the 1-year period (Figure 1).

Given the varying trends of cumulative resource use across age groups, multiple
regression analyses were performed to assess for any significant associations (Table 4).

These analyses revealed that among surviving patients, both age and age’ significantly
associated with cumulative total charges, diagnostic examination fees, and drug expenses.
The standardized coefficient of patient age was positive and that of age’ was negative for total
charges and diagnostic examination fees, whereas that of age was negative and that of age’
was positive for drug expenses. Among non-surviving patients, there was no significant
association between patient age and resource use. The total length of hospitalization (natural
log-transformed) was very significantly associated with resource use among both surviving
and non-survivjng patients.

To assess the equality of cumulative resource distribution across age groups, the Gini
coefficients were calculated, with a higher value indicating more unequal distribution (Table
5). Gini coefficients for total hospitalization charges and diagnostic examination fees among
surviving patients were fairly stable across age groups. However, cumulative drug charges
demonstrated greater Gini coefficients for surviving patients than non-surviving patients in all
age groups. Furthermore, cumulative drug charges showed greater Gini coefficients than the
total hospitalization fees or diagnostic examination fees. In addition, Gini coefficients
among non-surviving patients 75 years or older were greater than those among non-surviving

patients 74 years or younger, in total, diagnostic examinations, as well as drug charges.

DISCUSSION
We examined the association between patient age and cumulative resource use for
9,695 inpatients at a Japanese teaching hospital during a 1-year period and also investigated

the equality of cumulative resource use between age groups. Multiple linear regression
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analyses revealed a quadratic relationship between patient age, cumulative total charges,
diagnostic examination charges, and drug charges among surviving patients. However,
patient age was not significantly associated with cumulative resource use among patients who
did not survive. Furthermore, the total length of hospitalization (natural log-transformed)
was very significantly associated with resource use among both surviving and non-surviving
patients. Our study also showed that cumulative resource use for inpatients was
substantially unequally distributed and that the inequality of resource use among
non-surviving patients differed by age group.

No linear association was found between patient age and resource use among either
surviving or non-surviving patients. Both total charges and diagnostic examination charges
among surviving patients demonstrated a positive standardized coefficient for age and a
negative one for age’. This finding indicates a quadratic relationship between patient age
and total cost and diagnostic examinations fees. In other words, cumulative total charge and
diagnostic examinations fees increased with age, peaked, and then decreased with age. A
quadratic relationship was also demonstrated for cumulative drug charges among surviving
patients. Namely, total drug charges decreased, reached a nadir, and then increased with age.
These results from the regression models are supported by the descriptive analysis (Table 3).
The findings in this study are consistent with two US studies and one German study that also
did not identify a linear relationship between patient age and resource use [2, 3, 19], despite
the differences in health care system between these countries and Japan. The present study
further indicates that the influence of patient age on resource use completely differed between
survival outcomes.

This study also found that the number of comorbid conditions significantly
associated with total hospitalization charges, diagnostic examination fees, and drug charges

among surviving patients, but not among non-surviving patients. Despite the difference in
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payment systems between Japan and the US, these results are consistent with the finding that
US Medicare beneficiaries with chronic conditions had higher expenditures than did those
without chronic conditions [20]. Patients with comorbid conditions consume greater health
care resources because they are sicker than those without a priori diseases. Given such a
relationship, why wasn’t the association between comorbid conditions and resource use
significant among non-surviving patients? One possible explanation is that resource use for
the primary diagnosis may be substantially greater than that for comorbid conditions among
non-surviving patients. Therefore, the effect of comorbid conditions on resource use may be
too small for a significant association to be detected.

The present study showed that the length of hospitalization was strongly associated
with resource use among both surviving and non-surviving patients. Charges during
hospitalization are calculated on a fee-for-service basis with governmentally defined universal
point-fee tables under Japan’s universal health insurance system. Therefore, it is not
surprising to find a positive correlation between the number of hospitalization days and
resource use. Recently, the Japanese government has attempted to contain the increases in
health care expenditures. One strategy is to reduce the length of hospitalization. The
average length of a hospital stay in Japan was 37.5 days in 2002 [1], which is much longer
than in Western countries. Several possible explanations exist for the extended length of stay.
First, because Japanese hospitals provide inpatients with acute and post-acute care during the
same hospital care episode, Japanese physicians are likely to let inpatients stay in hospitals
until they are able to perform activities of daily living at levels similar to those prior to
disease onset. Second, there is no financial risk for Japanese physicians in letting their
patients continue to remain hospitalized for an extended period because charges during
in-hospital stay are reimbursed in the fee-for-service manner as described above. The strong

positive association between the length of hospitalization and resource use in an acute
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hospital in the present study support the notion that the Japanese govermﬁent might partially
control the increase in health care expenditures by reducing the average length of hospital
stay.

