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@ : ABSTRACT
Angiography is a common and invasive method in diagnosing cardiovascular
diseases. Some patients refuse to perform angiography due to reasons such as fear, high cost, and lack
of confidence in the decision of physician for angiography. This study aims to determine the factors
predicting coronary artery occlusion to predict the outcome of angiography.

In this cross-sectional study, participants were 1187 patients received angiography
in Ghaem Hospital in Mashhad, Iran. Demographic data, lipid profile, blood sugar level, and history of
underlying disorders were used in two prediction models of logistic regression and zero-inflated negative
binomial (NB), fitted using R3.6.1 software. Then, their sensitivity and specificity were compared.
[{EENTE Of 1187 patients, 404 (34%) had negative angiography. The results of both models showed that
the risk of positive angiography was significantly higher in male and diabetic patients. The risk increased
with the increase of age. The area under the ROC curve (sensitivity and specificity) for logistic regression
and zero-inflated NB models were 78.4(70.4%, 70.5%) and 78.2(71.4%, 71.5%).

[@TEIERT Age, gender, smoking, and history of diabetes are significant predictors of the angiography
outcome. There is no significant difference between logistic regression and zero-inflated NB models in
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Extended Abstract

Introduction

ardiovascular diseases are one of the most

common causes of death in the world, which

has forced health authorities in different

countries to make large-scale plans for edu-

cation, prevention and treatment in this field.
Cardiovascular disease was the leading cause of death in
2019, accounted for 32.2% of all deaths in the world.
In Iran, this disease is reported to be the most common
cause of death in adults. Coronary artery disease (CAD)
is caused by the formation of atherosclerotic plaque in the
vessel lumen. There are different methods to diagnose
the severity of CAD, among which angiography is the
most common method; however, this method is expen-
sive and invasive, and is associated with complications
such as heart attack, stroke, and death. About one-third
of patients undergoing angiography do not have arterial
occlusion; hence, having a tool to predict a negative re-
sult in angiography or identifying its predictive factors is

Table 1. Results of the two study models
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very important. Appropriate statistical models can be used
for making this tool and classifying patients into low-risk
and high-risk groups. The main purpose of classification
and modeling in biostatistics is to make predictions based
on evidence, variables, and data. The result of an angi-
ography is reported as positive or negative or based on
the number of involved arteries by the radiologist. There-
fore, the appropriate model for these types of response is
the Poisson regression model or negative binomial (NB)
model. This study aims to compare these two models as
appropriate tools for predicting the result of angiography.

Methods

The data was collected from a cross-sectional study con-
ducted during 2011-2012. The study population consists
of all patients referred to Ghaem Hospital in Mashhad,
Iran for angiography. The required sample size to deter-
mine the effective factors was 964, at a confidence level of
95% and considering a test power of 90%. By taking into
account a 20% sample drop, the sample size increased to
1187. In the present study, the response variable of the an-

Models Variables B SE Z P

Constant 5.3594 0.6718 7.977 <0.0001
Logistic regression model Age -0.842 0.1281 -6.573 <0.0001
Gender -2.5801 0.3793 -6.803 <0.0001

Constant 0.2953 0.1845 1.601 0.109

BMI 0.0026 0.0051 0.533 0.594

Hypertension -0.0682 0.0528 -1.292 0.196

Cardiovascular disease 0.0663 0.0522 1.268 0.205
Diabetes 0.2876 0.0538 5.344 <0.0001

Zero-inflated NB model Smoking 0.0041 0.0072 0.573 0.567
hs-CRP 0.0025 0.0028 0.905 0.365

Triglyceride 0.00007 0.0003 0.223 0.823

HDL -0.0017 0.0019 -0.919 0.358

LDL 0.001 0.0007 1.459 0.145

Family history of cardiovascular diseases 0.0409 0.0515 0.793 0.428
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Abbreviations: SE: Standard error; BMI: Body mass index; Hs-CRP: High-sensitivity C-reactive protein; HDL: High-density

lipoprotein cholesterol; LDL: Low-density lipoprotein cholesterol.
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giography was analyzed at two conditions. The first con-
dition was based on considering the number of involved
arteries which in our sample is between 0 and 3. The sec-
ond condition was based on the number of blocked blood
vessels; if there was at least one blocked vessel, the result
was positive and if no vessel was blocked, the result was
negative. Therefore, two different models of zero-inflated
NB and logistic regression corresponding to each mode of
the response variable were used.

In this study, the number of involved vessels had right-
skewed distribution and lots of zeros. Therefore, a model
that can explain this over-dispersion is necessary. Hence,
the zero-inflated NB model was used to explain this over-
dispersion and zero-inflation. In this model, using the la-
tent variable approach, the zeros were considered as the
result of two latent processes; hence a hurdle model is
used. For binary response of angiography, logistic regres-
sion model was used. This model assumed that the rela-
tions between probability of positive result and covariates
are S-shape and used the logit link function of expected
probability to fit the regression model.

