Ye-YA Slao Y oJLo.i'a A 893 Avay Eb‘ﬁ‘ 63}3}?«04@‘ J.a..a:’é' 4.1."54

ey Sl o Guwb @';9.»; T Slg o ey O
Cy 85509 i ool b saskll Slvcws como

oéx'l}ao) (MRY) ‘i"s}éaa S “"655,95 S ‘r)% (SO ) Gus “sz'ﬂg-v\.w

o o e . . c . c.. . S I o)
Ol O1 855b Cudln 5 (S5 8 syl 09,5 555k 65 Pamng) Do 57 jo (AL slgr Ol gy oBuiin s ¢ a5 SLT (6 5575 (5 il

. - B . z . e c.. ) Che . R
Ol OISk St 5 S5 sendy) 03 8 (53, (85 8) gomnbsl Dol S m  aEINS slgr Ol g, o 53 85 P smny) 6 575 (5 il
Ol e (S g she oSkl (blitgy aaSails ale St e (65 soanky) i) i lST

Ol a0l el o8ty ¢ S 5y 0l ¢ polazr | (S 5y Hbokead ©

3 S5P5 S 0 0s 8 (e g (S Slide S e A sl e W5 (S ple 5 (ol S odSia s Ol oKlag3 Olal) 5 0L amaies”

Qlfl\ LO‘).G-‘Y‘ WO 6)_5_)\{\3

YYPFRATA 10ils (650l adle 5 (65 amds) 03,8 Oliay oBiiansy cobla it Ok cobla s Obls «dloy DL 015 1 G gy (ot 5 pin o) ki 5

shamsman87@yahoo.com :¢$5 5 1 &y

WRNVA Lo s P40 /0/8 15 55 56

ol Bloe 3l 2lS g a0 & st Sl psei] Coo (o Sl 5 4T Glapl S g I (S s Slanl g doniio
Sgsa plosl il 4355 & y00 o (gl (mnits s &5 g8l 31 51 M 3 il a5 45 a0 oo ¢y (e (S

gl Gigy b oylylew 50 oly Joe cpl 50 aisgy eols caws 511 IVMUICST S Jlsie [Lgs J8las a5 il lews 1)l8 ghg,
Al 55 el b St g T, gy SaD deog 5)l0p plam) (slp il g oS Ghlew 5 wiad o SbE (SIS sism
@ bl 5l 3 s slaghsy b QLS (S 5 Comlaz sl Gln (G Giie g (aBly (i) oaied polie gl el
A 035 e (SRl wz)lr )3 DI (aBly ladie 5 ub 43S IS 4 codsy 092

4SS auS )b p e AT 0 dvog Cde Bl 4 .wog culg lsyls lagT La FY a5 ol o, Sbye Lo YYA Lo il
6 I AL gy A5 e V) 5] Sz id ol sy ozl a5 51 Ll a5 ¥V g wiols plawl ) LIS cpl i FY
O3S 3l ey Gl & (Fhg g Sl aml 50 wisgy (oably (e VWY 5 3 (i 890 1 a5 0ls (li () a0
YA GPIA'S gRUW SRV S SPN N IRE SN PR W DO AP UV AU TR 9%

3lse stalesl slad gilodned 53 658 Sl Il (B SOl ol o a4y (53 Sl 5 S A

edo (o e hgy w2l S g i guadST (519

30 Mo o jlailbsl lgie 4 Ygoans 1) Jha3 000 (g Lo (anis
s s Sy ) sl Sl g 5 S e
YU aile LYo ay o5 cal pl o)ls 052y Oldllas (pl jo oS
Loy olabial cus (3g (BB 5 (o2les wnze (on
Wiloads (5,518,5 K aLindS Oygo 4 a5 ola ol eolatyl
Alue ()05 o5 Djge 0,8 asn gl oMb o lasbiul cus
5 E-YuS0W S P Bt Y S VIS S V-1 - SO WET L
Ol gdoe gl oS g el (oS g bl el parsis

