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Abstract 

Background 

The increased smoking prevalence in some parts of the world, particularly in Low and 

Middle Income Countries (LMICs) is a major concern among tobacco control advocates and 

governments. The higher smoking-related disease prevalence associated with this is expected 

to fall among the sub-populations least able to pay for healthcare services in LMICs. This, in 

turn, will perpetuate the vicious cycle of poverty and disease. The current study contributes to 

developing an understanding of the socioeconomic disparities in smoking in Namibia and 

their potential association with per capita health-related expenditures. 

Method 

Data from the Namibia 2013 Demographic and Health Survey, a nationally representative 

survey, are used in the study. Three main variables for healthcare costs are constructed, 

namely out-patient disease (OPD) costs, inpatient disease (IPD) costs and total out of pocket 

(OOP) payments. Concentration curves and indices are estimated for all three variables as 

well as for smoking intensity and smoking prevalence. Further, three Tobit regression models 

are run to examine the associations of the different healthcare costs with smoking intensity.   

Results 

The concentration index of smoking prevalence is estimated at -0.05 compared to -0.18 for 

smoking intensity. Thus, both smoking prevalence and smoking intensity, in relation to their 

socioeconomic status, are concentrated among the poor. In contrast, the concentration index 

of OPD healthcare costs is calculated at 0.34 compared to 0.65 for IPD healthcare costs 

reflecting disproportionately higher healthcare costs among the rich. The concentration index 

of the overall total annual OOP payments is 0.55. Tobit regression analysis, however, does 

not find any statistically significant relationship between the smoking intensity and the 
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amount spent on health care costs, regardless of whether these were IPD, OPD healthcare 

costs or total OOP payments. 

Conclusion 

Namibia’s current policies on demand reducing tobacco control policies can be strengthened 

by these findings. Smoking is an important determinant of several non-communicable 

diseases and has the potential to exacerbate health care costs across socioeconomic strata. 

Understanding the socioeconomic disparities in smoking is imperative for developing 

appropriate interventions against smoking. 
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A. Research Protocol 

1. Introduction 

1.1 Background 

The economic cost of cigarette smoking has been an area of interest in the fields of 

economics and public health for some time now (1). Globally, over the next 20 years an 

estimated economic loss of about US$12.7 trillion or the equivalent of 1.3 percent of GDP 

annually could be attributed to tobacco use (2). This significant economic loss will largely be 

borne by low and middle income countries, exacerbating the already dire scenario with high 

mortality rates and strained health systems.  

It is estimated that smoking prevalence in the African region is expected to increase from 

15.8 percent in 2010 to 21.9 percent by 2030 – the largest expected increase by region (3). 

This rapid increase is largely due to the tobacco industry’s efforts to expand its market share 

in these parts of the world. Tobacco use, traditionally a male dominated activity, is expected 

to increase particularly among women and young smokers, as well as in terms of variety in 

forms use (African Union, 2013; Guindon, Guindon, Boisclair, & Boisclair, 2003; 

Hosseinpoor, Parker, Tursan d’Espaignet, & Chatterji, 2011). The expected morbidity and 

mortality increases resulting from this could have devastating effects on the development and 

economic growth of these countries. The resulting impact on poor households is also 

expected to be severe, increasing the risks of catastrophic household expenditure on health 

and pushing them deeper into poverty.   

Using data from Namibia’s 2000 Demographic Health Survey (DHS), Pampel estimated the 

country’s smoking prevalence at 17.5 percent while the 2013 DHS reported smoking 

prevalence of 19 percent and 5 percent for men and women, respectively (7,8). However 

more recently, the WHO estimated the smoking prevalence to be even higher at around 20 
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percent with rising smoking-associated risk and incidence of non-communicable diseases in 

the country (9).  

In addition, out-of-pocket (OOP) payments for health care as a percent of total health 

expenditure have risen over the last few years from 6 percent in 2010 to 11 percent in 2013 

(10). This is still below  20 percent of total health expenditure and as such it is anticipated 

that catastrophic health expenditures and impoverishment will be low the country (11). 

However, because households face the full burden of OOP payments, it is an inequitable 

means of health care financing and is often inefficient. This, coupled with the fact that poor 

households face the most deleterious effects of health shocks resulting in catastrophic 

payments, make monitoring the impact of tobacco use on OOP payments especially 

important.  

1.2 Study rationale 

Tobacco smoking greatly increases the risk of several serious medical conditions including 

cardiovascular disease, cancer, respiratory diseases and peripheral vascular disease (12). In 

addition, exposure to second hand smoke is also a cause of morbidity and mortality in adults 

and children that do not smoke (13). This burden of disease typically falls disproportionately 

on those in lower socioeconomic brackets further exacerbating poor health conditions, 

lowering life expectancy and perpetuating the health poverty trap. The health poverty trap is a 

self-reinforcing cycle in which poor health leads to higher poverty and vice versa, making it 

difficult for the poor to break from the cycle (14).     

Like many countries in sub-Saharan Africa, Namibia is grappling with the issue of social 

inequalities. The colonial apartheid legacies of the country had an indelible mark on its level 

of income inequality and in the mid-90s it had a Gini coefficient of 0.70, representing one of 

the highest levels of income inequality in the world (15). It still remains one of the most 
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unequal countries in the world with a more recent estimate of the Gini coefficient at 0.61 

according to the United Nation Human Development Report of 2015 (16). Briefly, the Gini 

coefficient ranges between 0 and 1 and can be used to measure the concentration of a 

distribution. High concentrations represent high inequality and low concentrations represent 

low inequality.      

This study will contribute to developing a better understanding of the socioeconomic 

inequalities in smoking in Namibia and how this potentially impacts individual health-related 

expenditures. The importance of this study in assisting the formulation of policies alive to the 

impending tobacco epidemic and its implications on reducing poverty and income inequality 

in the country cannot be overstated.  

1.3 Literature review 

Early studies on the economic cost of smoking focussed on known diseases caused by 

smoking to estimate smoking-attributable costs at a point in time. Thompson for instance, 

proposed estimating per capita healthcare cost by age group in Canada and found that 15 

percent of male and percent of female healthcare costs could be attributed to smoking (17). 

Around the same period, Leu and Schaub used econometric models to estimate the lifetime 

medical expenditures for Swiss males from the age of 35 years and found that these 

expenditures would be higher for non-smokers than for smokers (18,19).   

However, the most commonly used approach for estimating the economic cost of smoking is 

the cost of illness approach developed by Rice and colleagues (20,21). This approach adopts 

a prevalence-based analysis that divides costs into direct and indirect costs, and analyses the 

impact of illness from a macroeconomic perspective. Hodgson using this approach, found 

that for the population in the United States, total expected lifetime expenditures from the age 

of 17 years was higher for smokers than non-smokers, contrary to Leu and Schaub’s earlier 
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study (22). Importantly, the Hodgson study concluded that lifetime expenditures were 21 

percent and 47 percent higher for moderate and heavy smokers respectively, compared to 

never-smokers, thus making the link between intensity of smoking and higher impact on 

medical expenditures.    

Since then several studies have estimated both static and lifetime costs attributable to 

smoking across various settings. The majority of these studies have found that smokers had 

higher medical expenditures or higher expected lifetime medical expenditures than non-

smokers (23–28). Only one study conducted in the USA looking at the cost of cessation of 

smoking found that while savings would be attained in the short run, increased healthcare 

expenditures were expected over a lifetime (29). Despite this somewhat contrary finding, 

there remains general consensus that quitting smoking remains socially desirable.   

Socioeconomic inequalities also exist in the distribution of smoking in many countries 

(30,31). The literature shows that various dimensions of socioeconomic status (SES) have 

been examined in relation to smoking. For instance education, occupational status and 

income were all found to be inversely related to smoking (32). There are similarities in the 

general patterns of smoking prevalence and intensity across SES. Hiscock et al. concluded 

that increased smoking prevalence will likely result in increased inequalities especially in 

terms of incidence of smoking related diseases (30).    

Notably, the majority of the cost of smoking studies have all been in developed countries, 

with only a few focussed on developing countries, mainly in Asia (21,27,33–36). The 

socioeconomic aspects have also been scarcely explored in developing country settings. This 

is partly due to the stage in which most developing, and especially African, countries find 

themselves in along the tobacco epidemic four-stage model1. This has left a dearth of 

1 The tobacco epidemic four-stage epidemiological model was developed in the mid 90’s by Lopez et al., and 

showed the trends in tobacco use and effect over a 100-year observation in high income countries (100). Briefly, 
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evidence on the impact of smoking on medical expenditures and a general ambiguity in the 

distribution of smoking across various socioeconomic strata in Africa.  

The economics of tobacco control could potentially benefit from more studies on this, 

particularly with respect to the impact on household and individual expenditures in 

healthcare. This is especially important for countries reputed for high OOP healthcare 

payments. The current study will contribute to this body of knowledge by investigating the 

impact of smoking on healthcare expenditure in Namibia using econometric methods.   

1.4 Objective 

The primary objectives of this study will be to assess: 

• The socio-economic inequality in smoking intensity in the country. 

• The impact of smoking intensity on health expenditure at individual level.  

2. Methods 

2.1 Source of data 

The 2013 Namibia Demographic Health Survey (DHS) data will be used for the study.  The 

DHS is a nationally representative survey conducted in various countries across the world.  

This 2013 DHS was the fourth comprehensive population and health survey conducted in the 

country as part of the global DHS programme. It was implemented by the Ministry of Health 

and Social Services (MoHSS) in collaboration with the Namibia Statistics Agency (NSA) and 

the National Institute of Pathology (NIP) with technical support provided by ICF 

                                                                                                                                                                                     
stage one is the beginning of the epidemic where male smoking prevalence is below 15 percent and female 

prevalence even lower, between 5-10 percent. It lasts about 20 years during which tobacco use becomes more 

socially acceptable and smoking-attributable mortality is low. Stage two, is characterised by a rapid increase in 

male smoking prevalence to peak between 50-80 percent, with female smoking prevalence also on the increase 

but still lagging. This period, lasting about 20-30 years experiences substantial increase in smoking-attributable 

morbidity and mortality. Stage 3 experiences drastic increases in mortality due to smoking, especially among 

men and socioeconomic disparities in the impact of smoking become apparent. Stage 4 is the decline stage of 

the epidemic in which both male and female smoking prevalence is rescinding. However, female smoking-

attributable mortality may continue increasing before peaking towards the end of the stage. The model was 

developed using observations from high income countries, but still remains relevant for developing country 

settings, most of which are believed to be in the first stage of such an epidemic (101).  
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International, as well as financial support from the Government of Namibia, the United States 

Agency for International Development (USAID), and the Global Fund.  

The study began in April 2012 and data collection implemented over a five month period 

between May and September 2013 (8). The study used a preliminary sampling frame from 

the 2011 Namibia Population and Housing Census which contained a full list of all 

enumeration areas (EAs) in the whole country. An EA is a geographical area that covers an 

adequate number of households and serves as a counting unit for the population census. 

The 2013 Namibia DHS used a two-stage stratified cluster sample with sampling 

probabilities calculated separately for each sampling stage and for each cluster. In stage one, 

554 EAs were selected with a stratified probability proportional to size selection from the 

sampling frame. The country’s 13 regions were stratified into 26 sampling strata – 13 rural 

and 13 urban strata. A predetermined number of EAs were independently selected in every 

stratum from a complete list of households. Stage two involved the selection of 20 

households in every urban and rural cluster according to equal probability systematic 

sampling.  

The survey provided demographic, socioeconomic, and health data at both national and 

regional levels for policymaking and planning purposes. Three questionnaires were 

administered in the survey – the household questionnaire, the women’s questionnaire and the 

men’s questionnaire. These were used to collect information from men and women between 

the ages of 15-64 years.   

In selecting which country to investigate, the availability of data was the primary 

consideration for inclusion in this study. While most countries have tobacco-related questions 

in their iterations of the DHS, only 36 of these surveys also had questions from the health 

expenditure module of the DHS and in selected years. Out of these only eight sub-Saharan 
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African countries have this data available, three of which have data older than 2010. Namibia 

is the only one of the remaining five countries that is English-speaking and will be the focus 

of this study.  

2.2 Measurement 

The following variables will be generated and used for analysis.  

2.1.1 Smoking intensity 

The men’s and women’s questionnaires have the following questions of relevance to smoking 

in the study:  

Q1005 - In the last 24 hrs how many cigarettes did you smoke? 

The definition of smoking in this instance will thus be restricted to cigarette smoking, 

excluding other forms of tobacco use which are likely to be less prevalent and will provide a 

measure for the intensity of smoking.  

2.1.2 Healthcare expenditure 

Table 1 below provides a brief description of the available variables to be used in the 

calculation of various estimates of health expenditure. 

Question 

number 

 

Variable to calculate 

 

Description 

Q144 IPD health expenditure Amount of money spent on treatment and services 

during most recent overnight stay for household 

member. 

