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Abstract
The treatment of patients with diabetes mellitus (DM) is enormously expensive in developed countries
because of its high prevalence and complications. DM patients often experience microvascular and mac-
rovascular complications that affect their postoperative course, and are at significantly higher risk of post-
operative infection and postoperative cardiovascular morbidity and mortality. In addition, few studies
have evaluated inpatient care resource use in DM patients who have undergone gastrectomy for gastric
cancer. The purpose of this study was to quantify differences in inpatient care resource use and postoper-
ative complications among insulin-using diabetes mellitus patients (IDM), non-insulin-using diabetes
mellitus patients (NIDM), and patients without diabetes mellitus (NDM) who had undergone partial gas-
trectomy for gastric cancer. We analyzed data from 1,805 patients who had undergone partial gastrectomy
for gastric cancer. The numbers of patients in the IDM, NIDM, and NDM groups were 82 (4.5%), 61
(3.4%), and 1,662 (92.1%), respectively. The IDM group had a significantly longer length of stay, higher
total charge, and higher risk of postoperative complications than the NDM group. However, the NIDM
group did not have increased inpatient care resource use or a higher incidence of postoperative complica-
tions compared with the NDM group. Healthcare providers should consider the differences in healthcare
resource use and postoperative complications between IDM and NIDM patients.
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Introduction

The treatment of patients with diabetes mellitus
(DM) is enormously expensive in developed countries
because of its high prevalence and complications1, 16).
It is estimated that there are 8.9 million DM patients in
Japan, and an additional 13.2 million individuals with
impaired glucose tolerance23). Among 70,000 insulin
users in Japan, approximately 10,000 have type 1 DM
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and the rest have type 2 DM24, 30). DM patients have a
50% chance of requiring surgery at some point29), and
nearly 20% of surgical patients have DM4). DM has
been established as an independent risk factor for post-
operative surgical wound infection7, 8, 11,  25).

Although the incidence and mortality rate of
gastric cancer have gradually decreased worldwide, it
was predicted that there would still be about 1.1
million patients with gastric cancer in 201028). The
mortality rate of gastric cancer is high, and it is the
second most common cause of cancer death
worldwide35). Geographical differences have been
observed in the incidence of gastric cancer, with a par-
ticularly high incidence in East Asia, including China
and Japan28). It has been reported that more than 30%
of patients with gastric cancer are older than 70 yr27, 33).
As gastric cancer patients get older, they are likely to
suffer from an increasing number of comorbidities17)

and to use more inpatient care resources. A Korean
study reported that an increased number of comorbid-
ities correlated with an increased frequency of local
complications among 1,237 gastric cancer patients
(odds ratio (OR): 1.790; p<0.001)17).

DM patients often experience microvascular and
macrovascular complications12) that affect their post-
operative course5), and are at significantly higher risk
of postoperative infection and postoperative cardio-
vascular morbidity and mortality3, 10, 20, 22). The fre-
quency of infection after cardiac surgery is 2–4 times
higher among DM patients than among non-DM
(NDM) patients14).

DM patients were also found to have a signifi-
cantly higher inflation-adjusted total charge (TC) and
an increased length of stay (LOS) in hospital follow-
ing lumbar fusion than NDM patients2). However,
most studies evaluating inpatient care expenditure
and/or postoperative complications did not differenti-
ate between insulin-using DM (IDM) patients and
non-insulin-using DM (NIDM) patients2, 9, 36). In addi-
tion, few studies have evaluated inpatient care
resource use in DM patients who have undergone gas-
trectomy for gastric cancer. Although the prognosis of
gastric cancer was shown to differ among stages26),
partial gastrectomy was applied for earlier cases
whose prognosis would be better , while total gastrec-
tomy was performed for more advanced cases. There-
fore, patients for partial gastrectomy are considered to
be comparable to insulin-using diabetes mellitus
patients, non-insulin-using patients and patients with-

out diabetes mellitus when information on stages is
not available because patients for partial gasterectomy
have a more homogeneous prognosis.

