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Background & Aim: Nowadays, we have some data in different sciences which number of zeros is 

more than expected, such data are called zero-inflated which can be modeled by regressions for 

count data. Many researches have been conducted in the field of classical method on count data. 

Most of Bayesian analysis which is conducted for these data used zero-inflated Poisson regression. 

Therefore, the main purpose of this research is comparison of Bayesian and classic approaches in 

regression of zero-inflated negative binomial (NB) on data for determining the size estimation of 

people who have used alcohol more than once in last year. 
Methods & Materials: This research had been in two provinces of Fars and Kerman in 2011, a 

sample size of each province was formed proportional to people of that province, and totally the 

calculated sample size was 700. Zero-inflated NB regression was fitted to the data in two Bayesian 

and classical methods, and then two methods have been compared. Results of Bayesian method were 

extracted in OpenBUGS software and through related codes in R and results of classical method 

were extracted in R software too. 
Results: After fitting classical method, variables of province, gender, age groups, and education had 

been effective on identifying number of alcoholics, but in Bayesian method, three variables of 

gender, age groups, and education have become significant. In this research, it was specified that 

obtained probability intervals from Bayesian method are much Widder than classical method. 

Conclusion: Results of this research indicate that Bayesian method has better function than the classic. 

Key words: 

Bayesian; Markov 

chain;  

Monte Carlo method;  

Zero-inflated;  

Bayesian analysis 

 

 

Introduction
1
 

Nowadays researchers face count data with 
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excess zero in many sciences such as medical, 

road accidents, environmental health, 

environment, agricultural sciences, 

epidemiology, and production of manufactured 

(1-7). Existing excess zero in the model means 

that outbreak of number of zero is more than 

expected which is called inflated zero. Usually, 

regression models which are used for variables 
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of continuous response cannot be applied in 

analysis of count data because response variable 

has normal distribution in the linear regression 

model, this issue is not valid for count data. The 

most common models which are used for discrete 

count data are Poisson regression and NB 

regression. When variance of a Poisson 

distribution to be more than (or less than) its mean 

it is called overdispersion (or underdispersion). 

Lawless and Famoye have suggested regression 

models of NB and generalized poisson (GN) to 

solve these problems (8-10). 

NB regression can solve problem of 

overdispersion but when number of zero to be 

more than expected number it cannot be solved 

with Poisson distributions (p) and NB; so only 

zero-inflated models which have two parts are 

useful. In these models, the first part only 

produces number of zero or has a distribution. 

The second part has Poisson distribution or NB, 

if each one of distributions to be used for the 

second part is changed, (Poisson distribution or 

NB) name of zero-inflated distributions is 

changed too (11). 

In Bayesian method inference for parameters 

are based on the posterior distribution. 

Furthermore, posterior distribution is a 

combination of observed data or some 

information due to previous researches or 

personal experiences (belief of the researcher) 

which is called as prior distribution. Bayesian 

theory is a unique tool that is used in all 

conditions and has ease of use and 

interpretation. Markov chain Monte Carlo 

method (MCMC) method is Bayesian method 

that is based on a combination of Markov chain 

and Monte Carlo simulation. This chain 

eventually converges to distribution of the 

purpose that in fact is posterior distribution. In 

general, Bayesian method has some differences 

to the classical method: using prior distribution, 

using Bayesian theory in all analysis, and using 

posterior distribution in estimation and 

prediction. While in many classical estimation 

methods, for example, maximum likelihood, 

elicitation is conducted based on asymptotic 

normality assumption and accuracy of 

estimation is not limited to the sample size in 

Bayesian analysis (12). 

Several researchers have been formed about 

classical method on count data such as alcohol 

consumption and its effects on strata of society 

such as students (13), youth, understanding 

social norms (14), and notice of number of the 

people and which one of personal and social 

characteristics of the population causes to 

identification of the people (15). Furthermore, 

Bayesian researchers that were conducted on 

this type more had been included zero-inflated 

Poisson (ZIP) regression. Based on what was 

written, the main purpose of this research is 

comparison of Bayesian and classical 

approaches in models of zero-inflated NB 

(ZINB) regression on data of identifying number 

of alcohol users. 

In a research that was conducted by Jang et 

al. (16) to Bayesian analysis for model of zero-

inflated regression with power prior in 

applications to road safety countermeasures, 

finally two Bayesian and change all non-

Bayesian to classic approaches were evaluated. 

