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Objectives : To compare the performance of three
comorbidity measurements (Charlson comorbidity index,
Elixhauser s comorbidity and comorbidity selection) with
the effect of different comorbidity lookback periods when
predicting in-hospital mortality for patients who underwent
percutaneous coronary intervention.

Methods : This was a retrospective study on patients
aged 40 years and older who underwent percutaneous
coronary intervention. To distinguish comorbidity from
complications, the records of diagnosis were drawn from
the Nat ional  Heal th Insurance Database excluding
diagnosis that admitted to the hospital. C-statistic values
were used as measures for in comparing the predictability
of comorbidity measures with lookback period, and a
bootstrapping procedure with 1,000 replications was done
to determine approximate 95% confidence interval.

Results : Of the 61,815 patients included in this study,
the mean age was 63.3 years (standard deviation: 10.2)
and 64.8% of the population was male. Among them, 1,598
(2.6%) had died in hospital. While the predictive ability of
the Elixhauser s comorbidity and comorbidity selection was

better than that of the Charlson comorbidity index, there
was no significant difference among the three comorbidity
measurements. Although the prevalence of comorbidity
increased in 3 years of lookback periods, there was no
significant improvement compared to 1 year of a lookback
period.  

Conclusions : In a health outcome study for patients who
underwent percutaneous coronary intervention using
Nat ional  Heal th Insurance Database,  the Char lson
comorbidity index was easy to apply without significant
difference in predictability compared to the other methods.
The one year of observation period was adequate to adjust
the comorbid i ty .  Fur ther  work to select  adequate
comorbidity measurements and lookback periods on other
diseases and procedures are needed.
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Table 1. The ICD-10 codes and procedure codes for comorbidity selection

Comorbidity ICD-10 Codes

Diabetes Mellitus
Hypertension
Hyperlipidemia
Angina
AMI
CHF
Cardiogenic shock
Arrhythmia

COPD
Renal disease

Peripheral vascular disease

Stroke

AMI: acute myocardial infarction, CHF: congestive heart failure, COPD: chronic obstructive pulmonary disease
* Procedure Codes of Health Insurance Review & Assessment Service

E10.x, E11.x, E13.x, E14.x
I10.x, I11.x, I12.x, I13.x, I15.x
E78.x
I20, I200
I21.x, I22.x, I23.x
I50, I500, I501, I110, I130
R570
I44, I45, I46, I47, I48, I49 
O2001, O2002, O2003, O2004, O2005, O2006, O2007*

J41.x, J42, J43.x, J44.x, J68.x, J84.x, J98.x
N18.x, N19
O7020, O7061, O7062, O7071, O7072, O7073, O7074, O7075, O7080
I70.x, I71.x, I73.x, I74.x, I77.x, I78.x, I79.x, I80.x, I81, I82.x, I83.x
O2031, O2032, O2033, O2034, O2035, O2036, O2037, O2038, O2045, O2051,
O2052, O2053, O2054, O2055, O2056, O2057, O2058, O2059, O2063, O2064,
O2065, OA631, OA632, OA633, OA634, OA635, OA636, OA637, OA638, OA639,
O1635, M6597, M6605, M6620, M6632, M6633, M6650, M6612, M6613, O1643,
O1644, O1645, O1646 
I60.x, I61.x, I62.x, I63.x, I64, I65.x, I66.x, I67.x, I68.x, I69.x, G46.x
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Table 2. Prevalence of comorbidity by selection method according to lookback periods

Comorbidity 1-yr 2-yr 3-yr

Diabetes Mellitus
Hypertension*

Hyperlipidemia*

Angina*

AMI
Congestive Heart Failure
Cardiogenic shock
Arrhythmia
COPD
Renal disease
Peripheral vascular disease
Stroke

29,194 (47.2)
50,585 (81.8)
43,401 (70.2)
40,035 (64.8)
27,103 (43.9)
06,619 (10.7)
00,741 (1.2)
09,536 (15.4)
03,988 (6.5)
02,436 (3.9)
06,626 (10.7)
05,571 (9.0)

29,888 (48.4)
51,257 (82.9)
44,129 (71.4)
40,624 (65.7)
27,899 (45.1)
07,162 (11.6)
00,766 (1.2)
10,191 (16.5)
04,652 (7.5)
02,535 (4.1)
07,172 (11.6)
06,452 (10.4)

30,343 (49.1)
51,676 (83.6)
44,641 (72.2)
41,015 (66.4)
28,473 (46.1)
07,600 (7.9)
00,786 (1.3)
10,609 (17.2)
05,110 (8.3)
02,598 (4.2)
07,569 (12.2)
07,088 (11.5)

