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Background: So far, several studies were conducted to estimate the 
prevalence of cigarette smoking in Iran, but none of them used a statistical 
model to deal with unobserved smokers. The present study planned to 
estimate the accurate prevalence of cigarette smoking using mixture of 
truncated Poisson distribution. 

Methods: A cross-sectional study was conducted in Hamadan, west of Iran in 
2009, using cluster sampling and 1146 men and women aged ≥18 years were 
enrolled. The data collection was done by an expert group of psychologists 
and sociologists. A truncated mixture Poisson distribution was fitted to the 
daily number of cigarettes smoked by smokers. The number of components of 
the mixture model and related mean and weight were specified using 
Bayesian information criteria. Accordingly, the number of cigarette smokers 
who answered incorrectly to the relevant question was estimated. To 
investigate the validity of the results, a simulation study was conducted using 
CAMCR software. 

Results: Mixture Poisson distribution with four components was the most 
appropriate model fitted to the count data. After correction for 
underestimation, the prevalence rate of cigarette smoking in the population 
was 20.6%, including 36.2% for men and 3.3% for women. According to the 
simulation study, the bias of estimated prevalence was about zero and the 
root mean square error was estimated 2.5. 

Conclusion: The number of unobserved data can be estimated by fitting 
model to truncated count data. The mixture of truncated Poisson distribution 
is particularly useful to estimate population size when the main objective of 
the study is to investigate negative traits to which the participants may answer 
incorrectly. 

Keywords: 
Smoking 
Prevalence 
Finite mixture model 
Truncated counts distribution 
Simulation 

* Correspondence 
Hossein Mahjub (PhD) 
Tel: +98 811 8260661 
E-mail: mahjub@umsha.ac.ir 

 

Citation: Goli S, Mahjub H, Moghimbeigi A, Poorolajal J, Heidari Pahlavian A. Application of mixture models for estimating the 
prevalence of cigarette smoking in Hamadan, Iran. JRHS. 2010;10(2):110-115. 

Introduction 
 

moking is the first preventable leading 
cause of death worldwide with over five 

million deaths annually 1. A five-year follow-
up study indicated that life expectancy in 
smokers is 10 years less than nonsmokers 2. In S
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Iran, the prevalence of cigarette smoking in 
people aged ≥15 years is estimated about 
11.9% with 13.2 cigarettes per day on average. 
It is estimated that about 429 million dollars are 
annually expended for cigarette smoking in the 
country 3. Therefore, accurate estimation of the 
number of smokers is essential for planning 
health policy. Several studies were conducted 
to estimate the prevalence of cigarette smoking 
in Iran 1-8. However, the number of unobserved 
smokers was investigated in none of them, 
although underestimation due to incorrect 
answer is probable when estimating a negative 
trait in the general population 9-12. Poorolajal et 
al. used a capture-recapture approach to 
estimate publication bias in meta-analysis. 
They retrieved studies from three separate 
sources of electronic databases, reference lists 
of the studies, and conference databases as well 
as contact with experts and manufacturers. 
Capture-recapture method approach was used 
to estimate the number of missing studies 
which were detected by none of the sources 13. 
In addition, Poisson mixture distribution was 
used for disease mapping in Iran 14, but not for 
smoking in Iran.  

To estimate the accurate number of people 
with a negative trait which is usually 
underestimated, several statistical methods 
were suggested 10-12, 15, 16. In the present study, 
we used mixture of truncated Poisson 
distribution to specify the number of 
unobserved smokers and to estimate the 
accurate prevalence of cigarette smoking in 
Hamadan County, west of Iran 2009.  

Materials and Methods  
A cross-sectional study was conducted in 

Hamadan County in 2009 using cluster (region) 
sampling to estimate the prevalence of cigarette 
smoking among general population. For this 
purpose, 603 men and 543 women aged ≥18 
years were enrolled. The data collection was 
done by an expert group of psychologists and 
sociologists using a predefined questionnaire. 

The average number of cigarettes consumed 
per day was considered as count data. The 
probability of incorrect answer to the question 
related to smoking was indicated by P0. 
Accordingly, the total number of cigarette 

smokers based on Horvitz Thompson estimator 
can be achieved by the following formula 16, 17: 
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 where nobs indicates the number of observed 
cigarette smokers. 

