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AE 7MLk B Ao olgfst BS Rt FHEA] g FAIES A4
R Agolo] AHso] HY4S £ BT Ted] AR 14, 238yt
ope} ofF tjw] W] 295 Bl 21H 19 H, 24 24 H~3d A T o] A A
£ AAAFA F8e 4 ot 774E(2010)2 Charlson Comorbidity Index(CCDE
ICD-1022 #18H5t of 7] Yarej&F9] &S WS, HE AJ%olA Quan 50 A
Algh darejgo] the dare}Ee] Hls At d&Eo] £9kou fojuldt Aol
< AAskTh
olof mh& RA| oA N &= PSS (Table 1ol He AT A¥HMX)=
1A Fgof] gt MR A, AGE A, ASESNE Ao, W H MeEs
SHPEEA|S(CCI), BMI, 571289, ol718Y, 8529, $494%, Non-HDL &3
AHIE, HDL SHAEIE, AST, ALT, ZWIGTPE E3A5H3ict & A0 8 W= 7
AFaL717HNo-claim Period), 78 Agof tigt 719eE LAsIqint. E3F A ofF,
5 3150t o] AH o2 FHT 4= Q= ARHSE AgHsolA ALttt
FARL71ZEe] gt W4 o) BAF A ForA) IAFEOR T A g o
BE AR Aol 71R1stc). /i olggaate] B4 4 A8 oRE st} 24
A= AR t+1971K] Alelof] 49 Claime] Qohd FARLZ17E td o & Fojgict. CCl
e B Ad Z=71 18E Quan(2005)0] whet Fosiglt. RIE A Claim®)
FHF =R g-8{(mapping)® CCl g AT AT 7, o5 thA] 0%, 14, 24,
37 oldo g WMol

]

(Table 1) Candidate Explanatory Variables

Variable Dummy Variables
Sex Xy
Age_group (25~69) X2~Xi10
Region X11~X12
Income Decile Groups X13~X14
CCI X15~X1s
No-Claim Period X19~X24
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Variable Dummy Variables
Body Mass Index (BMI) Xas
Systolic Blood Pressure (SBP) X26
Diastolic Blood Pressure (DBP) X27
Fasting Blood Sugar Xosg
Triglyceride X29
Non-High Density Lipoprotein Cholesterol (Non-HDL) X30
High Density Lipoprotein Cholesterol (HDL) X31
Aspartate Aminotransferase (AST, SGOT) X32
Alanine Aminotransferase (ALT, SGPT) X33
Glutamyl Transpeptidas (y-GTP) X34
History of Hypertension X35
History of diabetes Xs6
History of Hyperlipidemia X37
History of Pulmonary Tuberculosis X3
Consecutive No-Claim Period XeoeX

(From the Most Recent Hospitalization to Now) 397A

7] $1gt B2 A7gsk=Hlof Aot
SlAREC] oy 71R] H4A1E] Wl (variable selection) % AIC(Akaike information

criterion)@} BIC(Bayesian information criteriony= th3} 2t

AIC=—21n(L(0))+ 2k,
BIC=—21n(L(9)) + k-In(n)
714 § = FRHELI RS MY,
L(A) = ANS=Z A gy 2dsto) A s dlo] ] 2] =,
ko = B5 g, n=tlo]E .

AHLA 0 & bias-variance trade-off Ao wet H4~7 2HALSE hiase At
oRX| WIHR variancet= $7I5HA E}. AIC, BIC k2 245 2 Rdojzt &
At *Z(likelihood)7t 245, W] 71 A5 AIC, BIC gfo] Zopiict, #=3k
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2 FOE DBe FIAGEATH] A70E 9 omgof @A AA] oF 4,7007 7
o dish 2002~201340] AA HyTe] of2] E4E] Higt di#de SHste] F&3t
HEEOR, oF 1009 B +EO R =] THOlEY et al. 2014). F&9 22 H]E
Hi=(proportional allocation)°]l 23t F3FF25=E H(stratified random sampling)
= &9l F=E0] JloH, AA B9 A, A%, £A57E, AHor Aslshl B1
WSS A7 F QRH|Z slo] HES FE5I500h A4 DB A EA7IIA 2 o550
T =Rl ADE Vo= ot A, AR, A, 7R 2, A589 & W
Ato] AL A1 W W Aol AP I F 1470 HEE /3= 0] Qioh A& DB 8%
7130 HEste] A 52 B2 Wl gisf 7o = RE Qo7 e AmE
A, A&, AR, A B F 5771 Mz S E ] ok 23X DB A &
8 2y 9 7Xof| ofgt Aes 2 g oA Akme, A, AT, $571EY, SH14E
2, 54, B5EE, =1 WA, 758, FUH, 55 5 200295H 20087t
A= 37 W2 M= 0] 9lat, 2009300 AEIAIE HH R 200937 2013E7H]
£ 417 W2 A= 0] Qi
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2E)E Ro} el 3pA o] that Hlole|o] g g 918 200095 2013971
5714 Wekaie2 ARgaIaiT) of% A7 DB, M= DB, 777X DBE 747l D702

