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Abstract The purpose of this study was to develop the risk-adjusted mortality model using Korean Hospital
Discharge Injury data and US National Hospital Discharge Survey data and to suggest some ways to manage
hospital mortality rates through comparison of Korea and United States Hospital Standardized Mortality
Ratios(HSMR). This study used data mining techniques, decision tree and logistic regression, for developing
Korea and United States risk-adjustment model of in-hospital mortality. By comparing Hospital Standardized
Mortality RatioHSMR) with standardized variables, analysis shows the concrete differences between the two
countries. While Korean Hospital Standardized Mortality Ratio(HSMR) is increasing every year(101.0 in 2006,
101.3 in 2007, 103.3 in 2008), HSMR appeared to be reduced in the United States(102.3 in 2006, 100.7 in
2007, 95.9 in 2008). Korean Hospital Standardized Mortality Ratios(HSMR) by hospital beds were higher than
that of the United States. A two-aspect approach to management of hospital mortality rates is suggested;
national and hospital levels. The government is to release Hospital Standardized Mortality Ratio(HSMR) of large
hospitals and to offer consulting on effective hospital mortality management to small and medium hospitals.

Key Words : Korean National Hospital Discharge Injury Survey, National Hospital Discharge Survey, Hospital
Risk-adjusted Mortality Model, Hospital Standardized Mortality Ratio(HSMR)
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Actual number of in-hospital deaths
amongst selected diagnosis groups
HSMR =

Expected number of in-hospital deaths
amongst selected diagnosis groups

[Fig. 1] Hospital Standardized Mortality Ratio
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Lower confidence limit
= O/F*(1-1/(9*0) -
Upper confidence limit
= (0 +1)/E*(1- (1/(9*(O+1))) + 1.96 / (3*sqrt (O+1)))> * 100

1.96 / (3*sqrt (O)))? * 100

where O = observed number of deaths

E = Expected number of deaths

[Fig. 2] Calculation of 95% confidence intervals
for HSMR point estimates
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(Table 1) General characteristics of inpatients

in Korea

Variables N %

Gender Male 74,692 589
Female 52,043 111

Age -19 3162 25
20~44 15,430 122

45~64 59,254 4638

65+ 48889 336

Operation No 113224 89.3
Yes 13511 10.7

Admission Emergency 35,761 282
Route Ambulatory 90,974 718
Length of 1 11,909 94
Stay 2 15,724 124
3~9 57,373 453

10~15 16984 134

16~21 8489 6.7

22~365 16,256 128

Result of Living 119,052 939
Discharge Death 7683 6.1
Total 126,735 100.0
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(Table 2) Distribution of primary diagnosis of
inpatients in Korea(CCS Category)

CCS Diagnosis N %
1 Tuberculosis 1623 13
2 Septicemia (except in labor) 55 04
11 Cancer of head and neck 48 0.7
12 Cancer of esophagus 628 05
13 Cancer of stomach 6,577 52
14 Cancer of colon 2867 23
15 Cancer of rectum and anus 2429 19
16 Cancer of liver and intrahepatic bile duct 9236 7.3
17 Cancer of pancreas 1442 11

18 Cancer of other GI organs; peritoneum 1522 12

19 Cancer of bronchus; lung 549 4.3
24 Cancer of breast 2615 21
35 Cancer of brain and nervous system 194 0.2
38 Non-Hodgkin's lymphoma 718 0.6
39 Leukemias 480 04
42 Secondary malignancies 159 1.3
45 Maintenance chemotherapy;radiotherapy 40,350  31.8
50 Diabetes mellitus with complications 3465 27
99 Hypertension with complications

and secondary hypertension 223 18
100 Acute myocardial infarction 2008 1.7
101 gbre(;r;zry atherosclerosis and other heart 7397 58
108 Congestive heart failure; nonhypertensive 1,708 1.3
109 Acute cerebrovascular disease 7273 57
122 Pneumonia (except that caused by

tuberculosis or sexually transmitted 5936 47

disease)
127 Chronic obstructive pulmonary ~

disease and bronchiectasis 2450 19
129 Aspiration pneumonitis;food/vomitus 433 0.3
133 Other lower respiratory disease 928 0.7
150 Liver disease; alcohol-related 309 24
151 Other liver diseases 4407 35
153 Gastrointestinal hemorrhage 1,726 14
157 Acute and unspecified renal failure 473 04
158 Chronic renal failure 2349 19
233 Intracranial injury %68 0.8
234 Crushing injury or internal injury 377 0.3
243 Poisoning by nonmedicinal substances 261 0.2

