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a  b  s  t  r  a  c  t

Teaching  hospitals  require  excess  medical  resources  to  maintain  high-quality  care  and
medical  education.  To  evaluate  the  appropriateness  of  such  surplus  costs,  we  examined
the impact  of  teaching  intensity  defined  as  activities  for postgraduate  training,  and  aca-
demic  status  as  functions  of  medical  research  and  undergraduate  teaching  on  medical
resource  utilization.  Administrative  data  for 47,397  discharges  from  40  academic  and  12
non-academic  teaching  hospitals  in  Japan  were  collected.  Hospitals  were  classified  into
three groups  according  to  intern/resident-to-bed  (IRB)  ratio.  Resource  utilization  of medi-
cal  services  was  estimated  using  fee-for-service  charge  schedules  and  normalized  with  case
mix  grouping.

15–24% more  resource  utilization  for laboratory  examinations,  radiological  imaging,  and
medications were  observed  in  hospitals  with  higher  IRB  ratios.  With  multivariate  adjust-
ment for case  mix  and  academic  status,  higher  IRB ratios  were  associated  with  10–15%  more
use of  radiological  imaging,  injections,  and  medications;  up to 5%  shorter  hospital  stays;
and not  with  total  resource  utilization.  Conversely,  academic  status  was  associated  with
21–33% more  laboratory  examinations,  radiological  imaging,  and  medications;  13%  longer
hospital stays;  and  10%  more  total  resource  utilization.

While  differences  in  medical  resource  utilization  by teaching  intensity  may  not  be associ-
ated with  indirect  educational  costs,  those  by  academic  status  may  be.  Therefore,  academic
hospitals may  need  efficiency  improvement  and  financial  compensation.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Teaching hospitals provide specialized care for patients,
research and development for innovation, and graduate
medical education for residents. The quality and efficiency
of medical care in teaching hospitals has been examined
extensively. Many studies have shown that teaching
hospitals provide higher quality medical care than non-
teaching hospitals [1,2]. Although teaching hospitals treat
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more seriously ill patients, the risk-adjusted mortality of
teaching hospitals has been reported to be less than that
of non-teaching hospitals [3–5]. Teaching hospitals with
higher teaching intensity have been shown to perform
better in terms of patient safety [6–10].

In contrast to these positive quality reports, teaching
hospitals have frequently been criticized for their low
efficiency in delivering medical care [11–13].  Teaching hos-
pitals have been reported to spend more on inpatient care
than other hospitals, even after adjustments for severity
and complexity [14]. In teaching hospitals, hospital stays
of patients with specific diagnoses have been shown to be
longer than [15] or similar to [3] those in non-teaching
hospitals.
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Low efficiency and additional spending in teaching hos-
pitals have partly been attributed to the indirect costs of
graduate medical education, a cost which is related to
graduate medical education other than direct costs such
as resident and faculty salaries [14]. However, the appro-
priateness of such costs has been repeatedly debated.
These costs presumably arise from the medical training
of residents, on-site clinical research, and the necessity of
maintaining standby capacity for specialized patient care
[14]. In the Medicare system of United States, indirect costs
have been paid on the basis of teaching intensity, calcu-
lated as the intern/resident-to-bed (IRB) ratio in teaching
hospitals [16,17]. However, while amounts have been set
empirically, the scientific reasoning for these costs has
been unclear. In addition, nowadays, a political issue in
the health profession concerns how the academic func-
tion of teaching hospitals, such as biomedical research and
standby capacity for highly specialized patient care, both
of which obviously contribute to public welfare, should
be supported financially [14]. Clarification in the quantita-
tive effects of teaching intensity and the academic status of
teaching hospitals on medical resource utilization patterns
will contribute to the resolution of these issues.

