[ Downloaded from payeshjournal.ir on 2025-07-06 ]

[ DOR: 20.1001.1.16807626.1396.16.5.2.7 ]

S 3 Ol 49 (il 519 Tusnad (S Hb S Jure

LA T \ w T
Ol Lugo €68 93]

ol 48

WASIENY wallie (b pdy gl

BYB-0AD oo VYA LT jpe oty o lod (ool JLo
(LY VNTS RN ECHE BV SN ]

ouS

SR 3l o (N2 b ez |y (2l Wl oo (alpd Cod 38 18 (Shlgmennl 5 (S Slalllas 16 ke 50 40l
rmog Jols Wil oo w45l Jelow gy il wiali e (285 5k @l | lap)] a5 wled 4 Jlsie 050
L olos am aals b ol (i Sloyeiie G alaily 5 5500 958 a4 (90,8 5l mally (SausTyy 8l o asdly slas; a8
o=l s o jghate 4 (glel ab iy (sla Joe iS¢ @S], dlie (Lol Bas g, cpl 5l ol axdly slas, le;
iloads slgiien w3l sla Lo jo a5 59y a3l34

sk AG sladums Jolds a5 (il ly gumeas slaby, (2550 @by sildae sl lio cul 53 5,1 by 9 2lge
il o duglin 5505 b 5 48], ciies WLW glaisl> Jow g PWP-GT 5 PWP-TT) PWP

Sdzme dlas ) 0,ble g s F, 0,8 1o gl oS g olass a5 wijle 0I5 Sley PWP b b slo Jows il s asdl
$lp by 4 audly slaco s LAG Jow g WLW glacil> Jow a5 Jl> j0 asled s i sbavslas ) ol asdly
g0 ) 4 @by (sl e

3 il Jslye an ol (2855L b Joe e Gl sl S3lgmannl 5 (S 097 iz 16 S A g S
S i 5 Saip a2l 55 anbly 4 (shaadly 1 Jalse 1 (350 ke By (hon LU gyl shass ale
Sisled ax g5 Waosls

PWP L2 Joe WLW lasl Joo AG Jow o a5 50 slo Jow o 550 By t05lgunds

J9S Comed (paass 5 gl oy g Slalllas dusge @ S pgd L (aSl Gbls (it s GbLS (ol 5 1555l odian g *
AOYEYYY ool
E-mail: mahsa.saadati@gmail.com


https://dor.isc.ac/dor/20.1001.1.16807626.1396.16.5.2.7
https://payeshjournal.ir/article-1-80-fa.html

[ Downloaded from payeshjournal.ir on 2025-07-06 ]

[ DOR: 20.1001.1.16807626.1396.16.5.2.7 ]

r
Pk (2l psle oaSings, 4 4

celie g aid iy slagty, jlesliial wiejls (a55L slaosls
30 5 TN el oo S¥lgis 4y 555y (6l s Lol
clite Slblse g 55 Joo iy slaosls Jelow sl s,
4 S <l (Cox proportional hazards regression model) S5
s o 51 (@halive JMEal) Jobo (ol s B30 41 258 b
L aS o5 oolictul ls so anly ol oo, loj s5ldte sl
=55k sosls Lo gy (gam iy (28,5 oayoli & azg
Koo &S Wosls ol Jlos sl S b, [3] ol 1L
0 Sl iy 3w 53,5 ke 15, o 5185 53 1, by ol
=i slatozg5 Ly (Poisson model) —wlgy Jow o3l 99,8
SYolse (A5 > o a5 el (Negative-Binomial model)
L (Generalized Estimating Equations) 48l exoxs (53,31,
g oo 0ol (Random effect model) dolas ol 51 slo Jowo
003l 1) ml3g slas) ol gildae by, (2l JLo 2l b
Sladoe s LS by iy gloesls Jolog )0 99,5 o0
Sledbl dan j aiilyn 45wl gl 4wl a5l &b,
355 sl (ab andly (L3 s il alez 5l Lacols ;5 3g2se
Jome [F V-] ales ooliul my 55 ) oo Ol 5ds
Al 00 LS dan ladiez slaosls o laml o slrosls (gl
g aii ats,S b o Lasoly Stwwn lp g lsle o] o a8
3o 90,8 Jaisi 6950 il 5 il)ly o ile b
Loy (oo chlies glagSl 555 155 0 b Lo Jas gl oo
delos Jolase slacsog, 31 (S [F] b )] Ghlises ) S
Random effect ) il )ls ooras slo Jos ( oi8 3L asl3g
oila,ls 89y ym 4SS Proal dn 4z Ly 4S5 el (Model
Sl S 4 o) 9157 5w oo ol (93510 sl ly
L bt Jolse 51 (Silin 951 ) ctnal s 5 bl
iy L sl 3,8 0 sl ooy Job 53 @by s, s
[0] &)ls &glas

3 S35k @By Jlow 9590 50 (alide mlio a5 (0l b
ploil (b 5 Gslsmednl (i el & bgsyo slotagsy
Jelos sl Slalllas 51 (g5l o plizmon L1V-Y o] sl i35
ooliiul ool U ST (s, Lal (sla g, 5l o0a55L sloosls
Slooje> )0 pliize a5 o by, (nl dmnlie ol )3 095 o0
o sl gl 1) b e Slddllas Ly (s3gdseoin] ©lallhae
Lol (55978 hilod oo 5k lie