The purpose of this study was to investigate the
differences in inpatient care resource use and postop-
erative complications among insulin-using diabetes
mellitus patients, non-insulin-using patients and
patients without diabetes mellitus after partial gastrec-
tomy for gastric cancer.

Methods

Database and settings
This is a secondary data analysis conducted as a

research project during the development of the case-
mix classification system sponsored by the Ministry
of Health, Labour and Welfare in Japan. We used the
Japanese healthcare administrative database of 2003.
This system was used to profile hospital performance
and to assess per diem payments among 82 academic
hospitals (80 university hospitals, the National Cancer
Center, and the National Cardiovascular Center) and
92 voluntary community hospitals in 2003. The data-
base contains discharge summaries and claims data,
and can therefore be used to determine the amount of
healthcare expenditure, the types of surgical proce-
dures performed, the incidences of comorbidities and
postoperative complications, and the use of insulin18).

The records of 283,771 patients discharged from
174 hospitals between July 1 and October 31, 2003,
became available for public use in June 2008. We
selected the 1,805 patients who had undergone partial
gastrectomy for gastric cancer from the dataset,
excluding 1 patient who had also undergone lymphad-
enectomy because this is rarely performed for gastric
cancer17). None of the patients died within 24 h of
admission.

Study variables
The independent variables studied were age, gen-

der, emergency admission, weighted comorbidity score
(excluding DM and gastric cancer), rehabilitation, post-
operative complications, insulin use, and in-hospital
mortality. Patients were divided into IDM, NIDM, and
NDM groups. DM was defined for ICD-10 code (E10,
E11, E12, E13, and E14). Age was stratified into three
categories: under 65 yr, 65–74 yr, and 75 yr or older21).
Emergency admission was defined as transport to a
hospital by an ambulance or emergency hospitaliza-
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tion. A maximum of five operative procedures, four
comorbidities, and three complications were recorded
in the database for each hospitalization. Preexisting
comorbidities and postoperative complications were
categorized according to the International Classifica-
tion of Diseases, 10th Revision (ICD-10) codes.
Weighted comorbidity scores were calculated using the
Charlson comorbidity index (CCI) for all conditions
except DM (ICD-10 codes: E10 and E11) and gastric
cancer (ICD-10 code: C16). The CCI was categorized
into 0, 1, 2, and 3 or more32). Postoperative complica-
tions were classified into seven groups using their ICD-
10 codes: bleeding (K250, K254, K259, K289, K661,
and K922), wound problems (T811, T812, T813, T814,
T818, T824, T855, and T888), pancreatitis (K85), gas-
tric stasis and stricture (K210), intestinal obstruction
(K566), ascites (R18), and others (fistula of stomach
and duodenum: K316, functional intestinal disorder
other than duodenum: K599, peritonitis: K650, chole-
cystitis: K810, K811, K819, and cholangitis: K830).

The dependent variables studied were length of
stay (LOS, days), total charge (TC, USD 1=JPY 90)
billed during admission as a proxy for cost, and post-
operative complications. In Japan, hospital charges
are determined using a standardized fee-for-service
payment system known as the national uniform fee
schedule, and these fees are considered to be good
estimates of healthcare costs13). In this study, the TC
included physician fees, instrument costs, laboratory
and imaging test costs, and administration fees.

Statistical analysis
Categorical data were reported as frequencies and

proportions and were compared between DM groups
using Pearson’s chi-square test. Age, LOS, and TC are
indicated as median and interquartile range and were
compared between DM groups using the Kruskal-
Wallis test because they did not have a normal distri-
bution. Multiple regression analysis was performed
using the forced entry method, where LOS and TC
were natural-log-transformed. The coefficient of
determination was used as an indicator of how well the
regression model fitted the data. Logistic regression
analysis was used to identify which factors were asso-
ciated with postoperative complications. The Hos-
mer-Lemeshow test was used as an indicator of how
well the logistic regression model fitted the data. Sta-
tistical analyses were performed using SPSS software
version 11.5. All reported P-values are two-tailed, and

the level of significance was set at p<0.05.

