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ABSTRACT 

 

 

         Tobacco consumption is one of the major preventable causes of death and 

disability globally. Bangladesh is one of the largest tobacco consuming 

countries in the world. The use of tobacco is high among male population in 

Bangladesh. Also the use of tobacco is increasing. Therefore this study aims to 

explore the prevalence, patterns and determinants of tobacco use among adults.  

 This study used data from Global Adult Tobacco Survey (GATS), 2010 that 

covered 9,629 Bangladeshi aged 15 years or above. The survey was based on a 

three-stage stratified cluster sample of household. Information of a total of 

9629 adults has been analyzed in the present study. 

Pattern and prevalence of tobacco consumption in Bangladesh are primarily 

presented in the form of frequency distributions and in prevalence rates. This 

study uses binary logistic regression model and multilevel logistic regression 

model for analyzing data to quantify the objectives of the study.  

Prevalence of adults tobacco user was 44.05% in Bangladesh with 65.11% in 

male and 34.89% in female. Common significant predictors include sex, age, 

educational level and wealth Index. Male and older had a higher tendency to 

use tobacco products. Current tobacco smoking was significantly higher among 

male (p-value<0.001 and OR=44.17) than female. Females were more likely to 

use smokeless tobacco than males (odds ratio, OR=1.72). Adults with no 

education were more likely to use tobacco products in Bangladesh compared to 

others with tertiary education. Adults with the poorest wealth status were more 

likely to consume tobacco products in Bangladesh compared to those from 

richest wealth index. It applies a multilevel (two level) logistic regression 

analysis to draw valid conclusions about the effects of the selected 

determinants on tobacco consumption using GATS-2010 data which is a 

multistage stratified cluster data. Instead of single level logistic model, 

multilevel logistic regression model has been utilized since the data follow a 

hierarchical structure. Also the comparison between single and multilevel 



 

IV 

model has been done to investigate the necessity of multilevel effects. The 

findings suggest that sex, age, level of education and wealth index have 

significant multilevel effects on tobacco consumption. Manufactured cigarettes 

and betel quid with zarda are the most usable tobacco products in Bangladesh. 

Intervention to reduce or stop tobacco using should be directed towards the 

poor, older and people with lower education and women should be targeted for 

prevention of the use of tobacco. All the significant variables should be 

considered for developing suitable policies to reduce the consequences of 

tobacco use in Bangladesh.        
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CHAPTER ONE 



 

CHAPTER ONE 

 

 

INTRODUCTION 

 

1.1 Background of the study 

       Tobacco use is one of the leading preventable causes of premature death, disease 

and disability around the world. An estimated 4.9 million deaths occurring annually 

can be attributed to tobacco use. This figure is  expected  to  rise  to  about  10 million  

by  the  year 2020 [http://www.who.int/whr/2002/en/],  if the current trend continues 

unchecked, there will be up to one billion tobacco-related deaths during the 21
st
 

century, many of which will be from developing countries. 

[http://www.who.int/tobacco/mpower/tobacco_facts/en/index.html.]. Tobacco and 

poverty together form a vicious circle from which it is often difficult to escape. The 

adverse effects of tobacco use, including loss of income, being a leading causes of 

death, and contributing to chronic disease, are well documented worldwide (Ezzati  M 

et al., 2003).The prevalence of tobacco use is an important predictor of the future 

burden of tobacco-related diseases (Flora MS et al., 2009). Despite scientific evidence 

linking tobacco to adverse health outcomes, a certain proportion of youth and adults 

are very likely to continue smoking, chewing and snuffing tobacco products unless 

there is continued public health action to control their use. Misperceptions about the 

dangers of using tobacco may partly explain why youth and adults use tobacco in 

developing countries (Elton-Marshall T et al., 2010). In Bangladesh, tobacco use has 

become not only a major contributor to the country‟s high morbidity but also the 

biggest drains to the nation‟s economy (Zamman MM et al., 2007). Bangladesh, like 

many transitional nations in the world is straddling through the demographic and 

epidemiological transitions. The country is observing large decline in mortality due to 

acute, infectious, and parasitic diseases and increases in chronic diseases such as heart 
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disease and diabetes (collectively known as non-communicable diseases or NCDs) 

over the last 20 years. Consistent with this shifting epidemiological profile, recent data 

suggests that tobacco consumption is one of the most important modifiable risk factors 

contribute to these emerging chronic diseases (WHO, 2002) and has also been 

identified as a major risk factor for mortality. Bangladesh is ranked among the top 

tobacco consuming countries in the world (http://bdnews24.com/health/2014/12/17/ 

Bangladesh -among-top-smokeless-tobacco-using-nations). Form of smoked tobacco 

include manufactured cigarettes, bidis, pipes, cigars, water pipes and smokeless 

tobacco is  usually  consumed  orally  or  nasally,  without  burning  or combustion. 

The use increases the risk  of cancer and leads to nicotine addiction similar to  that  

produced  by  cigarette  smoking  or  other  smoked  tobacco  products.  Different 12 

types of smokeless tobacco are: chewing tobacco (most prevalent in Indian 

subcontinent); snuff (most prevalent in Scandinavian and US but becoming popular 

worldwide); and dissolvable (most prevalent in high income countries). The chewing 

tobacco is an oral smokeless tobacco product that is placed in the mouth, cheek, or 

inner lip and sucked or chewed. They are also referred to as “spit tobacco” because of 

the tendency by users to spit out the built-up tobacco juices and saliva. Overall, the 

percentage of Bangladeshi people who use smoked tobacco, smokeless tobacco or 

both, increased from 36.8% in 2004-05 to 43.2% in 2009 (ITC Bangladesh Summary, 

Promoting Evidence-Based Strategies to Fight the Global Tobacco Epidemic, 2010). 

This alarming rise poses severe impact on the country‟s overall disease burden. A 

WHO study estimated that in 2004, 57 000 people lost their life prematurely as a 

result of tobacco use and 382,000 people became disabled in Bangladesh (D. 

Efroymson et al., 2001). In Bangladesh, the numbers of tobacco smokers are 

increasing rapidly because of the availability of cheap tobacco products, lack of strong 

tobacco control regulations, and weak enforcement of existing regulations. The Global 

Adult Tobacco Survey conducted by WHO reported that Bangladesh is one of the top 

ten countries in the world with high tobacco use (both smoking and smokeless forms) 

with a prevalence of 43.3% among adults (41.3 million) 

(http://www.who.int/tobacco/surveillance/survey/gats/en/). Smoking tobacco is a risk 

factor for several diseases and has been increasing in many developing countries. It is 

http://www.who.int/tobacco/surveillance/survey/gats/en/
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not only a global public health concern, but also an economic problem amongst 

individuals, societies, and the country as a whole. The risks of cancer, cardiovascular 

disease, respiratory disease, and a range of other health problems are increased in 

tobacco smokers and, as a consequence, smokers are more likely than nonsmokers to 

die prematurely. Smoking is considered a leading cause of morbidity and mortality in 

virtually every country in the world, and it is the second only to high blood pressure as 

a risk factor for global disease burden. Tobacco use causes more than 440,000 deaths 

in the US per year, accounting for one out of every five deaths. In addition, up to two-

thirds of deaths in current smokers can be attributed to smoking. The higher 

prevalence of tobacco use in the developing countries are anticipated to result in large 

disease burden in the near future. Tobacco and poverty together form a vicious circle 

from which it is often difficult to escape. The adverse effects of tobacco use, including 

loss of income, being a leading causes of death, and contributing to chronic disease, 

are well documented worldwide. The prevalence of tobacco use is an important 

predictor of the future burden of tobacco-related diseases. It is estimated that each 

year tobacco smoking accounts for about 9% of deaths globally. Around 71% of lung 

cancer, 42% of chronic respiratory diseases, and nearly 10% of cardiovascular 

diseases are caused by smoking. It is reported that 18% of deaths in high-income 

countries have occurred due to tobacco use, whereas in middle- and low-income 

countries it is 11% and 4% respectively (Giovino GA et al., 2012). In low- and 

middle-income countries such deaths are projected to increase from 3.4 to 6.8 million 

between 2002 and 2030 (Hu T-w et al., 2005). In addition, secondhand smoke 

exposure poses a serious risk of causing heart disease and various respiratory illness, 

lung cancer, etc among nonsmokers. Both smoking and chewing tobacco products are 

commonly used in Bangladesh. The smokeless tobacco use constitutes a major part of 

overall tobacco use in Bangladesh and India (Palipudi KM et al., 2015). Smoking 

tobacco products include cigarettes, bidis (a small, thin, hand-rolled cigarette 

consisting of tobacco leaf, manufactured mostly in India and Bangladesh), hookah (a 

water pipe which is used to smoke tobacco through cooled water). Chewing or 

smokeless tobacco products include betel quid with tobacco (also known as pan, 

which is a mixture of betel leaf, areca nut, slaked lime, and tobacco), zarda (a mixture 
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of tobacco, lime, spices, and vegetable dyes), zarda with areca nut, and gul (an oral 

tobacco powder that is rubbed over the gum and teeth). It is found that 28.30% men 

and 0.20% women in Bangladesh smoke cigarettes. In the Indian subcontinent, poor 

people use bidis as smoking tobacco. It has also been documented that the main 

predictors of cigarette smoking are sex, age, and having friends who smoke (Reda AA 

et al., 2012). Moreover, cigarette smoking is considered as a “gate way” toward illegal 

drug use, especially among adolescents. Several strategies have been shown to reduce 

tobacco use. However, more than 50 years after the health dangers of smoking were 

scientifically proven, and more than 20 years after evidence confirmed the hazards of 

second-hand smoke, few countries have implemented effective and recognized 

strategies to control the tobacco epidemic.  International  efforts led by WHO resulted 

in rapid entry into force of the WHO  Framework  Convention  on  Tobacco  Control 

(WHO  FCTC),  which  has  168  signatories  and  more than  150  Parties.  

Achievement of  tobacco  control goals  will  require  coordination  among  many 

government  agencies,  academic  institutions, professional  associations  and  civil  

society organizations  at  the  country  level,  as  well  as  the coordinated  support  of  

international  cooperation and development agencies. Various socioeconomic factors 

are found to be associated with different types of tobacco use. Studies regarding 

tobacco use in developing countries provided mixed results (Bush J et al., 2003). 

Thus, it is an important task to identify the determining factors of tobacco use in 

Bangladesh.  

 

1.2 Literature Review  

Some research works already have done in related area. Some of the previous 

empirical studies as well as of other countries in this area has been conducted. Citable 

research works are summarized below: 

Achia TNO (2015) examined the association between self-reported tobacco use and 

frequency of mass media utilization by women and men in nine low-to middle-income 

sub-Saharan African countries. Data for the study came from Demographic and Health 
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Surveys conducted in Burkina Faso, Ethiopia, Liberia, Lesotho, Malawi, Swaziland, 

Uganda, Zambia and Zimbabwe over the period 2006–2011. Each survey population 

was a cross-sectional sample of women aged 15–49 years and men aged 15–59 years, 

with information on tobacco use and media access being obtained by face-to-face 

interviews. An index of media utilization was constructed based on responses to 

questions on the frequency of reading newspapers, frequency of watching television 

and frequency of listening to the radio. Demographic and socioeconomic variables 

were considered as potentially confounding covariates. Logistic regression models 

with country and cluster specific random effects were estimated for the pooled data. 

The risk of cigarette smoking increased with greater utilization to mass media. The 

use of smokeless tobacco and tobacco use in general declined with greater utilization 

to mass media. The risk of tobacco use was 5% lower in women with high media 

utilization compared to those with low media utilization [Adjusted Odds Ratio (AOR) 

= 0.95, 95% confidence interval (CI):0.82–1.00]. Men with a high media utilization 

were 21% less likely to use tobacco compared to those with low media utilization 

[AOR = 0.79, 95%CI = 0.73–0.85]. In the male sample, tobacco use also declined 

with the increased frequency of reading newspapers (or magazines), listening to radio 

and watching television.  

Aziz S, Choudhury T and Huque N (2015) explored the association of tobacco 

consumption with socio-demographic factors, self-rated health and non-communicable 

chronic diseases among the rural population in Bangladesh. A cross sectional data 

from “IUB Health and Socio Economic Survey” 2013 was used for this study. A 

sample of 1512 male and 1569 female aged 18 and above were randomly selected 

from four districts of Bangladesh. Binary logistic regression was used to explore the 

association of tobacco consumption with socio-demographic characteristics; self 

reported chronic diseases and general health. The prevalence of current tobacco use in 

any form (smoking or chewing tobacco) among adults in rural Bangladesh was 47.4%. 

Poor self reported general health was found to be a significant predictor of tobacco 

consumption. Males were 2.13 times more likely to use tobacco than their female 

counterparts. Tobacco use was significantly associated with older age (OR=3.18, CI= 
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2.507-4.035), higher education (OR=0.426, CI=0.289-0.628) and Sylhet region 

(OR=3.707, CI=2.911-4.720). 

Bhise MD and Patra S (2018) estimated the current prevalence of hypertension and its 

correlates in the state of Maharashtra. The variation in the prevalence of hypertension 

associated with individual-level characteristics is explained at the community and 

district level. Data was used from the recent round of District Level Household & 

Facility Survey (DLHS-4), 2012–13. The DLHS-4 had used the nationally 

representative sample, collected through multistage stratified sampling procedure. A 

similar sampling frame, used in NSSO-2007-08, had been followed. The chi-square 

test was used to show the significance level of the association between the estimated 

prevalence of hypertension and its correlates. Multilevel regression analysis was 

carried out to investigate the effects of individual and community level factors on the 

prevalence of hypertension. The overall prevalence of hypertension is 25% in 

Maharashtra, and a huge variation in the prevalence of hypertension is found across 

the districts. Dhule, Gadchiroli (with a low HDI rank), Mumbai and Satara (with 

higher HDI rank) were the districts with the higher (above 30%) prevalence of high 

blood pressure. The prevalence also significantly varied according to different 

correlates. The prevalence of high blood pressure is higher among elderly population 

(40%), among males (28%), in the urban areas (27%) and in the richest wealth quintile 

(28%). The prevalence was also higher among cigarette smokers (31%), alcohol 

consumers (30%) and people with obesity (38%) as compared to their counterparts. 

The results of the multilevel analysis showed that the older and obese persons were at 

four-time higher risk of hypertension. Again, age, sex, marital status, place of 

residence, wealth status, unhealthy habits (i.e. smoking and alcohol consumption) and 

BMI were significantly associated with hypertension. The results of VPC statistics 

show that 14% of hypertension prevalence could be attributed to differences at the 

community level. 

