[ Downloaded from irje.tums.ac.ir on 2026-06-11 ]

You-Y) Sléws € o lads NY 0,95 AT Ol f&‘ﬁ‘ 63}“}?“":‘,‘ WL 4.1:;&

Ologd JUia! (e (RO 39 gy i o0l b By sloodtd 30 Slamils Gl ad i 9591

gy M e doguaze ¢ (GOlxw Lo e e (Ui yguain (eheme ¢ (S (3

TSl (S

Ol €08 01 (S she 8315 ety outSCails o s 55T 5 (5 skl 05,5 ¢ 3 LT i)l (i )IS7 (6 gty
Ol 015 0 (S5 pshe oBils (ilotgy oSl ey 3T 5 (65 S gkl 03,5 ool

Ol 08 Ol (S p sl ol (ST 5 1S (sl (ool oSt g iy Sy

Ol €015 05 (S ke o8l S5 1S (sla (6ol o tSa s o n

Ol Ol 0l (i pshe ol 575 25158 (gl (5slas o aSin 3 lils”

Ol e e Sy e oKl S 5 SIS b ol eiSKiany Ol Slided S G (@l Logde A ilaly sk

n.mohammadi.24@gmail.com :¢S s 2 oy ¢t YAYFADY + F 2 a5

Q0/+8/49 1 5 50y O/ P by b

s oyble s sl iy, cpl 45 ol SIS (g 55 by, s sloosls 5T 5o soliiwl 050 St slabg, dhex
sl S w5 asly (g9, aglse I 3,90 caalllae Bun 4§ Sl auS o 4wls |, (Conditional Hazard ratio)

non- ale> 5l culse s o bl cos alis Lo A ool byl slo s, (ol 5l eslaul sl (Total population)

ool wl lacadgame cpl 4 daz g b sl lo) o 08 yusiie g (Structural selection bias) g ,Ls-le Gl [b,e5 04 collapsible

D 50 dpogs WS oo duwlne dral> mhaw 0 ) ag2lee sl Jl laugie a5 glails G cond )
g ogdn a3l (Tle laile 510,51 sl by, 5l (S plsie 4 €ploy Jlaixl wSe (230597 by, (Byre & e (5
HndS 5048 anlllas slaools ;o g, ol 5l eoliiwl b 5 Ll 10 00,5 o 8,50 5 glacil> de Jas cos o 5l eolaal b
Sy (edze g (5,0) S h)lsS oliws oy 1 10 01,81 S U yleg g, B rae o lasils oide I Syglp

Dy

Oleys Jlizl Ko 200355 cside Sl islails Sligands (E5lg

Sogoinl o wel has sl » agzlse gakul, Kigase
slajlaie patie (caix 5 (G sloogS 58 o)blie o
adlas Goo a5 oy igd oo 950, ailflas g aijls gglaie
Ohsy (nl el anslr mhaw jo 5 Gl Ojgo 4 Sl ol
(F) cons il

23 (S Ggma Sy by 0 sl B a3l Y
[UEPURCHN RSN I N JOFSONEE KN ICHN PN ESRE
S oy lem A e i sladY 55 o,bloke o
Ar gl goyblre Cand b o)l 352y oS (igase
(F 0) Cuns

A S Jan 3 Ll 25 o e olaj oo 3 o bl ¥
O @ly o &S gde w8)S ondl ploj b oaglse Jlie
2 0,ble s 51 S59 Sl o Joejl el Cawods s

\
Hazard ratio
Y
Non-collapsible

.

