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PEPTRESE . A AR R A AR I, SR AR AR iR B BEAT, A0 R OQTE )R IR RCR B R, T
FEAE 5 E BN AT E LI 45 R K AR T3 127190, RO i R WU R R S0 T IO LG R,
W2 EAF AR SRR 161 Wen 58 200 o 4 B T2 A0 ) S 1 8080 1) 20 M D 9l 17— 2 £ A
&5, 2K 2 R A ] R A i A R R RIS R Bl R SR A, XA I R AT R R, 3
AT EE ARG AT, B0 2 Ik R AR S TR S B F A A 70 R fl) AN S AR ) B2 B PR RO, T
FEBGHR ) B2 B TR 2 M A B By At 24 b T ANE A Ak ARG A B, Li 45 2]
BT RRPIRTTIEHIE T — M R AR R (HAEAR TR o I 18] A BERCA/E — DA &
VR T2 8 7 sl BB AR 20, IXAR T RE 5 SEBR AVAT, —F S B AR 1077 SR g — M ESHU
S R IS 18] 280 bRy 4 (681, ASORE I T — AN T e A e L R RO A R B ) — S5 A AR S U e
() NP 2 SO 7 ARk SRR T 2 AR R, ORI D A2 B R DLRAT 5 MR X 2 P N
171 G Ak 76 2% BT 2R D0 — s e B 5 7 SRR s 7 S R meg S AR A A . e Arb, I ] AR A P 2 #E 25
s ES B ECE.

ASCRTEHIABIT: 55 2 T/ — 2t 5 DL IRATA R 1 By, 55 3 3545 it Stk &
K —MEREE, HHES T IS TR RORREARYERT; 25 4 TR ft 7 — Lo BUEREEE R 55 5 TR T
SRR T M SR RARRE R 55 6 I BRAT R HAT 1A

2 REEY

FBREMEARN n BRI, XK 0 M Z] ¢, & V(1) BBk i Rd AR,
Xi(t) A Zi(t) 7319 px 1 4R g x 1 4R BAT AN RO O PR B fr) . 3E—20 3, & D; 1 C; Ao
AT R A TR A RST8], JF90 T = Dy A C; AESERM B ], Horb D; AC; = min(D;, C;).
L0, = 1(D; < Cy), b 1() vRtEsR#. L Ny () 3R ¢ B 080 W I A AT R B 1 o 5O 72, v
BB Z AR FAR G L B R A SO AR, BRI NF(t) = N (t A D), H Y;(t) £ ¢t > D; BIAEAE
SCogsE b, BIERE Ny (¢) EH S O BT, WITAUE Ni(t) = Ny (6 A Cq) BRI, T = i )32
AR V(1) WADORAE N;(¢) A BEERAIBLES ZIBAM 2], Horb ¢ < T, X T —HEEN n BIBEHLEE
A, BATHLIN 2 (¥ Kede

{}/l(t)le(t), Ti, (51', Xi(t), Zi(t), Ni(t), 0 < t < Ti,i = 1, [N ,n}.
XHF MRS RE, 25 R AAF AT T B SR etk e bR A
E{Yi(t) | Xi(t), Zi(t), Di > t} = ao(t) + g(By Xi(t)) + 0 Zi(t), (2.1)

b ag F1 g BIARFREL, Bo 1 o ARKSEL. N T ZEHITIRBIE, BE (6ol = 1, g(ve) = 0, F
vy NEREL g HE U L BEAN, BATIEEGERE g —Firml &, AP AR R, AR RA
LNERN, A I EA AR, BAMRKR RS, @, BEELMIEE AR Z() 2RA7E
BB ZR, HXSBLREL o AIEE — TR, 1060 & fE SR iR 20 RO PR AR X () A2 3K
ATBGERIA R 2R, (E AN T 2 A 3R 0 RS ] AR S RO R R 0 0 S AR &1 70 AR B OR8N, JRAT s
T W1 5 44 B A AR o) L, DRI, SR Y S b e — M BB M0, sk b B bn i m] LLE A
TN AR T Bo HIBUHAR G PR AE R LA MO R Y. Sk, Li 55 B e 7 — A
Hr 28 AR B A LR AR AR Y, (B A ATT A R I S 18] B2 R S v R L ASURS R X £, AR, AE AT
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BAawt 7o rh, X BE 8] A2 40 ) S HE RN A S B AL B 2 SE N & 2, BADEL SIS EIN ao(t)
THZ RN N Z ARG 3R ORIIBT TR, ATV R ) B XS BH 4o WAl THANHERT.
XIS RE, (B 24726 AF R B LA LA R Oy