Corsi DJ, Lear SA, Chow CK, Subramanian SV, Boyle MH and Teo kk (2013) 

described the socioeconomic and geographic distribution of smoking behaviour in 

Canada among 19,383 individuals (51% women) aged 15–85 years. Current smoking 
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and quitting were modeled using standard and multilevel logistic regression. Markers 

of socioeconomic status (SES) were education and occupation. Geography was 

defined by Canadian Provinces. Results: The adjusted prevalence of current smoking 

was 20.2% (95% confidence interval [CI]: 18.8–21.7) and 63.7% (95% CI: 61.1–66.3) 

of ever smokers had quit. Current smoking decreased and quitting increased with 

increasing SES. The adjusted prevalence of current smoking was 32.8% (95% CI: 

28.4–37.5) among the least educated compared to 11.0% (95% CI: 8.9– 13.4) for the 

highest educated. Among the least educated, 53.0% (95% CI: 46.8–59.2) had quit, 

rising to 68.7% (95% CI: 62.7– 74.1) for the most educated. There was substantial 

variation in current smoking and quitting at the provincial level; current smoking 

varied from 17.9% in British Columbia to 26.1% in Nova Scotia, and quitting varied 

from 57.4% in Nova Scotia to 67.8% in Prince Edward Island. Nationally, increasing 

education and occupation level were inversely associated with current smoking (odds 

ratio [OR] 0.64, 95% CI: 0.60–0.68 for education; OR 0.82, 95% CI: 0.77–0.87 for 

occupation) and positively associated with quitting (OR 1.27, 95% CI: 1.16–1.40 for 

education; OR 1.20, 95% CI: 1.12–1.27 for occupation). Those associations were 

consistent in direction across provinces although with some variability in magnitude.  

Dhungana RR, Khanal MK and Baniya A (2013) conducted meta-analysis to estimate 

the prevalence of current tobacco use among lower secondary to higher secondary 

students in Nepal. The study searched and identified the studies which were published 

between 2003 and 2013 using MEDLINE, Google Scholar and NEPJOL.  From  five  

selected  studies,  total  7,832  eligible  students  were  included  in  analysis.  

Considering the high degree of variability (Q = 82.6, I2 = 95%) among selected 

studies, the study used random effects model to estimate the weighted prevalence of 

current tobacco use and found as 13.9 % (10.2-17.5). This result showed that current 

tobacco use among lower secondary to higher secondary students still remains high, 

which compels an effective implementation of tobacco control programs and policies.  

Do YK and Bautista MA (2015) aimed to investigate the associations between tobacco 

use within households and expenditures on food, education, and healthcare in LMICs. 

Using data from the World Health Survey , this cross­sectional study included a 
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sample of 53,625 adult males aged <60 years from 40 LMICs. Multilevel, 

mixed­effects linear regression was used to determine the association between current 

tobacco use status of the main income provider (daily; occasional; no use) and three 

categories of (logged) household expenditures: food, education, and healthcare; 

controlling for age, level of education, household wealth quintile, marital status, 

urban–rural setting, country­level income group, and region. Results In the preferred 

random­slope models that controlled for covariates, daily tobacco use was associated 

with lower household expenditures on education and healthcare by 8.0 % (95 % 

confidence interval:( −12.8 to –3.2 %) and 5.5 % (−10.7 to –0.3 %), respectively . The 

association between tobacco use and food expenditure was inconsistent across models. 

Conclusions T obacco use in LMICs may have a negative influence on investment in 

human capital development. Addressing the tobacco use problem in LMICs could 

benefit not only the health and economic well­being of smokers and their immediate 

families but also long­ run economic development at a societal level.  

Evans-Whipp TJ, Bond L, Ukoumunne OC,  Toumbourou JW and Catalano RF 

(2010) measured  tobacco  polices  in  statewide  representative  samples  of secondary 

and mixed schools in Victoria, Australia and Washington, US (N = 3,466 students 

from  285  schools)  and  tested  their  association  with  student  smoking.  Results  

from confounder-adjusted random effects  (multi-level)  regression models revealed 

that the odds of student perception of peer smoking on school grounds were decreased 

in schools that have strict enforcement of policy (odds ratio (OR) = 0.45; 95% CI: 

0.25 to 0.82; p = 0.009). There was  no  clear  evidence  in  this  study  that  a  

comprehensive  smoking  ban,  harsh  penalties, remedial  penalties,  harm  

minimization  policy  or  abstinence  policy  impact  on  any  of  the smoking 

outcomes.  

Evans-Whipp TJ, Bond L, Ukoumunne OC, Toumbourou JW and Catalano RF (2010) 

measured  tobacco  polices  in  statewide  representative  samples  of secondary and 

mixed schools in Victoria, Australia and Washington, US (N = 3,466 students from  

285  schools)  and  tests  their  association  with  student  smoking.  Results from 

confounder-adjusted random effects  (multi-level)  regression models revealed that the 



                                                    Chapter One                            

 

Introduction Page 9 
 

odds of student perception of peer smoking on school grounds were decreased in 

schools that had strict enforcement of policy (odds ratio (OR) = 0.45; 95% CI: 0.25 to 

0.82; p = 0.009). There was  no  clear  evidence  in  this  study  that  a  comprehensive  

smoking  ban,  harsh  penalties, remedial  penalties,  harm  minimization  policy  or  

abstinence  policy  impact  on  any  of  the smoking outcomes. 

Gaete J, Ortúzar C, Zitko P, Montgomery A and Araya R (2016) examined the 

inter­school variability in student smoking in a large sample of Chilean schools and 

identifies the school­ and student­level characteristics associated with cigarette 

smoking This cross­sectional study used self­reported student­level data from 45,273 

students from 1462 schools and official data from these schools provided by the 

Chilean Ministry of Education (2007). Student smoking behavior was used as an 

outcome, and individual­level and school­level features were used as explanatory 

variables. Logistic multilevel modeling was used to analyses the data. The mean 

prevalence of smoking in the 1462 schools was 39.9 %. The null model indicated that 

8 % of the variance in smoking behavior was explained by schools; and in the final 

model, controlled by individual­ and school­level variables, the variance explained by 

schools dropped to 2.4 %. The main school­level variables explaining the school 

influence were school bonding, school truancy and school achievement.  

Gilani SI and Leon DA (2013) conducted a cross-sectional survey of nationally 

representative sample of men and women living in rural and urban areas of four main 

provinces of Pakistan from March through April 2012. Face to face in house 

interviews were undertaken using a pre-tested structured questionnaire that asked 

about smoking and other forms of tobacco use. Multistage stratified random area 

probability sampling was used. To determine the national prevalence of tobacco use, 

the sample was weighted to correspond to rural-urban population proportions in each 

of the four provinces as in the 1998 census conducted by Pakistan‟s Population 

Census Organization. Association between socio-demographic variables and tobacco 

use were investigated using multivariable robust regression. Out of 2,644 respondents 

(1354 men and 1290 women), 345 men and 4 women reported being current cigarette 

smokers. The weighted prevalence of current cigarette smoking was 15.2% (95% CI: 
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11.2, 19.3) overall, 26.6% (95% CI: 19.1, 34.1) among male, and 0.4% (95% CI: -

0.2,1.0) among females. Among females 1.8% (95% CI: 0.4, 3.1) used any smoked 

tobacco and 4.6% (95% CI: 1.8,7.4) used any smokeless tobacco daily or on some 

days of the week. Among males, odds of current cigarette smoking decreased with 

increasing level of education (OR=0.76; 95% CI: 0.68, 0.84) and increased with 

having a father who used tobacco (OR=2.11; 95% CI: 1.39,3.22) after adjusting for 

other socio-demographic characteristics. Lower household income was associated 

with current cigarette smoking among rural males only (odds ratio [OR] =0.67; 95% 

CI: 0.48, 0.92 per category increase in monthly household income).  

Guo Q, Johnson CA, Unger JB, Lee L, Xie B, Chou CP, Palmer PH, Sun P, Gallaher 

P and Pentz MA (2007) explored whether the Theory of Reasoned Action (TRA) and 

Theory of Planned Behavior (TPB) predict adolescent smoking in China. Data were 

obtained from 14,434 middle and high school students (48.6% boys, 51.4% girls) in 

seven geographically varied cities in China. TRA and TPB were tested by multilevel 

mediation modeling, and compared by multilevel analyses and likelihood ratio tests. 

Perceived behavioral control was tested as a main effect in TPB and a moderation 

effect in TRA. The mediation effects of smoking intention were supported in both 

models (pb0.001). TPB accounted for significantly more variance than TRA 

(pb0.001). Perceived behavioral control significantly interacted with attitudes and 

social norms in TRA (pb0.001). Therefore, TRA and TPB were applicable to China to 

predict adolescent smoking. TPB was superior to TRA for the prediction and TRA 

could better predict smoking among students with lower than higher perceived 

behavioral control.  

Hossain MS, Kypri K, Rahman B, Arsian I, Akter S and Milton AH (2014) estimated 

the prevalence and identify correlates of smokeless tobacco consumption among 

married rural women with a history of at least one pregnancy in Madaripur, 

Bangladesh. The study conducted a cross-sectional survey using an interviewer 

administered, pre-tested, semi-structured questionnaire. All women living in the study 

area, aged 18 years and above with at least one pregnancy in their lifetime, who were 

on the electoral roll and agreed to participate were included in the study. Information 
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on socio-demographic characteristics and smokeless tobacco consumption was 

collected. Smokeless tobacco consumption was categorized as „current‟, „Ever but not 

current‟ and „Never‟. Associations between smokeless tobacco consumption and the 

explanatory variables were estimated using simple and multiple binary logistic 

regression.  

Huang H-L, Chen F-L, Hsu C-C, Yen Y-Y, Ted Chen, Huang C-M, Shi H-Y, Hu C-Y 

and Lee C-H (2010) examined school based tobacco policy status, implementation and 

students‟ perceived smoking at school in regard to gender-specific differences in 

smoking behavior. The study conducted a multilevel-based study to assess two-level 

effects for smoking among 2350 grades three to six students in 26 randomly selected 

elementary schools in southern Taiwan. A series of multilevel models were analyzed 

separately for male and female students. The school level variables appear to be 

related to smoking behavior in male students. Among males, the risk of ever-smoking 

was significantly associated with those schools without antitobacco health education 

activities or curricula [adjusted odds ratio (aOR: 56.23, 95% confidence interval (CI): 

2.55–15.24), with a high perceived smoking rate (aOR53.08, 95% CI: 1.41–6.72) and 

located in a mountainous region (aOR: 52.53, 95% CI: 1.15–5.58). The risk of ever-

smoking among females was significantly associated with those schools without 

antitobacco activities or curricula (aOR 53.10, 95% CI: 1.27–7.55). As compared with 

female counterparts, the specific school that the male students attended had a positive 

significant effect on the risk of being ever-smokers. The findings suggest that 

effective tobacco policy implementation should be considered in elementary schools 

that were currently putting children at the greatest risk for cigarette smoking, 

especially in regard to male students.  

Imtiaz D, Kandpal SD and Juyal R (2015) assessed  the  quitting  behavior  among  

current  tobacco  users  in  a  rural  population  of Dehradun. The study was cross 

sectional in nature carried out among 993 current tobacco users aged 10 years and 

above in the field practice area and quitting behavior was assessed using a pretested 

and predesigned questionnaire. Of the 993 Current tobacco users, 38% and 40% of the 

current smokers and current smokeless tobacco users respectively had attempted to 
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quit smoking and smokeless tobacco use in the past 12 months. 54.3% of the smokers 

wanted to quit smoking with majority of male smokers (56.3%) willing to quit 

smoking compared to only 40.5% of female smokers. 36.0% of the smokeless tobacco 

users wanted to quit smokeless tobacco use where in contrast more female smokeless 

tobacco users (39.3%) wanted to quit smokeless tobacco compared to 33.3% of males. 

Jafarabadi MA,   Allahverdipour H,   Bashirian S,   and  Jannati A (2012) studied 

underlying factors in predicting the behavior of tobacco smoking among employed 

youth and students in Iran. In this analytical  cross­sectional  study, based  a random 

cluster sampling were recruited 850 high school students, employed and unemployed 

youth age ranged between 14 and 19 yr from Iran. The data of demographic and 

tobacco smoking related variables were acquired via a self­administered 

questionnaire. A series of univariate and multivariate logistic regressions were 

performed respectively for computing un­adjusted and adjusted Odds Ratios utilizing 

SPSS 17 software. 

Khan MH, Khan A, Kraemer A and Mori M (2009) used secondary data which was 

collected by the 2006 Urban Health Survey. The data were representative for the 

urban areas in Bangladesh. Both slums and non-slums located in the six City 

Corporations were considered. Slums in the cities were identified by two steps, first 

by using the satellite images and secondly by ground truthing. At the next stage, 

several clusters of households were selected by using proportional sampling. Then 

from each of the selected clusters, about 25 households were randomly selected. 

Information of a total of 12,155 adult men, aged 15–59 years, was analyzed by 

stratifying them into slum (= 6,488) and non-slum (= 5,667) groups. Simple 

frequency, bivariable and multivariable logistic regression analyses were performed 

using SPSS. Overall smoking prevalence for the total sample was 53.6% with 

significantly higher prevalence among men in slums (59.8%) than non-slums (46.4%). 

Respondents living in slums reported a significantly (P < 0.001) higher prevalence of 

smoking cigarettes (53.3%) as compared to those living in non-slums (44.6%). A 

similar pattern was found for bidis (slums = 11.4% and non slums = 3.2%, P < 0.001). 

Multivariable logistic regression revealed significantly higher odds ratio (OR) of 
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smoking cigarettes (OR = 1.12, 95% CI = 1.03–1.22), bidis (OR = 1.90, 95% CI = 

1.58–2.29) and any of the two (OR = 1.23, 95% CI = 1.13–1.34) among men living in 

slums as compared to those living in non-slums when controlled for age, division, 

education, marital status, religion, birth place and types of work. Division, education 

and types of work were the common significant correlates for both cigarette and bidi 

smoking in slums and non-slums by multivariable logistic regressions. Other 

significant correlates of smoking cigarettes were marital status (both areas), birth 

place (slums), and religion (non-slums). Similarly significant factors for smoking bidis 

were age (both areas), marital status (slums), religion(non-slums), and birth place 

(both areas).  

Khan MHR and Shaw JE (2011) examines the selected determinants of  contraceptive 

prevalence among 10-49 aged ever-married women in Bangladesh and their true 

impact on the contraception prevalence  rate  (CPR).  It  applied  a  multilevel  logistic  

regression  analysis  to  draw  valid conclusions about the effects of the selected 

determinants on CPR using the 2004 Bangladesh Demographic  and  Health  Survey  

(BDHS)  contraceptive  binary  data  which  wass  a  multistage stratified  cluster  

data. Instead of standard single level  logistic  model,  multilevel  logistic regression  

model  had  been  utilized  since  the  data followed  a  hierarchical  structure.  Also 

the comparison between single and multilevel model had been done to investigate the 

necessity of multilevel effects.  The  findings  suggested  that  age  of  the  women,  

number  of  living  children, education,  religion,  media,  place  of  residence  and  

wealth  index  had  significant  multilevel effects on CPR. The study had finally 

suggested integrating a strong awareness program that targets the 10-49 aged currently 

married women in Bangladesh in those divisions (level-3) and clusters (level-2) where 

the particular determinant of contraceptive use had been found to be less effective.  