After estimation of ZIP, ZINB, NB, Poisson (P) 

regression models to data and extraction of 

confidence interval of 95%, and the highest 

density has been obtained from regression 

coefficients. It seems that ZIP model is the most 

acceptable model, although chance of ZINB and 

NB models does not show much difference 

together. This paper shows that length of 

confidence intervals of Bayesian method is less 

than the classical model and Bayesian approach 

has better function than the classical model. 

In a research that Ghosh et al. (17) have 

conducted to Bayesian analysis of zero-inflated 

regression models with the aim of introducing a 

flexible class of these models, regression model 

of ZIP had been more suitable among P, NB, 

and ZIP models. Simulation researchers have 

shown that function of Bayesian method is better 

than the classical method on the limited samples 

(finite), and also it has given narrower 

confidence interval (16). 

In a research that has been formed by Liu et 

al. (18) to compare Bayesian and classical 

methods based on analysis of missing data on 

data of patients with schizophrenia is in a case 

study in clinical trials. In this study, 200 patients 

have participated in the study from four Eastern 
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European countries. The used model was mixture 

model of repeated measurements. The study 

showed that Bayesian method has acted better 

than the classical method in terms of flexibility. 

In research that has been conducted by Yu et 

al. (19) to evaluate comparison of Bayesian and 

non-Bayesian methods in toxicity incidents in 

clinical trials, it was specified that Bayesian 

approach has acted better than the non-Bayesian 

method to control overall toxicity rate. 

Fosu et al. (20) conducted a research to 

compare function of Bayesian and non-Bayesian 

methods in evaluating communication of 

maternal factors and birth weight among low 

weight infants of Ghana on data of 10963 fertile 

women in age of 15-49 years old from across the 

country. Results of the research showed that the 

functions of the both methods are same, but 

Bayesian method has provided better estimation 

of low birth weight among infants of Ghana. 

Methods 

Data of this research based on data of national 

study which was to estimate size of alcohol users 

in 2011 (21) was used for two provinces of Fars 

and Kerman. Random current data have been 

formed from pedestrians in busy streets of cities 

so that each city has been divided into three 

regions based on socioeconomic situation. 

Questioning in these regions was conducted 

based on questionnaire. Dependent variables of 

this research include province (Fars and Kerman), 

gender of responder (male and female), age of the 

responder (age groups fewer than 29 years old, 

30-39 years old, and more than 40 years old), 

respondent’s education (under diploma, diploma, 

diploma to bachelor, and postgraduate) and 

respondent’s marital status (married and single), 

and the dependent variable is number of people 

who identify alcohol users in the previous year 

(one time or more). In this research, Bayesian 

and classic models of zero-inflated NB 

regression were fitted to data. Then function of 

Bayesian method was evaluated with the 

classical method. 

Convergence: MCMC is based on a 

combination of Markov chain and Monte Carlo 

estimation which eventually converges to the 

target distribution (the posterior distribution). If 

a chain becomes convergent means the produced 

sample from the target distribution has been 

obtained correctly. In this regard, three methods 

were used including: (1) monitoring Monte 

Carlo error, (2) monitoring autocorrelation, (3) 

drawing trace plot, and (4) evaluation of 

Gelman-Rubin statistics. 

First method - this method to evaluate 

convergence of monitoring Monte Carlo error 

and its low values show that the intended value 

has been calculated with accuracy. 

Second method - this is monitoring on 

autocorrelation, high or low values of that show 

that convergence is in order of big or small. When 

the chain converges exactly, autocorrelation will 

be very small, and in the ideal mode, it can be said 

that it is free of correlation. 

Third method is monitoring on trace plot or 

time series plot. Trace plot has been formed 

from two vertical and horizontal axes. Its 

vertical axis is repetition, and horizontal axis is 

produced values. If a chain reaches to 

convergency, this plot becomes centralized 

around a constant average. In general, it can be 

said that all values should be in an area without 

strong cyclic periods and without trend to be 

struck the convergence assumption (22). 

Fourth method is diagnosis statistic of 

convergence of Gelman-Rubin that was 

suggested for the first time as the univariate 

statistic. However, it can be used for models more 

than double chains. If this value to be close to 1, 

the convergence is struck. This mode occurs 

rarely in the practice. In some texts, this value is 

acceptable up to 1.2 (10). In this research, 

confidence intervals and probability intervals, 

standard error of coefficients and also regression 

coefficients of the two methods were compared. 

Data have been analyzed by OpenBUGS 

software (version 3.2.3, Free Software 

Foundation Inc., Boston, MA) for Bayesian part 

and R for classic.  