N4

Ut
“y

LVNY-7Y

laosls Ly olél ylaime (ol 5 635l smonmsl olalllae ;o
S, b ol b T SLai 50 gy 45 Wigd o dxlge (gldiunon
el Sladllas (gl Bad a4 el (U loj) L5 g0 asdly
3 018l ol 09,8 mo [ V]l dan sl slaosls o yusianis
LS’ @olBy Ly g S 5 andly (pair 40,8 (i) Loy 5
b sbosls adgs 4 poie (loj Jsbo 40 98 G Lawgs glie
Cluster ) sla_se> a3 slvosls oy a5 a5 598 o0 dncon
afaix g (eaiSage) (Recurrent events) o iSslL . (events
sl ol g, SO e g g o0 0uel (Multiple events)
ot oo Sy Olalllas o 2855L sleosls [Y] Wl sol>
a1y o ylans S 5ayms il e o3l el 1y5 il ol
35 ol ez 0 S a2 LS 5l Gl 5 61,55 50
Doz (oS 5 (55 Slaigie (5 5e DMex il (5095
9 ol 5l el plislom 33 (a8 7t g bbiolyz (8
3 90952 (SIS i sl £S5 By [F-Y] aiis &g
T T R e Sy g et s S O 50 4 ley Job
Iy =550 a8y olg—s casdlas plasl 51 L8 sl o i
(Censored) oo guilu coolive &g cpl ;0 45 dged cnnlive
Shlow 5 (5295 0ad (6w paaline (Jlie plgis 09 sle>
L L asdllae (jloy Do plosl b liw Lo )0 o s oty Dlads &
55 9o ol 51 Sy b aalllas Jobo 8 Jlay ols S
s sk 51 Jlie (1) IS5 99500 il o ol et
V] a2 oo i 1 0,8 0 (6l iS5k

1) asdly 9o Jlas ;857 I8l cnl Gloe ;5 (JSO al @ azgi b
Olos Ol B 228 ¥ gl lee 51145 (99 slazye) wilos,S ey
iy o8l sl (I loo lo) Wil jgmilis cole (F+) caslllas
Ot Jol 958 iloads gl Hla )90 asly b Lo ol (LYo
X085 YA 90 Y A FF claoks o 1, (asly £) asly oloss
Gacs 45 Loy ] 5 los,S 4, BV 5 VY (cloolo ;o 1, asdly Y
5 o 3l sl sl 5 5slsmnnes] Slalllnn | (5
ol le sl 53,5 (SVob 5 s )lom 092 il 5T
L slools acgame adgs a2 @By (nl Ol (Stason 5925
oayal osls jo S8 Ko pl 319 00,5 0 otz JLslo
5 S0,k ble 4 63,51 slag 5 slp laebl Jolg wgh as S
Jdod aoes 10 050 ce 0y el a5 (6950 51w o 08


https://dor.isc.ac/dor/20.1001.1.16807626.1396.16.5.2.7
https://payeshjournal.ir/article-1-80-fa.html

[ Downloaded from payeshjournal.ir on 2025-07-06 ]

[ DOR: 20.1001.1.16807626.1396.16.5.2.7 ]

Ut
“y

Oh%es g (Folew Luge

Slej alold o (TT)Total time) |5 Loy Jolis o lel Slog
Sloy alold (pge wldo ;0 90,3 12 (gl axdly olas, b axlas
I¥T sl S o550 (L8 asdly 5 (Jad andly oL

AG Jow

Jae Ko ab Bpme VIAY Loy LS 5 pm il Laagi oS
Ol B e g ST Jow e 5l S cl Lot al 3
(Jae ol 5 VY] 05 o0 siladae Loy Jobo ;o aslig olows
Db asdly olas, B pleys £o,0 (b Wlgs oo S5 3 90 by
53 s oolitul (giludoe sl S5 loy elidte ez o
0,99 S )0 mliy aen s 5oae 0 8l den Jow oyl
asdly SO Gt dcgese (0 allyl oo Al (0 g M (6,50
S8 ilon )8 s o 9SG AT ulBg olowd 4y az g g el>
axdly yloy Jolds wilgs ooyt dcgame (Jlo olgie 4 05,5
by ol e 08 Gy a5 Jb o il 0,8 SO 6l Ul
ey oLl slaws cls pl jo el pgo asdly olas ) b
&b S Jow sl oo oS () By slass iuli8l b jlas
bl 5 5,5 e 5 el ol (sl Sl b
S 0 350 5185090 Lelse (sl IS

Sl WSS Jae 4 G g (Stable) Liws! Jow opl slos sl
09_76 (Y) J&w . [Y\ ‘7‘\"]..\.».»_“.% ).:l)lf J9| 4.2_9‘5 Q‘\.\>) G uLA)
o=l 50 ) S Sy calrd g b Jh b Gl dcgeme By paS
A0, 8 10 0l e adasde a5 A len e o lis o
G asdly (B pme ;o All 00,5 o | L8 axdly a5 b oS
S (S g olass &)k 5l @By Gl (Sl 59,5 0 18
5 S L Juo cnl 3 500m ol Jan 53 009m3 1,25 0.3
Sl B) S ) il r2 5 99500 3l () S i aly s
b s Al s acgere ¥ JSS) ccwl LS 2By aen
AG Jso 1 @) Gsew Sy ilrd 5 (o)

Sz slaple) ploe (Surod 45 098 o0 (28 Joo (0l )2
as 99.....: u.u.u Gl.d (‘:’bﬁ )‘ oolazwl l; .\J‘ysa 0)3 SR (_.;“).1 wlj
Lo b 4 @by slas) (loj (09 daon (a4
IVe] il oy JoB o i sl yusco jloolaiwl Lo 3 j»
4"—“”‘5 g ) 6[.&).«.:.«.@ )‘ oolazuwl L: J‘-"}’L;" gsi“w"‘ﬁ QJ‘JJL.:

INAG

as il ly eeal Gl iS5k Jow jloz dlas opl o
Sl aas,lo aglas SuSG b slosls Jlisle g b 5,8 i Ll
— 9=yl sl Jow (oS oo ooliiul (6,15 By (g5ldos (6l
(Conditional models) L, 5 (Andersen-Gill (AG)) |5
Peterson Prentice- Williams- ) o i — joldsg =yl s
(Markove process) 855 Lo axl,d slaJas |, oyl a5 (PWP)
45 (2l e Les @iy (o8 45 aiS (0 (558 caialioo 5
Lo Joe sl g ol ools &, Lol 51 13 alol 83
slts g -5 - 59 (Marginal models) gla_sl>

s (L 5 L) b SShe b (Wei- Lin - Weissfield (WLW))
4 S S e 0,95, (Counting process) o leds aiyl)d & )90
Ol (Ko gl 1y LSl go 0 (385 Sl o ISl
o gl sl badoe Gl 51 Sy e anled oo wal 2 615 2l
gy e 5 4 iz Sladllas jo gslaie sla Jlasw

obes sibdoe sl 392 la by, cnogs lie (ol (Lol Saa
sl gl (desdljgiws alll jslate 4 S 5b a8y Slos,
Lol 5l S e bl il 5 bosls ol Ldoss 5o cenlin Lo,