E{dN; (1) | Xi(t), Zi(t), D > t} = exp{ng Wi(t)}dAo(t), (2.2)

Fod wie) B X, (0) A Zi(t) BB R, no A& —NRENIIENE S, Ao(t) & — N RENTIHEAE Fntt
R % R AR T N TN & A B R FAE AR A b e 26, g &b A
TEAER, AR A7 20 R B /MR AT A 270, S F B A, e e e AR & X, () AT Zi()
PABAMEAEIZ ST, WG RE V() SOIIEFE N () AR E ST, B AEFEANA ) i o AR B {5 4
L3t 2 PR BB 2R (0SB it P28 1 () A FH R TRT 2 5. AR b, 2 A0 i T g o] s 1 sk 2 A AS AR o
(PR BRFAE R, X — e 2R . thAh, BATEEE, A E R E X, () M Z,() 4T, Mo
B C; SZIEEM Dy W] N, () R RERE vi(-) B ar.

3 SHfEt

H5E, BRI R (2.2) HXSEMME, 2R X,() M Z (), ERMERE N () 5
RIS IR] C; AR B ARSLHEGE 26000, BATA

EXZ{dNi(t)} = EXZ{I(Di > t)I(Ci > t)dNi*(t)}
= BExz{I(T; > )\ Exz{dN;(t) | D; >t}
— Bx2{I(T; > t) exp{n Wi(t)}}dAo(0), (3.1)

Ht Exz() = B(- | X, Z2) FoRg EMACE T RIZRMIE. M, £45E MR X() M Z(-) B0t
N, dN;i(t) = I(T; > t) exp{ng Wi(t)}dAo(t) FIEIMEDN 0, DI, FATITE A FH IR A A B R] 4 3 ik i
ik, Ao A1 mo HOFGTHE T B0 F ATy e 2.

n

D ldNi(t) = I(T; > t)exp{ng Wi(t)}dAo(t)] =0, 0<t <,

i=1

}j/vv (O{ANL(t) — I(T, > ) exp{nd Wa(t)}dAo(t)} = 0.
LR T, o T AT TRRIOAR 7 it
/{W W (t;n)}YdN;(t) = 0,

Horp
S (T > t) exp{n W; ()} W;(t)
Yoy I(T = t) exp{nTW;(t)}
VER BN IRATE FE IR 25 RS, i DATC 75 A P MR N B 7 v, IR B4 21 A% v D7 FEER STk [26] 2
A AL

W(t;n) =
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TSR R FR AR AL (2.1), REAT (3.1) IS, ATATLAER M) 2 —ANFHE
AR, Hf

dM;(t) = {Y;(t) — g(B3 Xi(t)) — 70 Zi(t)}dN;(t) — I(T; > t) exp{ng Wi(t) Yoo (t)dAo(t).

FATAT U T IR ARME T RE. T g() —ARFIRE, FAVE Rt i ik, xt
B g 58 SUBTHE R A E M A v, 2w 7E v IATIRIS, i Taylor RT3 2L IFRA

g(u) ~ g(v) + §(0)(u - v),
Forb g g MOSHL K o AISLRIHE 3 BE, X
Mi(siv. 790 A ) = [ K (FTX0) = 00 ~ G0 (5 Xil0) )
T ZA}AN(E) — I(T; > 1) explTWi(6)}A( o)),

Hoip t
AO(t;U) = / {CYQ(S) + g(U)}dAo(S)7 Kh(;(;) = h_1K<Z)7
T KA b RO B T
SOTE By I, X BRI g S SURARIOAERE A v, Ao(t0) AT g(v) FIEERARI R (I R 5