ZAA 126,735 100.0
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(Table 3) Distribution of Elixhauser comorbidity
of inpatients in Korea

Diagnosis Yes No Total
N % N % N %
AIDS/HIV 15 0.0 126,720100.0 126,735 100.0
Alcohol abuse 2,778 2.2 123957 97.8 126,735100.0
Blood loss anemia 103 0.1 126,632 9.9 126,735 100.0
Cardiac arrhythmias 3516 28 123219 97.2 126,735100.0
Obesity 36 00 126699100.0 126,735100.0
Congestive heart failure 4,331 34 122,404 96.6 126,735100.0
Coagulopathy 853 0.7 125882 99.3 126,735100.0

Chronic pulmonary disease 8941 7.1 117,794 92.9 126,735100.0

Deficiency anemia 98 0.8 125777 99.2 126,735100.0
Diabetes, complicated 6,814 54 119921 946 126,735100.0
Depression 1,013 0.8 125722 99.2 126,735 100.0
Drug abuse 1300 126,722100.0 126,735100.0

Diabetes, uncomplicated 28810 22.7
Fluid and electrolyte

97925 77.3 126,735100.0

. 1461 12 125274 988 126,735100.0
disorders

Hypertension, complicated 659 0.5 126,076 99.5 126,735 100.0
Hypothyroidism 1,012 0.8 125723 9.2 126,735100.0
Hypertension, 27917220 98818 780 126,735100.0
uncomplicated

Liver disease 21,610 17.1 105,125 82.9 126,735 100.0
Lymphoma 2551 2.0 124,184 98.0 126,735100.0
Metastatic cancer 42485335 84,250 66.5 126,735 100.0
Other neurological L186 09 125549 99.1 126,735 100.0
disorders

Paralysis 2,120 1.7 124,615 98.3 126,735 100.0
Pulmonary cireulation o707 195,865 993 196735 1000
Disorders

Psychoses 159 01 126576 9.9 126,735100.0
Peptic ulcer discase 4608 36 122127 964 126735 100.0
cluding bleeding

Peripheral vascular 1476 12 125259 988 126,735 100.0

disorders
Rheumatoid arthritis/

. 0.7 125843 9.3 126,735100.0
collagen vascular diseases

Renal failure 4483 35 122252 965 126,735 1000
Solid tumor without 3 60/ 315 3051 655 126,735 1000
metastasis

Valvular disease 1364 11 125371 989 126735 1000
Weight loss 18 01 126551 999 126,735 100.0
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(Table 4) Distribution of Charlson comorbidity
index of inpatients in Korea

Variable N %
0 66,794 52.7

1 9,904 7.8

2+ 50,037 39.5
Total 126,735 100.0
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(Table 5) Hospital standardized mortality model
assessment in Korea

Train Validation
Dataset : 60% Dataset : 40%
Method Root ClML?E Root CIM@;
ASE aS'Sl 1ca ASE HS'SI 1ca
tion tion
Charlson - Logistic 5000 (09 02301 00631
index  Regression
Decision o303 00625 02373 00617
Tree
Elixhauser Logistic 0105 (0603 02174 00504
index  Regression
Decision 0169 00504 02164 00587
Tree
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(Table 6) General characteristics of inpatients

in United States

Variables N %

Gender Male 83,370 488
Female 87,607 51.2

Age -19 7623 45
20~44 17,344 10.1

45~64 53,747 314

65+ 92,263 54.0

Operation No 93,013 4.4
Yes 77,964 456

Admission Emergency 113,426 66.3
Route Urgent 30,319 177
Elective 27,232 159

Length of 1 28325 16.9
Stay 2 31,647 185
3~9 92,241 53.9

10~15 11,775 6.9

16~21 3,502 2.0

22~365 2,987 17

Result of Living 161,997 94.7
Discharge Death 8930 5.3
Total 170977 100.0
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(Table 7) Distribution of primary diagnosis of
inpatients in United States(CCS Category)
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CCS Diagnosis N
2 Septicemia (except in labor) 7911
14 Cancer of colon 1574
19 Cancer of bronchus; lung 2,395
38 Non-Hodgkin's lymphoma 639
39  Leukemias 749
42 Secondary malignancies 3,442
55 Fluid and electrolyte disorders 8520
95 Other nervous system disorders 2,872
99  Hypertension with complications and