Ao Ao
P LS parmid Sleds, (36T 5 (Kb pole Cdyiny
o ool )3 olSay LSl s ohlen wlolis oly |,
e dlar s sloces Como o)y lalllas
lews (! (Fhy clomlas) Slogas o) pn b & alies
b Soxndg (2b)l 5 Sl G Pl Gl o S5 &
S o S8 lagl leys by, y9e 50 (6 xS el g 3l
Shs s ol ailbre 5 pasis glaces oLl Gl
= b Iy 2Ll 990 cand 3l ol g =l bews ol
Soge Ghlem pler g9, » &5 (M o luliul cus I Lol

Gy oy B s T S e Al wiowl 418 S



AR /c_:}:{b).{i}))"abui.ﬂ‘b.wéuwww)ﬁ@[ﬂUM))é%{Uﬁ‘ﬁy@wé\ﬂ,\i,\zui,))\_{i

SMieS anlp Slo a5 col ol s v el 4 goax
ol sl dlus 4 (6,50 B 5l dlas pl jo b ail o
Lohey onl o Lol 1y (LS sla by, oMSaw I (S oS
B0 Joe So g 09,5 Bda )V pte w5l eolinul
295wy ot (33,5 S 0 b oS Sj90 (pl s msls &l (6
osly T g s 5 ol o3l 0kl s &
5 mo)S dmsle 1S (Shl3 By, 4oy i o )
S 35y et ey LS 4] 555 5 b
Sy Joe S b asal ails cute JLosly (SIS g s a5
Shs Somles LT 5 o8 asle |y (s 5 ol
abgrye Jshiz ;o O @S &5 moged avmlie (afly slaools
o Jie e Pl TS A gom slagi les]
30 gd e 03l =05 Wosls b o Jae 0,55 5 aosls 8 e

gl oo A3l llae coy 5 bl LG

SL AT
Obed aleS auld aS S o B8
69,8 Cuwd azes ST K0 Ojle 4 (V) oo o0 &)y paneis
ST s ogdise plnl (Db a5l 08 nl lp 058 Cute

O3yl Az b

A ey Sy oed plmil 03 (nl sl (oMb (ge3] 09 hte

e ol pasil cud a4 o3l gl ped (e
T PR W WJ" ).:) ).) ».\a.:‘)ﬁ U"‘ 'bj)ks‘c Cawd )| Sl

positive{Gold standard

Test R lt{
st mest negative {Miss

o ol Cue )] Gl Az aS (68,8 e Jlei|
ool olSST ail  Soied 1,8 sases (las Vg casis

PIVIT) = {; i M

VET

BV

FT)

‘SJBUG S Camdg 45 S GsuL: U.JL: Gan o] RER

pIT) =Y 1 T pey my = p(ry )

) Gl oo it lag)] cadeis Cud 4l oS col (g0l 3
Syl 1y Sy g Comlas (g oo cud 5 oy ST o Gl
oS o0 25 1) 5 Jleiml S0l (gl 0 )

_ rir plelrleiv|c.T) (\‘)
o BT

P(6.T.V)
P(r.V)

