[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

Journal of North Khorasan University of Medical Sciences Has Ol g (S p sle oK1 s
Winter2013,;5(4): 849-858 AFA-ABAL (F)OFAY Olinwe

Gheg) allss

Jolgs 99T 3 59 ABlpaoti s G S0 g ABLEmoti (202> S Joho dulio
Ol2# sew WL O )low Slgd  Jlas

LS ST re b
L;.Jj)uﬂ)w:,n&uydﬁ}.m; f/bd}w:wdf)jw

Il e s (S pole olSails ( Sy 0aStils ¢ ode Slid guie g (oo o g ylo] a )l Lulis 15"
Rl (K3 oy @l 5 o prote oaSLaSlS wasdls oLl g ke pole Slasin 35 e o2l 5 bl 09,5 holil (g LT 15
ARl elrs ols (i psle
Sl ol Ol (S poke olKasls « Sy Sl EMbI 5 o e 00Sils ol 5 Lol 05,5 o0 e s Lol aid )| ulis 5T
A A i 2o Sloys loas 5 (S psle olSiasls ol I g iy Slighons 38 0 Sy’
SOy pole olSiils ( Sy Sluy DMl g Ly e 00D (comly Sty A QLS «SSg 5l VL andy QLS (5 g ok g 3
ol
salehi74@yahoo.com : s xSl o
LA VAN A AERCSVRILRTLYA F2FC YW LR TA 90 A Y PN

oS>

gwxo Jlo VE G Ve i 0 o8l Slol Jole a5 cel ol Jlsts, wobo ouds a3lis b,le ;1 S 188 § dio
i 2lse ol S U @y SRl 5 plesy) anid (K 40 Wliiee S)low Cpdig b badpe jhS Jolse s 055 0
4.o.>/.))4 44.9(4@.«».!.:”&}5 wbwﬂk J..Lo 99 MLQA L @Lr}.«.u)):):}‘o JA/}C w.o.:u (4 Cewl ol P dax/llas u.;/).) ..Lw(_v
Ogud

ol a4 Mol Gdo Job i Gazad olo o il <SS Jobo jlaw TEY oluw o oehio adlho ol o )0 4ig, 9 Olse
piz Sloles jloolaiwl b .as (o, Soiluil of 8] ol jo Sptucew 55 ,Lis 5 g iadS ial ;oS5 uslSaan o b 005 LaFls
el 0us oolazal

o el5s bl yy SIS s, CFY) i YRV 5 gy Moo sty 4 Shloe 51 (UFF) 15 1 ¥ aalllan 5] o :laazdly
Sdstcw e lis 5 <-/+ ) alijsSlS GuslSaan </ 1) Mol Cuo Job (sloysio bz 5 llpian >
Ao opl Sl )l sixo 53 0gMe diblipons crax o jlooliin] b a5 conl S 0 ol a5, s size Slsi, ;o =1/ 1A)
poriliso i (Tlgid) b o7 Lis 50 dzy0 dbal, 5 slsen gz a0 abal) LS 4 06 it

G S o cwleyiie o b3 by, iS4 0l g dllpans (b3 Jao ( Shsid, s Jolse et sl i S di
CetS ol il o ST 4 ) gl ioie oS da o o Lily, S s Sl O] L 4l ot e o
W/OM‘JL&J }M..o./).o)lib WMJ} [.E}L_)L!J)A wf;[.m ledl..‘uj 4)‘5.‘.90.“.1

e i) Al 1o ke s nn Jta 5kl sl005Ty

a5 Cawl (Bbo (Fhsid) «obs ead aSll S)lse doudio
Jlo YE BT 5o o131 olol Jele 0 g Subs 4 gl el )3 58 Hekee WYY 4 Soop
51 sty 5l b ol 2als V] g pe g 98 5l G 4 YoV Jlo o slaw opl g autes i
420 90 ;0 el Collae Ly (golaidl 5 clozx! Jais 5 ] Wboe o8l G Geekee YPF) ulp


http://journal.nkums.ac.ir/article-1-144-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

O 5 i 6 255 4

bl and o ade 5 4Bl and o (ladie 4y as” D

SLETY
03ls (59, y a5 00y ko ¢ shis g4 5l Lol asllas
sl ools ol oads bl e el gobs ol 3 sla
o] 3 a5 ol 039y LS anlllas 3 428 5y aslllan oyl
A aS A D50 Gy Cubs 4 M le VOR
Nz gldss Sl Sy cod olal o0
PR v Al glulld Wioges &S0 (slals e
Iyl onds bl ol oylow soled (gl anliiges
Bgad 5l ol Fwly Gged progew 4 a5 (g0l 3 Lo
PYA Jolds Jidgh 050 diged Coled jo ol Bl
bl eolarad b [Ve -] cl sog bl
odined laools Bi> I G ollem pl Sl
Sl b Jlen YRV glaools calize sba i
aS Lxil 5l ad a3 515 4 (el )bl g S, Julos
WS o ool baslulsen 5l alprast oz Joe
o 4250 Codgasme b diwnS sloosls Julos (gl
@ Jolod 0500 wiilgioe plapste &5 pme (nl @
g WSl dgy (o5 &5 WS 18 bajlejlges SS
Sl Gl gy, b aeS Gl ool Gl
Sezy wlyele (nlply 09 dllie cnl Sow oS ols 33l
(OsF WB RS Cumdy iz Geze (SN
Ol 5o Lyt (nl wolis g5 b g S B ran Cundg
bt Glee ) Culesyd ads s 5 IS 4 aslllas
Cobs a4 Ml Cae Jsb (e 0al (g pSojlal
5 JosdS o ooy el b3Sl sl gen

