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Abstract

Health is an important issue due to increased life expectancy. As a result, the demand for industry and
services associated with individual health, health-related programs and services will be facilitated by a
method to evaluate and classify the health level of an individual based on various factors. This study suggests
a methodology to measure and score an individual health level. A credit scoring model was introduced to
implement the categorization of variables, construct a prediction model, and to score individual health level.
Cohort DB provided by National Health Insurance Service was used to illustrate overall procedures. It is
expected that the suggested model can be utilized in designing and managing health care services as well as
other health-related programs.
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Table 3.2. Result of regrouping of age groups
Number Data Number of Health

Sex Section of data  proportion health accident accident ratio Odds — Wolt v
Under 35 35,627 19.7% 3,790 10.6% 8.40 1.38 0.2671
35-49yrs 67,227 37.1% 13,865 20.6% 3.85 0.60 0.1168

Male 50-59yrs 38,891 21.5% 15,392 39.6% 1.53 —0.33 0.0241
Over 60 39,315 21.7% 25,057 63.7% 0.57 —1.31 0.4141
Sub total 181,060 100.0% 58,104 32.1% 2.12 - 0.8221
Under 30 18,924 11.0% 2,573 13.6% 6.35 1.30 0.1432
30—44yrs 44,609 26.0% 9,230 20.7% 3.83 0.80 0.1435

Female 45-54yrs 46,531 27.1% 15,552 33.4% 1.99 0.15 0.0056
55-64yrs 32,467 18.9% 16,375 50.4% 0.98 —0.56 0.0624
Over 65 29,305 17.0% 19,408 66.2% 0.51 —1.22 0.2632
Sub total 171,836 100.0% 63,138 36.7% 0.65 - 0.5721
Total 352,896 - 121,242 34.4% - - -
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Table 4.1. Estimated parameters in logistic regression models (male)
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Variable name Description Estimates Std. Wz?‘ld. p-value Proportion

