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ESAT ASES 71 AL A 28413k Uld Ay B

'FUAREYTT AFERFAAATY - Sy T FA S

A4 20139 1249 309, =4 2014 29 5, AAEH 20143 2¢¥ 20

AL A ARG Arhgel Ze FRO AL WEAow
e A AL AT, AT, F, oS 5 TheFe Fofd
A5E BAG W A7Ae] Balo] neh A AN A AT £2AIZHS o] 3] B4
¥ % qdtk o EEAAE A AN AT

BN B 2 2

A5g B4R Bt o] Ame] B AN BSTALE] G/ T ATA AslsE B
252 2tk Aotk o w] BEEL BAAS FHE Ve B 2 ot B35 A%
AR Q3 QAT FEALE & S 7] Witk olefd A FRAGS 24 AN T
7 FE A9 el 489k mebd FRAHC] FY F 2o UelE TUB RIS A8t
of Fuege] A7 Aol VA E GG ok 4 Tk EF AAA PHS AAAE B g3l B
252 123 499 wsA e 98 wastus At

Fo.80): FHFEAY, 2HAW B2, AVAAAE, 2o Ye)

1. A&

Ak A 2R (recurrent event data) T FETi/do] S AT AMAE o7 W AHE wf DA = A
2 AR}, 2l 3, o ket § o rhekdt fopollA vebdth 259k =9 H AW A AR
A5z B3y B TG AL, FFolAs e HFY FAE9] 7 Y, AFeAkY] 2 1
&, B2 RS A 557 43, uheF 52 A ol Ark AL AR 2L 95 oY

=

7HA] A2 el F85 o] gt} (Cookd Lawless, 2007; Kelly2} Lim, 2000; Duchateau 5, 2003).
Cook} Lawless (2007)+&= AT AbA Ak A0 thaf thst 24} A AE 2708kt Kelly 2}
Lim (2000)2 oj&o] 7+ 5ol &3t A Ap50 thsl + 714 Al (time scale)E ©]-8-3te] 4
stk =, AFA AL (total time) T AP WY 4@ AIZF (gap time)oll el ¥ 23 (marginal
model), Z7F 23 (conditional model)3} Al34 (counting process)HE Z+zh AL3F AHE
v skt

AEDAYE Aoz A A ARE B4 0 DIl AAD Qe A 54 By
7] Y18 = el 23 (frailty model)S 118 e 4= It} (McGilchrist 2} Aisbett, 1991; Sahu 5, 1997;
Kim, 2010). McGilchrist®} Aisbett (1991)= EI2AFEZE w2+ g deE 1zFPon, Sahu

To] a3 20129 AR (A &HE7e)9) Hhdoz F=AFAR] ADL Wol 548 72AF
A9 (FAAZ: NRF-2012R1A1A13011350).

1(121-710) A& E5¥ A vlZT7 9% 254-8, FUA%

2 AAAA A (140-742) ME5EA] S A ok2A72 100874, S oAt g
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AR EE was Y 9EE A8 A AR Akg ol tiek A8 o2 Duchateau
A ool thel A/ AFs ol tisl F 7HA Aol A 2 dE] BYE A3 A1K
3t3ith Kim (2010)-2 AIZE 7HA Ze AElE w8 s 23S Abaqich

o] =9 542 #5+5 (observation gap)e 7HA= A Aol e 37 BYPe AH8sh= Al
o 2 g ol olff g2 #Z thito] A e AR —’T— e 54 AZ
A5 EC] AREHE BS g2 B35 AP I F (risk group) oA A= Aot A5 E
= 75 Aok 3552 @ =, FHES 849 4—@ el it

T Apdoleta & wf, whef ofl A 49 Sl Fobd 2 497
< Zoith. wEtA 99 71e 23 At YA dEEer 5
2 AFNA T Ame #5F @ﬂﬂ @EE ‘“X] 5% A5 gk
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interval censoring)S &
o] Z+zy g9t} (Turnbull, 1976;

>

A% 4 E FHe Pl oie) Rohch 4@011 b A A 2
52 Agsa 1 2HE vslRTh 5HeIAE AR PHe) ABAT B A7 Pl vhal =
3