8,5 18 kot g (o) 2 990 Slgnn (95 L3
sl R 1531 o5 51 onliceasl b asdlias oyl slaosls o
5 oSl omed Sl ey Lol slagtg, Il
Sy al colaiwl w)p 050 o ye lae Gl
b Joe) S s 55 51 58 esls Jlos
o Jo) g S g ), g (Aleness
09,5 35 SoSls anglio t (5051 5 (Blorans
Sl ol ooliinl gmyy (Sheed o pd g Jiis
Ghgy D a5 L s s g o005 eS Jless]
b Jelse sl 6l &S 0 Djg0 (nl 4 8 el
oz Jae g aBlprens > Joe (be b,
o e il an ln beesls 4 adleeess

ooy a5 wols olas b gl b5 ansis
sl @bl s ol o5 5l 36 ol el
sl asl cpl [0-Y] s e zels |, Slsis,
Lobasye s Jelse olobd ©5p0 a5l aa
S o e | (Slgis)

xSl S olen 3 felss s
(SpSiay WP 5 el ol (nl Zupoe
S 2l nl 3l (AU @, alS g pllrsg; (ansis
sl S5l (S allan pgew S, Jelos asl
a sl Sl ojlail g jlas Lalse o515 (ol a5 consl (g )e]
Lily) By S5 nl sd (oe odliiul 0318 b
Rl So el (b gl 5 JEee slapsite
Sl o b3 dal) » a5 Jy ol nes el
Gl )0 &S dme oy el oaiiS dgame oo S
[F] s Gy B (s & jpo 4 Laly, ooy
g 3l Al w0 00ls F) e )bl iy
b sl S 4 G S, sladils
Lol 03gy Al presd ez loJoe 5 allpress
Jsen alys a5 col 01 55 bae ol bl ol
&l oty allipress (e sladae ;o pslaol
&ly ol Wghios adlipass (S glaJas o >
4 pite o Sl as sl 1Y) wls s pdopen bl
Wgee @b 2 cnlple wedoe Gl dlla )90
Syge 4 gl @9y 5o Lyite & (903l gl
Wlipeass (orex Joo ;3 Grizren 39h oy allax
Srebly G 5o derse JSKA Ly guly (S
JSs osls was o ojla] Jow aSl w0l cad Sgdone
slodae sblze oo 5l asS e 1) Euly (s
SR S gl a4 &S Cul ol alipeesd e
5 &b e G oabaly Slasl BB e el
2 6lr s oe Mas a5 5L jlgen 5 alwy 4 s
[A] 350 o gy HI5 4 by osls 51 S

Shoiy » Foe Jolss e LU alsS o anlllae
oz 9 Alpeess b Jae 90 awslie 4 ubo
30 1 a8l o


http://journal.nkums.ac.ir/article-1-144-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

ADY S7B(F) AYAY Ol

k;‘u QL.u\j> o‘{;’ﬁ (}l& aL{.iJ‘) Abu

Sl cad by b5 adllas opl yo [A] 08,5 9,91
A oolawl b Jaw jo g wly b3l

Lbasly

Shody @ UFT) S8 Ve (o) 3550 Jlom TPV
lp it Glhgis, 585 (V) 8 VIV 5 wsg e
slllas 3,50 Jites glojenie mjsi (So5z 5l UL
9 Sbesd, 4 obdas jo byxn ol 2 SKke
Lol 0l dunlie G Jgoz 5o Slisis) 4 oLl
o Sy Jgoz 3l ool Cas dy Lozl ppolie olul
@0l Sae Job glaate (S0l a5 iS5 Gl
095 35 3 s lad g abiSlS GelSsen (uld
SN Slsndy 4 (e o 9 Slisid) 4 (Lde
P<-1-0) wols Lii 1, (s, lolixs (s,LT

O O e elpo el ¥ Ju
bl a4 by Jls! polie 5 ooy sl e
Ao oo ylid

o Ko (2 ¥ Jsiz 0 ool al)] Jlexol polie
O (S ol e plyie 4 08 e 0l )
Gae Jogb eopm il b aS e o ylitd sael s
P l0) wboe Gl 9P )Lad 5 ubis 4 S
Sz geySy Joe bl leosls Jlos (ol
Joe (o3lm gl ol eols il Wesls (g5, o9
ROWI PRV g PRESINPCE FPUDRS i PES

el Dol Job lo e alol> mls bl
Selgs 09)La8 5 aljeSelS (slSgen wals
L <1+ 0) sl ond a3lis Slgis, s alse
S Gl ce sdal Caws a4 lacdy Cad 4 4z g
ab lBl Jle SO cabs @l e Job assls
boe GRIBL 2l N0 Sl Dl s
@oly S IRl L Glsid, @l s rioes
5 Bl walss ol ply /YO aly;sSlS mslS 9o
S Sl 057 )L23 Oliae azilin SAS Gl o0
Al V0 Slsid,y ) s il el asl
ke Gl P