The present study revealed that cumulative total charges per deceased patient were
greater than those per surviving patient. A previous study has shown that non-surviving
patients consume greater resource than surviving patients [3].  Yang et al. have examined the
relative contributions of both time to death and age to US Medicare expenditures and
concluded that death is the major cause of increased in-hospital Medicare expenditures [21].
Other studies also reported that proximity to death drives health care costs [7, 22, 23]. These
results are rationalized by dying patients having greater needs for health care resources due to
their disease severity [24, 25]. Although non-surviving patients contributed a substantially
greater per person total hospitalization cost than surviving patients during a 1-year period, the
amount of total charges for all patients who did not survive their final hospitalization
accounted for 16% of all expenditures (US$123.8 million). These results are consistent with
' the findings of previous studies: health care expenditures in the last year of life account for a
small fraction of the total expenditures in Japan (12%) [9], and the Netherlands (10% [26] and
11% [27]).

Our study revealed that acute care use for inpatients during the one-year period
before the index discharge was substantially unequal, i.e. the Gini coefficients for cumulative
total charges, diagnostic examinations fees, and drug charges ranged from 0.47 to 0.68 among
surviving patients and from 0.34 to 0.59 among non-surviving patients. These results
indicate that the distribution of resource use for patients who needed acute care was
substantially skewed to the right. In terms of the inequality of health care utilization,
Brockmann has shown that 50% of the total hospital population in two German sickness funds

accounted for less than 15% of total annual hospital expenses [19]. The present study
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showed a similar pattern in that half of inpatients used less than 15% of total cumulative
charges regardless of age or discharge status (Lorenz curves not included). To the best of
our knowledge, this is the first study to estimate Gini coefficients for cumulative charges for
diagnostic examinations and drugs as well as comparing them among age groups.

We found that Gini coefficients for cumulative drug charges among surviving
patients were more likely to be greater than among non-surviving patients in all age groups.
We assume that this reflects diversity in surviving patients’ need for drug therapy in acute
disease. It is common for seriously ill patients to require many kinds of expensive drugs,
whereas slightly ill patients need only a few inexpensive drugs. ‘On the other hand, among
non-surviving patients, substantial differences in Gini coefficients were found for resource use
in acute care between age groups. Non-surviving patients 85 years or older had the greatest
Gini coefficients for total cumulative charges and cumulative charges for diagnostic
examinations, and those 75 to 84 years had the second greatest coefficients. There are at
least two possible explanations for the difference in Gini coefficients between patients 75
years or older and those 74 years or younger.  First, it is essential to keep in mind the
principle of individual variation among older people [28]. Some patients 75 years or older
may be too frail to undergo invasive examinations, which would result in inequality of
resource use. Second, health care resource use among non-surviving patients varies with the
cause of death. Lunney et al. [29] have proposed four theoretical trajectory groups of dying
(sudden death, terminal illness, organ failure, and frailty) and identified substantial variations
in Medicare expenditures among the four groups due to clinical differences. Although this
study examined resource use in only an acute care setting at a single hospital, different
trajectories of dying may result in substantial inequality of resource use among elderly
patients in this study, as with the findings from the US Medicare beneficiaries.

Several limitations must be considered when interpreting the results of the present
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study. First, as a general limitation, the identified resource use only encompassed in-hospital
care during a 1-year period before the index discharge. We could not include resource use
for ambulatory care or long-term nursing care services due to a lack of such information in
our database. Second, we collected administrative data from only one private teaching
hospital located in northern Japan. Although the results of this study may not be generalized
to all hospitals in Japan, they may still provide a good indicator for patients receiving acute
medical care in hospitals similar to the one studied. Since all residents of Japan are required
to enroll in a public health insurance plan under Japan’s universal health insurance system, all
insured individuals can receive medical care at any hospital at any time with a relatively low
out-of-pocket payment [30, 31]. Therefore, in Japan, there is no difference in patients’
access to private hospitals or public hospitals due to their ability to pay. Finally, we used
charge data rather than actual cost data in this study. Because only a few Japanese hospitals
tentatively estimate actual costs for hospital care, these data are currently not available in our
database. However, we believe that for countries that calculate annual health care
expenditure based on charge data, it is useful to analyze charge-based data to examine factors
associated with resource use.

As stated previously, the Japanese government has submitted several proposals in an
effort to contain rising health care expenditures, such as through primary and secondary
prevention of metabolic syndrome, reducing the length of .hospitalization, promoting home
hospice care, and eliminating redundant office visits. These proposals seem to have efficacy
for controlling the increase in health care expenditures; however, these proposals are not
based on studies that examined factors associated with health care expenditures using a large
amount of individual patient data, as has been published in Western countries [4, 5, 7, 19,
22-25]. Although the Japanese government believes that the substantial rise in health care

expenditures may be attributed to population aging, this study shows that a quadratic
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association exists between patient age and cumulative resource use among surviving patients
during the 1-year period and that the effect of patient age on resource use differed completely
between patients who survived and those who did not. Generating practical policy
recommendations for cost containment in Japan will require detailed analyses of factors
associated with health care resource use using individual patient data including outpatient care,
inpatient care, and long-term nursing care during a longer period. Given the increasing
elderly population worldwide, the results from this study may assist in shaping policy in both
Japan and other countries by providing important information about health care expenditures

in older patients.
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