Japan is facing similar challenges regarding how costs
for graduate medical education in hospitals should be
addressed. The postgraduate medical education system of
Japan was altered in 2004, so that newly certified physi-
cians must receive postgraduate training at academic or
non-academic teaching hospitals designated by the Min-
istry of Health, Labour and Welfare [18]. Coincidentally,
Japanese hospitals began reporting administrative data in
electronic format in 2004, which enables us to analyse daily
medical resource utilization more precisely. Although sev-
eral previous investigations have examined the quality of
postgraduate medical education [19] and the efficiency of
medical care [20,21] in Japanese settings, resource utiliza-
tion related to postgraduate medical education remains
unclear. In this study, we aimed to quantitatively deter-
mine the impact of teaching intensity and academic status
on medical resource utilization, by analysing administra-
tive data from teaching hospitals in Japan.

2. Materials and methods

2.1. Data source and study population

The data used in this study were collected electroni-
cally from hospital administrative records [22,23] for the
period from July through October 2004, and these were
obtained from 40 national university academic teaching
hospitals, which provide medical research and under-
graduate medical teaching in addition to postgraduate
training, and 12 non-academic teaching hospitals, which
simply provide postgraduate training, in Japan. The data
were voluntarily offered to our study group. The hospi-
tals were located in different parts of the country and
provided postgraduate medical education for more than
two years, prior to the alteration of the postgraduate med-
ical education system in 2004. On the basis of publicly
reported data [25], the average length of hospital stay,
the case-mix index, and efficiency index [24] of hospitals

included in this study compared to other acute care hos-
pitals were 18.3 ± 2.1 (mean and SEM, respectively) vs.
19.2 ± 1.8, 1.08 ± 0.05 vs. 1.10 ± 0.07, and 0.98 ± 0.10 vs.
0.94 ± 0.07 for academic hospitals, respectively. For non-
academic hospitals, they were 14.0 ± 1.6 vs. 15.5 ± 2.0,
0.98 ± 0.08 vs. 0.95 ± 0.08, and 1.16 ± 0.09 vs. 1.07 ± 0.14,
respectively. These findings indicate that the performances
of the studied hospitals were comparable to those of other
hospitals. These data included International Classifications
for Diseases and Related Conditions Version 10 (ICD10)
codes for primary diagnosis, comorbidities and complica-
tions, and demographics, as well as the daily utilization of
procedures, medications, and materials. A 14-digit Diagno-
sis Procedure Combination (DPC) code, which was assigned
to each patient record for per-diem prospective payment
based on primary diagnosis, comorbidities, and procedures
as described elsewhere [26,27],  was  used for case mix
adjustment. Charlson’s comorbidity index was calculated
from 12 diagnostic data fields [27].

Patient records with primary diagnoses of DPC disease
categories corresponding to the list of diseases that the
Ministry of Health, Labour, and Welfare of Japan has rec-
ommended for residents to attend and submit case reports
during their postgraduate medical education [28] were
extracted. Therefore, we  think that the selected diseases
represent common diseases for postgraduate medical edu-
cation training well. When the number of patients with a
certain DPC code was less than 20, patient records with
that DPC code were excluded. In total, 47,397 hospitaliza-
tions with diagnoses of 20 program diseases were used
for our analyses (Table 1). Hospitals were classified into
three groups according to the IRB ratio in 2004, which
represented the teaching intensity: low IRB (IRB < 0.02,
LIRB), medium IRB (0.02 ≤ IRB < 0.05, MIRB), and high IRB
(IRB ≥ 0.05, HIRB). The number of residents was  based on
the list of residency matching program used by Japan’s Res-
idency Matching Program.

Relative medical resource utilization for each patient
was determined according to the fee-for-service charge
schedule, which is a good estimate of health-care costs
because there is a high correlation between the cost and the
charge [29]. Case-mix adjustments by the DPC code group
were performed as follows: first, for each DPC code group,
the average fee-for-service charge value for service cate-
gories such as laboratory test, radiological examinations,
and so on, was  calculated. Next, relative medical resource
utilization for each service category of each patient was
calculated as the charge value of the service category
divided by the average charge value for the DPC code group
of the patient. Relative medical resource utilization was
calculated for laboratory tests, radiological examinations,
injections, medications, non-surgical procedures and sur-
gical procedures. Similarly, the case mix-adjusted relative
average length of hospital stay (ALOS) was calculated. This
study was  approved by the ethics committee of Tokyo Med-
ical and Dental University.