Khayyati  F,  Taymoori  P,  Mohammadpoorasl  A,  Allahverdipour  H and Asghari 

Jafarabadi  M (2016) studied underlying  predictors  of  tobacco  smoking  among  

Iranian  Teenagers  in  a generalized structural equation model. In this cross-sectional 

study, a Generalized Structural Equation Model based on  planned  behavioral  theory  

was  used  to  explain  the  relationship  among  different  factors  such  as 
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demographic  factors,  subjective  norms,  and  the  intention  to  tobacco  and,  in  

turn,  intention  with tobacco  use. The sample consisted of 4,422 high school 

students, based on census, in East Azerbaijan province, Iran.  The questioner was 

designed adapting to the objectives of study.  It was used global youth tobacco survey 

to design the queries of tobacco use. The model had a good fit on data.  Adjusting  for 

age and  gender, there  was a statistically significant  relationship  between  the  

intention  to  consumption  and  the  following  factors:  working while studying  

(P<0.05), consumption  of  hookah by  family  members (P<0.05), history  of smoking 

among close friends (P<0.05), history of leaving school during the  day without 

informing the officials (P<0.05),  lack  of  commitment  to  academic  tasks  (P< 0.05),  

lack  of  acceptance  by  peers  (P< 0.05), knowledge  (P<  0.05),  and  attitude  (P<  

0.05).  There was a significant relationship between the intentions to consumption to 

tobacco consumption in the past 30 days (P< 0.05) as well. 

Kishore J, Jena PK, Bandyopadhyay C, Swain M, Das S and Banerjee I (2013) 

assessed the prevalence and associated factors of hardcore smoking in three South-

East Asian countries and discussed its implication for smoking cessation intervention 

in this region.  Global Adult Tobacco Survey (GATS) data of India, Bangladesh and 

Thailand were analyzed to quantify the hardcore smoking prevalence in the region. On 

the basis of review, an operational definition of hardcore smoking was adopted that 

includes (1) current daily smoker, (2) no quit attempt in the past 12 months or not 

interested in quitting, (4) time to first smoke within 30 minutes of waking up, and (5) 

knowledge of smoking hazards. Logistic regression analysis was carried out using 

hardcore smoking status as response variable and gender, type of residence, 

occupation, education, wealth index and age-group as possible predictors. There were 

31.3 million hardcore smokers in the three Asian countries. The adult prevalence of 

hardcore smoking in these countries ranges between 3.1% in India to 6% in Thailand. 

These hardcore smokers constitute 18.3-29.7% of daily smokers. The logistic 

regression model indicated that age, gender, occupation and wealth index were the 

major predictors of hardcore smoking with varied influence across countries.  
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Kristjansson AL,  Sigfusdottir ID,  and Allegrante JP (2013) sought to add to a 

growing body of literature into peer contexts by testing a model of peer substance use 

simultaneously on individual and school community levels while taking account of 

several well established individual level factors. We analyzed population based data 

from the 2009 Youth in Iceland school survey, with 7,084 participants (response rate 

of 83.5%) nested within 140 schools across Iceland. Multilevel logistic regression 

models were used to analyze the data. School level peer smoking and drunkenness 

were positively related to adolescent daily smoking and lifetime drunkenness after 

taking account of individual level peer smoking and drunkenness. These relationships 

held true for all respondents, irrespective of socio­economic status and other 

background variables, time spent with parents, academic performance, self-assessed 

peer respect for smoking and alcohol use, or if they had substance­using friends or 

not. On the other hand, the same relationships were not found with regard to 

individual and peer cannabis use. The school­level findings in the study represent 

context effects that were over and above individual­level associations. This holds 

although accounted for a large number of individual level variables that studies 

generally had not included. For the purpose of prevention, school communities should 

be targeted as a whole in substance use prevention programs in addition to reaching to 

individuals of particular concern.  

Leatherdale ST and Manske S (2005) examined how perceptions of student smoking 

in the school environment and the actual smoking rate among senior students at a 

school are related to smoking onset. Multilevel logistic regression analysis was used 

to examine correlates of ever smoking in a sample of 4,286 grade 6 and 7 students 

from 57 elementary schools in Ontario, Canada. Students are at increased risk for 

smoking if they (a) often see students smoking near their school, (b) report that 

students at their school smoke where they are not allowed, and (c) attend a school with 

a relatively high senior student smoking rate. Each 1% increase in the smoking rate 

among grade 8 students increased the odds that a student in grades 6 or 7 was an ever 

smoker versus never smoker (odds ratio, 1.05; 95% confidence interval, 1.02-1.08). A 

low-risk student (no family or friends who smoke) was over twice as likely to try 

smoking if he/she attended a high-risk school. Prevention programs should target both 
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at-risk schools and at-risk students, and strongly enforced policies preventing students 

from smoking on or near school property should be implemented. 

Manimunda SP, Benegal V, Sugunan AP, Jeemon P, Balakrishna N, Thennarusu K, 

Pandian D and Pesala KS (2012) Conducted a cross-sectional survey among a 

representative sample of 18,018 individuals in the age group of >=14 years in the 

Union Territory of Andaman and Nicobar Islands during 2007-09. A structured 

questionnaire, a modified version of an instrument which was used successfully in 

several multi-country epidemiological studies of the World Health Organization, was 

used to survey individual socio-demographic details, known co-morbid conditions, 

tobacco use and alcohol use. Fagerstrom Test for Nicotine Dependence (FTND) was 

used to estimate nicotine dependence. The response rate of our survey was 97% 

(18,018/18,554). Females (n=8,888) were significantly younger than males (34.3 

14.6 Vs 36.2  15.4 years). The prevalence of current tobacco use in any form was 

48.9% (95% CI: 48.2-49.6). Tobacco chewing alone was prevalent in 40.9% (95% CI: 

40.1-41.6) of the population. While one ten of males (9.7%, 95% CI: 9.1-10.4) were 

nicotine dependent, it was only 3% (95% CI: 2.7-3.4) in females. Three fourth of the 

tobacco users initiated use of tobacco before reaching 21 years of age. Age, current 

use of alcohol, poor, educational status, marital status, social groups, and co-

morbidities were the main determinants of tobacco use and nicotine dependence in the 

population.  

Merlo J, Wagner P, Ghith N and Leckie G (2016) proposed an original stepwise 

analytical approach that distinguishes between “specific” (measures of association) 

and “general” (measures of variance) contextual effects. Performing two empirical 

examples they illustrated the methodology, interpreted the results and discussed the 

implications of this kind of analysis in public health. They analysed 43,291 

individuals residing in 218 neighbourhoods in the city of Malmö, Sweden in 2006. We 

study two individual outcomes (psychotropic drug use and choice of private vs. public 

general practitioner, GP) for which the relative importance of neighbourhood as a 

source of individual variation differs substantially. In Step 1 of the analysis, they 

evaluated the OR and the area under the receiver operating characteristic (AUC) curve 
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for individual-level covariates (i.e., age, sex and individual low income). In Step 2, 

they assessed general contextual effects using the AUC. Finally, in Step 3 the OR for 

a specific neighbourhood characteristic (i.e., neighbourhood income) was interpreted 

jointly with the proportional change in variance (i.e., PCV) and the proportion of ORs 

in the opposite direction (POOR) statistics. For both outcomes, information on 

individual characteristics (Step 1) provide a low discriminatory accuracy (AUC = 

0.616 for psychotropic drugs; = 0.600 for choosing a private GP). Accounting for 

neighbourhood of residence (Step 2) only improved the AUC for choosing a private 

GP (+0.295 units). High neighbourhood income (Step 3) was strongly associated to 

choosing a private GP (OR = 3.50) but the PCV was only 11% and the POOR 33%.  

Moore L, Roberts C, Tudor-Smith C (2001) examined the association between school 

smoking policies and smoking prevalence among pupils. Multilevel analysis of 

crosssectional data from surveys of schools and pupils, 55 secondary schools in 

Wales, 55 teachers and 1375 pupils in year 11 (aged 15–16) were computed. Main 

outcome measures was self-reported smoking behavior. The prevalence of daily 

smoking in schools with a written policy on smoking for pupils, teachers, and other 

adults, with no pupils or teachers allowed to smoke anywhere on the school premises, 

was 9.5% (95% confidence interval (CI) 6.1% to 12.9%). In schools with no policy on 

pupils‟ or teachers‟ smoking, 30.1% (95% CI 23.6% to 36.6%) of pupils reported 

daily smoking. In schools with an intermediate level of smoking policy, 21.0% (95% 

CI 17.8% to 24.2%) smoked every day. School smoking policy was associated with 

school level variation in daily smoking (p = 0.002). In multilevel analysis, after 

adjusting for pupils‟ sex, parents‟ and best friends‟ smoking status, parental 

expectations, and alienation from school, there was less unexplained school level 

variation, but school smoking policy remained significant (p = 0.041). The association 

of smoking policy with weekly smoking was weaker than for daily smoking, and not 

significant after adjustment for pupil level variables. Both daily and weekly smoking 

prevalence were lower in schools where pupils‟ smoking restrictions were always 

enforced. Enforcement of teacher smoking restrictions was not significantly associated 

with pupils‟ smoking.   
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Palipudi KM, Gupta PC, Sinha DN, Andes LJ, Asma S and McAfee T (2012) 

examined the role of social determinants on current tobacco use n thirteen low-and-

middle income countries. The study used nationally representative data from the 

Global Adult Tobacco Survey (GATS) conducted during 2008-2010 in 13 low and 

middle income countries: Bangladesh, China, Egypt, India, Mexico, Philippines, 

Poland, Russian Federation, Thailand, Turkey, Ukraine, Uruguay, and Viet Nam. 

These surveys provided information on 209,027 respondent‟s aged 15 years and above 

and the country datasets were analyzed individually for estimating current tobacco use 

across various socio-demographic factors (gender, age, place of residence, education, 

wealth index, and knowledge on harmful effects of smoking). Multiple logistic 

regression analysis was used to predict the impact of these determinants on current 

tobacco use status. Current tobacco use was defined as current smoking or use of 

smokeless tobacco, either daily or occasionally. Former smokers were excluded from 

the analysis. Adjusted odds ratios for current tobacco use after controlling other 

cofactors, was significantly higher for males across all countries and for urban areas in 

eight of the 13 countries. For educational level, the trend was significant in 

Bangladesh, Egypt, India, Philippines, Thailand, Turkey, Ukraine, Uruguay and Viet 

Nam. The trend of decreasing prevalence with increasing levels of knowledge on 

harmful effects of smoking was significant in China, India, Philippines, Poland, 

Russian Federation, Thailand, Ukraine and Viet Nam. 

 

Palipudi KM, Sinha DN, Choudhury S, Zaman MM, Asma S, Andes L and Dube S 

(2015) examined predictors of current tobacco smoking and smokeless tobacco use 

among the adult population in Bangladesh. The study used data from the 2009 Global 

Adult Tobacco Survey (GATS) in Bangladesh consisting of 9,629 adults aged≥15 

years. Differences in and predictors of prevalence for both smoking and smokeless 

tobacco use were analyzed using selected socioeconomic and demographic 

characteristics that included gender, age, place of residence, education, occupation, 

and an index of wealth. The prevalence of smoking was high among males (44.7%, 

95% confidence interval [CI]: 42.5‑47.0) as compared to females (1.5%, 95% CI: 

1.1‑2.1), whereas the prevalence of smokeless tobacco was almost similar among both 
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males (26.4%, 95% CI: 24.2‑28.6) and females (27.9%, 95% CI: 25.9‑30.0). 

Correlates of current smoking were male gender (odds ratio [OR] =41.46, 

CI=23.8‑73.4), and adults in older age (ORs range from 1.99 in 24‑35 years age to 

5.49 in 55‑64 years age), less education (ORs range from 1.47 in less than secondary 

to 3.25 in no formal education), and lower socioeconomic status (ORs range from 1.56 

in high wealth index to 2.48 in lowest wealth index. Predictors of smokeless tobacco 

use were older age (ORs range from 2.54in 24‑35 years age to 12.31 in 55‑64 years 

age), less education (ORs range from 1.44 in less than secondary to 2.70 in no formal 

education), and the low (OR=1.34, CI=1.0‑1.7) or lowest (OR=1.43, CI=1.1‑1.9) 

socioeconomic status.  

 

Park S, Nam B-H, Yang H-R, Lee JA, Lim H, Han JT, Park Su, Shin HR and Lee JS 

(2013) developed an individualized risk prediction model for lung cancer in Korean 

men using population-based cohort data. From a population-based cohort study of 

1,324,804 Korean men free of cancer at baseline, the individualized absolute risk of 

developing lung cancer was estimated using the Cox proportional hazards model. We 

checked the validity of the model using C statistics and the Hosmer–Lemeshow chi-

square test on an external validation dataset. The risk prediction model for lung cancer 

in Korean men included smoking exposure, age at smoking initiation, body mass 

index, physical activity, and fasting glucose levels. The model showed excellent 

performance (C statistic = 0.871, 95% CI = 0.867–0.876). Smoking was significantly 

associated with the risk of lung cancer in Korean men, with a four-fold increased risk 

in current smokers consuming more than one pack a day relative to non-smokers. Age 

at smoking initiation was also a significant predictor for developing lung cancer; a 

younger age at initiation was associated with a higher risk of developing lung cancer. 

Pinilla J, González B, Barber P and Santana Y (2002) estimated the effects of 

individual, family, social, and school related factors. Cross sectional analysis 

performed by multilevel logistic regression with pupils at the first level and schools at 

the second level. The data came from a stratified sample of students surveyed on their 

own, their families‟ and their friends‟ smoking habits, their schools, and their 
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awareness of cigarette prices and advertising. The study was performed in the Island 

of Gran Canaria, Spain. Participants:1877 students from 30 secondary schools in 

spring of 2000 (model‟s effective sample sizes 1697 and 1738) . 14.2% of the young 

teenagers surveyed use tobacco, almost half of them (6.3% of the total surveyed) on a 

daily basis. According to the ordered logistic regression model, to have a smoker as 

the best friend increases significantly the probability of smoking (odds ratio: 6.96, 

95% confidence intervals (CI) (4.93 to 9.84), and the same stands for one smoker 

living at home compared with a smoking free home (odds ratio: 2.03, 95% CI 1.22 to 

3.36). Girls smoke more (odds ratio: 1.85, 95% CI 1.33 to 2.59). Experience with 

alcohol, and lack of interest in studies are also significant factors affecting smoking. 

Multilevel models of logistic regression showed that factors related to the school 

affect the smoking behavior of young teenagers. More specifically, whether a school 

complies with antismoking rules or not was the main factor to predict smoking 

prevalence in schools. The remainder of the differences could be attributed to 

individual and family characteristics, tobacco consumption by parents or other close 

relatives, and peer group. A great deal of the individual differences in smoking were 

explained by factors at the school level. The most relevant predictors for smoking in 

young adolescents included some factors related to the schools they attend. One 

variable stood out in accounting for the school to school differences: how well they 

enforced the no smoking rule. Therefore we could prevent or delay tobacco smoking 

in adolescents not only by publicizing health risks, but also by better enforcing no 

smoking rules in schools. 

Piontek D, Buehler A, Donath C, Floeter S, Metz URK, Gradl S and Kroeger C (2008) 

applied a multilevel approach to examine the associations between school smoking 

policy and student smoking. It was tested whether individual characteristics are 

mediators of school policy effects. On the basis of cross-sectional data from 3,364 

students and school principals from 40 schools in Germany, two multilevel nonlinear 

regression models were computed for current smoking. In the first model, controlling 

for individual factors not influenced by school, smoking bans for students and 

evidence-based prevention activities were negatively associated with smoking 

prevalence. The second model included student characteristics potentially influenced 
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by school (e.g. school engagement, peer smoking). As school variables remained 

significant, these characteristics obviously do not mediate school context effects.  

