[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

ovw pF pOlio b AL Wy S (g 5 5 oo
P95 Galow wyp 0 T 096 9

"al5 alBlS () g audi g3) yiSu g Tsans abls yiSa, " el S pulas yiss, ' Calisl Jlas

lous>

485 Lsh o 9 may gl pdes b b it 51 om0l 55 olam 5 Dl oy 1 53 03 50 001 b 0213 (55T ez o
o ols Wlin cpl 55 T 5 g (S8 (Gla e 53 b gy ie )3 Ll a.\.:rféum;@\..%f ourféum;\ﬁ\
ol e S By $Stnard 0o 55 ledite o 5 4525 s 3l o) ol s p 2550 (S6ST (sle ke 53 et (8
oo Sy Bl edd Vfﬁu.a Gl (X) Ko e 5 oS Slaalie lyls (Z) SaS i 5 b amss L (V)
o6 ok ol @l odd oS Bslad jsb o (X) (S8 iz oki (8 olie oS Sl odd (55 bl sl el 13
ourfﬁ\_a‘gbﬁﬁstéw,,poT@uwjn,chM;@\)oquméua;\;L;\ﬁ@u@,;
2> Mo 5 i 33 A e A Sl Al edd ayla gy a5 SPSS i Jslise byl p 5 53 Ysens 5 s
A o Joe s 53lgiiy e oS 515 DL gl Aeylie b 03 I & ol b i (slginl Sols 7 15 (65las 3550

g 4l i (SlgSel “}:'Lo-"&:a»dj-,/'.o:';[d (f“(}f‘jj%‘wdﬂﬁ ¢ Flai ayL.ﬁ,.fL;La PRVPHI-R W IR C T

(Ll s ange )

e S o8l Sy 0aSiily Sl el 09,5 )

el saSiags, .Y

Ol Sloyd (il Sleas 5 Sy psle oSl , blage Slidos gl 5 Cublage oaSiails g jlel 5 (s35l5medl 09,5 ¥

JJ/QJLAJ,’AJJJLA, H‘/H’Jlg_:


https://journals.tums.ac.ir/sjsph/article-1-278-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

@:19 Jg.& iYﬂ Aab * oes J&a| 95 ghyls y ol Vf
LU 5 das o o ) odd o8 slie Glyls ke wjy
4 (gl €sms wl) bl slae o 5 by ¢ oSSl
WL dal g i Ol olie (ol ol LSl s

#)Jb&b@)scl:duj.bw‘cybwuaﬂ)i
oo slgdinn b 530y (o Dy okd o8 palie (38
O b O lal g Gl Sglie a8 sl esls (sl
MLA JJ)TJ.: J.«.G JJJG J.QL’ LSN okl rf J:',JLS"
solie syl sla esls 5 JolS ola esls (gl pled S s
2 gl s w8 Sli ol b e Sl DL o (S
Sr i 53 oS Sl Gl Jolb 0s (8 pslia b
.C}\:JL“..:M}&QTA.:

4 byra Ples b ooyt ledsy e OB i o5
@ﬁ‘wd”ﬂ;) LSLG—"L‘ L§|j b ov\.&rfﬁ:ua
s sl 1y EM o), S 08 iy 5 51 (ooms - L 035
MOﬂf})s&u@)swbé\.h:)).‘—jOJ))T
5 S Gl e 5l S 5L 4SS S8 ls e b
Ll ex S slgiy ol f'f 2ol L ool en atwgn
(Fuchs C. 1982, Little R.J.A. and Schluchter
BEREEIN) )lji? @5l Tﬁ}.&.‘; EM ‘..:wjiﬂ.M.D. 1985)
duys mis S osddl wesm (SWS s S Sose
3 o:%\\{ U._{LAJ Cewyd r&_:‘aflﬁ JJJKLS}J—:‘«,
Soslizal b gy &K 53 )0 LSS 4 5L EM s.;i,}_in
S eslazsl b a5 CL&OJ‘J}AL;TL;-'}JMC}.‘)KQ}JL;‘}J
TSR IE a.«\.érfﬂsl.iasgjb.- ngila b5 sla esls
:ﬁjé,,f)_:&:.«}:‘\fu.;uj Ls‘jf r.a._”;\.n d\_‘u S yd
St sy eds o slde Jols 1 Sl sl
(Blackhurst D.W. and us” o Jse K5 leds,
Schluchter M.D. 1989)

