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Association between patient age and hospitalization resource use in a
teaching hospital in Japan

Abstract

Objectives: This study examined the association between patient age and cumulative
resource use during a 1-year period among patients in a Japanese hospital, as well as the
equality of resource distribution between age groups.

Methods: We analyzed the administrative data for 9,695 patients 35 years or older at a
tertiary hospital. Multiple linear regression models were used to identify factors associated
with cumulative resource use, including total charges, diagnostic examination charges, and
drug charges, during a 1-year period. Gini coefficients were estimated to examine equality
of cumulative resource use between age groups.

Results: Multiple linear regression analyses revealed a quadratic relationship between age
and cumulative charges for all fees, diagnostic examinations, and drugs among surviving
patients. However, age did not significantly associate with cumulative resource use among
non-surviving patients. On the other hand, the cumulative duration of hospitalization
(natural log-transformed) was strongly associated with resource use among all patients, both
surviving and non-surviving. Cumulative resource use for inpatients was substantially
unequal, but these inequalities of resource use did not correspond to age divisions.

Conclusions: No linear association was found between patient age and cumulative resource
use during a 1-year period among either surviving and non-surviving patients on multivariate
regression analyses and the inequality of resource use among non-surviving patients differed
by age group.
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INTRODUCTION

Containment of rising health care expenditures, especially for the elderly population,
has become a primary challenge of health care reform in Japan as well as in other developed
countries. Japan’s health care expenditures increased 1.7 times from 1992 to 2002
(US$1,271 to US$2,139 [converted using purchasing power parities]) [1]. All Japanese
citizens are required to enroll in an insurance plan while a quarter of their health care
expenditures are paid by national taxes. As such, the Japanese government struggles to
control the increase in health care expenditures.

The Japanese government believes that the substantial rise in health care
expenditures may be attributed to population aging. Annual health care expenditures per
capita in 2004 were US$7,400 for people 75 years or older and US$1,800 for people younger
than 75 years. Thus, as the society ages, the health care expenditures for the older
population also increase. By 2025, the government foresees that persons 65 years or older in
Japan will consume half of all health care expenditures. This accords with the greater
prevalence of both acute and chronic diseases in the elderly population.

However, many studies in Western countries have demonstrated that population
aging only exerts a limited effect on the increase in health care expenditures [2-6]. Instead,
proximity to death was a principal determinant of health care expenditures [7]. It is common
in some countries to examine inpatient resource consumption using administrative data;
however, no such electronic database exists in Japan and access to individual data is strictly
limited. For this reason, few studies in Japan have examined the association between patient
age and health care expenditures. Kobayashi et al. [8] analyzed the insurance claims of 161
patients 50 years or older with end-stage cancer or cerebrovascular disease and concluded that
hospitalization was strongly associated with increased health care expenditures. Fukawa [9]

reported that health care expenditures per capita increase with hospitalization needs before
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death, rather than with age, among non-surviving Japanese citizens greater than 65 years old.
These studies are limited by their population scope. Therefore, we aimed to compare
resource use across both older and younger patients.

To devise better health care policies, it is necessary to examine in detail whether
older patients consume more health care resources than younger patients under Japan’s
universal health insurance system. In 1995, one of the authors (YI) developed an
administrative database to collect data from more than 10 privately-owned tertiary teaching
hospitals in Japan. Using the database, we have examined variations in resource use
between the participating hospitals [10-14]. In this study, we utilized the administrative
database to examine the relationship between patient age and cumulative total charges,
diagnostic examination charges, drugs charges during a 1-year period at one Japanese
teaching hospital. We also examined the equality of resource use across age groups among
inpatients. Results from such analyses may be useful for other countries with universal

health insurance systems as well as for aging societies.

METHODS
Data Sources and patients

We used the database from the Quality Indicator/Improvement Project which
includes more than 10 leading privately owned teaching hospitals in Japan. These hospitals
are located from Hokkaido, in the north, throughout Honshu, the main island of Japan, to
Kyushu, in the south. In this particular study, we selected one urban hospital in northern
Japan, which had data on all discharged cases from December 1995 through December 2000.
Such extensive and continuous data is required to assess cumulative resource use by patients
who have multiple hospitalizations over a period of several years. The hospital has

approximately 500 beds and provides community residents with secondary and tertiary care.
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It provides outpatient and inpatient services in Internal Medicine, Surgery, Orthopedic
Surgery, Pediatrics, Dermatology, Obstetrics and Gynecology, Urology, Otorhinolaryngology,
Ophthalmology, Neurosurgery, Plastic/Reconstructive Surgery, Dental/Oral Surgery,
Psychiatry, Radiology, and Anesthesiology.