Rahman MM, Karim MJ, Ahmad SA, Suhaili MR and Ahmad SNW (2011) 

determined the prevalence of smoking and to examine the determinants of smoking 

behavior among the secondary school teachers in Bangladesh. A  two-stage  cluster  

sampling  was  used  with  a  selection  of  schools  on Probability  Proportional  to  

Enrolment  (PPE)  size  followed  by  stratified random sampling of government and 

private schools and then all the teachers present  on  the  day  of  the  survey  were  

selected  for  the  study.  The 66-item questionnaire included smoking behavior, 

knowledge, attitude, second-hand smoking, tobacco free school policy, cessation,  

media  advertisement  and curriculum related topics. Seven additional questions were 

included to assess the socio-demographic characteristics of the teachers.  Data analysis 

was performed using SPSS 17 software. A total of 60 schools were selected with 

school response rate of 98.3%.  An anonymous self-administered questionnaire was 

filled in by all teachers present at the day of the  survey. The sample consisted of 559 

teachers with response rate of 99.5%. The prevalence of smoking was 17% (95% CI: 

14%, 20.4). About half of the teachers (48.4%) smoke daily followed by 25.3% smoke 

1-2 days in last 30 days.  The mean duration smoking of was 13.7 (95% CI:  11.6, 

15.9) years. Logistic regression analysis revealed that male teachers smoke 37.46 

(95% CI: 5.078, 276.432) times higher than their female counterparts. The graduate 

teachers were 2.179(95% 1.209, 3.926) times more likely to be smoke than master‟s 

degree holder teachers.  Smoking  by  friends  appeared  to  be the strongest  predictor  

for  teachers  smoking  behavior  (OR  4.789,  95%  CI: 1.757,  13.050).  However,  no  

statistically  significant  association  was  found between type of school, second-hand 

smoking and curriculum related factors and smoking behavior of the teachers 

(p>0.05).  

Rahman MS, Mondal MNI, Islam MR, Rahman MM, Hoque MN and Alam MS 

(2015) explored the different types of tobacco use, and to identify the determinant 

factors associated with the tobacco use among ever-married men in Bangladesh. Data 

of 3,771 ever-married men, 15–54 years of age were extracted from the Bangladesh 
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Demographic and Health Survey 2007. Prevalence rate, chi-square (Χ
2
) test, and 

binary logistic regression analysis were used as the statistical tools to analyze the data. 

Tobacco use through smoking (58.68%) was found to be higher than that of chewing 

(21.63%) among men, which was significantly more prevalent among the poorest, less 

educated, and businessmen. In bivariate analysis, all the socioeconomic factors were 

found significantly associated with tobacco use; while in multivariate analysis, age, 

education, wealth index, and occupation were identified as the significant predictors. 

Tobacco use was found to be remarkably common among males in Bangladesh. 

Rani M, Bonu S, Jha P, Nguyen SN and Jamioum L (2003) estimated the prevalence 

and the socioeconomic and demographic correlates of tobacco consumption in India. 

Cross sectional, nationally representative population based household survey was 

used. 315598 individuals 15 years or older from 91196 households were sampled 

National Family Health Survey-2 (1998-99). Data on tobacco consumption were 

elicited from household informants. Prevalence of current smoking and current 

chewing of tobacco were used as outcome measures. Simple and two way cross 

tabulations and multivariate logistic regression analysis were the main analytical 

methods. Thirty percent of the population 15 years or older-47% men and 14% of 

women-either smoked or chewed tobacco, which translates to almost 195 million 

people-154 million men and 41 million women in India. However the prevalence may 

be underestimated by almost 11% and 1.5% for chewing tobacco among men and 

women, respectively and by 5% and 0.5% for smoking among men and women, 

respectively, because of use of household informants. Tobacco consumption was 

significantly higher in poor, less educated scheduled castes and scheduled tribe 

populations. The prevalence of tobacco consumption increased up to the age of 50 

years and then leveled or declined. The prevalence of smoking and chewing also 

varied widely between different states and had a strong association with individual‟s 

sociocultural characteristics.  

Siahpush M, Mbiostat, Spittal M and Singh GK (2007) examined the association of 

smoking cessation with financial stress and material well-being. Data (n = 5699 at 

baseline) came from 4 consecutive waves (2001–2005) of the Household Income and 
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Labour Dynamics in Australia survey. The study used mixed models to examine the 

participant-specific association of smoking cessation with financial stress and material 

well-being. On average, a smoker who quits was expected to have a 25% reduction 

(P<.001; odds ratio [OR] = 0.75; 95% confidence interaval [CI] = 0.69, 0.81) in the 

odds of financial stress. Similarly, the data provided strong evidence (P<.001) that a 

smoker who quits is likely to experience an enhanced level of material well-being. 

The findings indicated that interventions to encourage smoking cessation are likely to 

improve standards of living and reduce deprivation. The findings provided grounds for 

encouraging the social services sector to incorporate smoking cessation efforts into 

their programs to enhance the material or financial conditions of disadvantaged 

groups.  

Sinha DN, Palipudi KM, Rolle I, Asma S and Rinchen S (2011) examined the 

prevalence of current tobacco use among youth and adults in selected member 

countries of the South-East Asia Region using the data from school and household-

based surveys included in the Global Tobacco Surveillance System. Global Youth 

Tobacco Survey (GYTS) data (years 2007-2009) were used to examine current 

tobacco use prevalence among youth, whereas Global Adult Tobacco Survey (GATS) 

data (years 2009-2010) were used to examine the prevalence among adults. GYTS is a 

school-based survey of students aged 13-15, using a two-stage cluster sample design, 

and GATS is a household survey of adults age 15 and above using a multi-stage 

stratified cluster design. Both surveys used a standard protocol for the questionnaire, 

data collection and analysis. Prevalence of current tobacco use among students aged 

13-15 varied from 5.9% in Bangladesh to 56.5% in Timor-Leste, and the prevalence 

among adults aged 15 and above was highest in Bangladesh (43.3%), followed by 

India (34.6%) and Thailand (27.2%). Reported prevalence was significantly higher 

among males than females for adults and youth in all countries except Bangladesh, Sri 

Lanka and Timor-Leste. Current use of tobacco other than manufactured cigarettes 

was notably higher than current cigarette smoking among youth aged 13-15 years in 

most countries of the Region, while the same was observed among adults in 

Bangladesh, India and Thailand, with most women in those countries, and 49% of 

men in India, using smokeless tobacco. 
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Spitz MR, Hong WK, Amos CI, WU X, Schabath MB, Dong Q, Shete S and Etzel CJ 

(2007) constructed and validated a comprehensive clinical tool for lung cancer risk 

prediction by smoking status. Epidemiologic data from 1851 lung cancer patients and 

2001 matched control subjects were randomly divided into separate training (75% of 

the data) and validation (25% of the data) sets for never, former and current smokers, 

multivariable models were constructed from the training sets. The discriminatory 

ability of the models was assessed in the validation sets by examining the areas under 

the receiver operating characteristic curves and with concordance statistics.  Absolute 

1-year risks of lung cancer were computed using national incidence and mortality 

data. An ordinal risk index was constructed for each smoking status category by 

summing the odds ratios from the multivariate regression analyses for each rick factor. 

All variables that had a statistically significant association with lung cancer 

(environmental tobacco smoke, family history of cancer, dust exposure, prior 

respiratory disease and smoking history variables) had strong biologically plausible 

etiologic roles in the disease. The concordance statistics in the validation sets for the 

never, former and current smokers model were 0.57, 0.63 and 0.58, respectively. The 

computed 1-year absolute risk of lung cancer for a hypothetical male current smoker 

with an estimated relative risk close to 9 was 8.68%. The ordinal risk index performed 

well in that true positive rates in the designated high-risk categories were 69% and 

70% of current and former smokers, respectively.  

Sultana P, Akter S, Rahman MM and Alam MS (2015) estimatd the prevalence and 

identified the socioeconomic and demographic correlates of tobacco smoking in 

Bangladesh. Secondary data had been used of size 9629 (male=4468 and 

female=5161) aged 15 years and above collected by the Global Adult Tobacco Survey 

(GATS), 2010. Principle Component Analysis (PCA) had been used to get the wealth 

index. Binary logistic regression model has been used to assess the predictors of 

current tobacco smoking. Prevalence of current tobacco smokers in Bangladesh was 

23.19 (48.28% male and 1.47% female) and the prevalence of current daily tobacco 

smokers was 21.16. Rural respondents were significantly more likely to smoke 

tobacco currently. Comparative to females, males were more likely to smoke currently 
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(adjusted OR=37.55, 95% CI=25.91, 54.41). Respondents of youngest age group (15-

24 yrs) were less likely to smoke currently than all other age groups and respondents 

with no formal schooling were more likely to smoke than respondents with all other 

levels of education. Businessmen, farmers and workers/day labours were more likely 

to smoke, and employee, students and respondents with other jobs were less likely to 

smoke. It was also found that respondents with lowest wealth index were most likely 

to smoke and respondents with higher wealth index were least likely to smoke. The 

results revealed that in Bangladesh, tobacco smoking was strongly associated with 

social disadvantage, for example, low socio-economic status, less education, stressed 

or low-paid job, etc.  

 

1.3 Aims and objectives of the study 

Tobacco is widely used and man made product. It is the primary cause of preventable 

illness and premature death. Though it offers us a life of slaver, a host of chronic, 

debilitating illness and ultimately death, the use of tobacco is not stopped. From 

literature review it is observed that few works already have been done in the related 

field (Rani M et al. 2003, Zorrilla-Torras B. 2005, Gupta PC et al. 2000, Pedenekar 

MS et al. 2008 and Sorensen G et al. 2005). But still tobacco related death is 

increasing and no serious anti-smoking efforts are made. The present study is 

motivated to fulfill this aspect. 

The specific objectives of the research are: 

 To investigate the pattern of tobacco use in Bangladesh.  

 To examine the prevalence and predictors of tobacco consumption (Smoked 

and Smokeless) among adults in Bangladesh.  
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1.4  Organization of the study  

The study has been carried out the following seven chapters maintaining the proper 

sequence. 

Chapter One: Introduction with background, the review of earlier studies, aims and 

objectives have been discussed in this chapter.  

Chapter Two: Chapter two presents the data source including study design. 

Methodology of the study has also been discussed in this chapter, too.   

Chapter Three: In this chapter characteristics of the study subject has been 

represented and some of their corresponding graphs have been presented. Descriptive 

analysis has been performed to know the characteristics of the study subjects. For that 

frequencies with percentages have been reported. 

Chapter Four: In chapter four pattern and prevalence of tobacco use (smoked, 

smokeless and both) among adults in Bangladesh have been reported. Current pattern 

of using tobacco products have been reported with prevalence and 95% confidence 

interval. P-values are obtained from Z-test for proportion. These test have been 

performed at 5% level of significance. Age adjusted and unadjusted prevalence have 

been reported also.  

Chapter Five: In chapter five, Reporting Odds Ratio and 95% CI of predictors of 

tobacco using from Binary Logistic Regressions among Adults by Socio-demographic 

and economic characteristics.   

Chapter Six: Chapter six provides the empirical findings on tobacco consumption 

among adults. The analysis covers the suitable techniques for using tobacco in 

different settings. Multilevel Logistic regression analysis have been performed on 

current tobacco consumption (smoked, smoking and smokeless) daily and compared 

with the result obtained from logistic regression analysis. Measures of association 

(odds ratio) and measures of variance (intra-class correlation (ICC), Median Odds 

Ratio (MOR)) were calculated, as well as the discriminatory accuracy by calculating 
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the area under the ROC curve (AUC). Interpretation of parameters have been done in 

terms of level of significance (p-value=0.05) and odds ratio.   

Chapter Seven: Chapter seven summarizes various findings of the study and 

concludes about the findings, contributions and limitations of the study and stating the 

policy implications necessary to decline the use of tobacco in Bangladesh.  
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CHAPTER TWO 

 

 

DATA AND METHODOLOGY 

 

 

2.1 Introduction 

 

In chapter one the background and objectives of the study have been discussed. 

It also reviews some important and relevant literature. In any study it is 

essential to mention the data source, to discuss and narrate the methodology of 

the study. In this chapter the data source, the study design and a general 

description of Questionnaire (information on tobacco use) have been discussed.  

 

2.2 Data Source 

 

For our study, we have used the data from Global Adult tobacco Survey (i.e. 

GATS: Version 2.0. Atlanta, GA: Centers for Disease Control and Prevention, 

2010). The survey was conducted in Bangladesh, Brazil, China, Egypt, India, 

Mexico, Philippines, Poland, Russia, Thailand, Turkey, Ukraine, Uruguay and 

Vietnam from 2008 to 2010. We will use only the data of Bangladesh which 

have information on 9629 respondents aged 15 years and above. The Global 

Adult Tobacco Survey (GATS) is a nationally representative household survey 

of men and women aged 15 years and above. It is designed to produce 

internationally comparable data on tobacco use and tobacco control measures 

using a standardized questionnaire, sample design, data collection, aggregation 

and analysis procedures. In Bangladesh, the survey was implemented by the 

National Institute of Preventive and Social Medicine (NIPSOM) with the 

collaboration of National Institute of Population Research and Training 

(NIPORT) and the Bangladesh Bureau of Statistics (BBS). The Centers for 

Disease Control and Prevention (CDC), United States, and the World Health 
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Organization provided technical assistance. [Global Adult Tobacco Survey, 

2010] 

 

 

2.3 Sampling design 

  

The sampling frame used for GATS, Bangladesh was the population census of 

the People‟s Republic of Bangladesh conducted by Bangladesh Bureau of 

Statistic (BBS). The survey was based on a three-stage stratified cluster sample 

of households. At the first stage 400 Primary Sampling Units (PSU)s (Mauza in 

rural and Mohalla in urban areas) were selected with probability proportional to 

size (PPS), followed by a random selection of one Secondary Sampling Unit 

(SSU) per selected PSU. At the third stage households were selected 

systematically within the listed households from a selected SSU. SSUs were 

based upon Enumeration Areas (EA) from the Bangladesh Agricultural Census. 

These selected EAs were updated with mapping and listing. Typically these 

EAs consisted of 200 household units in Mauzas and 300 household units in 

each Mohalla. The explicit stratification used at the first stage of selection 

based upon urban (Mahalla) and rural (Mauza) designation of BBS. Each list of 

rural and urban geopolitical units was implicitly stratified by division, and 

within division by the percent literacy of women in each Mahalla and Mauza. 

Data were collected from 200 urban and 200 rural primary sampling units 

(mauza in rural and mohalla in urban areas). Sample design for Bangladesh 

consists of 400 PSUs, 200 in urban areas and 200 in rural areas. After 

accounting for possible non-response and eligibility rates, it was determined to 

have an average of 28 households per selected SSU resulting in a total sample 

size of 11200 non-institutionalized households from all 6 administrative 

divisions covering 95.5% of the total population. As per design, one respondent 

was randomly selected for the interview from each selected eligible household 

to participate in the survey. The Bangladesh sample design provides cross-
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sectional estimates for the country as a whole as well as by urban, rural and 

gender.  

Details about the study design will be found in Global Adult Tobacco Survey 

Collaborative Group. 2010a. Global Adult Tobacco Surveys (GATS): Sample 

Design Manual. [http:// www.cdc.gov/tobacco/global/gats.]  