September & October 2022. Vol 21. No 4

Results

Out of 1187 examined cases, 404(34%) had negative
angiography; 211(17.8%), 216(18.2%), and 356(30%)
patients had one, two, and three involved vessels, re-
spectively. Table 1. Shows the result of zero-inflated NB
model. As can be seen, age and gender factors are in the
logistic part of the model due to their significant effects on
zero-inflation of response.

The results of logistic regression analysis for the result
of angiography are shown in Table 2. Age, gender, dia-
betes, and smoking had significant role (P<0.05). The P
of hs-CRP was 0.050, indicating weak evidence about its
significance role in prediction.

Conclusion

According to the results of this study, no significant dif-
ference was observed between the two zero-inflated NB
and regression models in predicting the result of angiog-
raphy. The predictive power of logistic regression model
was slightly higher. Due to the simplicity of the logistic
regression model, it can be used as a predictive model

Table 2. Result logistic regression analysis for the result of angiography

Variables B SE z P
Constant -3.119 0.588 299 <0.001
Age 0.44 0.063 6.906 <0.001
Gender 1.472 0.152 9.674 <0.001
BMI 0.014 0.013 1.058 0.289
Hypertension -0.227 0.148 -1.527 0.126
Cardio vascular disease 0.206 0.142 1.447 0.147
Diabetes 1.537 0.167 9.154 <0.001
Smoking 0.058 0.02 2.813 0.004
hs-CRP 0.01 0.01 1.926 0.05
Triglyceride 0.001 0.001 1.084 0.278
HDL -0.002 0.004 -0.504- 0.614
LDL -0.0006 0.002 0.341 0.733
Family history of cardiovascular diseases 0.184 0.141 1.302 0.192
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Abbreviations: SE: Standard error; BMI: Body mass index; hs-CRP: High-sensitivity C-reactive protein, HDL: High-density

lipoprotein cholesterol; LDL: Low-density lipoprotein cholesterol.
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in determining the necessity of performing angiography.
This model has 70% accuracy in predicting the result of
angiography. Using this model, it is possible to calculate
the risk of positive angiography, and if the risk is less than
50%, angiography should be postponed until the symp-
toms improve and the results of other diagnostic tests
such as exercise and EEG tests become negative. Age,
gender, smoking and diabetes were significant predictors
of the angiography outcome.

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the ethics committee
of Mashhad University of Medical Sciences (Code:
IR.MUMS.REC.1395.95).

Funding

This study was extracted from the master thesis of Fate-
meh RezaeiSharif approved by the Faculty of Health,
Mashhad University of Medical Sciences.
Authors contributions

Investigation: Azadeh Saki; Data analysis and initial
draft preparation: Fatemeh RezaeiSharif; Data collection:
Ali Taghipour and Mohammad Tajfard.

Conflicts of interest

The authors declared no conflict of interest.

Acknowledgements

The authors would like to thank all the patients partici-
pated in the study for their cooperation.

Rezaei Sharif F, et al. Prediction of Angiography Results Using Logistic Regression and Zero-inflated Negative Binomial Models. JSMJ. 2022; 21(4):486-499



http://jsmj.ajums.ac.ir/?lang=en
https://www.mums.ac.ir/
https://www.mums.ac.ir/

This Page Intentionally Left Blank



F oyl Y1 090 NF+) LT g 0

‘sau&"’ 9}%4’&9
il o by oo (glalod 5 S (ygamw 5 5 oo 31 031l Uy 51,5 92 531 g W ity
)5l duone g o Sl o3 0 iy sy aabl

Oyl cdgeion cdguion Sy pale olStils cnailongy oSl ¢ w5 ol 9 (5590 ga0cnsl 09,5 )
&J‘ Iy | PRYS-PER V-] (.‘a'i‘t')i f}l; olKasls c&.ﬁ‘.&&; 2SSl «eadlw le.a: )‘ 9 CA.-:IL\.Q) LJ‘:’)"”." o9 ; Y

Use your device to scan

andread theartice oiine [SIZ1E(ET1 Rezaei Sharif F, Saki A, Tagipour A, Tajfard M. [Prediction of Factors Related to Angiography Outcome Using Logistic and Zero-
f;-ﬂ; [=] inflated Negative Binomial Regression Models (Persian)]. Jundishapur Journal of Medical Sciences. 2022; 21(4):486-499. https://doi.
Ay 0rg/10.32598/ISMJ.21.4.2350

=

d - https:/doi.org/10.32598/JSMJ.21.4.2350

0 < @NoIS]

* £ 224

P s aeiS b9y ol (09t szl yodle sl (I8 39,8 (556550 RS o Jglite b S (5!
B i g Sl o 0l el (S 0255T 0908 e 4 Slazelpae g s GV Az ¢ i e (YO 4 ilan
o 5 02551l 31 T Sty g (B B9y (oo Ogitano b Ja o g (53ludn g (s cdalllan ¢l 0