P(GIT,V) =

LS e lacgeme ny lp laad b oo laslin] cs

pll el a3 3 Dgo ligly pasid Cws a5 ol
e a4y b o slil plamil (gl o3 il 5 99 o
2, (St g)lory ooy b ke gyeiie 4 by paris
@S WS (oo e £95 90 4 |y @S (nl Vgons
Gl 2lSse (o b S 5 (B8 Gl
ol3l gl a5 O s il o5 05 e olml Sloj 318l
oS O il b Wlaiils ke oS Cend domdd 45
ol ‘5,1;%, bl Sglite (5l e s o Az
Glp haad b o labinl caws o5 aidl o sl Sby o
Adlaily Cute p@stil Gl 4D dS 0,5 0 Dje0 (g0l
Sy s Combes anilne 2 1) L 255w cnl Galple (V)
b Olallas 55T 0 S o e s canids glacas gl
saiad glaosls ol )b olEuus 5] £55 2 50 goml (6 S gm
ams o3 51 golams (gl 45 g ol A el o i
sl oBas plal o ol o)l 0s2g Db s
5,5 5 K il bools SuieS aiyld 4y atly g o
@57 sl 2T memal 4 oS Wog Sliime (S
yf 5 Golem oals cnnlive lacas I gl (V) sl
Wlools bl b ) lilias] Cens a5 goldl o (6plens
GoL3 s 00 Jloms ek 5 lems ST 550 Slaws dnslne (5l
o] 03,5 ealitasl wiloohss bl 1, oMb 5 Jlin] s a5
Gy S L s Jae sy byt Pl ply (028 iy
Lis O e gl ol 3 OBl b i anyld oS &g
08 Gilew (Aly Comdg w5 o)b (Siy el xS @
azmd bbb 4y ol 3l aiad slas ) S0 ol w0l (S
ol Jat > Jie 3 ey (solly oy |
S ran 5o Ghme 99 al syl g 00y (28ly yuf (08
Slp (7)) ( SaicnlS Lol (Fd) 0l 0aisS of o5 0iSlgs o 0,190
BT 5 oS o B Sl 1y e b Sy JSie ol 2 4l
Sldbl 5 jlow (HBly Condy 4 (S Az odle aieS
Sl Ky o2 olem Lo bLs)l j0 cais cdelis
sle Jow
dlio (b el 4 (G 50 Uy S 1) Oglisa

5 1S sl o8 elol s oad ;S5 (gla oo 50, 0,5
39 39250 CMSie Cawl 009y ol yo JiSlas gy 3l eolaiul
A wload eols 758 gilhgie 5yt sle Alie )0 Loy, ol
Sl G sy, OMSae w0

Olsise JolS claosls oals b a8 ol gaos (BOY)



Q\)&@)é)'!ﬁm/\’\‘

=N

L

yij-wBinamiaI(PU-,n[) : z,“

L

Pyy tPy =1
P,y + Py =1
Iﬂﬂit(Pij) =B -HgijTi

omoctﬁﬂwl)iitﬁﬁ.;;.adiTiJMal)oaf

S o i TS Bl ks ced ol ciny
Bij

S I R o il Sote bap)] panii el

xS Sopn F et e Bl g Joe lase Sl (Bye eaims olas
y oiles o Goem S, oo cnl po adlioo (oMb s
by BB idu 0 edd diyws b bl e 5 olsise
A4S O go ey
SN.SP LR?
1-SN).(L—SP) IR

exp(By;) —exp(By;) - (

(1-$N).(1-SP) _LE”

exp(Pyy) =exp(Py;) = SN.SP LR+

NPV(n.P(G = 1) —y;,)
" (1-NPV).D.[1-P(G= 1))
PPV.y,,
" (1-PPV).n.P(G=1)

5P

5N

PPV, (1P(G=0)-y,,]
(L-PPV).0P(G=1)+PPV.y,,. P(G=0)-y,) - PPVy,¥,

P(C=0)=1-P(G=1)

o ) Cawgn Caomd 5o Shle cpl el Canay (SeS>
e (GgemsS ) ulpd & iyl ol 5 ey el oud o3l
25k Cawds (S g 5 Sl s )

Oy, SR 590

Sl 39 S (5o Joe 0 S5 090 byl sl
Sl e e o eslitl i3e (BIL slagein l Y
Ol b Jloy @e 5l Seise) gem Sy Joe b 5l 250
o oslial Ve v e ol uilly 5 yho

B,~N(0,1000)

t ol oy ke (F) Jleil (V) iy yo 4 Lo

PETJP(E{'JE?U”'G*” =PERTen)

&) oloms V 5 T s lyie (1) Jsa 5 5 j5b plas
Jol8 el 5.5V olas; 0,0 T,G olas, 51 oMbl Ly w0 o0
P(V|G.T)