PR, EARZIE W4 2002~20084 K18 DBE 8310 2000WRE 201347t
A) 7} QU BARE 4 0UE 5o g At

i

& R 5= 2009978 57zt viid oF 1009t A= FH4tstod 5,032,892710]tt. o]
oA AAEFTDo] Alsshe DA T2 v 23%%, 1L 9] 77%= A
glolE7} glo B g ol5 Alejsiitt. F7he A7 W] tiet A5A|9} 30 Ao
Sfgshe £l A o] e tlolEe BAUVIlA Aldstytt. niee s A3
A glolel7} SEe AFH25AI~09AM)E o= Awg sttt S 24N
HE = AL oF 129 0= F 608,250710]0 HAEA] ARGE A% W
HEg W] 71257 22 (Table 2)F (Table 33 £t

[¢)

(Table 2) Descriptive Statistics for Continuous Variables

(N=608,250)
Variable Mean S. D. p5 p50 p95
BMI 23.83 3.25 18.91 23.63 29.41
Systolic Blood Pressure (SBP) 121.61 14.44 100 120 146
Diastolic Blood Pressure (DBP) 76.22 9.89 60 77 91
Fasting Blood Sugar 97.64 23.35 76 93 131
Triglyceride 132.96 91.59 46 108 302
Non-HDL Cholesterol 139.75 40.18 86 138 203
HDL Cholesterol 55.53 22.16 36 53 80
AST 25.07 15.28 15 22 43
ALT 25.57 21.82 10 20 58
~-GTP 3752 | 4840 10 2% 106

Note: S. D. stands for the standard deviation, p5 the 5th percentile, p50 the median, and p95
the 95th percentile, respectively.



(Table 3) Sample Distribution of Category Variables

SEH Y72 DX 2As 02 Y

L=zl
=

Q8 AISsio

e
ret

(N=608,250)
Variable Nmiss? Proportion
Samples
Sex Male 357,898 58.8%
Female 250,352 41.2%
25~29 58,530 9.6%
30~34 72,230 11.9%
35~39 66,587 10.9%
40~44 98,188 16.1%
Age_group 45~49 79,790 13.1%
50~54 92,684 15.2%
55~59 59,942 9.9%
60~64 50,764 8.3%
65~69 29,535 4.9%
Seoul and. Six Ma}jor 277731 45.7%
. Metropolitan Cities
Region

Provincial Cities 330,519 54.3%
. Lower-income Group (0~5) 0
Inco(;ne Decile (0: Medical Benefit Recipient) 210,235 34.6%
roups Higher-income Group (6~10) 398,017 65.4%
0 point 507,396 83.4%
el 1 point 79,684 13.1%
2 point 15,701 2.6%
3+ point 5,469 0.9%
O-year 53,822 8.8%
1-year 40,680 6.7%
No-Claim 2-year Existence 33,106 5.4%
Period 3-year 27,510 4.5%
(hospitalization) 4-year 23,105 3.8%
5-year 19,579 3.2%
Non-existence 410,448 67.5%
History of Hypertension Non-existence 518,506 85.2%
Existence 89,744 14.8%
. . Non-existence 577,334 94.9%
History of Diabetes Existence 30916 5.1%
History of Hyperlipidemia Non-existence 590,570 97.1%
Existence 17,680 2.9%
History of Pulmonary Non-existence 595,093 97.8%
Tuberculosis Existence 13,157 2.2%
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TS AWE7] 95 Tojs A (Pearson correlation
3t A3k= Appendix (Table 2)3} Zt}. tiA| 2 AtA 7| 2Fo,



[ 54 [EREERCRER

$Z71EU(SBP)T} o7 EU(DBP), oFATH2E|0|E op| . D G A(AST)9}F ehd of
A aA(ALT) B 2 AJBIAV A o & =2 202 Y.

TS84 d(multi-collinearity) A&7 18] Aui FAPYAR QI(VIF: Variance
Inflation Factor) AF&A37= (Table 4)2} Zt}. Kennedy(1992)°] oJshd YHkzog
VIFZ}F 102 Ee 4% U344 A ithal 2. ts-34/4de Al=st 23 VIF ¢
| = Hof|A 5 ofstm YEh tsaAd wAIE Fashe Wa7t 29k 7ol W

)

o}l Tk
(Table 4) Results of VIF
Variable VIF (set of parameters)
BMI 1.35526
SBP 2.66623
DBP 2.61240
Fasting Blood Sugar 1.09285
Triglyceride 1.51873
Non-HDL Cholesterol 1.26120
HDL Cholesterol 1.22470
AST 2.56639
ALT 2.66629
v-GTP 1.43681
V. 24424