Y odssz 5o bl ilo)lgen slaadlge Jlow b

! 000]

©)ge MECVR (6 581 5 any alowy a4y aiblyoss
S Gub 3l Gl sl o e a5 2 S
Generalized Cross-) aulpuess blite  oow,liel
g so bl (validation
53 coad Wil sladoe 5l Jolo gl anslie & (s
93 sl Glie owin 9 Shsns) b Jelss e
il (el 0 A1y fuly e 5ty 5o
s oolial Uas Slagye eSiloo Jhmo 5l sSien olss
g oddodslie logwl o Oyl a5 Jae pw
Solre Olgie a5 asdl [y Jowe jload (35l slagely
Sl ogkie nay 85 13 Jae g0 S e ln
30 aS cd ol 4ol eolaiwl Rl (slajgiwsns
CS o L YRV plad lp alllas Sjg0 4 Juw 2
Ao cosd (Biln gl lade Ghagh jo eatsS
OleSS 0uds sanlive el b ey oo jlade ol aus 3
slaeul slows ax o 0l ol 5l Oglie L og ooy
oy ey o oanlie galy b a5 gloads L33l
Sl o (el 09 YL 5 Joo G030 S0 05yt
oy b a8 glonds U3l clagely shiw Cornd das
S D 4B sy LSy Ll
ke 0l geil gitiad posle s b 5 e 99 G5l
Sy e Goily oo lis ggesl cnl o VL Jlez
g Joe
a ) S5 b oo b ablhpresd o> Jos
ol ag

g(p) = ﬂ+ZBjxj
lod o0lgils 5l Lay, als o @l o] 5o aSiams e ol
Sk p 55 e ez Jae [N o
Gl b 4 bt oo o l) (puds o paie
Sy 42 ABlrass rar Jin 830 b

D
g(p) =a+ Zjﬂ- (x;)
i=1

STl pslasls Jlsan @lsi f5 01 50 a5 0930 oo
j' = 1, vy B ‘f;l- ‘5)_'1.0‘)%[_3 6L‘°}L")‘9‘°-°
U9y ey 4 Wlgi oo fi caidl ol slajlolgen

(penalized least-squares) oaulsl Gla,e JSlas>


http://journal.nkums.ac.ir/article-1-144-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

Sbod) 4 bl 5 Shond; 4 Gbdis 18 ;0 anlllas 9)90 (oS (b prie 5 SSlee Al ) Jour

Pl Shosy @ oM Shody @ ok 8 3l
3 lasteal Gl =l Oeilee 3 lastesl Gyl Oeibe
-IY$- AAEY OMFY - IRIARE! OVY - (JL)
<efee) FIVOF Ve IAY F/aY O/OA- (Jlo) el Sae Jsbo
<efee Vg AAga hid AIYY - Al 5655 el sen
“[-YY FIAAY YYIYOF FAVE YAI-A- SN 00y asls
-/314 FA/VYY YYV/OA- FA/VN YYA/YO- Jyyads
ofee¥ Y&IYa- VEY/A0- YV/NYY WWOIA e (o502 yionlie) Sl gins (95 )L
alllas 3,50 (Prdss Slo e Jloimlpolie 5 gy (Sired cal o G Sl 1Y Jsaz
Oglad g ds OmslS 9o 0595 ALy 4 Mol Sae Job N s
aly 55515 BN el
) O
) <\YE Ml e Jsbo
(<ef++V) P ,lode
) SNATa A SN 0095 asls
(+1++Y) -1£1A) P e
) AN SAYN —e[+#A sl ge
(+l++V) (+++0) (+/1aY) P lode
) SAYE -~ 0y A RN Jo ynds
G1+)) (+/¥\0) (-IY¥Y) (-IAPA) P e
) SAYa of+-9 SAYZs AN A o Lad
(+1++Y) (- 1AOD) (+l++V) (+1-\Y) (<el+ V) P lode



http://journal.nkums.ac.ir/article-1-144-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

ADY S7B(F) 1YAY Ol

St Ol (S p sle oK1 s

b (Shgid; s Jelse st sl (A g0 Seind S ) A3l 5l Jol @l ¥ gox

D i 120 oLl o3k o

YL ols oubols e

Ak - 135 [+Y) - /a4y’