Q146 IPD health expenditure Number of overnight stays in the last 6 months 

Q150 OPD health expenditure Amount of money spent on treatment and services 

without overnight stay 
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Q152 OPD health expenditure Number of OPD visits in the last 4 weeks 

Q153 OPD health expenditure Number OPD visits in the last 4 weeks in which 

house hold money was spent 

  

Q141 and Q147 will provide information on the number of admissions and outpatient 

incidences over a given period. Q144 and Q150 will provide information on the amounts of 

money spent for episodes of illness, also called out–of–pocket payments. Q145 and Q151 

will be used to determine the types of ailments most commonly responsible for episodes of 

illness. Since the data will be annualized the data obtained from Q146 and Q152 will be used 

as a multiplier to accurately determine the annual number of illness episodes. 

The outcomes of interest will be the health expenditure variables captured as out-patient 

disease (OPD) expenditure incurred in the last 4 weeks and in-patient disease (IPD) 

expenditure incurred in the last 6 months. The calculations of expenditures will be done as 

follows: 

• Annual OPD health expenditure = (Number of OPD visits in the last 4 weeks x Cost 

of the health care) x 13 

• Annual IPD health expenditure = (Number of overnight stays in the last 6 months x 

Cost for the stay) x 2 

• Total annual health expenditure = Annual OPD health expenditure + Annual health 

expenditure 

All amounts are presented in Namibian Dollars (NAD) and will be converted to USD at the 

average exchange rate for 2013.   
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2.1.3 Socioeconomic status 

The DHS country-specific wealth index will be used to measure socioeconomic status. The 

index has been shown to be consistent with income and expenditure measures with respect to 

inequalities in household income, health services and health outcomes (37). It is constructed 

using household asset data, dwelling characteristics and takes into account rural-urban 

differences in these characteristics. The DHS uses a principal components analysis method to 

assign indicator weights for the wealth index. The index is reported as both a standardized 

score factor and as a quintile. For this study the wealth index reported as quintiles will be 

used.  

2.3 Statistical methods 

2.3.1 Model specification 

Multiple linear regression will be used to estimate the effect of smoking intensity, among 

other factors, on annual OPD health expenditure, annual IPD health expenditure and total 

health expenditure. Thus three models will be estimated and can be generally represented as:  

yi = αi + βixi + u 

Where yi is the dependent variable for the different models as follows: 

Model 1 – Annual OPD health expenditure; 

Model 2 – Annual IPD health expenditure; 

Model 3 – Total health expenditure. 

xi represents the explanatory variables in the model while αi and βi represent the coefficients 

to be estimated, and u is the error term. A list of the dependent and potential explanatory 

variables to be used is provided in Table 1 below.  
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2.3.2 Instrumental variable regression 

Due to the possibility of endogeneity of the smoking intensity variable, an instrumental 

variable approach will be adopted. Endogeneity can arise due to its correlation with important 

unobserved regressors that have been omitted or if the outcome variable has a causal impact 

on smoking intensity (i.e., reverse causality) (38).  

In order to use this method, an observable variable z1, will need to be identified that is not a 

part of the original equation below: 

y0 = β0 + β1 y1 + β1x1 + β2x2 + u 

Where, y1 is an endogenous variable and u is the error term, such that cov (y1, u) ≠0.  

The instrument, z1, would need to satisfy two main criteria: 

1. z1, must be uncorrelated with u with Cov(z1,u)=0 

In other words, z1  must be exogenous. 

2. z1 must be partially correlated with y1 once the other exogenous variables, x1,…, xk-1 are 

netted out.  

This instrumental variable, z1, can then be used in a two-stage least squares (2sls) regression 

to estimate the parameters.  

In addition to this, the Hausman and Durbin-Wu-Hausman tests for endogeneity and the weak 

instruments tests will be conducted to ensure suitability of the selected instrument.  

Table 2 below provides a list of the potential variables to be used in the analysis.  
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Table 2. List of variables 

Dependent variables Description 

Annual OPD health exp. Total annual health expenditure spent on out-patient disease 

(OPD) consultations (continuous variable) 

Annual IPD health exp. Total annual health expenditure spent on in-patient disease 

(IPD) overnight stays (continuous variable) 

Total annual health exp. Total annual health expenditure spent on either IPD or OPD 

(continuous variable) 

Explanatory variables Description 

hv025 Type of place of residence (1=Urban; 2= Rural) 

hv104 Sex of household member (1= Male; 2= Female) 

hv105 Age (continuous variable)  

hv106 Highest level of education attained (0= No education/pre-

school; 1= Primary; 2= Secondary; 3= Tertiary) 

hv115 Current marital status (0= Never married; 1= Married; 

3=Widowed or divorced) 

hv270 Wealth Index (1=Poorest; 2=Poorer; 3=Middle; 4=Richer; 

5=Richest) 

Instrumental variable  

hv252 Frequency at which household members smoke inside the 

house 
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2.3.3 Measuring the distribution smoking intensity across SES 

There are several methods used to examine disparities in the distribution of a particular 

variable across people from different socioeconomic strata. The concentration curve will be 

used for determining the inequality of smoking intensity across the DHS wealth index 

quintiles. The CC curve typically shows the cumulative share of the variable of interest 

accounted for by cumulative shares of individuals ranked from poorest to richest. The figure 

below is an example of a concentration curve and shows a concentration curve that lies above 

the line of equality or the 45-degree line. This may show a pro-poor distribution of the 

variable of interest or it may lie below the line of equality to depict a pro-rich distribution. 

However, the interpretation of pro-poor and pro-rich distributions requires consideration of 

the parameter being measured. If a negative parameter is being measured, such as the number 

of birth defects, then a curve above the line of equality would mean the majority of cases are 

concentrated among the poor and this would be not be considered pro-rich, but rather pro-

rich. Alternatively, if the parameter of interest is a positive one, such as access to education 

facilities, then a concentration curve above the line of equality would be pro-poor and 

conversely a concentration curve below the line of equality would be pro-rich. 
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  Figure 1. Concentration curve of smoking intensity  

To further establish the magnitude of inequality, the study will compute the concentration 

index which is related to the concentration curve. It is defined as twice the area between the 

concentration curve and the line of equality and takes on values between -1 and +1. These 

values however also warrant careful interpretation, depending on what is being measured, in 

order to determine what constitutes a pro-poor versus a pro-rich distribution. For instance, in 

measuring inequality in infant mortality, a negative concentration index would imply a 

concentration of this parameter among the poor which is not “pro-poor”. Conversely, a 

negative concentration index when measuring inequality in health care utilization, would be 

considered to be pro-poor. The same is true for a positive concentration index, i.e. it would be 

considered pro-poor if inequality is being measured for something negative like infant 

mortality and pro-rich if health care utilization is the parameter of interest. The concentration 

index can be calculated as follows: 

𝐶 =
2cov(𝑦𝑖, 𝑅𝑖)

𝜇
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where, yi is smoking intensity, Ri is the fractional rank of individual i in the distribution of 

socioeconomic position and µ is the mean of yi.  

Apart from a visual inspection of the concentration curve, and the concentration index, a 

formal statistical test of dominance will be conducted in order to make appropriate 

inferences. This study will use the Multiple Comparison Approach (MCA) decision rule to 

determine if there are statistically significant differences between the concentration curve and 

the line of equality at 19 evenly spaced quantiles (39).  

2 Analysis plan 

All data cleaning, exploration and analysis will be done using statistical software, Stata 13 

(40). The ivregress command will be used for the IV regression while tests will use the estat 

endog and estat firststage commands. For the concentration index and concentration curve, 

the study will use concindc module developed by Zhuo (Adam) Chen   based on Kakwani et 

al to calculate them (41,42) 

3 Ethic 

3.1 Description of risks 

As data being used will be secondary, no specific risks are anticipated for the participants. No 

direct benefits will accrue to the individuals that participated in the original survey.  

However, a societal gain may be obtained through the additional knowledge gained from this 

study. It is anticipated that the results may provide a better understanding of how tobacco use 

affects health-related expenditure at the household level and provide a starting point for how 

to address such issues in the countries being analysed.    
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3.2 Informed consent process 

DHS is in the public domain, consequently individual consent will not be sought from the 

participants in the original survey country. Access to the datasets will be obtained from the 

DHS program coordinators through their website.  

4 Stakeholders, reporting and dissemination 

The findings from the study will be communicated through journal article and policy brief 

publications that form part of the requirements of the MPH Thesis. The journal article will be 

submitted to an appropriate peer-review journal and the thesis will be accessible via UCT 

library services.  

5 Logistics 

5.1 Timeline 

The study is expected to take three months to complete as follows:  

Activity Estimated time 

Protocol development 2 weeks 

Data cleaning and analysis 4 weeks 

Structured literature review 6 weeks 

Journal manuscript 3 weeks 

Policy brief 2 week 

Final draft revisions 3 weeks 
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5.2 Budget 

The budget for this study is outlined below: 

Item Description Amount 

Stationary Printing, binding, pens and paper R2,500 

Transport Domestic travel R1,000 

Communication Internet and phone calls R500 

Total R4,000 
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Structured Literature Review 

B. Theoretical and methodological review 

1. Introduction 

Globally, the World Health Organization (WHO), estimated that tobacco use accounted for 

about 6 million deaths annually in 2015, most of them premature (43). The estimate included 

about 600,000 deaths from effects due to exposure to second-hand smoke. However, tobacco 

use is not homogeneous but diverse, with products ranging from more traditional pipes, hand-

rolled leaf and forms of chewing tobacco to more modern products such as e-cigarettes which 

emit a nicotine vapour through a nicotine delivery system. The most commonly used tobacco 

product globally, however remains the manufactured cigarette with an estimated 5.8 trillion 

cigarettes smoked worldwide in 2014 alone (44). 

The composition of cigarette smoke is known to be a particularly toxic mix of over 7,000 

chemicals, including at least 69 known carcinogens (45). As a general convention cigarette 

smoke is divided into two parts, namely a tar or particulate phase and a gas phase. The 

difference between the two arises when a smoke stream is passed through the Cambridge 

glass-fibre filter – the filter retains 99.9% of all particulate matter, known as the tar phase 

while the remainder passes through the filter and is known as the gas phase (46). 

Furthermore, a distinction is made between mainstream smoke, which is cigarette smoke 

drawn through the tobacco to an active smoker’s mouth, and side-stream smoke, emitted 

from the burning end of a cigarette. Mainstream cigarette smoke contains 8% tar and 92% 

gaseous ingredients, while second-hand smoke typically contains 85% side-stream smoke and 

15% of mainstream smoke exhaled by active smokers (46). Importantly, among the known 

ingredients in cigarette smoke, nicotine, a component of the tar phase, is the most addictive 

substance (46,47).   
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The proceeding sections will first introduce the theoretical framework linking smoking with 

ill-health. This will be followed by an examination of the relationship between smoking, 

health inequality and health expenditure. Finally, the paper will review the economic cost of 

smoking.      

2. Smoking and health 

Tobacco use and its impact on various health outcomes has been investigated for over half a 

century. Since the seminal work of Doll and Hill in the 1950’s (48–50) which established an 

association between individual smoking habits and lung cancer, interest in the impact 

smoking has on the population expanded from health outcomes on smokers to the impact of 

second-hand tobacco smoke on non-smokers. This work, along with others done during that 

period culminated in the landmark reports by the Royal College of Physicians in the United 

Kingdom (51) and the US Surgeon General’s Report2 on smoking and health (52) both of 

which concluded that a causal relationship existed between smoking and lung cancer. The US 

Surgeon General’s Advisory Committee further concluded that cigarette smoking caused both 

lung and laryngeal cancer, and was the most important cause of bronchitis (52).  

Over the next fifty years, researchers across the world linked active smoking to increased risk 

for various non-communicable diseases (NCDs) such as coronary heart disease (CHD), 

chronic obstructive lung disease, peripheral vascular disease, abdominal aortic aneurysm, 

stroke and infertility (4,12,53). In addition, passive smoking or exposure to second-hand 

smoke has been causally linked to stroke, nasal irritation, lung cancer, coronary heart disease 

and low birth weight in new-borns (12). In fact, evidence suggests that there is no safe level 

of exposure to second hand smoke, further highlighting the substantial health risks even to 

those that do not smoke  (54,55).      

                                                           
2 The report, titled “Smoking and Health: Report of the Advisory Committee of the Surgeon General of the 

Public Health Service” was released on 11th January 1964 and compiled evidence from over 7,000 articles 

relating smoking and disease available at the time.  
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2.1 Smoking, health inequality and health expenditure 

Large disparities have been noted in tobacco use across racial or ethnic groups, gender, 

socioeconomic status, education level and even regions (31,32,56). Furthermore, exposure of 

the most disadvantaged groups to second hand smoke remains a growing concern in both 

developed and developing countries (57,58). The concentration of smoking prevalence in 

lower socioeconomic groups contributes to a cycle of disease and impoverishment whereby 

higher smoking rates lead to poor health status and higher smoking-related disease prevalence 

in the sub-populations least able to pay for health services.       

