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Abstract 

It has been hypothesized that the rising obesity rates in many countries are an unintended consequence of 
anti-smoking policies. However, evidence of a causal effect of smoking on body weight is mixed. Using a 
large nationally representative survey from Belarus, we estimate the effect of the number of cigarettes 
smoked per day on individuals’ body mass index (BMI) and on the probability of being overweight and 
obese. We instrument smoking variable using cigarette prices and group-specific smoking rates. We find 
that smoking is negatively related to BMI, probability of overweight and obesity, and the magnitude of 
the estimated effects is comparable to the estimates from other countries. In addition, quantile regression 
analysis uncovers that the negative effect of smoking is higher at the higher percentiles of BMI 
distribution. Same differences in the effect are found using ordered probit regression analyses. Our results 
uncover a small negative effect of smoking on body size and obesity. These findings suggest that, while 
smoking cessation may lead to some weight gain among subjects of healthy weight and above healthy 
weight, the effects on obese subjects are small and should not be expected to significantly increase 
obesity prevalence. 
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1. Introduction 

Smoking prevalence in Belarus is very high. A nationally representative household 

survey in 2000 found that 53% of men and 9% of women over 18 years old were smokers 

(Gilmore et al., 2001). 10 years later the situation does not seem to have improved: according to 

the data from Belarusian Household Survey of Incomes and Expenditures (BHSIE) in 2010 the 

smoking rate among men was 49.3% and among women – 9.5%. According to some estimates, 

28% of male deaths in Belarus in 2004 could be attributed to cigarette smoking (Eriksen et al., 

2012). The data from the same survey also demonstrates high overweight and obesity rates. 

Obesity is shown to be one of the main factors worsening the self-perceived health status of 

women (Grigoriev and Grigorieva, 2011).   

Since in many developed countries the decrease in smoking prevalence coincided in time 

with the surge in both overweight and obesity rates, the question arises whether the anti-smoking 

campaigns are in part responsible for the increase in obesity rates. Studies about the link between 

anti-smoking policies in the U.S. provide mixed evidence (Nonnemaker et al., 2009). A study 

focusing on China found no significant effect of smoking on obesity (Fang et al., 2009). 

Belarus is lagging behind Europe and the United States in policies aimed at the decrease 

of tobacco control. During the stressful experience of transition out of communism, many post-

Soviet countries, including Belarus experienced an increase in smoking prevalence (Cockerham 

et al., 2006). Unlike its neighbors, Belarus did not open up the tobacco market for foreign direct 

investment and government remains in full control of the industry, owning all cigarette 

companies and being the only importer of cigarettes (Gilmore and McKee, 2004). Tobacco taxes 

and the profits of the state-owned cigarette producers are an important part of the government 

budget revenues (Kruk and Shymanovich, 2011).   

Gilmore et al. (2001) and Pomerlau et al. (2004) analyzed the determinants of smoking in 

Belarus. Both studies are based on the nationally representative household survey conducted in 
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2000. Age was found to be the main determinant of smoking, with young people being more 

likely to smoke. This finding suggests that without drastic anti-smoking measures, smoking 

prevalence is not going to decrease anytime soon. For women, the important determinants of 

smoking also include being divorced and residing in urban areas. For men, general disadvantage 

is an important determinant of smoking.  

 In 2011, the Ministry of Health of the Republic of Belarus in cooperation with World 

Health Organization approved an Anti-Tobacco Plan for 2011-2015 (Decree No.385, 2011), 

which includes a variety of anti-tobacco actions and measures. In particular, the government 

plans the gradual increase in tobacco taxes; introduction of smoking-free zones and restriction of 

smoking in public places; and massive informational campaign about the dangers of smoking 

and ways to quit. These measures can lead to a significant decrease in smoking prevalence. 

However, an unintended consequence of these policies might be an increase in overweight and 

obesity rates. The aim of the present study is to evaluate the significance of this possible effect 

by examining the relationship between tobacco consumption and body weight among Belarusian 

adults. 

