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2 o
@243 ol (bipolar disorder):= 2% 43} (manic episode)2} $-&% 43} (depres-
sion episode) & WA 22 F Yot 7| R Fof ot FIA Fol A A &5 2F
Hop AZ4E 238 A2, X80 EF9E ZAVE oyt €A Yot B A7
9 EAL 923 (depression) AEo Y= BAEL Y22 FL2AE A3t A
% (normal) Fel 2 AAPL o, FE] F7) AHE o= dojd 5 Y+ 25 (mania)F
2L RALE SAS LA St o) & 8 A Ao 2F o2 ASeH 225
A7k REE FA8UE B AN E AZR vy, 24 A, N 24 A a8y £5
WS A2 ALtk £ NE A 5L gotEr] A 3 dA B
A3t th o2 S0, lllness-Death R 3o A 7] 2 Azke] AN Ao o3t &
Ast7] A8 Ag AR g3 718 A O AL 2F3EAH
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F880): FF4 BN, &2 4, llness-Death 28, Ho| &E, A+ H4.
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lo

I3 B 23 A% $23 ANE VB2 FYHE AR olh $2
A3 25 ASET A&7 0] B 49, A9 9489 1/38 +£% AHE RUE A
2 28A 9o ol 2Fo|Y AxZH} 358 71 7)ol (Judd 5, 2002). X3
%5 A% 23 ABIED A ASAE 2 S BANA B A3 25T BAE 29
35 okgel AREE Wl Yukdo] wste] AL AYEo) 200 FL Ao FEA 9
o, A4 70% 7t 9% A3t A Dol ) (Tondo 5, 2003; Baldessarini 5, 2003). ©]
e 424 AT 8792 925 ARE 98 AL E FLeAY A o7}
2 BESHA wE A YA Gk FLEAE 2 BL4Y A ARF e RFoE2 IR
A% 742 BAE 70%7HA) LA d T H s 3 gt (Goldberg®} Truman, 2003). T}
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ZA B8 7h2d AA oA F2AH Fl Ao A FEA
o 717kl A= SAE 27] 99 =To] Y= AF ot
3 g2 EA FAINLE A7 A V1 EASY] BPANE B
EE FRSLA #k ol & A FL2AV AYE FFA FolBAE YR FLE
A A6 T X8 A L 7| E AL 1o} A A7) g (5 E o] &3}
of 7% AR WANHY B2} Q2T FAE ZARTA B} olHB BHE 9
A B AFANE B4, MESE 283 2247 9L A0 A0 220
AE RS $7¢ 23] 2045 T AR ABAHel B B4H S F L) 32
X Zo]&E (transition probability) & 74 3}7] 93 Illness-Death 2 8- 7133l #
£ E ol g8 WESH o] AEUY. Loz olF YA2ASE AZUFE 3
I, o] 59 Aol&E N FFE ZAFY AN 243 Yo) AgHTh viA gt 43
A A&FE FAE A A gt
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2. XE £ oyl 24
2.1. X} £7

20023 397 ¥ 2005 5 A& 5 oMY FAF JAE FET BAF A F30
2% A3 v ¥54 A7t Qo WbA ANANTF S 24 Aol AFE BAES
ez sk olFolA F¢EA AYANZF 6719 ¢ £3 A&7 ASE @48
ddes e A% AF F6MY e ¢34 A A& AHE FFHLE A
Atk S Bol B FEI=9 FL A AYI=E S 2L A EAE 2109
olglen o] &9 A7 9 F4HE AT FLEA 4 2F o} AHHLR A
FHYeH FeA A F 6L e A2V ASE A 8L HF AU
AR 252 LB A, 73717, rapid cycling F5 (12719 5% 4% o149 712
A" 75), Al 17] 374 F 48 283 Jdo] fFH4E AMEFH A Aot dF
02 3299 FA; Bt} 467 9] A} FAE FAE Jdon, FF AYL 4194, ¥
A3 WA B ol 39 etk BE B9 27] T4 £&5 AH (D)olH, o
T EF BEN), A2F (HM) Ex 23 (M)E d@dh Q7|4 253 2352 4