S By 1) St O S5 el o5 5,50 Oliione
s Lols b 5e odi f'f polae glyls éof ey
SNl 038 M Gl el sl e
L,S eslazul Jds js ol rfri’\—‘l“ shls gl s

(Sattan G.A. and Kupper L.1993a, Sattan
Sl s ol G.A.and Kupper L.1993b)

M&u%}‘ﬁ&s@)oui’qéMuJJﬂ

JJ/QJLAJ,,:JJJL.U, H‘AYJQ_:

$ dodio

33 ligas 68 Gl Mos (1) &S] 0,5,
313 g3k eslinul )00 (54 gyl 5 (S Slidew
Pl Olidss s . Stuart R.L. et al. 1998)
Cad 5 (0dds) (50 Sou Jlie Ll 3o 55 Gioms
23 4gxlge s s 5 (Odds Ratio) (5, Consd) S
23 o5y & pas ol ol b s Sl 55ben S
SYslee 53 oS LT 1558 o edalie Y 1 (65l
5T 4 e odd 55T Gl el S 05 5
OT s ol (s o Coe s (Odds Ratio) ,slis
e S ol S s 1) S g 5 Jie &7 Sl
vf,;u.aL;bué‘.s&u,,;upjuauﬁjt&@g
o 0305 31 ol 55 An> 15 sy Syse |y Lied ol
b osls 51 otdu LT 53 &8 b oo agxs Gl b Ko
B JooSS poe (ialy Sl sols3 5 J 51l ekt 3e
opf g adllas Cgzler 0o aSl s okipp b b aslbn
ol 03 els S5 e eds rf G osls b Sygm opl o
£ B osb 4 (S ol ol () 5 anlles
(Missing At 4sl ods odalive ,slie I Jatue 5 o3ls
.(Little R.J.A. and Rubin D.B. 2002) Random)MAR
Sl S FIS oles 2 f3e Jolge o 53 Jlie Ol
L s Ol n ¢ S5 S o ¢ g ¢ i O gped 8 e
5w 0l 5 (o S5 J¥5 @ 030 I 5590 008 5
Ojr o> e 0 oy pbe ol 5 AL il D5
A3l S e b g i b e 1 ST Ll 5 e

e Sledsy Db gas ol b gl ol L sl
olie Ghyls 5ylee a8 Sl Cpl Eay p 5 esle 313 3
Gl osls el w5 w5 Cods a.«\.fbrf
= 5 DMl by Caws Sl Eel al pl s pdy Sy oS
S5 )tk e syl S pam o
23 sy o= (Little R.J.A. and Rubin D.B. 2002)
SPSS «SAS b 1 o LT lajll 5 ST 55 i
. (Gao S. and Hui S.L. 1997) s,i5> 55 S-Plus
od o8 olie il olasysT, o Sl ol K5 s,
6l osls gl (gT Jlow o linl (Slgdig) b w5535

JJ‘}& J‘v\’: QJ};YL QJ}«GJJ ‘J‘ﬁJ U’:-‘ JJ:"J._" QJ}'.& JJK


https://journals.tums.ac.ir/sjsph/article-1-278-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