AMI: acute myocardial infarction, CHF: congestive heart failure, COPD: chronic obstructive pulmonary disease
* significant p<0.05 but not satisfied the assumptions 

Table 3. Prevalence of comorbidity included in Charlson s comorbidity according to lookback periods

Comorbidity 1-yr 2-yr 3-yr

Myocardial Infarction
Congestive heart failure
Peripheral vascular disease
Cerebrovascular disease
Dementia
Chronic pulmonary disease
Rheumatologic disease
Peptic ulcer disease
Mild liver disease
Diabetes without chronic complication
Diabetes with chronic complication
Hemiplegia or paraplegia
Renal disease
Any malignancy, including leukemia and lymphoma
Moderate or severe liver disease
Metastatic solid tumor
AIDS/HIV

Charlson comorbidity index

0
1
2
3 

28,807 (46.6)
08,249 (13.3)
04,945 (8.0)
05,936 (9.6)
00,363 (0.6)
06,344 (10.3)
00,946 (1.5)
09,706 (15.7)
06,773 (11.0)
20,663 (33.4)
09,164 (14.8)
00,733 (1.2)
02,582 (4.2)
02,556 (4.1)
00,230 (0.4)
00,314 (0.5)
00,000 (0.0)

12,453 (20.2)
17,838 (28.9)
13,078 (21.2)
18,446 (29.8)

29,525 (47.8)
08,882 (14.4)
05,332 (8.6)
06,896 (11.2)
00,435 (0.7)
07,224 (11.7)
01,157 (1.9)
11,188 (18.1)
07,745 (12.5)
21,671 (35.1)
09,921 (16.1)
00,988 (1.6)
02,683 (4.3)
03,100 (5.0)
00,279 (0.5)
00,405 (0.7)
00,000 (0.0)

11,592 (18.8)
16,994 (27.5)
12,767 (20.7)
20,462 (33.1)

30,036 (48.6)
09,393 (15.2)
05,613 (9.1)
07,595 (12.3)
00,474 (0.8)
07,839 (12.7)
01,312 (2.1)
12,399 (20.1)
08,477 (13.7)
22,356 (36.2)
10,442 (16.9)
01,187 (1.9)
02,747 (4.4)
03,526 (5.7)
00,311 (0.5)
00,485 (0.8)
00,000 (0.0)

10,983 (17.8)
16,354 (26.5)
12,578 (20.4)
21,900 (35.4)
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C- 0.811 (95%

CI=0.801-0.941), 2 0.809

Table 4. Prevalence of comorbidity included in Elixhauser s comorbidity according to lookback
periods

Comorbidity 1-yr 2-yr 3-yr

Congestive heart failure 
Cardiac arrhythmias 
Valvular disease 
Pulmonary circulation disorders 
Peripheral vascular disorders 
Hypertension, uncomplicated 
Hypertension, complicated 
Paralysis 
Other neurological disorders 
Chronic pulmonary disease 
Diabetes, uncomplicated 
Diabetes, complicated 
Hypothyroidism 
Renal failure 
Liver disease 
Peptic ulcer disease excluding bleeding 
AIDS/HIV 
Lymphoma 
Metastatic cancer 
Solid tumor without metastasis 
Rheumatoid arthritis/collagen vascular diseases 
Coagulopathy 
Obesity 
Weight loss 
Fluid and electrolyte disorders 
Blood loss anemia 
Deficiency anemia 
Alcohol abuse 
Drug abuse 
Psychoses 
Depression 

08,038 (13.0)
07,419 (12.0)
01,357 (2.2)
00,248 (0.4)
04,945 (8.0)
48,385 (78.3)
04,441 (7.2)
00,733 (1.2)
01,040 (1.7)
06,344 (10.3)
16,998 (27.5)
00,542 (0.9)
02,066 (3.3)
02,585 (4.2)
07,038 (11.4)
07,172 (11.6)
00,000 (0.0)
00,043 (0.1)
00,314 (0.5)
02,498 (4.0)
00,994 (1.6)
01,373 (2.2)
00,014 (0.0)
00,722 (1.2)
04,611 (7.5)
00,061 (0.1)
03,950 (6.4)
00,322 (0.5)
00,008 (0.0)
00,179 (0.3)
01,924 (3.1)