1. B EX|AESF 2H(p=1)

30| o] it A Ee = 0 IS viAE EAAF 54 9 A IH 59
AR Xi (=1, -, p) T W SPHH RN 43 ol 2AAE A4S AR
A= oFff (Table 5)9F Ath. 27] HE2 FARLZIIE WS S716H4] o2 ZEz 7
E vl 2l By AEe Auir] e vl Rde oulE Erh S48 BE
Ha(i=1, -, 33)°] Histe] w2 BAF Foldo] AP, 449 A EEH 3

o ‘agto] WA gk SETh] WY B0l 1.243(= T £ RS X 5 9



wex Y7 TX ZAs) 02 AyEy o8 Mssd e o7 I

o} 3o ek WSS AeS TR 6t BAAPZE ARHED 2010, A5 EEE
AAaEATE NASAET 290tk B3 WHEES 7| AASe] th8E= CClL d47t =
2542 Agi(Age_group)®?] E25E, I EU(Hypertension)- HAH(Pulmonary
Tuberculosis)- @¥x(Diabetes)- 1A 8Z(Hyperlipidemia)l| tigt T4 HZo] 25

= Z7ksi9c

(Table 5) Regression Estimates for the Simple Logistic Model

Selected Estimate Standard ) 5
Variable (X)) (/Bi)” Wald AUC BIC

Error
Sex - Female
(Base Male)

0.2174** 0.0178 149.37 0.527 | 125,562

Region
- Provincial Cities -0.0372* 0.0178 4.39 0.505 | 125,706
(Base Metropolitan Cities)

Income Decile Groups
- Higher Group -0.0827*** | 0.0184 20.14 0.509 | 125,690
(Base Lower Group)

1 point | 0.8672*** 0.0215 1633.53
2 point | 1.4252%** 0.0341 1745.05 0.600 | 122,509
3+point 1.8241%* 0.0476 1471.50

CCI
(Base 0 point)

30~34 | 0.6117** | 0.1207 25.68
35~39 1.2037*** | 0.1131 113.17
40~44 1.8044** | 0.1055 292.72
Age_group 45~49 | 2.2024* | 0.1047 442.70
(Base 25~29) 50~54 2.7729** | 0.1026 729.96
55~59 | 3.2207°* | 0.1027 984.04
60~64 | 3.5974*% | 0.1023 1235.71
65~69 | 3.8827"* | 0.1029 1422.80

0.759 | 114,397

BMI 0.1737*** 0.00852 416.20 0.558 125,306

SBP 0.2400™** 0.00842 813.0579 0.571 124,925

DBP 0.1327*** 0.00867 234.07 0.540 125,480

Fasting Blood Sugar 0.2046*** | 0.00632 1047.22 0.586 | 124,867
Triglyceride 0.0644™* | 0.00834 59.66 0.525 | 125,653

Non-HDL Cholesterol -0.0845** | 0.00902 87.75 0.524 125,622
HDL Cholesterol -0.2046*** | 0.00950 464.34 0.558 | 125,224
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AST 0.0755™** 0.00473 254.59 0.569 125,522

ALT 0.0576™* | 0.00577 99.53 0.552 | 125,636

v-GTP 0.0790*** 0.00586 181.97 0.541 125,572

History of Hypertension 1.3680*** 0.0183 5570.92 0.626 120,879
History of Diabetes 1.1136™** 0.0263 1790.69 0.543 | 124,312

History of Hyperlipidemia | 0.9766*** 0.0350 780.53 0.522 125,100

History of Pulmonary

. 1.2549%* 0.0359 1225.01 0.524 124,810
Tuberculosis

Notes: 1) Significance *** 0.001, ** 0.01, * 0.05
2) Area Under ROC (Receiver Operating Characteristic) Curve
3) Bayesian Information Criterion

. ]

2. B5| WME ZINTADIRZ B4 H2)

S FARLZ T |pE o l3] A5 AHEiollA BIC 71zl ot #2]9] a4l
< AAE BE(HA 29 1)o|th(Table 6) FX). BIC(111,201)= == 2AAE 3]
ndEt A=, By AEEl AUC.791)x S7F6tich M= ay} gdd
(Sex), A%(Region), +=7IEU(SBP), &EEFasting Blood Sugar), SJA%
(Triglyceride), OFATIZE|O|E opn| i@ AN(AST), Yehd o dgd®AALT) 9
ESEE Aolad(y-GTP) W47t A=At Aol =& ¥eyEs A9,

cCl, H28 A, 18 A, 1AES A o et

)

(Table 6) Regression Estimates for the Best Model 1
(Excluding the No-Claim Variables of Inpatient)

Deviance 110,897
Deviance Value/DF 0.1824
Pr » ChiSq 1.0000
AUC 0.791
SC (BIC) 111,201
Variable (X;) Estimate (3;) Standard Wald Odds 3R ato
Error (e
Intercept -6.627** 0.102 4,262.464
CClI 1 point 0.433™* 0.022 384.091 1.542
(Base 2 point 0.767*** 0.035 473.708 2.153
0 point) 3+point 1.013*** 0.049 424.749 2.752
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30~34 0.615™** 0.121 25.921 1.850
35~39 1.202%** 0.113 112.360 3.326
40~44 1.774%* 0.106 281.581 5.895
Ag(eB—grO“p 45~49 2.136" 0.105 413.583 8.467
25?;3) 50~54 2,634 0.103 651.338 13.935
55~69 2.996*** 0.104 838.300 19.998
60~64 3.256*** 0.103 991.832 25.957
65~69 3.408™** 0.104 1,068.368 30.218
Income Decile Groups
- Higher Group 0.115%* 0.019 36.910 1.121
(Base Lower Group)
BMI 0.035™* 0.010 11.963 1.035
Non-HDL Cholesterol -0.227* 0.010 553.342 0.797
HDL Cholesterol -0.114™* 0.010 142.774 0.892
DBP -0.045™* 0.009 22.866 0.956
riisiony @i 0.506""* 0.021 573.209 1.658
Hypertension
History of Diabetes 0.166*** 0.028 35.108 1.180
History of s
e 0.252 0.036 48.350 1.287
istory of Pulmonary | g,g7ues 0.037 641.246 2.577
Tuberculosis
3. ZIX B 10 £AI27|ZHNo—Claim Period) £ F7tgt Zu}