Ao\
gk 45 loos S auglic Lols sloanlive sloarlias
55 Ooal 3o ol S o il 1y gl oy by dglye
eSS Slp owip COS Sasgeme > Kiagh dedadlas
odolie 4 Bro 5 00,50 lalslae e o8l 4 by
Glalslee sloarlas s 4 badlas ol 45 0jl e
ahos Gl b Kigase o 08,50 Luils was  dolas
JAS o Sigasee ;b labs; b b Cand 5l cnlaliy Y )
el ooz, B ley c oy g 9500 doly oS Ly gloools ;o 05
@ o Rigadee Jl hasd el Glgige «((F) Sl Sl 550
o Sl gy alez 1ol ol sl agzlye S o) 2
o9y ol Lol ccwsl SIS oy, iy sloosls jo eolaiul o)g0

Hlailole oS el ool Sylo
b Soge a |y agzlie S ST Se S5 g, )
iz slaaY ;0 by (55) alse 51 (G WIS 0 3505
I & iz 5 e 51 e 05 0 GB15F lmoaisS bgucie


https://irje.tums.ac.ir/article-1-5913-fa.html

[ Downloaded from irje.tums.ac.ir on 2026-06-11 ]

YOV Oloys dlezl oS 23055 oy 5l eslital b i slaesls 53 gladl ade o i s sl

Sygoy a5 0,5 dewbre k-1 loy alold (LL o ousy ol 3
@ Vb Jgep 0 Sl g o)kl i S arulre
oS Loyl 5 Ll ogde 455 le U S5l P(D, =0)
oS oy Aol o s 5ylge sl g ol Sles baojl sl
Sezsds Syl al o HULL 5 oaiSTyy eols USie el
sl S 5 bl oyl sl Jds e @ W
2395 o0 o3litul 5 Jge,8 5l o bl

M)

logit P(D,,, =11 D, =0,Treatment) = 6,, + 6k + 8, Treatment * k

k+1

Slas kg ol o;blrs oo Sl (o )8 Stz Joe )
Q@ dialy lawe 5l B O &S ol 5l (Ve oloj oauns
5 ogdise 2yl ploy 4 dly Djgo 4 o)kl wieol o
S iS4 G ko ploy 9 A Glops o Jlite Sl O)le
3o o3l ooy Jsbo 53 "o ble
31 &S P, = 0D, = 0, Treatment) Sl le ©po b e
e B gl wediee dmlne Seead e

I s sm o JeSe Colgi)d 5 P(D.; = 0|Treatment = a)
1, ey ogde Ll 5 45,5 1, lays olil sl ailslas sba,
Ao sl alis ol 3o 05 musy | iy imie 5 0903 951
g on oslitl Jlasol (uSe (23059 by Sl b Sbgasee
Jlsia| e (230339 G99,

35 0 lp CLl plagss (Ll e B30y LBy 5
sl G35 asl> dopyie ol 5l eolaiul b o0gd oo ol
azlye oo 5l Jas Sigase glayeiie (] ;0 45 gl
Joe 5l b Sigases Sl Culed o 9 998 o0 Jiums (o) 2 3590
(V) 350 5551 dg2lse lailo 1 5 o i

oo heslanal b bl glagjy sl &jpe anmbre ln
095 95 Gl daShgade joa> (o |) alye (St
ale (sl 5 O9d g0 e agzlye (e 5 AUl agzlse
2 4zlye (S Jowo jleslitul b dagyyg (ol S 25
el 0 e Jo cools 5Lt Looles b a5 L Siguss il

Clly s bocyg dewloe (gl p

SW= (£ e I (Y)
1-Pla=1] polae maial 8o
1- Bla=1L] T LMt

¢ Unstable
\
Hazard ratio
" Stabilized weight(SW)

laisbeg and 3 oy O3l bty ool axlllae Gilizes glaiyle;
NQAA S RURRLIWIR

el sl arin ploy Sy o bl o iz -F
6ol Bl o ey o 40 0,blre Cawis 1y el (gLl Sl
Azl )0 el 00l ) oyl 5o sl jaie 45 09 o dulre
wonile Bl o8l s eaid (6 Seslal oSy sle s
(ALY wigds Qbl 95 el wilgs oo

Sloygl adllas Bun a5 loj coads by Jlas 4y a>55 L
el anly (IS e 0 wly 65) w2lye slacil>
oolizial (i)l 1y by gla g, clee a5 (glacil> sla sz,
D9 s

