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Usefulness of Comorbidity Indices in Operative Gastric Cancer Cases
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Objectives : The purpose of the current study was to CIRS, and ICED was moderate (Spearman rho=0.580 and
evaluate the usefulness of the following four comorbidity 0.668, and Kappa=0.433, respectively), but for KFS was
indices in gastric cancer patients who underwent surgery: fair (Kappa=0.383). According to the results from logistic
Charlson Comorbidity Index (CCIl), Cumulative lliness regression, unplanned readmissions and deaths were not
rating scale (CIRS), Index of Co-existent Disease (ICED), significantly different between the comorbidity index scores.
and Kaplan-Feinstein Scale (KFS). But, according to the results from multiple linear regression,

Methods : The study subjects were 614 adults who the CIRS group showed a significantly increased length of
underwent surgery for gastric cancer at K hospital between hospital stay (p<0.01). Additionally, CCl showed a
2005 and 2007. We examined the test-retest and inter-rater significant association with increased hospital costs
reliability of 4 comorbidity indices for 50 patients. Reliability (p<0.01).
was evaluated with Spearman rho coefficients for CCI and Conclusions : This study suggests that the CCI index
CIRS, while Kappa values were used for the ICED and KFS may be useful in the estimation of comorbidities associated
indices. Logistic regression was used to determine how with hospital costs, while the CIRS index may be useful
these comorbidity indices affected unplanned readmission where estimatation of comorbiditie associated with the
and death. Multiple regression was used for determining if length of hospital stay are concerned.
the comorbidity indices affected length of stay and hospital
costs. J Prev Med Public Health 2009;42(1):49-58

Results : The test-retest reliability of CCl and CIRS was
substantial (Spearman rho=0.746 and 0.775, respectively), Key words : Gastric cancer, Comorbidity, Comorbidity
while for ICED and KFS was moderate (Kappa=0.476 and index
0.504, respectively). The inter-rater reliability of the CCI,
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Table 1. Characteristics of the study population

By 59579 f84 51

(N=614)
Variables Frequency(mean) %(SD)

Sex

Men 430 700

Women 184 300
Age 5839 1193

<65 405 660

>65 209 340
Medical insurance

Social health insurance 601 9719

Korean medicaid 13 22
TNM Stage

1 363 59.1

2 83 136

3 79 128

4 74 12.1
Advance stage of gastric cancer

Early gastric cancer 290 472

Advanced gastric cancer 303 493

Mixed gastric cancer 7 1.1

The others 3 05
Primary operation

Wedge resection 5 08

Partial gastrectomy with anastomosis to esophagus 9 15

Partial gastrectomy with anastomosis to duodenum 237 386

Partial gastrectomy with anastomosis to jejunum 193 314

Other partial gastrectomy 1 02

Total gastrectomy 169 275
Readmission

Planned admission 216 352

Unplanned admission 28 46
Number of death 58 94
Length of hospital stay 2108 4044
Hospital cost 7588,150° 26079581

" Median, tInterquartile range
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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 CCl 0.746 <0001°
CIRS 0.775 - <0001

ICED 0648 0476 <0001t

KFS 0.705 0504 <0001t

Inter-rater reliability CCl 0580 - <0001°
CIRS 0.668 - <0001

ICED 0.690 0433 <0001t

KFS 0573 0.383 <0001t

CCI: Charlson comorbidity index, CIRS: cumulative illness rating scale, ICED: index of co-existent disease, KFS: Kaplan-

feinstein scale

“Spearmans rank correlation, 'p<0.01 (HO: Kappa=0)

Table 3. Spearman rank correlation between cormorbidity indices

CCI CCl_age CIRS CIRS_Group ICED KFS
CCl 100 056 0.60° 055 057 059
CCl_age 056 100 053 048 048 0.50°
CIRS 0.60° 053 100 092 083 086
CIRS_Group 055 048 092 100 083 087
ICED 056 048 083 083 100 091’
KFS 059 0.50° 086" 087 091" 1.00