WA gl Jls o 5 godipy il palS gelne Sy smsseds 445 Lo VVAY o olulows salaiia allas oyl o IS
Wgelrslans slo it g (13 lbConaz Sledlbl sind o)y (05005 dazrlye dgitia o5 oltus o 4y 35 05T plovil 2
Sy Joo 93 RBB fidle s oSy ki ooy s lol Jo po il g (slie) (slosloss d Ml oo g (g0
W duaglie TouSy b (g sty S Hlai] g i ool (il aesls 4y yao o (SEALIIL s slalezgs g St
X18,5 il 45" 0 snliie Joe g3 38 10 .5 )b Sgdne Fy Hho i Loy T+ F (o3 1) ol lts 31,0451 acets [EIETH
oo Gl 925 Az (o0 St Jlato s (al3dI L Crnizmad 0 i (it o3l 40 9 (oye 8 (5 olina sobos 3956
b 2 o s oy (Sl by giioslalosr 93 5 St (25 ) 812 (29 i) ST, (imin 2 el (P44 0)
ool 00l Cennd a3 (YVO VV/E) YNIY 9 (V410 Y+/F) YNE

Geiod glis drar il iinel s ey Joo 99 50 3,5 99531 s o JAS 3 Jolge (lgioas s g i sy o i IFELERE
Ol 3 lgise Seand (ygems S5 o (392 Fodks e gily s osaliin Joo 90 (e 5 foline BB o Jobo (i O 9

PR 3T Y wdly o b
0,8 oolitusl 31,5915 alol sy > Cpana 30 00135 09Kery Jho S gieds Joo

Voo V0 b pds )l

ST, iomie o Sncnd o9y s estecies 39,5 B9 Sy IO o) s o) sl o
e covovevceccosesrononececrcronsenonsesesessssrsrsssssessrossesessssesonsssssessssssrsrsesesessrsesossssssessssssrsssssesessrsesesessssesossssrsessssssrsrsseetetsesesossrsesesssstsroresectetsrsssesersrsessssrsrsranans -
1J 9o oy 93

sy ol g (550tam00nsl 09,8 ccuidligy 0aSitils gt (Kb 3y pole oSy chgiiun 1 gL
+AA QY)Y FOP0 1 oals
sakia@mums.ac.ir :4ebib/,



http://jsmj.ajums.ac.ir/
https://jsmj.ajums.ac.ir/?lang=en
https://doi.org/10.32598/JSMJ.21.4.2350
https://doi.org/10.32598/JSMJ.21.4.2350
https://doi.org/10.32598/JSMJ.21.4.2350
http://jsmj.ajums.ac.ir/?lang=en
https://orcid.org/0000-0002-2867-8759
https://orcid.org/0000-0001-7594-0097
https://orcid.org/0000-0002-4144-5810
https://orcid.org/0000-0002-1254-5433
mailto:sakia%40mums.ac.ir?subject=

e 1y (8 B9ys 5 Sepe (KBS aopo o BT

ol hrdlonte Oppohs ol (rend Gy Ll S o
Algs s0dS 1.5 10 39,0 Slaws Coled 0 098 so dil ) do 0 o
395 g8 5T SKiizy Jnnsgd whly 5, O b (iin ) yho Cyae
Bgd oo Dgmrme oot £33 Gl e Ko a5 [1Y]
g 9 )5y oo (gins B3| gz cnslin Joo 0l il

Slrools 39 s0 00l ez 53 303 cale Cliudiod (g 5kws 40
Ol 59 S oo g gaidiis dillags Ojgod; |y (o3 led
Ao 95 dy grsly usiio ol yo &5 S (a5 5 gy g0
Sludy a5 ol wadse amarws ()ils s K3,5)
Cmss 3591 g Sllani] Colild Judoay pizman 9 0,J05 o3Y (b
dolijoﬁ)lf.Jm)oJi;“mﬂiu,m,;‘bdl}:.adlﬁélﬁsgéq
st bl (St addllas (ol Bu ol Sbp Slalllas 4o
P95l S lons jloyhs Jalge sanyan 5 (S5l
bisiio slalaz 99 5 S (ygemssS) slaoe 5l ool L
y Joe 90 ol 31 S lasl s ot 4y ol ya0,0 Sl
Wl duglie ;0055 bzl ue g 00l 3 Laosls 4

i 033)

