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A Convergence Study in the Severity-adjusted Mortality Ratio on
inpatients with multiple chronic conditions
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Abstract This study was to develop the predictive model for severity-adjusted mortality of inpatients with
multiple chronic conditions and analyse the factors on the variation of hospital standardized mortality
ratio(HSMR) to propose the plan to reduce the variation. We collect the data “Korean National Hospital
Discharge In-depth Injury Survey” from 2008 to 2010 and select the final 110,700 objects of study who have
chronic diseases for principal diagnosis and who are over the age of 30 with more than 2 chronic diseases
including principal diagnosis. We designed a severity-adjusted mortality predictive model with using data-mining
methods (logistic regression analysis, decision tree and neural network method). In this study, we used the
predictive model for severity-adjusted mortality ratio by the decision tree using Elixhauser comorbidity index. As
the result of the hospital standardized mortality ratio(HSMR) of inpatients with multiple chronic conditions, there
were statistically significant differences in HSMR by the insurance type, bed number of hospital, and the
location of hospital. We should find the method based on the result of this study to manage mortality ratio of
inpatients with multiple chronic conditions efficiently as the national level. So we should make an effort to
increase the quality of medical treatment for inpatients with multiple chronic diseases and to reduce growing
medical expenses.
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AA3 11.3%, T HEF 83%, Gt 55%, WA
% 53%, IS/ % dF Aglo] 31% woR
=7 e TR Table 2 >.

i o ox

7} 735%, 7N 45.1%, 371 28.3%,
471 14.8%, 571 o]Ato] 11.8% & wHd A sto] 27191 2} (Table 2) Distribution of principal diagnosis of
7} 714wk} AjQes BEE 3~9 0] b weka, inpatients in Multiple Chronic Conditions
HY A Abgeln ARl 847 46%2 Ve Diagnosts N %
Hypertension 2667 24
<Table 1>. Lipid metabolism disorders 84 01
Chronic low back pain 5846 53
- . . S ision reducti 3320 30
(Table 1) General characteristics of inpatients evere Vision reduction ;
X X X " Osteoarthrosis 1,720 16
in Multiple Chronic Conditions Digbetes mellitus 6140 55
Chronic ischemic heart disease 12461 113
Variabl N % ]
anaples ° Thyroid dysfunction 64 04
Gender Male 57:83% 522 Cardiac arrhythmias 1907 17
Female 52,865 478 Obesity 1 00
30~44 10443 94 Purine /pyrimjdine 'metabolism disorders /Gout 148‘ 0.1
~ Prostatic hyperplasia 726 0.7
4H~64 4567 413 Lower limbvaricosis 156 01
Age 65~74 33,240 30.0 Liver disease 3967 32
>75 o Depression 564 05
21383 193 Ashma/Chronic obstructive pulmonary disease 3363 30
Health insurance 97,058 877 Noninflammatory gynecological problems 79% 07
L Atherosclerosis / peripheral arterial occlusive disease &7 08
Insurance type Medicaid 12,634 114 Osteoporosis 38 04
Other 1,008 09 Renal failure 1963 18
Admission  Emergency 34756 314 Cerebral ischemia/Chronic stroke 9224 83
Route  Ambulatory 594 686 heart failure 180 13
Severe hearing loss 52 00
Operation No 81,405 735 Chronic cholecystitis/Gallstones 2943 27
Yes 29,295 265 Somatoform disorders 186 02
9 10926 451 Hemorrhoids 3% 04
Intestinal diverticulosis 28 02
Number of 3 3L377 83 Rheumatoid arthritis/Chronic polyarthritis 32703
chronic diseases 4 16,336 14.8 Cardiac valve disorders 328 03
>5 13,061 118 Neuropathies 27 07
Dizziness 198 18
! o107 82 Dementia 65 06
2 11,039 10.0 Urinary incontinence 305 03
Length of 3~9 49,148 4.4 Krinal.y tract calculi 532 85-)
Stay ~15 - nemia 505 5
10~15 17,489 158 Anxiety % 03
16~21 8,594 738 Psoriasis 1200
22365 15,323 138 Migraine/chronic headache 3 05
Result of  Living 105,656 %4 Parkinson's disease 7 05
Discharge  Death 5,044 46 Cancers 37,844 342
cal % - Allergies 107 0.1
Total 110,700 100.0 Chronic gastritis/GERD 3474 31
Sexual dysfunction 11 0.0
_ _ _ Insomnia 130 01
3.1.2 S0 RIS ABtXte| FEIC 2 Tobacco abuse 0 00
B3k A3} ¢l dkxte] FAY By mlolsl A7 Hypotension 101 01
= H o= wExXt ]”] T TIa= 'L]'"l = ]' Total 110,700 100
FAG B¥ = oo] 42%% 7P =skor, v 3Y
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3.1.3 E2&ntdzlsl S5 HE AILRE e
CH&XLS| Shtad B2
3.1.3.1 Elixhauser comorhidity index 7|5 W34
O 1
T
Elixhauser comorbidity index A& 7|50l ule} £t
3l 21, 3t H]