P(GIT.V) =

B T TRV
P(GIT,V) = P(G|T)
a5 bl by (FaiaS wnlb o8 085 i Gl oo
SN el Jis 031 6 jlow (oaBly Cundg 5l aris Cus
1 o2l lony (Bly Cumdg (b Cand a &S oS 23
26 o8 o)l (Al Cumsy (Bib ) (Jy (WS 0 et
Gl Jlows Ladly a5 (63,8 Mo 0,15 SoiaS 0nl)d ) erbinne

) P(GIT) | . I T
Yl gl | Szl Jo el S o] i

SNP(G*)

P = SNpten + (1 —shp@) T
P(6¥IT™) = SPP((ETJ_-I-SE\P - (S{;\:J]P(m e
P(G7IT7) = SNP(S;FSFE lli(s(f-iﬂ_)jf’(ﬁ?‘) ~ P

I SPP(G") -p,,

(1-SN)P(G*) + (SP)P(G")

Sy oaid Lid SP g Colus i SN o Jgo,8 ol o
O3Sy Jae S bl ol el b asl e
S il @i 5l S oo e 1B (pais S
5 03,5 oolatwl b el azl 0,5 90 ;o ol Bl ey o
MGA M 03; 3.) L ‘) Ql)S‘ 4,.15

S Joe

L Sizg) Sgu )55 Joo SO 5l oolain] b Cod ol o
STl p o 0died polie i Glp clbez g0 sl
2x2 Joas G 40 Coadge W‘Lj 33l olaas sases ylis Yi
b i) oite b o el ams b o3l sl T g sl
ouds S5 il 4 Ly glgise |y 25 Joe olSST sl (i ol
25 ol



\‘V/‘;,_:}:{b){u))"ebul.ﬂuiwéuwww)ﬁbwwjéé%{ugﬁ‘;y@w&\j_g,\i,\zui,))\_{i

1559 i a0l 4y 4z g5 b Ll (VF) 03,6 513 (g 58mg s
ey 4 &S Shlen den Conl (Sew il (orled gy SO
48,55 )18 (psSms e o Wish o 23l Jluly (S5 g5
wilansls e Jlusly Bl S gigm amd o5 Jlley laad
uL’ﬁ) oliw.bsﬁ O oSS 4:}‘1.4 )Lo.u YYA O Ja}a).a Sl Lo
Klaisls IVF/ICSE Gl S 5o 5,50 CanSlls [, g0 J8las a5 1,
oS oo Ul las I 13 B S gien 5 0r9Sg s S g

el 0ol 00ls i Vooylads Jgao j0 s g0 ol gl

3Ll S 5 ats Sl b =V o lend J g

G* G~
T 37 10
T- 13 178

b o bl Glexe 4 (S G s O8S A e L
@ oody pamis jo 1) JWily (S8 s (She 9 Sl
w205 dmbre LS Jlgl3 )

Sy Glylowy haid ALl 85 B 0 b e
Jae SO Lol amaby cuie JUojly (81,5 gigu doxs a5 wigd
S 9 Somban L 15T g 0008 dilone | (Shg 9 Comlos S5
&S Gl pl Camdg pl S 050 dunlie 28ly slacols
G s Sl e )] candeis s ams a5 g0l 8l gl
30 om0l dgzg INS LYo alex 5l gousie LYo 4 b
Debise pjpdaY ojled oo

Laosls LS’L:V;V‘”?;&‘_* oyl J g

G+

G-

T+

37

10

T-

NA

NA

NA: Not Available

Ly 2o BT e Sl asale o g)lew g5ed sl L
S0 g, 5l el )l 348 Qo)j—‘ Cowdy Gl oS oo ool
(A) 0l oolainl Saw
p~beta(a, b)
28 alys Jies ok 4 o) aasie g 5l a4 e
e Gl glen ol lie o)lye 1,20 5 0 sbSas U
oaasin b 5l pS ey |, gl sbSas (Sl g
0,)0 g (58,5 Sl o eas 1y 095 Al 1 e U ol alules
A5 oo 050 (hlews anel> o gy et Gl 9 YU 0>
2y Oype & bSaw 5l (18,5 She 5l oy 2l S