2. 2HAT BEHES A AL A Az $A
B egeld SR ole 7 7158 WA gelsiuu, ind BTl jUA A B A7
by (=1 =1, n) 2 BBtk WA BEF| Gt A9E IBTH inA BEThA
o) j 1 AR U AR B £ 8ADE wy = by — by a2 AT 5 ATk 074
BE A AR to = 0013 ¢ F FE AW Aol T ul, Bl 2 kAT AZRAL

A

h
Win;+1 = Ci — tin, ©|TF 8 AFNAE AZRE st T2 SRS YA B BYPS 3
A= hoa=

Aij(wij) = Xo(wij) exp(B'z;;) (2.1)

Xij(wiz) = ANyw]; " exp(B'zi;) (2.2)

2] (2.1)2 v]E 918 29 (proportional hazard model)& F-&3S wje] P TolH Ao 714

ek (basehne hazard function)©]1 z;;= AIZW7bH FH S A7 1A FHE REE X3 F

e dE otk 4 (2.2)& 2olE RS FE9S w AFITE SAAS 8 71A 29 FEE

A3 B4 A = (Mo, 7)7F ok & dFoAE § ASHFCZHE dojR 28 A7 AFAA

g 23337 Yol Z LE E-‘Jrﬂ L3t} o & S0, vldE AF 2ol s v F 7K =g

B 23& 13T 5 Qo

Aij(wij) = uwido(wij) exp(B'zi;) (2.

Aij(wij) = Xo(wij) exp(B'zij + vi) (2.4)

A7 w; (E v;)e Za Qe &} (frailty effect) 2, 4] (2.3)01A uis B S, 4] (24 =
(—o0, oo) M9 WS & 7HAAl At A7A, us (Bv vi) 52 AR SHo|H 548 2 & wpert
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2 AT 59, 8 29 wE BTl 1ol Bkl 02 AALLE, A LA ok B

vaamma( 0| for 0 =c?

; ~ Normal(0, o>

3714, A4S 53 FESMAY] 0|24 (heterogeneity)S Ietsh 4= Qlth. ZH LEE 233 2k
of thdt B 4L #1514+ Nielsen 5 (1992), Klein¥} Moeschberger (1997), Kim (2013)& 31
37 vheich
olA %219 AU ASES T3 AL zk5 ol s s o)
Wa Wiy Win Winn
I I I L I
0 Iy Ly 854 gty I C;

Figure 2.1 Observation gap [gs, gt] at recurrent event data
Figure 2.1o| A3 7 AR ti; — 19} t;Abololl #4552 8L vkl sixh. #5529 £ o F
‘—‘;‘_—q-E]—LH-‘iX]/\] "l_qu]' \_‘-vu“] )‘]7]'¥7]'0 14']:’]' '15{( k7gtlk)121"'7nk:1"'7mi}
AP B o2 YehllE AARSE 65 7F BRI 9714 gsas BEFE AIFAIR Y gtus F
AR BEEo] A g = 10|31 jHA] AFAL /\]71}1_7—5"% Ut 2ol 7 Fiow ‘Jr“r
SEEELEES
Wij1 = gSik — tij — 1,0:51 =0

{(wij1, 6i51), (wij2, 0ij2)}, where
Wij2 = tij — glik, dij2 =1

A7H BEEO] WAT B, (Gir,6,2)°0 THAAE R WA ADL BEEol BE AT A F
= RA2E 5y, = 0] A £ 9 AL 22T FAI § IO AL AAl02 b =
19 A9 Ak WY A&H oz WS A Aolo] HEFo] MASHA gherh, gy = 00]

wir = 1y — by — Loy = 1o]Eh o714 B55e] 2L A Ae] RE9} 59 1111 F5 AT A
EEEES DERE Loy
olwf 4} (2.1) =t 4 (22)9] BRI S(wiy) = Awiy)S(wiy)S) BAE ol§3te] o] S=F