O & g2his adlhs S 5 ol gagh sleesls
Cawd A ol 6)516‘“'? agdie 0 IFAN-IVA gla L
Sl Mo w38 linn Loy 43 00 Azl 1o o nsl okal
Aials o oSt ) Lo anlllas 350 dmal ¢ 81,5550 ploxeil
iy e Jale (el S 5l 990 diged e Jola
woyd Ve igasl (g5 5 ey AB (liabsl gelaus b (31,5551
Ol e b 515 5 90 diges poze> JBlas el s 43 A2F
Sl b el Caso 4 A8F o )0 A+ 9031 g5 g duoy0 10
5 asdlls g5 alS 5l xSl sl ) 58 weys Ve
O VY wgas ‘53].&4 > Gn.«.::-‘ o3ieS (glaosls b 4>|5A
Sldes (5 pSaiged by, 4 Jlew ol (ul b i8S L
s SBBes! ll (6,8 Bges cinds Gl glals o aia

bwg ol @ly S5l 90 45 Fe ol o
éé‘,.naé,.gJLw \A)‘stéyoM%UﬁM
LB 1B gy 1990 digel (lpieds idgy aalllaa > C5 0
S5 oyl 10 39290 (5l puiiie (5 a5 03l (653 oozl 8 y9e 5l
as (‘sbli&'..il.o)‘ ab.t 9 U‘)L“‘b‘ ‘;ﬁaﬁ odsjﬁ) Ca.....:JuS? 9o
s o B, 0u55T gl etig 9655 s (o8B 07 (0D
S il 9 Celid 5 )lom R B pan e g
9 LCud S JooS3 ) gy i JooSS Glilons Ly s
9 8IM jgzs 3l ool b Juloxigds 30 ¢ l38le 5 a4y ileMlol 59 55
88 )90 R3.6.1 580 5 yo Proc ¢ Pscl glaz.Sy

¥ oyloi YY) 090 NFe) (4LT g e0

.

LVRUTY

3% 9 epe slagslow aloxil (9,0 ol (slas Lo
ool po 30 Sl oaiiS a5 Jaloe 9 98 3o Jlo 0 sl
6,985 10 kg (Ygtue 45 (5 ygboas d V] axin ol
Sy SS90l Sz S Sl yaeli e 4y ol calises
31 oaaslyl Lol Lyl I¥] el 08,5 arinj el yo (ylayod g
o Yl By e olB (sl g jlons 1 pol B (ol (Ggun
JS (o YA/B) 4a5 gelin OF 51 cyonln VWY a0y
el 6 les ) 38 Inlhs 1T Wists oo o agS e
bl [F] ol o azsliss @b o3l 10 yueg Sye Jule
40,00 e+ 5l G b ol I Slez g plajls (0158
Oliee YL &S Sl (ol yglS 5l (S pdi N oo e ol
Lol codansls 1) slaz g5 Bgse s lows

oo 32 3059518 Sy yoplonil sl g3y ol
eCee (S Sl dislus oy ¢ i 0y ol B g5 390
Wl SlolSd B pan g (oot jeed My (95l (Sl
2 39,5l SV gy oty yig S Ggye 5 jlens [A-F1
9 Ml o0 G0yl SOl loj (S 9 o0 Sl 390 0l
18] a9 0 oS g0 il 5 Sy 0lS 5 5, (S5 sy
B9,8 Solens Db g (e Sz (Folie (pantui slogshy,
CReSRtS Sz gy s (S 915 45 015 o9y g5
0332 o2 led 3OS by ol Jcalle [ T el o Lo 0
Conslolyod (500 A3 g (ool8 S o5 50 (97 (iloSnss b g
siin Loy T 31,5053 ameass a5 ol 3l ol el by [3V]
Sl ediints 3,5 905T a2 350 o5 Slalge (et g S
Sl Cond] >

6550 alulid Sz cuslin 6 Lol slagds, 3l s oo
ple 0 (il e g (asail oo Bua oS oolaul ol 8l
3l 9750 (sloosls g o uaie g oyt ulusl s oyt < el
iile ol (glo iy Jamsgs ol ol el (P £9090 S
S (Srron Jelod (S ()T (S (g )5
pll b by, nlo 5 (srae &b (I35 G9am S (Sl
o g2is5 5l (o 30y 2355 o 36,515 9 95500
b oSiy sl piite (oo alady (09 (shas ey it (ol
slogana dlacrllallas ol fp 5350 Ly il i
shos oolaiul plSin a5 aiid SIS (la g, 5l sdan
Wil andlas |, ogyhe dayl, s aBly sloesls ST Loyl 5
DIY] el ol o amg5 5 sllas L L 059w iy Sl

1. American Heart Association (AHA)
2. World Health Organization (WHO)
3. Coronary Artery Disease (CAD)

Ll ghao b i glalon 93 9 Siwerd (ygaw oSy Jo 31 03Ul U (81,5 91 31 Al sy -3l K00 g (gt b (215 A0l

fay



http://jsmj.ajums.ac.ir/
https://www.heart.org/
https://www.who.int/
https://quaem.mums.ac.ir/