Dy @LJMJQ

o P9 9 Slge
sloools Jdos o ml3s lae (SKicudly (58,5 ca0b ax )31
=) Szl Ecel Lol e 138 31 oyl b 5590 5 o e 0S50
blawl 4y oliws pac az 1o g bl cnl Guilly 050
&Ly ooz plej o Gt Slapiie S10590 50 o
el ol s 2SSl ola s 55 55 a5
Lo, 6 bl b ol il Bk 5l ol
- Gilwand 09l oo Mol Slaslin o (Saen ass gl
pole liize lawgs (loys 105505 gy 0 gz o0 ool sla
e 3l 3l e SauSTy (585 oaol oS s e lid (Ko
S Hleys 151 (60,91 10 oS Al 10 g shie ool Sl
AG o Jos Juli iy, (pl dcgazoyn; sla Jow glgl [YV]
A alol o as [F] il o PWP L5 g WLW lail>
A5 09 o 2,0 o o adS 0 000 o Sl o, Sy
Sl GG Gl e byl 4 ol jile 5 B Slas,
e 45 e il 51 (S5 (1 gailes Plazl 5 ,8) wlits


https://dor.isc.ac/dor/20.1001.1.16807626.1396.16.5.2.7
https://payeshjournal.ir/article-1-80-fa.html

[ Downloaded from payeshjournal.ir on 2025-07-06 ]

[ DOR: 20.1001.1.16807626.1396.16.5.2.7 ]

r
Pk (2l psle oaSings, 4 4

slosliinl b (ogas a2 5 009 Jseame b oduzmy (Stasly sl
w5 5k po ] gl Gles AG Jaw )3 ey 4y ainly (sla st
&Ly azu 6 0,5 o)y conl (S a5 o] 5l ols s )8
Lagl sl Sl Tl anlio 1o 1) Goghen syt 51 LS
& ety i il addllas oS Glej S 051 Siens
5y5me dmolz s 13 Lioj 5l saseie abi o a3y glail
Sla,lebw a Cos (g, Gl el dite (g, (nal Bl 5L
r—a> ;S (Hy ol el by e 698 U5y (Ko
ObLS 0yl e pal 3 (oMbl andly olaz, slaple; plee alal,
S byl (399 S (580 4 by, crl Sl SO
oor Rk 22 G i)l Sl S el sl g Sl el
o iz slacigie 5 (S55 sladlye ani [YF] 00,5
alwe Shp Sldlas jo Jow cpl o8 51 ol U oyl Lo
IA]

PWP b i gla Joe

S g5y g 5l ool L 1) osds o3 e ailfaiz a3l
sk s @by aiS (oo el aalllas b2 y0 (LS By
S Y] ol isliie o candly o (gl iy e o2l bl
5 a8 Sl L Lol s diil )l 5 yee 40 ol
Wgdso s abeb 5 )ly wlosg asdly Jlas b yee jo (A3 aib
el asdly plas 5 owe 10 (60,8 Jaw ol o )50 &yle 4y [VY]
sctel L8 ] sl 00,5 4 ,m0 |, asdly (1) 33 oS 0,5 oo 1,3
G dadly &5 a5 ol Syl WLW ot ay S PWP s
llan 0,55 o o 1, (slaadly LB 08 by 45 S ol
o520 (F) Ui VO V] 09 o duilore il 00,5 4y 25
i 1y sy el 5l s ol e s sarn iy
30 ey 0,8 12 098 co alaxde a5 disS les 20 oo Lid Jow
il 05,5 a1, LS asdly 45 5,5 o )3 axdly Ky o yue
5 55 Glgp) T3me aly s s o sl o sl Joo ol 19
Osliie adil o 6l (B) Foew ) wolrd g 098 o0 485
wld 5 () 4l jha ol Gl acgeme B SL) 590 wales
PWP Jus 15 6) G5esS)

(Event-specific) asdls —o59 5 S 31 90 12 g5 o0 Jow oyl yo
ol 5l eslaul jo aS lasSs o gl Cund A ro i o sl )
Jds an gy cul jo a5 Caal (ul 005 13 4z s 090 b Joe
(1) &3 olass ol sl b ool 3l slass s dcgame als Doyl

OYA

Ut
“y

STl o9l s 1 5 g b L3 2By olaws asile yloy 4
Syl (gl (ullsS G ile Sl il 185 (28
sl ,55,41 5 sl (Robust Sandwich covariance matrix)
& lgil o lustinl slallaz aSTA] o5 colaiwl Sgamw,S, ol po
3950, @ bools Jdos gl Sley AG Jow oS o adsi |
sy aily Ui s b 5 2By hae s Sty 415 oS
Sazme g8 o gl Juw cpl 5hail oSl asxdly S slas
2 bl 5o Gl a8 (g7t 5 V] Slb o sl S5k
Ll 00l oolazwl [YA] GJB Golow e

WLW glacsls Jow

Ot e g (5B @l sl oSl eluln (g 1)
o=l o VYY) AV A] 0,5 s )l 0925 giloj 4 sl
ol o)1 6l jlas slaosl s as,ou | asxdly § (60,8 ST Jow
g ks wle g 0gd o (0.8,] o (0,8:] {0.285] (0,8,] o5L L
S5y Al & g0 asdly jo gl (Folite (Seee )T, culpo
ol s bl degama iy o9 (1) S 355 oo 438,
aslllas £9,0 5l asdly oloss o 4y 25 b o)8 2 09l oo alax>de
9y 3l aS adl o gly Joe pl )0 .0,5 o0 JlE gy 990
JUEIR (ﬂnj.) oo by jlas a0l SO 09 0 aislos 2384 olaws
Sgldte adib ;o 6l (B)) (S )S) alpd g 0gh o0 485
oSy alp g () aly jhs ali b asgere ¥ JS) o9 Sl
WLW Juae 0 (B,)

