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[Abstract]

This study develops a machine learning model predicting the incidence of cancer, cerebrovascular disease, and cardiac diseases
using medical utilization data from the National Health Insurance Service cohort database (DB). Adopting an InsurTech
perspective, we evaluate the model’s potential to enhance pricing and underwriting in health insurance. The data-driven variable
selection identifies critical disease-specific predictors, while segment-specific relative risks are calculated to explore the refinement
of traditional insurance risk classifications. Findings reveal distinct predictors by disease and systematically higher relative risks
from standard to simplified-issue and declined groups, suggesting that predictive modeling using medical utilization data can refine
risk stratification, thus enabling personalized pricing and an expanded underwriting.
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Fig. 1. Research design

http://www.dcs.or.kr



o
]
o
rHi
il
J

o> 09 N
s
T o
e,

oo oox > &,
)
1 ji £ ot
ox &~
e of
o
o oN
(o3
=,
T
i
:
o

IEF,
_O|L
32 3
o

-

4

o

M

12 -
e >y

P

il

7|18k0 & Lasso &X|2~El 3]7] 7]k
o] oA Lasso HHES T3 2
o2 AgusE delsiginh A
FATE UG R 8AHRE

N
td
ofl
o
!

e
&

ko
ot
2
e

(o3
ro

z 1o
X,
T
o
o,
o
o
N

oy
=

ol
F

o o of b &
i)
ox
o

e

2 oo (B
R
T
mﬁl Ol}‘l ol
)
2
k=)
il
_>‘.1_|‘
r{o
r_{
2
i
e
ot
P,L
N

:?1:4

i

o, X

(g of
E o
2
e ¢
N o,
ol
o
E
2
il
i)
lo
oy
g
ol
ML
1
tlo
offt

5
4
iy

° go
A
Er
gﬂ
2
3l
oftt
2
=z
o
o
B
o\
2
e
fo

ro,
2
g
ol
ol
ok
1,
i
N
ofr
ol
38

[o rlr
it
=
ro,
lo
2
i
S
o,
il
tlo
>
0
QL
K
o,
-
m,
v’
o

% o o
N
td
ol

ot
et
=
tlo
jur]
=)
ot
i
=3}
FN
i—"/
i}
=
()
_\‘:_\L
__)ﬂ‘
Y

X
__):1_1‘{
1o
ox
i}

(Risk Ratio)&
ol ufe} JFEEE

o f o
jukci
H

>
e
ol
38
g &
o
il
oft
:oé
o
(<
N
)
o
=
oz

Ho
oft

il
=

=
H1.AH 2R A ACI|IE

Table 1. Disease classification and diagnostic criteria

Assessment criteria

All C codes(except C44, C73)
D45, D46,

D47.1,D47.3,D47.4,D47.5 &
Special exemption code V193

C44, C73, D00-D09, D37-D44,
D47.0, D47.2, D47.7, D47.9,
D48& Special exemption

Disease category

General cancer

Carcinoma in Situ

codeV193
Cerebrovascular 160-169
Stroke 160162
Ischemic heart disease 120-125
Acute myocardial infarction 121-123
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Table 2. Insurance eligibility types by sex and age group

Standard group | Simplified group | Rejected group
géc?uep Female Male | Female Male | Female Male
20-29 39,482 | 43,976 | 24,885 | 27,867 445 570

27% 27% 1% 14% 1% 2%
30-39 27,494 | 43,865 | 48,337 | 36,084 987 1,454

19% 27% 22% 18% 3% 4%
40-44 21,481 | 22,052 | 21,379 | 22,976 | 1,011 1,661

15% 14% 10% 1% 3% 5%
4529 19,056 | 17,909 | 21,804 | 23,883 | 1,617 | 2,640

13% 1% 10% 12% 4% 7%
50-54 14,714 | 13,884 | 23,876 | 25,639 | 2,758 4,179

10% 9% 1% 13% 8% 12%

10,509 | 9,317 | 22,446 | 22,813 | 3,813 5,242
55759 7% 6% 10% 1% 1% 15%
60-64 5,626 | 4,528 | 15,995 | 15,341 | 3,851 4,674