If we consider variable Y as the number of 
cigarettes consumed daily for smokers, Y = 0 
would indicate the number of smokers who 
answered incorrectly to the question related to 
smoking. In other words, Y = 0 shows the 
number of smokers who had expressed their 
daily cigarette consumption is nil. Hence, Y has 
a zero-truncated distribution. Accordingly, we 
can estimate total number of cigarette smokers 
by fitting an appropriate distribution to the 
variable Y. If f(Y=0; λ) considered as an 
appropriate distribution for variable Y, then 
number of cigarette smokers would be 
estimated from the following formula 15, 16. 
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Poisson distribution is being considered as Y 
distribution and ;  as Poisson density 
function. Then λ would indicate the average 
number of daily cigarette consumption. In this 
setting, mixture distributions deliver better 
estimate than simple distributions. The 
following formula shows a K component 
Poisson mixture model with parameters 
(λj, qj; j=1,…,k) 9, 16. 
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In this formula, mixture distribution has 

discrete distribution Q. If we assume∑
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non-negative weight of qj would be attributed 
to Poisson with mean of λj. Then the number of 
unobserved (missing) data will be estimated 

from formula jeq
k

j
j
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 16. The maximum 

likelihood estimation of parameters was 
performed using the EM algorithm 16-18. To 
select a model with appropriate number of 
components, a Bayesian Information Criterion 
(BIC) was used based on 
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where  is the maximum likelihood 
function. According to this criterion, the largest 
BIC value is considered as the best model 16. 

To fit the mixture model to the data and to 
conduct a simulation study, we used Computer-
Assisted Mixture model analysis for Capture-
Recapture count data (CAMCR). This software 
provides a distribution based on global 
maximum likelihood estimator of the 
parameters 18. To conduct a simulation study 
using R2.11.1 software, the actual population 
size, ( est), was considered as a fixed number. 
Based on the available data, a mixture Poisson 
distribution with appropriate parameters was 
identified. Furthermore, the maximum 
frequency for detecting a person by the system 
was specified. In the simulation study, the 
selected mixture Poisson distribution was used 
and the process was repeated 500 times 
(r=500), estimating smokers population size in 
each run (Ni; i=1,…, r). The estimated mean 
and variance of the estimator was obtained by 
calculating the mean and variance of the 
samples obtained from repeated process.  

If i is considered as population size in i-th 
step, then bias can be obtained using the 
following formula. 

estNNBias −= ,   ∑
=

=
r

i
iN

r
N

1

1    (4) 

In addition, Root Mean Square Error 
(RMSE) of the estimator can be obtained, 
using: 

VarianceBiasRMSE += 2    (5) 

Results  
Totally, 233 individuals consumed one to 60 

cigarettes per day. The results of mixture 
Poisson model fitted to the data are presented 
in Table 1. In this table, the maximum 
likelihood estimates of the model parameters 
were specified for the conditions that the 
number of components is 1, 2, 3 and 4. The 
values of log likelihood function and BIC for 
each distribution with specified components 
were indicated as well. The results show that 

the mixture Poisson distribution with four 
components was the most appropriate model. 

This distribution showed that more than a 
quarter of the smokers consumed three 
cigarettes per day. Also about one-third 
consumed eight cigarettes, one-third consumed 
one packet, and 5% of consumers smoked two 
packets per day on average. 

The number of unobserved (missing) 
smokers was estimated three persons. 
Accordingly, the total number of smokers 
among the population under study was 
estimated as 236. Hence, the prevalence of 
cigarette smoking was 20.6%, including 36.2% 
among men and 3.3% among women. 

The validity of the results was investigated 
using the parametric simulation study with BIC 
criteria. In the simulation process, 500 samples 
of 236 were simulated for the selected four-
component mixture Poisson distribution with 
specified parameters in Table 1. 

Accordingly, the bias estimator of 
population size was estimated to be zero and 
the RMSE was estimated to be 2.5. The result 
of simulation study was summarized in Table 
2. 

According to the result of simulated model, 
a valid smoker population size was obtained 
based on the mixture Poisson model with four 
components. 