&

> Mi(tv, B,7,9,Ah) =0, 0<t<r, (3.2)
=1

> [ X0 — a6 0,579 A ) =0 (3.3)
i=170

R BT 494 LA S X
503 8,7 [Z / STLX,(0) — X0, MR (B X,0) — o) (57 X0) — 0)avi(t)]
xz / BYX(E) — X (b0, ) (X (t) — 0) (Yilt) — 4" Zi(t) }Ns (1)
A(t;v, 8,7, h) /S(Otvh 1—1ZKh X;(t) —v)

x {Y;(t) — g(v; 8,7, )(BTXi()— v) =" Zi(t) }N; (1),

b
|

X(t' v, h) = Z?:1 I(T; > t)Kh(ﬁTXz‘(t) —v) exp{nW;(t)} X;(t)
Y S I(Ts = ) KR (BTX,(t) — v) exp{nWi(t)}

N T AR RS R (2.1) IS, BA1SEXT g AT EB S UL, £

p—1 1/2 T
B¢:(<1_Z¢i) 7¢1,"'5¢p—1) )
k=1
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MM, By EENH RN 1 HIESR. 5% By KT ¢ RFH Jacobi FEFF N

—(1 =0 03) 12T
Jy = :
I,

BT AT AGE o S, D8 TIEBREAESHE 0 AT AR, WMTAR3] /n & S
ittt BRATE S SR A ¢ T fal SRS ) B TR AR R AT BB 45 2R (2 ISR [22,23]), EESI Rl
HOOE T, HRCR AN AT B A )51 B A3 B — 3. BoAkHh, FRATR AR e Ae )
(ERAW R

06,9 =3 [ TECG(0) ~ Kt )6 6.7, h) = (.9
TSRS / "(Z4(0) — Zu(t: W) YNt 6y, ) = 0, (3.5)

H Xi(t; h) = X (8 85 Xi(t), h), Zi(t; h) = Z(t; B3 Xi(t), h), J
AN (t; 6,7, h) = {Yi(t) — " Zi(t) }dN;(t) — I(T; > t) exp{i " Wi (t) }dA(t; B Xi(t), By, 7, h).

% ¢ 14 Ny BRAETITRE (3.4) B (3.5) HIMR, JFIE B = 8. T, BB g PRI R RSt
) = [ 9(u; B,4, h)du.

FELHSHAG TR SN0, TAVeH B A, (6o, 8,7, h) F §(0; 8,7, h) KT B v
o B8, Fe b, xR (3.2) M (3.3) PLFEIN R FEIATS 3R], Afkih, &

S (o, h) =0y /O Kn(BTXi(s) — v)(BTXi(s) — v)*dNy(s),
=1
S; ™ (tv,h) =n" Z/O Kn(BTXi(s) — v) Xi(s) (BT Xi(s) — v)FdNi(s),

SW(tv,h) =n™" > I(Ti = ) Kn (8 X(t) — v) exp{iWi(t)} (BT Xi(t) — v)F,

=1
Do(v; h) = S*® (130, h) — /0 SO (0, h) "1V (0, h)dS* D (t; 0, ),
A, A
s el = = Do) [ 8:0rs0.) = [ SOt SO 050, S e, |01 .2,
%é(v;ﬂ,%h) = —Dy(v;h)™" {Si(l)(ﬂv,h) - /OT SOt v, ) SD (0, h)dSTO (t; 0, h)}

o303, h) = Dofw: ) [S*m(mh)— / SOt v, )T S (tv, h)ds O (v, h)]é(v;mm,
v 0

dAs(t;v, B,7,h) = =S (t;v,h) ™! {é(v;ﬂ,v,h)dsi(o)(t;v,h)+ 0 §(v;h)d5*(1)(t;v7h)}

op7T
A4, (80, B 7 B) = SO (10, 1) ! [dS;*(O)(t;v, B + %gﬁw;m RSO ko, h)] ,
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LI
QA (60, 7,0) = =5 00,00 [ 01 .7 0™ 0, 1) = 603 5,7, ™ 0,0,