Results 

Totally from 700 participants, 372 people 

(53.1%) were from Fars province, and  

328 people (46.9%) were from Kerman province 
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that among this share of women (53.3%) were 

more than men (46.7%). 56.9% of people were 

in age group of 15-29 years old. 25.3% of people 

were in age group of 30-39 years old and the rest 

was age group of more than 40 years old. About 

80% of the people were in educational groups of 

diploma and diploma to bachelor, and 58.9% of 

the participants in this research were married. 

Mean ± standard deviation of number of 

alcohol users who participants identified them in 

Fars province 8.89 ± 16.95, and in Kerman 

province, 7.13 ± 16.43 have difference more than 

one unit. This average in men 12.660 ± 21.508 

approximately were 8 units more than women 

4.03 ± 9.22 and in married participants  

10.86 ± 18.46 it was approximately 5 units more 

than single participants 6.100 ± 15.105. 

Furthermore, mean of number of alcohol users 

who participants identified in age group of  

15-29 years old was 10.19 ± 18.51 which was 

the highest value in different age groups. 

This mean in the under diploma grade  

10.1 ± 19.9 was 8 units more than people in 

educational grade of up to bachelor 2.18 ± 3.59. 

People with diploma to bachelor 9.02 ± 18.00 

and under diploma approximately have equal 

average. Furthermore, mean of identifying 

number of alcohol users for diploma people 

approximately was 5 units more than people 

with upper than bachelor. 

5 million repetitions have been formed to 

conduct Bayesian method that 4200 samples 

have been existed from the model (have been 

avoided) and using two chains of convergence of 

parameters which have been evaluated through 

Gelman-Rubin test (R software and CODA 

package, version 2, Free Software Foundation 

Inc., Boston, MA), value of this statistics should 

be more than 0.975 and close to 1 by referring to 

the table all variables are around 1. Therefore, it 

was specified that all variables are convergent. 

Then, results of posterior distribution of 

parameters were extracted. 

It has been expressed in the texts that value of 

reducing agent of potential scale or  ̂ should be 

close to 1 but in practice, it is not possible in 

some cases (Table 1). Therefore, in some texts, 

if value of  ̂ to be > 0.975 or < 1.05, 1.1, or 1.2 

convergency is acceptable.  

Table 1. Value of  ̂ statistics to identify alcohol users 

Parameter  ̂ 

Constant 1.0000053 
Gender 1.0000011 
Province 1.0000148 
Marital status 0.9999989 
Age  

30-39 1.0000056 
≥ 40 0.9999993 

Education  
Diploma 0.9999977 
Diploma-BA 0.9999970 
Over BA 0.9999982 

 

Table 2 summarizes the value of 

autocorrelation of all dependent variables. 

Whatever value of autocorrelation to be closer to 

zero expresses independency of samples. The 

important use is autocorrelation in calculation of 

Monte Carlo error that this value should be > 0.1. 

 
Table 2. Value of autocorrelation to identify number of 

alcohol users 
Parameter Value of autocorrelation 

Constant 0.003139 

Gender 0.000932 

Province 0.0007604 

Marital status 0.002926 

Age  

30-39 -0.001349 

≥ 40 0.0011174 

Education  

Diploma 0.00031359 

Diploma-BA -0.000006689 

Over BA -0.000003125 

 

Based on classic results of zero-inflated NB 

model, effected variables on identifying number 

of alcohol users who respondents knows them 

include: province, gender, age, and education so 

that it was specified that women know 

alcoholics 69% less than men. Citizens of 

Kerman province know alcohol users 22% less 

than citizens of Fars province. 

Also report of identifying alcohol users in age 

group of 30-39 years old and more than 40 years 

old was 50% less than people under 30 years old 

and finally people in grades of diploma, diploma 

to bachelor and upper than bachelor 

acknowledged, respectively, 47%, 36%, and 71% 

less than under diploma people to identify alcohol 

users. Furthermore, results based on Bayesian 

method specified those effective variables were 

gender, age, and education. 
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Table 3. Comparing Bayesian and classical models for alcohol users 

Parameter 
Classic model 

Posterior mean Batch SE 95% HPD 
Coefficient SE 95% CI 

Constant 3.2867 0.0075 (2.89, 3.67) 3.44 0.00037 (3.028, 3.84) 

Gender       

Male 1      

Female -1.159 0.005 (-1.42, -0.89) -1.206 0.00022 (-1.44, -0.94) 

Province       

Fars 1      

Kerman -0.2504 0.0046 (-0.49, -0.01) -0.1798 0.00021 (-0.41, 0.056) 