 
From the Figure 2.1 below we observed the hierarchical structure of the data. 

 

Figure 2.1: Sampling design of GATS in Bangladesh. 

 

 

 

 

 

 

 

http://www.cdc.gov/tobacco/global/gats
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2.4 Questionnaire 

A general description of the GATS Bangladesh questionnaire is described 

below.  

• Background characteristics: Gender, Residence, age, education, work 

status, wealth index. 

• Tobacco smoking: Patterns of use (daily consumption, less than daily 

consumption, not at all), former/past tobacco consumption, age of 

initiation of daily smoking, consumption of different tobacco products, 

(cigarettes, pipes, cigars and other smoked tobacco), nicotine dependence, 

frequency of quit attempts. 

• Smokeless tobacco: Patterns of use (daily consumption, less than daily 

consumption, not at all), former/past use of smokeless tobacco, age of 

initiation of daily use of smokeless tobacco, consumption of different 

smokeless tobacco products (snuff, chewing tobacco, betel quid, etc.), 

nicotine dependence, frequency of quit attempts. 

• Cessation: Advice to quit smoking by health care provider, method used to try 

to stop smoking. Similar questions were included about cessation of smokeless 

tobacco use as well. 

• Secondhand smoke (SHS): Smoking allowed in the home; exposure to SHS at 

home; indoor smoking policy at the workplace; exposure in last 30 days in: 

workplace, government buildings/offices, health care facilities, restaurants, 

public transportation. There were some additional optional items on exposure 

that included schools, universities, private workplaces, bars, night clubs, etc., as 

well as knowledge about serious illness in non-smokers due to SHS. 

• Economics: Type of tobacco product and quantity bought, cost of tobacco 

product (s), brand and type of product purchased, and source of tobacco 

products. 

• Media: Exposure to tobacco advertising on television, radio, billboards, posters, 

newspapers/magazines, cinema, Internet, public transportation, public walls, and 

others; exposure to sporting events connected with tobacco; exposure to music, 

theatre, art or fashion events connected with tobacco; exposure to tobacco 
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promotion activities; reaction to health warning labels on cigarette 30 packages; 

and exposure to anti-tobacco advertising and information. Similar questions 

were included for smokeless tobacco as well. The reference period for the 

questions in this section was 30 days. 

• Knowledge, attitudes and perceptions: Knowledge about the health effects of 

both smoking and smokeless tobacco. 

 

Details about the questionnaires can be found in Global Adult Tobacco Survey Collaboration 

Group, 2010. Global Adult Tobacco Survey (GATS). Core Questionnaire with Optional 

Questions, version 2.0, Atlanta, GA: Centers for Diseases Control and Prevention. 

http://www.cdc.gov/tobacco/global/gats. 
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2.5 Methodology 
 

Various statistical methodology have been used to analyze the data. Descriptive 

statistics have been computed to obtain the basic information about the 

respondents. For that frequencies with percentages have been reported.  

Frequencies indicate the number of cases (respondents), which falls into each 

of the available categories. Frequencies can be displayed in terms of counts or 

percentages. Frequencies are usually displayed by means of frequency tables, 

but can also be displayed graphically in graphs and charts. Suitable graphs to 

display frequencies for categorical data are bar charts or pie charts. 

Graphical representation of a frequency distribution is more effective than 

tabular representation and it is also easily comprehensible. Diagram is essential 

to convey the statistical information to the general public. It also facilitates the 

comparison of two or more frequency distribution. Data presented in the form 

of tables give good information in concise form. Tables provide all relevant 

information of the data. Apart from tabular presentation, graphical presentation 

of data has also become quite popular. It gives visual information in addition to 

magnitudes. Furthermore, comparisons and changes in the data can be well 

visualized when presented in graphical form. A very useful part of graphical 

presentation is the interpretation of the graphs. In every graph we should try to 

interpret the data. But these may broadly be categorized into the following:  

 

– Bar chart 

– Pie chart 

– Histogram 

– Frequency polygon 

– Pareto chart 

– Frequency curve 

– Line diagram. 
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Bar charts are used for categorical data or metric data that are transformed 

into categorical data. Categories are shown on the horizontal axis. Frequency, 

percentage, or proportion is shown on the vertical axis. Bars are separated from 

each other to emphasize the distinctness of the categories. The bars must be of 

the same width. The length of each bar is proportional to the frequency, 

percentage, or proportion in the category. Levels ought to be provided on both 

axes. 

Like bar charts, pie charts are also used for categorical data. A circle is divided 

into segments, the areas of which are proportional to the values in the question. 

But the areas are proportional to the angles the corresponding segments make 

at the center of the circle. Thus, segments of the circle are cut in such a way 

that their values are proportional to the angles. Histograms are used for metric 

data but converted to categories. These are somewhat similar to bar charts. 

However, there are some important features in histograms. The blocks in 

histograms are placed together one after another. These are not separated. 

Classes are ordered on the horizontal axis, with scores increasing from left to 

right. Areas of the blocks are proportional to the frequencies. If the class 

intervals are of equal width, the heights of the blocks/rectangles are 

proportional to the frequencies. If the class intervals are of unequal width, the 

blocks/rectangles are drawn in such a way that the areas of the 

blocks/rectangles are proportional to the frequencies. However, it is easier to 

interpret the histograms, if the class intervals are of equal width.  

Frequency Polygon is also a graphical presentation of frequency distribution. 

It is more convenient than the histogram. The midpoints of the upper extremes 

of the blocks of the histogram are joined by straight lines. The first and the last 

parts of the polygon are to be brought to the horizontal axis at a distance equal 

to half of the class width. A pareto chart is a bar chart for count (discrete) 

data. It displays the frequency of each count on the vertical axis and the count 

type on the horizontal axis. The count types are always arranged in descending 

order of frequency of occurrence. The most frequent occurring type is on the 

left, followed by the next–most frequently occurring type, and so on. Bars are 
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placed side by side with no gap between the adjacent ones. A segmented line is 

also drawn to depict the relative cumulative frequency distribution. Pareto 

charts are useful, among other uses, in the analysis of defect data in 

manufacturing system, construction management, and others, and is an 

important part of quality improvement program since it allows the management 

and engineers to focus attention on the most critical defects in a production or 

process. Line diagrams are drawn by plotting the values of two continuous 

variables. These show trends or changes in one variable resulting from changes 

in the other. One important application of the line diagram is to study the 

changes of various economic indicators over time. Line diagrams may be 

presented in the form of continuous lines or segmented lines depending on the 

phenomenon under study. Frequency curve is a smoothed frequency polygon. It 

is produced by plotting the absolute frequency of an infinitesimally small range 

of a continuous variable.  It is a theoretical distribution. 

A test of proportion will assess whether or not a sample from a population 

represents the true proportion from the entire population. The steps to perform 

a test of proportion using the critical value approval are as follows:  

(1) State the null hypothesis H0 the alternative hypothesis HA.  

(2) Calculate the test statistic: 

 

n

pp

pp
z
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ˆ




  

Where p0 is the null hypothesized proportion i.e., when H0: p=p0 

(3) Determine the critical region. 

(4) Make a decision. Determine if the test statistic falls in the critical region. If 

it does, reject the null hypothesis. If it does not, do not reject the null ypothesis. 

 To test for significance of association between variables, the Chi-square tests 

were used. The  null  hypothesis  of  no  relationship  between  the  dependent  

variable  and  the determinant variable is rejected if the p-value of the Chi-

square (χ2 ) statistic is less than 5%. The relationships between variables were 

estimated using regressions.  Logistic regression is useful when the response 
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variable is categorical in nature. For comparison, statistical testing procedure 

such as Chi-square test, and compute p-value. P-value tells us whether the 

variables are statistically and significantly associated or not. If the p-value is 

smaller than 0.05, we know the results are statistically significant at 5% level. 

Chi Square Test  

 The "theoretical frequency" for a cell, given the hypothesis of independence, is 
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where N is the total sample size (the sum of all cells in the table).  

 

The value of the test-statistic is 
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 =Pearson's cumulative test statistic, which asymptotically approaches a 2


distribution. 

ji
O

,
= an observed frequency; 

ji
E

,
= an expected (theoretical) frequency, asserted by the null hypothesis; 

n = the number of cells in the table. 

Fitting the model of "independence" reduces the number of degrees of freedom 

by p = r + c − 1. The number of degrees of freedom is equal to the number of 

cells rc, minus the reduction in degrees of freedom, p, which reduces 

to (r − 1)(c − 1). Where r is the number of levels for one categorical variable, 

and c is the number of levels for the other categorical variable. 

The approximation to the chi-squared distribution breaks down if expected 

frequencies are too low. It will normally be acceptable so long as no more than 

20% of the events have expected frequencies below 5. Where there is only 1 

degree of freedom, the approximation is not reliable if expected frequencies are 

below 10. In this case, a better approximation can be obtained by reducing the 

absolute value of each difference between observed and expected frequencies 

by 0.5 before squaring; this is called Yates's correction for continuity. In cases 

where the expected value, E, is found to be small (indicating either a small 

underlying population probability, or a small number of observations), the 

http://en.wikipedia.org/wiki/Chi-squared_distribution
http://en.wikipedia.org/wiki/Degrees_of_freedom_%28statistics%29
http://en.wikipedia.org/wiki/Yates%27s_correction_for_continuity
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normal approximation of the multinomial distribution can fail, and in such 

cases it is found to be more appropriate to use the G-test, a likelihood ratio-

based test statistic. Where the total sample size is small, it is necessary to use 

an appropriate exact test, typically either the binomial test or (for contingency 

tables) Fisher's exact test; but note that this test assumes fixed and known 

marginal totals.  

In statistics, G-tests are likelihood-ratio or maximum likelihood statistical 

significance tests that are increasingly being used in situations where chi-

squared tests were previously recommended.  

The general formula for G  is  

  

i

iii
EOOG /ln2 , 

where 
i

O  is the observed frequency in a cell, 
i

E  is the expected frequency on 

the null hypothesis, and the sum is taken over all cells, and where ln denotes 

the natural logarithm(log to the base e) and the sum is taken over all non-empty 

cells.  

Fisher's exact test is a statistical significance test used in the analysis of 

contingency tables. Although in practice it is employed when sample sizes are 

small, it is valid for all sample sizes. It is named after its inventor, R. A. Fisher, 

and is one of a class of exact tests, so called because the significance of the 

deviation from a null hypothesis can be calculated exactly, rather than relying 

on an approximation that becomes exact in the limit as the sample size grows to 

infinity, as with many statistical tests.  

In statistics, Yates's correction for continuity (or Yates's chi-squared test) is 

used in certain situations when testing for independence in a contingency table. 

In some cases, Yates's correction may adjust too far, and so its current use is 

limited. Using the chi-squared distribution to interpret Pearson's chi-squared 

statistic requires one to assume that the discrete probability of observed 

http://en.wikipedia.org/wiki/G-test
http://en.wikipedia.org/wiki/Likelihood-ratio_test
http://en.wikipedia.org/wiki/Binomial_test
http://en.wikipedia.org/wiki/Fisher%27s_exact_test
http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Likelihood_ratio_test
http://en.wikipedia.org/wiki/Maximum_likelihood
http://en.wikipedia.org/wiki/Statistical_significance
http://en.wikipedia.org/wiki/Statistical_significance
http://en.wikipedia.org/wiki/Chi-squared_test
http://en.wikipedia.org/wiki/Chi-squared_test
http://en.wikipedia.org/wiki/Natural_logarithm
http://en.wikipedia.org/wiki/E_(mathematical_constant)
http://en.wikipedia.org/wiki/Statistical_significance
http://en.wikipedia.org/wiki/Contingency_table
http://en.wikipedia.org/wiki/Sample_(statistics)
http://en.wikipedia.org/wiki/Ronald_Fisher
http://en.wikipedia.org/wiki/Exact_test
http://en.wikipedia.org/wiki/Null_hypothesis
http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Independence_(probability_theory)
http://en.wikipedia.org/wiki/Contingency_table
http://en.wikipedia.org/wiki/Chi-squared_distribution
http://en.wikipedia.org/wiki/Pearson%27s_chi-squared_test
http://en.wikipedia.org/wiki/Pearson%27s_chi-squared_test
http://en.wikipedia.org/wiki/Discrete
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binomial frequencies in the table can be approximated by the continuous chi-

squared distribution. This assumption is not quite correct, and introduces some 

error. To reduce the error in approximation, Frank Yates, an English 

statistician, suggested a correction for continuity that adjusts the formula for 

Pearson's chi-squared test by subtracting 0.5 from the difference between each 

observed value and its expected value in a 2 × 2 contingency table. This 

reduces the chi-squared value obtained and thus increases its p-value. The 

effect of Yates's correction is to prevent overestimation of statistical 

significance for small data. This formula is chiefly used when at least one cell 

of the table has an expected count smaller than 5. Unfortunately, Yates's 

correction may tend to overcorrect. This can result in an overly conservative 

result that fails to reject the null hypothesis when it should (a type II error).  

So it is suggested that Yates's correction is unnecessary even with quite low 

sample sizes, such as:  

20

1




N

i

i
O  

The following is Yates's corrected version of Pearson's chi-squared statistic:  
 

 
2

1

2
5.0







N

i i

ii

Yates

E

EO
  

where 

i
O = an observed frequency 

i
E = an expected (theoretical) frequency, asserted by the null hypothesis 

N= number of distinct events. 
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Logistic Regression 

Many tobacco related studies have employed logistic regression in their 

analysis (Abdullah et al., 2011; Chen et al., 2009; Khan et al., 2009; Palipudi et 

al., 2012; Rahman et al., 2011). The main reason is to deal with variables that 

are categorical. Linear regression cannot deal with dependent variables that are 

categorical in nature and the alternatives are a number of regression techniques, 

including logistic regression (Agresti, 2007). Frequently "logistic regression" 

refers to the technique for problems in which the dependent variable is 

dichotomous (the category of dependent variable is limited to two categories). 

When there are more than two categories, the techniques are referred to as 

multinomial logistic regression and if the multiple categories are ordered, then 

ordinal logistic regression is used (Bender & Grouven, 1997; Chan, 2004). 