08,662 (14.0)
08,036 (13.0)
01,500 (2.4)
00,284 (0.5)
05,332 (8.6)
49,213 (79.6)
05,043 (8.2)
00,988 (1.6)
01,297 (2.1)
07,224 (11.7)
17,983 (29.1)
00,703 (1.1)
02,259 (3.7)
02,686 (4.4)
08,049 (13.0)
08,257 (13.4)
00,000 (0.0)
00,051 (0.1)
00,405 (0.7)
03,037 (4.9)
01,223 (2.0)
01,539 (2.5)
00,014 (0.0)
00,940 (1.5)
05,292 (8.6)
00,083 (0.1)
04,394 (7.1)
00,396 (0.6)
00,010 (0.0)
00,218 (0.4)
02,362 (3.8)

09,172 (14.8)
08,443 (13.7)
01,645 (2.7)
00,308 (0.5)
05,613 (9.1)
49,736 (80.5)
05,470 (8.9)
01,187 (1.9)
01,465 (2.4)
07,839 (12.7)
18,669 (30.2)
00,862 (1.4)
02,361 (3.8)
02,750 (4.5)
08,814 (14.3)
09,166 (14.8)
00,000 (0.0)
00,061 (0.1)
00,485 (0.8)
03,456 (5.6)
01,396 (2.3)
01,697 (2.8)
00,019 (0.0)
01,129 (1.8)
05,753 (9.3)
00,095 (0.2)
04,696 (7.6)
00,466 (0.8)
00,016 (0.0)
00,248 (0.4)
02,705 (4.4)

Table 5. Performance of comorbidity selection method in predicting in-hospital mortality

Comorbidity
1-yr

OR 95 % CI OR 95 % CI OR 95 % CI

2-yr 3-yr

Age
Gender
Male
Female

Admission type
Outpatient
Emergency room

Diabetes Mellitus
AMI 
Congestive Heart Failure
Cardiogenic shock
Arrhythmia
COPD 
Renal disease
Peripheral vascular disease
Stroke

C-statistic (95% CI)

1.06

1.00
1.13

1.00
1.18
0.98
3.40
1.60
4.58
2.91
0.97
2.50
0.90
1.58

0.843 (0.790-0.934)

1.05-1.06

1.01-1.27

1.05-1.32
0.88-1.09
2.95-3.92
1.41-1.82
3.84-5.48
2.61-3.25
0.82-1.15
2.08-2.99
0.77-1.06
1.37-1.82

1.06

1.00
1.12

1.00
1.22
1.01
3.34
1.55
4.58
2.81
0.95
2.26
0.91
1.51

1.05-1.06

1.00-1.25

1.09-1.37
0.91-1.13
2.89-3.85
1.37-1.75
3.84-5.46
2.52-3.14
0.81-1.12
1.89-2.71
0.78-1.06
1.32-1.73

1.06

1.00
1.11

1.00
1.26
1.03
3.28
1.55
4.42
2.74
0.88
2.18
0.92
1.46

1.05-1.06

1.00-1.25

1.12-1.41
0.92-1.15
2.84-3.79
1.37-1.75
3.72-5.27
2.46-3.06
0.75-1.03
1.82-2.60
0.79-1.07
1.28-1.67

AMI: acute myocardial infarction, CHF: congestive heart failure, COPD: chronic obstructive pulmonary disease, OR: odds
ratio, CI: confidence interval
Multiple logistic regression adjusted for age, gender, admission type and comorbidity

0.842 (0.787-0.940) 0.840 (0.779-0.934)



271

(95% CI=0.802-0.943), 3

0.807 (95% CI=0.802-0.940)

. 

PCI 

. 

,

Charlson , Elixhauser

, 

, 

.

PCI 

, Charlson 

, Elixhauser

. Li [24]

, , , 

, CABG Charlson

Elixhauser

. Stukenborg [9]

, , , 

, 

Elixhauser Charlson 

, 

[10]. 

, 

. 

,

Elixhauser , Charlson 

, 

. 

.

Elixhauser

, 

. 

, 31 , 

. 

Table 6. Performance of Charlson comorbidity index in predicting in-hospital mortality 

Comorbidity
1-yr

OR 95 % CI OR 95 % CI OR 95 % CI

2-yr 3-yr

Age
Gender

Male
Female

Admission type
Outpatient
Emergency room

Charlson comorbidity index
0
1 
2
3

C-statistic (95% CI) 0.754 (0.708-0.859)

OR: odds ratio, CI: confidence interval
Multiple logistic regression adjusted for age, gender, admission type and Charlson comorbidity index

0.752 (0.708-0.868) 0.751 (0.703-0.859)