4= (likelihood function)& F=3% 4 Jth
n n; %ij+1
i 6y

=TITI T fCwisalzis )’ Stwsjalzig, u) =599 (win, ., [zin 1, us) — (25)

i=1j=1 g=1
A7 ¢ = (B, N\, 0%)E FAMFE B4 Q= 25 WE ot S5 (25)dME ANHE ¢; 2
ol o g AS5Fo st FHE WA Hoh wek S ASF FEE AL e Aol
9 FEESE FAUEoEN R4S AT 4 Qv EM €859 A8 HHL 7P wol 185

rr

ol 2 dE|7F Aup B2} Aqf 22 E wh=EA o ol wet of2] ZhA] ALt dare|ge] A
42 4 At} (Klein?} Moeschberger, 1997). & =Fojxt R Z2339] coxph HHES AFE3IA
o} (coxph(Surv(w,cen) x1+x2-+frailty(id,dist=""")) T+ survreg (Surv(w,cen) x14+x2+frailty(id dist="
). ol WS F6 P2 3 AT} Bak2) T4 Thernean 5 (000)0) AV W S
(penalized likelihood) WS #-83F Aot} T3t Sahu 5 (1997)2 £}olE B2 Byof st A



330 Seul Bi Shin - Yang Jin Kim

T 22 wa2s 2 dEe 8-S nHsgint. 2 dE e FEo e E oE WHeRe ASH
(hierarchical) + =389 482 18T 4 & Aot} (Hasl Cho, 2012; Ha} Noh, 2013). 53]
2ol /ML frailtyHL R-97]X]& w]$ F-83 =230 Al5dct 2 dFoA E4 215 3=
Eo] JH7 BEAAS 252 YA AFe RE=2 a3 HHES FE3l7] Ao FEE] FEATT

TR da7 ok o Zolde B5FY SEAA gtas F e ol thel ot e% T

o}.

o AToIAE BEE] FRAD grut AL AL RES} Soleln ART. FRALL %
d3t7] sl Figure 3.13 2] gix = gt — ti; — 15 AATDTh 5, giv HIE o] AR LA A
oty — 15 A5FY FEAR gta7tA AIDTAS veRdth. FEAA g o4 EE W
(discrete random variable)2}1 7}t A E &5 Ak e o2y o] Fo ).

fzk(gzk):Pr(gzk:wl), 1:17 » 15 kzlvmh l:17 , 1.

A 2s —Er_ft% FA87] flof A5F2 AAA O et gpe T TE AL AL e ¢ FE 2D

‘ﬂ?q R } @%—‘ZE AR WHC’ﬂ—‘E BEFo] AL AR Abololl A BAs= AFpolm gin €
(tlin, tra) = (gsik — tij — Lty — ti; — N2 YEPE 5 vk ¢ T& dgoew iﬂ%% 35e A
o ASH AR o] Fo ”’fgol 1-7:]39101/]. - Abd o] s dofl A7t a1 Aotk
ol Wl gir € (tlik,00) = (gsik — tiy — 1,00)0]th. 2} & AFoA & IASFo] A+ TE ol Lo
Prha ZHgsg o meltd BE gus 7 5 2dE i 7Psit) g, 0 BE2E 2487 Y6

2P} B2E FRANT A B3t 5 A4A AR o] AgHy,

0 [ g5, gt, L, ¢

Figure 3.1 Redefinition of termination time of observation gap

fir(gir) = Pr(gin = wi) = filwr) = Pr(tlin < wi < trig)

9} Zo] x¥E £ glon, &, fid FH%= AR FEIM Aok i FAHI] 3 7 F=
A X]-E-J ExE AT u] A5 ARREE Turnbull (1976)2] #F7] 2] &31E]E (self consis-

2 Ttk B a7 ]HL RoIA Al&3h= interval 37129 icfitT<+E A}
&t icfitFrE ARESHE 99 22 e E {w, I=1,--- ,m}& AFdHE 24 g5 &%
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24% 5 ek ol 49

MS

i fi(wi)wy

—

E(gix) = ——
lzl ok fi(wr)

for oy = I(tlik <w; < t?“ik)

AZNA @i wiol F7b (tin, tri) ol EFHEA QRS el AA Gty 249 E(gu) S
o]-g3to] gtinE Thaat 2ol FE3U

E(gtir) = E(gir) + tij—1 (3.1)

A gt FAGOR AU

I~U

3 A 2R3 9w RELS AgRTh o
ZolA 9g W A% S¢olela AR e,

Y(gir;m) = v0(gix) exp(n’zy,)