Logistic regression was used to predict the outcome of a categorical dependent 

variable based on one or more independent variables. The categories or groups 

of the dependent variables are mutually exclusive and exhaustive, that is a case 

can only be in one group or the other, and every case must be a member of one 

of the groups. Large sample sizes are recommended since maximum likelihood 

estimators for the coefficients are large sample approximations. Therefore, the 

recommendation for logistic regressions should be at least 50 cases per 

predictor (Bender & Grouven, 1997).The maximum likelihood (or ML) 

estimation is used to fit the model. To test the significance of the logistic 

regression, two hypotheses are of interest (a) null hypothesis, which states that 

all the coefficients in the regression equation take the value zero, and (b) 

alternative hypothesis that the model with predictors currently under 

consideration is significant and differs from the null value of zero, i.e. is 

considerably better than the chance or random prediction. The log likelihood 

(LL) is the basis for tests of a logistic model and is based on –2LL ratio. This is 

a test of significance of difference between the likelihood ratio (–2LL) for the 

investigator‟s model with predictors minus the likelihood ratio for the baseline 

model with only a constant in it (Chan, 2004). The Hosmer and Lemeshow (H-

L) test for binary logistic regression, and Pearson and Deviance tests for 
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multinomial and ordinal logistic regressions are used to measure the goodness 

of fit of the model. Moreover, the Pseudo R2 (Cox & Snell, Nagelkerke, and 

McFadden) statistics are for measuring the strength of association between the 

dependent and independent variables. The overall classification accuracy (in 

percent) shows the percentage of cases that are correctly classified by the 

model (Chan, 2004). However, in ordinal logistic regression, tests of parallel 

lines are used with the assumption that the relationships between the predictor 

variables and the logits are same for all the logits (Bender & Grouven, 1997) 

Logistic regression is useful for situations in which we want to be able to 

predict the presence or absence of a characteristic or outcome based on values 

of a set of predictor variables. It is similar to a linear regression model but is 

suited to models where the dependent variable is dichotomous. Logistic 

regression coefficients can be used to estimate odds ratios for each of the 

independent variables in the model. Logistic regression is applicable to a 

broader range of research situations than discriminant analysis. Logistic 

regression is more applicable because of its distribution free assumption of the 

categorical independent variable. Interpretation of logistic regression can be 

done in terms of odd ratio, which may be the fundamental reason why logistic 

regression has proven such a powerful tool for epidemiologic research. In the 

analysis of dichotomous outcome or response variable many distribution 

functions have been proposed for use. Discussing some of these, Cox suggested 

the logistic distribution. The logistic distribution preferred for two primary 

reasons:  

1. From a mathematical point of view, it is an extremely flexible and easily 

used function. 

2. It lands itself to a biologically meaningful interpretation.  

Logistic regression model consider a categorical variable (dichotomous 

variable) as of dependent variable.  

 

Let Y is a dichotomous dependent variable, which take value 0 and 1. Thus  
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
i

Y
 

 


 

 

1,   if the individual uses tobacco during the study 

0,   otherwise 

where,  i = 1,2,...........................n. 

 

Also consider a collection of k independent variables which will be denoted by 

the vector  

 
k

XXXX ,,,
21

  and   be a   11 K  vector of unknown parameters.  

For simplification, we will use the quantity    XYPX 1   the probability 

that the event occurs conditional on the value of X. 
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1                              1.2  

 

And 

                         
 



i

i

x
XXYP

exp1

1
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
                                2.2  

 

 

The central part of logistic regression in a transformation of  X  is known as logit 

transformation. Which is defined in terms of  X , as follows:  

   
 

 







i

i

i

ii
x

x
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XitXg 













1
loglog  

          
ikkii

xxxg   
110

                    3.2  

 

which is the logit of the multiple logistic regression models. The logit,  Xg  is 

linear in its parameters and has many of the desirable properties of linear 

regression model. The logit,  Xg  may be continuous and depending on the 

range of X it may range from - to   (Hosmer and Lemeshow, 1989). 
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Model Diagnostics 

After estimating the Logistic regression model parameters using the maximum 

likelihood estimator, there is a need to assess the significance of the variables 

with regards to predicting the response variable. There are a number of 

statistics that can be used to carry out the assessment and these include 

deviance, likelihood ratio, Wald test and Score Test. These tests are discussed 

in the sections below. 

For testing the significance of the parameters of logistic regression model 

following test procedures are usually used  

1. Likelihood ratio test 

2. Score test  

3. Wald test 

 

Likelihood ratio test is a general test procedure introduced by Neyman and 

Pearson in 1928 is known as the likelihood ratio test. This test is based on 

maximum likelihood estimates. The likelihood ratio test can be used for 

testing a sample or composite hypothesis against a simple or composite 

hypothesis.  

In logistic regression, the likelihood ratio test used for testing the overall 

significance of coefficient for all the parameters. Our hypotheses are as follows  

0:
210


p

H    

                            against,   :
1

H At least one of them is not equal to zero 

The likelihood ratio test is based on the ratio of two likelihood functions.  

 

The comparison of observed values to predicted values using the likelihood 

function is based on the following expression:  

                                               














1

0
ln

L

L
D  

where,     
0

L =Likelihood function for the current model.  

                 
1

L =Likelihood function for the standard model 
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A standard model is one that contains as many parameters as there are in the 

data set. The quantity inside the brackets in the above expression is called the 

likelihood ratios and a test based on it is called likelihood ratio test. The 

statistic D is equation    is called the deviance by McCullagh and Nelder 

(1985) and plays a central rate in some approaches to assessment of goodness 

of fit. For assessing the significance of an independent variable we compare the 

value of D with and without the independent variable in the equation. The 

effect of including the independent variable in the model can be obtained by G 

as follows  

       G = D(for the model without the variable)-D(for the model with the 

variable)  

 

i.e. G measure the change in D due to inclusion of the independent variable in 

the model, G can be expressed as  

 

 










)var

)var(
log

iablethewithLiklihood

iablethewithoutLiklihood
G  

 

Under the null hypothesis that s
i

   (i=1,2,........,p) are equal to zero, the 

statistics G follows chi-square distribution with p degrees of freedom. If the 

null hypothesis is rejected we may conclude that all the coefficient is not equal 

to zero i.e. at least on of the coefficient  
i

  has significant effect.  

Robert F. Engle showed that the Wald test, the likelihood-ratio test and the 

Lagrange multiplier test (also known as the score test) are asymptotically 

equivalent.  

We have used Wald test, Wald theory for testing the significance of the 

parameters of logistic regression model are discussed.   

The Wald test procedure was introduced by Wald in 1943 and named according 

to his name.  

http://en.wikipedia.org/wiki/Robert_F._Engle
http://en.wikipedia.org/wiki/Likelihood-ratio_test
http://en.wikipedia.org/wiki/Score_test
http://en.wikipedia.org/wiki/Asymptotic_distribution
http://en.wikipedia.org/wiki/Asymptotic_distribution
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A Wald test can be used in a great variety of different models including models 

for dichotomous variables and models for continuous variables. In logistic 

analysis due to the nature of maximum likelihood estimation Wald test has a 

definite advantage over the likelihood ratio test. But it has the same assumption 

as those of likelihood ratio test, when the overall null hypothesis  

0:
210


p

H    is rejected then to identify the significant 

coefficient Wald test is used.  

The Wald test is obtained by comparing the maximum likelihood estimate of 

any parameter to the estimate of its standard error. For testing  

0:
0


i

H   

                                            against,  0:
1


i

H                  for pi ,.....,2,1,0            

the univariate Wald statistic is defined as  

                                 
 

i

i

i

ES
W









                                        4.2  

where 
i




 is maximum likelihood estimate of 
i

  and  
i

ES 


.  denotes the 

standard error of 
i




. Under the null hypothesis 
i

W  follows a standard normal 

distribution.  

The multivariate of the Wald test can be expressed as  

                                        
 1

var


W                                      5.2  

where, 


 is the maximum likelihood estimate of vector of parameter   and 

 


var  is the estimated variance-covariance matrix, which is the inverse of the 

information matrix.  

 

 

 

Under the null hypothesis  

0:
210


p

H    

W  follows Chi-square distribution with k degrees of freedom.  

http://en.wikipedia.org/wiki/Dichotomous
http://en.wikipedia.org/wiki/Variable_%28mathematics%29
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Wald test has the limitation that it behaved in an aberrant manner and often 

failing to reject the null hypothesis when the coefficient is significant, which 

was examined by Hauck and Donner (2012).  

For testing whether the overall effect in significant or not the score test is used. 

We assumed that the asymptotic distribution of score vector is known and Cox 

and Hinkly (1974) showed that under the following regularity condition score 

vector U    is asymptotically normally distributed with mean 0 and variance-

covariance matrix I   .  

The regularity conditions are;  

1. The order of integration and differentiation are interchangeable. 

2.  The dimension of the parameter space   is finite and the value of the 

parameter is interior to . 

3. The probability distributions for different values of   are distinct.   

4. The first two derivatives of log-likelihood with respect to   exist in the 

neighborhood of the true parameter value.  

 

Under above regularity conditions the central limit theorem can be applied to 

the above score vector U   . As a result U    follows asymptotically normally 

distributed with mean vector 0 and variance-covariance matrix   I .  

For   be the (p+1) vector of parameters the hypothesis can be written as 

                          
00

:  H        

Against,             
01

:  H  

Under the null hypothesis the score statistic U  
0

  is asymptotically normally 

distributed with mean vector 0 and variance-covariance I  
0

 .  

Then we can define the test statistic for score test as,  

                            
0

1

00

2

 UIU
sc



                                       ..................(2.4) 

 

where, 2

sc
  follows an asymptotic chi-square distribution with p degrees of 

freedom.    
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From the chi-square distribution table with p.d.f. we can get the value of 

2

, yp 
  at  %   level of significance. If 

2

sc
 >

2

, yp 
 then we may reject the 

null hypothesis at  % level of significance. We may conclude that the   may 

not be equal to
0

 .    

As in linear regression model interpretation of parameters in logistic regression 

model is not so straightforward. Interpretation of parameters in logistic 

regression model can be done in terms of following two ways:  

1. Interpretation in terms of logit. 

2. Interpretation in terms of odds ratio. 

 

(1) The logit transformation of logistic regression model is called the logit. The 

logit is defined as  
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                 7.2  

which is linear in parameters.  

 

According to linear regression model, we can interpret the 

 pj
j

,,2,1;   represents the rate of change in   xit log  for one unit 

changes in 
j

x  given other variables remaining constant.  

 

 

 

(2) from logistic regression model we have,  
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where,  x  is the proportion of individuals with outcome being present for 

given x . And proportion of individuals with outcome being absent for given x  

is as follows,  

 
 

ppii
xxx

x




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110
exp1

1
1  

Now, the odds of outcome being present for given x  is defined as,  

 
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110
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Now we consider the situation where the independent variable is dichotomous. 

It is the simplest case and will provide the conceptual foundation for all the 

other situations. We assume that 
i

x  takes value 0 and 1, and then the odds ratio 

denoted by OR is defined as the ratio of the odds for 
i

x =1 to the odds for 
i

x =0 

and is given by,  
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i
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Now log of the odds ratio is defined as,  

                                        
i

ggOR  01log  

which is the logit difference or log-odds, where  xg  is the logit as defined 

previously. Thus, we can get the estimate of the coefficients of a logistic 

regression model directly from RO


log  can easily be interpreted. That is the 

main reason why logistic regression is proved such a powerful analytic tool for 

epidemiologic research.  

Logistic regression is not dependent on stringent assumption to be met as 

compared to linear regression. The fact that logistic regression analysis does 

not require a lot of assumptions renders it more preferable in some instances to 

other methods. 
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The following details how it differs from other techniques:  

 The error terms are with a mean of zero and a variance of  (x)[1-  (x)]. 

           (Hosmer and Lemshow, 2000)  

 The conditional mean of the regression equation is greater than or equal 

to 0 and less than or equal to 1.  

 The same principles used when conducting linear regression also apply 

but the difference is only that the equation will be modeling the log odds 

and not the actual relationship among variables. 

The Pseudo R
2 

There  are  several R
2
-like  statistics  that  can  be  used  to  measure  the  

strength  of association between the dependent and predictor variables. They 

are not as useful as the R
2
coefficient in regression, since their interpretation is 

not straightforward (Hausman &  McFadden,  1994).  For logistic regressions, 

Pseudo R
2 

shows the percentage of variation in the outcome variable that is 

explained by the logistic regression model.  

Goodness-of-fit Test 

In  binary  logistic  regression,  Hosmer  and  Lemeshow  (H-L)  goodness  of  

fit  test  tells how closely the observed and predicted probabilities match. Also 

Hosmer and  Lemeshow  (H-L)  goodness  of  fit statistic was another test that 

was used to assess the model fit. The method is similar to chi-squre goodness 

of fit. A very small Hosmer-Lemshow test statistic is desirable and a P-value 

greater than 0.05 indicates that the data model was acceptable. For multilevel 

logistic  regressions,  the  test  compares  whether  the  model  produces  

adequate  accurate predictions  compared  to  the  null  model  (intercept  only).  

Moreover,  goodness-of-fit (measured  by  Pearson  and  Deviance  statistics)  

also  shows  whether  the  model adequately fits the data.  If the model fits well, 

the observed and expected cell counts will be very close, the value of the test 

statistic will be small and the null hypothesis cannot be rejected. It should be 

mentioned that if the categorical predictor has many levels or grouping, there 

may be cells with a small number of expected counts or many cells with  zero  

frequencies.  In  that  case  these  tests  may  not  produce accurate or 
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dependable  goodness-of-fit  test  results.  In such cases,  it  would  be  better  

to  use  the Pseudo R
2 

(Cox  &  Snell,  Nagelkerke,  and  McFadden)  statistics  

to  investigate  to  what extent  the  proposed  model  is  an  improvement  over  

the  null  model  and  the  overall classification accuracy (Agresti, 2007;  Chan, 

2004).  

 

Multilevel logistic regression analysis 

Multilevel logistic regression models allow one to account for the clustering of 

subjects within clusters of higher-level units when estimating the effect of 

subject and cluster characteristics on subject outcomes. A search of the 

PubMed database demonstrated that the use of multilevel or hierarchical 

regression models is increasing rapidly. However, our impression is that many 

analysts simply use multilevel regression models to account for the nuisance of 

within-cluster homogeneity that is induced by clustering. In this article, we 

describe a suite of analyses that can complement the fitting of multilevel 

logistic regression models. These ancillary analyses permit analysts to estimate 

the marginal or population-average effect of covariates measured at the subject 

and cluster level, in contrast to the within-cluster or cluster specific effects 

arising from the original multilevel logistic regression model (Austin PC et al., 

2017).   

Multilevel modeling techniques were developed to help analysts avoid 

erroneous conclusions from using inappropriate analysis procedures, such as 

using OLS regression with unadjusted standard errors when analysis nested 

data. In a multilevel model the associations between the dependent variable and 

the independent variables are expressed as regression coefficient and 

interpreted in the same way as OLS regression coefficients. However, in a 

multilevel regression analysis the co-efficients refers to specific levels (for 

example, students within schools) in the nested data. There are several method 

in Multilevel logistic regression analysis: Laplace Approximation, Numerical 

integration and Gauss-Hermite quadrature. 
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In the context of generalized linear mixed models Gauss-Hermite quadrature is 

a method of approximating the integral used in the calculation of the log 

likelihood. The quadrature location and weights for individual clusters are 

fixed during the optimization. Method selection allows us to specify how the 

analysis was performed. We use Gauss-Hermite quadrature method to construct 

multilevel logistic regression models from the same set of variables. 

Due to this nested structure, the odds of adults experiencing the outcome of 

interest  are  not  independent,  because  adult  from  the  same  cluster  may  

share common exposure to community characteristics. The response variable is 

a binary and hence multilevel logistic regression model is a natural choice for 

modeling. First we introduce two level logistic regression model. For the two-

level model let Yij be the binary outcome variable, coded „0‟ or „1‟ associated 

with level-1 unit i nested within level-2 unit j.  Also let 
ij

p  be the probability 

that the response variable equals 1, i.e.  
ij

p = Pr(Yij= 1). Here, Yij follows a 

Bernoulli distribution. Like logistic regression the 
ij

p  is modelled using the 

logit link function.  The two-level logistic regression model with a single 

explanatory variable can be written as,  

ln















ij

ij

p

p

1
=

jij
ux 

10
                          (1) 

where 
j

u is the random effect at level 2, which is a random quantity following 

distribution  2
,

u
ON  . The model (can be written as follows splitting up into 

two models: one for level 1 and the other for level 2.  

ln















ij

ij

p

p

1
=

jijj
ux 

10
               [model : level-1] 

and                          
jj

u
00

                                        [model : level-2] 

The multilevel logistic regression model can not be derived in the way simple 

logistic regression model is derived. This model (1) can be derived through a 

latent or hidden variable conceptualization (Khan MHR et al., 2011). 
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The proportion of variance in the dependent variable that lies between groups. 

