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Objectives : The purpose of the current study was to
evaluate the usefulness of the following four comorbidity
indices in gastric cancer patients who underwent surgery:
Charlson Comorbidity Index (CCI), Cumulative Illness
rating scale (CIRS), Index of Co-existent Disease (ICED),
and Kaplan-Feinstein Scale (KFS).  

Methods : The study subjects were 614 adults who
underwent surgery for gastric cancer at K hospital between
2005 and 2007. We examined the test-retest and inter-rater
reliability of 4 comorbidity indices for 50 patients. Reliability
was evaluated with Spearman rho coefficients for CCI and
CIRS, while Kappa values were used for the ICED and KFS
indices. Logistic regression was used to determine how
these comorbidity indices affected unplanned readmission
and death. Multiple regression was used for determining if
the comorbidity indices affected length of stay and hospital
costs.

Results : The test-retest reliability of CCI and CIRS was
substantial (Spearman rho=0.746 and 0.775, respectively),
while for ICED and KFS was moderate (Kappa=0.476 and
0.504, respectively). The inter-rater reliability of the CCI,

CIRS, and ICED was moderate (Spearman rho=0.580 and
0.668, and Kappa=0.433, respectively), but for KFS was
fair (Kappa=0.383). According to the results from logistic
regression, unplanned readmissions and deaths were not
significantly different between the comorbidity index scores.
But, according to the results from multiple linear regression,
the CIRS group showed a significantly increased length of
hospi ta l  s tay (p<0.01).  Addi t ional ly ,  CCI showed a
signif icant association with increased hospital costs
(p<0.01).   

Conclusions : This study suggests that the CCI index
may be useful in the estimation of comorbidities associated
with hospital costs, while the CIRS index may be useful
where estimatation of comorbiditie associated with the
length of hospital stay are concerned.
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Table 1. Characteristics of the study population                                                                                    (N=614)

Variables Frequency(mean) %(SD)

Sex
Men
Women

Age
< 65

65
Medical insurance

Social health insurance
Korean medicaid

TNM Stage
1
2
3
4

Advance stage of gastric cancer
Early gastric cancer
Advanced gastric cancer
Mixed gastric cancer
The others 

Primary operation 
Wedge resection
Partial gastrectomy with anastomosis to esophagus
Partial gastrectomy with anastomosis to duodenum
Partial gastrectomy with anastomosis to jejunum 
Other partial gastrectomy 
Total gastrectomy

Readmission
Planned admission
Unplanned admission 

Number of death
Length of hospital stay
Hospital cost

* Median,  Interquartile range

430 
184 

58.39
405
209

601
13

363
83
79
74

290
303

7
3

5
9

237
193

1
169

216
28
58

21.08
7,588,150*

70.0 
30.0 

11.93
66.0
34.0

97.9
2.2

59.1
13.6
12.8
12.1

47.2
49.3
1.1
0.5

0.8
1.5

38.6
31.4
0.2

27.5

35.2
4.6
9.4

40.44
2,607,958
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Table 2. Reliability of comorbidity indices(Test-retest reliability & Inter-rater reliability)

Comorbidity Indices Spearman rho Kappa p-value

Test-retest reliability

Inter-rater reliability

CCI
CIRS
ICED
KFS
CCI
CIRS
ICED
KFS

0.746
0.775
0.648
0.705
0.580
0.668
0.690
0.573

-
-

0.476
0.504

-
-

0.433
0.383

<0.001*

<0.001*

<0.001
<0.001
<0.001*

<0.001*

<0.001
<0.001

CCI: Charlson comorbidity index, CIRS: cumulative illness rating scale, ICED: index of co-existent disease, KFS: Kaplan-
feinstein scale  
* Spearman s rank correlation, p<0.01 (H0: Kappa=0)