<efee ATARNY IARR VD

Nidd < /AY V- YA < JAAY

<efee ATAR G VPNV AARAIN

2N -/3ay Ve ¥ +1334
I VA Ve oY VXY AR

b)‘..\.vl.u.u‘ 6Ua> Q)siﬁ

NE —]eef
oYY SIVFY
R o]y
o[+ AA Y

s NF

L'J....J

Cobs 4l o Job

‘53..\.1 009."' ua.‘>l...u
5655 sl gen

Jayds

S gt (95, Lid

mgcv )‘)3‘ ‘n).' L) )‘ oolarwl la asJllas S99 6LD).M K9y 2 ubw Wy J\.\.A U")‘f )I k)..ol} C.)L..: fJﬁ..\}

Pl REUIRESS s
\FY YIVAP O

<efed YAghy
YT Y/E-Y
e DIVFY
VY \

ffeYY YIYVE

Cobs 4l Gue Jobo

S 0358

ab 5955 oy

5 9o

Jgyds

s

ol 4 asg Lo o lid ) addllae 550 slo e
wals (e gl paie jo e IS me (JSG
VOUSS zred 0gd el 0dud Jo S g Sy 00gs
b3t GlS byl 0 T Jsax el mbs
S e s 50 a8 o b 1) andllas 550 (sl psie
ol g abieSlS olSgen i Gl p Gz ax )0

D9 g0 Slgiiy o)l ke gly g0 ax o
30 oJoe 90 slp 3l el ls lasl el o3V aidl
@l bl 2 09h (cwyp Shistd,y s Jelse (s
wobs Ll Bae b sl e ot S o

sl a4 ol Az calin jarass 5l aw
Jsbo (sl e 095 g0 osmlis 38l )i bawgh (el
O Lad g aljsSlS glSsen by @ Dl o
Moge Gl 297 pae b dgzs 50 S
F Jsoz 0SS golyl am 0 (p<+/+0) o by
b Oyge 4 il lgen Ole o5 ol Gl Sl
5 Se oyl azmye 4 azg b ulnle Sebiee ge)]
Sy, P<+/+0) Sl ae Jsb e Jlezs! e
Olryo 0gdoo anl Gl st b st cnl s
b3t plS Sk Jsaz ol 0 S e ols]
argi b el Slsid, prie b oy 9,90 Gl piie
Sl yrie bl S ol Jlil polie 4

L pdy |y o3 slad g al 5SS (slS gen


http://journal.nkums.ac.ir/article-1-144-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

O 5 i 6 255 4

kbl gand o (Gladde 5 Bl pren mer (sladite s aas” NOF

—
o =
-
g8
i)
2
[
—
P
-
Ly
m
O
I
e
w -

et o 1T T

| I
4 6 a8 10 12
Hba

—_— o =
"__
o oo
= T
] — — == =
= - ———___
) .

100 150 200 250 300 350 400

Chaol

s(B2,1.3)

s(BMI 2.4

s(SBP2.12)

15 20 25 30 35 40 45

4l poend i (e liel gy b 01790 pliabl o5l g anlllas 5550 (slo i (g5lo)lgen (slodilse jlogei ) S

5 St adbpas ez oo G55lp @l Koo o jle
A oSelS mslSgen lajsie (o J1 g lo e
OlFse bl (ol adlbioo Sdgts (95 ,lis
odd dwl Cobs & Mol Do Job (Jas bls)l s

)—M FLR| u.UaA U"‘ le)sf Q")‘)” ‘U‘ » 05>{£
9 sz e alb by 4 b SdS oslSsen

abol, Sgiacw 35lad 5 Al eSS oslSgen
S 5l ol b Ll IRER gl yurio b oo
S Job slamite b)) oains las oS & (rex
Ol g al S S GaslSsen ol 4 Dl
O s sy asly cel Fuly e b S gt

4 S oo ST (g5l lgen gl alisy 4 L yicie


http://journal.nkums.ac.ir/article-1-144-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

ADD #7B(F) AYAY Ol

k;‘u QL.u\j> o‘{;’ﬁ (}l& aL{.iJ‘) Abu

Gobw,laen Jloges dy dz gy b audly s > sl oo
s 4 Cubs 4l Dol Jsb 35 saaliv g8 o0
Sl bl sbes, b ez aka,

oais )55 Sl gae Slgiy p e Sl addllae (ol jo
o lie Lboé‘o O M f&l&a R )l ) w‘
s 4 3] S Job b e i Fhren 85 0
Q....J =\.‘>).&b 45L5~LA u_n.\.v w‘ AW ..\.ul_v UP)L.MBB
S T Sals 4 Y Sae s 5,00 YL o3
a5 Ll 5l s oo Mie (55 ()L 38l 5 il oo
Olpls wol aslis Jae Sboid,y ;0 paie g0 )l
Job lopate aliwy 4 o pate J caS g oo
adl cel ead Lo e lad g cubs 4 Dl sos
plil Glns )0 (Glan) g (oo0,S bawgs 45 (6,500 anlllas
IYY] cusls asas ol s asi 5gs 00l