Se sl asdly ol slaples ol (Stly JLSle 55
Sima ol Lo il ly 055150 (5 035 g0l e | 058
&ldyaon Joawo ol as Lol 20,5 o s By
P et anlp So S jse ]y 08 S gl iS5k
o318 s sl gl dily Slacmm b 0 9 005 (o0 Sl
oolw g y,iatanie AG Jow jleojlai 5l (8 mlBy x|
Joe 5 9 pslise Sla |y o @y saome oz (g9, 2 (LS
oSG LAG Jow g Jow ol sladais slas gl wgis o lg AG
S35y ol o Gl ol el lgsS G sle 051 Lol aslite
Sladlao 5l gl ;0 (g, ol g dmlemx Dglaie [0S b

PRV PN TSPV W) PR 2 Qo)si Cawd & QT A S


https://dor.isc.ac/dor/20.1001.1.16807626.1396.16.5.2.7
https://payeshjournal.ir/article-1-80-fa.html

[ Downloaded from payeshjournal.ir on 2025-07-06 ]

[ DOR: 20.1001.1.16807626.1396.16.5.2.7 ]

s
U/..é en 5 Sobew Luge
U ez solate 4 oS slaalllae o iailin Gl s S5 aslllas
5 Ll jla AD (28,5 aloul Gilie )l js dazme 352 ey
00 5 e plhlew ads Wul (6,80 oo £Y Sow
S5 Lol s plasl 51 L3 a5 Jliless 5 9,15 aslllas o 55058
a8 )5 ;e 1o e ile (laie 4y widgeii S 1) (goge b s S
PWP-TT WLW AG 55l slo Jow 5l asllas cpl jo o
W00 5 duslie oSG b b Jow ol g o oolaiw! PWP-GT 4
(Thiotepa) Liges) oyloys go5 asdlas cpl )0 o ion b psie
e ) 3e5 2S5 03l g adsl sleygegs Slass (Lesgls
Lgs Laools oyl 4o wWSLS Jue 5l oolaiwl b aisg (osiilu
SN s 55 5 0gm5 gz 1y 3l 092 2 Olaye b Glsiien
osls 1l ore Judoo jglate 45 .0l aialss aid 3 onsob a5l
V) Jguz j0 ol mls as a0 )8 eolatl o83 sla Jowo
3 iS5l laJae (b5lp s ) Jsuz) [A] ol oo )|
(ale oy 05c dnlllas
72 o eyl Sglitte ks 4y dazgs bosls Jolod )0 e 1S5
aS cel o151 S (V) Jgoz sloasil conla Jow opl 51 S
15 el Hlass WLW 5 AG Jow g0 o 40 glaladi slao,el
L sailoaid o)lg AG Jaw 50 lej 4y dily o i sl o
Gildoe 1) giliSes G oo (nl 51 S0 2 J o
Jo— ¢ (function Intensity) wo—i ols AG Jos 0SS
3 SEAG Joo gl anles oo g3ledoe |y asdly & sWLW
30 69—, VY GalS ( Jleyo 09,5 j0 ol )law aS cl ]
L ypasi s (55, 52 Joad L a1 i s Sama s o olone
D9 g I mre Joms (nl 13 (550 Dyge ar pleys o5 cads]
S9= sl S)logine g s (paedd Jole gl sl ygag olass
L yagi (55,5 o3lal el ba Jus den 4o allie s pus 0o
W o gie Joe Tl Sogeea )3 adgl slajgegs slasi 0925
dgdzme ot dcgozme (wlwlpy PWP la Joo 5l Jol> slao,el
Jolis Ly o dcgame a5 e (s cilodel s 4y o
o azg bocul 8 asdly 10 sase 9o asline slaws L ol 3
sl s il sla o 3ty o Jas ool 51 s o oS
Sl sl s cn s 255 dumlio SouSs b ediins 1) o]
AL 3)ls (S Jlas dcgozme g gl Ylgtw 4 Joo o
o=l 508 e 4 i ke )0 (IED) 5, Lic s slas axllas
Gl (owyy— Gtz 45 o 4 Mo (Lo caallls

ova

SLib sl -l degerme Sl (e Joe )3 a0 oS
S (53,5 Sgizme a5l (nlplt il Sa Sl o
—o3g sl sl n Oyso onl o &5 Cul 1S5k By I tere
s odle Jaw cpl 5o [V] ol wialgs slezel LB e jLows asdly
(S OLIWLW Jae s AG Jao L aslis (Sely (28,5 S5 o
e diols a5 (GT) oo alols ool |, gsly g5 oo o(TT
548 e 3,5 iy 5 sl L 3l g oled andly sl
oolax—wl (Waiting time) ,LLal Loy Ly gloj alols uloae
Ao b Gloy pelde (AS5L axdly o slas) 5l am wed e
Sgi e yho Isaze (Renewal process) uisil awls (33,5
L5 o5 ooz (Sl b @By (sl el Gloj alold aslllas
o) (e b kS asdly jlas asdly S sl pwyp &S
50 4 PWP slo Jow plply ol aibe il (a5 o (g asdly
it S 1A PWP-TT Jus ol (5510 ol (oo JS2
e adllas 4 09,0 Gles Sl assly ell 555 2 1y o
95 2 9 Sl WS it Sy 1 S PWP-GT Juo 9 055 oo
it (Nmly 5 (a0 L gl oo il ol slass
o am S Joe ol pleie (g 008 Ll Jae 0wl
1508 dBly dy (landly 5 Wlsi el ot b 45 sl TAG
S5S aaBly (Stasly Golol pp Wl oo Joo ol )0 g WS S
5 > Bl PWP Jas 90 0 10.00,5 Law L8 oy«
TPl oo byt (3 &by U5 5 2 pll asly sln t olej
asdly dau glasdly 5l ol Sae b ym i ST AG Jow B
PWP sla Joce cpl bty il yais PWP (gla Jo o 150
WSS (o e By St ol o i 1 4 Sles
s Gl Gy D0 Jsb o ol Jole o5 o Lo
Jds 4 a5 (g g slaigie abex i lags Lo (F 2 wiile)
o adly slas ) Jlas b (Wgd oo cand (s (ghoal S i
Tz 5 AG Jae (63 slacisie wais aiile) whse Gl

g g0 oslo

aisl
Sl Jdos slm aS [YF] (o po ol hlow 5o 5 Limns Slas
Aoy el ool solaiul bl prseal 285 5L sla o


https://dor.isc.ac/dor/20.1001.1.16807626.1396.16.5.2.7
https://payeshjournal.ir/article-1-80-fa.html