GRI0IP Sy e slanile 5oyl slagis, dbex
p e glwslailisl ey g (Ve L) (il WSe
e (V) Joe

abl s (il (oSe (230597 by (B dlie (pl Bua
el S & gmsS slosls ) ool by Jlie oK

sleosls 51 ig,y 90 cpl 5l eolaiwl L i slasols 5JUT jo
Coyp b sloosls 5l elaie gd e eolinal |l — sl
5 955 o0 0old Jaun yloj (g9, Wosls a5 col (pl ey - aseds
(i 3590 daly 4 a9 ) 5, b oobe o (S2s5 (s05L &
oo g 4 ooy eSS slaojl 51 e 39 o0 a1
30 Jol 0,8 4 bgyje Ceoyd ol yo ool Jgl Hlaw el bl
3 Jel 98 & baipe ped Shaw k=T (o 65 S ol
oor O3 T B G e 4 5 kT2 sy pg0 ol
Slawi &y oy 990 ol U pss 038 sl T 5 e 5 gl 08
Dl 3429 dlBlaz sl o 0id (65X slrole

1S melyS (o) plolo ;39,8 pa sl
D, =1 ifT<k
D, =0 i T >k

©3,S iy p(p, 211D, =0) “oge 4k ol o ekl

aS 5 sbyd pyd ool Lk ey yo Ly Jleos! ases (o

o slagles ples s o bl (sloe Ko p2 ol gl o
P(D, =0 =] P(D, =0, ,=0)

L Ol P 21D, =0) Gk pley p esble lade

olass ay k alold jo o8l slaws el Sy (55l )LL O )50

Y

Model-base standardization
¢

Person-time


https://irje.tums.ac.ir/article-1-5913-fa.html

[ Downloaded from irje.tums.ac.ir on 2026-06-11 ]

LK 5 glesws /YOA

SV e (oS5 w9 eI F 095 99) Ol d(dlwgy
(Lsgy = )

FYvell)

ol A aS (60,8 FAAFF Lo 5l )liidS D yaS (glrools o
0 oo Bras [Kw ;a3 APTY Sgax j0 ciad o)y axlllas
olsS o Gl 1 p 8 YAV 6580 090 Jsb 5o
)_6.1 'Y 4Lbu‘i )l as \.\3‘0»))5 A_Jsﬁ (000 9 6].0) ‘5>l593
.dd‘co%j )li:.ud chfm S YOF g 004 )Li:.w o.x;.:f;é)m

550 laile Ghgy plgie 4 Jlinl Se a5y g,
OlsS oliws by S50 S8 S b ey (55, 5 )
Ohgy ool 2 o0 ysly pliebol alold g 0 a3 5 ISy Jlégh
R PR ML?!A&” Wbu)l.ml uy

o9y opl sl eolatul b oS 0ad oo oawlive (V) o)leds Jguz o
Jfa.a ms O aL(b).iws\.\m )"‘ J:.bu 9 L{U Lngoalo )
sle Lol B3 (5)le5 by Sl ps Se b ooy 5 K
A.Lalﬁ) ool YIY L! )J‘J.J 03 J-)MJ uS.w.J) S .é)lé S¢>g
CIEY =0IY ) e, A0 ol

Sly oals bowi la 048 o0 cdaline (V) ojled SO o
el Gl B Sl 5l S W) o8 Span o a5 314

wtle Jao slagyjs oad drnlre gy 9 Sjgo 4 4255 b
aS ol ‘J”‘ o aislu Lgl.)l) LgLQQ)B 6‘)4 m}/ .’oj.w Q}w‘sn
3l S sae bl Tagas Lagyge el

sl jo a5 ey —ased Cwyd b slrools 5l pgo a8 o
Jowe 5loolaiul b culed jo g 05 oo ooliul d asaT denie
3o wels ¢l okl Joo G (V) o)l Jge s Stz
g e 03l il casloads ools 34