A recent structural-form econometric model developed by Miller and others has been used in 

the literature as an alternative to the epidemiological models for estimating the cost of 

smoking (59–61). The model provides a causal and associative link between smoking and 

health expenditures in terms of both “biological effects” and “non-biological effects”. The 

rationale for this framework is that smoking status impacts an individual’s likelihood to have 

smoking-related diseases, report poorer health status and ultimately affecting health 

expenditures (21). Through this “biological effect”, smokers are generally expected to have 

higher health expenditures. The “non-biological effects” in contrast, takes into account the 

fact that smokers may have higher and lower healthcare expenditures for reasons not directly 

related to the health condition. For instance, smokers may have lower health expenditures 

depending on how their risk-taking profiles influences their health seeking behaviour (23). 

The causal mechanism by which smoking status affects health expenditures is depicted in 

Figure 1 below.          
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Figure 1 – Conceptual framework for the causal and associative relationship between 

smoking and healthcare expenditure 

Source: World Health Organization (2011) 

2.2 The economic cost of smoking 

The economic burden imposed by smoking has generally been quantified in terms of its 

overall impact at the macro-economic or societal level. Some of the lesser known models 

developed in this respect, considered the long-term dynamic impact on changes in 

demographic composition, disease formation, reduced financial investment and human 

capital formation and the interaction of economic agents through a comprehensive flow-of-

income framework (21). Models that fall within this domain include the economic growth 

model, the calibration model, the computable general equilibrium (CGE) model and the full 

income model (62). The first three models estimate the impact of disease, in general, on 

Gross Domestic Product (GDP) and/or GDP growth while the fourth model uses a 

willingness-to-pay approach to estimate impact on economic welfare. These models typically 
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have high data requirements and involve complex model estimation making them difficult 

and unpopular for widespread use.    

Most cost of smoking studies have used the cost-of-illness approach developed by Rice and 

others (21,63). This approach adopts a macroeconomic perspective to analyse the aggregate 

impact of smoking across different economic agents. The costs are recognized, identified, 

listed, measured and valued as part of the approach and broadly divided into direct and 

indirect costs (64). Direct costs consist of both healthcare costs and non-healthcare costs. The 

former include all medical expenditure relating to diagnosis, treatment and other expenses 

related to healthcare while the latter include expenses related to the consumption of non-

healthcare resources such as transportation, household expenditure on items such as food for 

the hospitalised patient and property losses, such as when property is sold to cover medical 

expenses. Indirect costs refer to the productivity loss suffered by the individual, family or 

society due to reduced time at work through morbidity or mortality (21,64).  

Conceptually, the economic cost of illness is defined as the difference between healthcare or 

other costs incurred due to smoking and the healthcare and other costs that would have been 

incurred regardless of smoking (21). In other words, the cost of smoking refers to the 

additional costs incurred by society as a result of smoking. Thus, although estimation of the 

cost of smoking uses the cost of illness approach, it requires one to identify direct and 

indirect costs due to smoking-related illnesses. Studies of this kind can thus be divided into 

two using this attributable-risk method – a prevalence-based and an incidence-based 

approach. The distinction in the set of estimates generated results from how the 

epidemiological data are used.  

The prevalence-based approach compares the sum of excess costs of smoking-related 

diseases and deaths incurred by current and former smokers to costs incurred by never 
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smokers (21). Costs are estimated based on smoking-related illnesses manifested in that year 

but caused by cumulative exposure to tobacco smoke over previous years. The approach 

estimates economic costs for newly diagnosed patients with smoking related diseases, those 

in advanced stages and those who died as a result of smoking-related illnesses, irrespective of 

when they may or may not have quit smoking. These annual costs of smoking are estimated 

from cross-sectional data and the method is sometimes referred to as the cross-sectional 

approach. Several studies have used this approach to estimate cost of smoking over the last 

three decades (20,65,66).  

The second method of using the epidemiological data is the incidence-based approach which 

estimates the expected additional costs as a result of smoking-related illness in a group of 

smokers compared to never smokers over their lifetimes (21). Thus the economic costs are 

the excess lifetime costs per smoker compared to a never smoker as a result of smoking-

related diseases if they continue to smoke throughout their lifetime at the current smoking 

rate. The expected lifetime costs are discounted to convert future values to present values and 

are added up as a series of discounted annual excess costs over the lifetime taking into 

account differing life expectancy on costs between the two groups. Importantly, a possible 

trade-off exists between above-average annual healthcare expenditures for smokers and the 

additional years of healthcare expenditure for never-smokers due to longer life expectancy. 

Premature death due to smoking-related illness has the seemingly perverse economic benefit 

of reducing the number of years that people can consume healthcare consequently avoiding 

some future healthcare costs. A potential saving from premature death is thus conceivable 

and some studies have attempted to estimate the “net cost” taking into account this “death 

benefit” (19,23,67). The incidence based approach, by design, estimates health costs using 

longitudinal data for smokers and never-smokers over their lifetimes. This requirement of 

tracked data over time has limited the frequency of its use in the literature.  
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The two approaches have their strengths and weaknesses. Prevalence-based cost of smoking 

studies, for instance, estimate past and present costs, but fail to provide any estimate of long-

term consequences of the smoking-related illnesses over the lifetime of the smoker. They are 

therefore best suited to draw attention to smoking-related illnesses whose impact has been 

underestimated and to design cost containment policies allowing policy makers to make 

decisions based on information about where the highest costs are incurred. On the other hand, 

incidence based approaches estimate the present and future costs of smoking-related illnesses 

in a particular year. This makes it suitable for considering preventive measures and 

estimating the potential cost savings that would accrue or for analysing disease management 

protocols to make them more effective and efficient. Both methods are also particularly 

sensitive to the epidemiological stage of the diseases being considered. Thus, for ongoing 

health or social problems such as substance abuse, both approaches have similar estimates. 

However, health problems that are on the decline will likely result in underestimation of 

prevalence based estimates while emerging health problem likely results in overestimation of 

incidence based estimates if a latency phase exists (64).     

Cost of illness studies further distinguish between top-down and bottom-up approaches for 

assessing costs. The top-down approach, also called the attributable-risk approach, measures 

the proportion of a disease at the aggregate population level that is due to exposure to the risk 

factor, in this case cigarette smoke (64). It estimates the fractions of resource use that should 

be allocated to each disease using the population-attributable fraction, which in turn are 

calculated from the relative risk of the disease or utilization of health care services for 

individuals with the disease (68). Unlike the aggregate approach, the bottom-up approach is 

person-based and assigns resource use and productivity losses due to a smoking-related 

illness to the individual. This method has an advantage over the top-down approach in that it 

can use statistical techniques to adjust for confounding, providing for more robust cost 
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associations. In addition, it is more suitable for complex conditions as it would be able to 

generate more comprehensive cost estimates.     

A third approach uses econometric techniques to estimate the cost differentials between a 

cohort with the exposure or disease of interest and a cohort without it. The cohorts are 

matched by a series of regressions on various demographic and mediating factors. The 

method can estimate costs through a mean difference approach or a multi-stage regression 

approach. The first approach compares the mean costs incurred by each cohort to determine 

the incremental difference attributable to smoking (64). The multi-stage regression, in 

contrast, is conducted if there are large numbers of cases with zero costs and few cases with 

very high costs. A comparison of the coefficients from the regression analysis with the 

disease dummy variable to the regression estimates without the disease variable yields the 

incremental cost of the disease. This econometric method generally requires only one dataset 

and is the main advantage over the other methods of estimating costs.                             

In general, however, cost of smoking studies have been faulted on several fronts. A common 

criticism has been the omission of certain categories of smoking-related health care such as 

costs of treatment and death of burn victims from smoking-induced fires (69) or the cost 

related to perinatal care for low-birth weight babies of smoking mothers (70). In addition, 

very few studies have included costs related to treatment of diseases caused by second hand 

smoke exposure despite these costs being potentially substantial in places with high smoking 

rates. Notably, intangible costs were conspicuously excluded from cost of illness studies in 

general and, specifically from cost of smoking studies until the turn of the millennium. 

Intangible costs require valuation of the costs of pain and suffering of smoking-related 

victims and their families. However, the development of the concepts of Quality Adjusted life 

years (QALYs), Disability adjusted life years (DALYs) and other health-related quality of 

life estimates that take into account both the duration and quality of life associated with the 
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disease have opened new possibilities for developing a deeper understanding of the burden of 

smoking, beyond mere cost considerations. 

The debate in estimating lifetime cost of smoking using net costs or gross costs in the 

incidence based approach has been raging for at least the last three decades (18,23,29). In 

general, cost of illness studies have been criticised for lacking consistency in methodology, 

relevance to policy and overall credibility. This intellectual debate remains far from settled 

and cost of illness studies have in fact garnered a growing interest among public health 

advocates and health care policy makers.    

 

3. Empirical review  

3.1 Objective 

The objectives of this empirical review are to review the link between cigarette smoking and 

health inequality and how this is related to inequality in health expenditure. Studies on 

smoking and health have been done extensively for several decades. The majority of these 

studies were conducted in developed countries. This structured literature review, however, 

focusses on studies conducted in developing countries. While the studies conducted in 

developing countries are not many, they provide some insights of the socioeconomic 

disparities in smoking and health care costs. LMIC policymakers and decision makers are 

increasingly interested in evidence relevant to their local settings to which this study aims to 

make a contribution. These studies were divided into two categories, namely studies linking 

smoking to inequality in health and studies on the economic cost of smoking with a focus on 

health-related expenditures. 
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3.2 Reviewed studies 

Six databases were searched – Africa-wide information, CINHAHL, SocINDEX with full 

text, Business Source Premier, Econlit and MEDLINE. The search results were filtered to 

only include studies done from the year 2000 to date and published in a peer-reviewed 

journal in English. The review covered the following aspects: the objectives of the studies, 

the measure of smoking used, measures of socioeconomic status used in the studies, 

analytical methods for the studies, findings and conclusions from these studies.                    

 

3.3 Inequality in smoking prevalence and smoking-related diseases  

Studies that assessed the relationship between tobacco use and socioeconomic factors in this 

review included five multi-country cross-sectional studies (7,56,71–73), two single-country 

cross-sectional studies (74,75), one prospective cohort study (76) and one case-control study 

(77). The diversity of single-country studies range across studies conducted in Mexico (76), 

Brazil (77), India (74) and South Africa (78), while the number of countries included in the 

multi-country studies ranged from thirteen (73) to sixty-three (72) low and middle income 

countries (LMICs).  
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Table 1: Articles reviewed on disparities in smoking prevalence and smoking-related diseases among LMICs 

Author(s), (year) Details of study Objective(s) 

Explanatory 

variable(s) 

Health outcome/ 

behaviours 

measured Method(s) 

Findings/ 

Conclusions 

Pampel F. (2008) Setting: 14 sub-

Saharan African 

countries 

Study type: Cross-

sectional study 

To describe the 

prevalence and social 

patterns of cigarette and 

tobacco use, in general, 

in 14 African countries. 

- Urban residence 

- Occupation 

- Education 

- Age 

 

 

- Smoking prevalence 

(Use cigarettes only; 

or use cigarettes and 

other tobacco 

products). 

 

- Smoking intensity 

(Number of cigarettes 

used in the last day). 

 

-Multinomial logistic 

regression 

 

- Linear regression 

Results for men show 

highest cigarette use 

among urban, less 

educated and lower 

status workers while 

results for women 

showed much lower 

prevalence but 

comparable social 

patterns of use.   

Boing et al. (2010) Setting: Brazil  

Study type: Case-

control study 

To assess the 

association between 

socioeconomic status 

(SES) and head and 

neck cancer in relation 

to alcohol and tobacco 

consumption 

- Years of education 

- Occupation 

- Smoking status 

- Alcohol drinking 

- Pharyngeal cancer 

- Oral cancer 

- Laryngeal cancer 

- Unconditional logistic 

regression 

 

- Multivariate analysis 

using hierarchical 

framework of 

socioeconomic factors 

as distal and behavioural 

factors as proximal 

exposures. 

 

Socioeconomic 

disparities in head 

and neck cancer were 

partially attributable 

to the distribution of 

tobacco and alcohol 

consumption across 

SES.  

       

Pampel and Denney 

(2011) 

Setting: 50 low 

and middle 

income countries 

To test the argument 

that increasing 

educational disparities 

- Smoking status 

- Years of education 

- Occupation 

- Current smoking 

status (occasional and 

regular smokers) 

Multilevel regression 

analysis: 

- Logistic regression 

- Increases in national 

income and cigarette 

diffusion widen 
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Author(s), (year) Details of study Objective(s) 

Explanatory 

variable(s) 

Health outcome/ 

behaviours 

measured Method(s) 

Findings/ 

Conclusions 

Study type: Cross-

sectional study 

in tobacco use and 

inequalities in health 

and premature 

mortality are associated 

with higher national 

income and more 

advanced cigarette 

diffusion.  

- Standard of living 

measure 

model at Level 1 

- Level 2 equations 

assuming individuals are 

nested within nations.  

 

educational 

inequalities in 

smoking among the 

young and men.  

Hosseinpoor et al. 