4% 3% 7% 8% 1% 13%

3,294 2,750 | 12,785 | 11,368 | 4,439 4,762

65769 2% 2% 6% 6% 12% 13%
20+ 4,571 3,343 | 31,750 | 17,587 | 17,145 | 10,908

3% 2% 14% 9% 48% 30%

Total 307,851 426,815 72,156
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Table 3. Number of variables selected during feature

selection

Type of EMR data Step 1 Step 2
Past disease 550 89
Drug prescription 221 115
Tests & interventions 66 32
3-601z2¥

Aol A= oAl AR 7|9k waleld W E
?l Lasso 248 345 2g3) duls A8} o 5E
A%=3F3lt). Tibshrian©] #|¢Het Lasso= ¥ Z71

£ 29 BAl% W o] Helog whshs my dge)
HOlE ghslsh= tiE ARl W Eolo[19]. A9 gh diEx
A A o] W AnEe] FHE mA Aol ofw
BE7} el dk ARQIAE sotst o f-8do] =TH 201
53] of| duist Avpasel js) oSS nad W
Q1A ke BCR, Alglet Rolol A F2 g
o} 2228 3R Ee dHE Bigl Lasso BHE ol
21 (D] H23E HAageh= g9 & AT

N k
B=argmingd 1 (v, B, +X,8) + )| 8| (1)
) J

o] 714 HA X 9(penalty parameter) A= A 3}sl= 1}
Aol rdle] FH Fpolr}), WA B4\ ghe] A7)0 w
WS At e WA S(K-fold wAES)S
) dSdT T Rl MgEA Aol 1S HAslsh=
WAS Fghth ol& Y3l WA HlolEE By sus Qg

sigrulolelsl mele] 53t WaFae) AA5E A9 45

r

gl

dlolelz 8:29] Hl&= L&t} o] FpAolx A}

E
iy
o

http://www.dcs.or.kr



VS FAS HEY P58 BRAA 73 A KA
o) ERFAFE WA A8 v A AEYS
AT A3, A WA oJpe] vlEo] FAE B} U
FE e B ehd 7PsAel k. =l sigrel
U8 RROE B84 S5 o HAoIA 10-Folds L
M%——;— SIS Ol FUS LT 1074) Fold

13 17019 Fold® 29g
3 }6}% S Foldg rsﬂ WA 02 ek Y
o o] TgelA] Ao A AEshe AEPe) i
A HAgke EEa9T B ATINE, 72 dZaslo]
W nge] PES ol

Sy

=
S-7F HA] ¥E==(non—negative) |- F=7}13iTh

871 A gsto] oFE A, WAL AX, o) ol 5y
Y ARES 3 S Aol folabl Tlefeks 89S
AMoz MRS F 4 ol R4S Fo mEE

-
2,
lo
Y
£
N
-
i
ful
ne
Ky
, I
fo K
~
ox
i)
o
_O‘
ﬁ\%
H
mﬂ:
2
ofl
r

ol
N
ke
o
A,
v
. 2
rlr
Hj
oftl
o
jihs)
ox
Enit)
%
ﬁ
N
%
oX,
i)
o
e
oo

a9 2= 0131} ‘?“;—’F/LE—," 753}% ‘ 4‘5”‘115(Selection
Ratio)’ & YeRH Aot} A= Azﬂ_i Aels ¥
FEY HES, 7[EFHl = L@ﬂé 980~ 1)S ¥AS
Atk MEn]go] 10]9 s M7 & —E oA A $]
55, 00o]H o B Aey]x] & F5-E o]t
ot} 7| AFeta A He, Wg A8 do] o534 F
olut 4 71Eo] ofe} dlojE] EA] ol A o]Fo]
Hoe Aotk &, A5 79Tyt =& Mgt 440
= ﬁ’;@'ﬂ%r/]’% @—a‘ Eil 04"‘14'

T8 A9E ARy AA a8 aX" Sy g2
WA S Hgk o]go] 0.8~1 Alol9] =& A &S HS
o= A o7t EASH] AT, - Al g kAl
oA o]t AR WgTt a3k o
< 9usi). AR Fg A= gt
A g)do =z 23E e ZE ool

yuA

r}_ Flf

2 0

http://dx.doi.org/10.9728/dcs.2025.26.5.1407

F 4 CHIE BS Bis 52
Table 4. List of frequently observed variables

Selected outcomes | Selected outcomes
(Female) (Male)

y01, y03, y04, y05, |[y01, y02, y03, y04,
y06 y05, y06

y01, y02, y03, y05,

Variable

[Diagnosis]
Hypertension

[Prescription]