250wl Gumds o Gl e S By (SaS (sls i
a3 B )
Sl b Stand 050 55 dule ) & i ol 53 Jhe
5 X (SaS e 5 ods (8 olis sy b nds A
2l o OF (pled s e STl 55T

s o oy e okns QLY o 087 a0
S oS o 2 e 3,8 5T 5) r e 4w S L
Wil bl Sldalie LSS s s Z 5 X
e o Sl 0y S, gLl dhe > S5
o b polde b omely ke (bd VL
i o i ) Do & (S sla e bd

( Hosmer D.W. and Lemeshow Jr.S. 1989,
Kleinbaum D.G. and Klein M. 2002).

ol 4yl olgds, s Litea odd (.f p3lie hyls
e . ( Paik M.C.and Sacco R.L. 2000) <_.l
SaS ke Gl (5F et b Oliee (6,03 dlie
pls s Gk dlael 5 sdd (S slie lls
WSaurd 0w S5 bbb s (b gl s
( Satten G.A. and Su_ise 55 1y b 2l 5,57,
Carrol R.J. 2000)

S0 sygT 5 ehde ST (B sl p esdle
b (S8 o miy ol de ol o ol ol
oS it polie 0 08 gy skt Jey os oS (sla el
(Rathouz P.J. etal. 2003)culons ¢ 138 4l

35 fesl ite ¢ odd plowil Ol ¢y 3590 e 53
Iy by 3,05 Lad ol dlie .ol ol a3 & L35 )3 s
5 odd o8 slis sy b Saad O g ) addllas sl

1

) ﬂo(x):P(Y:O|X:x ,Z:Z):

1+exp (ﬁlo FhxHBpzt /”13”)* e"1’(/320 Py X F Pzt B 23xz)

exp(ﬂlo A Xt Pzt ﬁsz)

7 ()=rlr=1]x=x,2=2)=

1+exp (/’710 Fhp Bzt B 13xz) + eXP(ﬂzo Py * Bzt /’723’“2)

exp(ﬂzo t Py xt Pzt ﬂ23xz)

o 7 ()=rlr=2|x=x,2=7)=

1+exp (ﬂlo Fh Bzt /’713”) + eXP(ﬂzo Py F Pzt 23”)

« ( Odds Ratio (s, i b) Sdu s 93 5 (OddS) Cin 93 ol plo sl ods 4 § b 5 sadyaw Y O

Bk A D

(

P(Y=1 ‘X—
() 6’1 x,z)=
P(Y=O‘X=x,Z=z
P(Y=2 ‘X=x,Z=z)
) 7 (x,z)= =exp\p. +p_ x+p z+pf xz
2 23
P(Y =0 ‘X =x,Z =z) 20 21 22

91 (x,z)
*) v, (x,z,x’,z') =

JJ/QJLAJ,‘AJJJL.U, H‘AYJQ_:


https://journals.tums.ac.ir/sjsph/article-1-278-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

2]

AL ok ol 31,3 plas (gl o JalST 55 b 4 (SGST ke
2ah oo oalimal eyl 35T 5 g s,llanl slgdy,
sl ol s stalin X olie jl (5 4 08 (0 5 5 Il
wils ot (8 ol X (S8 e ol s sl @ s
25 Sose b Ay Sl i Sose ol 53 il

TS e s

33T 5 03587 Gy St D5 S5 Jdow ok

CBa BB By bl ) Jae sl
e g danly Gao 5 @l C Bio s By Bras B
Wl o S8 gl Gl 6l asazes 5 Y amly
ol dlie s . (Armitage P. and Colton T. 1997)
,;ausé,yﬁ.ﬂaﬁ,zﬁzjx XS e g

Cdey o 5 (0ddS) Csny Jliie O 5 cpds sl odti odalin X ;81 A; = ¢ 5 aal ods odalin Xj S1A, =

D3 Al O le $SCtuad 0w S 5 i 53 X ds3luas e s> 056 ((Odds Ratio )