O

T & AR 7H43t0] F s Uelis FARLZ | fSE HA 29 10 37t
o] XA 3RS AARE A7} (Table 7)otk el 2= o] High FAR7]7t
WSS IR Bgos HY 1o Hlg) BAKCRE T 2 AYES Btk B 2= 1
g 10 B3] BICZtel 7H4(111,201—+107,77DE9 2™, AUCE H =2 Z(0.791—
0.816)°.& ERIF Ut

FARAZ1ZE 0d(@EARE 19 A7) 187 99 Claime] s -9 5E FARLZ |
SUEARE 59 A7H] 99 Claime] 911 59 ARE 6 A7H4] 137 Y9 Claim

o] U A-H7HA] HE W] gt S AAGE BAHOR fololn o= Y L

ok EAR71ZE 0do] T 2 1.279, QZH[= 3.592 (= 270 HlR, AAE ¢
AsHA] e AL ] JUTH A0 3 Agh WH(YY T ) EhEo] 3.502H] =

0 A
oz AU

rlo
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FARLZ|ZE SARE BARLZ |7 07k AR 7H487|7te] Bobdes g 571
stltt. FARZIZE 539 6= 0.619, FARLZIZE 489] 5+=0.724, -, FARLZIZE 1E
9] 8= 1.100, FARLZ1ZE 099 B 1.2792 AR} 71619t &, 28 A Y ojRs
o X A of ol el o] & SAAGTE RS & 4= ek oI5 Bl 3T AE
AL BE 71 Al AT ddol digt 1271719 k48t Aert 245 57t

F7H 0= A7) tigt §i4= F9E A(inpatient)°] obd Ll#(outpatient)
= WAslo] LT o R A Agsiglc e 38 FF] mdl 1o ejfof thgt
A7 S 3715 Bdo|n], RAAE JHEAS AARE 1 AFE (Table 7)°

off thgt FARLZ|7E g St mdat g X wd 13t BAH O
2 vt dgele Hoirk 2 32 & T 1 gjH] BICER 111,2019014 111,001
2, AUCE 0.791°14 0.7938 B5F AH]| 7RA=]9Ick. o= <]l tigt 34 o] F
AR717E Bl Higt 37F ROlokA] 92 AIHRLSE p=0.1)=E Ueh] wielct
%, 34 o]A9] Qe ¥ 30 Agke] W] glof fom|gh o] Qe & = gl
o2, Qefol] digt AR 112171719 k4K 39 FEH SEeltal Helck

(Table 7) Regression Estimates for the Best Model 2, 3 by BIC Statistics
(Including the No-Claim Variables of Inpatient / Outpatient)

Model 2 Model 3
Model (No—Claim Variables of (No—Claim Variables of
Inpatient) QOutpatient)
Deviance 107,388 110,617
Deviance Value/DF 0.1766 0.1819
Pr > ChiSq 1.0000 1.0000
AUC 0.816 0.793
SC (BIC) 107,771 111,001
. Estimate for 3, Estimate for 3,

Variable (X;) ¢ Wald l Wald
artabie (standard error) 4 (standard error) 4
Intercept "2')91504;) 4,660.401 '?(')13415;* 654.550

ccl | 1pont | 900 278.068 (20452) 346.928

(Base : —
. ) 0.651%** 0.744**
0 point) 2 point (0.036) 333.696 (0.035) 446.250
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3539 | loily 98.852 Yy 110.831
do~i | (TN 259.975 0100 276.245
Age_group 5~49 2((?? %);* 380758 2(01 igﬂ;* 405.159
(Base 2529) 5554 olosy 587.117 o 635.451
s | Ay | | | s
60~64 | S0 890.814 Sai0D 967.102
wo | G0 | oo | e | oar
Inc?niig?li?lérfigups ()(gg?;* 27.288 0(01(1)?9) 33.848
(Base Lower Group)
O-year 1(02635> 2,716.071 1(5(;3;;* 28.144
1-year 1(&83;* 1,450.836 %09333;; 11.266
Noclaim | 27 | s 969.378 S 4.104
4-year o(g 323) 286.041 (8: Z?g) 2.078
S| n | S |
Non-HDL Cholesterol _(()6.2()1165;* 499.896 —?(.).202175)* " 551.791
HDL Cholesterol _(()Olgfg;* 127.696 _?0101135;* 140.438
DBP oes 12548 _?d%(?;; " 18.458
Hyperenson | oy | o161 | TS| s1626
History of Diabetes oo 8.545 S 30.553
Hpenmemia | o | 9% | Goe | 7
o oo | oo | 5745 | Toy | 723