Oleyd 09,8 90 slp (yloy A atigly o blre (Jow cpl o
S5l 5 Sedie Amsbme olepd e 9 a8
o S Sslite slagle; ) Olwise |y Logit PID, =01Df =0]
€8l cess prpp —0) s RS 5l oyl 4 b oS ol
gl

3 oads dwlee YLz 5l oolaiul b eosls cul jo cules 4o
g (pl Buad a5 Sy S Sl 50 5 Sy 9 iy ¢ Joe

Jbo S ailyl

LoJlis! oSe (2305 Oy ol ool plas gl
» )l.{.».w s_QJ..aA 6‘4Ml> )_,‘ r Q 6’3‘9 Lngoalo )l oQLo.».wl
S 3550 9 (B3 5165 oliws by S1 50 S pe b oo
ool b K B pan pos 4y S 00S G pan 09,5 s
(V) sl 052 g0 ke Ll
ldS bl & gmsS axlllas 4y leie axdllae oyl Sl
VAY-AS slaJlos b woldl 5l a5 0 e -
G Sy3e AV jsb 4 1TA0 Jlo b 5 wilonds asllas 5 s
03 S j5loty aalllae oyl SleMbl (5 jglaas g, aiid S 3

dgd> y0 aS el

SBran) o Spas ) guwyn 390 alse aslllas ol o

F o0 S b oloy |y (omyz )90 daly 5 (S pan pae —oass
adS Ll 0 (edre 5 5p0) SBsE 3)l5 oy oy
ool L)l cnl goanS gaste lapiie 95 o0
iz 5 Wl le o5 Wlead bl dayl tde (s s ciae
seiie) aalllas @ 3955 im0 831 o (035 9 350 095 99)

.
Risk ratio


https://irje.tums.ac.ir/article-1-5913-fa.html

[ Downloaded from irje.tums.ac.ir on 2026-06-11 ]

Y04/ Oloys dlezl Ko 23055 oy 5l eslital b i slaesls 53 gladl ade o i ssl

b S pdsen oo Oabs Jlast Cod 5 Jlazml oS 80055 Ghas b edd Jdes st cs =Y o ylad J g

(788 lawdb! dlold) yhas s

e A - . o “ #* " .. B £y “
)li:.w S8 pan Cordg 0dS J.:.A:u JL“"‘U"S‘L_?”‘)U)S uujjl.:\oM J.’..\:u
B ras pas Ref Ref
0SB pae 1.76(1.18-2.58) 2.2(0.61-5.2)
< ,...iu/ ULA) e sb.wj)—).e{.:) ‘GcLo.o > | —6¢L4J| Coxo ‘9 ‘C,...cp > 6‘;» 03 J:',“-\-’-.‘ﬁ&
survival from IP weighted hazards model
100 == —_
0.98 e ~ h"‘"-‘k__%
0.98 . T~
097 S
0.96
0.95
0 12 24 36 48 60 72 84 96 108 120 132 144 156
Months
A ——— A=0D A=1

Jlazml oSe 23055 (s o oozl Lol Jodsd 6l Jlases =) o ledd H15 003

Sleslainl b glacils jlas Cod 0980 o0 dpogi slacils o>
oSe 2305 by, Sl sl g ley - ezl glaosls
s,000 Hlaebl alols 5 cul dnlxe BB ey Jlais

5 n 3590 oyl Sy g,y 5l ool b Lasls cnl sl

1 Greenland S, Mansournia MA. Limitations of
individual causal models, causal graphs, and
ignorability assumptions, as illustrated by random
confounding and design unfaithfulness. European
journal of epidemiology. 2015; 30: 1101-10.