Discussion  
There are several studies, which estimated 

number of unobserved cases using models 
fitted to count data 9-12, 15, 16. Most of these 
studies used simple Poisson models or 
Zelterman's estimator, based on a simple 
Poisson distribution. Van der Heijden et al. 
estimated the number of illegal immigrants to 
Netherland using a simple Poisson model. The 
count data was based on the number of times 
that each non-legal immigrant was arrested by 
police. They used a truncated Poisson 
regression model to estimate population size 12. 
Bouchard et al. estimated the number of 
offending farmers who cultivated marijuana in 
an eastern province in Canada using count data 
including the information of the farmers who 
were arrested once or twice for marijuana 
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cultivation. Contrary to the present study, they 
used Zelterman's estimator to estimate 
population size 10. Vilas and Böhning used 
count data to estimate the total number of 
holdings affected with classical scrapie in Great 
Britain using Zelterman's estimator 15, 19.  

Mixture models were used by Böhning et al 
in 2005 to estimate population size in human 
societies. A Poisson model requires certain 

assumptions such as independence of 
observations and homogeneity of the 
parameters while mixture model is much more 
flexible. If the value of a specified parameter in 
the population under study changes due to 
changes of some latent variables, the mixture 
distribution can explain over dispersion among 
the data considering the effect of latent 
variables 16. 

   Table 1: Results of mixture Poisson distribution fitted to the count data related to cigarette smoking  

Number of 
components 

Mean of 
components 

Weight of 
components

Values of log 
likelihood 

function

Values of 
BIC criterion

Number of 
unobserved 

smokers 

Total number 
of smokers

1 12.12 1.000 -1189 -2381 0 233
2 5.996 

21.88 
0.615 
0.385

-797.9 -1606 0 233

3 5.442 
17.66 
36.53 

0.549 
0.389 
0.062

-757.4 -1533 1 234

4 3.225 
8.404 
19.17 
37.37 

0.285 
0.329 
0.331 
0.055

-737.5 -1500 3 236

Table 2: Number of unobserved smokers and total number of smokers 
estimated by mixture Poisson model and simulation study 

Model Total number 
of smokers

Unobserved 
number of smokers

Bias RMSEa

Mixture Poisson model 236 3 - -
Simulation study 236 3 0 2.5
a RMSE: Root mean square of error 

 
The present study showed that the fitted 

mixture Poisson distribution was appropriate 
for cigarette smokers. Böhning et al. conducted 
a similar study, using mixture Poisson model, 
to estimate the prevalence of heroin 
consumption in Bangkok. They developed the 
CAMust software for data analysis 9. However, 
the present study had two advantages compared 
to the Böhning's study. First, CAMCR software 
which was used in the present study could 
estimate global maximum likelihood values of 
the parameters while CAMust software could 
not 18. Furthermore, the validity of the results 
of the present study was investigated by a 
simulation study 20. 

A cross-sectional study, conducted in 
Tehran in 2003, reported the prevalence of 

smoking 37.4% in men and 4.2% in women 5 
which is similar to the results of present study. 
However, in some studies, the reported 
prevalence of cigarette smoking was less than 
what reported in this study. A cross-sectional 
study, conducted in Bandar-Abbas City in 
2007, reported the prevalence cigarette 
smoking 11.7% among general population aged 
≥15 years, 22.7% in men and 0.9% in women 7. 
Another study, performed in Yazd City in 
2000, estimated the prevalence of smoking 
31.2% in men 8. A third study, conducted in 
Tehran in 2001, reported the prevalence of 
cigarette smoking 10.6% among general 
population, 22% in men and 2.1% in women 4. 
A further study, conducted in Semnan Province 
in 2009, estimated the prevalence of smoking 
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2% in women 2. The difference in the 
prevalence rates of cigarette smoking estimated 
by previous studies and the present study may 
be due to the diversity of age distribution 
among the study populations. 

The estimated prevalence of cigarette 
smoking was 20.6%, 36.2% among men, and 
3.3% among women. These findings revealed 
that the mixture Poisson model fitted well to 
the data. An advantage of this study compared 
with the previous studies, which were 
conducted for estimation of the prevalence of 
smoking in Iran, is that the number of 
unobserved smokers was investigated using 
mixture Poisson model. The number of 
unobserved cigarette smokers was three. The 
small value of this estimate indicates that data 
collection was done properly. This finding is 
confirmed by this reality that data were 
collected by a well-trained team including 
expert psychologists and sociologists.  

Conclusion 

The evaluation number of unobserved data 
can be estimated by fitting model to truncated 
count data. The truncated mixture Poisson 
model is particularly useful to estimate 
population size when the main objective of the 
study is to investigate negative traits to which 
the participants may answer incorrectly. In this 
study, we found that there were three 
unobserved person. With this finding, we 
ensure to data collection method. 
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