[ 60 [EREEESRER

D
Fo
o
>
oln
fol
i
d0
ral
(1]}
o
ﬂ
g
10
Hu
=
bl
(02

2AT S/E VIR XSk WaeE ok, o JeAAle] ARdlolH 2 A A
o[elE B33 scoring)ok= Tgo] B Rt i AFolAs EXAE I]FEA Hato] o
SEES ol8ote] BHsRitt 1Y 28 449 5880l thaat Zo] B(scaling)S ot
k. 22(0dds )7} 2817} =h= 4= 72HPoint to Double Odds, PDO)E 207402
gttt logit(In (Odds )2 433k 51t Zjojof] PDO0)E #3510 base scoreg 1802

& A7ty A HtdeE 508 0= A5 $15f base oddsE 0.93 0= AARitt.

Risk Score = of fset+ factor < In(

), m RA2EE Y o 585

offset = base score — factor X In (base odds)

factor= PDO(20)/In(2)
base score = 180
base odds = 0.93

—_

88 2153 Hol] @A} Al A IR EC R tiHER= A A ASFAIR |7
(Consecutive No-Claim Period)? ¥, I(CNC, t years)ZE o2} o] Aot} &
A IA7IZIR] &AL I710] BRE2S AR [ 7 hAS st okl S 4= ik

W

t—1

1: Z[(NO* Claim, i year) =0 and I(No— Claim, tthyeav‘) =1
i=0

0: otherwise

I(CNC, t years) =

OJA| Risk Score #& A A&FA7 |7t 2 55318t AAE (Table 8)°f Y
BRIt AA| g4 508 oiv] F AL 0\ FARLAKEE 197 AFaAh) ] Risk
Score #2857, | 587 AH Afaro]Ho] gle A9 38FH o R & Alo|E HYth

AR 88 ASTE A AA7IZE ZH4s) Ao wE 7viel=H] Alelof gt 2

3) 9714 ERAE AEFARIES JiE dARE 3 7P T UY(the most
recent hospitalization) @7k 9] FAR7|7ES Qnlghe, o= A 3|AEA ] A
W AolE RAZRFEEA~1E A, -, 59 H~6d ) Y EA oJHexistence
of hospitalization by no-claim period for each 0~5 year period)?} *}o|7} Rt}
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25 ~ 29,30 ~ 34,--- ,65 ~ 69
soj e = ok, M ARAE, S YL A

E423H(Table 8) H=), FARZIZHE 30 gk iy AlS2E(p)2] W2 A7)
a0t Frert 255 AR, ol 9 E4 LA FgE FARLU I W] S

4) FRITEDBE FolPE TURGTN WA EARLTO] et ARy ERI e
ERFEC] WSl FolNE W EIREE vigel Eelngide] st ofo] wket
dlgo] HolngRe AR AT AGRUIA Arul AR BiAe] Fol 9 ulF
ofuleS F8sto] FYsigrt. FololmH] o] Helwergel nie

MY RREE LHFo] BIRUE
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A(B)2] ZL71eA %t LR e & 5= Sl 3T Ao tigt Azt 71 =B =
A IIe] 2=kt 22 E) SR, 2 549 S Afatelgo] gle A-fol
g AAEe] Alazelgo] e A9 At AEEIREAL 7Helwr]) Aol
92,8599(=117,7539-24,894 ) = eyt

(Table 8) Summary Statistics for Estimated Probability (p)
and Annualized Risk Premium (%)

(N=608,250)

2) 2 2) Risk 3)

Category Mean p25 p75 Seore E,(KRW)

O-year 0.0559 0.0152 0.0775 85 117,753

Consecutive 1-year 0.0442 | 0.0116 | 0.0609 | 78 | 93,323
No-Claim 2-year 0.0395 0.0105 0.0540 75 83,613
Period (K) 3-year 0.0343 | 0.0092 | 0.0463 | 71 72,483

(From the

Most Recent 4-year 0.0286 | 0.0079 | 0.0381 | 66 | 60,652
Hospitalizati 5-year 0.0258 | 0.0074 | 0.0344 63 54,746
on to Now) [ Nop-existence” | 0.0116 | 0.0028 | 0.0151 38 24,894
Total 0.0214 0.0041 0.0246 50 45,355

Notes: 1) Non-existence: There is no hospitalization history for five years.
2) Mean is the average of p, p25 its 25th percentile, and p75 its 75th percentile.
3) Expected medical expenses for the three major diseases (=risk premium)
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{Figure 1) Markov—Chain Rate Change for Consecutive No-Claim Periods

3.28%
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Appendix

{Appendix Table 1) Description of Explanatory Variables"

