stratified by age group and sex, but the dif-
ferences among age groups were more pronounced
than those by sex.
Wong et al. [24] analyzed the association between

PTD and hospital HCE by primary disease and found
that the effect of PTD was stronger in lethal diseases.
They concluded that the effect of PTD was stronger in
neoplasms, similar to other studies [21, 25]. In our ana-
lysis, the increase in IHCE of neoplasms with the ap-
proach of the month of death was large, but the same
was also true for respiratory diseases. This may be be-
cause the total IHCE in this analysis was cost-allocated
to each disease group in the Bayesian method, and costs

Table 11 Comparison of the estimated total average HCE (health care expenditures) with the corresponding actual values

Time to death
(Month)

Actual Total HCE
(100,000 JPY)

Total Average HCE
(100,000 JPY)

Error Rate (%)

0 360,495 360,494 0.00%

1 497,861 499,327 −0.29%

2 367,603 368,625 −0.28%

3 301,841 302,223 −0.13%

4 261,238 261,404 −0.06%

5 235,214 235,383 −0.07%

6 214,443 214,495 −0.02%

7 199,898 199,943 −0.02%

8 190,633 190,707 −0.04%

9 183,131 183,189 −0.03%

10 175,133 175,153 −0.01%

11 166,136 166,148 −0.01%

12 160,428 160,438 −0.01%

13 154,892 154,902 −0.01%

14 151,393 151,395 0.00%

15 147,516 147,522 0.00%

16 142,616 142,628 −0.01%

17 137,561 137,547 0.01%

18 135,438 135,440 0.00%

19 132,573 132,577 0.00%

20 129,362 129,356 0.00%

21 127,710 127,707 0.00%

22 123,939 123,940 0.00%

23 121,760 121,753 0.01%

SUM 4,818,815 4,822,295 −0.07%

HCE, health care expenditures
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were allocated to medical treatments that were not pri-
mary diseases, such as ventilator intubation near death.
In Japan, the two major circulatory diseases, stroke and
heart disease, account for approximately 30% of total
deaths, and according to Wong et al.’s argument [24],
the effect of PTD is expected to be stronger for

circulatory AHCE. However, this was not the case in our
analysis. This may be because many circulatory diseases
are chronic, and their symptoms are controlled by con-
tinuous medication. Therefore, it is important to con-
sider the medical treatment for each disease and its cost
(reimbursement price) when examining the factors of

Fig. 2 Frequency and IHCE (incurred health care expenditures) with stratification by age group
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HCE. These discussions were made possible by using the
Bayesian method to allocate costs to disease groups
other than the primary disease group, suggesting the im-
portance of cost allocation.
Overall, in the results obtained from the Japanese data

used in this analysis, AHCE was also larger as the month
of death approached in each stratified category, which
partially supported the “red herring” hypothesis pro-
posed by Zweifel et al. [11, 30]. However, contrary to
Zweifel et al.’s conclusion [30] that there was no effect
of age on HCE among the deceased, AHCE differed
among the age groups in the present study. In particular,
AHCE and CAHCE in the age group of 65–75 years
were larger than those in the age group of 85–95 years
in all disease groups except for respiratory diseases, and
the difference was especially pronounced in neoplasms.
These suggest that there is an effect of both, PTD and
age on HCE, which is consistent with several reports

[15, 16, 18, 23, 32]. Hashimoto et al. [18] analyzed fre-
quency and IHCE by inpatient and outpatient
hospitalization in the year before death for individuals in
the 65–75, 75–85, and 85+ years age groups in the Kyu-
shu region of Japan, and reported that both frequency
and IHCE were higher in younger age groups for almost
all TTD for both inpatient and outpatient
hospitalization. Meanwhile, in our study, frequency was
higher in older patients with circulatory and respiratory
diseases and higher in younger patients with neoplasms.
Additionally, IHCE was larger in the younger age group
with CKD and neoplasms and there was a large differ-
ence in the magnitude of the relationship between the
age groups in each disease group. Although the trend of
higher frequency in younger age groups was consistent
in Hashimoto’s study for both inpatient and outpatient
care, the age profile of frequency varied by disease in
our study. This suggests that disease affects HCE more

Table 12 Bayes Factors for IHCE (incurred health care expenditures) difference with stratification by age group