Results

The numbers of patients in the IDM, NIDM, and
NDM groups were 82 (4.5%), 61 (3.4%), and 1,662
(92.1%), respectively. There was a significant differ-
ence in the proportions of patients in different age
groups among the DM groups (p=0.004). The propor-
tion of males and the CCI score varied significantly
among the groups (p<0.001). The mortality rate
(p=0.035) was significantly different among the
groups. Postoperative complications were recorded in
142 (7.9%) of 1,805 patients. LOS (p=0.018) and TC
(p=0.001) were significantly different among the
groups (Table 1). 

Of the 1,805 patients included in this study, 306
(17.0%) had one or more comorbidities. The levels of
prevalence of renal disease (p<0.001) and connective
tissue disorder (p=0.015) were significantly different
among the DM groups (Table 2).

Multiple regression analyses showed that older
age, emergency admission, postoperative complica-
tions, higher CCI, and insulin use were significantly
associated with increased LOS and higher TC (Table
3). In-hospital mortality was also a significant predic-
tor of increased TC. The presence of comorbidities
(OR: 1.867, 95% confidence interval (CI): 1.252–
2.784) and IDM (OR: 2.049, 95%CI: 1.072–3.918)
were risk factors for postoperative complications
(Table 4).

Discussion

We investigated differences in inpatient care
resource use and the incidence of postoperative com-
plications in patients who had undergone partial gas-
trectomy for gastric cancer in Japan. The results of this
study suggest that older age, emergency admission,
postoperative complications, and insulin use were sig-
nificantly associated with higher inpatient care
resource use. Insulin use was significantly associated
with postoperative complications.

Multiple regression analysis identified insulin use
as an independent risk factor for increased LOS and
higher TC. The results of this study show that IDM
patients who had undergone partial gastrectomy
required significantly more inpatient care resources
after controlling for confounding factors. This may be
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Table 1 Patient characteristics, care processes, in-hospital mortality and resource use among partial
gastrectomy patients for gastric cancer

DM

　 IDM (n=82) NIDM (n=61) NDM (n=1,662)
p-value

Age 0.004††

   Under 65 yr        26 (31.7%)        21 (34.4%)    779 (46.9%)
   65–74 yr        40 (48.8%)        26 (42.6%)    522 (31.4%)
   75 yr or older        16 (19.5%)        14 (23.0%)    361 (21.7%)
Median age (years) [IQ]        65 [10]        65 [10]      65 [15] 0.023†

Male        62 (75.6%)        54 (88.5%) 1,104 (66.4%) <0.001††

Emergency admission          7 (8.5%)          2 (3.3%)    117 (7.0%) 0.449††

Charlson comorbidity index 0.001††

   0        61 (74.4%)        43 (70.5%) 1,395 (83.9%)
   1          7 (8.5%)        12 (19.7%)    162 (9.7%)
   2        11 (13.4%)          3 (4.9%)      59 (3.5%)
   3 or more          3 (3.7%)          3 (4.9%)      46 (2.8%)
Rehabilitation          5 (6.1%)          1 (1.6%)      82 (4.9%) 0.437††

Complications        12 (14.6%)          6 (9.8%)    124 (7.5%) 0.053††

   Bleeding          6 (7.3%)          1 (1.6%)      49 (2.9%) 0.067††

   Wound infection          4 (4.9%)          1 (1.6%)      36 (2.2%) 0.259††

   Pancreatitis          1 (1.2%)          4 (6.6%)      20 (1.2%) 0.002††

   Stasis or stricture          1 (1.2%)          1 (1.6%)        8 (0.5%) 0.346††

   Ascites          1 (1.2%)          0 (0.0%)        0 (0.0%) <0.001††

   Obstruction          0 (0.0%)          0 (0.0%)        1 (0.1%) 0.958††

   Others          0 (0.0%)          1 (1.6%)      19 (1.1%) 0.578††

In-hospital mortality          2 (2.4%)          0 (0.0%)        7 (0.4%) 0.035††