~ .\ Plr=1]z=2)
w 4(2)= Plr=0lz=2)
~ \ Plr=21z=2)
® 0,7)= Plr=01z=2)
0 ,(2)
() % (z,z')=~1
1 Hl(z')
(OY) 1/72(2,2')= ~2((Z’))
o) z
il 2 ) ol e de 4
av py (X [2)=P(x=x|r=02=2)
av) p, (X |2)=P(x=x|r=17=2)
(%) p, (X |z)=P(x=x|r=2,2=2)

Szl 55 a3 Ol 35 4 ) (x |Z) s P (x |Z)gp0 (x |Z) il 5 355 oo eutalin &7 5 b Olas

OY Glgdsnp 5 et andd jloslinal b asl (o Z (SGS e 0ogpglae s Y2 5 Y=10 Y=0 Lo o X e ol

(\o)

%)

JJ/QJLAJ,,:JJJL.U, H‘AYJQ_:

\F oY

ST g e 25 Do 48 5A Gl se

u"’ﬁA‘}’W}Mb@XWQ&JﬂJu‘Mdﬁ)C}*’“UTJJ“5


https://journals.tums.ac.ir/sjsph/article-1-278-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

0 (X Z)po(X|Z)
29 (x Z)po(x|Z)
0 (X Z)po(X|Z)
249 (x Z)po(x|Z)
.r@;@‘}gﬂ|,‘51u¢w,;@u,i,~cfz@gjég,\yjtmupdu
(B3 S Do 85 Ja 53 (lad Cyd Wl (SO ke 53 0 (8 olia b gled Conys par ST 35T 5 (gles )3 U
D3l sle bl odd sdalie JolS j5b 4 Z 5 X SGST (gls ke 5 md s A Gl ke Y S

o) L(8)=T Tl )l b2, (6 ) [ G )}

i=1

% p, (X|2)=

OA) p, (X1Z)=

2
.(Hosmer D.W. and Lemeshow Jr. S. 1989) sl 1 2!, Zyﬁ =107 58

=0
V.LJJT@ Cwwd 4”,}—.'.) Q)H LY b L;Lw S yd cu .\,;.\_, ol rfﬂs‘_s.a Lgbb é«fﬁa’u 45@')}.& BL
(( Little R.J.A. and Rubin D.B. 2002 )
)= lz). ola 2

o) p(r, A)

b o e 25 S 4 Bl el ods (8 (gla osls T o )3 G les sz wb (V) J1(10) S eslizal L
L (ﬂ H{ [7[0 ]y0 [”1 ]y” [7[2 (Zi )]yn}
i=1
(rv) [po (Xi| Z )] o [,01 (Xi| Z )] o [pz (Xi| Z )] o

2
Al 5 IS 4 gled Cas w6 OA) 1 (08) gy Sl eslizad 5 D 1, =1 Sl sl
=0

“T1| fr/2) b2 £ bt )]

(- Ay
x [po (xi|Zi)01 (xi’Zi )] o {z £o (xi|Zi)01 (vai )}
1+ z Po (xi|zi)91(x’zi)+ z po(xi|zi)92(x’zi)
S s Ols o bl sgdoee Lol sudsia 5 ,0lae )b Z 5 X &S Sy 5o il (a}l:ub po(x|z) &oF R
das s 6 L ) e mls S 038 s s (x|Z) T S B N Tl =
:(Satten G.A.and Carrol R.J. 2000)
Vxz e;/O+7/ 1x +7/22+73xz ey1x+;/ 3x z

Yy = = =
() Po (x|z) 7' . ;/0+;/ 1 +;/22+;/3xz 5 y 1x'+ }/3x'z
e

(YY)

53k 5 () daly 5 OA) B 00) Lals)y 6,508 « b

JJ/QJLAJ,‘AJJJL.U, H‘AYJQ_:


https://journals.tums.ac.ir/sjsph/article-1-278-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