S A, = 0.4)05, ¢ = ,B,0. 1 TEEESHILIAR, & X

016,07 = [ H(S) = (6 mVANLG) + (T, > ) sl W) 5 7 X))

Dy, (t;v, h, 4, 7) = /Ot I(T; > s) exp{i " Wi(s)}J3 {dAs(s; v, Bn, v, h) + Xi(s)d A, (s;v, 8,7, h)},
LI

B1(6,7) = Z -, CIPUG) — Ka(th)d(B)",
2(6,7) Z / (Z:(t) — Zy(t: 1) Yo, (1, 1)
7) = Z / EAXi(t) = Xi(ts 1)} = DDy HZilt) = Zilts )Ny (6 BT X(1), ),

Z/ {Z:(t) — Zi(t; ) }dD (¢, h)".

AT ULESR, MG HMATFSH g Ay BEIEAREEDT:

FTH— RN THESENYIGE, 2R g BALHEER g(v) = blv — v), WNITH g(BTXi(t))
= bBT X (t) + bvo, SRJGREFASTHR (8] [Ifk 1771, ATLASE] b8 M ~ [IfkTE, 20 BIEHE 08 Ml ). 4
Boy = sign, (b3)bB/||bA]|, Fer sign, () JosK 25— ML AT 5 b6 L

BB W kB, 45E Buy My I, T g(k)(v, h) = g(v 03 Bky, Vky, h) A A(k)(t;mh) = A(t;v,
B> Vwys h)- B Dy~ Dagiy~ Dy B Doy 23 HIA Di(6,7)~ Da(é,7)~ T1(o,7) F oo, y) 1ESHL
Dy A vy AERIHUE. X2E (3.4) A1 (3.5) LTS EL ¢y M () AEIEAT Taylor JEIT, HAGH] ¢
Ay B EHT AN

Plkt1) = Srr) + 07 Df(k)Z/ {75, X0 (1) = Xi(t: ) YN (8 biiy s Yy )
- F1(k)D2(k {Zi(t) — Zi(t; h) YA (t; drys Yy ) s

Yot1) = Yk + Dy {Z/O {Zi(t) = Zi(t; h) YN (8 by Viky» ) — Doy (Bgern) — D) |
=1

Horb gpyny BIREBA jo NARAENX || oy |< 1 BOLHENIEFEEEL, 0 NIBUE T X (0,1)
E’JEE%”%“%Z BRI, FATEEBUREE 8> FIH 28 6 = 0.618 DASR i Sl
= ERHTPERE S, BEREL
i‘%?ﬂ@%?ﬁ@ﬁﬁ%ﬁﬁ% & A4 BT MR, 45 SR LR TH A B, FCTEWT LB AL ARG TSR
ST ek SRR AR R ) 8 DLAE R B, BATRA 7 — M A E R 5%, O TIERRARS R o)
b B CSGE L AR R 175 22 B0 0 A TR T I, ST R I i BT SRR T
77 2 B IR 75 22 AP RAIE B FL T 2 (221 SR, AEFRATAAR R vh | BEALIE R A SR A AR A TT 221

78



hERNE: B 949 B B 1

EHET SR ATAT. i, TR TR 1 — RS A BUROE R I, 1 TR A TP IR 3 A3, T A+l
o F B — 410 5, 5 X

*1§:/‘UV (H)}dNi (1),
g:/o {W;(t) — W()}dN;(t) — I(T; > t) exp{) " Wi (t) }dAo(t)],

Hort W) = S0, 1Ty > 4) exp{aWi (O} Wit)/ iy I(Ts > t)exp{aWi(t)}. % Dy~ Dy Ty ATy %
R Di(¢,7)~ Da(¢,7)~ T1(¢,7) F Da(¢,7) 1E & Rl 4 ALIIHUE, & X

D, Ty
ty Dy )