We analyzed resource use per patient during hospitalization. First, we identified
9,695 patients 35 years or older who were discharged from January 1999 through December
2000. We utilized the discharge date of the last hospitalization for each patient as the index
discharge day. We then identified any hospitalizations in the same hospital during the year
before the index discharge day for the 9,695 patients. Some patients had multiple
hospitalizations. The number of hospitalizations was 1 for 86%, 2-3 for 16%, and 4 or more
for 2% (maximum: 11 admissions). Destinations after discharge included home (86%),
another hospital (7%), long-term care facility (2%), and death (5%).

This study was approved by the Institutional Review Board of the Faculty of

Medicine, Kyoto University Graduate School of Medicine, Japan.

Definition of Variables

Variables assessed in this study included age, sex, primary diagnosis, comorbid
condition, surgical procedure, and survival status at the time of the index discharge. The
database used in this study provided one primary diagnosis and four comorbid conditions.
Primary diagnoses were classified by the 21 principal classifications of the International
Classification of Diseases, 10th Revision. We used the Dartmouth-Manitoba adaptation of
the Charlson comorbidity index to assess comorbid conditions [15-17]. Patients were
identified as having a comorbid condition if they had any of the following diseases coded in
their diagnoses during any hospitalization within the 1-year period: peripheral vascular

disease, dementia, chronic pulmonary disease, connective tissue disease, mild liver disease,
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moderate or severe liver disease, diabetes, diabetes with chronic complications, renal disease,
primary malignancy including leukemia and lymphoma, and metastatic solid tumor. The
number of comorbid conditions was classified as 0, 1, 2, and 3-4. Surgical procedures were
classified as either present or absent during the 1-year period. Calculated resource use
variables included the cumulative length of hospitalization, total charges, diagnostic
examination fees, and drug charges for each patient during the 1-year period before the index
discharge. Total charges were calculated by summing all charges billed during the hospital
stay (e.g., diagnostic tests, imaging, prescriptions, injections, surgery, anesthesia, in addition
to room, board, nursing, and physician’s management on a daily basis; US$1 = JPN¥110).
Charges for diagnostic examinations included laboratory tests and imaging. Projected drug

expenses were calculated by summing charges for prescriptions and injections.

Statistical Analysis

Since a preliminary analysis revealed that cumulative total charges for non-surviving
patients were significantly greater than those for surviving patients, we examined the
association between patient age and cumulative resource use stratified by survival status
(surviving or non-surviving) at the time of the index discharge. We used multiple regression
analysis to identify factors associated with cumulative resource use. Dependent variables in
each regression model were cumulative total charges, diagnostic examination fees, and drug
charges. All dependent variables were natural log-transformed in the regression model.
Independent variables used in the model were age, sex, primary diagnosis, number of separate
admissions, number of comorbid conditions, performance of surgical procedures, and length
of hospitalization (natural log-transformed). We included linear and quadratic terms for age
in the regression model. Finally, we estimated the Gini coefficient [18] for cumulative

resource use by age group. All analytical procedures were performed using SPSS Version
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11.0. All reported P values were two-tailed, and the level of significance was P < 0.05.

RESULTS

Demographics of the 9,695 patients who were discharged from the hospital from
January 1999 through December 2000 are shown in Table 1. About 5% of the inpatients (n
= 550) died in the hospital. Compared with surviving patients, non-surviving patients were
more likely to be male, older, have 2 or more admissions, undergo surgical treatment, have a
primary diagnosis of neoplasm, and have comorbid conditions including tumor, metastases, or
renal disease. The most frequent diagnoses, divided among age groups, included cancer,
cardiovascular disease, ophthalmologic problems, and obstetrics (Table 2). Neoplasm and
cardiovascular diseases were the first and the second most prevalent principal diagnoses
among non-surviving patients.

Cumulative resource use for all patients during the 1-year period before the index
discharge is shown in Table 3. Resource use for non-surviving patients was substantially
greater than those for surviving patients. Patients who did not survive their last
hospitalization had a four-fold increase in length of stay and twenty-fold greater drug expense
than those who survived. Among surviving patients, the median cumulative total
hospitalization charges rose with age up to 55 years, but were fairly stable for ages 55 to 84
years and decreased for patients age 85 and older. Cumulative diagnostic examination
charges rose with age up to 65 years, but decreased with age thereafter. In comparison,
cumulative charges for drugs remained fairly stable across all age groups. Among patients
who died in the hospital, the median value for cumulative total charges, drug charges, and
duration of hospitalization all decreased with age. When the total hospitalization cost for all
9,695 patients were analyzed by age and discharge status, the 550 non-surviving patients

accounted for 16% of the total expenditures for all 9,695 patients (US$123.8 million) during
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