SV B W s Lol Jula YEY 50A sy s
23 (I3 WL o ol ads S e G ol 4 BTl
A 53 e gl el i gl (ST S LB o
Sl 4 (X) S8 s 5 (Z) i sla i A3 3 8
ok oS 531 Sos 5 35 0 dalin ST 5ok 4y 3130 des
S5 b ol Gl Cldal 4 glies g (DAL 3
Sk b sl 6l 5L 355 Ole) oo olgisssions
Wil spdoes Sbb o5 b oesls YU e (b F
Soyse 4 @ Y rqn?‘b.‘_s‘ﬁ.‘,aj S8 VOA 5l 5 sealS
Ol Coslas 4 0T 1 ns ks 3 5 bl _bslias SLalS”
a.\.aTc,..»:q@u.u@l}ududuﬂbg;)}bw,

kl‘.w‘ a%:;ﬁ‘)‘-—\&gg}i&r{).}

cl

b osls cnl (595 el 5 4 5 Al po i ¢ 2w (o
b bl Gy L ad Djse Ges Ol s 4
dooss 5 4 5l O S Sl el Gl &Kl ST
wly 5 e Jde byl Byw caddlee ol s b esls
13 me Alaly gy 5 il (o0 OT (61 0kd ags 5530 p 5
Wl 25 g0 ey it b (ST (sl ke

e &G 1 Il Jde sla e b oyl &S 458 Olaa
Candy Y=Y polie b diy,s Candy (Al an sl
2 Y = VAW s cmss Y =) G5B W,
Olspn gl Z=r polie b Coier ¢« (S e 3 5 ol 513
Slp X =) polae b S8 Jome e 5 065 12 Z2) 5
O o S 5 oo Il L gl gy OLS Lo (g1 X =4 5 (g b OLS L
Sa) SIS Jowe 5 Comiz laie 3y b Siteod
Sols g c)e.u 03 5 Ad S5l adles 3550 sla esls
Lkl S dde 3 T blize 15 badee alS @ =2/00
WJod J&Is slael L Sl ok 4oV Jgu o o
Gl Cands > e sl )Ly gl Sy STl 55T
s e OLES 1y boysT o jlme gl ol jen 4 OSUE
Sl bl 35T, a4 by pss s ol sles slasl
5 5Ll sbs 5,57, Gwlis il o oS (sla o3l
Jbe (gl golgiin Ll sl 5,57, L SPSS L Uyl

ol ol ‘\L.'Z:‘,JR)‘)B‘ (aJJ)S-Plus .la.“m)s 4§..L_{.a\>

sl solais , pga Jlaw, VFAY Lo

737717ﬂ23’ﬂ227ﬂ217ﬂ20’ 1613518127ﬂ11 7ﬂ10
pL@Lg;&u@ﬁcu;td,fﬁ,@ym.,uzm};
0313 513 o (53l 5 s byl &G S5 4 o (65 G
b s 4 ol g N Dol Ve oS T
S5 4 3 Stae 5 A8l od S BB smme iny 4 03
booshie bl Lzl 0,5T ly e cleds,
.r:;;,f,w,;QTL;\ﬁ\,Ji;ngum,\d.\ﬁ;mwM\
2958 Ol = 01 55 (ol 5 s anllan  Jlie
JJ6)uﬁ3@%éxcfb9bﬁfw%a|gliahb
358 aili8 | ol w558 ST 55 WA Jle s &8 Sl O
L35 iz WAY Jlo s Sl anglie sl o adlllas
e o 53 oS edalin JB U5y ,5 4 by e SO
waame ol 5538 slgbal s LS e Gleoles
faet Lld 1 ps 58 Okl oS ol ) 51 (ST ois 8 il
3 Sl e plin SIS TV/F 658 Ol 5n b 51587 (5l
TN g se Sl in b o 5 4 352 5 Ols 157 slgilend OT )
n3 Okl (6 g Gblie 53 £ 0ed Ol cpl o)l 513737
O3 55 5 14/8 Olsje 55 5 LAVIA gliwsy Gble 45 5 78V
S b dalllae 53 (VWAY tamee g YL, 68 ) LSl 0 1NY/P
doys 38 paza AWV Jle s 0T zb S sl s
S S e Obegd Sufy JB s Sledb
035 YU 51 S 56 sl oo K5 1) Olas ) Ol SledU|
w35 g has ol APV OLn 5 J15) 35 Ol5e o)
s se g Jie gl piie S ) Sz Okl ol
ol shls T 5 o Lam 8 S0 2 b ity s
Snid Do 55 o 51 g 358 DBl Wn g 0
i 3 S Jome (S5 sl S 0 S ateta
'cwl.;ﬁi:.«wlkﬁ&i\): A yls 'culiﬁizﬁlftg)\:@m.blg)\
Condy o058 ol (Sl sl B el it 4 55 Eom
3 We Conds VA 3 8 Juls 6K 05 8 513 ¢ sy s
AisrS Coads YV 5 VB leas 8 ls 55 65 8
3,8l colzal ool s OV 0Ly (T3 ) Lz
Jold Ads s e Ll Sz Sl pen 2
e Ol 5l S a N U8 S Winss i VOA
rea bl 5s OYAY e 5 YU 55) s Ay,