¥ oyl Y1 090 AF+) LT 9 o0

95 &P b ol @i eSlee W) oled Jse b s
Jol> Laools 31 098 428 5 Jlai 1o wilgs oo caie (slalos
P Sugae Jloiol U wgd 48,5 L Gl anl)d g
s 9 W)l )18 S5 (1391 Sgduane (o500 3 818 (S a8
Ao jho ol a4y ol hie byl (31,59: 5T azeas oV Lozl
alyd g0 Cogae Jleisl ogd g 4 g sl slojan
Sy yoo dlawi alex il el e polie Koo a5 (6,500
Sade wnlyd cpl o cadl =V bl S o a1y Sgaue
Py 3 318l Ll il Joizme B, 351 a6l y o2 y20
ooiy] 40 4ol Jloiol deaisys g oiiwd Ggye (K285 las
303,10 9925 il yho 3l i byl ediidgiue §gye Slas
Stz (g5 Sl ool b g o oo p )50 (ygeas )5
53 ol 0,8 pladl 55 (1) Iy 409 Sguune (g e 4y
J.."lg (‘SEI.SA 6‘414?'36[.&&»‘5.;) @Z)Mm%bbﬁm
o 5o il b bl o blazul a5 8,5 o5T |, eauslys
4554.3 dod 435 A.A‘:L:‘SA &5) O092 Sgdue

S cygam,5

5 il lp 4 ol Ll sla il 51 (S Joa !

S8 ool 5,90 (Sloy Joe ¢yl 0gus o oolisiuwl Waosls Judoxs

SIS oge wdly (el &0ty Gy it 45 3,5 o0
1l 0anlie J.)@ Y o)Lo...‘f: ‘_j’o)s 5° J.\.o C)'.’.‘

2. log(ﬁ) =a+)y fx

009y o B gy o SHLIXY 0o Jgo 8 5
po2ySLe by 5l osliiul b a5 col dbog o Sty yuite gl
Tl g0 Joto o 3l (1556 O 5 g 00 8,91 (rlad s po
ol 8 <l (6o p b (6 Lot 4 S Lozl ovzma Lt
638 145 39 g0 iy ya5 &0 nl ) Jlodio ol aslllas
5 io e Jlaio sl cdidly 42505 (glodubgduns 5, s
SpSisely) ke &jg0 (l pud 5

Sl 5l lasline 5| S 00 S 4y s ol ay i 5
09931 L (505 Slo yeicin (1092 Jloyi b oslisl o0lus (hogs
0905y S 5 Ml ol (gus) T sl B9 ,S'g0lsS
i 4 o 53 (S b e (Sl 5 Sy
QAP 3 Joe £33 (bl 5 0uiiS el Jelge (oLl
L oo 39 0l Gl a2 adlitad S5 i 4
(S 329 ambn) STy iovie j odelnsdy gl 3l ooliiul
o yuiie (5 loline .iuds duylie (ST pie 45 daw o B0
A ygailel+ O pdam 4

4. Kolmogorov-Smirnov

)%l_w SS—>

d)‘-"i u:’s:

g 90 4 (S5 925l domt Geasly juiie pil> aalllas o
185 )18 o 090

YU oo yus o digod jo a5 1530 (5,0 olawi 1 Jol & ygue
g2 00 (B35 55,0 S,

G2 5145 poghe (ks id)S S, (1IN ipgd Ojg0
Sy gt ST 9 Cuto e bl 4o i3 5 5, S Jiloo
95 3 cnlpl o salgs chte s il Al (5,05 50
Sz (g )5 9 (siie shalaz 99 (yga )5 ) Ciglitie Jko
M‘o&oo[&»‘ylexa;o)‘ajs)bbfbm.o

o (Slalos 93 (ygum S

gl 5 Oguns Sy dlaai by Lo 1o Jalge (g Joo jolaie 4y
oalazul o lods yguus 5y slo Joe ‘OT 892 o yled Conle
Crolys @398 ol Cplys g5 5 (2Bl Jo (2 5 Jglote s
28 Sl uilly 5 5eSlis (09 LSy o5 (Ss sl
asJlloo u.:l 5 ML..‘ )|)§)4 ‘;3,15 U’»’«‘ Cal OSAA ‘51:9‘3 dhoé‘o
KV FURRP RN K < IO B UPR S WIPRR SRRV URIS B PR 4
sl slael, 29 g0 a1 25T o o & llasley &5
aloz 3l 45 Conl ouds &) Wools iaSTy o JSie Jo sl
Sy pb |y shioglabor g5 (g S Sleicse OT Gt g
e 9 S ()] eSles 51 it iragghaloz 93 &35 il g
A28 o 09l Seaslio bosls ST i e 0 1) o 54l
90 Wojo> Yt )3 (ST o eadgl 13 (igewyS ) (42 5]
P e b Sl bosks a5 oK Jlocplls il 08,5 o
Ol yd Nigd oo St oo ardly andly jusielude wix b S
4 dsz mjg Sleogas Glls 25,0 @9y slasd mjs5 aslllas
sy 45" e g5l sl A e 5] s i ol g e
gy wales diodgus WS e | ao j0 SLSL sl 0929
STt e Sl el (o ol s 13 0570 (g S
Jobd Wo oo 5l (g )l 53 5 Sl 08,5 ol d o o Sl
Sadl Sl ¢ gunlit o Faen (10 NV Fl  tlage slacadlye
80 (g S ) Je Cal ooly Lt 1y 095 oIS culidicans ) g
s e 8,Sag,  oolizually yhuo o S2aLilly ito glalesr
A Ol sl d 9o 5l Jolo |y Laosls 5 59250 (sl jio
WS o0 o8l guiJoe &y V ojled Jgo 8 Oj90k 99 o0

if Y=0
ifYy=0

g; +p(Y =0[p)