2.2. Statistics

Age was stratified into two categories on either side of
65 years of age. Charlson’s comorbidity index was  classified
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Table 1
List of diagnostic categories examined in this study.

Program diseasesa DPC disease category name ICD10

Anaemia Anaemia (NECb) D500, D501, D508, D509, D510–D513, D518, D519,
D520, D521, D528, D529, D530–D532, D538, D539,
D550–D552, D559, D560–D564, D569,
D570–D573, D580–D582, D588, D589,
D590–D596, D599, D62, D640–D644, D648, D649

Leukaemia Acute leukaemia C910, C912, C913, C917, C919, C920, C922–C925,
C927, C929, C930, C932, C937, C939, C940,
C942–C945, C947, C950, C952, C957, C959

Malignant lymphoma Non-Hodgkin lymphoma C820–C822, C827, C829, C83, C840–C845, C850,
C851, C857, C859

Multiple myeloma, malignant neoplasm of
immune system

C880–C883, C887, C889, C900–C902

Coagulation disorder Disseminated intravascular coagulation D65, D683
Cerebrovascular disorder Subarachnoid haemorrhage, ruptured cerebral

aneurysm
I60

Cerebral infarction G45, G46, I63, I65, I66, I675, I679, I693, I978
Disorder of skin Drug eruption, toxic exanthema L27, L511, L512
Disorder of spine Intervertebral disk degeneration, disk herniation M50, M51
Heart failure Heart failure I50
Ischemic heart disorder Acute myocardial infarction, recurrent myocardial

infarction
I21,I22,I24

Valvular disorder Valvular disorder I05–I07, I34–I37
Artery  disorder Unruptured aneurysm, iliac aneurysm I712, I714, I716, I719, I723
Vessel disorder Phlebitis, varicose veins of lower extremity I80, I821, I828, I829, I83
Respiratory infectious disorder Pneumonia, acute bronchitis, acute bronchiolitis A481, B012, B052, B371, B59, J13–J18, J20–J22
Lung cancer Malignant pulmonary tumour C33, C34, C780, D021, D022, D024
Disorder of oesophagus, stomach and

duodenum
Inflammation of oesophagus, stomach, duodenum
and other intestines (other benign diseases)

A04, A049, B054, I880, K20, K21, K220–K226, K228,
K229, K23, K27–K30, K310, K313, K315, K316,
K318, K52, K58, K627, K633, K634, K638, K639,
K90, K910–K912, K914, K92, K93

Malignant tumour of oesophagus (including
cervical region)

C150–C155, C158, C159, D001

Malignant gastric tumour C16, D002
Disorder of intestine and colon Internal haemorrhoid I840–I842, I848, I849, K625
Disorder of gallbladder and bile duct Gallbladder disease (cholecystolithiasis etc.) K802, K808

Hydrops of gallbladder, cholecystitis (NECb) D135, K800, K801, K81, K820–K824, K828, K829,
K835, K870

Bile duct (intra/extra hepatic) lithiasis K805
Disorder of pancreas Acute pancreatitis B263, K85, K871

Chronic pancreatitis (including pancreatic cyst) K860–K863, K868, K869
Renal failure Acute renal failure K767, N17

Chronic nephritic syndrome/chronic interstitial
nephritis/chronic renal failure

I120, I129, N02, N03, N05–N08, N11, N12, N14,
N18, N391, N392

Glomerular disorder Nephrotic syndrome N04

a Program diseases are a list of diseases that the Ministry of Health, Labour, and Welfare of Japan recommended for residents to attend and submit case
reports during post graduate medical education program (http://www.mhlw.go.jp/topics/bukyoku/isei/rinsyo/keii/030818/030818b.html).

b NEC, not elsewhere classified.

into five groups (0, 1, 2, 3, 4 or more). The significance of
differences was determined using the two-tailed t-test. In
multivariate regression analysis, to examine the effects of
teaching intensity, which presumably represents activities
for postgraduate training, and academic status, which
represents functions such as medical research and under-
graduate teaching, on relative medical resource utilization,
sex, age category, Charlson’s comorbidity index and rela-
tive intensity of surgical procedures for each case were used
as control variables to adjust for case mix  differences. The
relative intensity of surgical procedures was calculated as
follows: first, for each DPC code group, the average fee-for-
service charge value for surgical procedures was calculated.
Next, the relative intensity of surgical procedures of each
patient was calculated as the charge value of surgical pro-
cedures of the patient divided by the average charge value
of surgical procedures for the DPC code group of the patient.

