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Abstract

The life insurance industry is interested in various factors that influence the long-term extensions of insurance
contracts such as the necessity for the advisors’ long-term management of consumers, product consulting,
and improvement of the investment aspects. This paper investigates important factors leading to a long-
term contract that forms an important part of the life insurance industry in Korea. For this purpose we
used the data of contents (i.e., data from Jan 1, 2011 to Dec 31, 2016) of the contracts of xxx insurance
company. In this paper, we present how to select important variables to influence the duration of the contract
maintenance via a penalized Cox’s proportional hazards (PH) modelling approach using insurance life data.
As the result of analysis, we found that the selected important factors were the advisor’s status, the reward
type 2 (annuity insurance) and tendency 4 (safety-pursuing type).

Keywords: Cox’s proportional hazards model, life insurance data, penalized variable selection, survival

analysis
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o] 2% 377 Ha Aok olHE -] HEAG B widh= HASAR toAF A
fA, AN BY BA AR B 48 28T ] 271804 2 mEAeh 59
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g 9 3 APE FFEe] FFS vRtke AL B4 28U o]+
X R AAHS Bk o AP A OE A9 Bz} gl ot 3139 &, AEFY, ‘éﬂl’\}
of 1A FHE] F-F T ABEE AL HolA AERACl FenetA dFdFE vd & de HPEES
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Table 1.1. Explanation for variables of the life insurance data

‘mo

<
k3l

1D

Sex

oo

Job

NI
R
Mﬂ

44), 3

|

H

)

A
(FA19F) 4—1,5—=2)Z 379 Typel & 1

A4

=
]

1%

X

H)), 5: A

8o

N
=0

X
0

8o

B
™
ey
sl

=
T

Tendency

7hel, 1:

(0

ki

Corporate

Drive

3] 250 IDYC R AR

=
=

[e)

A7) ZAT} o) B} EA]

= x
—

olf= AA4HE ID(AFA)o thsiA

27} 23 Table 1.12 2 k3 T).

X
A

LERSIEN

o
=

(@A F7A7171)
AEEY A

Fls

7 A

o S At A AWM (Status; censoring indicator)

=

b

mjp

o .=
g gd §F

o &

L
.

El

CE

2] 7
-1 X

£ =, Bt of

AT

R4
“—

A BAIFE AL

ok
-

A
Holgke QAU e BHLAAT A 7HA]

oH0:

AAH Advisor) 2} #HHE HH =

A
=

—‘:5—_]_

7ek M2 AL Aol
)

p
s

K

plo

Bl

AR 7H) A7) At Aol met A EA Gl A

R

Tho: ¥l 9%

pu
s

"=

=
o

2 o RoiA glout, A
CEREIES

HYS A

JU OT

A(Type) HAA, A
(3 A%

oF
o}
sl

(0) A4 (1) 2 Lrepicy,

juze]

A

o /JH(Sex)2 &



774 Dae Geon Yang, Il Do Ha, Geon Ho Cho
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Z least absolute shrinkage and selection operator (LASSO) (Tibshirani 1996), smoothly clipped
absolute deviation (SCAD) (Fan¥} Li 2001), Z12]3 hierarchical likelihood (HL) (Lee2} Oh, 2014)
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B=(Br,....0) & Fa% BAZE vge] Ak T MANE BRL A(1)o] BT o}7 A 2=
5 Fach whwel] wesldelehe /ge] WESA show AL %
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W e 913 843} b s = thed 2ol AoEth (Fandt Li, 2002; Ha 5, 2014):
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1 1 2 —2)1
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Table 3.1. Basic statistics for the life insurance data

e HES
Advisor 0 = 135(28%), 1 = 341(72%)

Sex 0 = 208(44%), 1 = 268(56%)

Age mean = 40.9, median = 40, min = 17, max = 78
Coporate 0 = 461(97%), 1 = 15(3%)

Drive 0 = 108(23%), 1 = 368(77%)

Disease 0 = 447(94%), 1 = 29(6%)

Type 3 = 30(8%), 2 = 166(35%), 1 = 271(57%)

Job 0 = 305(64%), 4 = 128(27%), 3 = 34(7%), 2 = 6(1%), 1 = 1(1%)
Tendency 0 = 181(38%), 5 = 22(5%), 4 = T9(17%), 3 = 83(17%), 2 = 83(17%), 1 = 27(6%)
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Figure 3.1. Plot of survival curves of Kaplan-Meier.
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Table 3.2. Comparison of survival rates among groups (P: p-value)

W Log-rank Gehan test Tarone-Ware
Advisor P < 0.001 P < 0.001 P < 0.001
Sex P =0.766 P =0.731 P =0.741
Age P =0.360 P =0.256 P =0.303
Disease P =0.160 P =0.132 P =0.141
Job P = 0.526 P =0.549 P =0.535
Type P < 0.001 P < 0.001 P < 0.001
Tendency P < 0.001 P < 0.001 P < 0.001
Corporate P =0.516 P =0.331 P = 0.409
Drive P =0.394 P =0.221 P =0.295
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Table 3.3. Results of fitting Cox’s proportional hazards model for life insurance data