. 4,331
secondary hypertension

100 Acute myocardial infarction 8,895
101  Coronary atherosclerosis and other heart __

. 15,111
disease

103 Pulmonary heart disease 2,530
106 Cardiac dysrhythmias 11,632
108 Congestive heart failure; 13,982

nonhypertensive

46
09
14
04
04
2.0
5.0
1.7
2.5
52
8.8
15
6.8
82

109 Acute cerebrovascular disease 6,39 37

114 Peripheral an.d visceral 9818 17
atherosclerosis

115 Aortic; peripheral; and visceral artery 1266 07
aneurysms

122 Pneumonia (except that caused by
tuberculosis or sexually transmitted 14337 84
disease)

127 Qhronlc obstructive Pulmqnary 9658 56
disease and bronchiectasis

129  Aspiration pneumonitis; food/vomitus 1,748 1.0

130  Pleurisy; pneumothorax; pulmonary 184 11
collapse

135 Intestinal infection 3203 19

145 Intestinal obstruction without hernia 4687 27

151  Other liver diseases 1612 09

1563 Gastrointestinal hemorrhage 4966 29

157 Acute and unspecified renal failure 5471 32

159  Urinary tract infections 7258 42

226  Fracture of neck of femur (hip) 1970 12

233 Intracranial injury 229 13

237  Complication of device; implant or graft 8805 5.1

238 Com-pllcatlons of surgical procedures or 7072 43
medical care

257 Other aftercare 755 04

A 170,977 100.0
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(Table 8) Distribution of Elixhauser comorbidity
of inpatients in United States

Diagnosis Yes No Total
Gnos N % N % N %
AIDS/HIV 529 03 170448 97 170,977 1000

Alcohol abuse
Blood loss anemia

409 24 166881 976 170,977 100.0
2026 1.2 168951 988 170,977 100.0
Cardiac arrhythmias 29458 17.2 141,519 82.8 170977 100.0
Obesity 6,804 4.0 164173 96.0 170,977 100.0
Congestive heart failure 29,730 174 141,247 82.6 170977 100.0
Coagulopathy 5125 3.0 165852 97.0 170,977 100.0
Chronic pulmonary disease 31,242 18.3 139,735 81.7 170,977 100.0
Deficiency anemia 2,280 1.3 168697 98.7 170,977 100.0
Diabetes, complicated 5501 3.2 165476 96.8 170,977 100.0

The Journal of Digital Policy & Management | 377



gt=at oj= Q=7

9

55 2 MIE

Depression 7442 44 163535 956 170,977 100.0
Drug abuse 2746 16 168231 984 170,977 100.0
Diabetes, uncomplicated 27,517 16.1 143460 839 170,977 100.0
Fluid and electrolyte 5/ 505 509 135472 798 170977 1000
disorders

Hypertension, 9332 55 161645 945 170977 100.0
complicated

Hypothyroidism 9318 54 161,659 946 170977 100.0
Hypertension, 55,336 324 115641 676 170,977 100.0
uncomplicated

Liver disease 4650 2.7 166,327 97.3 170,977 100.0
Lymphoma 1526 09 169451 99.1 170,977 100.0
Metastatic cancer 6,306 4.0 164,111 96.0 170,977 100.0
Other neurological 8300 49 162668 95.1 170977 1000
disorders

Paralysis 2776 16 168201 934 170977 100.0
Pulmonary circulation 4567 o6 166610 97.4 170977 1000
Disorders

Psychoses 1,370 08 169607 99.2 170,977 100.0
Peptic ulcer disease 81 05 170,126 995 170977 100.0
cluding bleeding