Antifungal y06 y02, y03, y05
[Usagel y01, y02, y03, y05,

Outpatient Days y06 y02, y03, y05
[Examination]

y03, y04, y05, y06 y03, y04, y05, y06

Tumor image test

[Diagnosis]

Hyperlipidemia y02, y03, y05, y06 y03, y05, y06
[Usagel

Emergency Care y03, y04, y05, y06 y03, y04, y05
[Diagnosis]

Arthythmia y03, y04, y05, y06 y03, y04, y05
[Examination] yO1, y02, y04, y05 | yO1, y02, y04

Opthalmology

[Diagnosis] y01, y03, y04, y05,

Diabetes y01, y03, y06 706
[Prescription] PRV ——
Vitamin y02, y03, y05 Y06

y01 :General Cancer, y02 : Carcinoma in situ
y03 : Cerebrovascular, y04 : Stoke

y05 : Ischemic Heart Disease

y06 : Acute Myocardi—al Infarction
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[Dignosis] Hypertension
[Dignosis] Diabets

[Usage] Outpatient days
[Dignosis] peptic ulcer

[Usage] Emergency care
[Prescription] Antifungal
[Prescription] Antithrombotic
[Dignosis] Hyperlipidemia
[Dignosis] Arrhythmia
[Prescription] Vitamin
[Examination] Ophthalmology
[Examination] Tumor image test
[Dignosis] Chronic Tophaceous Gout
[Dignosis] Thyroid

[Prescription] Circulation
[Dignosis] Arteriosclerosis
[Usage] Inpatient days

[Dignosis] Kidney

[Dignosis] Antivertigo
[Prescription] Immunosuppressants
[Usage] Expense

[Dignosis] Cephalalgia
[Examination] Gastrointestinal Endoscopy
[Dignosis] Liver disease
[Dignosis] Convulsion

[Dignosis] Cancer

[Usage] N of Operation

[Dignosis] Anemia

[Examination] Tumor pathology test
[Dignosis] Respiratory
[Prescription] Antifungal
[Examination] Cardiac
[Examination] Tumor Blood test
[Usage] Inpatient days

[Dignosis] Oral disease

[Dignosis] Systemic Lups
[Dignosis] Dental disease
[Prescription] Estrogens
[Dignosis] Genitourinary diseases
[Prescription] Antivertigo
[Prescription] Hemostatics

[Examination] Ultrasonic

[Prescription] Anticancer

mWomen M Men
T8 2. W4 e B|
Fig. 2. Selection ratio by variable
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Table 5. Predictive model metrics

ZX|(J. DCS) Vol. 26, No. 5, pp. 1407-1419, May. 2025

Disease Gender No. of Selected vars Threshold AUC Sensitivity Specificity Precision
F 13 0.016 0.741 0.876 0.491 0.029
General cancer
M 11 0.020 0.844 0.844 0.713 0.060
F 15 0.007 0.682 0.881 0.397 0.011
Carcinoma in Situ
M 15 0.005 0.771 0.789 0.633 0.010
F 25 0.045 0.844 0.802 0.748 0.114
Cerebrovascular
M 24 0.028 0.836 0.835 0.682 0.083
F 17 0.003 0.792 0.810 0.655 0.007
Stroke
M 14 0.003 0.774 0.833 0.599 0.007
F 23 0.031 0.822 0.803 0.714 0.078
Ischemic heart disease
M 21 0.031 0.799 0.803 0.656 0.074
F 19 0.002 0.860 0.848 0.741 0.008
Acute myocardial infarction
M 16 0.005 0.811 0.849 0.660 0.011
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Table 6. Time-point validation results by baseline
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Category Time—point based validation
Disease Gender 2015 2013 2010
F 0.7407 0.7520 0.7604
General cancer
M 0.8444 0.8528 0.8565
F 0.6817 0.7027 0.7038
Carcinoma in Situ
M 0.7712 0.7543 0.7484
F 0.8439 0.8519 0.8603
Cerebrovascular
M 0.8357 0.8459 0.8522
F 0.7919 0.7907 0.8023
Stroke
M 0.7744 0.7799 0.7770
Ischemic heart F 0.8222 0.8305 0.8341
disease M 0.7987 | 0.8121 0.8167
Acute myocardial F 0.8600 0.8800 0.8432
infarction M 0.8106 | 0.8103 | 0.8093
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Table 7. Validation of prediction performance by year