Conbs Lol sl el Y=\, ‘.JLN sl B Jall Y=. @b


https://journals.tums.ac.ir/sjsph/article-1-278-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

Slos 35 fumds aw ey 7 Jm s 5550 e 6,8,
osde dd 2 uiboly 5 i Como b glas T p 4 e
@l sl e 1wl ¢ udly JSus ST 0 ga3T plawil b
ol s Bl Hls pae Ol skl Jue 5 il Je
& S e Jlo (glan )Ty 3 D3y Vb sl s

el 3,1kl Je
3 SISy g JSUS

Q\J.]éid&ari)éﬁjaafjlﬁ;:wff:LgBTgL’q-j\

e o 6o SRl 5 13 55 L 03 g5 #1 gied )

sl solais , pga Jlaw, VFAY Lo

Ol oSG L ba by plos gl aysT &8 das (o 0L
L g ods amloes Hlas glos S &S5 ol w Colis L ogeng
Ikl (gl 4al s o dcwlows jlae (slas I (g3lgtiny aali
13557 035 Canss Sl pl 5 Bl (o S STpe
oli i (65 smalS Dby oolgiin Jde I ede] Cows 4
4 S5 S Joue e (6l onls IO (o 1 ey Bl
Sy wly 53 sdee Gl 5 ke S e
9 ey D5 3 ool s 4 sla D Lt LR E
RS L b5 53 gl p3lie amlia ol o3 S 255 0ler
Jole slas 5T a8 Cd 0T I (ST pss 5 Il sl b
S 3 lubl slgday slas)sl p 4 S oalgiy Je
4¢ SPSS &b,y i sl o 0ks o8 5 050 o gne
i g e Tl 035 JolS sl 00l gl 4 S e
Jos 5 s paslllal i b e Jue pads SL551
el @,;ﬁfuduwﬂju@\aﬁ;\i Sy (6 S
S eslizul L) 3,lbal Jie 5 ddor s e s 1y U el
WAL jmrfduw,:p)nﬁ,p o> L (SPSS i3l ¢ 5
Mol i85 dul (sl e 3,5 plowil U0 5 /¥ YO
03505 S JolS (gla o3ls (glas ;5T 5 5115 e 53 glas 5T
ol o3 A8 el ale 53 il oo ol olie sl
350 Jol g 5 e Caliten (gl eyl 25T s atly icte oo
Je gy 5 (S5 05 Glados Ol 5l sy Sole g
BICPY VAR c)e.u).a Je & Jele g5 oS sls Ol ]
Ot Al 3557 B ¢ gaze 53 &S Las iy ol DL
GLa,5T 4 i e slasysT 5 5 5,0 Sl Jobe ¢ 55 93
05 calin 1 e Bl 1 L 2S5 oS (gla 03ls b Juke