(2011) 

Setting: 48 low 

and middle 

income countries 

Study type: Cross-

sectional study 

To assess demographic 

and socioeconomic 

determinants of current 

smoking in low and 

middle income 

countries.  

- Highest education 

level 

- Rural or urban  

- Wealth quintile 

- Current smoking 

status (Both daily and 

occasional smokers) 

Multivariable logistic 

regression was used to 

assess the association 

between current 

smoking and 

demographic as well as 

socioeconomic factors. 

 

- The highest 

smoking rate was 

observed among men 

in the lowest wealth 

quintile. 

 

- The odds of 

smoking increased 

with age until about 

50 years for both men 

and women.  
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Author(s), (year) Details of study Objective(s) 

Explanatory 

variable(s) 

Health outcome/ 

behaviours 

measured Method(s) 

Findings/ 

Conclusions 

Li and Guindon 

(2012) 

Setting: 63 low 

and middle 

income countries 

Study type: Cross-

sectional study 

To examine the 

relationships between 

income, income 

inequality and current 

smoking  

- National GDP per 

capita 

- Gini coefficient 

- Decile dispersion ratio 

- Current youth 

smoking status 

(smoked at least 1 

cigarette in the last 1 

month) 

Estimated a three-level 

binary logistic multi-

level model.  

- Overall, income and 

income inequality 

exert a major 

influence on smoking 

behaviour in youth in 

LMICs.  

 

- There is a positive 

association between 

GDP and the odds of 

a young person 

smoking in an 

LMICs. 

 

Palipudi et al. (2012) Setting: 13 low 

and middle 

income countries 

Study type: Cross-

sectional study 

To examine the 

influences of socio-

demographic 

determinants on current 

tobacco use. 

- Place of residence 

- Knowledge of the 

harmful effects of 

smoking 

- Educational level 

- Wealth index 

- Current smoking 

status (Use of any 

tobacco product 

either daily or 

occasionally) 

Estimated a multiple 

logistic regression 

model 

Significant trends 

showing:  

- decreasing smoking 

prevalence with 

increasing levels of 

education in 5 of 13 

countries 

- decreasing 

prevalence of tobacco 

use with increasing 

wealth in 8 of 13 

countries. 

- decreasing 

prevalence of tobacco 

use with increasing 

levels of knowledge 

of harmful effects of 

smoking in 8 of 13 

countries.   

 

Beltran-Sanchez et 

al. (2013) 

Setting: Mexico 

Study type: 

To examine the 

socioeconomic and 

- Household 

expenditure 

- Smoking initiation 

- Smoking cessation 

- Model 1 estimated the 

odds of quitting relative 

- Socioeconomic 

indicators are more 
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Author(s), (year) Details of study Objective(s) 

Explanatory 

variable(s) 

Health outcome/ 

behaviours 

measured Method(s) 

Findings/ 

Conclusions 

Prospective cohort demographic 

characteristics 

associated smoking 

initiation and quitting.  

- Level of education 

- Demographic 

variables 

to continuing to smoke 

among those who smoke 

 

- Model 2 estimates the 

odds of starting relative 

to non-smokers. 

 

likely to predict the 

initiation of smoking 

than quitting 

smoking. 

 

- Urban residents are 

at higher risk of 

initiating smoking 

than rural residents, 

regardless of gender.  

Agrawal et al. (2013) Setting: India  

Study type: Cross-

sectional study 

To assess variations in 

associations between 

socioeconomic status 

and tobacco use across 

Indian States by 

tobacco type.  

- Education level 

- Total household 

expenditure 

- Average educational 

level  of adult 

household members  

- Household tobacco 

use by type of 

product (smokeless 

tobacco, bidi or 

cigarette).  

- Volume of tobacco 

consumption by type 

of product (smokeless 

tobacco, bidi or 

cigarette). 

 

Logistic regression and 

linear regressions 

models 

- Increased household 

income was 

associated with a 

higher likelihood of 

cigarette use and 

higher volumes of 

cigarette and bidi use.  

Ayo-Yusuf et al. 

(2015) 

Setting: South 

Africa 

Study type: Cross-

sectional study 

To examine overall 

trends in cigarette 

smoking by 

socioeconomic status in 

South Africa between 

2002-2011 

- Smoking prevalence 

 

- Cigarettes smoked per 

day (CPD) 

- Educational 

attainment 

- Trends in smoking 

were assessed with 

estimates of annual 

percentage change 

(APC) 

 

- Disparities in smoking 

were assessed with 

relative concentration 

index (RCI) 

- Decline in smoking 

prevalence was 

observed among 

those with no 

education, while an 

increase was 

observed among the 

most educated 

women over the same 

period. 

 

- The RCI by 

educational status 

significantly 

increased from 0.80 
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Author(s), (year) Details of study Objective(s) 

Explanatory 

variable(s) 

Health outcome/ 

behaviours 

measured Method(s) 

Findings/ 

Conclusions 

(2003) to 1.35 (2007) 

to 1.94 (2011) 

indicating a 

narrowing of 

smoking disparities 

across the 

socioeconomic strata.  
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Pampel (2008) first attempted to describe the prevalence and patterns of tobacco use in 

fourteen sub-Saharan African countries before later collaborating on a similar, but much 

larger study (71). The first study analysed patterns of smoking prevalence and smoking 

intensity across various socioeconomic groups using data from Demographic Health Surveys 

(DHS). The measures of socioeconomic status (SES) used in this study were occupation and 

level of education attained, with a third proxy being geographical area of residence (rural or 

urban) – all as categorical variables. The study established that while smoking prevalence 

was lower for women than for men, they both exhibited similar social patterns of use, with 

the highest levels of consumption among urban dwellers, the less educated and lower status 

workers (7). On the other hand, the second study, in collaboration with Denney (71), included 

fifty LMICs and was one of the first such large-scale studies to assess the educational 

disparities in tobacco use and the associated inequalities in health. Drawing from the World 

Health Surveys (WHS), the study tested the argument that increasing educational differences 

in tobacco use, inequalities in health and premature mortality are associated with higher 

national income and more advanced cigarette diffusion. A multi-level logistic regression 

model was estimated with years of education, occupation and standard of living measures as 

SES variables. The results showed that the increase in national income and cigarette diffusion 

widened educational disparities, especially among men and the young.  

These results were consistent with another multi-country study in the same year by 

Hosseinpoor and colleagues (6) which also found that smoking rates were highest among 

men in the lowest wealth quintile. In addition, Li and Guindon (2013) using Global Youth 

Tobacco Survey (GYTS) data found that there was a positive association between national 

income levels and the odds of a young person smoking in LMICs. Likewise, Palipudi and 

others (73) using data from the Global Adult Tobacco Survey (GATS) found that in five of 

the thirteen countries in their study, increasing levels of education were associated with 
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decreasing smoking prevalence, while in eight of the countries this decrease was associated 

with increasing wealth.  

Agrawal and others (74) assessed the disparities in the association between socioeconomic 

status and tobacco use across Indian States. Using level of education as the main SES 

variable, they established that increased household income was associated with a higher 

likelihood of cigarette use as well as higher volumes of cigarette and bidi3 use. The study 

however used households as the unit of analysis and was thus limited in its ability to 

determine the validity of the results at individual level.  

In a different study, Ayo-Yusuf and colleagues (78) assessed the distribution of smoking 

across educational attainment levels as a proxy for SES in South Africa. The study used data 

from three years of the South African Social Attitudes Survey (2003, 2007 and 2011) to 

estimate annual percentage changes in the smoking prevalence while disparities in smoking 

were assessed using the relative concentration index (RCI). A decline in the smoking 

prevalence was observed among those with no education while an increase was observed 

among women with the highest education attainment over the same period. This shift in 

socioeconomic inequality in smoking prevalence was reflected in the RCI estimated which 

increased from 0.80 in 2003 to 1.35 in 2007 and finally to 1.94 in 2011 indicating a 

narrowing of the disparity.   

These cross-sectional studies all suffered similar limitations. Firstly, the kind of study design 

is only able to show the association of various SES variables with smoking prevalence or 

consumption. This does not necessarily infer a causal relationship between the variables 

being assessed. Secondly, with the exclusion of Pampel’s study (7), the remaining studies 

(6,71,72) only assessed current smoking status, including frequent smokers with occasional 

                                                           
3 Bidi is a type of cheap cigarette made of unprocessed tobacco wrapped in leaves.  
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smokers, without taking into account changes in past smoking behaviour. Lastly, all the 

cross-sectional surveys used self-reported smoking status which can be underestimated in 

such surveys. It is a particularly important factor for the study by Li and Guindon (2013) 

which assessed youth smoking – generally considered to be socially undesirable.  

Beltran-Sanchez and colleagues (2013) used a prospective cohort study design to examine the 

socioeconomic and demographic characteristics associated smoking initiation and quitting in 

Mexico. The study found that urban residents are at a higher risk of initiating smoking than 

rural residents, regardless of gender. Furthermore, socioeconomic indicators were found to 

better predict the initiation of smoking than smoking cessation. The main advantage of this 

type of design is that it allowed for temporal analysis of the associations. However, it did not 

measure any changes in smoking behaviour, such as smoking intensity, over the smoker’s 

lifetime.      

An earlier study by Boing et al. (2011), used a case-control design to investigate the 

socioeconomic disparities in head and neck cancer, linked to corresponding inequalities in 

tobacco and alcohol consumption. The study observed a higher risk of disease among those 

with lower education and those performing manual labour. The authors conclude that the 

differences observed in socioeconomic occurrence of neck and head cancer were partially 

attributable to the distribution of tobacco smoking and alcohol consumption. Importantly, the 

study tries to take the socioeconomic differences in smoking a step farther by assessing its 

association with the occurrence of two smoking-related cancers. The study design however 

has its limitations owing to risk of recall bias, misclassification due to self-reported 

behavioural history and limited generalizability of the data.  

The studies presented consistently establish that tobacco use, in a diversity of settings, is 

closely but negatively associated with socioeconomic status, whether this is measured by 
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level of education attained, occupation, wealth index or even urban residence. Furthermore, 

the influence of levels of income on youth smoking is positive, such that it increases the 

likelihood of youth smoking. In other words, smoking prevalence appears to be highest 

among the poorest in the populations of many LMICs. These are also the most vulnerable 

equity groups, who are already prone to ill-health linked to poverty and least able to pay for 

healthcare services. These disparities in smoking prevalence and intensity thus portend a 

looming epidemic among many LMICs as the prevalence of smoking increases in these 

countries. However, in this review only one study goes further to establish a relationship 

between the disparities in smoking prevalence and the disparities in specific smoking-related 

diseases. This link can be extrapolated even farther to assess the link between smoking, ill-

health and healthcare expenditure, whether at individual or at national levels. This generally 

constitutes the economic cost of smoking and will be the subject of the next section.               
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3.4 Smoking and health expenditures 

Generally, the articles assessing the cost of smoking can be divided into two broad categories 

– those that assess the impact of tobacco expenditure on displacement of expenditure (the so 

called crowding-out effect) on other household goods and services (79–81), and second those 

that assess the impact of tobacco use on healthcare expenditure, either at individual, 

institutional or national level (33,82–87). 
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Table 2: Articles reviewed on the economic cost of smoking 

Author(s), year 

Details of 

study Objective(s) 

Explanatory 

variable(s) 

Health outcome/ 

behaviours 

measured Method (s) Findings/Conclusions 

Efroymson et al 

(2001) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Setting: 

Bangladesh 

Study type: 

Cross-

sectional study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) To investigate the 

extent of tobacco 

expenditures in 

Bangladesh; 

 

b) To compare 

expenditures in (a), 

above to potential 

investment in food and 

other essential items  

                                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Tobacco use 

- Level of 

household income 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Tobacco use 

- Tobacco 

expenditures 

- Daily food 

consumption 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data were used to make 

comparisons of different 

expenditures and to 

calculate potential food 

purchases from tobacco 

expenditures. 

 

Calculations of potential 

food purchases and their 

caloric value were made 

for the comparison.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- The typical male smoker 

spends over five times, 18 times 

and 20 times as much on 

cigarettes as for house rent, 

health and education, 

respectively.  

 

- Tobacco expenditure per 

household represents 1.3% of 

total household expenditure in 

rural areas, 3.3% in urban areas 

and 1.4% for the whole country.  

 

- The poorest households were 

twice as likely to smoke as the 

wealthiest.  

 

 

 

 

 

 

 

 

 

 

Lwegaba A (2004) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Setting: 

Barbados 

Study type: 

Prospective 

cohort with 

nested case 

control study  

 

 

 

 

 

 

 

 

To estimate the tobacco-

associated morbidity 

and hospital care costs. 

 

 

 

 

 

 

 

 

 

 

  

Index of diseases 

and other chronic 

diseases with 

recorded smoking 

status 

 

 

 

 

 

 

 

 

 

 

a) Cohort analysis: 

- Excess morbidity 

- Excess healthcare 

financial burden 

b) Case-control 

analysis:  

- Smoking exposure 

 

 

 

 

 

 

 

 

a) Morbidity cohort 

analysis was used to 

measure incidence 

density, risk ratios, and 

preventive fraction 

b) Case control analysis 

was used to compute odds 

ratios for exposure. 