T E5 2 AR g ol tgt 289 3AAS (0,7 = (n,-
Z3F= intcox 7] AQ intcox T
convex minorant)- 0]—36}011 7+

AA 73 AHE AN A (33)3

7)) 8 F3H7] S8 RolA Al
£ ARRSit). Pan (1999)°] A|AISE intcox 3= ICM (iterative
FE A A5 tis) vl 9 2¥Y 39 AsE =S o
Zol] g& A -5 FA3ct

vTr= T

—~ ~ Dikr

fikr = fr(ziksm,y) = ————— thie < wyr < trig (3.3)
> Diki

tli <w;<tr;

o714 HlE AE 2R

S U Pikl—

lo

1
pikt = v exp[n’ zik — exp(n’z;;,) Z Ve

(3.4)
r=1
ojtt. B34t FAEHE 3.1-NA L} FAsE o R FEAIRS v o] FAHE 4 Qltk

S

N Z wfzkrwr

E(gik|zik) = :IS for ar = I(thi < wr < trig)
Z zrfzkl

39 ¥ 239 E(ginlza) & o183t #5582 $BAR gty s FH3T}
E(gtiklzik) = E(gzk|zzk) +tij—1 (3-5)

A (3.1)3 4 (3.5)8 B3 24H BZE9 ZBAIT E(gtu|zin) (= E(gta))S Axtsto] st
2E5¢ 78 4 Ak o)Al 489 YTOP ARE H437] A3 2387} 3804 AF% = 744 A
ot A4A) 2o e} RES HgHET
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4. AA A=

Ehs
1x

2 oA gellA AAE BHS AA A5 7‘4%@-\3}. =4 }—QL YTOP (Young Traffic
Offenders Program)At&+= 1= Missouri A GollA &4HFE 9392 o7 16~2349] %
L 2AAES It £E99t 7|2 08 Missouri State Traffic Violation X}E oA Al&= At (Sun
%, 2001). A7 EL AFHFE AN 42 AAECY, HAHsE &AW ASYRH 19959

J]ﬂ é

r°"

TE7A] SE9ukE 235 s SN IRtolth. A 19389 AR} T FA2 AR 1399, o
AL AA= 54™ o]t} E3F o] o 98WL ;M3 AEste] Y ﬂ%zizaﬂcﬂ YTOPE 4!

Asthty. YTOPE w5y 79uhix wgzgados 74 45 20mph
AREA LAAEA A BAFES APk o] B LARFEAA
HEE ARSI olg) A Wt s RolFuA LR eA5Re) 29E A Stk LA
S HESN AVAFHAE 1~128]0]0) AT B 3.1490] LS AR B BN
YTOP #eloli (ytop; 1=3e], 0=goiat7] 9h2)o} 719 4 (male; 1=H4, 0=c14)o] §7
S A @ A7H] T JFHS FH Bk

o) RS FURE G A AAEAAN UEAD B250] vehdehe Aol 3 1039
409L WHAAE WA Hn] o] 7|7k B 5L AL T 4 QA =
Ar}. =3, WsAAE we Aol td A= AFH vl FA7} SR AR A E
o917 ghelth. wWeh W BATL SHAY AR 2457 A9 72 FE 4D AR 2We] AE
o 77 FE A9 FEAMC 242 98 A4 218 F A wEe Aga

e ) R Ewel
A3 AEAET

=, mlm

Rl Lo

Ohﬂ rﬂd

Uimf

I

1. 3HFEH FRAIM) 5YHY B

Table 4.12 YTOP =21 ZFojojite}l Ado] dAF AR SNAANA gut SHYS 713 ol vl
A3 2y StolE A7 RIS A Al Zelnt. WA v E 23S A& AAE AHEAL
ZHdE 7t AR EzE 2oty 73S o YTOPS 3 AA$E-0.492 (s.6.=0.115, p-value<0.001) ]
o, A 837} (male=1)E 0.255 (s.e.=0.123, p-value=0.939)2 FAHt}. =, YTOP &S e
%ﬂz}ﬂ HAul A EC] &S WA 942 AR AFEY exp(-0.492)=0.6110]H, 2=}
o] A% AL ARY rqmu} HFE a3k YAE o] 29% (exp(0.255)=1.290) =& Ao g byttt
Aﬂl dElo] BAF AL 6°=0.202 (p-value<O. OOI)EE—‘?—H ME AR Y] &5 ojul Aako] A7 T}
S o 4 Qo). vk Z e AFEEE 7S wl, YTOP o] 83+=-0.488 (s.e.=0.115, p-
value<0.001) 0] A= a3= 0.235 (s..=0.115, p-value=0.054)2 FARH}. = dE 9 B4k 4
Zk 622 0.189 (p-value<0.001) 2 7WEL ALY £29ul Adko] AZ T2 Ao g Jehyrh T =g