Rk Sheis; o (Sw 0o aslh asdllae (pl o
&JWUP)ujuaquMJMbOM—‘WQM
Ol 5 GmslSsen pxie g0 dlwy 4 (Ja ooy
g 0 plil 05 el 0V g8 (obo Hlew VY (6o,
3 oLes g ald (6 Sus axllas IVE] el s @
Wb plxil S gg obe hlen 9y 2 &S (FB1E
Bl Shotd, g (S ooy Lazlh ol e bLS )
S 0oy axly 58 Ko Cllllas Sy 0 [vo] o
Cowl oas aixlils Shsid, g lew s ele laie 4
a8l pens o o Jow alws 4 [YA-Y# aa Q]
N G Shgid, g Al ieSdS ruelSsen (n ala,
2o [T en o ' oplyl adllae o b b)lS
Shond, Oul e o gme bl 58 [vy] RS O¥
U"‘ )o A odlie UPM Coro ~5 J)‘-‘S 9 Gul.n)
ol e abpens rex slaoe abwy 4 axllas
3loolaal b b Jow ol o | 2 ogdle ul ol bl )|

1 -Stratton

e g a0 @l dbiwy 4 Sgiann (95 lad
Wl oo bl (pl (03 g ay s alaly Euly
e glp o Stz Jao gl e b Jolee
@ 09)lad e 5 ke Iy 4 akieSlS GuslSgen
Al go oyles

SVEF Al prens > Jow gl e Slayye 1 Sle
by s sl VY ailipeasd o Joe g
o> Jae a8 Ll s et e sdel Caws @ ol
Ol @llpresd ch Joe 4 o allpress
SHYL B L) bagwl o)y 5568 sl Sl
ke gl sejle cens el p S (e S
35 VAN Ll aiilpans s e slyr Jlo|
S5k a5 wiloe JADY L il ailipasd gmaz o
el Bl oot (ora2 Jio i G5l

o sgslen rmls Gl S cubs gl
58 555 % 595 Solem nl 3l 9)lge a5 cenlis
3 Slem rl ged Gl andl ol (Bpls
S ol Bl i asey s sleysis
[F5-55] 5ol oot 50 o3l ba )9S ol ) a5
3Bt b el onl g Wt oo M S)lom (2l &
o 4 [IV] ul38l o arwgs > 50 malgx jo cubs
adllas oylg 5YL ¢ Feo o b ol asdllas cpl o Jdo
A%

o> o B> allpens b sla oo o
5 g e £55 90 8 5l lige abliress
i ol Bam oS Ll 5l Ll oS solil anecS
alprasd orox g Albpeani o> Joo g0 auslie
90 2 50 gaiai | (LU glas ralS 6l
el 00 ool A sloosls 5l Jow

Dl Do Job (sl e (Joe 55 12 (5l alews
2 St 93)lad g b3Sl GoglSen obis
Slallas ool 5 wias a5l s sne Sbsid, 39
Aleshssd, Golem b Jelss und sl oals ploxl
LYY-Y] el oas Jows Slhgad;y p Ll s Jobo
Sl adlprass hs gloJus alowy 4 aslllas (pl )5 a5
30 eed el 00l a0l 38 et opl (S


http://journal.nkums.ac.ir/article-1-144-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

O 5 i 6 255 4

bl and o ade 5 4Bl and e Uadie ey ias”AOS

O sy e el 4 Iy ) addllas G5
Golom b paid 5 (Spd lajiie Gl b
b3 5T adlas 1o e ol sals o Sae (e
B my allhe g pol> adllas ad w55 5SS
5 WBlprasd (groz Joo gpdy Sllasil 5 )08 Sy
gl b giladae 5 e Ly, aas
[7] csls ools

Lilsy e i @bl slagoe oy ,5 4l Bos
Joe gla el 0505 5 (redgi 5 Gl gl yie oy
ot oo JLos @ died Lo o] 5 ogdle aSly S
sdae plo @ Cwd | G Fmoin Slst &S
Cowl Joglhe Jow a5 Jxe cpay bl ails alis
@ i jelate (pay adl atils VL 3l cds aS
asdlas cpl 10 060 co ooliinl Sgliie S 5l Jue
L Gre ooy allpmesd ez Joo gind jejle
Sls ol g el anils axdly puess B> Joe a4 o
b Joe @ Cond allprend ez Joe Cuje Sy
Joe Coje b bl (gguild SOL 4 by e slrosls
Ol 5 St g5, Joe p aBlresd (orex
[Y‘V] &2 oald ul.,.,.... Lfc)...r_..,o O JaL,.}')|

ohgy S eolaiul b allpiesd ez Joo abiws 4
Sl b Jelse @Blbpess flite (i Ll
5 AIC aslSgen woubs @ Ml Gae Jsb Saubs
Jowe w‘ aliwg 4 O] 2 oogdle as asls L')P)L.i;_é
Syse Iy Shsdy s b3 Jelss bLslogms (lsiee
s LUl a5 el 0T 5 Sl gl ols 8 )y
358 357y (Sleks) 5 Sk @ Ml Sue Jsb o
b b ey s b b Al sl 5ms uias
&b alews @ Slsns, 9 093 )lad bLI1 g ol bL3)
Joe 5l ool Caws a4 e Jalge 0gd o Lo 50 4z 0
o aBlbpend o Joo alwy 4 alpend orex