Median LOS (days) [IQ]        30 [25.25]        26 [12.00]      25 [15.00] 0.018†

Median TC (USD) [IQ] 17,119 [9,656] 15,439 [4,845] 15,189 [4,577] 0.001†

DM, diabetes mellitus; IDM, insulin use DM patients; NIDM, non insulin use DM patients; NDM, non DM
patients; Charlson comorbidity index, excluding DM and gastric cancer; Others, fistula of stomach and
duodenum, functional intestinal disorder but duodenum, peritonitis, cholecystitis and cholangitis; IQ,
interquartile range; † tested by Kraskull-Wallis, †† tested by Pearson’s chi-square test.

Table 2 Patient comorbidities among partial gastrestomy patients for gastric cancer

DM

　 IDM (n=82) NIDM (n=61) NDM (n=1,662) p-value

Peptic ulcer 7 (8.5%) 3 (4.9%) 88 (5.3%) 0.442
Cancer (excluding gastric cancer) 6 (7.3%) 2 (3.3%) 57 (3.4%) 0.181
Metastatic cancer 2 (2.4%) 2 (3.3%) 34 (2.0%) 0.786
Pulmonary disease 0 (0.0%) 3 (4.9%) 31 (1.9%) 0.099
Cerebral vascular accident 3 (3.7%) 2 (3.3%) 21 (1.3%) 0.097
Acute myocradial infraction 0 (0.0%) 1 (1.6%) 18 (1.1%) 0.580
Liver disease 0 (0.0%) 1 (1.6%) 15 (0.9%) 0.568
Peripheral vascular disease 1 (1.2%) 1 (1.6%) 11 (0.7%) 0.581
Renal disease 4 (4.9%) 2 (3.3%)   7 (0.4%) <0.001
Connective tissue disorder rheumatic disease 2 (2.4%) 1 (1.6%)   6 (0.4%) 0.015
Congestive heart failure 1 (1.2%) 1 (1.6%)   7 (0.4%) 0.265 

DM, diabetes mellitus; IDM, insulin use DM patients; NIDM, non insulin use DM patients; NDM, non DM
patients; tested by Pearson’s chi-square test.
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Table 3 Multiple regression analyses of factors associated with  length of stay (days) and total charge (US$)

Partial gastrectomy (n=1,805) Log LOS Log TC

Independent variables Estimation S.E. p-value Estimation S.E. p-value

Intercept 3.143 0.020 <0.001 9.588 0.012 <0.001
Age (for under 65 yr)
   65–74 yr 0.113 0.022 <0.001 0.058 0.014 <0.001
   75 yr or older 0.173 0.025 <0.001 0.089 0.016 <0.001
Male 0.010 0.021 0.612 0.031 0.013 0.016
Emergency admission 0.296 0.038 <0.001 0.220 0.023 <0.001
Charlson comorbidity index (for zero)
   1 0.027 0.032 0.402 0.030 0.020 0.130 
   2 0.150 0.049 0.002 0.099 0.030 0.001
   3 or more 0.129 0.058 0.025 0.145 0.036 <0.001
Rehabilitation –0.012 0.045 0.783 0.009 0.028 0.739
Complication
   Present 0.111 0.036 0.002 0.108 0.022 <0.001
DM groups (for NDM)
   NIDM –0.025 0.053 0.638 –0.015 0.033 0.646
   IDM 0.118 0.047 0.012 0.128 0.029 <0.001
In-hospital mortality –0.002 0.137 0.990 0.323 0.084 <0.001

Coefficient of determination 0.083 　 0.124

p values by F-test. p<0.001. S.E., standard error; Charlson comorbidity index, excluding DM and gastric cancer; DM,
diabetes mellitus; NDM, non DM patients; NIDM, non insulin use DM patients; IDM, insulin use DM patients.