 

 

 

 

 

 

 

- A smoker's hospital bill was 

found to be nearly two times 

(1.86 times) more than that for a 

non-smoker and five times more 

than government per capita 

health allocation.  

- Medical complications tended 

to be significantly more severe, 

multiple and with relatively 

poorer prognosis among 

smokers 
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Author(s), year 

Details of 

study Objective(s) 

Explanatory 

variable(s) 

Health outcome/ 

behaviours 

measured Method (s) Findings/Conclusions 

McGhee et al. 

(2006) 

 

 

 

 

 

 

 

 

 

 

Setting: Hong 

Kong, China 

Study type: 

Cross-

sectional 

design 

 

 

 

 

 

To estimate the health-

related costs of tobacco 

use from active and 

passive smoking 

 

 

 

 

 

 

 

- Hospital 

admissions 

- Outpatient, 

emergency and GP 

visits 

- Use of nursing 

homes 

- Time lost from 

productive work 

 

 

- Cost of mortality 

due to active 

smoking (35 year 

and above) 

- Cost of mortality 

due to passive 

smoking (60 years 

and above) 

- Cost of morbidity 

 

 

Used local data to 

estimate active and 

passive smoking-

attributable mortality and 

morbidity in the 

productive years. 

 

- Prevalence-based 

disease specific cost of 

smoking approach 

 

- The annual value of direct 

medical costs, long term care 

and productivity loss was 

USD532 million for active 

smoking and USD156 million 

for passive smoking. 

- Passive smoking increases the 

costs of smoking by at least a 

quarter. 

 

 

Nonnemaker and 

Sur (2007) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Setting: 

Bangladesh 

Study type: 

Prospective 

cohort 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To examine the 

relationship between 

tobacco prices on child 

health outcomes and 

assess the potential for 

improved child health 

outcomes resulting from 

less household 

expenditure on tobacco. 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Tobacco 

expenditure based 

on village-level 

prices 

- District 

indicators 

- Demographic 

indicators 

- Village 

infrastructure 

- Land and farm 

equipment 

ownership 

 

 

 

 

 

 

 

 

 

 

Three 

anthropometric 

indicators of child 

health and nutrition. 

Standardized 

measures of:  

- Height for age 

(HAZ) for chronic 

malnutrition to 

define stunting.  

- Weight for height 

(WHZ) for short-

term nutritional 

status to define 

wasting. 

- Weight for age 

(WAZ) for both 

short and long term 

nutritional status. 

 

 

 

 

 

 

 

Estimated reduced form 

demand equations for 

children aged 2-10 years 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Tobacco prices were found to 

be a significant determinant of 

height for age and weight for 

height for both boys and girls. 

 

- Price of tobacco products is a 

significant predictor of weight 

for age for girls and the pooled 

sample 
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Author(s), year 

Details of 

study Objective(s) 

Explanatory 

variable(s) 

Health outcome/ 

behaviours 

measured Method (s) Findings/Conclusions 

Arredondo A., 

Carrillo C. and 

Zuñiga A. (2007) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Setting: 

Mexico 

Study type: 

Case study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To determine the health 

care costs and economic 

burden of smoking-

related diseases 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Chronic 

obstructive 

pulmonary disease 

(COPD) 

- Lung cancer 

- Asthma in 

smokers and non-

smokers 

- Full treatment 

course with 

nicotine gum and 

patch 

 

 

 

 

 

 

 

- Annual health care 

costs of 3 smoking-

related diseases 

- Annual health care 

costs for full 

treatment course 

with nicotine patch 

and with nicotine 

gum.  

 

 

 

 

 

 

 

 

 

Developed probabilistic 

models to predict 

expected changes in the 

epidemiological profile 

and the resultant changes 

in health care services 

needed for selected 

interventions 

 

 

 

 

 

 

 

 

 

 

 

- Comparing results from 2006 

and 2008 showed there was an 

expected 20-90% increase in the 

diseases reviewed and a 

resultant 25-93% increase in 

financial requirements.  

 

- Changes in demand for health 

services for patients with 

smoking-related respiratory 

illnesses will continue to 

increase.  

 

 

 

 

 

 

 

Pu et al. (2008) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Setting: 

Taiwan 

Study type: 

Cross-

sectional study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To estimate the 

crowding-out effects of 

tobacco and alcohol in a 

country with low 

expenditure shares on 

tobacco and alcohol 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

- Tobacco use, 

with adult-sex 

ratio as an 

instrument 

- Alcohol use, 

with adult ratio 

within household 

as an instrument 

 

 

 

 

 

 

 

 

 

 

 

 

Share of 

expenditure 

categories in the 

total household 

budget.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Used a Quadratic 

Almost Ideal Demand 

System for different 

expenditure categories. 

 

- Used the fractional logit 

method to estimate the 

marginal effect of tobacco 

and alcohol on other 

household expenditure 

spending.  

 

 

 

 

 

 

 

 

 

- Lowest income households 

were most vulnerable to tobacco 

and alcohol use, despite an 

overall low expenditure. 

 

- Tobacco expenditure was 

significantly associated with 

lower expenditure in 18 of 31 

categories at the lowest income 

group.  
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Author(s), year 

Details of 

study Objective(s) 

Explanatory 

variable(s) 

Health outcome/ 

behaviours 

measured Method (s) Findings/Conclusions 

Sturm et al. (2013) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Setting: South 

Africa 

Study type: 

Cross-

sectional 

survey 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To estimate the 

associations of tobacco 

use, excessive alcohol 

consumption and 

obesity with health 

expenditure and chronic 

diseases.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Body mass index 

(in 3 categories) 

- Excessive 

alcohol intake 

(greater than 3 

drinks a day) 

- Smoking (current 

and past regular 

smokers) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Healthcare 

expenditure in three 

categories:  

- Outpatient 

expenditure only 

- Inpatient 

expenditure only 

- Total expenditure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Plotted a semi-

parametric local 

polynomial estimate of 

expenditure on BMI 

 

- Multivariate analyses, 

ordinary least square 

regression model 

estimated the relationship 

of raw expenditures on 

the explanatory variables.  

 

 

 

 

 

 

 

 

 

 

 

 

 Obesity and tobacco use were 

associated with increased health 

care expenditure, by as much as 

11% for moderately obese 

individuals and 13 % for 

smokers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Anh et al (2014) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Setting: 

Vietnam 

Study type: 

Cross-

sectional study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To estimate the direct 

and indirect costs of 

active smoking in 

Vietnam 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prevalence of five 

smoking-related 

diseases:  

- Lung cancer 

- COPD 

- Ischaemic heart 

disease 

- Stroke 

 

 

 

 

 

 

 

 

 

 

 

 

- Smoking 

attributable direct 

costs 

- Smoking 

attributable indirect 

costs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prevalence-based disease-

specific cost of illness. 

 

Hospital-based cost study  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The total cost of smoking in 

2011 was approximately 0.97% 

of Vietnam's GDP 

(USD1173.2million). 

 

Indirect costs due to morbidity 

and mortality were USD126.1 

million and USD454million, 

respectively 

 

Direct costs of inpatient and 

outpatient care reached 

USD470.4 million and USD 

122million, respectively 

 

 

Arrieta et al (2014) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Setting: 

Mexico 

Study type: 

Case control 

study design 

 

 

 

 

 

 

 

 

 

To assess the direct 

medical costs 

attributable to smoking 

incurred by lung cancer 

patients 

 

 

 

 

 

 

 

 

 

- Outpatient care 

- Operating room 

care (surgery) 

- Regular 

hospitalization 

- Intensive care 

unit 

hospitalization 

- Chemotherapy 

administration 

- Radiotherapy 

treatment 

- Palliative care 

 

Total cost of the 

disease 

- Average cost 

estimate per case 

- Case-specific cost 

estimate 

- Smoking 

attributable cost of 

disease 

 

 

 

 

 

- Used an incidence-based 

cost of illness approach 

 

- Micro-costing model 

was developed using the 

bottom up approach 

 

- Health care service 

provider perspective 

 

- Followed up for at least 

one year 

 

- Annual costs attributable to 

smoking are high for patients 

with recently diagnosed non-

small cell lung cancer (NSCLC) 

over USD19.9 million in 2011.  

 

- Medical care costs were 

estimated at USD2.1 million in 

2013. 
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Author(s), year 

Details of 

study Objective(s) 

Explanatory 

variable(s) 

Health outcome/ 

behaviours 

measured Method (s) Findings/Conclusions 

Bundhamcharoen 

et al (2015) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Setting: 

Thailand 

Study type: 

Cross-

sectional study 

 

 

 

 

 

 

 

 

 

 

 

 

To assess the economic 

burden attributable to 

smoking in Thailand in 

2009 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prevalence of 

seven diseases:  

- Lung cancer 

- COPD 

- Cardiovascular 

disease 

- Upper 

aeriodigestive  

tract cancer 

- Other cancer 

- Other respiratory 

diseases 

- Other medical 

conditions  

 

 

 

 

- Direct medical 

costs 

- Indirect medical 

costs 

- Productivity loss 

due to premature 

deaths and 

absenteeism 

 

 

 

 

 

 

 

 

 

 

- Used a prevalence-based 

disease-specific cost of 

illness approach  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- Total economic burden of 

smoking was estimated at 

USD2.18 billion.  

 

- Productivity losses accounted 

for USD1.81 billion. 

 

- Total medical costs amounted 

to USD37 million.  

 

- The total cost of smoking 

accounted for 0.78% of the 

national gross domestic product 

and about 18.19% of total health 

expenditure. 
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Efroymson et al., (2001) represent one of the first studies, globally, to examine the impact of 

tobacco expenditures at the household level. An important aspect of this study was the 

calculation of the alternative essential purchases that could have been made if the money was 

not spent on tobacco. The study found that in Bangladesh a typical male smoker spent over 

five times, eighteen times and twenty times as much on cigarettes as for house rent, health 

and education, respectively. Tobacco expenditure was found to represent about 1.3 percent of 

the total household expenditure in rural areas, rising to 3.3 percent in urban areas, despite the 

poorest households being twice as likely to smoke as the wealthiest. The estimate is also 

likely to be an underestimation as the use of oral tobacco, a major part of tobacco use among 

females in India, was excluded from the analysis.  

Building on the work of Efroymson et al. (2001), Nonnemaker and Sur (2007) conducted a 

prospective cohort study in which they examined the relationship between tobacco prices on 

child health outcomes as a result of reduced expenditure on tobacco. Their study focussed on 

the impact on child stunting, wasting and overall short-term and long-term nutritional status. 

Tobacco prices were found to be a significant determinant of stunting and wasting, 

irrespective of gender, and a significant predictor of nutritional status for girls, specifically 

and in the pooled sample. This study essentially gave credence to the notion present earlier by 

Efroymson and others (79) that tobacco expenditure led to a trade-off for expenditure on 

other commodities, even essential ones at the household level. However, Nonnemaker and 

Sur’s study was still only able to suggest the potential benefit of reduced tobacco expenditure 

as a result of increased cigarette prices in a relatively short study that had limited 

generalizability.  It used a small rural sample that may not have been representative of the 

larger urban Bangladeshi population.     

Around the same period, Pu and others (80), used a more complex method to determine the 

crowding out effect of tobacco expenditure at household level in Taiwan. The authors 
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developed a quadratic almost ideal demand (QuAID) system – a series of demand equations 

for various expenditure categories and used a fractional logit (flogit) model to estimate the 

marginal effect of tobacco and alcohol consumption on other household expenditure. This 

method was further strengthened by the use of an instrumental variable method to account for 

endogeneity in the primary explanatory variables – tobacco and alcohol consumption. The 

findings showed that despite having relatively low expenditure in general, the lowest income 

households were most vulnerable to tobacco and alcohol consumption. Tobacco 

consumption, in particular was significantly linked to lower expenditure in eighteen of the 

thirty-one expenditure categories. Surprisingly however, expenditure on food was found to be 

positively associated to tobacco expenditure. This may be partially due to the limitation of 

extrapolating household level analysis to the individual level. For instance, an increase in 

household food expenditure may not necessarily be translated as an increase in the individual 

smoker’s food expenditure.         

In a prospective cohort study with a nested case-control design, Lwegaba (2004) estimated 

the tobacco-associated morbidity and hospital care costs in Barbados. The author found that 

medical complications were generally more frequent and severe with relatively poorer 

prognosis among smokers compared to non-smokers. In addition, smokers’ hospital bills 

nearly doubled (1.86 times) that for non-smokers and were five times more than the 

government per capita health allocation. The study, however, only analysed health-related 

direct costs and did not take into account non-health-related direct costs nor indirect costs of 

smoking, thus likely underestimating the overall cost of smoking. Arredondo and colleagues 

(87) on the other hand, developed a probabilistic model to predict expected changes in the 

epidemiological profile of selected smoking-related diseases and the resultant changes in 

demand for healthcare services. The authors showed that there was an expected 20 to 90 
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percent increase in the disease prevalence with a corresponding 25 to 93 percent increase in 

related health expenditure.  