error statistic of data

BP_LWSTO > 102 0.0000 - - - 1.4%

BP_LWST1 <102 0.3036 0.1065 8.12 0.0044 4.9%

BP_LWST2 <92 0.3839 0.1044 13.51 0.0002 6.0%

Diastolic BP_LWST3 <89 0.3959 0.0945 17.55 0.0000 49.0%

BP BP_LWST4 <75 0.4170 0.1011 17.01 0.0000 10.1%

BP_LWST5 <70 0.4334 0.0963 20.25 0.0000 28.6%

BP_LWST6 Missing —0.0014 1.6999 0.00 0.9993 0.01%

Total - - - - - 100.0%

BMIO > 31.96 0.0000 - - - 1.4%

BMI1 < 31.96 0.1586 0.0970 2.67 0.1020 13.5%

BMI2 < 27.43 0.2606 0.1002 6.77 0.0093 9.2%

BMI BMI3 < 26.37 0.2910 0.0948 9.42 0.0022 39.9%

BMI4 < 23.27 0.3551 0.0966 13.51 0.0002 36.0%

BMI5 Missing —0.0047 1.2234 0.00 0.9970 0.02%

Total - - - - - 100.0%

BLDSO > 178 0.0000 - - - 1.7%

BLDS1 <178 0.5424 0.1759 9.50 0.0021 0.5%

BLDS2 <163 0.9833 0.1426 47.54 0.0000 0.8%

BLDS3 < 148 1.2374 0.1792 47.68 0.0000 0.4%

BLDS4 < 143 1.5130 0.1344 126.79 0.0000 1.0%

BLDS5 <134 1.6104 0.2571 39.23  0.0000 0.2%

BLDS6 <133 1.8786 0.1541 148.71 0.0000 0.7%

BLDS7 <129 1.9988 0.1293 238.92  0.0000 1.2%

Fasting BLDS8 <124 2.1861 0.1253 304.45 0.0000 1.4%

Blood BLDS9 <120 2.2977 0.1386 274.92  0.0000 1.0%

Sugar BLDS10 <118 2.5729 0.1048 603.20 0.0000 4.7%

BLDS11 <111 2.7692 0.1003 761.69 0.0000 8.0%

BLDS12 < 105 2.8745 0.1014 803.68 0.0000 7.8%

BLDS13 <101 2.9207 0.1011 833.81  0.0000 8.2%

BLDS14 < 98 2.9409 0.1000 865.66  0.0000 9.8%

BLDS15 <95 2.9647 0.0932 1011.26  0.0000 49.3%

BLDS16 <74 3.0509 0.1153 699.71 0.0000 3.5%

BLDS17 Missing 3.0172 121.6618 0.00 0.9802 0.01%

Total - - - - - 100.0%

HDL_CHOLEO <27 0.0000 - - - 0.6%

HDL_CHOLE1 <37 0.2351 0.1472 2.55 0.1103 9.5%

HDL_CHOLE2 <44 0.2817 0.1447 3.79 0.0516 20.5%

HDL HDL_CHOLE3 <55 0.3240 0.1439 5.07 0.0243 35.9%

Cholesterol HDL_CHOLE4 < 65 0.3908 0.1452 7.24 0.0071 20.4%

HDL_CHOLES5 > 65 0.4260 0.1471 8.39 0.0038 13.2%

HDL_CHOLEG6 Missing 9.9589 97.4456 0.01 0.9186 0.02%

Total - - - - - 100.0%

SGPT_ALTO > 92 0.0000 - - - 2.4%

Liver SGPT_ALT1 <92 0.1061 0.0754 1.98 0.1597 39.0%

Function SGPT_ALT2 < 28 0.2027 0.0765 7.02 0.0081 40.9%

Test SGPT_ALT3 <16 0.2204 0.0809 7.42  0.0064 17.7%

Total - - - - - 100.0%

OLIG_PROTE_CDO Positive (+2,+3,+4) 0.0000 - - - 0.6%

OLIG_.PROTE_CD1 Positive (41) 0.2096 0.1511 1.92 0.1654 3.7%

Urine OLIG_.PROTE_CD2 Negative, 0.3439 0.1394 6.08 0.0137 95.5%
Protein Weak Positive

OLIG_PROTE_CD3 Missing 0.1716 0.3153 0.30 0.5862 0.17%

Total - - - - - 100.0%

Continued
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Continued
Variable name Description Estimates Std. Wéld_ p-value Proportion
error statistic of data
NUM_CHGO > 26 0.0000 - - - 4.9%
NUM_CHG1 <26 0.1716 0.0633 7.34 0.0067 5.3%
NUM_CHG2 <18 0.2690 0.0670 16.13 0.0001 5.3%
NUM_CHG3 <14 0.3371 0.0923 13.36 0.0003 1.8%
NUM_CHG4 <13 0.4467 0.0898 24.76 0.0000 2.0%
NUM_CHG5 <12 0.5027 0.0721 48.65 0.0000 5.0%
NUM_CHG6 <10 0.6035 0.0717 70.76 0.0000 6.1%
Medical NUM_CHG7 <8 0.7017 0.0830 71.50 0.0000 3.6%
Care NUM_CHGS <7 0.8260 0.0814 102.91 0.0000 4.3%
Days NUM_CHG9 <6 1.0225 0.0723 200.21 0.0000 10.6%
NUM-CHG10 <4 1.0613 0.0802 175.13 0.0000 6.3%
NUM_-CHG11 <3 1.3301 0.0806 272.12 0.0000 7.7%
NUM_CHG12 <2 1.4931 0.0803 345.97 0.0000 9.0%
NUM_CHG13 <1 1.6050 0.0797 405.43 0.0000 10.5%
NUM_CHG14 <0 1.8067 0.0757 570.22 0.0000 17.7%
Total - - - - - 100.0%
TOT_PAYO > 3,527,660 0.0000 - - - 0.6%
TOT_PAY1 < 3,527,660 0.4466 0.1581 7.98 0.0047 0.9%
Total TOT_PAY2 < 2,088,100 0.5503 0.1252 19.33 0.0000 14.0%
Benefit TOT_PAY3 < 322,720 0.5846 0.1299 20.26 0.0000 13.3%
TOT_PAY4 < 171,640 0.5929 0.1318 20.25 0.0000 71.2%
Total - - - - - 100.0%
Table 4.2. Estimated parameters in logistic regression models (female)
Variable name Description Estimates Std. W%Id‘ p-value Proportion
error statistic of data
BP_HIGHO > 138 0.0000 - - - 10.3%
BP_HIGH1 < 138 0.1186 0.0468 6.43 0.0112 20.9%
Systolic BP_HIGH2 <126 0.1299 0.0420 9.54 0.0020 64.9%
BP BP_HIGH3 < 96 0.1459 0.0769 3.61 0.0576 3.8%
BP_HIGH4 Missing —0.0596 0.9176 0.00 0.9482 0.02%
Total - - - - - 100.0%
BMIO > 27.95 0.0000 - - - 8.4%
BMI1 < 27.95 0.0774 0.0489 2.51 0.1132 23.3%
BMI2 < 24.61 0.1898 0.0511 13.81 0.0002 19.6%
BMI BMI3 < 23.12 0.2190 0.0504 18.91 0.0000 24.8%
BMI4 < 21.37 0.3001 0.0519 33.39 0.0000 23.9%
BMI5 Missing —0.3049 1.1553 0.07 0.7918 0.01%
Total - - - - - 100.0%
BLDSO > 121 0.0000 - - - 5.1%
BLDS1 <121 1.2588 0.0823 233.76 0.0000 4.2%
BLDS2 <111 1.4964 0.0868 297.44 0.0000 3.5%
Fasting BLDS3 < 107 1.6980 0.0796 455.31 0.0000 5.5%
Blood BLDS4 <103 1.7383 0.0671 670.45 0.0000 17.0%
Sugar BLDS5 < 96 1.7415 0.0651 716.04 0.0000 25.6%
BLDS6 < 89 1.7644 0.0638 764.51 0.0000 39.2%
BLDS7 Missing 3.6171 1.8825 3.69 0.0547 0.01%
Total - - - - - 100.0%
TRIGLYCERIDEO > 239 0.0000 - - - 5.3%
TRIGLYCERIDE1 < 239 0.1178 0.0630 3.50 0.0613 12.3%
Triglyceride TRIGLYCERIDE2 < 157 0.1491 0.0575 6.72 0.0095 41.4%
TRIGLYCERIDE3 < 85 0.2145 0.0595 12.99 0.0003 40.9%
TRIGLYCERIDE4 Missing —0.0408 0.3542 0.01 0.9082 0.11%
Total - - - - - 100.0%