Table 3. Spearman rank correlation between cormorbidity indices

CCI CCI_age CIRS CIRS_Group ICED KFS

CCI
CCI_age
CIRS
CIRS_Group
ICED
KFS

1.00
0.56*

0.60*

0.55*

0.56*

0.59*

0.56*

1.00
0.53*

0.48*

0.48*

0.50*

0.60*

0.53*

1.00
0.92*

0.83*

0.86*

0.55*

0.48*

0.92*

1.00
0.83*

0.87*

0.57*

0.48*

0.83*

0.83*

1.00
0.91*

0.59*

0.50*

0.86*

0.87*

0.91*

1.00

CCI: Charlson comorbidity index, CCI_age: Charlson comorbidity index_age, CIRS: cumulative illness rating scale,
CIRS_Group: cumulative illness rating scale_group, ICED: index of co-existent disease, KFS: Kaplan-Feinstein scale  
*p<0.01



53

CCI, CIRS Spearman s rho

0.75 .

ICED KFS

Spearman s

Rho coefficients 0.65 0.70 Kappa

0.48 0.50

. 

, CCI, CIRS, ICED, KFS

CCI Spearman s rho 0.580, CIRS

Spearman s rho 0.668, ICED Kappa 

0.443

. CCI , Spearman rho 0.580 

Stephen 5

CCI

0.67 0.93 [14], CCI

. CIRS, ICED

[5]. KFS Kappa 0.4 

. 

(Variance Inflation Factor,

VIF) 10 .

Spearman rho 0.4 

. 

R2

. 

ICED

CIRS_ group

CCI

. 

R2 0.041 0.203

. , ,

, 

OCS 

R2 . 

Table 4. Adjusted odds ratio(and 95% confidence intervals) of unplanned readmission according to sex, age, TNM stage, and comorbidity indices

Model 1
Model 2

CCI CCI_age CIRS CIRS_Group ICED KFS
Model 3

Sex
Female
Male

Age
<  65

65
TNM Stage

1
2
3
4

CCI
0
1
2

CCI_age
0
1
2

CIRS
0
1
2

CIRS_Group
0
1
2

ICED 
0
1
2-3

KFS 
0
1
2-3

1.00
0.91 (0.38-2.20)

1.00
3.18 (1.39-7.26)

1.00
0.87 (0.31-2.41)
0.30 (0.08-1.15)*

0.80 (0.27-2.37)

1.00
0.88 (0.36-2.13)

1.00
3.15 (1.37-7.23)

1.00
0.95 (0.33-2.69)
0.31 (0.08-1.23)*

0.87 (0.29-2.66)

1.00
1.47 (0.60-3.64)
1.45 (0.15-14.59)

1.00
0.88 (0.36-2.12)

1.00
2.02 (0.78-5.25)

1.00
0.94 (0.33-2.63)
0.33 (0.08-1.29)
0.85 (0.28-2.55)

1.00
2.43 (0.51-11.59)
4.19 (0.77-22.85)*

1.00
0.90 (0.37-2.19)

1.00
2.81 (1.21-6.54)

1.00
0.91 (0.32-2.56)
0.32 (0.08-1.26)
0.89 (0.29-2.69)

1.00
1.05 (0.12-9.41)
2.31 (0.94-5.65)*

1.00
0.92 (0.38-2.25)

1.00
2.93 (1.37-7.23)

1.00
0.88 (0.31-2.47)
0.31 (0.08-1.20)*

0.82 (0.27-2.49)

1.00
2.49 (0.66-9.38)
2.09 (0.83-5.24)

1.00
0.82 (0.33-2.02)

1.00
2.94 (1.26-6.84)

1.00
0.92 (0.33-2.59)
0.28 (0.07-1.10)*

0.85 (0.28-2.56)

1.00
1.49 (0.53-4.22)
2.64 (0.99-7.05)*

1.00
0.88 (0.37-2.14)

1.00
2.98 (1.29-6.91)

1.00
0.89 (0.32-2.49)
0.31 (0.08-1.22)
0.88 (0.29-2.65)

1.00
1.92 (0.76-4.85)
2.08 (0.67-6.45)