An independent effect of teaching intensity and academic
status was assumed and the potential interaction of the
two  factors or hospital clustering effect was ignored owing
to limitation of the data. All analyses were performed using
SPSS Software (version 12.0; SPSS, Inc., Chicago, IL). A two-
sided p value < 0.05 was  considered statistically significant.

3. Results

The characteristics of 47,397 patients according to the
teaching intensity of the hospitals in which they were
admitted are summarized in Table 2. There were more
academic hospitals in the HIRB group. Patients were sig-
nificantly younger in the HIRB hospitals, but the patient
sex ratio and average Charlson’s comorbidity index score
were not significantly different among the three groups.
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Table 2
Patient and hospital characteristics by hospital teaching intensity.

Low
intern/resident-to-bed
ratio (<0.02)

Medium-
intern/resident-to-bed
ratio (0.02–0.05)

High
intern/resident-to-bed
ratio (≥0.05)

p-Value

Number of patients 15,813 15,714 15,870
Number of academic hospitals 4 22 14
Number of non-academic hospitals 7 4 1
Average IRB 0.019 0.040 0.075
Number of patients by age category 0–65 7666 (48.5%) 7836 (49.9%) 8603 (54.2%) 0.000

>65  8147 (51.5%) 7878 (50.1%) 7267 (45.8%)
Average age of patients 61.4 60.5 58.8
Number of patients by sex Male 9906 (62.6%) 9832 (62.6%) 10,053 (63.3%) 0.288

Female 5907 (32.3%) 5882 (37.4%) 5817 (36.7%)
Average Charlson’s comorbidity index score 0.27 0.28 0.28

Relative medical resource utilization according to
teaching intensity is summarized in Table 3. Relative
resource utilization for all inpatient services, laboratory
examinations, radiological imaging, medications, and rel-
ative ALOS was  significantly higher in MIRB and HIRB
hospitals than in LIRB hospitals. Relative resource utiliza-
tion for injections was significantly higher in HIRB hospitals
and not MIRB hospitals compared to LIRB hospitals. When
compared to LIRB hospitals, resource utilization for labora-
tory examinations, radiological imaging, and medications
were 18%, 24%, and 19% more in MIRB hospitals and 19%,
15%, and 20% more in HIRB hospitals, respectively. For total
inpatient services, injections and relative ALOS, resource
utilization at the MIRB and HIRB hospitals was more by
less than 10%, which was relatively small. The linearity was
not observed between the change in teaching intensity and
that in medical resource utilization. Relative resource uti-
lization for non-surgical and surgical procedures was  not
significantly different among hospitals of different teaching
intensities.

The effects of teaching intensity and academic status
on resource utilization for various medical services were
examined by multivariate regression analysis (Table 4).
For radiological imaging, injections and medications, posi-
tive associations between teaching intensity, and resource
utilization were statistically significant. The adjusted
differences in resource utilization for MIRB and HIRB
compared to LIRB were approximately 10% and 14% for
radiological imaging, 12% and 10% for injections, and
15% and 13% for medications, respectively. In contrast,
academic status was associated with the change in the

resource utilization for laboratory examinations by 33%,
radiological imaging by 29%, medications by 21%, and
total inpatient services by 10%. Resource utilization for
non-surgical procedures was  not significantly affected
by teaching intensity and academic status. Interestingly,
teaching intensity seemed to be associated with shorter
length of hospital stays by up to 5%, whereas academic sta-
tus was  associated with longer length of hospital stays by
approximately 13%. Consequently, although some services
were significantly associated with teaching intensity, it did
not have a significant effect on total resource utilization,
whereas academic status was  associated with more total
resource utilization by about 10%.