Category Follow—up Year Validation
st nd rd th
Disease Gender ! 2 € 4
year year year year

F 0.756 | 0.736 | 0.737 | 0.717
General cancer

M 0.859 | 0.839 | 0.837 | 0.833

F 0.732 | 0.705 | 0.690 | 0.673
Carcinoma in Situ

M 0.846 | 0.774 | 0.755 | 0.733

F 0.852 | 0.860 | 0.849 | 0.844
Cerebrovascular

M 0.853 | 0.848 | 0.845 | 0.832

F 0.777 | 0.771 0.784 | 0.811
Stroke

M 0.802 | 0.761 | 0.779 | 0.748
Ischemic heart F 0.837 | 0.843 | 0.835 | 0.834
disease M 0.829 | 0.822 | 0.816 | 0.805
Acute myocardial F 0.862 | 0.879 | 0.874 | 0.865
infarction M 0.830 | 0.819 | 0.809 | 0.787
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Table 8. Age-specific disease incidence prediction (female)

=2X|(J. DCS) Vol. 26, No. 5, pp. 1407-1419, May. 2025

Group General cancer Carcinoma in Situ Cerebrovascular Stroke Isch(;ai?eigsr;eart Acuﬁifgﬁgirdial
Pred Obs Pred Obs Pred Obs Pred Obs Pred Obs Pred Obs
20-29 0.0030 0.0031 0.0036 0.0037 0.0049 0.0051 0.0007 0.0007 0.0054 0.0054 0.0002 0.0002
30-39 0.0104 | 0.0105 | 0.0079 | 0.0082 | 0.0090 | 0.0090 | 0.0009 | 0.0010 | 0.0079 | 0.0082 | 0.0003 | 0.0003
40-44 0.0183 | 0.0185 | 0.0088 | 0.0093 | 0.0173 | 0.0172 | 0.0015 | 0.0016 | 0.0157 | 0.0158 | 0.0008 | 0.0008
45-49 0.0236 | 0.0232 | 0.0103 | 0.0101 0.0307 | 0.0311 0.0030 | 0.0030 | 0.0249 | 0.0249 | 0.0011 0.0010
50-54 0.0237 | 0.0240 | 0.0100 | 0.0102 | 0.0474 | 0.0472 | 0.0037 | 0.0036 | 0.0408 | 0.0406 | 0.0020 | 0.0021
55-59 0.0267 | 0.0269 | 0.0100 | 0.0102 | 0.0672 | 0.0677 | 0.0043 | 0.0045 | 0.0561 0.0558 | 0.0023 | 0.0022
60-64 0.0333 | 0.0326 | 0.0104 | 0.0104 | 0.0934 | 0.0936 | 0.0049 | 0.0050 | 0.0759 | 0.0759 | 0.0038 | 0.0044
65-69 0.0406 | 0.0394 | 0.0119 | 0.0114 | 0.1233 | 0.1226 | 0.0066 | 0.0069 | 0.0964 | 0.0948 | 0.0064 | 0.0067
70+ 0.0471 0.0471 0.0106 0.0105 0.1743 0.1743 0.0123 0.0122 0.0969 0.0975 0.0134 0.0133
F 9. olai A W of S()
Table 9. Age-specific disease incidence prediction (male)
Group General Cancer Carcinoma in Situ Cerebrovascular Stroke Ischc;ai;rggsr;eart ACUEﬁfZZEZirdial
Pred Obs Pred Obs Pred Obs Pred Obs Pred Obs Pred Obs
20-29 0.0016 | 0.0016 | 0.0014 | 0.0013 | 0.0043 | 0.0042 | 0.0007 | 0.0008 | 0.0068 | 0.0070 | 0.0004 | 0.0004
30-39 0.0047 | 0.0048 | 0.0035 | 0.0034 | 0.0104 | 0.0109 | 0.0016 | 0.0016 | 0.0160 | 0.0161 0.0016 | 0.0015
40-44 0.0088 | 0.0090 | 0.0039 | 0.0039 | 0.0188 | 0.0189 | 0.0027 | 0.0026 | 0.0279 | 0.0276 | 0.0036 | 0.0036
45-49 0.0150 0.0151 0.0047 0.0044 0.0299 0.0299 0.0039 0.0041 0.0399 0.0389 0.0054 0.0054
50-54 0.0238 0.0243 0.0061 0.0063 0.0488 0.0479 0.0049 0.0050 0.0547 0.0547 0.0078 0.0079
55-59 0.0402 0.0408 0.0078 0.0082 0.0655 0.0660 0.0062 0.0064 0.0706 0.0707 0.0097 0.0098