H o 3

o, v SE TS SNk 97 20.8%, Hol ¢
S FUE A 16.7%, 1HAES FEeE A 94%, vl
ol 1Y ohS TWE B¢ 57% FHSE S F
HHEk A4 47%5 9] £oR TS vl go] =4 vt
S TH<Table 3>

(Table 3) Distribution of Elixhauser comorbidity
of inpatients in Multiple Chronic Conditions

Di . Yes No Total
1agnost N % N % N %
AIDS/HIV 16 00 110684 100 110700 100
Alcohol 1576 14 109124 986 110700 100
abuse
Blood loss 101 01 110599 999 110700 100
anemia
Cardiac - - _
arythosiss 5028 45 105672 955 110700 100
Obesity 7301 110627 99 110700 100
Congestive . -
o 309% 28 107604 972 110700 100
Coagulopathy 514 05 110,186 995 110,700 100
Congestive 4310 39 106390 961 110700 100
heart failure
Deficiency 1076 10 109624 90 110700 100
anemia
Diabetes, 5212 A7 105488 953 110700 100
complicated
Depression 1667 15 109033 985 110700 100
Drug abuse 2 00 110678 100 110700 100
Diabetes, 23041 208 87609 792 110700 100
uncomplicated
Fluid and
electrolyte 1086 10 100614 990 110700 100
disorders
HIN on 58 05 110111 95 110700 100
complicated
Hyp"ﬂgm’dls 1427 13 109273 987 110700 100
HTN on 225 382 6843 618 110700 100
uncomplicated
Liver diseases 10,389 94 100,311 90.6 110,700 100
Lymphoma 157 0.1 110543 99.9 110,700 100
Metastatic 10 0 167 oo &3 110700 100
cancer

Other
neurological 1,344 12 109,356 988 110,700 100
disorders
Paralysis 1,242 11 109,458 989 110,700 100
Pulmonary
circulation 536 05 110,164 995 110,700 100
Disorders
Psycosis 163 0.1 110537 999 110,700 100
Peptic ulcer
disease 309 28 107606 972 110700 100
cluding
bleeding
Peripheral
vascular 1,180 1.1 109520 989 110,700 100
disorders
Rheumatoid
arthritis/
collagen 662 06 110038 994 110,700 100
vascular
diseases
Renal failure 3,359 30 107,341 970 110,700 100
Solid tumor
without 6,296 57 104404 943 110,700 100
metastasis
Valvular 1434 13 109266 987 110700 100
disease
Weight loss 100 0.1 110600 999 110,700 100
3.1.3.2 Charlson comorhidity index 7|5 SHHE 4=
Charlson comorbidity index 73] 7]l we} &3t
THdAS QJddate] TRk 45 spebst A7 04
X

o] 391%= 7HE =A dEeRa, 14 265%, 3% o
237%%9] =22 UEPIti<Table 4>,
(Table 4) Distribution of Charlson comorbidity

index of inpatients in Multiple Chronic
Conditions

Variable N %

0 43,325 39.1
1 29,302 265
2 11,794 10.7
>3 26,279 237

Total 110,700 100.0
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%7K Validation) & 40%% 73] dlolElutely 7]
9 ZAZGHALY J1%, GAARE 71H e o83