4. Discussion

In this study, we  examined the impact of teaching
intensity and academic status on resource utilization for
inpatient medical services using fee-for-service charge
schedules as a reference cost. We  found that high teach-
ing intensity was  associated with more resource utilization
for radiological imaging, injections, and medications, but
less hospital stays and, in consequence, did not have any
significant effect on total resource utilization. In contrast,
academic status was  associated with more resource uti-
lization for laboratory examination, radiological imaging,
medications, and hospital stays, resulting in an approxi-
mate 10% more total resource utilization.

Our observation that teaching intensity altered the
pattern of medical resource utilization was  partially com-
patible with previous observations [11,15,30,31].  This

Table 3
Case mix-adjusted relative resource utilization by teaching intensity.

Low
intern/resident-to-bed
ratio

Medium-
intern/resident-to-bed
ratio

p-Value
to LIRB

High
intern/resident-to-bed
ratio

p-Value
to LIRB

Average for
all subjects

All inpatient services 0.97 ± 0.01 1.03 ± 0.01 <0.001 1.01 ± 0.01 <0.001 ¥823K
Laboratory examinations 0.89 ± 0.01 1.05 ± 0.01 <0.001 1.06 ± 0.01 <0.001 ¥64K
Radiological imaging 0.89 ± 0.01 1.10 ± 0.01 <0.001 1.02 ± 0.01 <0.001 ¥37K
Injections 0.95 ± 0.02 1.03 ± 0.02 0.006 1.02 ± 0.02 <0.001 ¥91K
Medications 0.88 ± 0.02 1.05 ± 0.01 <0.001 1.06 ± 0.01 <0.001 ¥20K
Non-surgical procedures 1.00 ± 0.04 0.99 ± 0.04 0.939 1.01 ± 0.03 0.831 ¥21K
Surgical procedures 0.97 ± 0.07 0.95 ± 0.06 0.833 1.08 ± 0.04 0.272 ¥240K
Relative ALOS 0.97 ± 0.01 1.04 ± 0.01 <0.001 1.00 ± 0.01 <0.001 19.2 day

Mean ± SEM, 1.00 refers to the average; LIRB, low intern/resident-to-bed ratio; ALOS, average length of hospital stay.
1  US$ = ¥115 on 1 July 2004.
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Table 4
Effects of teaching intensity and academic status on case mix-adjusted relative resource utilization predicted by a multivariate regression model.

Laboratory examinations Radiological imaging

Regression coefficient (95%CI) p-Value Regression coefficient (95%CI) p-Value

MIRB to LIRB 0.021 (0.004–0.048) 0.021 0.101 (0.071–0.132) <0.001
HIRB  to LIRB 0.004 (−0.021–0.029) 0.759 0.135 (0.110–0.160) <0.001
Academic Hospital 0.328 (0.306–0.350) <0.001 0.291 (0.261–0.321) <0.001
Male  0.009 (−0.006–0.024) 0.256 −0.030 (−0.052 to−0.009) 0.005
Age  ≥ 65 years 0.085 (0.070–0.100) <0.001 0.107 (0.086–0.127) <0.001
Charlson’s comorbidity index score 0.080 (0.068–0.092) <0.001 0.083 (0.066–0.100) <0.001
Relative resource utilization for

surgical procedures
0.010 (0.009–0.011) <0.001 0.011 (0.010–0.012) <0.001

Intercepts 0.642 (0.613–0.672) <0.001 0.673 (0.632–0.714) <0.001

Injections Medications Non-surgical procedures

Regression coefficient
(95%CI)

p-Value Regression coefficient
(95%CI)

p-Value Regression coefficient
(95%CI)