Peripheral vascular 6167 56 164810 9.4 170977 1000
disorders

Rheumatoid arthritis/

collagen vascular 307 1.8 167,902 982 170,977 100.0
diseases

Renal failure 21,634 12.7 149343 87.3 170,977 100.0
Solid tumor without 7 405 4 4 163480 956 170977 100.0
metastasis

Valvular disease 10,600 6.2 160,377 938 170,977 100.0
Weight loss 5362 3.1 165615 969 170977 100.0

3.2.3.2 Charlson comorbidity index 7]—? S A

"= o857 H 5 BA ANY
Charlson comorbidity index 715+ HJ*J% S
sebgk At 04e] 36.7%= 7Hg ko, 14 27
7 o] 176%, 33 o173 183% 52 o2 =4
AC<E 9>,

(Table 9) Distribution of Charlson comorbidity
index of inpatients in United States

Variable N %
0 62,690 36.7
1 46,758 213
2+ 30,168 176
Total 31,361 183
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(Table 10) Hospital standardized mortality model
assessment in United States

Train Validation

Dataset : 60% Dataset : 40%

Method Root CIML?; Root ClMliS.

ASE a§51 1ca ASE a§51 1ca

tion tion

Charlson  Logistic 0011 0500 208 00516
index  Regression

Decision 0050 00500 02065 00502
Tree

Elixhauser Logistic o050 60509 02067 00518
index  Regression

Decision o565 00517 02084 0.0524
Tree

0
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(Table 11) United States Hospital standardized
mortality model(Logistic Regression)

Variables atl _ 9%l
Rio Tow Hgh
Age(Continue 1.05 1.04 1.05 0.00
Admission
Route Emergency 173 159 1.88 0.00
(base: _
Elective) Urgent 159 145 175 0.00
Operation .
(baseYes) No 145 137 153 0.00
Length of 2 028 026 031 0.00
(Stayl) 3-9 024 022 025 0.00
basel) 1015 045 041 049 0.00
16-21 080 0.71 0.89 0.00
22-365 136 1.21 153 0.00
Primary ~ Septicemia 172 135 220 0.00
Dl(abgno§15 Cancer of colon 025 018 034 0.00
ase:

Other Cancer of bronchus; lung 055 042 0.72 0.00
aftercare) Non-Hodgkin's lymphoma  0.58 041 0.83 0.00
Leukemias 089 064 123 048
Secondary malignancies 043 033 056 0.00

Fluid and electrolyte disorders 0.09 0.07 0.12 0.00

Other nervous system disorders  0.19  0.13  0.26  0.00

ion with ications
Hpertension with clBlcaions 10 007 014 0.00
Acute myocardial infarction 0.44 034 057 0.00

Coronary atherosclerosis and |,
other heart disease 002001 0.02 000

Pulmonary heart disease 024 017 033 0.00
Cardiac dysrhythmias 0.04 003 006 0.00

Congestive h_ealt failure; 016 012 021 000
nonhypertensive

Acute cerebrovascular disease 0.70 054 090 0.00

Peripheral aqd visceral 014 010 018 000
atherosclerosis

Aortic; peripheral; and 029 021 041 000
visceral artery aneurysms
Pneumonia 031 024 040 0.00

Chronic obstructive pulmonary
disease and bronchiectasis 012 009 016 0.00

Aspiration pneumonitis; . .
food/vomitus 125 09 163 0.11
Pleurisy; pneumothorax;

Imonary collapse 021 015 029 0.00
Intestinal infection 017 012 023 0.00

Injtestinal ob§tmction 016 012 021 0.00
without hernia

Other liver diseases 062 046 083 0.00
Gastrointestinal hemorrhage 0.19 014 0.25 0.00

Acute and unspecified 035 027 045 000
renal failure

Urinary tract infections 0.07 0.05 0.09 0.00
Fracture of neck of femur (hip)  0.33 024 044 0.00
Intracranial injury 071 054 094 0.02

Complication of device; 014 011 018 0.00
implant or graft
Con}pllcat{ons of sp{gmfd 009 007 013 000
procedures or medical care

Charlson comorhidity index(Continue) 1.09 1.08 1.10 0.00
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(Table 12) Comparison of Hospital standardized
mortality Rate between Korea and
United States by year