TTD Age Circulatory Respiratory Others CKD Neoplasms

0 85–95 – 75–85 6.7* 3.1* > 150 *** > 150 *** > 150 ***

0 75–85 – 65–75 > 150 *** 6.7* 54.7** 10.9* > 150 ***

1 85–95 – 75–85 1.4 30.6** > 150 *** > 150 *** > 150 ***

1 75–85 – 65–75 3.4* 8.1* 3.5* 95.4** > 150 ***

2 85–95 – 75–85 1.6 18.3* > 150 *** > 150 *** > 150 ***

2 75–85 – 65–75 1.9 39.6** 7.7* > 150 *** > 150 ***

3 85–95 – 75–85 1.8 11.9* > 150 *** > 150 *** > 150 ***

3 75–85 – 65–75 1.2 53.2** 8.7* > 150 *** > 150 ***

4 85–95 – 75–85 1.3 3.8* > 150 *** > 150 *** > 150 ***

4 75–85 – 65–75 1.2 5.6* 50.6** > 150 *** > 150 ***

5 85–95 – 75–85 1.1 3.3* > 150 *** > 150 *** > 150 ***

5 75–85 – 65–75 1.6 8.7* 6.7* > 150 *** > 150 ***

6 85–95 – 75–85 9.0* 1.8 > 150 *** > 150 *** > 150 ***

6 75–85 – 65–75 12.5* 2.1 6.4* > 150 *** > 150 ***

7 85–95 – 75–85 1.6 56.8** > 150 *** > 150 *** > 150 ***

7 75–85 – 65–75 13.4* > 150 *** 12.6* > 150 *** > 150 ***

8 85–95 – 75–85 1.9 2.1 > 150 *** > 150 *** > 150 ***

8 75–85 – 65–75 2.0 2.5 1.7 > 150 *** > 150 ***

9 85–95 – 75–85 1.1 5.5* > 150 *** > 150 *** > 150 ***

9 75–85 – 65–75 1.9 1.0 2.2 > 150 *** > 150 ***

10 85–95 – 75–85 8.9* 2.3 > 150 *** > 150 *** > 150 ***

10 75–85 – 65–75 2.7 > 150 *** 1.2 > 150 *** > 150 ***

11 85–95 – 75–85 13.0* 3.1* > 150 *** > 150 *** > 150 ***

11 75–85 – 65–75 3.8* 113.3** 1.5 > 150 *** > 150 ***

12 85–95 – 75–85 3.5* 5.6* > 150 *** > 150 *** > 150 ***

12 75–85 – 65–75 11.4* 25.9** 4.2* > 150 *** > 150 ***

*Positive (3 < BF < 20), **Strong (20 < BF < 150), ***Very strong (150 < BF)
TTD time to death, CKD Chronic Kidney Disease
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differently for each age group, and it is important to
consider disease in the factor analysis of HCE. In
addition, except for respiratory disease, AHCE and
CAHCE were smaller in the older adults group, which
may be due to a decrease in the intensity of inpatient
care for them and a decrease in the hospitalization rate
due to the use of nursing care [18, 22–24, 35].
Shugarman et al. [26, 36] analyzed the association be-

tween medical costs and age and gender among Medicare
beneficiaries who died of lung cancer at age 68 years or
older, and found that IHCE was greater in women than in

men. In the present study, IHCE in the neoplasms group,
including lung cancer, was higher in females across most
TTD, consistent with the results of Shugarman’s study.
However, IHCE in males was larger than that in females
for respiratory diseases and others, and it is important to
note that the relationship between the magnitude of the
profiles of males and females differs by disease. In particu-
lar, in others, which includes the majority of the diseases,
frequency was greater in females and IHCE was greater in
males across many TTD. This trend is consistent with
Hashimoto’s results [18]. Although women tend to be

Fig. 3 AHCE (average health care expenditures) and CAHCE (cumulative average health care expenditures) with stratification by age group

Hiramatsu et al. Health Economics Review            (2022) 12:6 Page 14 of 19



more likely to see a physician at the end of life, when men
do see a physician, their illness tends to be more severe
and their medical costs may be higher. As these indicate,
it is important for estimating HCE before death to take
into account the complex differences in frequency and
IHCE by gender for each disease and TTD.