Other studies have typically used the cost of illness approach to estimate the cost of smoking 

in various countries and at various levels (82–84,88). Mcghee and colleagues (82) used a 

prevalence-based disease-specific approach to estimate the cost of smoking in Hong Kong, 

China. The study was especially comprehensive as it included the impact of both active and 

passive smoking – a feat rarely attempted in most cost of smoking studies. They estimated 

that the annual value of medical costs and productivity losses was approximately USD532 

million for active smoking and USD156 million for passive smoking. This suggests that 

passive smoking increased the cost of smoking by at least a quarter of the cost of active 

smoking. Similarly, Anh et al. (33) and Bundhamcharoen et al. (83) both used the prevalence-

based disease-specific approach to estimate the cost of smoking in Vietnam and Thailand, 

respectively. The total cost of smoking estimated in Vietnam was to be about USD1.17billion 

(0.97 percent of Vietnam’s Gross Domestic Product) while the Thailand estimate was 

USD2.18 billion with productivity losses accounting for over half the amount in both cases. 

These studies however are likely to have underestimated the full cost of smoking to their 

countries for two main reasons. Firstly, they both focussed on the cost of active smoking and 

unlike the earlier study by McGhee and others(82), did not include the costs related to passive 

smoking or exposure to second hand smoke. Secondly, the number of smoking related 

diseases assessed in the individual countries was not exhaustive. For instance, the study in 

Vietnam(33) used five smoking-related diseases while the study in Thailand (83) used seven. 

However, cigarette smoke harms nearly every part of the human body and has been linked as 

a causal factor for over ten diseases in men and women (12).                 

An alternative approach in the literature used to determine the cost of smoking is the 

incidence-based approach. Arrieta and others (84) used this approach in a case-control study 
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to estimate the direct medical costs attributable to smoking incurred by lung cancer patients 

in Mexico. They used a micro-costing method and developed a bottom-up approach to 

estimate the average cost per case as well as case-specific cost estimates. The authors found 

that the medical care costs were approximately USD2.1million in 2013 and the annual 

smoking-attributable costs for newly diagnosed lung cancer in particular were over USD19.9 

million in 2011. The study results were however, not generalizable to the rest of the Mexican 

population as the sample used was not representative. Sturm and others (85) conducted a 

different study in South Africa to estimate the excess health care expenditures associated with 

tobacco use, excessive alcohol consumption and obesity. The authors found that tobacco use 

was associated with increased health care expenditure by as much as 13 percent, slightly 

higher than the increase associated with moderate obesity estimated at 11 percent. The results 

were however not generalizable to the rest of the country due to the pool from which the data 

was sampled – the country’s largest health insurance scheme. Owing to the high level of 

income inequality in the country, the number of black people that had access to this medical 

scheme was not representative of the country as a whole (85). This only sets to emphasise the 

need for careful consideration in choosing sources of data and even more careful 

interpretation of the results and their applicability.  

The studies reviewed in this section of the paper can broadly be divided into two. Firstly, 

studies that sought to assess the impact of smoking on a range of outcomes either at 

household or individual level. These studies typically noted higher healthcare costs among 

smokers compared to non-smokers.  This ranges from 13 percent higher costs to double the 

amount. In addition, a crowding-out effect was highlighted whereby tobacco expenditure at 

the household level led to lower expenditures in other categories of household expenditures. 

The second category of studies aimed to estimate the economic cost of smoking normally at 

the national level. Most of these studies estimated the overall economic cost of smoking to be 
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just below 1 percent of the respective countries’ GDP. Importantly, these studies did not 

attempt to show any relationship between the socioeconomic disparities in smoking and 

disparities in healthcare costs. This study aims to fill that gap.     
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Abstract 

 

Background 

The increased smoking prevalence in some parts of the world, particularly in Low and 

Middle Income Countries (LMICs) is a major concern among tobacco control advocates and 

governments. The higher smoking-related disease prevalence associated with this is expected 

to fall among the sub-populations least able to pay for healthcare services in LMICs. This, in 

turn, will perpetuate the vicious cycle of poverty and disease. The current study contributes to 

developing an understanding of the socioeconomic disparities in smoking in Namibia and 

their potential association with per capita health-related expenditures. 

 

Method 

Data from the Namibia 2013 Demographic and Health Survey, a nationally representative 

survey, are used in the study. Three main variables for healthcare costs are constructed, 

namely out-patient disease (OPD) costs, inpatient disease (IPD) costs and total out of pocket 

(OOP) payments. Concentration curves and indices are estimated for all three variables as 

well as for smoking intensity and smoking prevalence. Further, three Tobit regression models 

are run to examine the associations of the different healthcare costs with smoking intensity.  



 

84 
 

  

Results 

The concentration index of smoking prevalence is estimated at -0.05 compared to -0.18 for 

smoking intensity. Thus, both smoking prevalence and smoking intensity, in relation to their 

socioeconomic status, are concentrated among the poor. In contrast, the concentration index 

of OPD healthcare costs is calculated at 0.34 compared to 0.65 for IPD healthcare costs 

reflecting disproportionately higher healthcare costs among the rich. The concentration index 

of the overall total annual OOP payments is 0.55. Tobit regression analysis, however, does 

not find any statistically significant relationship between the smoking intensity and the 

amount spent on health care costs, regardless of whether these were IPD, OPD healthcare 

costs or total OOP payments. 

 

Conclusion 

Namibia’s current policies on demand reducing tobacco control policies can be strengthened 

by these findings. Smoking is an important determinant of several non-communicable 

diseases and has the potential to exacerbate health care costs across socioeconomic strata. 

Understanding the socioeconomic disparities in smoking is imperative for developing 

appropriate interventions against smoking. 
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Introduction 

 

The World Health Organization estimates that tobacco use accounted for over 6 million 

premature deaths globally in 2015 (1). This includes some 600,000 premature deaths 

associated with second hand smoke (SHS) exposure. The global economic cost of morbidity 

and mortality attributable to tobacco use over the next 20 years is expected to be about 

US$1.3 trillion or the equivalent of 1.3 percent of Gross Domestic Product (GDP) annually 

for all countries (1). With increased smoking prevalence in some parts of the world, the 

majority of these costs are expected to be borne by Low and Middle Income Countries 

(LMICs) placing further strain on their already overstressed health systems. 

In Africa alone, smoking prevalence is estimated to increase from 15.8 percent in 2010 to 

21.9 percent in 2030 – the largest anticipated increase by region (2). Disparities in tobacco 

use have been observed across ethnic or racial groupings, gender, socioeconomic status, 

education levels and geographical regions (3–5). The commensurate higher smoking-related 

disease prevalence is also expected to fall among the sub-populations least able to pay for 

healthcare services in LMICs thus contributing to the vicious cycle of poverty and disease (6)  

Several studies have revealed that socioeconomic inequalities exist in the distribution of 

smoking in many countries (7,3). This has been shown using different measures of 

socioeconomic status (SES). For instance Laaksonen and colleagues found that education, 

occupational status and income were all inversely related to smoking (4). Hiscock et al. 

extended this and concluded that increased smoking prevalence will likely result in increased 

inequalities especially in terms of incidence of smoking-related diseases (7).    

High income inequality remains a major issue in Namibia. Higher individual health-related 

expenditures, particularly those associated with cigarette smoking, have the potential to 

exacerbate this issue. Like many cost of smoking studies in recent years (8–13), studies 
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exploring the socioeconomic dimensions of cigarette smoking have focussed on developed 

countries, with only a few, mainly in Southeast Asia, dedicated to developing country 

settings. The current study will contribute to developing a better understanding of the 

socioeconomic inequalities in smoking in Namibia and their potential association with 

individual health-related expenditures. 

Methods 

Data 

This study uses the 2013 Namibia Demographic Health Survey (DHS). The 2013 Namibia 

DHS is the fourth and most recent nationally representative DHS survey in the country. The 

survey uses a two-stage stratified cluster sampling method. Sampling probabilities are 

calculated separately for each sampling stage and for each cluster. In the first stage 554 

enumeration areas (EAs) are selected with a stratified probability proportional to size from 

the sampling frame. The country’s 13 regions are stratified into 26 sampling strata – 13 rural 

and 13 urban strata. A predetermined number of EAs are independently selected in every 

stratum from a complete list of households. The second stage involves the selection of 20 

households in every urban and rural cluster according to equal probability systematic 

sampling. This study uses the individual dataset that focuses on data collected from men and 

women between the ages of 15-64 years.  Socioeconomic variables are obtained from the 

household questionnaire. 

Variables of interest 

a. Health expenditure variables 

Per capita healthcare expenditure variables are constructed based on out-patient disease 

(OPD) expenditure incurred in the last 4 weeks and in-patient disease (IPD) expenditure 
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incurred in the last 6 months, both of which are annualized. Thus the calculations of 

expenditures are done as follows: 

• Annual OPD costs = Number of OPD visits in the last 4 weeks x Cost of the health care x 

13  

• Annual IPD costs = Number of overnight stays in the last 6 months x Cost for the stay x 

2 

• Total annual Out of pocket (OOP) payments = Annual OPD costs + Annual IPD costs 

For easy comparison, all amounts are converted from Namibian Dollars (NAD) to United 

States dollars (USD) at the average exchange rate for 20134. 

b. Variables on smoking 

Two variables are used for smoking, one is continuous and the other dichotomous. The 

number of cigarettes smoked in the previous 24 hours was used as the continuous smoking 

variable to estimate the smoking intensity. In contrast, the dichotomous smoking variable was 

generated by combining the different types of tobacco used, and coding all those with no 

reported smoking in the previous 24 hours to 0 and anyone with at least one cigarette smoked 

in the last 24 hours to 1. This represents the smoking prevalence.  

c. Wealth index 

The wealth index was constructed within the DHS dataset using a method developed by 

Rutstein and Johnson (14). The index makes use of household asset data, including 

ownership of consumer items such as source of drinking water, sanitation facilities and type 

of flooring material. This is done in three steps – First, a subset of indicators common to 

urban and rural areas is used to create wealth scores for households in both areas and 

transformed into binary indicators. Principal components analysis (PCA) method is then used 

                                                           
4 Average 2013 exchange rate: 1 NAD = 0.1040 USD 
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to produce a common factor score for each household. Second, separate factor scores are 

produced for households in urban and rural areas using area-specific indicators. The final step 

combines the separate area-specific factor scores to produce nationally applicable combined 

wealth index. After the index is computed, national-level wealth quintiles, ranked from 

lowest to highest are formed by assigning the household score to each household member. 

The ranking is divided into five equal categories (quintiles), each comprising 20 percent of 

the population.     

Analytical methods 

In this paper, the concentration index, a widely used measure of socioeconomic inequality, is 

calculated to examine the inequality in the distributions of smoking prevalence and smoking 

intensity, as well as on healthcare expenditures, specifically, OPD healthcare costs, IPD 

healthcare costs and total annual OOP payments. The concentration index is computed for 

microdata with a categorical welfare variable as follows:  

𝐶 =
2

µ
∑ 𝑓𝑡𝑦𝑡𝑅𝑡 − 1

𝑇

𝑡=1

 

Where, µ  is the mean level of the variable of interest, 𝑓𝑡 is the group’s population share, 𝑦𝑡 is 

the group’s average, and 𝑅𝑡is the relative rank calculated as:  

𝑅𝑡 =  ∑ 𝑓𝑦 −
1

2
𝑓𝑡

𝑡−1

𝑦=1

 

and indicates the cumulative proportion of the population up to the midpoint of each group 

interval (15).  
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The concentration index ranges between 1 and -1 (16). Variables that are disproportionately 

concentrated among the rich have a positive concentration index while those 

disproportionately concentrated among the poor have a negative concentration index.  

In terms of healthcare costs, OPD and IPD healthcare costs were first considered separately 

and then collated as total annual OOP payments. The analysis of inequality in the distribution 

of OPD costs and IPD costs is further enhanced and complemented by the use of 

concentration curves. The concentration curve displays the cumulative share of a variable of 

interest across cumulative proportions of individuals in the population ranked from poorest to 

richest. If the distribution of the variable of interest is distributed equally across the whole 

population, the curve will be a 45-degree line, known as the line of equality. However, if the 

variable takes on higher values among the poor, the curve will lie above the line of equality 

and vice versa.       

To examine the relationship between smoking intensity, determined by the number of 

cigarettes smoked in the last 24 hours, and healthcare costs, we first identify households that 

incur healthcare costs. A large proportion in the dataset however, report zero expenditure on 

health care possibly due to abstention, lack of access to health services or because they could 

not afford the service at current prices and income levels (17).  

A simple linear regression model would not be sufficient for such a scenario, instead a Tobit 

regression is used to model the relationship between smoking intensity and healthcare costs. 

The Tobit model is a truncated and censored variant of the nonlinear probit model. It allows 

observed data (i.e. the dependent variable) to be censored from above or below a fixed value.  