F 2L 718 A8 738 £ A AHE 71709 3EFH 2E AR

s 71 ERE Y BAE5E A | 7R AF YA FNA] 285 AW
I D—-D 8

II D—-N 39 66.18(39.44)

III | D—- N - HMM) 16 39.80(28.00), 40.33(24.37)

v D — HM(M) 15 53.80(40.72)
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KT FAAolE A EEte] e AU g Aodit) watA o] A Hd BASL 7B
Ao wte} & 2.19) 4709) 2Fo g BERHT)

714 2F U9} 215 I &3 BAEof thal 235 AehollA B4 Ael7tx] A
A7kl B (REHA)L 27 66.18(39.44) 7} 39.80(28. 00) 1w, 259 Aol & t-
e AYPS W, ¢t =23609 FAFEL & =0.0220] Ut}

.|_4

o] A79 F EAL FL A A FAV AL AJFo 2N F2E EE 25T
Qﬁﬂﬁ%—Q%ﬂ 2 gk mhek A #2171 A4 (N)AE o) o] 2 3 F xS (HM)
oy 2 (mﬂﬂ@ﬂh Hﬁy+”ﬁ 7+ @ Aolt}. ol Hﬂ@”ﬂmqﬁai%
(HM) 3—%‘: Z2F M)z A&aZu7tA ZAee AE 28 A7) s o] &
A xS a‘Ls}Lx} 3o} WA 7| 2AH] A 2R3 95 21 2.19) qu,m
327 B ¥ (progressive three state model)& AM-4-3hc},

S EE8AE2 25E ZF37] Aol A4 AHE AH8HA 20z AR e £ o
&3] 517 8 112 A (NAEE Fojd A7, T F2F 22 22 (HMM)e =
Hold Adu, 22N+ G =T, —Ty°] At} £2A17He] BXE £A317] 913 28
Iz} 35 IVe] A8 & o] 848 4 Utk 74 2§ IVE Tio] €84 9A geng A
B 28NS ¢5 Qo FAV0O< T < Tho|BEE T2 F3E A (left censoring)
ARE AFE 5 doh AFE A O 539 FEEIARY oIE 57 93 =
2.2§ F118}7] uigc} (Klein#} Moeschberger, 1997).
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Ag FAFxzdEd Z270EG
< 0 T<c¢g L<U
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X 23 A48 EE 2SR

X RIOSEH

2| 4= -25.176
Slol B —23.856
Fag:s —22.431

R e B —24.144

g1 le 2\

flgim ) = T

BFL 7/A=187/0.03=62.06 oItk ¢ AFHE AL ¥ w, FFH o2 629, FYAHE
A F270de] 2 F 323 F2 234"z A8 ¢+ Ao

3. Ho| &89 =H

3.1. UI_IP_AX-I UI-U-I

o] AolX= AHIEZIY Aol Y& 437 A8 Ho) BEL AHE3 o) E 98
B¢ Y vt2 3 X 34 (nonhomogeneous Markov process) 3}ol| Al 28 3.12] Illness-Death
23 & H&3r)

Ilness-Death 2 & o)A X (t)& BA}2] Al Zbol] we} W3letE 7| EAHE RH3= &
Aoty 714 Z AR A, X(t) = 02 B=}7} %%"Eﬂﬂ A=, X(t) =12 B4
2E 23 X(t) =28 ARF T2 234N IS dudith F3 Al 27
ANA, &, {0,1,...,K}, Aol BF P,;(s, )&= O+ Q°] CERR=3

rlo
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ofd

Paj(s,t) = P{X(t) = j|X(s) = h}, 0<h,j<K.