P(p < 0.33) = 0.95

P(p < 0.001) = 0.05
Lo el 598 polie adoles g ol 5losliwl Ly s i ey
D90 4 Ed (i 295 o il S (225

D9 so )

p~beta(0.59,5.61)

Ly e B @l 095 (oo s andd 3l oolitnl b el 5 oo

.0)5T Cewdo

P(SN,SP,,|y) = P(y|SN,SP,B,)P(SN,5P,f,)

Jow 09,15 g 28lg ool b JLw
il b She oMa S IVF S cuss
5 badgpd i o) o> o Slsle slag)bral
R WY S S et S Wl oo ge slags el
slaiidsl ol (1) anles Wl IVF gla S (b )0 opi
S @l g Sz Slops pladl G plgie 4 (o) 0>
Sy S 5 e i ot Sl S ol 5 ART sl
3 2 0> (Gl Cux (@Mb ol plgie 45 aned;)|
5 025 0> peitee W3 el by cnl adlige b o e
ORlBl ) paas Come g Z8s g edged el 1) eSug e
FB (po5wgrind b (29 4 (o) lag)lial (V1) v o
S 9 wamlbus Sllllas 5l solasy zls (V) aiil o arseis
alie | Jlujly SlSgee Cute 5 b 28k 8 s
pae g Sl I (S () who)S BS99y s
sloadh 5 ojlabil Jloly (BlSgem 8 bLI)
55,5 e Sl iy V) 81os,S 5 |, Sy g



d\)m)é)‘ﬁm/‘(i

225 ) osliinl b (3l and cpl i 35515 BB Gamn
Sl (Sob dmarie ws Ly (25l Sige Ss5 L
OpenBUGS 33l p)5 5 wiuysSI ol OVF) ol ouds plovl
s LS5 L Ve 5l am (00) el ond |2l 3.1.2
@ Jol dged e e e g 0l [Sen [l 0590 o @58 & )
275 2 Fes oy Sl ol AN LS A g 0)90 Glyie
5 (Snad 555 fogai il foges Jo SIS slats,
5 ol dldgs Heiwd (VF) ad eolaiwl ey S 2l jloges
oy gl sl eul 03,91 ¥ deues ,o Openbugs loue
ooz 0 e &bl (b)) S 0ges 5 S

el 00 o.b)a" Y O)Lo.:)

PR 8l alea 5o ls 3929 oly iz JSaw cpl S sln

a8 ol gaie s o8l ol eled (oMo el A aS (oS e
izl a5 ils oo 92 s o Bhaie a5l ISl
o 6l il el S 9 0,10 0529 G Az o U
a8l il S 4y S g Cemlas ke 551 L asls )
Sl s Ghgy masdise dysln Gl S ol Syl 50
ailgice Woyslyy 55 sy onl )0 &5 Wisd a3Rle wlead
ol a0 L SligleT oSl Lyl g wigd o) ylzro
et @5 (V) ke emr Bsy p il Sglicte e Ll L
Seidyl Oge Sy e e 5l 2 s Sy b
59 ilwamd Sleslitul b (V) Jae sloel )l aib e

