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Background: The purpose of this study was to develop risk-adjustment models for acute stroke mortality that were based on data
from Health Insurance Review and Assessment Service (HIRA) dataset and to evaluate the validity of these models for comparing
hospital performance.

Methods: We identified prognostic factors of acute stroke mortality through literature review. On the basis of the avaliable data, the
following factors was included in risk adjustment models: age, sex, stroke subtype, stroke severity, and comorbid conditions. Survey
data in 2014 was used for development and 2012 dataset was analysed for validation. Prediction models of acute stroke mortality
by stroke type were developed using logistic regression. Model performance was evaluated using C-statistics, R? values, and Hos-
mer-Lemeshow goodness-of-fit statistics.

Results: We excluded some of the clinical factors such as mental status, vital sign, and lab finding from risk adjustment model be-
cause there is no avaliable data. The ischemic stroke model with age, sex, and stroke severity (categorical) showed good perfor-
mance (C-statistic=0.881, Hosmer-Lemeshow test p=0.371). The hemorrhagic stroke model with age, sex, stroke subtype, and
stroke severity (categorical) also showed good performance (C-statistic=0.867, Hosmer-Lemeshow test p=0.850).

Conclusion: Among risk adjustment models we recommend the model including age, sex, stroke severity, and stroke subtype for
HIRA assessment. However, this model may be inappropriate for comparing hospital performance due to several methodological
weaknesses such as lack of clinical information, variations across hospitals in the coding of comorbidities, inability to discriminate
between comorbidity and complication, missing of stroke severity, and small case number of hospitals. Therefore, further studies
are needed to enhance the validity of the risk adjustment model of acute stroke mortality.
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Table 1. Avaliable factors for risk adjustment of stroke mortality in Health Insurance Review and Assessment Service dataset

Category Risk factors
Demographics Age, sex, smoking status
Disease Stroke severity, stroke subtype, time from symptom onset to arrival at hospital

Medical history/comorbidity ~ Arrhythmia, artrial fibrillation/flutter, cancer, carotid stenosis, chronic obstructive pulmonary disease, chronic renal failure/end stage renal disease,
congestive heart failure, coronary artery disease (angina, myocardial infarction, cardiomyopathy, cardiogenic shock), diabetes mellitus, dyslipidemia,
hypertension, peripheral vascular disease, psychologic disorder, transient ischemic attack

Intervention

Treatment

Hospital characteristics
Not avaliable

Coronary artery bypass graft, cardiopulmonary resuscitation, percutaneous transluminal coronary angioplasty, renal dialysis, valve surgery
Administration of antithrombotic drug within first 48 hours of hospital arrival, time from symptom onset to administration of thrombolytic therapy
Hospital type (tertiary/general), region, number of beds, stroke volume (during acute stroke assessment), accreditation of stroke unit
Charlson/Elixhauser comorbidity index, clinical data (mental status, vital sign, status of do not resuscitate), lab finding (glucose, hematocrit level, white

blood cell count, blood urea nitrogen, creatinine, sodium, albumin, bilirubin)
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Table 2. Comparison of characteristics of survival and death group with acute ischemic stroke

Characteristic

Survival (n=5,540) Death (n=214) pvalue
Patient characteristics

Age (yr) 68.3+124 749110 <0.0001

Sex <0.0001
Male 3,277 (59.1) 89(41.6)

Female 2,263 (40.9) 125(58.4)

National Institutes of Health Stroke Scale 51456 17582 <0.0001
05 3,436(69.2) 19(8.9) <0.0001
6-13 1,145(20.7) 39(18.2)

14-42 559(10.1) 156 (72.9)

Smoking <0.0001
Non smoker 3,213(58.1) 156 (73.9)

Ex-smoker 834(15.1) 24(11.4)
Current smoker 1,481(26.8) 31(147)

Comorbidity
Arthythmia 1,235(22.3) 85(39.7) <0.0001
Atrial fibrillation/flutter 1,010(18.2) 80(37.4) <0.0001
Cancer 210(3.8) 11(5.14) 0.3134
Carotid stenosis 449(8.1) 20(9.35) 0515
Chronic obstructive pulmonary disease 145(2.6) 12(5.6) 0.0084
Chronic renal failure 126(2.3) 1(0.47) 0.0925
Congestive heart failure 138(2.5) 15(7.0) <0.0001
Coronary artery disease 979(17.7) 44(20.6) 0.278
Diabetes mellitus 3,293 (59.4) 124(57.9) 0.6618
Dyslipidemia 3,899 (70.4) 116 (54.2) <0.0001
Hypertension 3,722 (67.2) 138(64.5) 0.4098
Peripheral vascular disease 29(0.52) 1(0.47) 1.000
Psychologic disorder 193(35) 6(2.8) 0.5932

Hospital characteristics

Time from symptom onset to arrival at hospital (min) 1,077 +1,576 688+1,198 <0.0001

Administration of antithrombotic drug within first 48 hr of hospital arrival 5415(97.8) 157 (73.4) <0.0001

Administration of thrombolytic therapy 5,007 (30.4) 174 (81.3) <0.0001

Stroke unit 0.8891
Accredited unit 2,604 (47.0) 99(46.3)

Not accredited unit 950(17.2) 35(16.4)
No unit 1,986 (35.9) 80(37.4)

Type of hospital 0.0066

Tertiary hospital 3.210(57.9) 104 (48.6)

General hospital 2,330 (42.1) 110(51.4)
No. of beds 997+487.2 897.6+8405 0.0009
Ischemic stroke volume for 3 mo 895+52.2 76.3+495 0.0003

