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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.
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5. Bayesian Information Criterion (BIC)
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