Continued
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Continued
Variable name Description Estimates Std. Wéld_ p-value Proportion
Error statistic of data
HDL_CHOLEO < 34 0.0000 - - - 2.0%
HDL_CHOLE1 <47 0.1409 0.0890 2.51 0.1134 19.4%
HDL HDL_CHOLE2 < 55 0.1486 0.0889 2.80 0.0944 23.5%
Cholesterol HDL_CHOLE3 < 62 0.1784 0.0898 3.94 0.0471 20.4%
HDL_CHOLE4 > 62 0.2915 0.0887 10.81 0.0010 34.7%
HDL_CHOLES5 Missing —1.1252 1.4360 0.61 0.4333 0.02%
Total - - - - - 100.0%
SGPT_ALTO > 32 0.0000 - - - 11.0%
Liver SGPT_ALT1 < 32 0.0762 0.0484 2.48 0.1153 14.7%
Function SGPT_ALT2 <23 0.1385 0.0492 7.94 0.0048 14.3%
Test SGPT_ALT3 <19 0.1761 0.0483 13.29 0.0003 16.3%
SGPT_ALT4 <16 0.2302 0.0428 28.97 0.0000 43.7%
Total - - - - - 100.0%
SMK_STAT_TYPE_ Smoker 0.0000 - - - 3.2%
RSPS_CDO
SMK_STAT_TYPE_. Non-Smoker, 0.1620 0.0692 5.47 0.0193 96.0%
Smoking RSPS_CD1 Past Smoker
SMK_STAT_TYPE_ Missing 0.2977 0.1612 3.41 0.0647 0.8%
RSPS_CD2
Total - - - - - 100.0%
NUM_CHGO > 39 0.0000 - - - 7.2%
NUM_CHG1 <39 0.1109 0.0606 3.35 0.0673 8.1%
NUM_CHG2 <27 0.1960 0.0666 8.67 0.0032 6.1%
NUM_CHG3 <22 0.3368 0.0600 31.53 0.0000 13.8%
Medical NUM_CHG4 <15 0.5086 0.0689 54.49 0.0000 8.3%
Care NUM_CHG5 <12 0.6061 0.0666 82.72 0.0000 13.7%
Days NUM_CHG6 <8 0.7596 0.0778 95.44 0.0000 7.7%
NUM_CHGT <6 0.8148 0.0913 79.65 0.0000 4.4%
NUM_CHGS8 <5 0.9026 0.0946 91.12 0.0000 4.3%
NUM_CHG9 <4 1.0044 0.1003 100.25 0.0000 4.7%
NUM_CHG10 <3 1.0636 0.1007 111.46 0.0000 21.7%
Total - - - - - 100.0%
TOT_PAYO > 996,520 0.0000 - - - 9.7%
TOT_PAY1 < 996,520 0.1284 0.0477 7.24 0.0071 19.9%
Total TOT_PAY2 < 353,460 0.2935 0.0543 29.24 0.0000 31.0%
Benefit TOT_PAY3 < 125,870 0.4756 0.0705 45.55 0.0000 16.6%
TOT_PAY4 < 57,590 0.5330 0.0972 30.06 0.0000 8.4%
TOT_PAY5 < 27,760 0.5655 0.1037 29.73 0.0000 14.4%
Total - - - - - 100.0%
Table 4.3. Testing predictive power of the developed models
AUROC AR K-S
ine d Male 0.7159 0.4318 0.3165
Testing data Female 0.6825 0.3650 0.2697
A Male 0.7161 0.4322 0.3175
verage of sample data Female 0.6876 0.3753 0.2773
ok pEoE S §o8 £502 Uehton, AR, K-S SA%E 91 B @ o4 29 &
5 Wage use 25oRA AEA0R BYe AREs} FE FEOR BAH A,
FARCE AZAAL uEA) ge o] A2 SAUE AR E AET F dS5H 53 AA AL 2E o
FE5 Ushie 2= E o] &5t Y 45 7k Eitth Figure 4.18 2 =S HE AL
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Figure 4.1. Graphical checking of the developed models.
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Table 5.1. Classification based on the developed scoring method (male)