CCI: Charlson comorbidity index, CCL_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<001
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Table 4. Adjusted odds ratio(and 95% confidence intervals) of unplanned readmission according to sex, age, TNM stage, and comorbidity indices

Model 2

Model 13 Model 31
CCI CCLage CIRS CIRS_Group ICED KFS

Sex

Female 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Male 091(038-220)  0.88(0.36-2.13) 0.88(036-2.12) 090(037-2.19) 092(0.38-2.25) 0.82(033-202) 088(037-2.14)  091(0.36-2.31)
Age

<65 100 100 1.00 1.00 100 100 1.00 1.00

> 65 3.18(139-726)+  3.15(137-723)t  202(0.78-525) 281(121-654)t  293(137-723)t  294(126:684)r  298(129-69D)t  180(0.62-522)
TNM Stage

1 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00

2 087(031-241)  095(0.33-2.69) 094 (033-2.63) 091 (0.32-2.56) 0.88(031-247) 092(033-259) 089(032-249)  091(0.30-2.73)

3 030(008-1.157  031(008-123  0.33(0.08-129) 0.32(0.08-1.26) 031(008-120)  028(007-1.10)  031(008-122) 028 (007-1.14)

4 080(027-237)  0.87(0.29-2.66) 0.85(028-255) 0.89(0.29-2.69) 0.82(027-249) 0.85(0.28-2.56) 088(029-265)  0.73(023-2.35)
CCI

0 100 1.00

1 147 (0.60-3.64) 067(0.19-2.32)

2< 145(0.15-14.59) 0.58 (0.04-841)
CCLage

0 1.00 1.00

1 243(051-11.59) 238(046-1241)

2< 4.19(0.77-22.85y 409 (0.56-30.19)
CIRS

0 1.00 1.00

1 1.05(0.12:941) 0.73 (0.04-12.39)

2< 231(0.94-5.65) 529(0.33-85.98)
CIRS_Group

0 100 1.00

1 249 (0.66-9.38) 227(046-11.09)

2< 209(0.83-5.24)
ICED

0 100 1.00

1 149(0534.22) 131(0.02-118.82)

2-3 264 (099-705) 257 (0.03-225.60)
KFS

0 1.00 1.00

1 192(076485  020(0.001-3343)

2-3 208 (0.67-645)  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<005, <001

$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, CCL_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 2

Model 18 Model 3 *
CCI CCl_age CIRS CIRS_Group ICED KFS

Sex

Female 100 100 1.00 1.00 100 100 1.00 1.00

Male 098 (048-1.99) 1.01 (0.50-2.06) 098 (048-2.00) 099(048-203) 102 (0.50-2.10) 098 (048-2.02) 099 (049-2.04) 101 (048-2.12)
Age

<65 1.00 1.00 100 1.00 1.00 1.00 1.00 100

> 65 241(129450)  249(133466)t  235(1.16-495)+  259(137-492)+  262(138495)t  266(140-505)t  260(138492)t+  195(0.87-437)
TNM Stage

1 100 100 1.00 1.00 100 100 1.00 1.00

2 158 (048-521) 153 (046-5.05) 158 (048-521) 158 (048-5.23) 155(047-5.13) 1.59(048-525) 1.64(0.50-543) 157 (047-529)

3 7.16(302-1699)+ 699(294-1661)t 720(3.02-17.15)t 664(278-1587)+ 658(276-1569)t 644 (270-1539)+ 672(282-1601)+ 653 (271-15.77)+

4 2137(959-4762)+ 2047(9.1645.72)t 2144 (9.60-4788)+ 2001(893-4485)+ 19.72(8.81-44.14)r 19.85(88544.52)t 2045(9.124590)+ 2002 (8.824546) t
CCI

0 1.00 100

l< 0.62(029-1.33) 053(0.18-1.56)
CCL age

0 100 1.00

1 101 (041-252) 125(049-321)