Dummy

Variable Variable Unit Category of Dummy Variables
Sex X1 1 (Female), 2 (Male)
25~29 (X2), 30~34 (X3), 35~39 (Xy),
Age_Group X2~Xi10 40~44 (Xs), 45~49 (X¢), 50~54 (X7),
55~59 (Xs), 60~64 (Xo), 65~69 (Xi0)
. Seoul and Six Major Metropolitan Cities
Region XXz (X11), Provincial Cities (Xi2)
Income Decile Lower (0~5) Income Group
Groups ! X13~X14 (0: Medical Benefit Recipient) (Xi3),
P Higher (6~10) Income Group (Xi4)
) 0 point (Xi5), 1 point (Xi¢), 2 point (Xi7),
cCl Xi5~Xig more than 3 point (Xis)
No-Claim Period of Hospitalization”
s . 0-year (Xy9), 1-year (Xz0), 2-year (Xz1),
No~Claim Period Xi9~Xas 3-year (Xz2), 4-year (Xz3), 5-year (X24)
Value: 0 (Non-existence), 1 (Existence)
Body Mass Index ) Kg/ ) . 2
(BMD) X2s o Weight/(Height/100)
Systolic Blood m Opsiline] PreHyper— Hyp(_ar—
Pressure X26 H tension tension
(SBP) & | [value | <120 120~139 > 140
Diastolic Blood mm Ol PreHyper— Hypgr—
Pressure X27 H tension tension
(DBP) 8 | [value | <80 80~89 >90
Fasting Blood X mg/ Optimal | Prediabetes | diabetes
Sugar 8 dL value <100 100~125 >126
. Inter— . Very
Optimal . High ;
Triglyceride Xa9 rgi/ P mediate g High
value | <150 | 150~199 |200~499| =500
Non-High Density - -
) . ; : Y
Lipoprotein X5 mg/ Optimal| fae | High High
Cholesterol - dL
(NOH_HDL) Value <130 130~159 160~189 2190
High Density e
s | ol | | Jomina | paly || o
value >60 40~59 40

(HDL)
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Variable S:rriggg Unit Category of Dummy Variables
Aspartate . Inter— )
Aminotransferase X3z U/L Crgire mediate alel
(AST, SGOT) value <40 41~50 50
Alanine . Inter— .
Aminotransferase X33 U/L BEAL mediate el
(ALT, SGPT) value <35 36~45 45

Glutamyl Optimall | e | igh
Transpeptidas X34 U/L mediate
(r-GTP) value |IM | 11~63 | 64~77 | 78
W | 8~35 36~45 >46
History of -
Hypertension 3
History of X
Diabetes 36 .
History of Value:
) . X37 0 (Non-Existence), 1 (Existence)
Hyperlipidemia
History of
Pulmonary X3
Tuberculosis
Consecutive No-Claim Period from the
Consecutive Most Recent Hospitalization to Now
No-Claim Period | X4 O-year (X31), l-year (X32), 2-year (Xs3),
3-year (X34), 4-year (X3s), 5-year (X30)
Value: 0 (Non-existence), 1 (Existence)

Notes: 1) KMI Korea Medical Institute and Ahn(2016); National Health Insurance Service
(2020).
2) 1If at least one hospitalization is observed in 2008, no-claim period O-year is set to
‘1" for 2009. If at least one hospitalization is observed in 2007, no-claim period
1-year is set to ‘1" for 2000.
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(Appendix Table 2) Pearson Correlation Coefficient

BMI SBP DBP Blo?;tgfgar Triglyceride

BMI 1.00000 031763 | 0.29263 0.17802 0.32048

SBP 1.00000 | 0.78240 0.19408 0.22121

DBP 1.00000 0.16013 0.22401

Fasting Blood 1.00000 0.21073
Sugar

Triglyceride 1.00000

Non-HDL HDL AST ALT ~-GTP

BMI 0.29094 -0.29067 | 0.15249 0.29699 0.18511

SBP 0.16485 -0.10047 | 0.13126 0.15465 0.18602

DBP 0.16613 -0.09352 | 0.12568 0.15629 0.18872

Fasting Blood | 1y -0.09911 | 0.10663 0.13946 | 0.18486
Sugar

Triglyceride 0.41432 -0.36571 0.17041 0.25191 0.32036

Non-HDL 1.00000 -0.22947 | 0.08717 0.17488 0.13052

HDL 1.00000 | -0.04474 | -0.15320 | -0.05603

AST 1.00000 | 0.76014 0.46709

ALT 1.00000 0.44336

y-GTP 1.00000

{Appendix Table 3) The Three Major Diseases-related Covered Diseases

Disease Classification KCD-code
C00~C14, C15~C26, C30~C39, C40~C41, C43~C44,
Cancer-related Covered C45~C49, C50, C51~C58, C60~C63, C64~CE6S,
Diseases C69~C72, C73~C75, C76~C80, C81~C96, C97,

D45, D46, D47.1, D47.3, D47.4, D47.5

Cerebrovascular-related
Covered Diseases

160~169

Ischaemic Heart-related

Covered Diseases 120~125

Note: The diseases are classified according to Statistics Korea(2015).
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{Appendix Table 4) Coverage Rate & Co-payment Rate for the Three Major Diseases”

The Three Major B Covqrage Co-payment Rate Comoaymant Fuis
. Rate by National ! . for Coverage
Diseases by Patients’ Share .
Health Insurance Exclusion
2009 67.9% 5.4% 26.7%
Cancer 2010 72.4% 6.7% 20.9%
Related 2011 72.6% 5.8% 21.6%
. 2)