95% Confidence Interval

Nation Year HSMR Lower Upper
2006 101.0 95.9 106.2

Korea 2007 101.3 9.4 106.5
2008 103.3 98.4 1084

2006 102.3 99.4 105.3

Us 2007 100.7 96.6 105.0
2008 95.9 91.8 100.1

3.3.2 HYHEE H|lu

ug ARES AEHGL BT VT 957w
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« MR : Mortality Rate
CCS Group 1

+ CA : Cardiac arrhythmias

Cccs
Group 1-1
MR: 1%
N:30.753

Ccs
Group 1-2

MR: 10%

N : 45,288

« CHF : Congestive heart failure

+ CPD : Chronic pulmonary disease
FED : Fluid and electrolyte
disorders

« LD : Liver disease

Yes | | No | .
| . : + META C : Metastatic cancer
MR: 3% MR: 0% . . i
| N:1,040 " N:20.704 | PARA : Paralysis
* RF : Renal failure
Age
| Under 76 | | Qver 77 |
I 1
MR : 0% MR: 2% MR 12%
N: 28644 N: 1,060 N:15511
Admisiion
route
| Ambulatory | | Emergency | | No | | Yes | | |
T T T I I I T T
MR : 0% MR: 3% MR: 16% MR: 27% MR : 4% MR : 9% MR 12% MR : 28%
N: 26,706 N:1,838 N:9.371 N:763 N:15,537 N:513 N:15105 N : 406
CPD CHF Age
| No | | Yes | | No | | Yes | | Over 76 | | Under 77 |
I I I I I I
MR: 16% MR: 23% MR : 4% MR: 2% MR:17% MR : 10%
N:9.129 N:242 N: 15,009 N:528 N: 3610 N:11493

ccs ccs

s T TS T
| U"dEI'H | | D"E‘r 16 | Sioup 2.1 Sroup 2.2 Sroup 31 Sroup 32

MR: 10% MR : 36% MR: 3% MR: 6% MR: 34% MR: 14%
N:7,073 N: 2,056 N: 8529 N: 6,480 N: 558 N: 3,052
route + CCS Group 1-1 : 45, 50, 101,
| Ambulatory | | Emergency | | No | | ves | +CCS Group 1-2: 1, 2, 11, 12, 13, 14, 15, 16, 17, 18, 19, 24, 35, 38, 39, 42,
T

| pr— || P | | YT " e | 99, 100, 108, 109, 122, 127, 129, 133, 150, 151, 153, 157, 158, 233, 234, 243
N: 5306 N: 1767 N:8238 N:291 + CCS Group 2-1:1, 11, 13, 14, 15, 24, 42, 99, 108, 109, 122, 127, 133, 150, 158,

| | | + CCS Group 2-2: 2,12, 16, 17, 18, 19, 35, 38, 39, 100, 129, 151, 153, 157, 243
Yes

No
| T T + CCS Group 3-1:2, 12, 14, 16, 17, 19, 39, 42, 129, 157, 158
MR: 2% MR : 5%
| N:7.707 || N:441 | * CCS Group 3-2:1, 11, 13, 15, 18, 38, 99, 100, 108, 109, 122, 127, 133, 150,

151, 153, 233, 234, 243

[Fig. 4] Korea Hospital standardized mortality model(Decision Tree)

(Table 13) Comparison of Hospital standardized 4
mortality Rate between Korea and
United States by Hospital bed size

95% Confidence

Nation Bed HSMR Interval EQ = ©

Lower  Upper 28 st et T35 B4 AP 2y ujel

100-299 139.1 1305 1481 = e olgs|Hol 2= wA AFES ALEF]
Koa  3004% 1270 188 136 ”%J_J“ ] “] 1 s }"EE HEst
50099 1021 990 1052 v et} 3he o] fls) ATl w9
1,000+ 734 69.8 711 7138 APk 80%el FlEEte Y & TGS
US 100-199 1175 111.0 124.3 -
oo o 3] }2o] O o =z
2020 99 B 1049 NEoR R AR L HNE AMTS 55
300-499 1025 984 106.6 : st o™, Elixhauser comorbidity index®t Charlson

500+ %2 95 90 comorbidity index SRV T5E BA WS o]&
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