Score (S) Number Proportion Number of Health
of data of data health accident accident ratio

650 < S < 700 12,302 18.3% 963 7.8%
600 < S <650 17,353 25.8% 2,142 12.3%
550 < S < 600 15,048 22.4% 2,692 17.9%
500 < S < 550 12,670 18.8% 3,334 26.3%
450 < S < 500 5,953 8.9% 2,165 36.4%
400 < § <450 1,500 2.2% 748 49.9%
350 < .S <400 913 1.4% 602 65.9%
300 < S <350 648 1.0% 471 72.7%
250 < S <300 411 0.6% 347 84.4%
200 < S <250 324 0.5% 298 92.0%
150 < S <200 90 0.1% 88 97.8%
100 < § <150 15 0.02% 15 100.0%
Total 67,227 100.0% 13,865 20.6%

Table 5.2. Classification based on the developed scoring method (female)

Score (8) Number Proportion Number of Health
of data of data health accident accident ratio

650 < .S <700 5,051 10.9% 772 15.3%

600 < S <650 7,949 17.1% 1,572 19.8%

550 < .S < 600 7,401 15.9% 1,836 24.8%

500 < S < 550 8,084 17.4% 2,523 31.2%

450 < § <500 7,286 15.7% 2,810 38.6%

400 < S <450 5,662 12.2% 2,682 47.4%

350 < S <400 2,483 5.3% 1,354 54.5%

300 < S <350 736 1.6% 449 61.0%

250 < S < 300 413 0.9% 300 72.6%

200 < S <250 456 1.0% 364 79.8%

150 < S <200 551 1.2% 474 86.0%

100 < S <150 354 0.8% 324 91.5%

50 < S <100 103 0.2% 90 87.4%

0<S5<50 2 0.004% 2 100.0%

Total 46,531 100.00% 15,552 33.4%
B = o)W Ale] ARARE EjE jHA dSolA BSE EF gEhs 87 A wA)
wo g A% $Fo] 7P £ AEIE 1,000%, 7}74 | 2 AEfE 300822 3h= AFAA BollA

o A% ST THE) £42 o g3te] WAL

So

S = (1000 — 300) - -
05 g
In2 = J

+ 300. (5.2)
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