ICC is useful measure for describing reliability and validity within a set of data. 

An intra-class correlation tells you about the correlation of the observation 

(cases) within a cluster. We chose to calculate the ICC based on the latent 

response formulation of the model as it is the approach most widely adopted in 

applied work. This formulation assumes a latent continuous response underlies 

the observed binary response and it is this latent response for which the ICC is 

calculated and interpreted. The higher the ICC, the more relevant cluster 

context is for understanding individual latent response variation (Goldstein H et 

al., 2002). The ICC is calculated as  

3

2

2

2











u

u  

 

Where 
3

2


 denotes the variance of a standard logistic distribution. (Note that 

here π denotes the mathematical constant 3.1416. . ., not the probability.) 

The intraclass correlation coefficient ranges from 0 to 1 and is used to estimate 

the degree of statistical dependency, all of the variance would be expected to 

lie among individuals, and the intraclass correlation coefficient would be zero 

or close to zero. Conversely, with highly dependent data, the largest proportion 

of variance would lie among groups, and so the intraclass correlation 

coefficient would be closer to 1 (Marlo J et al., 2016)  

The MOR (Larsen K et al., 2000) is an alternative way of interpreting the 

magnitude of the cluster variance. The MOR translates the cluster variance 

estimated on the log-odds scale, to the widely used OR scale. This makes the 

MOR comparable with the OR of individual and cluster covariates. The MOR 

is defined as the median value of the distribution of ORs obtained when 

randomly picking two individuals with the same covariate values from two 

different clusters, and comparing the one from the higher risk cluster to the one 

from the lower risk cluster. In simple terms, the MOR can be interpreted as the 
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median increased odds of reporting the outcome if an individual moves to 

another cluster with higher risk. The MOR is calculated as 

 

MOR=exp   






 


75.02
12

u
  

 

where  
 1 represents the inverse cumulative standard normal distribution  

function. In absence of cluster variation (i.e., 0
2


u

 ), the MOR is equal to 1. 

 The deviance information criterion (DIC) is widely used for Bayesian model 

comparison, despite the lack of a clear theoretical foundation. DIC is shown to 

be an approximation to a penalized loss function based on the deviance, with a 

penalty derived from a cross-validation argument. This approximation is valid 

only when the effective number of parameters in the model is much smaller 

than the number of independent observations. In disease mapping, a 

typical application of DIC, this assumption does not hold and DIC under-

penalizes more complex models. Another deviance-based loss function, derived 

from the same decision-theoretic framework, is applied to mixture models, 

which have previously been considered an unsuitable application for DIC. DIC 

is intended as a  generalization of Akaike‟s Information Criterion (AIC). For 

non-hierarchical model with little prior information, p approximately the true 

number of parameters. AIC requires counting parameters and hence any 

intermediate level („random-effects‟) parameters need to be integrated out.  

 

AIC = -2logp(L) + 2p 

 

where L refers to the likelihood under the fitted model and p is the number of 

parameters in the model. 2p is a penalty term, adjusting for the number of 

predictors in the model. Larger n affects -2logL. In hierarchical models these 

three techniques are essentially answering different prediction problems. AIC is 

a valid procedure to compare non-nested models. AIC is a better estimator of 

predictive accuracy, whereas BIC (see below) is a better criterion for 

determining process (Kuha J, 2004). Detractors contend that AIC tends to over 
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fit the data (Bozdogan H, 1987). Note if your model or data are severely over 

dispersed AIC will result in biased outcomes and other model selection 

procedures are more appropriate.  

Another widely used information criteria is the BIC. Unlike Akaike 

Information Criteria, BIC is derived within a Bayesian framework as an 

estimate of the Bayes factor for two competing models (Schwarz, 1978; Kass 

and Rafftery, 1995). BIC is defined as: 

 

BIC=-2logp(L)+plog(n)  

 

Superficially, BIC differs from AIC only in the second term which now 

depends on sample size n. Models that minimize the Bayesian Information 

Criteria are selected. From a Bayesian perspective, BIC is designed to find the 

most probable model given the data. Performance of the model selection 

criteria in selecting good models for the observed data is examined using 

simulation studies. Such a comparison is not straight forward and even its 

relevance could be questioned, given that the two criteria are based on different 

theoretical motivations and objectives. However, for application purpose, the 

Akaike Information Criteria and the Bayesian Information Criteria do have the 

same aim of identifying good models even if they differ in their exact 

definition of a “good model”. Comparing them is thus justified, at least to 

examine how each criterion performs according to recovery of the correct 

model or how they behave when both should prefer the same model (Acquah 

H, 2010). 

 Like the log-likelihood value on which they are largely based, these measures 

are functions of the target variable values, so unlike R
2
 measures they cannot 

be used to compare models for different targets or different sets of data.  

In hierarchical models, these three techniques are essentially answering 

different prediction problems. Suppose the two levels of our model 

concerned individuals within clusters. Then if we were interested in predicting 
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results of individuals in those actual cluster, then DIC is appropriate (i.e. the 

random effects themselves are of interest).  

The Area Under the ROC Curve is another popular summary statistic for binary 

classification. ROC analysis is applied to binary outcomes such as those 

appropriate for probit or logistic regression. After fitting a model, one can 

obtain predicted probabilities of a positive outcome. One chooses a value, 

above which the predicted probability is declared a positive and below which, a 

negative. A Receiver Operating Characteristic Curve (ROC) is a standard 

technique for summarizing classifier performance over a range of trade-offs 

between true positive (TP) and false positive (FP) error rates (Sweets, 1988). 

ROC curve is a plot of sensitivity (the ability of the model to predict an event 

correctly) versus 1-specificity for the possible cut-off classification probability 

values π0. The ROC curve is more informative than the classification table 

since it summarizes the predictive power for all possible π0. The ROC 

(Receiver Operating Characteristic) Curve chart plots the true positive rate 

(TPR) on the vertical axis against the false positive rate (FPR) on the horizontal 

axis, as the threshold for positive classification is varied across the probability 

range. The true positive rate is the proportion of positive outcomes that are 

correctly predicted, also known as sensitivity, recall, or probability of 

detection. The false positive rate is the proportion of negative outcomes that are 

falsely predicted to be positive, also known as one minus specificity (1-

specificity), fall-out, probability of false alarm, or false discovery rate 

(FDR).Since the predicted probabilities from a binary classification model such 

as a logistic regression fall in the open interval between 0 and 1, If the 

classification threshold is set to 1, no true or false positives would occur, so the 

curve begins at the (0,0) point at the lower left, and if the threshold is set to 0, 

all observations would be predicted to be responses, so both the true positive 

and false positive rates would be 1, so the curve ends at the (1,1) point at the 

upper right. Intermediate threshold values will produce different combinations 

of true and false positive rates. The diagonal line running from the lower left to 

the upper right of the chart represents the expected curve if classification is 
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performed randomly, assigning positive or negative response labels to all 

observations with various fixed probabilities. The area under the ROC curve 

(AUC) is a popular summary measure of classification performance for binary 

classifiers. The diagonal line representing random classification divides the 

ROC curve space in half and corresponds to an AUC of 0.50. A model that is 

able to perfectly classify responses and non-responses would have an AUC of 

1.00, though this is seldom seen in practice and results in non-existence of 

maximum likelihood estimates of one or more parameters in a logistic 

regression model. Typical ROC curves will have AUC values between 0.50 

and 1.00. Any ROC curve with an AUC values less than 0.50 could be 

transformed into a curve with an AUC value above 0.50 simply by reversing 

the decision or group assignment rule. The fit for all models was assessed using 

the AUC. AUC is constructed by plotting the true positive fraction (TPF) (i.e., 

sensitivity) against the false positive fraction (FPF) (i.e., 1-specificity) for 

different binary classification thresholds of the predicted probabilities (Merlo J 

et al., 2016). Where a AUC of 1 is a perfect fit model and 0.5 is no better than 

chance. A good fit model should have a AUC >0.7 (Hosmer DW, 2000). One 

important advantage of the AUC measure over some other measures, such as 

overall classification accuracy, is that the ROC curve is based on two quantities 

(true and false positive rates) that are calculated from distinct parts of the 

observed data, actual positive and negative observations. This results in the 

ROC curve and the AUC measure being insensitive to changes in the relative 

proportions of positive and negative observations. Overall classification 

accuracy, on the other hand, in addition to requiring specification of a single 

cut point, can be highly dependent upon the relative proportions of positive and 

negative observations. There are dangers however in using the AUC to 

compare the performance of different classifiers. For example, if the ROC 

curves cross, it is possible for one classifier to produce a higher AUC value but 

to have inferior performance at critical probability thresholds that would be 

most useful in practice. Also, although the ROC curve and the area under it are 

insensitive to the relative proportions of positive and negative observations, 
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they are dependent upon the distribution of the prediction scores. This implies 

the use of different assumptions of costs of misclassifications for different 

classifiers, making comparisons potentially akin to comparing measurements in 

different units.  

The STATA version 13.0 has been used for computation of the results 

throughout the thesis. Excel has been used to create graphs and MS word has 

been used for writing the thesis.  

 

 

2.6 Data screening 

Survey screening process used to select current tobacco smokers and current 

smokeless tobacco users. Among the 9629 respondents aged 15 years or older 

who completed the survey, 2,038 were daily smokers, 195 were occasionally 

(less than daily) smokers, and 7,396 were former or never tobacco smokers. 

Thus 2,038 were current tobacco smokers [the final study subjects] (Figure 2a).   
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Survey screening process used to select current tobacco smokers is given 

below. 

 

Figure 2a: Survey screening process used to select current tobacco smokers. 
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Among the 9629 respondents aged 15 years or older who completed the survey, 

2,336 were daily smokeless tobacco users, 354 were less than daily or 

occasionally smokeless tobacco users, and 6,939 were former or never 

smokers. Thus 2,336 were current smokeless tobacco users daily [the final 

study subjects] (Figure 2b).  Survey screening process used to select current 

smokeless tobacco users is given below. 

 

 

 

Figure 2b: Survey screening process used to select current smokeless tobacco 

users. 
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CHAPTER THREE 

 

CHARACTERISTICS OF THE STUDY SUBJECTS 

 

 

3.1 Introduction     

    In the previous chapter, the data source, sampling design of the survey objectives 

and methodology have been discussed. Generally, it is important to know the 

characteristics or nature of the data before performing any advance analysis. These 

will be useful for discussing the results and drawing meaningful conclusions in the 

subsequent chapters of the report. In order to know the nature of the study subjects the 

frequency distribution and graphical representation could be very useful. This chapter 

provides information on demographic characteristics of the respondents such as 

residence, gender, age, educational level, occupation etc. For the purpose frequency 

with percentage have been reported. 

 

This chapter also elicits information from respondents concerning: 

 Tobacco smoking. 

 Smokeless tobacco. 

 

In this chapter, characteristics table and some of their corresponding graphs are 

presented. 
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3.2 Characteristics of the study subjects 

Descriptive information about the sample of study was obtained from frequency of the 

variables considered (Table 3.2.1) 

Table 3.2.1: Characteristics of study subjects (GATS, 2010) 

 Characteristics Sample size=9,629 

Residence (%)  

Urban 4,857(50.44) 

Rural 4,772(49.56) 

Gender (%)  

Male 4,468(46.40) 

Female 5,161(53.60) 

Age (yr),  (%)  

 24 2,073(21.53) 

25-34 2,665(27.68) 

35-45 2,537(26.35) 

 46 2,354( 24.45) 

Educational Level (%)  

No formal schooling 3,416(35.48) 

Less than primary school completed 1,487(15.44) 

Primary school completed 1,115(11.58) 

Less than secondary school completed 1,937(20.12) 

Secondary school completed 663(6.89) 

High school completed 463(4.81) 

College/University completed 273(2.84) 

Post graduate degree completed 211(2.19) 

Occupation (%)  

Government employee 221 (2.30) 

Non-Government employee 740(7.69) 

Business-small 865(8.98) 

Business-large 128(1.33) 

Farming (land owner & farmer) 826(8.58) 

Agricultural worker 374(3.88) 

Industrial worker 214(2.22) 

Daily laborer 631(6.55) 

Other self-employed 308(3.30) 

Student 461(4.79) 

homemaker/ housework 4030(41.85) 

Retired 114(1.18) 

unemployed, able to work 151(1.57) 

unemployed, unable to work 162(1.68) 

Other (Specify) 394(4.09) 

Wealth Index  

Richest 1,923(19.97) 

Rich 2,040(21.19) 

Middle 1,732(17.99) 

Poor 2,068(21.48) 

Poorest 1,866(19.38) 

 Cont. 
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Table 3.2.1 Cont.  

Characteristics Sample size=9,629 

Tobacco smokers 2233 (23.19) 

Daily 2038 (21.17) 

Less than daily 195 (2.03) 

Smokeless tobacco users 2690 (27.93) 

Daily 2336 (24.26) 

Less than daily 354 (3.68) 

Note: Tobacco smokers and smokeless tobacco users are not mutually exclusive.  

 

 

 

Socio- economic and demographic characteristics  

Socio-economic and demographic characteristics include residence, gender, age, educational 

level, occupation and wealth Index. Descriptive information about the sample of the study 

and respective graphs are given below.  

 

Residence 

The residence is an important factor in socio-economic and demographic discrepancies. This 

factor influence great in tobacco use. Respondents who are living in urban areas are assigned 

the value 1 and the value 0 is assigned to those whose residing place is in rural areas. From 

the characteristics Table 3.2.1, we have observed that 50.44% adults of 15 years or above are 

urban and 49.56% are rural, which are approximately equal.  

Residence categories are shown in the pie chart as follows 

 

 

 Figure: 3.2.1 Pie chart of residence 
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Gender 

Gender is the most important factor for tobacco use and tobacco related death. Gender 

interacts with the social, economic and biological determinants. Also gender is a measure of 

both biological and social differences. The value is assigned for male and the value is 

assigned for female. From the characteristics Table 3.2.2, we have observed that 46.40% are 

male and 53.60% are female. So among the respondents female are more than male. 

Gender categories are shown in the pie chart as follows 

 

 

Figure 3.2.2: Pie chart of gender 

 

Age 

The age of respondents varied, with the greatest proportion (27.68%) in the range of 

25-34 years old. 21.53% of the respondents were in the youngest age group of < 24 

years. Approximately 26% of the adults in Bangladesh were in the age group of 35-45 

years. About 24% of the respondents were in the age group of 46 years and above.  

Age categories are shown in the pie chart as follows 

 

                                    

                          Figure 3.2.3: Pie chart of Age(yrs) 
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Educational Level 

Education is the most important factor for showing the pattern of tobacco use. From the 

characteristics Table 3.2.1, we have observed that educational level is highest among 

respondent with a no formal schooling is 35.48%, lowest among those with a post graduate 

degree completed is 2.19%, followed by less than primary school completed 15.44%, primary 

school completed 11.58%, less than secondary school completed 20.12%, secondary school 

completed 6.89%, high school completed 4.81%, Only 2.84% of the adults in Bangladesh had 

completed higher education (college or university).  