i ermler 53 MEMC ) L s (3l and sla bl 55510 - Y oled g

Ot oSl JUEPRE e

Oliabol by 0

Ol YL 0> Ear obb

sl AAL AN

/0N ./ay YRS Vouon

S Ay 7%

</A3 AN YRS Vouon

R /7

<[50 <JAN YRS Vouon

P /¥

<JAY AN YRS Vouon

Db oo o yisd 43 0318 pled a5 el Sloj ol Lo 185 a5l 5 0iS o samlie 45 jghailen

b e 09,5 g0 0 Jisl mje L aS bl 5l S
o Sl 00l adriie Ml Cudte canstid Cend doxd gl
285 Sk sl e cnl b 2 b ) Gee S, Je
iy e SO Olsie 4 b ) paidd ol amd S
@ olgse @b orl 518 S S s g len (HBly Cundg sl
Dol a0 g R Ced 098 0 Jletol ms een
@5l 315 D92y Cude Zed 0,5 0 &5 Jlexal Wy, Koo
09,5 93y ) el (hie Cend Jletol @i (St Gl
Ll )3 5 s gl Gt Sy 5l e 5 ot Gt
Ay, a5 eyl Ual e csl oad eolaiul LSS ol
aS ol a5 Sbul 5l Ll asl alis 09,8 g0 0 Jleasl
50 Szl g,y G diws ol (g i Jloixl b Wil snieS
e onl Jo gl sl Cute Cd 098 WSy 095 ()
Pe ) Y225 ¥21 >V ojlels Jgaz o a5 mo,S (28
g Lado ot Send 095 )3 9z ge Jliol W) &5 1S (o0
Sy oo 00 polie Jie (s Ghe 9 Joe 00 e I
5y it )lS Sy s bl g anlllas 5l zyl5 |, Sledlbl

&

—
sla el bl p was gyll Jow S alie opl o b

s ol i Jae ol sl o5 s 4l s
sladlexs! cnl w5l Cawts OY) s oBaus 51, (Shs
S ams it s e Gl ) oles Gl 5 byt
ool g Wools ozl 0,8 ailesls gl> 0e5 o 1) Jaw Sledlb
Cond gl 4 lS oSG ek 4wl oo Dglaie Yo plo L s
R EUET OV R T -FO S LIV g PRI Jt-| R SR
ol oolaiwl 0l i Greene kg a5 b oo Pla.l 6,8
S oo 3o MolS” dlin pl slaosls  Sained &gy 0,90 0 a5
T 04 Lasuin (63,8 (slp cadid G aml a5 Slo;
O Ogdi o attie job (Sdded Casxsg SSlegil el
e ams il bd 4 0,8 glewn (o28ly Condg
o 03 o alS Lzl 1 T oS ils 0,8 6k

& 25 (GIT) b sl al o) Gew S, Joe ol o



Vo/‘;;i}:{b).{u))"ebul.ﬂuiwéuwww)ﬁbwwjéé%{ugﬁ‘;y@w&\ﬂ,\i,\zui,))\_{i

el Lo Joo 3 ooel oy SYoles by pa3 ol il oo e
G Jae AL oanl o b cl sl LG 5o 8l cdllas
@S G e a8 g Syt (S Sanei,nd g i

oS eais gbews ) ol

S 5 Ao

BT Sl olyon & (e 5lUT a5 w0 i e i v
Olfise 5 2bbise lagilel (slad (sjluand o (658 Hlpl So ise
2,5 ool QT 3l gl ‘5'.‘)-?9“ &9 oo a0

EILSECE R o)
395 Sloyad il ails co p3Y 095 p dlae pl Bacs s
Jodo @ oBighy Jowpy plo g gume B3 S0 (i 5l
gl Jes ol sleools 4 pwyiws el 5] eal,é

nolie o)lye (B Sledlbl v9290 Jletxl @95 92 35
3 Golem goed Sl Gl ams i JIE L LSl coieS
2% Sy et Gl s Cosld pae Ojpa | Al
50 guie SleMbl lgs o U5 ul b ool s o 4 Jlezis!
Ced Sl Jow 0l Jaw a4y oM o lasbinl IS m5e8 0,90
P sSmgiens (b sl b (Sl Sgge cakis
b Cwd ple po Ll assee Ol (o Gy G
Om jlam &5 D0 a S (o0 Jes 435 45 390 (o) 2
S ozl @i b ol oS5 g )low g9t Sl sy
S Joe opl 50 0550 ety Glg oo |y oyl parsis
o plp [ OA) Ghie glorin)d Connd 4 S (glorin o
2 ool S 8 )5 5l 50 Setsel gam Sy e el
Sl s @M s jlbiul ol coe Gl Rl (Seem )T, Je
G 0181y b o lsliw] ol e uild 4 Cude Cs