b el Sexy 4 plgie Silulgen lages
2Dy @ e 9 (pl o Gl 42,9)

bls,l asdllas cpl o oals (o3l Jow 90 51 S
OIS el semie g JoiedS G L b e
Olee 5 Shged, bl i jlopae Ll wis S5
1) edse womme adlllas cnl o (98 alads g idS
O Lad 5 alijsSlS lSsen b JoundS (Staon
Olyes (o ymedS (Rl L a5 (fe (l el o gine
b oAy il Gl o abisSIS plSse
32 6t JordS 4z ST Sedoe D s)Lidy
@ 09 )lad 5 abhjsSlS olSsen (Jy o)l Shsis,
Sl Fge Ghgidy 5o i jiie 93 plore

ooy @ os)lad 5 Slsnd, om kS bLS)
ol oad Sl s adlpess s gla Jow
15 o plowl Blalllas 5y azests b Sinles azels oy
L Shsws, bl » G 935 g 5 b
IV]alossy S 055 )lid ogas a4 oy lid
1S5 o0ty] aslllae mls 4 dxgs L [FET) YAYS O F
MBS L Slsisy s helS ly (Sl ol
O3S Wl RSy g il S8 ol ety
adas alowy @ addlas cnl yo [Y0] 25800 aross
2 S e )lid hele Sl @iBlbpess (orex
Mg heslinal Lol (BIF b gee (Shgis,
) 5o azys alaly ez Joo 0i5 lgi oo s3le)l5en
S e gt LL5 ) ol s

Solaie pole jo d ools giludow sl ez oo
L) oo @y iy dlie 5o el ond ool
i3 hle Ghpdy Gl s 5 T (Sogll (slaesls
Oy Joe g 4Bl pend (orexr Joe 5l (Lo
e Oglsn g S5 adlllae cl jo o oolital gmlsy
4 oz Jow &S I g0 0e e OISl ssmslas
aSilized [F] ols oo (ylis 5w 1, 90 a0 Lalg, asd, IS
Ll alpeass i (dla oo 130 ol alllae s
GloJae 5 o 4o ol olis |y layuiie o s
Sl Gt Ll e 4 500 ks & alpesd rex
Joe (nl abews @ Loz 4z )0 (S g 50 4z Laly, oSy

O ool ausis


http://journal.nkums.ac.ir/article-1-144-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

ABY #7B(F) 1YAY Ol 5

k;‘u QL.u\j> o‘{;’ﬁ (}l& aL{.iJ‘) Abu

3,5 eolatwl osls 5l gloo s

Sl il b sla s S i e s
O 0‘9"&50 w‘ ol eolawl LQ)..J_..A Oy Lu‘j) u.uu_u
O ‘) MLW s J..\.A daosls 009." A.H.ug.u Jo)...u
Ly aaly paite (o o CotS eSS ps 0 S
Om SHESe jef 5 S e Ll g eaile) Sl 4y
R s I
83,8 oo

Gi'.))..\é 9 ,.im.a 3y

e (6359 A Al LG sy ol dlie o2
< M"Y 85 9 \VQ‘JL&U )o ‘ali..uP 4.@9..4.»0 o)jl.»i‘...a
ol |)_?| Q‘,Qj é«.u).' ‘aﬁl.c olisls Colo> L aS aisl
Sl B agd e Sladod 38 e 5l Sis b g
B GBS 098 LSl o ) hagh (ul slaesls oS

ool

References

1. Saikumar S, Giridhar A, Mahesh G, Elias A,
Bhat S, Awareness about eye diseases among
diabetic patients: a survey in South India,
Community Eye Health 2007;20:16-7.

2. Klein R, Klein BEK, Vision disorders in
diabetes, In: National Diabetes Data Group,
Diabetes in America: Diabetes Data Compiled
1984, Bethesda, MD: U.S. Department of Health
and Human Services, 1985.

3. Diabetic Retinopathy Study  Group,
Photocoagulation treatment of proliferative
diabetic retinopathy: clinical application of the
Diabetic Retinopathy Study (DRS) findings,
Ophthalmology 1981; 88: 583-600.

4. Early Treatment Diabetic Retinopathy Study
Research Group, Photocoagulation for diabetic
macular edema, Arch Ophthalmol 1985; 103:
1796-1806.

5. British  Multicentre ~ Study  Group,
Photocoagulation for diabetic maculopathy,
Diabetes 1983; 32: 1010-1016.

6. Terzi Y, Cengiz, Using of generalized additive
model for model selection in multiple poisson
regression for air pollution data, Scientific
Research and Essay 2009;4(9):867-71.