For example, allowing for the inclusion of only non-negative and non-zero observations for 

the dependent variable in the model.  
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The choice between a censored regression model and a truncated regression model is driven 

by assumptions about the source of zeros observed in the data. In the model estimated in this 

study, per capita health care expenditure is regressed on smoking intensity and other 

variables. The source of zeros in the per capita health care variable could arise from several 

sources. Firstly, it could be a result of a corner solution in which the household did not spend 

any money on healthcare during the period of interest. Second, it could be that the household 

was insured and did not have to spend its own money during the period. Despite relative high 

health insurance in Namibia, OOP payments still account for a large financial burden for the 

poorest households in the country (18). The second assumption above thus does not seem 

very realistic and we assume a zero expenditure is a result of a household not spending on 

health care during the period. This means a tobit truncation model works better, taking into 

account all positive expenditure on health care.     

Three models are estimated, namely Model 1 - the association with annual OPD health costs; 

Model 2 – association with annual IPD health costs; and Model 3 – association with total 

annual OOP payments. In all three models, the dependent variables (i.e. healthcare costs) 

were censored from below and therefore only included positive observations in the analysis. 

Several demographic and socioeconomic variables are also included in the models. Many of 

these were comparable to variables used in other similar studies (19,20). In addition, reasons 

for seeking care and the type of health facility visited are included to account for the 

influence of these factors on the dependent variables in the first two models. All analyses 

were conducted using Stata 13 (21).  

Results 

Table 1 compares the descriptive statistics for the overall population and the population of 

smokers. The table highlights that while most respondents in the overall population were 

female (about 52.5%), only 27.6% of smokers were female. Further, it depicts that most 
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smokers are urban based (57.2%). In terms of marital status, the overall population had more 

singles compared to married or cohabiting and divorced or widowed (34.6%, 21.9% and 

4.9%, respectively) a trend comparable among smokers (single – 47.7%; married or 

cohabiting – 45.2%; divorced or widowed – 6.3%).  

Table 1: Description of the study population 

Full population Population of smokers 

Percent [95% CI] Percent [95% CI]] 

 Male 47.6 [46.2 - 49.2] 72.4 [66.8 - 78.0] 

Female 52.5 [50.7 - 54.5] 27.6 [24.5 - 30.7] 

Age category 

0-10 years 28.5 [27.4 - 29.7] -- 

11-20 years 21.7 [20.7 - 22.7] 7.5 [5.7 - 9.3] 

21-35 years 23.5 [22.6 - 24.6] 43.7 [39.2 - 48.3] 

36-50 years 14.2 [13.7 - 14.9] 29.3 [26.0 - 32.7] 

50+years 12.0 [11.5 - 12.7] 19.5 [16.9 - 22.1] 

Type of residence 

Rural 53.2 [51.4 - 55.3] 42.8 [39.1 - 46.5] 

Urban 46.8 [44.5 - 49.3] 57.2 [51.7 - 62.8] 

Marital status 

Single 34.6 [33.3 - 36.0] 47.7 [43.1 - 52.5] 

Married/Cohabiting 21.9 [21.1 - 22.9] 45.2 [40.6 - 49.8] 

Divorced/Widowed 4.9 [4.6 - 5.2] 6.3 [4.8 - 7.6] 

Education level 

No education 26.8 [25.6 - 27.9] 15.8 [13.5 - 18.0] 

Primary education 33.2 [31.9 - 34.5] 28.3 [24.7 - 31.8] 

Secondary education and above 39.3 [37.8 - 40.9] 55.7 [50.3 - 50.3] 

Wealth index 

Poorest -- 17.3 [14.6 - 20.0] 

Poor -- 18.6 [15.6 - 21.7] 

Middle -- 17.5 [14.3 - 20.7] 

Rich -- 23.8 [19.2 - 28.6] 

Richest -- 22.7 [18.0 - 27.5] 

Sample size, N 42,784 1,263 

Note: 95% confidence intervals (CI) indicated in square brackets. 
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Education attainment was found to be fairly evenly distributed in the overall population, with 

26.8% reporting no education, 33.2% reporting primary level of education and 39.3% 

reporting at least secondary level education. In comparison, few smokers (15.8%) reported no 

education, some (28.3%) reported at least a primary level of education while the majority 

(55.4%) had attained at least secondary education.

Figure 1 shows the concentration curves of smoking prevalence and smoking intensity. These 

curves both lie above the line of equality showing that smokers, in relation to their 

socioeconomic status, are concentrated among the poor. Smoking intensity is concentrated 

among the poor with a concentration index of -0.17 while the concentration index of smoking 

prevalence is estimated at -0.06.     

Figure 1: Concentration curves for smoking prevalence and smoking intensity 
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The concentration index of OPD healthcare costs was calculated to be 0.32 compared to 0.60 

for IPD healthcare costs.  This reflects a greater concentration of IPD healthcare costs among 

the wealthy than among the poor. The concentration index of the overall total annual OOP 

payments was estimated at 0.50. Concentration curves for these costs are depicted in figure 2.    

Figure 2: Concentration curves for OPD healthcare costs and IPD healthcare costs 

 

Both concentration curves lie below the line of equality indicating a higher concentration 

among the rich compared to the poor. A separate graph, figure 3, shows the concentration 

curve for total OOP payments lying below the line of equality and therefore 

disproportionately higher among the rich.  
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Figure 3: Concentration curve of total annual OOP payments 
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Table 3: Tobit regression model results 

Model 1: Annual 

OPD costs 

Co-efficient  

(p-value) 

Model 2: 

Annual IPD 

costs 

Co-efficient 

(p-value) 

Model 3: Total 

annual OOP 

payments 

Co-efficient 

(p-value) 

Number of cigarettes smoked 

in the last 24hrs 

-2.47 (0.25) -4.42 (0.64) -4.76 (0.32)

Age category (Base = 18-24 

years) 

25-34 years 42.85 (0.57) -325.02 (0.33) -53.04 (074)

35-44 years 7.36 (0.95) 80.08 (0.83) -421.97 (0.05)

45-55 years 112.89 (0.58) 1,268.43 (0.16) -271.33 (0.29)

Above 55 years -452.97(0.04)* 1,236.73 (0.22) -213.94 (0.44)

Gender (Base = female) 

Male -1.28 (0.98) -132.38 (0.56) -532.24 (0.00)**

Geographic location (Base = 

Rural) 

Urban 336.24 (0.22) 954.37 (0.29) -226.01 (0.42)

Marital status (Base = Single) 

Married 411.18 (0.01)** 632.55 (0.16) 839.51 (0.00)** 

Widowed or divorced -7.57 (0.97) -1,289.05 (0.09) -45.86 (0.88)

Education level (Base = No 

education) 

Primary 94.16 (0.44) 1,329.25 (0.04)*  685.07 (0.01)*  

At least sec 412.90 (0.06) 2,087.39 (0.03)*  1,017.46 (0.01)** 

Wealth index (Base = 

Poorest) 

Poor 203.22 (0.32) 542.48(0.37) -47.91 (0.87)

Middle 266.94 (0.30) 161.74 (0.83) 445.41 (0.15)

Rich 168.85 (0.50) 201.09 (0.83) 523.61 (0.15)

Richest -48.93 (0.91) 2,163.29 (0.05)  1,128.08 (0.02)* 

Reason for care (Base = 

ANC/PNC/Pregnancy) 

Illness 599.39 (0.03)* -1,916.18(0.14) -- 

injury and other -116.89 (0.63) 504.10 (0.78) -- 

Type of facility visited (Base 

= Public facility)  

Private facility 1,669.40 (0.00)** 5,941.48 (0.01)* -- 

Other 5,678.44 (0.06) 2,044.50 (0.04)* -- 

All coefficients converted to USD 

*p<0.05, statistically significant coefficients.
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The results of the Tobit regression models are shown in Table 3.  The regression results for 

all three models show no statistically significant relationship between smoking intensity and 

health care costs after controlling for other variables. For model 1 the age category above 55 

years, being married, illness as a reason for seeking care and using a private health facility 

were all found to be positively related to OPD healthcare costs and statistically significant. In 

comparison, model 2 found statistically significant and positive associations between having 

primary schooling and at least secondary school level of education, on the one hand, and IPD 

healthcare costs on the other. In addition, compared to visiting a public health facility, 

visiting a private or other health facility were both found to be positively related to IPD 

healthcare costs and statistically significant. Model 3 shows statistically significant 

relationships between total annual OOP payments and gender, being married, having primary 

schooling, having at least secondary school level of education and being in the wealthiest 

quintile.   

Discussion 

This paper shows that smoking inequalities exist in Namibia. The study finds that smoking 

prevalence and smoking intensity are both slightly more concentrated among the poor. This is 

consistent with the literature which notes smoking as disproportionately more prevalent 

among the poorest men than the richest across many low and middle income countries (5).  

In contrast, the healthcare expenditure patterns observed in this study appear to reflect the 

overall income inequality in the country at large. The country remains one of the most 

unequal in the world with the Gini index of income inequality estimated at 0.61 (22). Thus, in 

general, those in the wealthiest quintile spent much more on health expenditure than those in 

the poorest, whether or not they smoked. Interestingly, however, when other factors have 

**p<0.01, statistically significant coefficients. 
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been controlled for, Tobit regression analysis in this study did not find any statistically 

significant relationship between the number of cigarettes smoked in the last 24 hours and the 

amount spent on health care costs, whether IPD, OPD healthcare costs or total OOP 

payments.  

On the other hand, several other factors, directly or indirectly linked to socioeconomic status, 

were found to be statistically significant. For instance, the type of health facility visited is 

statistically significant and reflects the higher costs related to use of private health facilities 

compared to public health facilities. In addition, those with higher education levels typically 

spend more on healthcare than those with less education.   

Namibia’s tobacco control policy is guided by the Tobacco Control Products Act of 2010. 

Under this legislation, several demand-reducing interventions were introduced and 

implemented from 2014 onwards (23,24). These include a complete ban on indoor smoking, 

bans on tobacco advertising, promotion and sponsorship, introduction of health warnings on 

tobacco products and taxes on tobacco products. It is clear that policy makers need to take 

into account socioeconomic differences in smoking status and intensity when developing 

tobacco control policies, especially in light of vast differences in income inequality in the 

country.  

Policy interventions aimed at reducing smoking intensity and prevalence among the poor will 

invariably reduce the potential for smoking-related diseases among this vulnerable 

population. The Government may consider further raising existing cigarette taxes as an 

option to reduce the apparent inequality in smoking in the country. Evidence from other 

studies suggests that raising the price of tobacco products via taxation is the single most 

effective tobacco control intervention with the greatest potential to reduce socioeconomic 

inequalities in smoking (3). This stems from the fact that the poor tend to be more price 
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sensitive than the rich. The current prices for the most sold brand of cigarettes in the country 

comprises about 29% of excise tax compared to the WHO recommendation of at least 70% of 

retail price being excise tax (1). This suggests ample opportunity for further increases in the 

future.   

The main strength of this study is that it adds to a growing body of literature on the impact of 

tobacco use in developing countries. Previous studies have generally focussed on either the 

socioeconomic inequalities associated with smoking (7,3,4,25), particularly in developed 

countries, or on the health costs of smokers in developed countries (19,26–29). Unlike other 

studies (30,9,31), however, the current study findings fail to establish a relationship between 

smoking and healthcare expenditures.  

The study has a few limitations. Firstly, DHS data are not typically designed to answer 

tobacco-related research questions and thus the scope of available variables limited the types 

of analyses that could be done in relation to our research questions. The dataset, for instance, 

contained only one question on smoking that asked whether an individual within a household 

had smoked and the number of cigarette sticks consumed in the last 24 hours. This variable 

was used as a proxy for smoking intensity. However, smoking intensity is normally 

determined by looking at the amount of tobacco use over a period of at least one month. This 

allows for researchers to determine different ranges of smoking intensity and allows for 

differentiating daily smokers from weekly smokers and occasional smokers (32,33). This 

potentially left out some smokers that may not have smoked in the previous day. However, 

the number of such respondents in the dataset is unlikely to be large and significant enough to 

change the overall results found. Secondly, health expenses are not disaggregated by type of 

disease. Thus tobacco-related healthcare costs are lumped with non-tobacco-related 

healthcare costs, making it difficult to appropriately determine the impact of tobacco 
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consumption on smoking-related healthcare costs. This may have impacted on the non-

significance of the relationship.   

Future research is needed to determine the extent to which disparities in smoking intensity 

affect tobacco-related healthcare expenditures within the Namibian context. The impact of 

cigarette tax increases and other demand reducing interventions on reductions in smoking 

prevalence and smoking intensity inequalities are of particular interest and importance for the 

country.  

Conclusion 

Smoking is an important determinant of several non-communicable diseases and has the 

potential to exacerbate health care costs across socioeconomic strata. Understanding the 

socioeconomic disparities in smoking is imperative for developing appropriate interventions 

against smoking. This study shows that smoking prevalence and smoking intensity are 

disproportionately prevalent among the poor in Namibia. This suggests the potential for 

demand-reducing interventions to play a bigger role in the country.     
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D. Policy brief

Socioeconomic disparities in smoking in Namibia 

How does smoking affect healthcare expenditure? 