The impact of neoplasms on CAHCE, the medical cost
in the 2 years prior to death, was greatest in the 65–75
age group. The CAHCE of females in the 65–75 age
group was particularly large, with a reduction in medical
costs of about 500,000 yen per person per year, even if
the age at which the disease strikes is delayed by about

Fig. 4 Frequency and IHCE (incurred health care expenditures) with stratification by gender
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10 years. This is greater than the average annual medical
cost for all Japanese people, which is approximately
350,000 yen [55]. To reduce the cost of end-of-life care,
it is important to delay the onset of serious diseases as
much as possible through preventive interventions such
as lifestyle improvement and early detection and treat-
ment in the category in which most medical resources
are invested.
In this study, we proposed a method to estimate

the average HCE of each disease group by cost alloca-
tion of HCE, which is aggregated on a monthly basis,
to each disease group using a Bayesian method. We
found that the relationship between HCE and age and
sex differed in each disease group, and that the ter-
minal care cost of neoplasms was relatively higher in
the younger age group. However, because the sample
size was not large enough for the Bayesian method to
converge, it was difficult to allocate the costs to more
detailed disease groups and inpatient and outpatient
groups. This problem can be overcome by increasing
the number of subjects in the analysis. In addition,
we did not consider the fact that the distribution of
medical costs is skewed, which may have caused bias.
Furthermore, although we assumed that the IHCE of
each disease group was independent of each other,
the possibility of “super-additive,” in which the IHCE
of comorbidities is larger than the sum of the inde-
pendent IHCE of the underlying diseases, has been
suggested [38], and this point may need to be consid-
ered. This analysis assumes that the relationship be-
tween age and sex and medical costs by disease
group is stationary during the period of analysis,

which is about 6 years. For example, in Japan, stroke
incidence and mortality rates have been on a gradual
downward trend due to changes in health status over
time [56, 57], and the relationship between age and
disease rates has not been completely stationary over
time. Therefore, when estimating future medical costs,
it may be necessary to incorporate dynamic incidence
rates that take into account changes in health, eco-
nomic, and social conditions over time, as seen in
Kasajima’s study [58].

Conclusions
In this study, using data from decedents enrolled in the
Japanese NHI, we used a Bayesian approach to decom-
pose the aggregated monthly medical costs into HCE for
each disease group, and to examine the relationship be-
tween PTD and HCE by disease group, stratified by sex
and age. As in recent studies, we found that HCE in
most disease groups increased as death approached.
However, the profiles differed greatly among disease,
sex, and age groups, suggesting that they may be import-
ant driving factors for HCE. In addition, the large two-
year cumulative medical cost of neoplasms in younger
age groups suggests that preventive interventions such
as lifestyle modification and early detection and treat-
ment are important to reduce future medical costs in
the end-of-life period. Not only for neoplasms, but also
for other diseases that place a heavy burden on end-of-
life care in the younger age group, the effect of delaying
the onset of severe disease on reducing medical costs
may be not negligible.

Table 13 Bayes Factors for IHCE (incurred health care expenditures) difference with stratification by sex

TTD (Month) Circulatory Respiratory Others CKD Neoplasms

0 > 150 *** > 150 *** > 150 *** 1.5 > 150 ***

1 4.5* > 150 *** > 150 *** 6.5* > 150 ***

2 2.1 > 150 *** > 150 *** 2.5 > 150 ***

3 3.0* > 150 *** > 150 *** 1.5 > 150 ***

4 2.2 > 150 *** > 150 *** 2.3 > 150 ***

5 1.7 > 150 *** > 150 *** 1.1 > 150 ***

6 2.6 > 150 *** > 150 *** 1.1 > 150 ***

7 1.9 14.8* > 150 *** 1.3 42.2**

8 1.9 > 150 *** > 150 *** 2.9 > 150 ***

9 4.4* 18.7* > 150 *** 1.3 > 150 ***

10 1.6 8.5* > 150 *** 2.4 > 150 ***

11 2.9 2.2 > 150 *** 21.0** > 150 ***

12 4.4* 2.1 > 150 *** 16.1* 68.9**

*Positive (3 < BF < 20), **Strong (20 < BF < 150), ***Very strong (150 < BF)
TTD time to death, CKD Chronic Kidney Disease
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