 

Education categories are shown in the bar chart as follows 

 

 

 

Figure 3.2.4: Bar chart of Educational Level 

 

Occupation 

Occupation is also an important factor because use of tobacco may depend on different 

occupation. Occupation is coded into fourteen categories. From the characteristics Table 

3.2.1, we have observed that by occupation, 41.89% is highest among homemaker/housework 

and lowest among retired people is 1.17%. Government employee is 2.30%, followed by  

non-government employee is 7.69%, followed by business-large 8.99%, farming 1.33%, 

agricultural work 8.59%, industrial worker 2.22%, agricultural worker 3.89%, daily laborer 

6.56%, student 4.78%, unemployed, able to work 1.53%; unemployed, unable to work 1.68% 

and other 4.03%. 
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Occupation categories are shown in the bar chart as follows 

 

 

 

Figure: 3.2.5: Bar chart of work status 

 

Wealth Index 

About 21.48% of the adults and 19.38% of the respondents in Bangladesh  were from the 

lowest two quintiles of wealth index  (poor  category)  whereas,  19.97%  and  21.19%   in  

Bangladesh were  from  the highest two quintiles (rich category). The 17.99% of all 

respondents fell into the middle income category.   

Wealth Index categories are shown in the bar chart as follows 

 

 

Figure 3.2.6: Bar chart of wealth index 
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CHAPTER SEVEN 

 

DISCUSSION AND CONCLUSION 

 

7.1 Discussion 

Tobacco use is considered to be a venerable problem in Bangladesh. This study 

is based on a country representative cross-sectional study of Bangladesh. The 

study findings from both single level and multilevel analyses demonstrate that 

the prevalence of smoking and smokeless tobacco varied significantly by 

gender, age, education levels, wealth index, and occupational categories.  

About 65.11% of male and 34.89% of female were tobacco users. Overall 

prevalence of adults tobacco consumption in Bangladesh was male. 

Respondents who were in the age group 45 years or older were 16.44 times 

more likely to use smokeless tobacco and twice more likely to smoked tobacco 

compared to those who were 15-24 years.  Tobacco consumption was greatly 

influenced by the level of education. Adults with no education led to 1.91 times 

and 7.37 times higher likelihood to tobacco smoking and smokeless tobacco 

use respectively.  Majority of the adults (54.29%) resided in rural areas. A 

positive association was found between tobacco consumption (smoked and 

smokeless tobacco products) and wealth index. The respondents from poorest 

families were 1.80 times more likely to smoke tobacco compared to those who 

were richest. Likewise, the odds ratio was about 1.79 times for those who were 

use smokeless tobacco. Various tobacco products, whether smoked, smokeless 

were popular among the adults in Bangladesh. About 66.18% of the male 

respondents used manufactured cigarettes. The prevalence rates of bidi 

smoking were about 42.79% for male and 75.76% for female. The prevalence 

of using other tobacco products betel quid with zarda was 79.18% for male 

adults.  The prevalence rates of betel quid with zarda (snuff, by nose) and gul 

were roughly the same (about 23%) by male. This analysis indicated that, in 
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Bangladesh, the use of tobacco is more common among older adults aged 46+ 

years, living in rural areas, with lower socioeconomic status, and less education 

for both genders. The present study found no statistically significant difference 

in the prevalence of smoking between the urban and rural populations, but did 

find that the use of smokeless tobacco was statistically higher in the rural 

population. In general tobacco use was increasing with increasing age. As 

expected, men were more likely to use tobacco than female. Men were much 

more likely to smoke (because smoking would be very socially unacceptable 

by female) and smokeless tobacco use was more likely to be seen in women 

(not as undesirable as smoking). Increasing educational level and wealth status 

had an overall defensive effect for all form of tobacco use with a few 

exceptions. In addition, adults with low level of education, and from poor 

households had significantly higher risk of tobacco consumption. Prevalence of 

smoking manufactured cigarettes was more among male and urban residents. 

Although smoking is not so prevalent in female groups, among the smoked 

tobacco products bidi was smoked most by female respondents. Our study also 

revealed that occupational status was not Prevalence of smokeless tobacco use 

of this study reveals that one in every five men and one in every four women 

currently use smokeless tobacco daily/occasionally in Bangladesh. The use was 

more prevalent in rural area and among older subjects. Subjects with no formal 

schooling and of lowest wealth index were most likely to use smokeless 

tobacco. However, some exceptions were seen. In a few countries increased 

wealth and education were not associated with decreased tobacco use, with 

Mexico actually having lower tobacco use in the poor, and with the lowest rates 

of tobacco use in China present in the poorest and  wealthiest (Palipudi KM et 

al, 2015). For wealth index, odds ratios were computed taking the highest 

wealth category as reference. The trend (decreasing odds of tobacco use with 

increasing wealth) was significant for Bangladesh and also for India (Singh A 

et al., 2014). From our study we find that manufactured cigarettes, bidis 

(smoking) and betel quid with zarda, gul (smokeless) are most consumed 

tobacco products. The fact that over one-fourth of men and women in 
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Bangladesh used tobacco in some form or other is also a source of concern. For 

women smoking cigarettes or bidis is considered socially unacceptable in the 

South-East Asian community, but using smokeless tobacco is socially 

acceptable (Rani M et al., 2018).The observation that smokeless tobacco use 

increased with age is consistent with previous reports. Also rural peoples in 

neighboring country like India (Rani M et al., 2003) used chewing substances 

more as is found in this study for Bangladesh. Our finding shows that male 

smoked tobacco most and female used smokeless tobacco most which is 

identical to other study (Palipudi, et al., 2012). Similar pattern had been found 

for Bangladeshi community in UK (Giovino GA et al., 2012). Compared to 

developed countries, the tobacco consumption issue in the South East Asian 

Region (SEAR) is much more complex. This is because of several reasons such 

as wide range of products with varying components, unregulated and 

unorganized market forces, and production and sale in informal settings. Our 

study provides information about prevalence and patterns of smokeless tobacco 

use among men and women in Bangladesh not covered in other multicounty 

surveys and confirm that tobacco use was higher among women, the less 

educated, and the poor, particularly those living in rural areas. Prevalence of 

consuming betel quid with zarda (snuffs by mouth) was more among urban and 

male population. This concluding chapter provides a brief summary of the 

findings, policy recommendations, and the strength and limitations of the 

study. In addition, it also explains the contributions of the study and provides 

suggestions for future research. The findings of this research have implications 

for tobacco control policies, cessation strategies and interventions — to be 

more effective, these strategies need to account for smokeless tobacco, gender, 

and social norms. Compared with smoking, smokeless tobacco consumption 

and prevention has been a more neglected policy area. As noted by a recent 

gathering of experts on smokeless tobacco policies in South Asia (Gupta PC et 

al., 2003), any existing policies on smokeless tobacco are either inadequate or 

poorly enforced, and there is a need for greater coordination of policies and 

improvement of existing legislation (Khan et al., 2014). Though the current 
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study describes the pattern of tobacco smoking and smokeless tobacco use 

among various socioeconomic and demographic sub-groups, attention should 

be given to further investigating reasons for tobacco use in Bangladesh to 

develop an evidence base for interventions. 

 

7.2 Policy Implication  

Although Bangladesh has tobacco control laws and policies, tobacco 

consumption among the adults is common. The study on adults tobacco 

consumption have identified several factors significantly associated to tobacco 

consumption among the adults and suggested some guidelines for policy 

purpose.  

 A greater proportion of the tobacco users in Bangladesh were male. 

Therefore, comprehensive strategies along with preventive programs 

should be tightened to help male smokers avoid smoking, As expected, 

male tobacco users in Bangladesh were more likely than female tobacco 

users to be smokers, whereas there were more female smokeless users 

than male smokers overall. In Bangladesh in particular, there is a need to 

take a more gendered perspective in tobacco control, which has largely 

been missing thus far in most of the world (Amos et al., 2012).  

 Because of the higher use of smokeless tobacco among women in 

Bangladesh, tobacco cessation strategies for smokeless tobacco must 

also address the specific needs of women. As older people from rural 

areas smoked tobacco most, tobacco cessation policies should be 

increased in the region.  

 Adults from poor families in Bangladesh are more likely to be 

vulnerable, comprehensive control strategies should be implemented to 

these groups to overcome these problems.  Manufactured cigarettes and 

bidis were most consumed smoked tobacco products urban and rural 

people respectively. Also Betel quid with zarda and gul were most 



Chapter seven 

 

Discussion and Conclusion     Page 121 
 

consumed smoked tobacco products. Considering the above issues in 

mind, to reduce the epidemic of diseases caused by smoked and 

smokeless tobacco use, we need to take action to reduce the use of these 

products. Policymakers need to consider smokeless tobacco use 

separately in tobacco control efforts, since the economic and health 

effects of smokeless tobacco use are different from that of smoking. 

Given the wide acceptance of smokeless tobacco use in Bangladeshi 

culture, interventions to raise awareness of the harms of smokeless 

tobacco use should target women, especially older as a key group.  

 Poorer smokers with low education smoke more. Tobacco companies 

deliberately market brands toward those people. Tobacco control 

interventions could be made more effective among these groups. At the 

same time, national campaign programs should focus on changing social 

norms by addressing inappropriate attitudes and perceptions of risk 

towards smokeless tobacco use among the Bangladeshis.  

 Similar to the effective policies for tobacco smoking, policies such as 

increasing excise tax and restricting marketing of smokeless tobacco to 

targeted population including minors, should also be initiated. These 

interventions should complement the existing intervention strategies 

aimed at reducing smokeless tobacco use among the public in 

Bangladesh.  

 An important finding in this study is the high prevalence rate of tobacco 

consumption among the older age group (45 and above) that demands 

more attention. Therefore, targeting termination of tobacco consumption 

in these age groups would be extremely important for policy 

formulation.  

 The finding suggests that improvement of education could be an 

important strategy for reducing both tobacco use. Therefore, increasing 

knowledge through education on the harmful effects of tobacco and 

changing attitude towards tobacco consumption through counseling 

programs could be good interventions. Religious leaders especially 
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Imams (the head of a mosque) could play a vital role in preventing 

tobacco consumption.  

 

7.3 Contribution of the Study 

Prevalence, patterns, and determinants of tobacco consumption among adults 

are commonly researched in this study. Several studies also reported on 

tobacco consumption, but such studies are very much limited for product 

specifications.  Many of the studies dealt with small data sets, which may not 

be representative. Due to lack of national-level data in many developing 

countries, little is known about the vulnerability of these issues. Therefore, this 

study contributes in several ways to the literature, methodological approach, 

and policy recommendations. This thesis has important contributions in 

literature. The use of nationally representative data enhances the literature on 

Bangladesh about prevalence, patterns and determinants of tobacco 

consumption. Further, Pattern of using different types of tobacco products 

(both smoked and smokeless) is considered in this study. This thesis has 

expanded the applications of statistical techniques, thus contributing to the 

methodological approach. Different options of dependent variables were also 

included in the analysis. Most of the studies on tobacco consumption employed 

binary logistic regressions (BLRs) for analysis. Multilevel logistic regressions 

were used to find out the determinants of tobacco consumption. It is important 

to monitor smoking rates as well as smokeless tobacco use in Bangladesh to 

prevent more women from switching to smoked tobacco or initiating smoking 

at a young age. Reduce most consumed smoked tobacco products rates in male 

and smokeless tobacco products rates in female would also have implications 

for the present research. Since detailed gender and product specific analysis 

were conducted in this study, policymakers should be benefited. Longitudinal 

surveys and cohort studies are recommended for examining these policy related 

issues. 
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7.4 Strengths and Limitations of the Study   

GATS was the first large-scale survey ever conducted in Bangladesh that  used 

electronic devices such as handheld computers, often called the Pocket PC 

systems. This device was useful to facilitate the complex skip pattern used in 

the GATS questionnaire, as well as some in-built validity checks on questions 

during data collection. A repeated quality control mechanism was used to test 

the quality of questionnaire programming. The Bangladesh Demographic and 

Health Survey (BDHS) was conducted by the National Institute of Population 

Research and Training (NIPORT) of MoHFW with the consultation of Mitra 

and Associates, a Bangladeshi research firm and Macro International Inc. The 

standard ethical clearance was obtained from the country and informed consent 

from respondents was taken during the survey. For reliability, the household 

head or any senior knowledgeable person of the household was selected to 

collect information. Therefore GATS produced representative and independent 

cross-sectional information for each country. In addition, the use of different 

statistical tools such as graphs, bivariate analysis, multilevel analysis and 

comparisons of the results produced by different techniques are also the 

strengths of this study. Multilevel analysis using hierarchical data have not 

been carried out in Bangladesh on tobacco using yet. The theoretical, 

conceptual and analytical frameworks and the existing literature guided the 

selection of dependent and independent variables for the study. However, there 

are several limitations that need to be addressed. The findings in this report are 

based on self-reports. Furthermore, education categories were combined into 

broad groupings, which could have contributed to biased estimates in terms of 

the gradients observed. Nonetheless, these groupings provided greater precision 

than those used in earlier tobacco use research in Bangladesh. The data used in 

constructing wealth index is based on limited number of asset variables and 

was not constructed separately for urban and rural, which might result in 

incomplete or under representing socioeconomic status. All tobacco product 

use is self-reported and may be subject to recall bias. Study design allowed for 

the investigation of only a limited number of socio-demographic variables. 
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Some other variables like psychological variables could provide more 

predicting accuracy, but no such variable was available.  Finally, since the 

datasets are cross-sectional in nature, cause-effect relationships could not be 

inferred. Despite these limitations, the current study provides evidence of the 

significance of social determinants on tobacco use. Findings indicate that social 

determinants and their role should be given high precedence when addressing 

the issue of tobacco use.  

 

7.5 Conclusion 

Tobacco use is one of the foremost causes of preventable morbidity and 

mortality. Our study reveals that tobacco smoking is more prevalent among 

male and smokeless tobacco use is prevalent among female. Smoking rates is 

remain lower in women than in men and prevalence is particularly low in 

women in Asia but is high in Poland, Russia and the UK.  Besides Bangladesh 

smokeless tobacco use is particularly prevalent in India. Our study also reveals 

that the prevalence of tobacco use is generally higher among rural, less 

educated and low economic groups. We also found that the prevalence of use 

increased as age increased for all forms of tobacco use. An important finding in 

this study is high prevalence of tobacco use in the middle ages (45 years and 

above). The health effects of tobacco use start becoming apparent in these age 

groups in a major way. Therefore, targeting cessation in these age groups 

would be extremely important as a component of overall policy initiatives for 

reducing tobacco use prevalence. This will be crucial in reducing morbidity and 

mortality caused by tobacco use in the immediate future. In general, social 

determinants such as education and wealth were correlated with increased 

tobacco use.  

In conclusion, the findings provide evidence that socio-economic and 

demographic factors were associated with tobacco consumption behaviours 

among adults. Giving it as public health priority, WHO Framework Convention 
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on Tobacco Control should be implemented. In addition, a nationwide 

campaign is needed to educate people in rural area about the health risks of 

tobacco use.  
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