[ Downloaded from payeshjournal.ir on 2025-07-06 ]

[ DOR: 20.1001.1.16807626.1396.16.5.2.7 ]

r
Pk (2l psle oaSings, 4 4

PWP- Jas ;5 azi s IED £33 S o 5 e Jolye oo
o5 5 e ey 51 ey 5l Gpndy 5 o Jole 53 TT
a4 S aes e LS (V) Jouz mls awa IED g4 IS
Oil8l (L8 g slaws (I8l LAG Jow o Jlad asdly slas,
IED £33 15 ooy b ogSnm alay (o e Jon 59 50 55 koo
£58 JS oloy (8IS s 5Vl i 55 45 ams e i 5 ol
93 2 5 Sibslr Sumdg i 990 50 b o0 1581 IED
09 oS Hlas aS glaisS @ wes o lis |y spelice bl Jow
o 99 58 9 Sl Jidion il 095 )0 1ED g8y Sloj alold

REINPSTENEPIS SUN (| SN
1 st 3l Candy 5 o Jale 50 55 PWP-GT Jua o
ol (e 25 LalED 585 ey ilej alold 1, 550 ol
A aS aes o sl g ol LIED slas; Sloj alold b eeSas
Aol 2al5 s L i 3 wans &, LS IED o b
A5 by il 05,5 5o 55 55 LIED g8y o o
IED g£535 oy ol abols gy olisS Jlas cans &, L3 IED

I¥5] ol 3ol 09,5 ol ¥ Loy g onsl s

Ut
“y

Video) V-EEG g ael YF e 8l 0 & =5 Sy >
Caxdg 50,5 yeilw sl —&s,) (Electroecephalogram
=9 Ohlem (rl S5 g )0 ol (g wastsls )13 () ylew
SLaoyls (GloaisS pas i o] E5 9 Ere Golom i yo
Sl )b iz s g s Jsb 50 Wil e [ED oS )]
Slasdlas ool o ccul genS b asdly SO 1] wes #) Lo
oanseis jshaie 4 PWP-GT 4 PWP-TT AG a5 5L slo o
Ol & L{bQT E389 oyloj 1ol oolaiwl LIED slass 5 50 Jolge
3 Omobe Olgke & 53g il Candy g e sle e g b
S Sl s il 5| Sl lis (V) Jyar 0 40,5 1
9 S b5 AG Jaw aS ol @y azg5 b [YF] ao o oylis |
sl Gl s sad 0,50 (L3 @y byd 4 calyo ol o
Jome SO PWP-TT Jae 00,8 o)l Jow 5o L8 a8y slass
Gl Camdg gy o B By slass Jule 4w AG Jus jo oS

Wl ol s 098 axlinn 59 ATl S0 531y 5 Jaor

ol sls gamai b Joo

PWP-GT PWP-TT WLW AG

HR(95%CI) HR(95%CI) RR(95%Cl) HR(95%CI)

-IVF - IYY - I5Y - I5Y ooy g5
1Y AND) CIA O/-0) CIYA /- F) 1%+ /A%) L1516 50)
VY 14 14 e

Q-5 AYR) OF-Y AIYE) 018 AT 010 VYD) sl slagayt slasd

VD AYd

[QZSAIANS)

(+IAN NINY)

.45 .45

5o 5E ot
CIAY ANY) CIAY AN 95 R

el aloli s Cl o sl : RR o5 o : HR

&0 4 M oo 50 1ED slusy asdllan jo (o0iiS5b sl Joe 3y s ¥ Jguz

o ]
R P-value s p6 SE o 0591 2 Cmos o
Ay A -1-04 -Nvs L5l ol
RN A1 YYA Ay BRTS o AG
YA IR\ -I¥Ys - IASA Gl oy
-[av- NRIY; SJVFY A :

o PWP-TT
YITAY A1 YA -[voOY < IASA Gl o
-1a54 AJAYE A R :

o PWP-GT
Y/294 ofeee¥ < IYYO V/+ QA Sl cansg

OA-


https://dor.isc.ac/dor/20.1001.1.16807626.1396.16.5.2.7
https://payeshjournal.ir/article-1-80-fa.html

[ Downloaded from payeshjournal.ir on 2025-07-06 ]

[ DOR: 20.1001.1.16807626.1396.16.5.2.7 ]

Oh%es g (Folew Luge

- ol ol (S8 S5L le Jue

53k 2 Bg sy il yly Eual s Joe dslie Y Jour

slallas (a) Gl oyble

. gonaib . Slp s> asgene
bS5 nle sfatd Byl Sl ke . Je
asdly bl toley 5o plf asdly
el Joe ) 3] ool o SIS oo
i Sy ] 85 el Jas ol ol 8 aly tlssl ok -
S 05 03 b oS 1y (o andly Slas ) casdly G slas a5 e cpy £9y5 5 Sloj 0,90 ) )
. 4ol <. . . . .. . A s Jais | L
Gk 5l &by ole sezee sl SKion plod a5 05d 0 B8 - RIRY 3,k S e sdalie Y AG
4 by pe Slaalive do iy i bbb 4yl pls 0gd oo s By i (s oy
ailiae 08 5l o8 S
S g0 9,915 515 5,90 Jelge (sl (ST el S -
ol o gl daid By sl wlal de ol o lessls -
olple w@d.,'@Asz.w-'xJ L,-f.)' . . o5 ool il s s
Dgben 485 515 0 axdly o (oly (Folie slats Esrd 3 Sloj ey92 o
; . t ol o1y pli asdly
QL.SJ Pr-NE 20 L"’u‘u‘“" );l Ll aglaie lady AG Jows ».9)15); - a)L\ .s)ls Sglate oaaline WLW
G Alos S Ay o
O (s by
. . ) il e
sloed wal8 (2l andly sluz ) slagle; ol alaly ogas 53 -
0,99 b o 1) slasdly L as s a8 G sl o addly £ -
D9 g0 duloe (Al 085 4,50 dslllas
cSlo Jow ol el Lol asgls dndil g WLW  Jow silos -
Jse ol 3k o il &by J ol ol als Lol
asdly o sln Folite sl nlple ool @8y G5 eluly Slib &9r% 3l Sloj 059
9425 | pli) asdly oS
RYSp 4._9)? BN 3yl 5,ls Sglate oaaline PWP-TT
N L t ol o1y pli asdly
ool FLEWLW Jao 5l gy o (285 a5 o 4y azgi b - (U5 oley) e
ilod ;S5 4y