Diseases 2012 74.1% 6.2% 19.7%
2013 72.7% 6.7% 20.6%
2009 60.9% 12.6% 26.6%
Cerebiovas- 2010 72.2% 7.1% 20.8%
Rceﬁ‘a?é 4 201 70.2% 7.1% 22.7%
Diseases’ 2012 73.8% 5.7% 20.5%
2013 74.4% 6.3% 19.3%
2009 63.8% 9.2% 27.0%
Heart 2010 73.0% 6.8% 20.2%
Related4) 2011 73.5% 5.3% 21.1%
Diseases 2012 74.8% 5.1% 20.1%
2013 78.0% 5.6% 16.4%

Notes: 1) NHIS(National Health Insurance Service) Health Insurance Policy Research
Institute, Survey on The Benefit Coverage Rate of National Health Insurance
(2009; 2013; 2015).
2) Cancer related diseases: CO0~C97, DO0~D09, D32~D33, D37~D48
3) Cerebrovascular related diseases: 160~167, 1720, 177, Q280~Q283, S06
4) Heart related diseases: D151, 101, 105~109, 120~126, 128, 130~151, 1700, 171, 1790~1791,
M314, Q20~Q25, Q260~Q264, Q268, Q269, S25~S26



wen Y7 TX ZAs) 02 AyEy o8 Mssd e o7 [N

335 A olA (2019), “1HEZC] NFAFEH 32403 A H
A7, BEFGAT, A30d A, pp. 107-140.
(Translated in English) Kang, S., D., Kim and S., Lee (2019). “Estimation of

et

Q

S

=

Determinants and Potential Demand for Private Health Insurance
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(Translated in English) NHIS (National Health Insurance Service) Health
Insurance Policy Research Institute (2009; 2013; 2015). Survey on The
Benelfit Coverage Rate of National Health Insurance.
A A 2G4 (2017), “FUALEE FEISEDBE o83t e=R19] 1771
g A, S8BAAT, A30H A3E, T=EAEE], pp. 475-486.
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(Translated in English) Kim, S., and H., Byun (2014). /mproving and
Enhancing the Simplified Issue Insurance Product, The Korea
Insurance Research Institute.

53] 783] (2019), "NFEH 71 of ol w2 T FHEAR] A7 o] 2417,
HAFEAF A30d AllZ, pp. 39-69.

(Translated in English) Kim, S., and E., Kim (2019). “Analysis on Health

Behavior Difference in Diabetic Patients by Private Medical



tnd

22X 3772 X 2As0 U2 AYEH 98 XS Ba A7

Insurance”, Journal of Insurance and Finance, 30(1):39-69.

el A -3 P 5 - 1h2At 274 o] A3 - A4 (2000), FH=919] Apga A & Q7o)
£9] 8AEA T AYTA|, =B ARSI AT, pp. 47-56; 73-77.

(Translated in English) Kim, H., et al. (2006). Socioeconomic, Behavioral,
Nutritional, and Biological Determinants of Morbidity, Mortality,
and Medical Utilization in South Korea, Korea Institute for Health
and Social Affairs. pp. 47-56; 73-77.

B (2003), “Aelgtold 71s Aske 93t A7 mHRY, BEIESIR], 224,
HIJe3], pp. 99-120.

(Translated in English) Park, S. (2003). “A Plan for Introduction of New
Performance-Enhancing Underwriting Technique”, Journal of
Korean Life Insurance Medical Association, 22:99-120.

QFF-0173] (2003), “NFAFEF ] Arfzto]d AXSHHRY, REATY AFEIA,
HodT4

(Translated in English) Oh, Y., and K., Lee (2003). ‘Improvement Plan of
Private Health Insurance Underwriting”, K/R/ Research Paper.

Q4 Fe (2018), "WFALEFY 719] BR8] B3 A, BYPEI|A|, A
1143, e=1F3}3], pp. 35-56.

(Translated in English) Ouh, C., and D., You (2018). “A Study on the
Determinants of Private Health Insurance’, Korean Insurance
Journal, 114:35-56.

olol-olgh4 (2016), “AkolRHEo] eyt BEg A53), SAaTAE A27d
AB3E, Blam8sls], pp. 93-128.

(Translated in English) Lee, K., and H., Lee (2016). “Adverse Selection and
Rates Differentiation in the Korean Private Health Insurance”,
Journal of Risk Management. 27(3):93-128.

ol&%y 77130124 (2014), FUAFAHE do|ejHo]AS 0|83t HE FTE DB



VA BEIZEAT MB2A H2s

F= LA R g

(Translated in English) Lee, J., K., Kim, and J., Lee (2014). Construction of
an Appropriate Sampling Design and a Sample Database using the
National Health Information Database, National Health Insurance
Corporation.

olxts]- AslF- A Y (2015), "FEF Arjztold Fat AFEA - =7 QPLAYET B
AL LB E Bl -7, BHTZA], A|1027, T=EAES], pp. 59-85.