B8 ALHIEYE B85k N(t) = (Ni;(t),h # 5)& he3 2o] Bk
&

-7
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Npj(t) = [0,¢] 5 ZE) holl A el j2 AR Aojd BRE #F 5

Nig(®)9] S 45 Ms(t) = ang(OYa(0)°15], 714 Ya(t) = I(X(t-) = )2 A=k
(Andersen 5, 1993). Y, (t)= ]-’;,‘- S Ao, ap(t)= AT Euis PR A
BejoA ThE FEHE o] & 7= %‘;‘-7@5{}5}. NE Sol, FEAeANA BAEEHE Aol
AR

PX(t+ At) = 1{X(¢) = 0]

ap1(t) = limaso A7
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1% 3.1: Illness-Death 2§

oln], Ao|BE3} Ho|Bx7te] FAE FAE (product integral) L o] &3}

P(s,t) = | | T+ AA(u)), (3.1)
(sit]

E B3890 (Anderson %, 1993). 4] (3.1)0A A = {4y;}, Ani(t) = fot apj(s)dsel
Oph = =} iap0n S BAZF AP B} ojm, thg9] Nelson-Aalen 373 & 0|43l
A AoA=E 29 AL 53 784 FHul,

A= [ I (s)(Ya(s)) " dNns(s), B (32)

A71A Jn(t) = I(%(®) > 0)°1 2, Ann = — 3 ien Anjolth WA 4] (3.2)8 |83t 2
39 Ao|gEe

P(s,t) = [[@+ 2A(w) (3.3)
(s,t]
°]1l, (3.3)8 Aalen-Johansen 5% 8o 2} 1 #t} (Aalens} Johansen, 1978).
2 TN AFAAN HoRERLL P(0,¢) = (Py(0,1),0 < h < j < 2)2 th ]
¢ £ £390 |

P(0,t) = ﬁ(l + AA(TY)).

i=1

o714
1— AN (T3) AN (Ty) ANo2(T;)
: A S S
I+ AA(T;) - 0 1- Yll(zTi)l Yll(r‘:.”i)l

0 0 1
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Survival Rurction {D=>Nor (HM)
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aY 3.2 39 HAo)&E

R, 0< Ty <Tp <+ < T, <t& AA| Aol7} AZH AIFEIH, No(t) = Noa(t) +
N02(t)°]‘;} a¥ 3.2 T’S‘% Ao &-E (P, Po1, Pz, Pra)3 /‘]ﬂ‘?ﬂ”‘] &3 Aok A4
9% 192 Do N EE (HME2 A8 BFo|n, o474 34 £ 325 S AR
oz 7133 0 o] 2¥8& Ag&zﬂ- 2 270328 4 9t} Alp}gazla%D_,Ng_E
A%Y %Eolv A Aol AA 1718717 2A 2A $ee ¢4 Uk 5 B4 BE
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A2 ¢4 Atk G 0B 1YL N (H)M Ho|HEe) 240 B Aoz SPH
o REE AW, 600 2A0| B BE 3718 A o5} 2L AHL 2289
B4 Y s 2L ZET MLt 19 338 N - (M) 42849 B
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Susvival proby {N=>(HIM]
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a2¥33: N> (HMAETFe 8H Ao 7=

ap;i(t) = ahj(t)exp(ﬁ,’ljzi), 0<h<j<2,
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(3.4)

A7 z& BAYE A2 L AT FH Ro|B, Bt (h - 5)9) 718 AT ABD o)
3£ FAAS I Beh B A7l E AR 07 ZRo) Ban o8 A8 A8
Sl ARE 0ed 2ok @714 T2 SN AN AP AT TE
4NN A2F B 25347 AeE A U 9 (349 25 2L 9
8 AH82 AEAZ, T3 AN RS E thes 2o Boan

(l) Qp1. D—->N , 601 = I(J"E— 1I 9—]— III)

T = Tl.y
min(7y, c),

(ii)a02: D — HM, g2 = I(J‘E‘ V)

T={ ™
min(T1,¢),

(iii) caz: N — HM , 615 = (5 II 9} III)

T = T29
min(Th, ¢),

if 28 II 9} 111,
h ) e B

if 18 1V,
a9 3%,

if 15§ III,
if 2% IL

A7 e FE ADAZRIN FA0E FEARF Szt AR 53 89
BFoAN ce A7 T8 AFOAT a8 BF FAA AEEHE As: FEDY (left-
truncated) Rt 2 2 olF| S olof At &, A FelE ZEI A (2F IL LTl HAF
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£ 3.1: Ao| &g h¥ AAASS +7