p-Value

MIRB to LIRB 0.120 (0.052–0.187) 0.001 0.147 (0.097–0.196) <0.001 −0.035 (−0.156–0.086) 0.573
HIRB  to LIRB 0.100 (0.023–0.177) 0.010 0.125 (0.069–0.181) <0.001 0.030 (−0.107–0.168) 0.668
Academic Hospital 0.051 (−0.015–0.117) 0.129 0.206 (0.158–0.254) <0.001 0.086 (−0.033–0.204) 0.156
Male  −0.060 (−0.107 to −0.013) 0.012 −0.034 (−0.069–0.000) 0.051 −0.071 (−0.155–0.014) 0.101
Age  ≥ 65 years 0.046 (−0.001–0.092) 0.047 0.075 (0.042–0.109) <0.001 0.259 (0.177–0.341) <0.001
Charlson’s comorbidity

index score
0.108 (0.071–0.145) <0.001 0.171 (0.144–0.198) <0.001 0.197 (0.132–0.263) <0.001

Relative resource
utilization for
surgical procedures

0.038 (0.036–0.041) <0.001 0.012 (0.010–0.014) <0.001 0.040 (0.035–0.044) <0.001

Intercepts 0.863 (0.772–0.953) <0.001 0.679 (0.612–0.745) <0.001 0.815 (0.652–0.978) <0.001

All  inpatient services Relative ALOS

Regression coefficient (95%CI) p-Value Regression coefficient (95%CI) p-Value

MIRB to LIRB 0.008 (−0.014–0.030) 0.465 −0.020 (−0.050–0.010) 0.184
HIRB  to LIRB 0.001 (−0.024–0.026) 0.923 −0.051 (−0.084 to −0.017) 0.003
Academic Hospital 0.097 (0.076–0.119) <0.001 0.134 (0.105–0.163) <0.001
Male −0.0001 (−0.015 to −0.015) 0.99 0.046 (0.026–0.067) <0.001
Age  ≥ 65 years 0.059 (0.044–0.074) <0.001 0.107 (0.087–0.127) <0.001
Charlson’s comorbidity index score 0.066 (0.055–0.078) <0.001 0.083 (0.067–0.099) <0.001
Relative resource utilization for

surgical procedures
0.023 (0.022–0.024) <0.001 0.014 (0.013–0.016) <0.001

Intercepts 0.849 (0.820–0.979) <0.001 0.769 (0.729–0.809) <0.001

LIRB, low intern/resident-to-bed ratio; MIRB, medium intern/resident-to-bed ratio; HIRB, high intern/resident-to-bed ratio; CI, confidence interval; ALOS,
average length of hospital stay.

study confirmed that the involvement of residents in
patient care was associated with more medical resource
utilization in the areas of radiology and pharmacy. Possi-
ble explanations for this difference include easily accessible
tests for teaching purposes [11], a lack of close oversight,
and the inexperience of residents [17].

Interestingly, our data showed that high teaching inten-
sity was associated with shorter hospital stays and had no
effect on total resource utilization. There has been contro-
versy about whether graduate education is associated with
longer hospital stays [30,31] or not [11,17]. The discrep-
ancy has been partially explained by the extent of case mix
adjustment [11,17]. In our study, several strategies were
employed to adjust for case mix  differences among target
groups effectively. The DPC patient classification system
was used in this study for case-mix adjustment and calcula-
tion of relative resource utilization. Charlson’s comorbidity
index was also incorporated to adjust for coexisting condi-
tions. Our analysis was limited to specific disease groups
required for graduate medical education, a fact that poten-
tially contributed towards reducing case-mix variances.

Resource utilization for surgical procedures was  also used
as an additional severity indicator for case-mix adjustment.

The adjustment for academic status may  be another
reason for our unique observation regarding the effects
of teaching intensity. We  found remarkably large effects
of academic status on total resource utilization and the
length of hospital stay, whereas this was not true of teach-
ing intensity. It has been postulated that maintenance of
standby capacity for highly specialized patient care and
clinical research functions may  account for higher costs in
academic medical centres [12,14]. Our observations may
imply that, after fine multivariate adjustment for case mix
and academic status, high teaching intensity may  be associ-
ated with higher efficiency of inpatient care and that higher
academic status itself, regardless of teaching intensity, is
associated with a considerably more medical resource uti-
lization.