(Translated in English) Lee, C., H., Chun and S., Kim (2015). “An Empirical
Study on the Underwriting Effect on Cancer Coverage - Comparing
National Cancer Incidence Ratewith Cancer Incidence Rate of
Insurer =", Korean Insurance Journal, 102:59-85.

o|gH4]-o]7k2-0]Fo} (2017), “Aolm B oA 384T} AR (GLM)2]
287, fAadATE, A28d A4S, AT, pp. 37-71.

(Translated in English) Lee, H., G., Lee and K., Lee (2017). “A Ratemaking
of the Korean Private Health Insurance using GLM", Journal of Risk
Management. 28(4):37-71.

olgh4-o|gla}- Wi (2018), “HEojEHY
A116%, =HASHS], pp. 33-60.

(Translated in English) Lee, H., M., Lee and H., Baek (2018). “An Empirical

olr

FOISISA| o] ASEA" B3R,

llI

Analysis of Bonus-Malus System in Private Health Insurance’,
Korean Insurance Journal, 116:33-66.

oJFE- 75 (2010), “AEYTHY HAHS] S0l E 7HIA oJgol g Wil T
gk A", BEESIA), A1064Y, T=HEHESS], pp. 67-91.

(Translated in English) Lee, H., and H., Jung (2016). “An Empirical Study of
Healthcare Utilization Under Indemnity Health Insurance Coverage
Changes”, Korean Insurance Journal, 106:67-91.

oJF A3 (2014), “NFAFEY 1Y BT =7 A R0 et A+, A



tnd

22X 3772 X 2As0 U2 AYEH 98 XS Ba A7

B EAAT, A30d, AR EAS ], pp. 171-193.

(Translated in English) Lee, H., and Y., Hwang (2014). “A Study Identifying
the Factors Determining Private Health Insurance Claims Paid”,
Korean Social Security Studies, 30:171-193.

AF7] (2021), “H774E 1A 2t4slel] W2 AR Q-8 Aol et A - A
Ak BAE SAHOE -7, HAS =z, TSt oSk,

(Translated in English) Im, H. (2021). “A Study on the Ratemaking of
Health Insurance by Simplified Disclosure of Claim History -
Focused on the Comparison of Relative Risk =", Ph.D. Dissertation,
Graduate School of Hanyang University.

B4 (2015), A7} S BELBARIEF(KCD-7), A12015-309%, 2016. 1. 1.
(Translated in English) Statistics Korea (2015). The 7th Korean Standard
Classification of Diseases (KCD-7), No. 2015-309, 2016. 1. 1.

KMIgsofatadtas - HAd (2016), 737 AMG AL, o] a2,

(Translated in English) KMI Korea Medical Institute and J., Ahn (2016).

Manual for Physical Examination, Cypress.

Akaike H. (1974). “A New Look at the Statistical Model Identification”,
LE.EE. Transactions on Automatic Control, 19(6):716-723.

Donnelly, P. (2011). “Enhanced Simplified Underwriting”, Munich Re.

Ho, C. (2013). “U.S. Individual Life Guaranteed and Simplified Issue
Persistency”, ZIMLA.

Kang, Y. et al. (2018). “Biological Age as a Health Index for Mortality and
Major Age-related Disease Incidence in Koreans: National Health
Insurance Service - Health Screening 11-year Follow-up Study’,
Clinical Interventions in Aging, 13:429-4306.

Kennedy, P. (1992). A Guide to Econometrics. Oxford: Blackwell.



HHIBT A2 MRS

LIFE HAPPENS and LIMRA (2019). 2019 Insurance Barometer Report.

Milliman (2011). “Application of Credibility Theory to Group Life Pricing”,
Research Report.

Schwarz, G. (1978). “Estimating the Dimension of a Model”, Annals of
Statistics, 6:461-464.

Quan H et al. (2005). “Coding Algorithms for Defining Comorbidities in
ICD-9-CM and ICD-10 Administrative Data”, MedCare, 43(11):1130-1139.



22 I8 UX| Ztac| ME ALY 28 XSS

e
ret
re

7
Abstract

The simplification of the obligation to disclose the claim history of private
health insurance in Korea has been developed for the purpose of expanding
the market for individuals whose coverage denied by health insurance
underwriting due to a mild chronic illness or treatment history. Following
policy change, the launch of simplified issue insurance has been limited to
fixed benefit products and supplementary private health insurances for those
with pre-existing conditions in the private sector. The simplified disclosure
obligation is a major factor in determining rates aside from gender and age;
however, it does not reflect subtle differences in rate over the period of the
disclosed claim history.

This study conducted an empirical analysis through logistic regression using
the National Health Insurance Sample Cohort Database to investigate change
in healthcare utilization according to the degree of simplification for
disclosure of claim history in insurance contract. The results suggest that a
higher degree of simplification of disclosure increases the probability of
healthcare utilization at a statistically significant level, and inpatients are
relatively more affected than outpatients. In addition, the annual premium
rate for private health insurance and the level of bonus-malus were derived by

differentiating the degree of simplification of disclosure of claim history.

% Key words: Disclosure of Claim, Simplified Issue, Premium Rate Differentiation,

Health Insurance, Bonus-Malus System