éu:/ﬁg{x<> X6 ) VAN (8 6,7, h) — Bi1E,,

A

/ {Zi(t) — Zi(t; ) YdMi(t; ¢, v, h) — BoQ™ ¢,
LK
= n—li/T TE{Xa(t) = Xt WM(T; = t) exp{i " Wi(6)Wi(t)dAt: 87 Xi(1), 8,4, 1)},
’12/ {Zi(t) = Zi(t; W) M(T; = t) exp{n Wi () Wi (8)dA(t; 87 Xi(8), B, 4, b))}

EIB 3.1 FEMER A BIAIMIEMZME (C)-(CT) F, val(6T,47)T — (63, +3)T] A il —
AT M EARELAE, b7 2R T A IS(AT) "L MATHA L, b $ = n L 57 €T

VEREE, B MO R I 7EE B 3.1 o LA Y, (RIRATTTT LA delea VAR . LR,
4 Dp = (Jy 0pnq ) M v/n(B—Bo) WA T —ANZIIEIE S, HI7 20t D A1 (AT) 1 DY
HEAT A A

BB SRR AR, RIVEY P K RIS ki oL

B 90 I N kR FRRTRRIOSE S, X TR G b, 58 TR 29

= Z PEy(h)
k=1
HHp PEy(h) = Yieq, Jo MP (02N (t), Ni(t) = Syeq, Ni(t), 0 M (8) W (3.4) FFsE LA
MFEEAMEH T, R TR 2 MR 43 g0 R AR R EUE.
4 WEERMHAR

FATRAEA AT A LAE AR K RAG I AR G THEAEAT IRFEA T AR I, e, FATTH,
K A BN X (t) = X5v/E, = 1,2,3, 3o X MNP AT 50045 U(0,1), AR Z; W&
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SCHREEA 0.5 10 Bernoulli BEHLASE. £1L300F D, BN 0.2exp(0.52,) HITEEAMT A2, T
WIS €, = CF A7, Horb 7 = 3, 02 IRAIIAIAM 1 U(1,8).

S WA DUR T, = Dy A C; 2T, FRATEE 3R B8 B AR5 1K Poisson A AL
WH: Mi(t) = 0.6(1 + £) exp(0.5Z)I(T; > ), FHAAAEA KL 3 Y. X FHIAMRAER Vi),
FA VT Rk =

Yi(t) = 1+ 0.5t + g(By Xi(t)) + Zi + e(t),

Hr

/60 = (/81075207B30)T = (2 =+ 62)71/2(17 176)Ta

B e 1. —1 80 0 =FETE, g(o) = 2 +1/222, ¢;(t) BIBMEN ; FT7ER 0.25 FIIES D ABEHLIAR &,
M s U&7 AR F bt IR 25 0 A I BEALIL 3.

TERAARES ) 25 B8 =R 98 h BUE 0.05+ 0.10 B3 0.15, LU IAEA & n BUE 300+ 500+ 1,000
A1 2,000. T 1,000 IREEBI, By M vo BIMTHERIBISE R0 M EARIER 1 M 2 H. K, Bias
NFEARME W 2 S H A TUE, SE NS THEFIFEAPREZE, SEE Al THE ARHEZ M T REARSME, T
CP N 95% &5 f K. N T 1820, BAUNAER 1 IR h BUE 0.05 F1 0.10 LI ¢ = 1 B By (1)
fliThas R, AW E NI L BRLLs R, i X T o MfliTHa AT DURLF LS T 5o, 12
MR R BN, TR R E A, SRR R INET, TP AR L. R 2 RN TREARE
HUE N 300 A1 500 B o HIMETHEE R, S0, vo BIMETHRESE LMW, BARMEZRfS T (SEE) Skt
BHFMEE (SE) WIAREF, 1T 95% 4B %R (CP) Ml & HMEE T 0.95 £ 4. LAk, B,
FATHAG TH R 6 T8 S AR AU, 110 H, AHEEE R By ML T, B AR B v BSR4
TREFZMFARE. X —IRIERN LRI IR W, FERER, 8T o, Bo BT
B2 AR T X AE S EUE R R AL g WA TH IR