Lol o b esls o 6l L S

PG AR g o
Sl oS e gy 3 eslital s dllas )3 Jo)l87 5 ple
O (S8 izn b))y Jebowd 351 (Al 53 ly e 7 G
3 A ged gl Kby ods (Fdsls Ly ods o5 Sl
ok o5 (sl 0313 (51 o5 ke Jdo o7 Wiy el 4 Slae
Vsoh 0T S sl 7 pledin) & S (SoS e 5o
e el auuqrfﬁ;uu Glols S (63,50 2 b 5 gl
6 3sh o diaMa ) Jpder 53 S 45 Oles S s s


https://journals.tums.ac.ir/sjsph/article-1-278-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

02 3 b (S8 59T g duglio ¥ 99938 Oliwl 30 A9 o Sy 4 Lg3 y0 (S 0310 udond g 4 i — ) J9u>
Y0 ¢ X (Ko piio &5 Al 9 ol Sl 0310 Il 53 3 Ikl S 9 S3lgiwy (W9 b (2 bod Cawyd
3318 oud F (S ool

JolS slaosls (sl s elylsysT (dalad (S (SUF0 L la byl 5,57 5

5SS Joun ka5
' [PYEER [PERN Ao e 3yl Je L Juke 31kl Je

Intercept T 3l oo B — /ey — /ey AL e\l
(YA (/v (/¥A$) (+/FYY)

Sex (Z) (2) = /611 \/FHV \Vazax /Y 1/+44
G/2AY) (/9A%) (+/96MN) (VYY)

Area (X) 5 S e B, ALY \VARY# V/YVA VYA
(+/0FY) (+/OAY) (+10%0) GV 9)

Area* Sex (X * z) jux® i Su Joue 1813 —Y/YS¥ —Y/YV- ~Y/¥:4 —Y/¥A
(+/AYD) (+/4%+) (+/4VY) (\/AY$)

Intercept T 3l oo B AL AL =V/AY —V/¥AP
(+/0YF) (o /0v%) (+/AY) (+/004)

Sex (Z) (2) ﬂZI /¥4y \AR\ ALY \/VaY
(+/V\9) (+/V¥Y¥) (+/VAY) (+/ADF)

Area (X) 5 S e B \TAREZ \7AND Y/ 94 \/AOP
(+/89%) (+/%99) (V) (+/VaA)

Area* Sex (X * 7) ju® i Ko o By ~Y/AQ) ~Y/AA4 ~Y/MY ~Y/0¥4
(+/AAY) (V/+e ) (+/3AY) QVALD)

)ﬁfJf-\VA~ de LQJLQ:.ZJ&LJBL» C"b Lgl.h a:‘:ﬂ*
Loy ¥ oed s N6 (x,2) L) Cod om ©) 5 () ledsn s 51 038 02,7 5V Comd S gl -
25 e In0, (x,2)

Sl 3 )llinl glos 35l JoIs sluel Y

sl solais , pga Jlaw, VFAY Lo


https://journals.tums.ac.ir/sjsph/article-1-278-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

data with missing values , Biometrika ,
72: 497- 512.

Paik M.C. and Sacco R.L. (2000) Matched
case — control data analyses with
missing covariates, Applied Statistics ,
49: 146-156.

Rathouz P.J. , Satten G.A. and Carrol
R.J.(2003) Semiparametric inference in
matched case — control studies with
missing covariate data , Biometrika .

Satten G.A. and Carroll R.J. (2000)
Conditional and unconditional
categorical regression models  with
missing covariates , Biometrics, 56: 384-
388.

Satten G.A. and Kupper L. (1993a)
Inferences about exposure — disease
associations  using probability of
exposure information, J. Amer. Statist.
Assoc , 88: 200-208.