1.00
0.91 (0.36-2.31)

1.00
1.80 (0.62-5.22)

1.00
0.91 (0.30-2.73)
0.28 (0.07-1.14)*

0.73 (0.23-2.35)

1.00
0.67 (0.19-2.32)
0.58 (0.04-8.41)

1.00
2.38 (0.46-12.41)
4.09 (0.56-30.19)

1.00
0.73 (0.04-12.39)
5.29 (0.33-85.98)

1.00
2.27 (0.46-11.09)

1.00
1.31 (0.02-118.82)
2.57 (0.03-225.60)

1.00
0.20 (0.001-33.43)
0.16 (0.001-30.68)

CCI: Charlson comorbidity index, CCI_age: Charlson comorbidity index_age, CIRS: cumulative illness rating scale, CIRS_Group: cumulative illness rating scale_group, 
ICED: index of co-existent disease, KFS: Kaplan-Feinstein scale, TNM: tumor, node, metastasis 
*p<0.1, p<0.05, p<0.01

Model 1: Odds ratio(95% CI) estimated by logistic regression controlling for sex, age, TNM stage
Model 2: Odds ratio(95% CI) estimated by logistic regression controlling for Model 1 + by one comorbidity index(CCI, CCI_age, CIRS, CIRS_Group, ICED, KFS) 
Model 3: Odds ratio(95% CI) estimated by logistic regression controlling for Model 1 + all comorbidity indexes
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Table 5. Adjusted odds ratio(and 95% confidence intervals) of death according to sex, age, TNM stage, and comorbidity indices

Model 1
Model 2

CCI CCI_age CIRS CIRS_Group ICED KFS
Model 3

Sex
Female
Male

Age
<  65

65
TNM Stage

1
2
3
4

CCI
0
1

CCI_age
0
1
2

CIRS
0
1
2

CIRS_Group
0
1
2

ICED 
0
1
2-3

KFS 
0
1
2-3

1.00
00.98 (0.48-1.99)

1.00
02.41 (1.29-4.50)

1.00
01.58 (0.48-5.21)
07.16 (3.02-16.99)
21.37 (9.59-47.62)

1.00
01.01 (0.50-2.06)

1.00
02.49 (1.33-4.66)

1.00
01.53 (0.46-5.05)
06.99 (2.94-16.61)
20.47 (9.16-45.72)

1.00
00.62 (0.29-1.33)

1.00
00.98 (0.48-2.00)

1.00
02.35 (1.16-4.95)

1.00
01.58 (0.48-5.21)
07.20 (3.02-17.15)
21.44 (9.60-47.88)

1.00
01.01 (0.41-2.52)
01.06 (0.36-3.14)

1.00
00.99 (0.48-2.03)

1.00
02.59 (1.37-4.92)

1.00
01.58 (0.48-5.23)
06.64 (2.78-15.87)
20.01 (8.93-44.85)

1.00
00.54 (0.14-2.07)
00.60 (0.31-1.15)

1.00
01.02 (0.50-2.10)

1.00
02.62 (1.38-4.95)

1.00
01.55 (0.47-5.13)
06.58 (2.76-15.69)
19.72 (8.81-44.14)

1.00
00.76 (0.31-1.90)
00.53 (0.26-1.06)*

1.00
00.98 (0.48-2.02)

1.00
02.66 (1.40-5.05)

1.00
01.59 (0.48-5.25)
06.44 (2.70-15.39)
19.85 (8.85-44.52)

1.00
00.44 (0.18-1.05)
00.82 (0.39-1.71)*

1.00
00.99 (0.49-2.04)

1.00
02.60 (1.38-4.92)

1.00
01.64 (0.50-5.43)
06.72 (2.82-16.01)
20.45 (9.12-45.90)

1.00
00.55 (0.27-1.14)
00.78 (0.32-1.90)

1.00
01.01 (0.48-2.12)

1.00
01.95 (0.87-4.37)