L PO=n= fa Toowtr = ol

log() = a + pyay + .. +B,a,

Ll o U i glalon 93 9 Siwerd (ygawsF'y o 31 03Ul U (o815 9131 Al iy o310 g gt o (1S A0l



http://jsmj.ajums.ac.ir/

Sz g5y e el pd i i Vg Voo jlods Jola

9 yuoyd (Sl hte glalazrgd (ygems S5 Joo il
i o Hlis |y cul s ol (g lobine Jlois! polie yuizren
Sk diazgil g go 0l ¥ oyl Jgaz jo a5 joboylan
Olpreds Seituad (g5 ) Joo Lawgs &5’ oo paiie Jlo>|
o Jold ol wslisy 3,555 am saisS s
e oline (sl paiie calpd pand s Cobis 5 i
aoly S il & ol S cnl 4 S (gem S
TN [ 795+ ORPPERCHOE SPCTH L WRIEHt
oy otz b bl )0 .34l g0 (Rali8l < /FF T gite doeti
(e 47 4 Cord (BT Cote am oy o1y 80
S eizren adlige GRS VTV (lies 2 loye 5 o
R PSP E S PPN I I W PO PP SCHCES
aled (gl pite iy oo Gl VIO (1 708 &y (Subs 3
Slosm Al ¢ ool8 ()l Al ¢y )Lad Alls ¢ Sy 0058
et Juazol Jain s gy sagad ol 5 (SOl 1l

¥ oyloi YY) 090 NFe) (4LT g e0

il
csiin 3 oyl loss CIVE) B Fo a0 0590 digas VIAY
S5V bl OV YV Vcuio 5T ollew (+189) YAY
Slilem (¥ YOF 5 ,.5,0 5, ¥ hlews ONY) VVF (.5 0
Yo 9.0y 085 (FNP) OYY slosws (ol 5l assiils 8 0 S, ¥
oly8 g (5 Sls aizils jga aslllas 1o 550 445 (BV/F)
Bpas g S 0095 asll 0g OYNVVEVV/NO dalllas 590
Py eyl g 1 Klis (g1l dalllas 5490 o 8 JKiss

() ojlods Jgaz) wings YIFALY/OF o YV/+ FLONA

(sie Ao gl o0 0dline V o jladh Jga j0 45 jebolan
(s A3l )by e Jlo Fo-Fr s 00, o B, al
318l 9 o8 (5 Lo dlislas (390 31 Bl 593 it alolas (590 018
sl plo 4y Cad (ol (55l (Solgls aile (99
6‘)‘.’ LS’B*‘“’;) Jduc 90 aJlas Q..’J B | gt L{bﬂ.\ﬁ.o
w33 )5 1,8 duslie o590 Ldosls

ST 35T s bl aollae 45 00552853 o3l oy sl g Vgin

(w2 y3) laws

Bl S 931 ao ‘

AA) ¥(v+) L2
%) R ot
WH(E51Y) VEV(aY/A) de—¥+
WH(FVY) YYSPAIY) ot o
VY(Ya/) \TAA) Vot
TR/ VWH(YS/4) Ae=Ye

V) W e
AWV(Y-/A) FAY(VA/Y) 3y0

S>>
YVY(FA) ¥oo (oY) e
SEIY) YOV(AF/A) s
ol
- (PE/S) PYs(00/5) NE
Wa(FYIY) YSABVIA) s
o> Husd disls
YYa(ro/s) FAO(FFIF) 2
AE(FY/Y) Y. (V) s
B (Silont (Solgils adils
¥Y-(ro/) YRY(EE) NE
VAQ(Y/A) Yo (PF1Y) s
8 (slon aiils
Y-4(1Y/5) PIYVIF) yE
R s e
b gu—o

Ll ghao b i glalon 93 9 Siwerd (ygaw oSy Jo 31 03Ul U (81,5 91 31 Al sy -3l K00 g (gt b (215 A0l



http://jsmj.ajums.ac.ir/

¥ oyl Y1 090 AF+) LT 9 o0

S0 plal sl o il o (3L 50351 doeas St (g )8y Jbo sl 3,150 Y Joiar

P z 515! B o5 (B o 231051 e
<ofeey -/¥a +[6M ETAM I 5l yoye
<oloe) .5 sy -Ief o
<elen) asvy <y MYy s
YA V/+0A A, At o o3 el
-1\ -yiovy <I\¥A —I¥YY O Litd s
AV at MY +[y¥Y igyd 8 (s les disls
<olos) /\a¢ NSV yayy el
o VMY oY oJ~0A S Bpuno
ofe0 Vays o[-y [+ hs-CRP
<IYVA VAT ol o[+ SplSicys
-I5VE —Ioe¥ ¥ —ofeay Yy 8 b 5 gl
oIy oI¥P) ofoo¥ —efeep ok S b o)
hay MYy ) /AP SN B g oy ailes
St e e
Inld gu—=