2< 106 (0.36-3.14) 2.11(056-785)
CIRS

0 1.00 1.00

1 054(0.14-207) 027(0.04-1.88)

2< 0.60(031-1.15) 048(0.11-2.12)
CIRS_Group

0 1.00 1.00

1 0.76 (031-1.90) 2.76(0.78:9.73)

2< 0.53 (0.26-1.06)
ICED

0 100 1.00

1 044 (0.18-1.05) 061(0.05-7.87)

23 082(0.39-1.71y 141(0.12-16.58)
KFS

0 1.00 1.00

1 055(027-1.14) 101 (007-14.04)

23 0.78 (0.32-1.90) 128 (0.09-1907)

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, tp<0.05, tp<001

$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(CCL, CCL_age, CIRS, CIRS_Group, ICED, KFS)
TModel 3: Odds ratio(95% CI) estimated by logistic regression controlling for Model 1 + all comorbidity indexes

2. G209 ofielu 5 AYY
off &t nH

AL AE & el A e9) o] oAt
7hBA Qhob & A AE =A A
Zulasp7]ell = of g o] 91, Katz
o] dAE 8t A7t AES 7)Fo
ZCCIo i3k AR A ARl et A% &=

o] =4 A371090] o)l A [15] 3}
Hudon £0]4079] iA1= tjir o7 7+
Aol 9 & AES F3) CRSE 23N
22} AAAF AR E740780)20 W AL 7
Qhelthi o= A9} vl A K

o] 1 A SIe}[15,16]. 12} ICED 9] 7 A
gl A Akl Bgk Al B e e ole] At
o= ThE A% wo)3 gtk Tl
o  Imamura % [17]9] ol 93
Kappa gko] 09 24] A% £7} $-3HA]
Bk O} & A7 Ao = 048 % HF

AR AE g Btk & A9 A
AR} AL A T A} 1] o8
Al 71l 7 A

AFAF A7 % ATER

2 A AR T gt Zbke] A F T E 5
3t Q1 H K ¢ OCS & Kl AE 25
5 & LAY AGA d FE7)5
A, A g HEIEAE T
w4 sto] TR & 57 8kt ok wekA
o] 28t ICED FRMIH H 49 Aol %
7] o u) 2L F34 dhk A aka) ol
T8 AR ek Ase] Apold 7]9lsk
ZAOF Bt 53] o] &gt =34 gt
o] T2 TR S Tof s 2 ]
%S AA6F=H ICED 9] 74 ¢ & 4
B A Z T of o) g A Q1 ghekE vk of
Uzt g2 AA 75 JeE F34 9
S 3lo] o] S ICED A4 W= v}
Al F8 gekgof sh= o]y FHAQ A

THAY AZE 3 A 9 AALAE
T OE AR T b w1 oR
AR E S TH KES S - 3l9] ALY )
AAbe] th3t AF 7 B g Ao A7)
Slo] galgh = AA vl el = 27t 9l
O} Kappa #ke] 05 4= 2 ICED KL} A
g4 o] #A Ushth ]2 2 ICED = &
2 A A7) el dist =3l A4
WYL aE A P HEoE FHE
ok Z2eu AR A AR 9 gk A H R}
054 % L& 21L& ICEDS} o] A% 57}

N

FaetAE Xehtehes 485 ol Hold
o= o] A & KFS A4 =A of 9lo] 2

Aol 2/l A9-34 0= et o=
AREH 3} o] A Sl gl

_]
H _Zr_g_].ﬂo i 35\_7]. 71—0}74] Z B_Q

b AR EA
|



Table 6. Multiple linear regression for length of hospital stay

Model 2
Model 13 Model 3°
CCI CClLage CIRS CIRS_Group ICED KFS
ASE) ASE) ASE) ASE) ASE) ASE) ASE) ASE)