@ oot sln | asdly —ohg 5 (IS 190 8 plgiee Joe nl 5o -
Dyl s

b ge RalS () alBy slaws mal38 Lol 3l slass ¢ jlas acgane -

0393 b 52 |y slastly 3B o by 05 S sl s 4l 5 -
B o dalire (il 00,5 43,55 aslllas

Sl Jae ol sliel Ll wigd oo ganail mly WLW  Joe wuisbes -
asdly o sl Solie 5o e by el @y w5 ool Slib
Delee 45 Sl )

ol FHEWLW Jowe 3l mlBy oo 5 235 ,las s 4y azgi b -

@ Omgie o slp ) asdly —ohs 5 (BT S 90 e Glsiee Joe o -
Dyl s

nlise (0l () @lly slaws T3l b o3l Slaws s acgems -

) el ol 8l &S el
andly 5l Gloj o9 iy s
X 94,25 | pli) axdly o5
o5l Syl Sglite osalie L3 _ i PWP-GT
. t ol o1y pli asdly
(o alols)
.-\J‘DQJKI A,

7 —=o |
2 o
= » » o

0,80 sly Gl il pulg olas 51 Lo ) S

OAN


https://dor.isc.ac/dor/20.1001.1.16807626.1396.16.5.2.7
https://payeshjournal.ir/article-1-80-fa.html

[ Downloaded from payeshjournal.ir on 2025-07-06 ]

[ DOR: 20.1001.1.16807626.1396.16.5.2.7 ]

r
Pk (2l psle oaSings, 4 4

hop L L

- o] AG

AG Jao ;3 (B) G5y calpd 3 () 4l jlas g s asgozo ¥ JSCb

hot.B L]

oz B2

}-Oli ' [i(!

WLW

o4.Pa

WLW Jao 8 B, ) ismms ¥y calpd 5 () atly o o s asgamo ¥ IS

oy ——@

Roa, B2 —e

Aga,Bs ] PWP
R Bs -

PWP Juo jo (B ) (bgms¥) calpd 3 (L) aly b ool s asgoza F IS

Jn 55 il il S5 53,8 35 iy ol (e 5 o
as8lg olaz ) duze B ee 40 axdllas 0,90 4o o8 U5 AG
asdly duzme slas o bl aile cull (5,8 105,85 o0 I3
b Ol 75T peizmes il )5 (LS Wby 4 4z (e
9 obyS ;1 50 (sylem atile ganl b yo ) (S e sl
Slgiinng AG Jow il Hlas ae saoxe 04 51 IS &5 390 o5
O, a0 o ahie 4 ax g Sl o [VO] 04d e
AS oS o 28 Jowe ol el ppe Hles S i 4l Ol las
9 M Ao o8 Lo by 4 0y b lagle;
50w el 1) Ssly Wlgh oo mtes i ite SO B>
P9 A yoie 45 Wigd o 390 S o laslinl lalas cl> oy
O Goilm Joe ol 2ol (sl g, S 005 0 sl £99 sl
sl il g slass o 1y ylog 4y aisly sloym ien
5 Obes @ dly Goim e (9303 9l )0 ol el AG Jas

[YA] conl @lyblbre diga jue Juolgd
Iy dsdly sase olos, oz dadly gl olas ) as” 58 -l S
BRICVERA\ g ¥ B PP UL GOWe] P SV 3 PR W PR U SRRV XS WY S|
O ygme dny asdly yo (ol Sl 0 5l a8 o 5wl (558 o3
b s L LPWP Jos sl eolaiul cnnl a5 o 480>
|y s aadly 45 5,5 5 b audly [ o yme 3 e
Sl st dcgema o Jow ol jo aS I yT 5l aiil 00,5 4

OAY

G5 ATl 9 ey
WSS e S g len Wiy Sy 4 ST 5L By sla Jow
Lo bow sy, anlllas gl alaosls iz 3 I @ cnl ol
asbly (58,5 Hlaiso bl gl Job )0 (1855L @l sl (s,
asliwlie (YY O )) ccsls aoalys Jlis an o) LST bt «Jsl
SeDS sla ) slacasgass 929 b o, Kaagh 5l o)k
Laosls Eg o= Jedeo gl e sl g,y o) g é)l—"’]
Gl Lo sy alore slo iy, [V YA aiiS oo oolazul
Slp asdly paiz olas ) 5las (69,8 - (9,0 (S (53,5 3
)‘ M_‘»L.c JA_A uL.?Lu‘ oleas QLe,u.M.u ‘09.....:(5,0 QL?U‘ 0)5 s_i:
wasdly olas ) lagla) gl @js 4 0sz g0 oo o
Bad g oold ) wlds slasi (69,3 (9,0 mldy o (Ko
0,8 bl bbb ay iy b i il ) oS asdllae
o] é)_‘i sS_t elJa k;»—m)‘ﬁ 6)50)‘JJ‘ L: d.sul? ).s‘ hwﬁ-o.b
2 Gl 5 slen (Seisdm wul rizen 0yl (Ko
=S 5b aldy ol gl ol Jow ol aiey jo (3815
WA ey 1 )y emal sl Jow glgil alas ol yo s
degame iyl 052 (S5 Hh Gl Jae Gloe Dol (et


https://dor.isc.ac/dor/20.1001.1.16807626.1396.16.5.2.7
https://payeshjournal.ir/article-1-80-fa.html