Satten G.A. and Kupper L. (1993b)
Conditional regression analysis of the
odds ratio between two binary variables
when one is not measured with
certainty, A method for epidemiologic
studies, Biometrics, 44: 429 — 440.

Stuart R.L., Michael P. and Marium E.
(1998) Inference using conditional
logistic ~ egression  with  missing
covariates, Biometrics, 54: 295 —303.

JJ/éJLm.fa,/aJ.JJLu; )VAY_,[;.:

Lo jdemes 5 Gloemn .r.lélf e LSy desee IS
Cislan ¢ Ol 53 Golew 5 S gy p (YY)
Sl Dol S

s G s LS ,{,.E_a\ ‘V‘EK yhoses L) dases 5 JI5
el 5 Olplys ddg,d Camss L(OYVY) L) desee
(S el oale alams ¢ glan 5 S -, b il
.W\'U\\Y’)‘\‘..MJ':MU):

oM gy (VFA) r.lélf,w.&.w-! RIppY
pole Dlides o S 0 DS WOlnl s sobe

M gy 5 (VFAN )r.lélf,w B CINVER IR PPV
SLLS VA gkl aglie ¢ 010 53 )by 3

0548 (S, pole Slidos e S

Armitage P. and Colton T. (1997)
Encyclopedia of  biostatistic,  John
Wiley, New York.

Blackhurst D.W. and Schluchter M. D.
(1989), Logistic regression with a
partially observed  covariate, Comm.
Statist. Simul , 18(1): 163-177.

Fuchs C. (1982) Maximum likelihood
estimation and model selection in
contingency tables with missing data, J.
Amer. Statist. Assoc, T7:270-278.

Gao S. and Hui S.L. (1997) Logistic
regression models with  missing
covariate value for complex survey
data, Statistics in Medicine. 16: 2419-
2428.

Hosmer D.W. and Lemeshow Jr. S.
(1989) Applied logistic regression , John
Willey and Sons .

Kleinbaum D.G. and Klein M.(2002)
Logistic Regression A Self — Learning
Text , Second Edition Springer.

Little R.J.A. and Rubin D.B. (2002)
Statistical analysis with missing data ,
John Wiley and Sons, Second Edition,
New York.

Little R.J.A. and Schluchter M.D. (1985)
Maximum likelihood estimation for
mixed continuous and categorical


https://journals.tums.ac.ir/sjsph/article-1-278-en.html

[ Downloaded from journals.tums.ac.ir on 2026-07-03 ]

MULTINOMIAL LOGISTIC REGRESSION MODEL WITH
MISSING DATA AND ITS APPLICATION TO GOITER
DISEASE DATA

Azam K.,"‘1 MSD; Gerami A.,2 Ph.D; Mohammad K.,3 Ph.D; Kazemnejad A.,1
Ph.D

In large—scale sampling opeartions (e.g. nation-wide health surveys) we always face
the problem of non-response item(s) and/or non-response unit(s). In fitting a model to
the data we have two groups of variables, namely dependent and independent
variables. Non-response may occur for any of these groups of variables. In this paper
we assume Y as a categorical dependent variable with three levels, Z and X as
independent variables from any kind: scale, categorical, ordinal, etc. We have
complete data on the first two variables and we assume that the missing items follow
a random pattern (MAR). Then a model is devised based on the likelihood function for
the whole data set (including missing values) and estimates of parameters are
compared with those obtained by statistical programs such as SPSS, which are only
based on completely observed data and ignore units with missing data. Our results
show that the likelihood-based model is superior to the standard approach utilized by
the software packages. The comparison is made using data on thyriod disease (goiter)
obtained by a health survey in Gazvin province.

Key words: Missing At Random, Logistic Regression, Goiter Disease, Maximum
Likelihood,
Polytomous Outcome, Thyroid
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