SNP(G*)
odds.. = Py _ SNP(G*) + (1 — SPYP(G~) _ SNP{G™)
HU1-py (1—SP)P(G) (1- SP)P(G~)
SNP(G*) + (1 — SP)P(G™)
{1 — SNIP{G™)
Py SPPIG-) + (1-SN)P(G*) (1-SN)P(G")
DddSz]_ = = =

SPPG-)

1-P
. SPP(G~) + (1 — SN)P(G*)

uddsu

SN. 5P
exp(fB41) = exp(frr ) = odds,, ~ (1_SN).(1_SP)

SPP(G-)

(1 - SPIP(G~)
dds.. — 2 _ SNP(G*) + (1 SP)P(G~) _ (1 - SPIP(G™)
ot T p, SNP(G*) ~ T SNP(G")
SNP(G*) + (1 — SPJP(G™)
(SE)P(G™)
Py, (1-SN)P(G*) + (SP)P(G") (SP)P(G™)
DddSzz = = —

{1 — SN}P(G*)
(1-SN)P(G*) +(SP)P(G™)

odds;; (1 —SN).(1 - SP)
exp(Pz1) = exp(Piz]) = oddsy, SN.SP
¥u PPV .y
= Lo YT oo
Vi + ¥z 1 - PFV
vi1 + v =nP(G =1)
SN = ¥ _ Pw-}’lz
vii +vy (1-PPV.n PG =1)

T (1 —SNIP(G*)
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Va2 NPV.yn
NPV = =} =
v +¥n Y22 = 1NV
Viz + ¥ =n.P(G =0)
spo_ Y2 _ NPV.(n.P(G = 1) —y)
T v 4ve (A-NPV).n(1-PG=1))
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model{

for(i in 1:a){

for(j in 1:b){

yli,il~dbin(p[i,il,n[i)
pli,jl<-exp(betaO+betali,jI*x[i,i])/(1 +exp(betaO+betali,i*x[i,il)
1
beta[1,1]<-log((SN*SP)/((1-SN)*(1-SP)))
beta[2,2]<-log((SN*SP)/((1-SN)*(1-SP)))
beta[2,1]<-log(((1-SN)*(1-SP))/(SN*SP))
beta[1,2]<-log(((1-SN)*(1-SP))/(SN*SP))
SN~dunif(0, 1)

SP~dunif(0,1)

beta0~dnorm(0,0.01)
}sensitivity<-y[1,11/(y[1,1]+y[2,1])
specificity<-y[2,2]/(y[2,1]+Y[2,2])



YV/&;,_:}:{JJQJJ)"AJU;LAH{MJ&LAMWw)ﬁ@&b))é}ﬁbﬁ‘ﬁy@w&\ﬂ,\i,\z&))\_{i

Lu Y, et al. A Bayesian approach to simultaneously adjusting
for verification and reference standard bias in diagnostic test

studies. Stat Med 2010; 29: 2532-43.

Whiting P, et al., Sources of variation and bias in studies of
diagnostic accuracy. Annals of Internal Medicine 2004; 140:

189.

Begg CB, Greenes RA. Assessment of diagnostic tests when
disease verification is subject to selection bias. Biometrics

1983: 207-15.

de Groot JAH, et al. Correcting for Partial Verification Bias:
A Comparison of Methods. Annals of Epidemiology, 2011;

21: 139-48.

Martinez EZ, Alberto J, Achcar F. Louzada-Neto, Estimators of
sensitivity and specificity in the presence of verification bias:
A Bayesian approach. Computational Statistics & Data

Analysis 2006; 51: 601-11.

Kosinski AS, Barnhart HX., Accounting for nonignorable
verification bias in assessment of diagnostic tests. Biometrics

2003; 59: 163-71.

Buzoianu, M, Kadane JB. Adjusting for verification bias in
diagnostic test evaluation: a Bayesian approach. Statistics in

medicine 2008; 27: 2453-73.