Sex 2641 (3.681) 2.546 (3.666) 2782 (3.673) 2491 (3.677) 2613 (3.638) 2575 (3.682) 2673 (3.668) 3.060 (3.656)
Age -1.545(3.681) -2239(3518) -6.651 (4431) -3.007 (3.632) -3.076 (3.538) 2.115(3574) 2753 (3.550) 0565 (5255)
Medical insurance ~ -0.167 (11461) 2287 (11.450) 0303(11439)  0276(11446)  -1028(11395)  -0.766(11481)  -1489(11439)  -1998(11515)
TNM stage 40735 (1.690) H0.546 (1.685) 0692 (1.686) 0419 (1.699) 0323 (1.685) 0688 (1.691) 0446 (1.689) 0.182(1.695)
Advance stage 40,009 (0.024) 40.010(0.024) 0011(0.024) 0011 (0024) 0017 (0024) 00110024 0014 (0.024) 0.016(0.024)
Primary operation 2.144(0.877) 2.133(0875) 2.165(0.875) t 2.140 (0.876) * 2.150 (0871) 2169 (0877t 2163 (0.874)t 2029 (0.870) *
CCI 4580 (1.909) 1 3872(3.142)
CClage 2.770 (1.465) 0468 (2325)
CIRS 1267 (0.790) -1.803(1439)
CIRS_Group 4.109 (1420)* 7657 (2.884)
ICED 1672 (1.805) -8203 (3.564)
KES 4455 (1998) 4870 (4.532)
Constant 13263 11496 9633 10945 8.164 11974 9822 8739
F 1.19 1.858 1542 1398 2237t 1.150 1.745° 2070+
R? 0012 0021 0018 0016 0026 0013 0020 0041
R*change 0012 0.009 0.006 0.004 0014+ 0001 0.008" 0029t
Durbin-Watson 2028 2018 2020 2019 2015 2026 2024 2014

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, 1p<0.05, <001

§ 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 2
Model 15 Model 37
CCI CClLage CIRS CIRS_Group ICED KFS
ASE) ASE) ASE) ASE) ASE) ASE) ASE) ASE)

Sex 0028 (0.024) 0027 (0.023) 0.030(0.024) 0026 (0.023) 0026 (0.023) 0.026(0.023) 0029 (0.023) 0024 (0.023)
Age 0041 0023y 0032(0.022) £0.009(0.028) 0015 (0.023) 0015(0.023) 0023 (0.023) 0025 (0.023) 0062 (0.033)
Medical insurance ~ -0.079 (0.074) 40.106 (0.073) 0.074(0073) 0081 (0073) 0081 (0073) 0,098 (0.073) 40,096 (0.073) 0.124 0073y
TNM stage 0044 (0011)+ 0046 (0011)+ 0044 (0011) 0049 (0011) 0049 (0011)+ 0045 (0011) + 0047 (0011) 0048 (0011)+
Advance stage <0001 (<0001) <0001 (<0001)  <0.001(<0001) <0001(<0001) <0001 (<0001) <0.001(<0001) <0001(<0001) <0001 (<0.001)
Primary operation 0.037 (0.006+ 0.037 (0.006) 0.038 (0.006) t 0.037 (0.006) t 0037 (0.006) t 0038 (0.006) * 0.038 (0.006) t 0.037(0.006)
CCI 0059 (0012)* 0.060 (0.020)*
CClage 0027 (0.009) 0027 0015y
CIRS 0023 (0.005)+ 0010(0.009)
CIRS_Group 0.035(0.009) + 0018 (0.018)
ICED 0054 (0.011) * 0032(0.023)
KFS 0059 (0013) * 0013(0.029)
Constant 15631 15.608 1559 15589 15588 1559 15586 15612
F 18041+ 19499 16856 18980+ 17874+ 19.162+ 19.046 + 12467 +
R? 0.154 0.187 0.166 0.183 0.174 0.185 0.184 0203
R’ change 0.154+ 0033+ 0012+ 0029+ 0020+ 0031+ 0030+ 0049+
Durbin-Watson 1925 1921 1913 1914 1918 1910 1939 1924

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.L, <005, <00

$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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