2 Herndn MA, Robins J. Causal inference: Boca
Raton: Chapman and Hall / CRC,forthcorning; 2017.

S
goiin dloz 3l 0yl Cannd el glacgogise 4 gl b
@ oezed 5 Bl 8 g il BBrg (loy o (o

Cs 3,59] 2 Wbl oo powslio anel> jo DSl gl b s

&b

3 Kleinbaum DG, Klein M. Survival analysis: a
self-learning text: Springer Science & Business Medig;
2006.

4 Mohammad K, Hashemi-Nazari SS,
Mansournia N, Mansournia M. Marginal versus
conditional causal effects. Journal of Biostatistics and
Epidemiology. 2015; 1: 121-8.


https://irje.tums.ac.ir/article-1-5913-fa.html

[ Downloaded from irje.tums.ac.ir on 2026-06-11 ]

Q\)KA.A 5 Slasee /¥

5 Mansournia MA, Greenland S. The relation of
collapsibility and confounding to faithfulness and
stability. Epidemiology. 2015; 26: 466-72.

6 Greenland S .Absence of confounding does
not correspond to collapsibility of the rate ratio or
rate difference. Epidemiology. 1996: 498-501.

7 Herndn MA. The hazards of hazard ratios.
Epidemiology (Cambridge, Mass). 2010; 21: 13.
8 Herndn MA, Herndndez-Diaz S, Robins JM. A

structural approach to selection bias. Epidemiology.
2004; 15: 615-25.

9 Mansournia MA, Altman DG. Inverse
probability weighting. BMJ. 2016; 352:i189.

10 Mansournia MA, Danaei G, Forouzanfar MH,
Mahmoodi M, Jamali M, Mansournia N, et al. Effect
of physical activity on functional performance and
knee pain in patients with osteoarthritis: analysis with

marginal structural models. Epidemiology. 2012; 23:
631-40.

11 Gharibzadeh S, Mohammad K,
Rahimiforoushani A, Amouzegar A, Mansournia M.
Standardization as a Tool for Causal Inference in
Medical Research. Archives of Iranian Medicine.
2016; 19: 666.

12 Pourshams A, Khademi H, Malekshah AF,
Islami F, Nouraei M, Sadjadi AR, et al. Cohort profile:
the Golestan Cohort Study—a prospective study of
oesophageal cancer in northern Iran. International
journal of epidemiology. 2010; 39: 52-9.


https://irje.tums.ac.ir/article-1-5913-fa.html

[ Downloaded from irje.tums.ac.ir on 2026-06-11 ]

Iranian Journal of Epidemiology Winter 2018; 13 (4): 356-361.

Estimation of the Marginal Causal Risk Ratio in Survival

Data Using Inverse Probability Treatment Weighting
(IPTW)

Mohammadi N', Mansournia MA?, Sadjadi SA A3, Alimohammadian M* Poustchi H?,
Yaseri M2

1- MSc Student in Biostatistics, Department of Epidemiology and Biostatistics, Tehran University of Medical Sciences,Tehran, Iran

2- Assistant Professor, Department of Epidemiology and Biostatistics, Tehran University of Medical Sciences,Tehran, Iran

3- Physician, Digestive Diseases Research Center, Digestive Diseases Research Institute, Tehran University of Medical Sciences, Tehran, Iran
4-Instructor, Digestive Diseases Research Center, Digestive Diseases Research Institute, Tehran University of Medical Sciences, Tehran, Iran
5- Associate Professor, Digestive Diseases Research Center, Digestive Diseases Research Institute, Tehran University of Medical Sciences,
Tehran, Iran

Corresponding author: Sadjadi SA A, n.mohammadi.24@gmail.com

(Received 11 June 2016; Accepted 26 November 2016)

One of the traditional methods used for the analysis of survival data is the Cox regression technique. This method
calculates the conditional risk ratio. However, when the aim of the study is to estimate the effect of exposure in
the total population level, using these conditional methods is not apposite. Furthermore, the hazard ratio has
disadvantages of its own such as being non-collapsible, having the risk of structural selection bias and variability
in time. Given the limitations, it is recommended to use the marginal hazard ratio, which estimates the average
causal effect of exposure in the total population level.

This study introduces the inverse probability treatment weighting (IPTW) as a method of estimating the marginal
causal effect. Finally, to illustrate IPTW method, we used Golestan Cohort Study and estimated the marginal
causal effect of smoking on time to death due to the upper gastrointestinal cancer (esophageal-gastric).
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