7. Guisan, Edwards, Hastie, Generalized linear
and generalized additive models in studies of

b 3 pemr slodoe 5l Jol> mls @aidlenes
Sl ol oamolis mls o JS jeb 4 i o by
Ly, ool p odle ablons o> Jowo o
b ysie G S yd by, ais 4 ol s
@ Joe Sheod (90,5 chrs 4 00 wszge Ly,

kS dmodls oo Lals, 5 s ytin Sl L o

Joe o podle Wil ST a1y muly i

idbpress b Joo 4 Cons ailigies e
sl Slupe :SNke) YL cds L | lagul

Joe Gl 5l (S ol S o0 gt (ol
A ool lis asdllas ol o a8 Gl A8l pond oro

Gl Sllasl L 4y 4l pees gme> Jow
i s Skl 5 LU a5 5 €55 oot
0l Jad Cgeme Joo S 4 el Sl o 5l bLS )|

species  distributions:  setting the scene,
Ecological Modelling 2002;157:89-100.

8. Hasti T, Tibshirani R, Generalized Additive
Model, Chapman & Hall/CRC,First edition 1990.
9. Javadi MA, Katibeh M, Rafati N, Dehghan
MH, Zayeri F, Yaseri M, “et al”,Prevalence of
diabetic retinopathy in Tehran province: a
population-based study, BMC Ophthalmology
2009:9-12.

10 . Kazemnejad A , Zayeri F, Hamzah NA ,
Gharaaghaji R, Salehi M, A Bayesian analysis of
bivariate ordered categorical responses using a
latent variable regression model: Application to
diabetic retinopathy data, Scientific Research and
Essays 2010;5:1264-73.

11. Yorston D, Retinal Diseases and VISION
2020, Community Eye Health 2003;16(46):19-
20.

12.  Grading diabetic retinopathy from
stereoscopic  color fundus photographs--an
extension of the modified Airlie House
classification, ETDRS report number 10, Early
Treatment Diabetic Retinopathy Study Research
Group, Ophthalmology 1991;98 (5):786-806.

13. Askarishahi M, Hajizadeh, Afkhami-Ardakan
M, Factors affecting retinopathy in patients with
type 2 diabetes by analyzing the current status
data, Tehran University Medical Journal,
2010;68(11):674-80.


http://journal.nkums.ac.ir/article-1-144-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

O 5 i 6 255 4

bl and o Gade 5 4l and e (Uadie ey s ADA

14. Brown JB, Pedula KL, Summers KH,
Diabetic retinopathy: contemporary prevalence in
a wellcontrolled population. Diabetes Care
2003;26(9):2637-42.

15. Dandona L, Dandona R, Naduvilath TJ,
McCarty CA, Rao GN, Population based
assessment of diabetic retinopathy in an urban
population in southern India , Br J Ophthalmol
1999;83(8):937-40.

16. Jamal-u-Din, Mohammad Babar Qureshi,
Akhtar Jamal Khan, Mohammad Daud Khan,
Khabir Ahmad, Prevalence of diabetic
retinopathy among individuals screened positive
for diabetes in five community based eye camps
in northern Karachi, Pakistan, J] Ayub Med Coll
Abbottabad. 2006;18(3).

17. el Haddad OA, Saad MK, Prevalence and
risk factors for diabetic retinopathy among
Omani  diabetics, Br J  Ophthalmol
1998;82(8):901-6.

18. Fazel F, Ghanbari H, Saghaee S, Comparing
the Axial Length of Eyes in Patients with
Proliferative and Nonproliferative Diabetic
Retinopathy, Journal of Isfahan Medical School,
2010;28(115).

19. Hosseini SM, Tazhibi M , Amini M, Zaree A,
Jahani Hashemi H. Using Classification Tree for
prediction of Diabetic Retinopathy on Type II
Diabetes, Isfahan University Medical Journal,
2010;21(108).

20. Kull CE, Abrahasson M. Prevalence of
retinopathy difference in a population with type 1
diabetes, Diabet Med 2002;19(11):923-4.

21. Moradi S, Baradaran H , Prevalence of
retinopathy and microalbuminuria in people with
type 2 diabetes at Tehran Institute of Endocrine
and  Metabolism, Iran, Diabet  Med.
2006;23(4):181.

22. Porta M, Bandello F, Diabetic retinopathy A
clinical update. Diabetologia 2002;45(12):1617-
34.

23. Ramezani M, Karimi Abdolgader |,
Prevalence of retinopathy and related factors in
hospital diabetic patience patients in Bagiyatallah
hospital in Tehran, Yafteh 2005;7:29-35.

24. Manaviat MR, Rashidi M, Afkhami-
Ardekani M, Four years incidence of diabetic
retinopathy and effective factors on its
progression in type Il diabetes, Eur J Ophthalmol
2008;18(4):572-17.

25. Gharaagaji Asl R, Fagihzadeh S, Meshkani
MR, Kazemnejad A, Babayi GR, Rohipour R,” et
al “, A survey of effective causes on retinopathy

in younger onset diabetes type I patient, via
bivariate Bayesian cumulative regression
analysis models, Urmia Med 2009;19(4):340-5.
26. Harney F, Diabetic retinopathy, Medicine
Abingdon 2006;34(3):95-8.

27. Janghorbani M, Amini M, Ghanbari H,
Safaiee H, Incidence of and risk factors for
diabetic retinopathy in Isfahan, Iran, Ophthalmic
Epidemiol 2003;10(2):81-95.