1.00
01.57 (0.47-5.29)
06.53 (2.71-15.77)
20.02 (8.82-45.46)

1.00
00.53 (0.18-1.56)

1.00
01.25 (0.49-3.21)
02.11 (0.56-7.85)

1.00
00.27 (0.04-1.88)
00.48 (0.11-2.12)

1.00
02.76 (0.78-9.73)

1.00
00.61 (0.05-7.87)
01.41 (0.12-16.58)

1.00
01.01 (0.07-14.04)
01.28 (0.09-19.07)

CCI: Charlson comorbidity index, CCI_age: Charlson comorbidity index_age, CIRS: cumulative illness rating scale, CIRS_Group: cumulative illness rating scale_group, 
ICED: index of co-existent disease, KFS: Kaplan-Feinstein scale, TNM: tumor, node, metastasis 
*:p<0.1, :p<0.05, :p<0.01

Model 1: Odds ratio(95% CI) estimated by logistic regression controlling for sex, age, TNM stage
Model 2: Odds ratio(95% CI) estimated by logistic regression controlling for Model 1 + by one comorbidity index(CCI, CCI_age, CIRS, CIRS_Group, ICED, KFS) 
Model 3: Odds ratio(95% CI) estimated by logistic regression controlling for Model 1 + all comorbidity indexes
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Table 6. Multiple linear regression for length of hospital stay

Model 1
Model 2

CCI CCI_age CIRS CIRS_Group ICED KFS

(SE)(SE) (SE) (SE) (SE) (SE) (SE) (SE)

Model 3

Sex
Age
Medical insurance
TNM stage
Advance stage
Primary operation
CCI
CCI_age
CIRS
CIRS_Group
ICED
KFS
Constant
F
R2

R2 change
Durbin-Watson

-2.641 (3.681)
-1.545 (3.681)
-0.167 (11.461)
-0.735 (1.690)
-0.009 (0.024)
-2.144 (0.877)

13.263
01.199
00.012
00.012
02.028

-2.546 (3.666)
-2.239 (3.518)
-2.287 (11.450)
-0.546 (1.685)
-0.010 (0.024)
-2.133 (0.875)
-4.580 (1.909)

11.496
01.858*

00.021
00.009*

02.018

-2.782 (3.673)
-6.651 (4.431)
-0.303 (11.439)
-0.692 (1.686)
-0.011 (0.024)
-2.165 (0.875)

-2.770 (1.465)*

9.633
1.542
0.018
0.006
2.020

-2.491 (3.677)
-3.007 (3.632)
-0.276 (11.446)
-0.419 (1.699)
-0.011 (0.024)
-2.140 (0.876)

-1.267 (0.790)

10.945
01.398
00.016
00.004
02.019

-2.613 (3.658)
-3.076 (3.538)
-1.028 (11.395)
-0.323 (1.685)
-0.017 (0.024)
-2.150 (0.871)

-4.109 (1.420)

8.164
2.237
0.026
0.014
2.015

-2.575 (3.682)
-2.115 (3.574)
-0.766 (11.481)
-0.688 (1.691)
-0.011 (0.024)
-2.169 (0.877)

-1.672 (1.805)

11.974
01.150
00.013
00.001
02.026

-2.673 (3.668)
-2.753 (3.550)
-1.489 (11.439)
-0.446 (1.689)
-0.014 (0.024)
-2.163 (0.874)

-4.455 (1.998)
9.822
1.745*

0.020
0.008*

2.024

-3.060 (3.656)
-0.565 (5.255)
-1.998 (11.515)
-0.182 (1.695)
-0.016 (0.024)
-2.029 (0.870)
-3.872 (3.142)
-0.468 (2.325)
-1.803 (1.439)
-7.657 (2.884)
-8.203 (3.564)
-4.870 (4.532)