1.06

1.00
1.05

1.00
1.98

1.00
1.56
2.46
4.38

1.06-1.07

0.94-1.16

1.79-2.20

1.24-1.97
1.96-3.09
3.54-5.41

1.06

1.00
1.04

1.00
2.00

1.00
1.66
2.70
4.52

1.06-1.07

0.94-1.16

1.81-2.23

1.29-2.13
2.11-3.44
3.60-5.66

1.06

1.00
1.04

1.00 
2.03

1.00
1.60
2.60
4.30

1.06-1.07

0.93-1.15

1.83-2.26

1.24-2.07
2.03-3.33
3.42-5.42

Table 7. Performance of Elixhauser s comorbidity in predicting in-hospital mortality

Comorbidity
1-yr

OR 95 % CI OR 95 % CI OR 95 % CI

2-yr 3-yr

Age
Gender

Male
Female

Admission type
Outpatient
Emergency room

Congestive heart failure 
Cardiac arrhythmias 
Valvular disease 
Pulmonary circulation disorders 
Peripheral vascular disorders 
Hypertension, uncomplicated 
Hypertension, complicated 
Paralysis 
Other neurological disorders 
Chronic pulmonary disease 
Diabetes, uncomplicated 
Diabetes, complicated 
Hypothyroidism 
Renal failure 
Liver disease 
Peptic ulcer disease excluding bleeding 
Metastatic cancer 
Solid tumor without metastasis 
Rheumatoid arthritis/collagen vascular 

diseases 
Coagulopathy 
Weight loss
Fluid and electrolyte disorders 
Deficiency anemia 
Alcohol abuse 
Psychoses 
Depression 

C-statistic (95% CI)

OR: odds ratio, CI: confidence interval
Multiple logistic regression adjusted for age, gender, admission type and Elixhauser s comorbidity. The variables AIDS/HIV,
lymphoma, obesity, blood loss anemia, drug abuse were dropped from the analyses because they had less than 0.1%
prevalence   

0.811 (0.801-0.941) 0.809 (0.802-0.943) 0.807 (0.802-0.940)

1.06

1.00
1.08

1.00
1.98
2.11
1.93
0.94
0.91
0.88
0.34
0.53
1.64
2.96
1.27
0.98
1.66
0.51
1.62
1.01
0.73
2.32
1.02
0.73

2.05
1.48
2.00
1.10
0.43
1.25
0.93

1.05-1.07

0.96-1.20

1.78-2.20
1.86-2.39
1.71-2.18
0.72-1.24
0.51-1.60
0.74-1.06
0.30-0.38
0.45-0.64
1.25-2.16
2.39-3.66
1.11-1.45
0.88-1.10
1.19-2.31
0.37-0.70
1.34-1.97
0.87-1.18
0.62-0.85
1.52-3.56
0.82-1.28
0.51-1.05

1.67-2.52
1.14-1.92
1.74-2.30
0.93-1.30
0.18-1.02
0.73-2.12
0.74-1.18

1.06

1.00
1.07

1.00
1.99
2.14
1.88
0.93
0.81
0.89
0.34
0.55
1.63
2.66
1.21
0.98
1.62
0.56
1.59
1.02
0.70
1.99
1.15
0.70

1.96
1.41
2.04
1.11
0.41
1.19
0.89

1.05-1.07

0.96-1.20

1.79-2.22
1.88-2.42
1.67-2.12
0.72-1.20
0.46-1.43
0.75-1.06
0.30-0.38
0.46-0.66
1.27-2.11
2.16-3.27
1.06-1.38
0.88-1.10
1.19-2.21
0.42-0.76
1.31-1.93
0.88-1.17
0.60-0.81
1.33-2.97
0.94-1.42
0.50-0.99

1.60-2.39
1.10-1.81
1.77-2.34
0.94-1.30
0.19-0.90
0.70-2.02
0.71-1.12

1.05-1.07

0.96-1.20

1.76-2.18
1.89-2.45
1.76-2.25
0.77-1.34
0.41-1.48
0.73-1.06
0.30-0.38
0.41-0.60
1.14-2.15
2.51-3.95
1.07-1.41
0.90-1.13
1.31-2.69
0.37-0.73
1.43-2.11
0.91-1.25
0.59-0.82
1.52-3.84
0.88-1.41
0.55-1.19

1.76-2.68
1.25-2.19
1.75-2.33
0.90-1.27
0.14-0.94
0.78-2.42
0.74-1.23

1.06

1.00
1.08

1.00
1.96
2.15
1.99
1.01
0.78
0.88
0.34
0.50
1.57
3.15
1.23
1.01
1.87
0.52
1.74
1.07
0.69
2.41
1.11
0.81

2.17
1.66
2.02
1.07
0.37
1.37
0.95
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