o
—_
Ut

LIS 4§ sk A e RS AL FAGC S0l RIS AT AT D el
A% wRS AT A7 AT v FARES BT 5 Ak Sol BL R Z2 oA survreg
S5 AR5 O Ay 39 A AFT (accelerated failure time) 28 Slol|A] 37 A4E A5}
< e AR S, vlE A8 2Y0lA 29 Age AdEC] 278 whde] gholE BlAME
22 A 7S e el tiE dFE S FASH Ak kA golE 2y stellA YTOP oot
7389 Eatell thgh 32 vlel A 2 stollA FAT A} W) £5E 7AA "t 2o
£ 23] A8H S ul, YTOP Foj= W+ Ak At 28 A7e AFA7|= /o3 238 Hol
o A AN AA AL 2847 o] Fobde & o Sl



Statistical analysis of recurrent gap time events with incomplete observation gaps 333

Table 4.1 Termination is independent with covariate

frailty gamma distribution normal distribution
proportional hazard model
Covariates Estimate S.E. p-value Estimate S.E. p-value
YTOP -0.492 0.115 <0.001 -0.488 0.115 <0.001
male 0.255 0.123 0.039 0.235 0.122 0.054
o? 0.202 <0.001 0.189 <0.001
Weibull model
YTOP 0.494 0.113 <0.001 0.492 0.113 <0.001
male -0.227 0.120 0.058 -0.247 0.118 0.054
o? 0.218 0.177

k

4.2. FUYH FEAA ol AV U A4S

I 27t A BRI S5 A g S AEBATF e w4 (3.2
A Z‘]]J—S]»— intcox #7]#]9] intcox3 —’,\—% o] A o
ok 4 (3.3)~4 (3.5)F o83t FERAIHE FATTE Table
AR 1 4 Qi

Table 4.2 Termination is dependent on covariate

frailty gamma distribution normal distribution
proportional hazard model
Covariates Estimate S.E. p-value Estimate S.E. p-value
YTOP -0.500 0.115 <0.001 -0.496 0.115 <0.001
male 0.250 0.123 0.042 0.231 0.122 0.058
o? 0.200 <0.001 0.188 <0.001
‘Weibull model
YTOP 0.508 0.115 <0.001 0.506 0.115 <0.001
male -0.226 0.120 0.059 -0.244 0.119 0.040
o? 0.206 0.171

A ol 232 2AR B5Fo] 3 Aol v 4FHS AESH] Adl vlE AH 2P gfeolE
2yS A8t 2¥ 12 #55< 1A kS wio) B oz WA bl Adamel 2
o A5 dAndtt. RYlle 9% YTOP 2233} o] AeAgA SFEAA gtust SHY
= 7P o vBS PHOR gty TSI @ RYPoltt. RIYPMS w7 degA FEAH

=2 s +4 3
gticAtelol AHAAZE Q& wf el o3 =4 gt s 0] 8T 2ol

Table 4.3 Comparison of model I, IT and IIT

proportional hazard model

model model I model II model I
B s.e. p-value B s.e. p-value B s.e. p-value
frailty gamma distribution
YTOP -0.556 0.114 <.001 -0.492 0.115 <.001 -0.500 0.115 <.001
male 0.272 0.118 0.021 0.255 0.123 0.039 0.250 0.123 0.042
frailty normal distribution
YTOP -0.562 0.114 <.001 -0.488 0.115 <.001 -0.496 0.115 <.001
male 0.260 0.117 0.026 0.235 0.122 0.054 0.231 0.122 0.058
Weibull model
model model T model II model I
B s.e. p-value B s.e. p-value B s.e. p-value
frailty gamma distribution
YTOP 0.576 0.111 <0.001 0.494 0.113 <0.001 0.508 0.115 <0.001
male -0.239 0.119 0.044 -0.227 0.120 0.058 -0.226 0.120 0.059
frailty normal distribution