60-64 0.0607 | 0.0610 | 0.0104 | 0.0103 | 0.0920 | 0.0918 | 0.0072 | 0.0074 | 0.0905 | 0.0892 | 0.0125 | 0.0121
65-69 0.0864 | 0.0875 | 0.0123 | 0.0122 | 0.1217 | 0.1205 | 0.0077 | 0.0082 | 0.1070 | 0.1074 | 0.0120 | 0.0123
70+ 0.1097 | 0.1097 | 0.0137 | 0.0136 | 0.1696 | 0.1700 | 0.0151 0.0149 | 0.1049 | 0.1058 | 0.0178 | 0.0182
F 10. & Cfs] 2HER| Aoiglss
Table 10. Relative risk (simplified vs. standard) by age and gender
General cancer Carcinoma in Situ Cerebrovascular Stroke Isch;gweigsf;eart Acuﬁif;ﬁgirdial
g’?gjp Female Male Female Male Female Male Female Male Female Male Female Male
20-29 1.188 1.064 1.227 1.224 1.306 1.216 1.205 1.153 1.322 1.252 1.249 1.141
30-39 1.127 1.094 1.208 1.217 1.241 1.268 1.124 1.207 1.302 1.330 1.225 1.189
40-44 1.128 1.098 1.220 1.252 1.333 1.317 1.191 1.245 1.422 1.418 1.243 1.209
45-49 1.128 1.116 1.229 1.277 1.400 1.364 1.235 1.281 1.527 1.491 1.309 1.244
50-54 1.126 1.136 1.230 1.311 1.452 1.427 1.276 1.335 1.607 1.581 1.376 1.291
55-59 1.131 1.152 1.229 1.338 1.494 1.488 1.315 1.380 1.678 1.676 1.450 1.338
60-64 1.144 1.167 1.234 1.356 1.526 1.506 1.355 1.416 1.721 1.704 1.524 1.374
65-69 1.154 1.167 1.236 1.366 1.548 1.521 1.387 1.453 1.776 1.723 1.588 1.407
70+ 1.173 1.188 1.247 1.379 1.631 1.565 1.503 1.554 1.889 1.825 1.779 1.479
I 109] Aol wEw, IHAlE AR HeelA AAE FF AR 57 HAlE AEjelA 7Fol
A ] A= 1S 738 D% doH o w A 589 Hdow, dAAw 3] Ag oo} ojnel§ A
*Bgﬂ A vrERdh BEEE 3 11004 AEAE BE A o] FiH® & 7hs/dol Atk webA o5 HetellA =
A 2 AU EE 7153k, BAke] 71 ARk & = A= A Ay Bk A diold
Fob ASEE 7Nk B 3R] dyds Elek = vk 718k o= A} ko] A S AR
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Table 11. Relative risk (declined vs. standard) by age and gender
General cancer Carcinoma in Situ Cerebrovascular Stroke Ischj?eigsr;eart Aouﬁifzﬁzirdial
g’?‘gfp Female Male Female Male Female Male Female Male Female Male Female Male
20-29 1.278 1.168 1.404 1.428 1.680 1.586 1.540 1.396 1.873 1.742 1.629 1.426
30-39 1.267 1.256 1.451 1.360 1.672 1.691 1.484 1.504 1.879 1.862 1.414 1.513
40-44 1.227 1.228 1.453 1.416 1.664 1.760 1.478 1.552 1.916 1.910 1.483 1.457
45-49 1.231 1.250 1.440 1.470 1.756 1.843 1.545 1.603 1.981 2.063 1.538 1.556
50-54 1.215 1.268 1.403 1.501 1.787 1.889 1.558 1.653 2.034 2.142 1.597 1.621
55-59 1.214 1.268 1.399 1.518 1.817 1.917 1.583 1.674 2.064 2.207 1.643 1.672
60-64 1.222 1.268 1.377 1.517 1.836 1.893 1.614 1.699 2.161 2.185 1.769 1.692
65-69 1.232 1.270 1.402 1.541 1.875 1.901 1.659 1.721 2.281 2.231 1.893 1.737
70+ 1.245 1.275 1.393 1.514 1.991 1.901 1.806 1.814 2.437 2.325 2.223 1.846
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