Table 4 Logistic regression analysis of risk factors associated with
complications

Partial gastrectomy (n=1,805) Odd ratio [95%CI]

Age 
   Under 65 yr 1.000
   65–74 yr 0.874 [0.585–1.305]
   75 yr or older 0.939 [0.599–1.471]
Gender
   Female 1.000 
   Male 1.018 [0.700–1.482]
Emergency admission
   Abest 1.000
   Present 0.669 [0.305–1.467]
Charlson comorbidity index
   0 1.000
   1 or more 1.867 [1.252–2.784]
DM groups 
   NDM 1.000
   NIDM 1.233 [0.515–2.953]
   IDM 2.049 [1.072–3.918]

Hosmer-Lemeshow goodness for fit. p=0.991. CI, confidential
interval; Charlson comorbidity index, excluding DM and gastric
cancer; DM, diabetes mellitus; NDM, non DM patients; NIDM, non
insulin use DM patients; IDM, insulin use DM patients.
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because the IDM group had higher frequencies of
emergency admission and comorbidities than the
NDM group, which increased the risk of postoperative
complications. We found that the IDM group had a sig-
nificantly longer LOS than the NIDM and NDM
groups (33 d, 26 d, and 26 d, respectively; p<0.001)
and a significantly greater TC ($19,988, $15,439, and
$16,273, respectively; p<0.001).

Some previous studies investigated the impact of
DM on healthcare resource use and on the incidence of
postoperative complications in surgical patients2, 9, 36)

and showed that DM patients have a higher risk of
postoperative complications and mortality than NDM
patients3, 10, 20). One study reported that DM was sig-
nificantly associated with postoperative infection, in-
hospital mortality, higher TC, and longer LOS2).
Yamashita et al. found that long-term DM (longer
than 10 yr) had a particularly significant correlation
with the development of postoperative complications
after gastrectomy36). Another study investigating the
impact of DM on patient outcomes after ankle fracture
reported that DM patients across all levels of fracture
severity remained in hospital for about one additional
day (mean: 4.7 d versus 3.6 d) and incurred more than
$2,000 in extra charges (mean: $12,898 versus
$10,794)9). However, these studies did not examine
the impact of insulin use on resource use and did not
determine whether there was a significant difference
in resource use between NIDM and NDM groups. It
was previously reported that IDM patients have sig-
nificantly higher postoperative complication rates,
longer LOS, and higher hospital charges than NIDM
or NDM patients31). These results were consistent
with the results of the present study, which also found
that IDM patients had a longer LOS and higher TC.

DM is now one of the most common non-commu-
nicable diseases globally. Type 2 DM is sometimes
called adult-onset DM, and accounts for 90% of all DM
cases15). As type 2 DM may progress to a point where
there is insufficient insulin secretion34), some patients
require insulin supplementation therapy for good gly-
cemic control6) and 27% of patients with type 2 DM in
the US now use insulin19). It is important to prevent pro-
gression to insulin use among type 2 DM patients
because IDM was found to be significantly associated
with increased resource use compared with NIDM.

There are two limitations to this study. First,
information was only gathered from patients dis-
charged during a 4-month period in 2003. This limits

the ability to generalize the results. In addition, this
study lacks analysis of clinical information, such as
the pathology of the gastric malignancy, the recon-
struction method employed, and laboratory test values
that are likely to be associated with LOS or TC. Nev-
ertheless, ICD-10-coded comorbidities and insulin
use could be suitable proxies for clinical parameters
that were not recorded in the database.

In conclusion, we found that IDM patients had
longer LOS and higher TC, and a higher incidence of
postoperative complications, than NDM patients, but
we did not find differences in LOS or TC between
NIDM and NDM patients. Healthcare providers
should consider the differences in inpatient care
resource use and postoperative complications
between IDM and NIDM patients.
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