8.739
2.070
0.041
0.029
2.014

CCI: Charlson comorbidity index, CCI_age: Charlson comorbidity index_age, CIRS: cumulative illness rating scale, CIRS_Group: cumulative illness rating scale_group, 
ICED: index of co-existent disease, KFS: Kaplan-Feinstein scale, TNM: tumor, node, metastasis 
*p<0.1, p<0.05, p<0.01

Model 1: multiple regression controlling for sex, age, medical insurance, TNM stage, advance stage, primary operation  
Model 2: multiple regression controlling for Model 1 + by one comorbidity index(CCI, CCI_age, CIRS, CIRS_Group, ICED, KFS) 
Model 3: multiple regression controlling for Model 1 + all comorbidity indexes 

Table 7. Multiple linear regression for hospital cost 

Model 1
Model 2

CCI CCI_age CIRS CIRS_Group ICED KFS

(SE)(SE) (SE) (SE) (SE) (SE) (SE) (SE)

Model 3

Sex
Age
Medical insurance
TNM stage
Advance stage
Primary operation
CCI
CCI_age
CIRS
CIRS_Group
ICED
KFS
Constant
F
R2 

R2 change
Durbin-Watson

-0.028 (0.024)
-0.041 (0.023)*

-0.079 (0.074)
-0.044 (0.011)
<0.001 (<0.001)
-0.037 (0.006

15.631
18.041
00.154
00.154
01.925

-0.027 (0.023)
-0.032 (0.022)
-0.106 (0.073)
-0.046 (0.011)
<0.001 (<0.001)
-0.037 (0.006)
-0.059 (0.012)

15.608
19.499
00.187
00.033
01.921

-0.030 (0.024)
-0.009 (0.028)
-0.074 (0.073)
-0.044 (0.011)
<0.001 (<0.001)
-0.038 (0.006)

-0.027 (0.009)

15.596
16.856
00.166
00.012
01.913

-0.026 (0.023)
-0.015 (0.023)
-0.081 (0.073)
-0.049 (0.011)
<0.001 (<0.001)
-0.037 (0.006)

-0.023 (0.005)

15.589
18.980
00.183
00.029
01.914

-0.026 (0.023)
-0.015 (0.023)
-0.081 (0.073)
-0.049 (0.011)
<0.001 (<0.001)
-0.037 (0.006)

-0.035 (0.009)

15.588
17.874
00.174
00.020
01.918

-0.026 (0.023)
-0.023 (0.023)
-0.098 (0.073)
-0.045 (0.011)
<0.001 (<0.001)
-0.038 (0.006)

-0.054 (0.011)

15.590
19.162
00.185
00.031
01.910

-0.029 (0.023)
-0.025 (0.023)
-0.096 (0.073)
-0.047 (0.011)
<0.001 (<0.001)
-0.038 (0.006)

-0.059 (0.013)
15.586
19.046
00.184
00.030
01.939

-0.024 (0.023)
-0.062 (0.033)*

-0.124 (0.073)*

-0.048 (0.011)
<0.001 (<0.001)
-0.037 (0.006)
-0.060 (0.020)
-0.027 (0.015)*

-0.010 (0.009)
-0.018 (0.018)
-0.032 (0.023)
-0.013 (0.029)

15.612
12.467
00.203
00.049
01.924

CCI: Charlson comorbidity index, CCI_age: Charlson comorbidity index_age, CIRS: cumulative illness rating scale, CIRS_Group: cumulative illness rating scale_group, 
ICED: index of co-existent disease, KFS: Kaplan-Feinstein scale, TNM: tumor, node, metastasis 
*p<0.1, p<0.05, p<0.01

Model 1: Odds ratio(95% CI) estimated by logistic regression controlling for sex, age, medical insurance, TNM stage, advance stage, primary operation  
Model 2: Odds ratio(95% CI) estimated by logistic regression controlling for Model 1 + by one comorbidity index(CCI, CCI_age, CIRS, CIRS_Group, ICED, KFS) 
Model 3: Odds ratio(95% CI) estimated by logistic regression controlling for Model 1 + all comorbidity indexes 
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