ol bl oo Stz (90035 aiilon a0 o SELIIL Jleza Jlake (gt dsazgily aidg lolize Jue jo +/+0 3
bl o..\.::éjdm B9* éL\.ﬁﬁ 6).;[3 JJA u.‘a.l ) l.m).:.-..“.o 6‘4.14?30 Ufﬁ"";) JAA .‘a.u,:;‘tsLs{Lbﬁﬁ.n ¥ O)Lo...f: st\?
095y o sln (g g ol adedalllas cpl o olas 38,50 (glajeiie greds jhops (Sl L site
b il o s a0 )0 (Sl (hie slalozgo g S ol g iz 0o LS i a3l 00 lidg0us 1395 3950

el Cass 4 VIIYY D/ VoIV - OF o Slalazgo Joo Cozg) Caond 10 Culpd yuudd Wiog

o |
-
«Q |
s}
£
E=
@
g
@ <
o
~
=}
— logistic regression
o | --- zeroinflated negative binomial
o
T T T T T T
1.0 0.8 0.6 0.4 0.2 0.0
Specificity
| Seda
y i gu—> oy (Sl b ite slalor 98 § Setund oym,S ) Jo 93 ST, Jlogas dunglio ) yguad

Ll o U i glalon 93 9 Siwerd (ygawsF'y o 31 03Ul U (o815 9131 Al iy o310 g gt o (1S A0l



http://jsmj.ajums.ac.ir/

¥ oyloi YY) 090 NFe) (4LT g e0

oAdgdua 1395 (39,0 ki ALl yho b it (Slalazgd (ygems Ty o cralyd 05902 Y g

o (glalongd Curg)
P y4 Sylubi Bl (B) cumsojlal  JlaRep- zZylsde 3 latiwl Blpodl () cat g o300 =
VARG VIE+ <[\ARD «Iyaay <efees) VAW IFVA aIvDF 130 5l ype
<elees)  —FlOVY <I\YAY —[REY &
<ofeeen —FIAsY «[¥YaY =Y/dA+) e
-[aa¥ -Jovy o[+ ofoe¥s o 0353 sl
-Iyas -VIyay <[-OYA —[-SAY s ld il
nes VIYSA o[-YY o[-55Y ol 6 lows 4o
<elees) OIVEF o[+O¥A <IYAYS calyd
-Jos¥ -lovy ofesvy o[+ +¥ s b yime
IY50 R0 oo YA NAXTN Hs-CRP
JASY oYYy dfeesy N AR, LyeslSi
<IYOA YL RN YRR\ YU JE b g 090
AT Vi£aa ofeee¥ oles) omb S b 55 9l
o[$YA «vay o[+0VD VR Sl S5 (g e Al
ESESHENENES
uld goa—a

LCSAM 6‘414?30 U}:‘“’)f) Jd.n a5 css Q‘?Kcs" «) o)l.o.:b
i) (5 925 (ke gl (i 9 yie 0 (S
M3 3 (6 7y )88 5 (W)l (5,05 0 5 e 45 g3l
s slp (o cend IS5l Syl asazrgily oo
Al 2 ool 3l g (o8l Az g Bl 03 (3950 (SBF
aoeis a5 818l (sl 3k 8 Jos s 5109 00 (ot
ey oo g3 p o yiwd S wens oAl oo o] s
ENRVA AP JUNC XA N TS
Tob szl Casgaze S glgreas wilgi oo b b8 o b
Ol (I gunno
9 o oyt (S yurie «Caunl 031 ploxil gy 45" glasdllas o
P os ssan b aalllas b a8 o onis olins cubis

- .
3l shites S srslio Jo (528 aslllae ol s
> 4 bl pSojlul a5 gyl Jelge olulyy (it
Slel Joo g3 dmosls sl adzgily 09 by plonsl o8
2 Sl hieslalozgs (igem)S ) § S G505
Joe (il 5l Jeolo gl - didgy o0 S5 4 canlin yho
as" ol las |y cllae oyl dasdllase oyl 30 Sz (yg0m0 )5,
bl 53 (35505 i b Culys e iz ecpm (sl e lgi5
L site labazgs (ygem,S 5 Joo (B3l 5l Jol> bt cund
oolie 493l 09y llae (pl o ylis 5u Hauo o S
gl 5 (S ol polie 5 Fo)led Jgaz y0 09290
295) Joo 93 (3l 5l Jol> 0ddpun; ST, sl giovie ;3