As for health policy implications, on the basis of resource
utilization patterns, our results may  indicate that finan-
cial compensation for teaching activity does not need
to be large. Instead, our result may  imply the necessity
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of health policy measures for excess costs in academic
teaching hospitals. The mechanisms behind the remark-
able difference in resource utilization between academic
and non-academic teaching hospitals were unclear from
our analysis. Inefficiency of inpatient care owing to inad-
equate oversight or the inexperience of residents [17]
may  partially account for this difference. In addition, the
poor management capability of university hospitals may
potentially account for their inefficiency. This inefficiency
need not be compensated by health-care payments, and
the introduction of guidance for hospital management or
fair market competition will hopefully improve their effi-
ciency. Alternatively, it is conceivable that more medical
resource utilization may  arise from the superior setting and
resources in academic hospitals, including easily accessible
tests for teaching purposes [11], on-site clinical research,
and standby capacity for specialized patient care [14].
In addition, incomplete case mix  adjustment, which may
hardly be perfect even with refined case mix  classifica-
tion system, for sicker patients in academic hospitals may
account for their excess costs. For these kinds of excess
costs, financial supports for academic medical hospitals or
further refinement of the case mix  system will need to be
acknowledged.

There are several limitations in our study that affect the
interpretation of our observations. Although data for a large
sample were available, the administrative information pro-
vided by the hospitals was limited. For example, our dataset
did not include precise clinical information, such as labo-
ratory data; most administrative databases do not contain
such information. We  only used a limited data set of 2004,
when the graduate medical education system was  consid-
erably modified. Our result may  suffer from potential noise
due to the alteration of the system; however, the effect may
not be large because the hospitals we studied had relatively
long and stable experiences of postgraduate education. In
addition, it should be mentioned that our data may  suf-
fer from the introduction of an inclusive payment system
which began in 2003 and which was supposed to drive
hospitals to decrease health resource utilization. It may
be reasonable to assume that the change of the payment
system had similar effects on all of the hospitals when we
obtained the data. Future studies will be needed to deter-
mine the interactive effects of the new payment system and
new postgraduate education system on medical resource
utilization using a large-scale time-series dataset. It was
also a challenge to distinguish the effects of case mix  from
those of teaching intensity and academic status as far as
possible with the available data. We  used the average val-
ues for teaching intensity in hospitals, since data on the
levels of resident participation in the care of individual
patients were unavailable.

Differences between health-care settings must also be
considered another limitation of this study. The average
IRB for HIRB hospitals was 0.075 in Japan, much less than
that of academic medical centres in the USA, which was
0.61 [14]. In the Japanese setting, a residency term is only
two years; specialty training, which is for an additional two
to four years, is not included. The average length of hospital
stay in Japan is about two  to three times longer than those
of other developed countries [32]. Clearly, such differences

lead to potentially underestimated IRB values in Japan.
When these differences are taken into account, IRB in
Japan appears to be several times larger and, therefore,
comparable to that in other developed countries.

The lack of evaluation of non-teaching hospitals, as
performed in many previous studies, may  be another limi-
tation of our analysis. Most acute care hospitals have been
designated as teaching hospitals, and non-teaching hos-
pitals are similar to sub-acute care facilities; thus, they
are functionally incomparable to teaching hospitals in the
Japanese setting. The differences between LIRB and HIRB
hospitals validate our quantitative analysis of the effect of
teaching intensity on medical resource utilization.

In conclusion, on the basis of our analysis of adminis-
trative data from teaching hospitals in Japan, alteration of
medical resource utilization by teaching intensity may  not
be associated with indirect educational costs in teaching
hospitals, whereas more resource utilization with higher
academic status may  indicate more indirect educational
costs or inefficiency due to poor management. Surplus
payments based on teaching intensity may  need to be
reconsidered in certain settings, while financial compensa-
tion for academic hospitals may  be valid, though they may
need to improve the efficiency of the care they provide.
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