Variable coef exp (coef) SE (coef) z Pr(> |z|)
Advisor0 0.000 0.000 0.000
Advisorl —0.884 0.413 0.216 —4.088 P <0.001 Hork
Sex0 0.000 0.000 0.000
Sex1 —0.050 0.951 0.150 —0.335 0.738
Age 0.055 1.057 0.008 0.744 0.457
Disease0
Diseasel 0.016 1.016 0.417 0.038 0.970
Job0 0.000 0.000 0.000
Jobl 0.448 1.565 1.08 0.415 0.678
Job2 —0.820 0.440 1.026 —0.799 0.424
Job3 0.296 1.344 0.253 1.167 0.243
Job4 0.011 1.011 0.159 0.069 0.945
Typel(Z41) 0.000 0.000 0.000
Type2(9F) —0.638 0.528 0.155 —4.115 P < 0.001 HoHK
Type3(A =) —0.443 0.642 0.276 —1.604 0.109
Tendency0 0.000 0.000 0.000
Tendencyl —0.352 0.703 0.366 —0.962 0.336
Tendency?2 0.031 1.031 0.214 0.143 0.886
Tendency3 0.361 1.435 0.198 1.827 0.068
Tendency4($H8 57) 0.573 1.774 0.199 2.884 0.004 ok
Tendency5(9 @3] 3 3) 0.646 1.908 0.302 2.143 0.032 *
Corporate0 0.000 0.000 0.000
Corporatel 0.150 1.162 0.439 0.341 0.733
Drive0 0.000 0.000 0.000
Drivel 0.040 1.041 0.178 0.227 0.820

* p < 0.05, **: p< 0.01, **: p< 0.001.

3.4. A HEIE 2HOIM B M=

S WASIE RPN Ha 5 (2014)2] W5 48PS 088 Anke Table 3414 ol =

z2hd 9 Aol HeJAF Table 3.4¢ ¢l No penalty A= Table 3.33} Zt}. Table 3.4 2J3}H No

penaltyol A& U] 7}x] ¥4 = Advisorl, Type2, Tendency42} Tendency57} 7213k Ao 2 e

t}. Table 3.49] WA el A3} LASSOo| A= Advisorl, Age, Type2, 12|31 Tendency4 S, SCADY]

A= Advisorl 2} Type2E HLo|A+= Advisorld} Type2 231 Tendency4 S Z}ZF A5 o

714 LASSO%: No-penaltyoll Al f2]317] 92 H4¢l AgeEs A3 A R SCADS}F HLE o] H4E

3R] ekt

£3]| SCAD+= No—penaltyoﬂ Al 1] ¢ 2] 3l Tendency4 S A& 5FA] 3t} 1A 2 HL-2 No-penalty©l
A olF ol sk A 7FA] M4 = (Advisorl, Type2, Z12]3l Tendency4)E AElsle] S 3 H-E A

S & 4 drk A7 Oi Table 3.42] 235 F+ “frailtyHL” R 9]7|#] (Ha 5, 2018)2] R Z&
£ F5ol AAIsHATt

4. 22 L HA

2 A7 AR F0E AEEYE AR (HEA) D Ak fEolA AEEE Ak 2o S v
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Table 3.4. Variable selection and estimation using Cox’s proportional hazards model for life insurance data:
estimates (SE)

Variable No penalty LASSO SCAD HL
Advisorl —0.884 (0.216) —0.708 (0.123) —1.065 (0.190) —0.858 (0.153)
Sex1 —0.05 (0.15) 0 0 0

Age 0.055 (0.075) 0.021 (0.022) 0 0
Diseasel 0.016 (0.417) 0 0 0

Jobl 0.448 (1.08) 0 0 0

Job2 —0.82 (1.026) 0 0 0

Job3 0.296 (0.253) 0 0 0

Job4 0.011 (0.159) 0 0 0
Type2(d=) —0.638 (0.155) —0.371 (0.094) —0.596 (0.149) —0.457 (0.117)
Type3 —0.443 (0.276) 0 0 0
Tendencyl —0.352 (0.366) 0 0 0
Tendency?2 0.031 (0.214) 0 0 0
Tendency3 0.361 (0.198) 0 0 0
Tendency4($H3 57) 0.573 (0.199) 0.184 (0.067) 0 0.252 (0.100)
Tendency5($] 3] 3 9) 0.646 (0.302) 0 0

Corporatel 0.150 (0.439) 0 0 0
Drivel 0.040 (0.178) 0 0 0

LASSO = least absolute shrinkage and selection operator; SCAD = smoothly clipped absolute deviation;
HL = hierarchical likelihood.
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## R codes for variable selection in Cox PH model ##

library(frailtyHL)

lifedata=read.table(“ result.csv’ , header=T, sep=" ,” )

formula <- Surv(time,status) advisor+sex+age+disease+job+type

+tendency+corporate+drive+(1|id)

# No penalty

fit.cox_NO<-frailty.vs(formula, model="lognorm",penalty="lasso",data=lifedata,
B=c(rep(0,17)) ,tun1=0,varfixed=TRUE,varinit=0)

z <- as.matrix(round(fit.cox_NO$beta/fit.cox_NO0$se,3))

p_value <- as.matrix((1l-pnorm(abs(z)))*2)

# LASSO
fit.cox_LASSO<-frailty.vs(formula,model="lognorm",penalty="lasso",data=lifedata,
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B=c(fit.cox_NO$beta),tunl=seq(0,0.1,0.01),varfixed=TRUE, varinit=0)

# SCAD
fit.cox_SCAD<-frailty.vs(formula,model="lognorm",penalty="scad",data=lifedata,
B=c(fit.cox_LASSO$beta) ,tunl=seq(0,0.2,0.01),varfixed=TRUE, varinit=0)

# HL
fit.cox_HL<-frailty.vs(formula,model="lognorm",penalty="hl",data=lifedata,
B=c(fit.cox_LASSO$beta) ,tunl=c(2.1,3,10,30,50),tun2=seq(0.001,0.1,0.01),
varfixed=TRUE,varinit=0)
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