Liv J, et al. Bayesian analysis of a matched case-control study
with expert prior information on both the misclassification of
exposure and the exposure-disease association. Stat Med

2009; 28: 3411-23.

Ayida G, et al. Uterine cavity assessment prior to in vitro
fertilization: comparison of transvaginal scanning, saline

. Cowles

&b

contrast hysterosonography and hysteroscopy. Ultrasound
Obstet Gynecol 1997; 10: 59-62.

Crosignani PG, and Rubin BL. Optimal use of infertility
diagnostic tests and treatments. The ESHRE Capri Workshop

Group. Hum Reprod 2000; 15: 723-32.

. Seinera P, et al.Hysteroscopy in an Ivf Er Program: Clinical

experience with 360 infertile patients. Acta obstetricia et
gynecologica Scandinavica 1988; 67: 135-7.

Golan A, et al
hysterosalpingography in

superior  to
Acta

obstetricia et gynecologica Scandinavica 1996; 75: 654-6.

Hysteroscopy s
infertility  investigation.

Golan A, et al. Diagnostic hysteroscopy: its value in an in-
vitro fertilization/embryo transfer unit. Human Reproduction

1992; 7: 1433.

Yeung S, Wilkinson D. Adaptive Metropolis-Hastings samplers
for the Bayesian analysis of large linear Gaussian systems.
Comp. Sci. Statist 2002; 33: 128-38.

. Spiegelhalter D, et al., WinBUGS Version 1.4 User Manual.

2005.

MK, Carlin BP, Markov Chain Monte Carlo
convergence diagnostics: a comparative review. Journal of
the American Statistical Association, 1996.

. Gelman A, et al. Bayesian data analysis. 1995, New York:

Chapman and Hall.

. Deeks JJ, Altman DG. Statistics Notes: Diagnostic tests 4:

likelihood ratios. BMJ: British Medical Journal 2004; 329:
168.



YA

Iranian Journal of Epidemiology 2012; 8(2): 20-28.

A New Method for Correcting Verification Bias in

Diagnostic Accuracy Studies Using A Bayesian
Approach

Cheharazi M1, Shamsipour M2, Norouzi M3, Jafari F#

1- PhD student of Biostatistics, Department of Epidemiology and Reproductive Health, Reproductive Epidemiology Research Center, Royan
Institute, ACECR, Tehran, Iran

2- PhD student of epidemiology, Department Of Epidemiology And Reproductive Health, Reproductive Epidemiology Research Center, Royan
Institute, ACECR, Tehran, Iran

3- Msc of Epidemiology, Faculty member of Ghom University of Medical Science, Ghome, Iran

4- Assistant Professor of Community Medicine, shahed university, Tehran, Iran

Corresponding author: Shamsipour M., shamsman87 @yahoo.com

Background & Obijectives: One of the problems of diagnostic accuracy studies is verification bias. It occurs when
standard test performed only for non-representative subsample of study subjects that diagnostic test done for
them.

Methods: Patients that have had at least twice repeated failures in cycles IVF ICSI were included in this model.
Patients were screened by using an ultrasonography and those with polyps recommended for hysteroscopy. A
logistic regression with binomial outcome fit to predict the missing values (false and true negative), sensitivity and
specificity. Bayesian methods was applied with informative prior on polyp prevalence. False and true negatives
were estimated in Bayesian framework.

Results: A total of 238 patients were screened and 47 had polyps. Those with polyps are strongly
recommended to undergo hysteroscopy, 47 /47 decided to have a hysteroscopy and 37 /47 were confirmed to
have polyps. None of the 191 patients with no polyps in ultrasonography had hysteroscopy. The false negative
was obtained 14 and true negative 177, so sensitivity and specificity was estimated easily after estimating
missing data. Sensitivity and specificity were equal to 74% and 94% respectively.

Conclusion: Bayesian analyses with informative prior seem to be powerful tools in simulation experimental
space.

Keywords: Verification bias, Bayesian method, Polyp