Values are presented as mean + standard deviation or number (%).
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Table 3. Results of logistic regression analysis of risk factors related to acute ischemic stroke mortality

Model -1 Model -2 Model -3 Model I-4
OR ucl LCl OR ucl LCI OR ucl LCl OR ucl LCl

Age 1.015 1.001 1.029 1.017 1.002 1.031 1.015 1.001 1.029 1.016 1.002 1.031
Sex

Male 1.000 1.000 1.000 1.000

Female 1377 1007 1884 1.486 1.073 2.056 1410 1.028 1.935 1508  1.087 2091
National Institutes of Health Stroke Scale

05 1.000 1.000

6-13 6.399 3674 11.144 6.357 3.649 11.076

14-42 49161 30064 80.388 47185 28826  77.236

Continuous 1.201 1.180 1.224 1.199 1178 1222
Dyslipidemia 0.586 0433 0.791 0556 0407 0759
Development set

C-statistics 0.881 0.894 0.881 0.893

R? 0.085 0.088 0.086 0.086

Hosmer-Lemeshow test pvalue 0.371 0.126 0.723 0111
Validation set 0.900

C-statistics 0.082 0.910 0.895 0.905

R? 0.507 0.085 0.081 0.082

Hosmer-Lemeshow test pvalue 0.048 0.036 0.021

OR, odds ratio; UCI, upper confidence interval; LCI, lower confidence interval.

Table 4. Comparison of characteristics of survival and death group with acute hemorrhagic stroke

Characteristic Survival (n=1,057) Death (n=259) pvalue
Patient characteristics
Age (yr) 60.8+14.3 59.8+14.8 0.3157
Sex 0.9918
Male 522 (49.4) 128 (49.3)
Female 535(50.6) 131(50.7)
Glasgow coma scale 127433 6.0+35 <0.0001
38 739(69.9) 25(9.7) <0.0001
912 162 (15.3) 29(11.2)
13-15 156 (14.8) 205(79.2)
Stroke subtype 0.0078
Subarachnoid hemorrhage 371(35.1) 114 (44.4)
Intracerebral hemorrhage 610(57.5) 134(51.7)
Other nontraumatic intracranial hemorrhage 76(72) 10(3.9)
Smoking 0.0527
Non smoker 735(70.5) 167 (67.6)
Ex-smoker 73(7.0) 10(4.1)
Current smoker 234(22.5) 70(28.3)
Comorbidity
Arrhythmia 47 (4.5) 8(3.1) 0.3278
Atrial fibrillation/flutter 32(3.0) 4(1.54) 0.1897
Cancer 34(3.2) 8(3.1) 0.9165
Chronic obstructive pulmonary disease 29(2.7) 4(1.5) 0.2686
Chronic renal failure 27(2.6) 22(8.5) <0.0001
Congestive heart failure 17(1.6) 7(27) 0.2956
Coronary artery disease 123(11.6) 21(8.1) 0.1030
Diabetes mellitus 357(33.8) 80(30.9) 0.3766
Dyslipidemia 238(22.5) 34(13.1) 0.0008
Hypertension 676 (64.0) 122 (47.1) <0.0001
Psychologic disorder 66(6.2) 6(23) 0.0127
Hospital characteristics
Stroke unit 0.0034
Accredited unit 456 (43.1) 83(34.0)
Not accredited unit 201(19.0) 71(27.4)
No unit 400(37.8) 100 (38.6)
Type of hospital 0.5634
Tertiary hospital 637 (60.3) 151(58.3)
General hospital 420(39.7) 108 (41.7)
No. of beds 944+3434 910+331.8 0.1521
Hemorrhagic stroke volume for 3 mo 316+£153 308+159 0.4528

Values are presented as mean + standard deviation or number (%).
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Table 5. Results of logistic regression analysis of risk factors related to acute hemorrhagic stroke mortality

Model H-1 Model H-2 Model H-3 Model H-4
OR ucl LCI OR ucl LCI OR ucl LCl OR ucl LCI

Age 0.987 0.975 0.999 0.987 0.974 1.000 0.99 0977 1.002 0.9 0977  1.003
Sex

Male 1.000 1.000 1.000 1.000

Female 0.990 0.693 1415 1.001 0.688 1.457 1.045 0.727 1.503 1.04 0.71 1523
Stroke subtype

Other nontraumatic intracranial hemorrhage ~ 1.000 1.000 1.000 1.000

Subarachnoid hemorrage 1.696 0.737 3905 1.345 057 3177 1.679 0.711 3.965 1416 0584 3434

Intracerebral hemorrhage 1.410 0.627 3171 1.276 0.556 293 1.427 0621 3278 1367 0584 3203
Glasgow coma scale

13-15 1.000 1.000

9-12 5718 3244 10079 39556 24965 62676

39 40268 25549 63467 5.564 313 9.891

Continuous 0.667 0.638 0.698 0663 0639 07
Hypertension 0471 0.33 0.672 0478 0328 0696
Chronic renal failure 4.209 1.923 9.212 4153  183% 91
Development set

C-statistics 0.867 0.899 0.879 0.900

R? 0.283 0318 0.297 0.330

Hosmer-Lemeshow test p-value 0.850 0233 0.0003 0177
Validation set

C-statistics 0.840 0.876 0.856 0.878

R? 0.257 0.285 0.26 0.288

Hosmer-Lemeshow test p-value 0.119 0.607 0.001 0.147
OR, odds ratio; UCI, upper confidence interval; LCl, lower confidence interval.
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