YTOP 0.559 0.112 <0.001 0.492 0.113 <0.001 0.506 0.115 <0.001
male -0.259 0.113 0.022 -0.247 0.118 0.054 -0.244 0.119 0.040
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Aotz el ZEE oA FAASY AUAE B ASES vEe] dks W (B 1)y
AL (-0.556, 0.272) 2 FEE5S 1T of (EFIL M) vsh A e ST &, 355
o] FAE AL, IEFFo] AT XFE o] AT AFFE HH L ol HlE T B A
AHE] A2 E glolE RYPoAE 28 A7) 7+ (deceleration)S 7FH A Atk

5. 48 ¢ B9

HS5thdo] FLs ARS8 W AFEske AF olol gt AAs FAR o] 7" 2 A7
A AH BRAAEZE] A8 AIZE (gap time)S o] &8k WS A&t E3 o] F 4R IS
FEL AV ASAA ALE e ASEE 2 o] AEE2 FIAFEES ¢ 5 ole ES4AS
2 Ueh 7= steh a3 BE uxo FEAF gt 24 o] gt o] 3 #1 T& A As
23o] HEEgon TEAFTL FHFTY] AA AR wEt F 7 PHE 1T 89 T
BAAE o]&st A A AR E BASGeH ASTA U A APz ABdS LotH 7|9 E
ZHdE S 2o Zﬂﬂdv}

Aok whE-e AARE S YTOP AH=o) AL Hoprh 2443 YTOP 223388 &35 2213
o M9 EE APRE o] FolH (= HAEE AL 22X 7ko] AFE)E 1% £ QT FAALAR
of vlsl o Ad-AALY] WA ALEo] W) (e AL 284]7Fe] AthE AS & 5 A =3
ZH del9 B 248 B3 N °Z4x}u]—1:]— L= Aol tha A Yehdthe 2 Fskdt

Foll A Al Ael B FE Al HA] AFHEE dFHE £ Q. HA YA E 7Y

.ﬂ

(gap time)©] obd A WAYAIF (total tlme) o]-&3}= Z 9| YTOPAIZ A A HHg-H4
ARE 128 uf 483 YTOP ZE 33 Frojo Br wqiejubel] njx]&= J ool thsiA Eels)
9%11]- th2 o7 ojHEk At ALA (bivariate recurrent event) &2 A= Aoty B =RofA
ZHA] A APARES T E g ot flolA AAE HHS T 7EA] A AF S 7 A= g
EORE FF AdFe B ATl AAE r/]"’hﬂ' 7]'7“01] 3t Bl AARE AESH= Aot
i WA 717+ HF b A dA7 Qlemz B Ao A 7S £ ALAZRY] S9H4
93k B3 4= ok wEbA ol & s As] 8 F Mt AdAdE 1 E 5 gtk o8
FA o] nHETh A, F5E FHES 59 2 23 (joint model)S 12T 4 Sk
EYE 7HEske Aolth. A, Hwt A5 W AA 77kl st 3 2y
T 13T 5 g Aot
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Abstract

Recurrent event data occurs when a subject experiences same type of event repeat-
edly and is found in various areas such as the social sciences, Economics, medicine and
public health. To analyze recurrent event data either a total time or a gap time is
adopted according to research interest. In this paper, we analyze recurrent event data
with incomplete observation gap using a gap time scale. That is, some subjects leave
temporarily from a study and return after a while. But it is not available when the
observation gaps terminate. We adopt an interval censoring mechanism for estimating
the termination time. Furthermore, to model the association among gap times of a
subject, a frailty effect is incorporated into a model. Programs included in Survival
package of R program are implemented to estimate the covariate effect as well as the
variance of frailty effect. YTOP (Young Traffic Offenders Program) data is analyzed
with both proportional hazard model and a weibull regression model.

Keywords: Frailty effect, incomplete observation, interval censoring, recurrent event
data.
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