[ Downloaded from payeshjournal.ir on 2025-07-06 ]

[ DOR: 20.1001.1.16807626.1396.16.5.2.7 ]

!
-y

Oh%es g (Folew Luge

s S5y ol Jdd A 99,5 o0 leys 1o psl e G 4
2 Ly el S 5 G255k @By sl Joe nl o
2 sl s 5o (] asgie il oaims (LS (i it S
el glaosls gl iy Jow cpl.cwl g olas ) ol
S a5 | acaly Gl glesl aSiles e 9,8 SO a5 Cul
Slaslice adgl isw Sledbl 51 Jaw opl o5l 10 ez cpizen
u|5_,.c 4 MQGA :L..]s‘ Glﬁj aQ Ls).u......u L))? 13J bb;s‘o oolaw!
s il i Jsl anedly Sl s Sy 53 lalslae ST e
e 055 4 395 35 som By 4t o Sjluile 23T 4 )
slados 5l S o Gla Thy 4o &0 4 (T) Jooxr
w0l ydae eolo 4y azgi b oo o lid | il ylg puoras
30 i (i85 s dcgasma oy 2T g g OYlgin g Blaal
QSi'_w"‘? uo)_f o)\3 09_213 L_bu] d.:Lml)J ‘)J) cdﬁ)‘é JM ul?b..:‘
g1 JdleS Dglaie W pndd aoes 10 g Joo jo By L
Tl e i Sola Lages
ook kol ,en 15,8k 55
ISR R
&6y olaz, aile Jlx glabgp zrb 5l g 5 dlie oy
QOB F50 VIITEYYY o,lels £ « cmax Olalllas )o
5 &l Capae g ldlas annie Jbo colex b oas col
S 00 ’aL?D‘ AR IRYA JLA.AJ o )9.“5 Coro> GAAJU
c.gl.i.o
1.Abrahantesa JC, Burzykowskia T, Legrandb C,
Janssena P, Ducrocqc V, Duchateaud L. Comparison
of Different Estimation Procedures for Proportional
Hazards Model with Random Effects. Computational
Statistics & Data Analysis 2007; 51: 3913 - 30
2.Manda S, Meyer R. Bayesian Inference for
Recurrent Events Data Using Time-Dependent Frailty.
Statistics in Medicine 2005; 24: 1263-74
3.Kelly PJ, Lim LLY. Survival Analysis for Recurrent

Event Data: An Application to Childhood Infectious
Diseases. Statistics in Medicine 2000; 19: 13-33

OAY

adgs (Unstable) jlal s slas gl i oo SxgS son a6y
[#] (Truncate) & 1, lesls wb

O d g 90 ddsllas 0,50 Jobo jo ol 8l adS WLW Juw o
S8 mlEgoame slas ;s oy ee 10 o S aldg sla s,
Jow yo alflas & jgods asdly 1o gl aly s b Ll 0,5
SUBEl 059 slasd (g3ludos asdllas Bun a5 gloj 050 0 )y
595l sy cslo it by &y o] sama shas, &5 b el
Oles a aiunly (slo o i (599580 05 oo ol WLW. o
LS by 4 azrgi b (iliSee (sl i 4y e o Joe cnl 4
5AG Joe 55 sl 69,51 polie el aSenl b g oo a3,
Iy Salae slacaus by Jow cpl wins alin ;55055 LWLW
= WLW Jos g 0ol ps AG sla Jow 10isS oo (s 3ludote
wiles oo siladae 1) By slas

318 cmlie Jome Gl 1o (6 b 3l osls ;o xlEg slows
S oty 5 oS 5 23 e il o @by sl 5]
cslio PWP (sla Joo azmis )0 g 05lo glds [ K0055 b 6y 5
BN SN EER W PR PSS BN 1 PR KCSSRR S Syt PR PR CL WY
Ol T Gimtemy it S S5 31051 addllas oo 23y
b ml o g el adly SO 5l o s sse 00,8 1)
S Shoaazg b S 0 aiie cwlin AG gPWP sla Juws
cdel Lo gl Jow opl )] ot dcgemme alox 5l WLW Jow
5o 08 Jle lgmie an cind cenlin iS50 a8y (slaools
0355 s 1y sl S S 1 > ez andly S s
s die (pl a8 65,5 )13 Jlas dacgese (o Wled o il

4.Pennell ML, Dunson DB. Bayesian Semi parametric
Dynamic Frailty Models for Multiple Event Time
Data. Biometrics 2006; 62: 1044-52

5.Yau KKW, McGilchrist CA. ML and REML
Estimation in Survival Analysis with Time Dependent
Correlated Frailty. Statistics in Medicine 1998; 17:
1201-13

6.Lim HJ, Liu J, Melzer-Lange M. Comparison of
Methods for Analyzing Recurrent Events Data:
Application to the Emergency Department Visits of


https://dor.isc.ac/dor/20.1001.1.16807626.1396.16.5.2.7
https://payeshjournal.ir/article-1-80-fa.html

[ Downloaded from payeshjournal.ir on 2025-07-06 ]

[ DOR: 20.1001.1.16807626.1396.16.5.2.7 ]

r
Aol il psle euSings, &y

Pediatric Firearm Victims. Accident Analysis and
Prevention 2007; 39: 290-99

7.Amorim LD, Cai J. Modelling recurrent events: a
tutorial for analysis in epidemiology. International
Journal of Epidemiology 2015; 144:324-33

8.Amorim LD, Cai J, Zeng D, Barreto ML. Regression
Splines in the Time-Dependent Coefficient Rates
Model for Recurrent Event Data. Statistics in
Medicine 2008; 27: 5890-906

9.Cox DR. Regression models and life-tables (with
Discussion). Journal of Royal Statistics Social 1972;
34:182-220

10.Du P. Nonparametric Modeling of the Gap Time in
Recurrent Event Data. Lifetime Data Analysis 2009;
15: 256-77