o] 23S 7isisith. 2857 A3} Hlixhauser comorbidity

3.1.5 SE0HEEE B S8 Y AtURY
Elixhauser comorbidity index §5H3H
o]g-alo] GALAGUTEA 0 7 Halukal A8l QlYlskat

index SV S5% B4 Wl wE A2 9 F5E BA AAYSRg S /e A Bevgd
7] Root ASE &, SE-f&0] 7P v Zlom A 3 8ixie] Abdo] Jaks X 8912 Frd g
o] BYol H5o] /Y e 20T ekhe olo]l  JA% QAR FEET, A, SUPURD B
BRUYARYLRS FIE w4 AREIS 47 4RAH BURT, Ho| of FURT, wdely
Elixhauser comorbidity index $8H3H $2% B4 W 18 o 52 Jebdo) /gy Edvbg 23 ¢
Hell wE AT BFEE o]gate] shdaigitt A3xle FEE A AldeER Y npaw HgukA
<Table 5>. A3 JesAbe] AMLELS 5% o, FRItho] Hghk
QA% YA Al 7Y E S VA= 2
(Table 5) Hospital standardized mortality model o2 Ughdt}l v A 2= AR 2o
assessment in Multiple Chronic Conditions =
P A AFgEC] RO, YAARHEE Yt &7
" Tran Datasc— Valdaon. 1 A0 S04 48] ARl 28 A
ethor : 0 ataset : 0 o
Root ASE Root ASE o8 BAHL F& ATHEEE £S5 AldsA &
. Logistic 0.209 0.208 < B3 S Agkate] AbdEo] § E=A UEhRa,
Elixhauser ~ Regression w o 2] 2O
comorbidity ~ Decision 0.1% 0.1% %%%E’C \_%O] Sy :iLoﬂjﬂvO/] A]'Uo]’go] T Zq\-o—i
index. Tree i Uehgth SEARRA BT, A BT,
neural network 0.196 0.195 o o o
= i
Logistic 0209 0208 ﬁol ?:} %t&‘l‘l‘gl‘, H];ﬂolﬁ _,—_7?53 ?:} %%W“?‘%it =
Charlson  Regression AR, AR, Aol ¢, ey 1 S
comorhidity ~ Decision 0197 0.19% B _ _ _ _ o -
index Tree ’ ’ HEek ERibd A3 9 A3kAe] APt Eo] w2 FloR F
neural network 0.197 0.197 /\_1' Q%D}[Flg 3]
N 68430
1 Dx.
+ META C : Metastatic cancer rincinal Dx rincival Dx
+ STM : Solid tumor without metastasis QVOII:: 1 erla’ 2
« CHF : Congestive heart failure Mortalty - 9% Wortalty ;1%
« CA : Cardiac arrhythmias Nh' 33,323
—_Chroni( diseases Chronic diseases
e | [oowma] [ omioroy | [emwsoner | [ | [ v | [ v |
e | P | P il R sl e | el e |
Ad;;:j:iﬂﬂ Operation Age ca
PO FIGEIDE | [Teweny | ARG | I_","_I l_y;,s_l [ ”:: ] | s | [ o | [ ves |
Mortality - 11% Mortality : 5% Mortality : 13% | Mortality : 1% | Mortality : 9% Mortality : 3% Mortality : 2% Mortality : 7% Mortality : 1% Mortality : 3%

Age

Tl v [ [~] [= ] [=~

‘Admission

Route
Ambulatory

T
Mortality : 1%

Mortality : 15%
N:5811

Mortality : 8%
N:4253

Mortality : 5%
N:6160

e |

Mortality : 11%
N:238

N:174

T
Mortality : 5%

Mortality :
N:4676

Mortality : 1%
N:11.602

« Pricipal diagnosis group 1: 9,14,21,22,32,40

« Pricipal diagnosis group 2 :

« Pricipal diagnosis group 3 : 40
« Pricipal diagnosis group 4 : 9,14,21,22,32

1,3,4,5,6,7,811,12,15,16,17,18,19,20,24,25,26,27,28,29,30,31, 33,34,35,36,38,39,40,42,46

Cow ] [~ 1 [ = ] L=

T
Mortality : 29
N:1028

Motality : 6%
N:221

Mortality : 3%
N:4455

Mortality : 0%
N:10,574

[Fig. 3] Multiple Chronic Conditions Hospital standardized mortality model(Decision Tree)
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(Table 6) Hospital standardized mortality ratios
by Multiple Chronic Conditions

Variables N Actual Expected HSMR
Insurance Health insurance 97,058 4,368 4,485 974
class  Medicaid 12,634 637 559 1139
Other 1,008 39 33 117.7

Bed size 100~299 15,958 764 511 1496
300~499 11,194 577 468 123.3

500~999 56642 2,799 2,692 104.0

>1,000 26,906 904 1,407 64.3

Hospital ~ Seoul 37653 1,323 1,817 72.8
location  Busan 8,046 350 383 914
Daegu 5,620 218 218 100.2

Incheon 5952 339 274 1238

Gwangju 3,759 9% 133 71.3

Daejeon 3,750 209 160 1305

Ulsan 2,407 127 96 131.7

Gyeonggi 14,809 781 670 116.6

Gangwon 3911 165 177 93.1
Chungbuk 2,631 158 123 1289
Chungnam 3,247 150 147 101.8

Jeonbuk 4,560 229 188 1216

Jeonnam 3,770 148 158 938
Gyeongbuk 4,361 278 18 150.3
Gyeongnam 5159 343 235 146.2

Jeju 1,065 71 53 134.7

. HSMR = Actual number of in-hospital deaths / Expected
number of in-hospital deaths X 100
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