28. Abdollahi A, Malekmadani MH, Mansoori
MR, Bostak A, Abbaszadeh MR, Mirshahi A,
Inflammatory markers and diabetic retinopathy
in type 1 diabetes, Acta Medica Iranica
2006;44(6):415-6.

29. Stratton I, Kohner EM, Aldington SJ, Tuner
RC, Holman RR, Manley SE, “et al”, UKPDS
50: Risk factor for incidence and progression of
retinopathy in type II diabetes over 6 years from
diagnosis, Diabetologia 2001;44:156-63.

30. Shoja M, Mahdavi M, Maanaviat M,
Basharaty M, Serum lipids and diabetic
retinopathy , Tehran University Medical
2007;64:64-57.

31. Farahi F, Shahbazian H, Khoshnod S,
Aghajan R, Lashkarara G, Association between
Hyperlipidemia and Diabetic Retinopathy in
Patients with Type I Diabetes Mellitus in Ahvaz,
Bina J Ophthalmol 2010;16(2):94-9.

32. Berinstein DM, Stahn RM, Welty TK,
Leonardson GR, Herlihy JJ, The prevalence of
diabetic retinopathy and associated risk factors
among Sioux Indians , Diabetes Care
1997;20(5).

33. Malekmadani MH, Lashay A, Behjati M,
Ganji R, Frequency and severity of diabetic
retinopathy in non-ocular diabetic complications,
TUMIJ 2007;65(7):58-63.

34. Izuora KE, Chase HP, Jackson WE, Coll JR,
Osberg IM, Gottlieb PA, “et al”, Inflammatory
markers and diabetic retinopathy in type 1
diabetes, Diabetes Care 2005;28(3):714-5.

35. UK Prospective Diabetes Study Group, Tight
blood pressure control and risk of macrovascular
and microvascular complications in type 2
diabetes: UKPDS 38,BMJ. 1998;317(7160):703-
13.

36. Weijie C, Fitting Generalized Additive
Models with the GAM Procedure in SAS 9.2.
SAS Global Forum 2008;387.

37. Wensui L, Chuck V, Jimmy C,
Generalizations of Generalized Additive Model
(GAM): A Case of Credit Risk Modeling. 2003.


http://journal.nkums.ac.ir/article-1-144-en.html

[ Downloaded from journal.nkums.ac.ir on 2026-07-08 ]

Journal of North Khorasan University of Medical Sciences Winter 2013;5(4):859

Original Article

Comparison of generalized additive models and generalized linear
models for estimating the retinopathy risk factors for Tehran
diabetic patients

Vazirinasab H' ,Salehi M, Khoshgam M, Rafati N?

'MSc in Biostatistics, Academic Member, school of Medicin, Bam University of Medical sciences, Bam, Iran
*Assistant Professor of Biostatistics, Department of Statistics and Mathematics, School of Health Management
and Information Sciences, Health Management and Economics Research Center, Tehran University of Medical
Sciences, Tehran, Iran.

*Instructor of Statistics and Mathematics, Department, School of Health Management and Information Sciences,
Tehran University of Medical Sciences, Tehran, Iran.

* Ophthalmic Research Center, Labbafinejad Medical Center, Shahid Beheshti University of Medical Sciences,
Tehran, Iran

*Corresponding Author: Abstract
Masoud Salehi, School of

Health M . d Background & objectives:  One of the most important
Inef?)rmation ag;%flr(rsleesn Tehizn complications of diabetes is diabetic retinopathy. It is the leading
University of ’Medical cause of blindness in persons aged 20-74 years. The

Sciences, No 6, Rashid Yasemi
st.,, Vali-e-asr Ave., Tehran,
Iran.P.Code:1995614111.
E-mail: salehi74@yahoo.com

Submitted:21 July 2012
Revised:16 Dec 2012
Accepted:11 Mar 2013

identification of risk factors associated with the development of
retinopathy is important for early screening and intervention.
The study attempts to compare of generalized additive models
(GAM) and generalized linear models (GLM) for estimating the
retinopathy risk factors for diabetic patients.

Material & Methods: This cross-sectional study was carried out
on 367 diabetic patients. Variables include age, duration of
diabetes, BMI, hemoglobin AIC, cholesterol, and systolic blood
pressure. All participants were checked to determine existence of
retinopathy by eye examination. Fitting GLM and GAM were
done with R software.

Results: 120 cases (33%) were retinopathy patient and 247 cases
(67%) were not. Results of the generalized linear model showed
factors had effects on retinopathy including: duration of diabetes
(p<0/001), hemoglobin AIC (p<0/001) and systolic blood
pressure (p=0/018).while GLM can in addition to determination
of retinopathy risk factors, identify nonlinear relationship
between variables.

Conclusion: To determine retinopathy risk factors, GLM is only
able to discover linear relationship between variables. While
GAM increases the quality of predicting response variable with
more information of the data relationships. This quality of
predicting has been show by decrease of mean square error and
Hosmer Lemeshow test.

Keywords: Generalized additive model, Generalized linear
model, Diabetic retinopathy
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