® 1 Fo BETHER

h=0.05 h=0.10

n Bias SE SEE CP Bias SE SEE CP

Bio KA 300 —0.0259 0.1746  0.1569  0.883 —0.0133 0.1606 0.1550  0.907
500 —0.0257 0.1316 0.1222  0.907 —0.0207 0.1241 0.1240 0.935

1,000 —0.0093 0.0902 0.0872  0.939 —0.0080 0.0862 0.0880 0.945

2,000 —0.0019 0.0612 0.0624 0.948 —0.0042 0.0606 0.0623 0.951

Bao HIMHFAEER 300 —0.0218 0.1712  0.1619  0.902 —0.0226 0.1597 0.1569  0.928
500 —0.0100 0.1329 0.1206 0.913 —0.0136  0.1275 0.1233  0.929

1,000 —0.0017 0.0903 0.0866 0.931 —0.0046  0.0900 0.0870  0.936

2,000  0.0004 0.0621 0.0619 0.943 —0.0031 0.0621 0.0618 0.943

Bao HIMETTHEER 300 —0.0347 0.1816 0.1598  0.888 —0.0330 0.1628 0.1573  0.925
500 —0.0099 0.1298 0.1208 0.905 —0.0074 0.1256 0.1223  0.909

1,000 —0.0103 0.0904 0.0872  0.940 —0.0073 0.0861 0.0871 0.943

2,000 —0.0087 0.0636 0.0624 0.949 —0.0025 0.0616 0.0617 0.946
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®2 o BIHITER

n = 300 n = 500
c h Bias SE SEE CP Bias SE SEE CP
1 0.05 —0.0003 0.2537 0.2360 0.940 0.0052  0.1522 0.1543 0.949
0.10 —0.0024 0.1939 0.1938 0.946 0.0031  0.1446  0.1445 0.953
0.15 —0.0041 0.1873 0.1850 0.946 0.0037  0.1429  0.1427 0.949
-1 0.05 0.0011  0.1919 0.1959 0.953 —0.0034 0.1417 0.1737 0.932
0.10 —0.0004 0.1700 0.1714 0.945 0.0110 0.1318 0.1303 0.948
0.15 —0.0011 0.1668 0.1681 0.941 0.0113  0.1310 0.1282 0.949
0 0.05 —0.0012 0.2389 0.2145 0.933 0.0057  0.1510 0.1510 0.939
0.10 0.0049 0.1828 0.1846 0.943 —0.0039 0.1404 0.1391  0.947
0.15 0.0048 0.1798 0.1788  0.953 —0.0037 0.1381 0.1366  0.956

5 ZHEBRRERIETH

TAEAR T IGACFTHE W BN T 7515 R T2 A 28 ] ] 538 A0 R PR Hh O e — e 8 (NACC
UDS) B, ZHE B L 10,211 N, #OEM T 2005 E2 2007 FE2 08, RS KT 65 &, B
T 31 MR RAE I 0. R 2R RRE AT T b, N T RBUE B A NI, BEHES
In—AMa] SR #oR S S (MMSE), TS0 8U00E T 0 £ 30, 737 B 10 B DA B Al ™ 5. AT
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A partially linear single index model for longitudinal data with
terminal event

Jie Zhou, Xiaohua Zhou & Liuquan Sun

Abstract In longitudinal studies, we may be interested in some non-terminal event, such as health related
quality of life. However, before the outcome of interest can be observed, a terminal event, such as death, can
occur. If this situation occurs, we call this problem as truncation by death. In addition, observed times for
subjects may be irregular, and the effect of covariates on the outcome of interest may be complicated. In this
paper, we propose a new semiparametric partially linear single index model in the presence of truncation by death.
A local linear approximation is used for the nonparametric link function, and estimating equation approaches are
developed. The obtained estimator for the link function is proved to be uniformly consistent with convergence
rate under root n. A data-splitting technique is developed to eliminate the side effect of this low convergence
rate to establish the asymptotic normality of the parametric part. The finite sample behavior is examined by
simulation studies, and an application to Alzheimer’s disease data is illustrated.

Keywords longitudinal data, partially linear single index, terminal event
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