/ D—-N N -» H(M) D — H(M)
Bo (se) p-#t Bi2(se) P Boz(se) s
28 (AA=1) 0.381(0.294) 0.194  1.586(0.737) 0.031  0.431(0.534) 0.418
el —0.004(0.011) 0.713 —0.045(0.027) 0.102 —0.024(0.023) 0.307
8 717+ —0.018(0.019) 0.340 —0.125(0.067) 0.064 —0.019(0.034) 0.588
DX (BP1=1) 0.168(0.292) 0.563  0.210(0.706) 0.761  0.134(0.524) 0.797
recycling (f+=1)  0.4682(0.414) 0.268  1.786(1.129) 0.113  2.007(0.600) 0.000

Tol £ 4 900 A nde Bl Bl 29 TALERSY ATAVEE o]
43t B2 & FR A

i Y iR zjeXP(ﬁuzi)}
d12i |2 — = ~
; = [Z Z]’eRi exp(B122;)

A7H Aoz e 2ol BYHE AYES, Ry = (6 < Tyy) ANl R = (T <
t < Ty)7h AL E 312 2 Rolo] Bhg o3 W4l Etol Ul 23 Feln] o]
€ 2A2 hee 3EL 92 4 Aok

e D N:do] #8 Ro3A FFL 2= W48 LA Fa

o N~ HM: 383 #37120] §218 digolu, 07|14 o)A A4 S, $971% 7
£58 RPN A2FoE Ao

e D — HM : recyclingo] 2] 3 W00, o] 714 recyclingS 713 A L4-&E &5
MM HlE FxRFoz Hold FEFo| ot

(BP1=1)& A 17] 24N & 2 ulaic}.

rir
Ao
_3_,

Ale oA 2388 53 I3 Aol A1 712 A dF =YL
E AP E, $E€5S A2 e A= AF AHE AX AzxF5L F
MIH A '6&2-. 3HA By o] AEHQh AlgHAH L 0]-8 3] Illness-Death
i’*l HE2S, 243 9ig 43830 9714 S8+ 939 Irz
& Xﬂ/\l?}&i”ﬂ 2 =E8E nREstaat snh 24 Fojol #s A3
Fol o5t FAAN 392 B3 Aojo] F23 JFE nAtn LA Yot o}
2hA 7RQ1e] Wolgt 22 EAF 4 gl EE frailty E3F FE3o EEE 5+ g0}
(Hougaard, 1999; Kim, 2006). =t}2 Zn|2¢ A Rol= Zx Fddo] vk g o3t
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AEE T¥3l= 4 (informative censoring) o] -4”37']"]' FAZHGE A2, gaA
239 HLo &3 Aot} (Datta®} Satten, 2002). &, FEA o] FA YL ¥

g dAEYL u], FEAG Y3 dxo Ry E Q’”“ Eﬁ’: o254 He AAY £

A EAFAE AL F AL Aol

o
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The Application of Multi-State Model to the Bipolar
Disorder Study

Yang-Jin Kim? Si Hyun Kang® Chang-Yoon Kim®

ABSTRACT

Bipolar disorder, also known as manic-depressive illness, is a brain disorder that
causes unusual shifts in person’s mood, energy, and ability to function. Compared with
manic episode, the depression episode causes more serious results such as restless, loss
of interest or pleasure, or thoughts of death or suicide and the cure rate of depression
episode is lower than that of manic episode. Furthermore, a long term use of antide-
pressants in bipolar patients may result in manic episode. Our interest is to investigate
the effect of antidepressant on switch of moods of bipolar patients and to estimate the
transition probabilities of switch between moods, depression and (hypo) manic. In this
study, three approaches are applied in terms of multi state model. Parametric model
is applied using left censoring data and nonparametric model is implemented under
illness-death model with counting process. In order to estimate the effect of covariates,
a multiplicative model is used. These all methods have similar results.

Keywords: Bipolar disorder, antidepressant, multi-state model, Illness-death model,
transition probability, counting process.
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