11.Pandeya N, Purdie DM, le Green A, Williams G.
Repeated occurrence of basal cell carcinoma of the
skin and multifailure survival analysis: follow-up
data from the Nambour Skin Cancer Prevention
Trial. American Journal of Epidemiology 2005;
161:748-54

12.Andersen PK, Gill RD. Cox’s regression model
for counting processes: a large sample study. Annals
Statistics 1982; 10:1100-20

13.Prentice RL, Williams BJ, Peterson AV. On the
regression analysis of multivariate failure time data.
Biometrika 1981; 68: 373—-79

14.Wei LJ, Lin DY, Weissfeld L. Regression
analysis of multivariate incomplete failure time data
by modeling marginal distributions. Journal of
American Statistic Association Assoc 1989;
84:1065-73

15.Therneau TM, Grambsch PM. Modelling
Survival Data: Extending The Cox Model. 2%
Edition, Springer: New York, 2000

16.Pepe MS, Cai J. Some graphical displays and
marginal regression analysis for recurrent failure
times and time dependent covari-ates. Journal of
American Statistic Association 1993;88:811-20
17.Lin DY, Wei LJ, Yang I, Ying Z. Semiparametric
regression for the mean and rate functions of
recurrent events. Journal of Royal Statistics Social
2000; 62:711-30

18. Kennedy BS, Kasl SV, Vaccarino V. Repeated
hospitalizations and self-rated health among the

OAY

!
-y

elderly: a multivariate failure time analysis. Journal
of Epidemiology 2001; 153: 232-41

19.Gill DP, Zou GY, Jones GR, Speechley M.
Comparison of regression models for the analysis of
fall risk factors in older veterans. Annals
Epidemiology 2009; 19:523-30

20.Moulton LH, Dibley MJ. Multivariate time-to-
event models for studies of recurrent childhood
diseases. International Journal of Epidemiology
1997; 26: 1334-39

21.Andersen P.K, Borgan @, Gill, R.D, Keiding N.
Statistical Models Based on Counting Processes. 1%
Edition, New York: Springer-Verlag, 1993
22.Lawless JF. The analysis of recurrent events for
multiple subjects. Journal of Clinical Epidemiology
1995; 44:487-98

23.Cai J, Schaubel D. Analysis of recurrent event
data. In: Balakrishnan N, Rao CR (eds). Handbook
of Statistics: Advances in Survival Analysis. Vol.
23. Amsterdam: Elsevier, 2004

24.Strawderman RL. The Accelerated Gap Times
Model. Biometrika 2005; 92: 647-66

25.Cui J, Forbes A, Kirby A, Marschner |, Simes J,
West M, Tonkin A. Parametric Conditional Frailty
Models for Recurrent Cardiovascular Events in the
Lipid Study. Clinical Trials 2008; 5: 565-574
26.Hosseinzadeh S. Modeling gap times between
recurrent events by time dependent frailty model
with application to medical data, Ph.D Thesis;
Tarbiat modares University, 2011

27. Dacourt V, Quantin C, Abrahamowicz M,
Blinquet C, AlioumA, Faivre J. Modelling
recurrence in colorectal cancer. Journal of Clinical
Epidemiology 22004; 57:243-51

28.Purroy F, Caballero PEJ, Gorospe A et al.
Recurrent transient is chaemic attack and early risk
of stroke: data from the PROMAPA Study. Journal
of Neurology, Neurosurgery, and Psychiatry 2013;
84: 596-603

29.Castan™ eda J, Gerritse B. Appraisal of several
methods to model time to multiple events per
subject: modelling time to hospitalizations and
death. Revista Colombiana de Estadistica 2010;
33:43-61


http://www.jclinepi.com/
http://www.jclinepi.com/
http://www.jclinepi.com/
http://www.jclinepi.com/
https://en.wikipedia.org/wiki/Journal_of_Neurology,_Neurosurgery,_and_Psychiatry
https://en.wikipedia.org/wiki/Journal_of_Neurology,_Neurosurgery,_and_Psychiatry
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&ved=0ahUKEwjj_Zen3IrWAhXShrQKHWnSC9EQFggxMAI&url=http%3A%2F%2Fwww.scielo.org.co%2Fscielo.php%3Fscript%3Dsci_serial%26pid%3D0120-1751&usg=AFQjCNE1WtfmWd3U-h2HteJslNOOdH-qPA
https://dor.isc.ac/dor/20.1001.1.16807626.1396.16.5.2.7
https://payeshjournal.ir/article-1-80-fa.html

[ Downloaded from payeshjournal.ir on 2025-07-06 ]

[ DOR: 20.1001.1.16807626.1396.16.5.2.7 ]

Payesh

Journal of the Iranian Institute for Health Sciences Research

ABSTRACT

Variance-corrected recurrent models in medical studies

Arezoo Bagheri *, Mahsa Saadati **

1. National Population & Comprehensive Management Institute, Tehran, Iran

Payesh 2017; 5: 575- 585
Accepted for publication: 3 September 2017
[EPub a head of print-12 September 2017]

Objective (s): In many medical and epidemiological studies, each person can experience several events one after the other
sequentially under some circumstances, known as recurrence events. Broad analytical objectives of recurrent events consist of
describing event process in an individual, dispersion of events from one person to another, and determination of relations
between constant or time-dependent predictors with event time. So the main purpose of this article is to present and interpret
advanced statistical models to analyze such events which have been proposed in recent years.

Methods: In this article, variance-corrected models including AG, conditional PWP (PWP-TT and PWP-GT) and marginal
WLW models for analyzing recurrent events are presented and compared with each other.

Results: When the number of events for each individual are small and the risk of a reoccurrence of an event varies between
different events, usually conditional PWP models are used, while marginal WLW and the time-dependent AG models are
applied to determine frequency of events.

Conclusion: Medical and epidemiology studies should consider various factors such as the number of events, relationship
between events, the variability of the effect of factors from one event to another, the biological process, and the correlation
structure of data to select the valid recurrent models.

Key Words: Recurrent events, AG model, Conditional PWP model, Marginal WLW model
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