Smoking and its impact on various illnesses has been 

investigated for over half a century. Researchers have 

linked active smoking to increased risk for various non-

communicable diseases (NCDs) such as coronary heart 

disease (CHD), chronic obstructive lung disease, 

peripheral vascular disease, abdominal aortic aneurysm, stroke and infertility. Every year, 

about 5 to 6 million premature deaths can be attributed to smoking globally.  This may 

increase to 8 million by 2030. The increased smoking-related illnesses and death ultimately 

lead to various economic costs, particularly for NCD-related treatments.  

KEY POINTS 

• Tobacco use in Namibia is higher

among the poor, both in terms of

prevalence and intensity of use.

• The Government needs to consider

enhancing demand reducing

interventions, in order to discourage

initiation of tobacco use among the

young and the poor.

• The Government needs to closely

monitor changes in tobacco 

consumption as it addresses the 

challenge of income inequality in 

the country. 
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Figure 1: Linking smoking to healthcare expenditures 

According to the World Health 

Organization (WHO), the economic 

costs associated with smoking-related 

illness and death is expected to be in the 

order of about US$1.3 trillion over the 

next 20 years, mainly in low and middle 

income countries (LMICs). Figure 1 

illustrates a conceptual framework 

developed by the WHO that links 

smoking status with health care 

expenditures.  

Who is most affected by this? 

The literature shows that differences exist in smoking patterns and is concentrated mainly 

among the poor in most countries. Smoking therefore has the potential to contribute to the 

cycle of disease and poverty, where one reinforces the other and deepens the cycle. For 

instance, this is seen through reduced spending on education and food, coupled with 

increased spending on health care, especially among smokers in their later years.         

In Namibia, smoking prevalence has been on the increase for just under two decades. This 

trend portends increases in smoking-related illnesses and premature death over-time in the 

country. Policy-makers thus need to take into account socioeconomic differences in smoking 

in order to accurately target and strengthen their tobacco control policies.  

This study 

Source: World Health Organization (2011) 
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The current study highlights the socioeconomic disparities in smoking prevalence and 

intensity in Namibia. To do this, data from the Namibia Demographic Health Survey (NDHS) 

2013 is used. The NDHS is not primarily focussed on tobacco use, but contains some useful 

questions on smoking. The questions do not distinguish between long-term users and short-

term users of tobacco products. Thus only the immediate past consumption patterns, i.e. 

within the last 24 hours, were used to distinguish those that smoke from those that do not 

smoke (smoking prevalence) as well as the number of cigarettes smoked, among those that 

did (smoking intensity).    

The main findings of the study were that in Namibia, both smoking prevalence and smoking 

intensity were highest among the poor. Thus, like much of the literature, this study suggests a 

negative relationship between cigarette consumption and wealth status in Namibia. This is an 

important finding for the country’s tobacco control policy. It suggests that smoking may 

already be contributing to the socioeconomic income inequality in the country.  

Policy recommendations 

It is clear that policy makers need to take into account socioeconomic differences in smoking 

status and intensity when developing tobacco control policies, especially in light of vast 

differences in income inequality in the country. Based on the results of this study, the 

government may need to consider demand-reducing policies aimed at reducing smoking 

intensity and prevalence among the poor. This will invariably reduce the potential for 

smoking-related diseases among this vulnerable population. For instance, raising cigarette 

taxes with an appropriate structure have been shown to be an effective tobacco control 

intervention with great potential to reduce socioeconomic inequalities in smoking. This stems 

from the fact that the poor tend to be more price sensitive than the rich. Current prices for the 

most sold brand of cigarettes in the country comprise about 29% of excise tax compared to 
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the WHO recommendation of at least 70% of retail price being excise tax. This suggests 

ample opportunity for further increases in the future.   

In line with the above recommendation, it is probable that as the country’s economy grows 

and income inequality is reduced, cigarettes may become affordable over time and increase 

the consumption across the wealth quintiles. This warrants some vigilance and a myriad of 

other tobacco control policies to curb the increase of smoking prevalence in the country.   
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The study was conducted by Zunda Chisha and funded by the Economics of Tobacco Control 

Project (ETCP) with funding from the Bill and Melinda Gates Foundation (BMGF).  
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Appendix 3: Journal article guide for authors to Tobacco Control BMJ 

Research papers 

The word count excludes the title page, abstract, tables, acknowledgements and contributions 

and the references. Please include the word count of your manuscript on the title page. Please 

prepare your manuscript in 12 point Times New Roman font, double spaced. 

Articles reporting research may be full length or brief reports. Papers should generally be a 

maximum of 3500 words in length, excluding tables, references, abstract and 'What this paper 

adds'. Exceptions may occasionally be made to this, particularly in the case of review articles, 

qualitative research and tobacco industry document research, but in general shorter papers 

will be more competitive for publication. The editors will consider the merits of the case for 

longer papers on a case-by-case basis, but papers longer than 5000 words will not be 

considered. Authors are strongly encouraged to observe the recommended length limitations, 

as excessive length may disadvantage an otherwise acceptable paper given the space 

limitations of the journal. 

Authors should include a section entitled 'What this paper adds', which summarises the key 

messages from the research as follows: 

• What is already known on this subject? In two or three single sentence bullet points

please summarise the state of scientific knowledge on this subject. Be clear and

specific, not vague.

• What important gaps in knowledge exist on this topic?

• What this study adds. In one or two single sentence bullet points give a simple answer

to the question 'What do we now know as a result of this study that we did not know

before?'. Be brief, succinct, specific, and accurate.

Word count: generally up to 3500 words. 
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Tables/Illustrations: up to 5 

References: no limitation, but please use references only as needed 

This article type is subject to internal and external peer review. 

Pre-submission checklist 

In order to reduce the chance of your manuscript being returned to you, please check: 

Author information: Have you provided details of all of your co-authors? Is the information 

that you have entered into Scholar One the same as the information on the manuscript title 

page? 

Manuscript length and formatting: Have you checked that your manuscript doesn’t exceed the 

requirements for word count, number of tables and/or figures, and number of references? 

Have you provided your abstract in the correct format? Have you supplied any required 

additional information for your article type, such as key messages? 

Tables: Have you embedded any tables into the main text? Have they been cited in the text? 

Have you provided appropriate table legends? Have you uploaded any lengthy tables as 

supplementary files for online publication? 

Figures: Have you uploaded any figures separately from the text? Have they been supplied in 

an acceptable format and are they of sufficient quality? Are they suitable for black and white 

reproduction (unless you intend to pay any required fees for colour printing)? Have the files 

been labelled appropriately? Have the figures been cited in the text? Have you provided 

appropriate figure legends? 

References: Have all of the references been cited in the text? 
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Supplementary files and appendices: Have you supplied these in an acceptable format? Have 

they been cited in the main text? 

Statements: Have you included the necessary statements relating to contributorship, 

competing interests, data sharing and ethical approval? 

Research reporting checklists: Have you either provided the appropriate statement for your 

study type, or explained why a checklist isn’t required? 

Permissions: Have you obtained from the copyright holder to re-use any previously published 

material? Has the source been acknowledged? 

Reviewers: Have you provided the names of any preferred and non-preferred reviewers? 

Revised manuscripts: Have you supplied both a marked copy and a clean copy of your 

manuscript? Have you provided a point by point response to the reviewer and editor 

comments? 
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Appendix 4: ivtobit regression output 

The IV initially proposed in this study was the variable Frequency at which household members 

smoke inside the house. However, following the ivtobit regression estimation, the subsequent Wald 

test for exogeneity of the instrumental variable yielded the results shown below: 

 _cons -16020.92  2627.989 -6.10  0.000 -21171.69 -10870.16

  other  52038.85  4730.997  11.00  0.000  42766.27  61311.43

 private facility  14755.31  1013.246  14.56  0.000  12769.38  16741.23

type_of_hfvisited_opd 

 injury and other -851.9202  2272.543 -0.37  0.708 -5306.022  3602.182

  illness  4568.216  2133.242  2.14  0.032  387.1373  8749.294

 reason_for_opd_care 

 5  467.989  1617.456  0.29  0.772 -2702.167  3638.145

 4  1343.294  1337.71  1.00  0.315 -1278.57  3965.158

 3  2270.061  1238.888  1.83  0.067 -158.1141  4698.236

 2  1388.167  1248.916  1.11  0.266 -1059.663  3835.998

 wealth_status 

 at least sec  3464.949  1479.818  2.34  0.019 564.5583  6365.34

  primary  762.6626  1259.599  0.61  0.545 -1706.105  3231.431

 educationlevel1 

 widowed or divorced -161.6295  1526.566 -0.11  0.916 -3153.645  2830.386

  married  3248.409  889.5389  3.65  0.000  1504.945  4991.874

 maritalstat 

 urban  1359.673  909.7699  1.49  0.135 -423.4434  3142.789

 geo_location 

 above 55 years -3167.87  1441.894 -2.20  0.028 -5993.931 -341.8087

45-54 years 1134.19  1405.511 0.81  0.420 -1620.561  3888.941

35-44 years -340.4552  1214.341 -0.28  0.779 -2720.519  2039.609

25-34 years  416.5706  1042.337  0.40  0.689 -1626.373  2459.514

 age_cat_adult 

 male  20.03845  805.4694  0.02  0.980 -1558.652  1598.729

 gender 

 smoking_intensity -192.0668  351.2517 -0.55  0.585 -880.5074  496.3739

annual_opd_costs 

 Coef.  Std. Err.  z  P>|z|  [95% Conf. Interval]

Log likelihood = -100305.87  Prob > chi2  =  0.0000

 Wald chi2(19)  =  582.36

Tobit model with endogenous regressors  Number of obs  =  7954
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For the Wald test of exogeneity, the null hypothesis is endogeneity while the alternative hypothesis is 

exogeneity. Thus, with the results indicated above, we reject the null hypothesis (it is not significant) 

and therefore there is no endogeneity and no need for an instrumental variable to be used. The final 

model used in this study did not use an instrumental variable.   

 0 right-censored observations

 5872  uncensored observations

 Obs. summary:  2082  left-censored observations at annual_opd~s<=0

Wald test of exogeneity (/alpha = 0): chi2(1) =  0.24  Prob > chi2 = 0.6237

 hv252

3.reason_for_opd_care 2.type_of_hfvisited_opd 3.type_of_hfvisited_opd

4.wealth_status 5.wealth_status 2.reason_for_opd_care

1.educationlevel1 2.educationlevel1 2.wealth_status 3.wealth_status

6.age_cat_adult 1.geo_location 1.maritalstat 2.maritalstat

Instruments: 1.gender 3.age_cat_adult 4.age_cat_adult 5.age_cat_adult

Instrumented:  smoking_intensity

 v  10.90951  .0864962  10.74129  11.08036

 s  29734.36  275.2926  29199.67  30278.85

 /lnv  2.389634  .0079285  301.40  0.000 2.374095  2.405174

 /lns  10.30006  .0092584  1112.51  0.000 10.28191  10.3182

 /alpha  172.9732  352.613  0.49  0.624 -518.1355  864.0819

 _cons  1.156549  .8735915  1.32  0.186  -.5556593  2.868757

 hv252  1.712291  .2060618  8.31  0.000  1.308417  2.116165

  other -1.121292  1.715093 -0.65  0.513 -4.482813  2.240229

 private facility  -.1130614  .3604869 -0.31  0.754  -.8196028  .59348

type_of_hfvisited_opd 

 injury and other  .8646487  .7600332  1.14  0.255  -.6249889  2.354286

  illness  .6304477  .7206892  0.87  0.382  -.7820772  2.042973

 reason_for_opd_care 

 5  -.0911273  .5591002 -0.16  0.871 -1.186944  1.004689

 4  -.2338951  .4552491 -0.51  0.607 -1.126167  .6583768

 3  -.2382374  .4183368 -0.57  0.569 -1.058162  .5816876

 2  -.0832819  .4201053 -0.20  0.843  -.906673  .7401093

 wealth_status 

 at least sec -1.886361  .4336747 -4.35  0.000 -2.736348 -1.036374

  primary  -.4427312  .4175181 -1.06  0.289 -1.261052  .3755894

 educationlevel1 

 widowed or divorced  -.0171714  .5118265 -0.03  0.973 -1.020333  .98599

  married  .0526523  .3076037  0.17  0.864  -.5502399  .6555445

 maritalstat 

 urban  .1472801  .3140234  0.47  0.639  -.4681944  .7627547

 geo_location 

 above 55 years  -.410832  .4871127 -0.84  0.399 -1.365555  .5438913

45-54 years  .5592117  .4827005 1.16  0.247  -.3868639  1.505287

35-44 years  .5795151  .4145452 1.40  0.162  -.2329787  1.392009

25-34 years  -.1589293  .3624515 -0.44  0.661  -.8693213  .5514626

 age_cat_adult 

  male   .8209166  .2532882  3.24  0.001  .3244809  1.317352

 gender 

smoking_intensity 