S92 oaBodls (B3l Al o by (siie slalorss § ] (g0 )T S Jio STy (gizie pj a5 Joo Como (( Fg il polie £ Joa

o fobine sla it
S0 g2 b Jao Cono S39 Comlus Jao
YNY <IVYAY /o vV/$ oy (Sl die glalosgd
YN <IVYY- v-lo v-If Stuung) a5
JESESHNENES
29lh gu—=

fas

Ll ghao b i glalon 93 9 Siwerd (ygaw oSy Jo 31 03Ul U (81,5 91 31 Al sy -3l K00 g (gt b (215 A0l



http://jsmj.ajums.ac.ir/

¥ oyl Y1 090 AF+) LT 9 o0

4 gl il ao B¢l 2aS Sy cnl 45 (J5y908 9
Slacuns (b e g pDle Sgag Dy 1 b W3l oo 31995
i o 51l 8y 9 s e o8 et
oS g3l oS CuiS g o0 gy (ol (slaaidly bl 3,5
39 e o gbid 81,8 g 18 e it JLs Fe-B0 ey o

A )8 B 9, 39,0 5slem sl 5 yee

B Sllaade
SARgs BB Jgo! 5l 595

olK.23ls 1 IR.MUMS.REC. 1395.95 531 a5 Ly allie oy
ol oy anli dgutee Sy pole
b o>

L, 4abld b ) clity |5 asboll 51 e allie oy

csom ) ol 9 Shelgenml Ay o (Sl oolsl &l b iy o
ol Qs (S pale olSiils ccdlagy casiasls

G g el Jeloigans 25 ¢ Sls 03T gy 2 9 3
Srleezr 9 aldl adlllae sy olo) asbld wgisin
3 3zl damo g y93 587 e aoals

&lo o5l
305 gl o o5 Al ey ks g3 i
I yad g S5

S anlllae jo caSeS Wb hlen 4en 3l Basuyss

)%l_w SS—>

aslllas b aS wilowd lobine iz ¢ yan (5B yusiio o Jow anlllae
9 st SU puiite oaariS Slalllas o [V T 5 s g5 pa Lo
it 3,5 9255T ety g oline oL f (g1l 55 95 Lisd
Jobiae piie 98 ol Lo dnlllas 3l soelawsdy zbs jo Ll
0l JAS 8l B B pene lgicgn 5ol ol Jobo o8 oot
P a8 gl psse adl adlhe cov o Jawgi piie g0
5 0aud loline (gl yurie dsliin ciload lolise s aslllae
09 Jbad Lo dslllas jo a5 Cglas ol b iz Lo anlllas
IW] ol s aalllas aoss juSe 4 Col 00t loline

8,5 008 S Jolge b Ll o goly; lallhae
el 00 plondl Sitaodd Ggew 5 Jo S L B 390
e 3 oot by o 35,0 (558,51l shaallns U
3 o5 il jhao 3 (SEA Y e el 55 g S
&y Joe ol 5l axslosls plowl o IKom o 2.8, 45 glaalllas
&y edilos S ool oyl o o oyl yole clil e Julos
2ols Coles ) 5 o ealitul Blyoul o )lol 5l 55 by Jde dulis
o pilio Bl yzul o Lol oo oy oS b Joko oyl a5 ol Lt
DAl el Joo

j9el slaosks (an Jos slyr a4 b 9 9 (50,
2! 310031 (6 e 58 32 MR o 535 s Jere 5 [14]
5500 oo b duslie ;o Jue ol a5 wlos )57 oolazal Joe
Slaalllas o [Y o] cotls (g 20 ams anlllas ;o ondioolizul
S b s 455 Joe duslin gl i Lopd a5
Pl g3 slanl Slads slass iy 53 (SB)led (S5
oS laalllane s [YV] ol axisls (g0 qults onnae Joo ol
Ol 90 oy 0550 (Sla Jde duylie a4y cul o0l plonil 505
el ol ouds aBloyy og)lo (B)lae slresls b agss
e lahoz 55 Ggm Sy Joo 55 anlie Gl 5l Jol>
e b Sz Gga 3, b duslie 01, yio o SsbilL
dungliio 434" ghaalllan [V Y] ams g0 Lis®55 gm0 DU
5 3,5 925 slmoslo Ly (gl ol (gm0 090 Sl
Wi Cly a5l yu

2 55 Jalse plgicds Colid g iz cipus sloyeiio

WS PN RPWESS KAV FOWR YR CPRRGRIRE (K JWH PECE:
oanlice Jow 90 s (5 ol S o Jow st )5 9
FOlFr St g0m Sy Jdo (92 ool asazgily o
930 Gt 4D 0SS 65 ey Jho S lgisdsy Joe )
Sl ao g Yo B Jue ol 20,5 solazl g\;ﬁ}ﬂ plxl
Je ol 3l ool b ol so ylo 1y 81,5 :55T aess i iom
355 dpusloes 3l gl ) (55551 (i e S Oy

5. Bayesian Information Criterion (BIC)
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