Marital status       

Single 1      

Ever married 0.3052 0.0062 (-0.02, 0.63) 0.1339 0.000309 (-0.201, 0.46) 

Age       

15-29 1      

30-39 -0.7116 0.0064 (-1.05, -0.37) -0.7265 0.000306 (-1.04, -0.38) 

≥ 40 -0.6946 0.0079 (-1.1, -0.28) -0.78 0.00038 (-1.15, -0.34) 

Education       

Under diploma 1      

Diploma -0.6405 0.0071 (-1.01, -0.27) -0.6852 0.00034 (-1.06, -0.32) 

Diploma-BA -0.4498 0.0073 (-0.83, -0.07) -0.5326 0.00035 (-0.91, -0.16) 

Over BA -1.24 0.0143 (-1.98, -0.49) -1.255 0.00069 (-2.01, -0.54) 
CI: Confidence interval 

 

Women know alcoholics 70% less than men 

and people of Kerman 17% less than people of 

Fars know alcohol users, also in age group of 

30-39 years old and more than 40 years old to 

people > 30 years old have been reported that 

know alcoholics, respectively, 52% and 54% 

less and finally people in grades of diploma, 

diploma to bachelor and upper than bachelor 

acknowledged to know alcohol users 50%, 41%, 

and 70% less than people under diploma. 

Results showed that variables of province, 

gender, and education had been effective in 

classical method and variables of gender, age, 

and education in Bayesian method. 

Table 3 summarizes values of batch SE and 

SE of parameters of two Bayesian and classical 

methods related to variables of response of 

identifying alcohol users. Results showed that 

standard error of Bayesian method was less than 

the classical method. When the chain reached to 

full convergence value of batch SE becomes 

lower for each one of parameters. Comparing 

results of classic model of highest probability 

density intervals interval of 95% of two classical 

and Bayesian models have been shown in table 3. 

Confidence interval of 95% has been calculated 

based on likelihood ratio test. Whatever length of 

confidence interval to be narrower, a better model 

can be used. Length of confidence interval in 

classical model in variable of alcohol response 

was obtained in this way: for variable of gender 

(0.53), province (0.5), marital status (0.65), age 

groups (0.68, 0.82), and education (0.74, 0.76, 

and 1.49). These values in Bayesian model were 

obtained, respectively, (0.5), (0.46), (0.66), (0.66 

and 0.81) and (0.74, 0.54, and 1.47) which are 

lower and considered as an evidence for being 

better of the Bayesian model.  

Discussion  

The present research was formed on data of 

identifying number of alcoholics. In the classical 

model existence of overdispersion was 

confirmed, 33.6% of data were zero. Inflation in 

this data was situated on marital status. Effective 

variables were province, gender, age, and 

education. In Jalali’s et al. research (23) has been 

formed on count data to compare function of 

regression models of Logistics, Poisson, NB, 

zero-inflated Poisson, and zero-inflated NB, it 

was specified that according to available 

overdispersion among data, the model that can be 

used is zero-inflated NB regression model. 

According to this issue that inflation in Jalali’s et 

al. research was situated on gender, variables of 

province, gender, age groups, and education level 

have become significant, but in the present 

research which was conducted in Bayesian model 
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variables of gender, age groups, and education 

have become significant. 

Research of Jang et al. (16) that was formed 

to Bayesian analysis for regression model of 

zero-inflated with power prior in applications to 

road safety countermeasures shows that 

Bayesian approach has better function than the 

classical method. Research of Ghosh et al. (17) 

was formed to Bayesian analysis for regression 

model of zero-inflated with the target of 

introducing a flexible class of these models. 

Results of the research show that function of 

Bayesian method is better than the classical 

method. Research of Liu et al. (18) was formed 

to compare Bayesian and classical methods 

based on analysis of missing data on data of 

patients with schizophrenia which is a case study 

in clinical trials and showed that Bayesian 

method has acted better than the classical 

method in terms of flexibility. 

Research of Yu et al. (19) which has been 

formed to evaluate comparison of Bayesian and 

classic methods in toxicity incidents in clinical 

trials, it was specified that Bayesian approach has 

acted better than the classic method to control 

overall toxicity rate. Research of Fosu et al. (20) 

has been formed to compare function of Bayesian 

and classic methods in evaluating communication 

of maternal factors and birth weight among low 

weight infants of Ghana has shown that function 

of both methods had been same. 

Conclusion 

Results of this research indicate that Bayesian 

method has better function than the classic.  
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