Medical literature has extensively documented the inverse relationship between tobacco 

use and body weight (Klesges et al., 1989; French and Jeffery, 1995). The nature of this 

relationship remains unclear, although changes in exercise, diet and metabolism are among the 

suggested mechanisms of tobacco’s impact on body weight (Grunberg, 1985).  However, there is 

no consensus in the literature about the possible effects of anti-tobacco campaigns on the 

overweight and obesity rates. Studies using the U.S. data provide different results depending on 

methodology and model specifications used in estimations. The positive and significant effect of 

cigarette taxes and prices on obesity is found in the studies by Chou et al. (2004), Rashad and 

Grossman (2004), Baum (2009) and Nonnemaker et al. (2009). Flegal (2007) finds that decrease 

in smoking prevalence may increase obesity rate, but insignificantly. Gruber and Frakes (2006), 
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on the other hand, find that increase in cigarette prices (which leads to decrease in tobacco 

consumption) may decrease body weight and overweight rates significantly. Using data from 

China, Fang et al. (2009) took a different approach: instead of measuring the effect of cigarette 

prices on body weight measures, they captured the effect of smoking on body weight directly. 

The authors find negative relationship between smoking and BMI, but they also find this effect 

to be insignificant for those with high BMI. Overall, they find no significant effects of smoking 

on obesity.  

This study seeks to examine the relationship between smoking and overweight and 

obesity rates in Belarus. As in Fang et al. (2009), we investigate the effect of smoking on the 

body weight using instrumental variable approach. We use two types of instruments for cigarette 

consumption: cigarette prices, which reflect economic incentives; and regional smoking 

prevalence, which reflect social attitudes towards smoking. To date, no study has analyzed the 

relationship between smoking and body weight in Belarus. To the best of our knowledge, this is 

also the first study to examine at the relationship between smoking and body weight in Eastern 

Europe. Because there are big socio-economic and demographic differences across world 

populations, the findings on this relationship from other populations may not apply to 

populations in Eastern European countries (Henrich et al. 2010). Furthermore, because Belarus 

began implementing an anti-tobacco campaign, it is important to understand whether decrease in 

smoking may lead to significant increase in obesity rates. Following Fang et al. (2009), we test 

three hypotheses in this study. First, we expect that the relationship between smoking and BMI 

among Belarusians would be negative. Second, we test whether the effect of smoking on BMI 

would be different along the BMI distribution. Third, we hypothesize that the decrease in 

smoking would have insignificant effect on the obesity rate in Belarus.  

The remainder of the paper is organized as follows. Section 2 describes the sources of 

data and variables used in the analysis. Section 3 describes the empirical methods, in particular, 
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the choice of appropriate instruments for smoking. Section 4 presents the results and Section 5 

offers conclusions and discusses policy implications.  

2. Data 

2.1. Data  

Our empirical analysis utilizes the 1996-2008 waves of the Belarusian Household Survey 

of Income and Expenditure (BHSIE). BHSIE was first fielded in 1995 and it incorporates 

interviews with a random sample of approximately five thousand households per year. BHSIE is 

considered to be one of the most reliable and comprehensive sources of micro-data in Belarus. It 

contains a wide range of questions on self-assessed health status, body weight and smoking in 

addition to many demographic, labor force variables, income and expenditure variables. 

Our analysis sample consists of individuals who are at least 18 years old as of the date of 

interview in each year. The sample includes 133,095 individuals who had non-missing 

information on all of the analysis variables (see Table 1) and who were interviewed in thirteen 

years of data (1996-2008).  

2.2. Analysis variables 

2.2.1. Variables measuring weight status 

The BHSIE includes self-reported measures of height and weight for each individual. For 

each individual, we create Body Mass Index (BMI) [weight(kg)/height(m)2] and binary indicators 

of weight status, where the individuals are categorized as being underweight (BMI < 18.5), 

healthy weight (18.5 ≤ BMI < 25), overweight but not obese (25 ≤ BMI < 30) and obese (BMI ≥ 

30) (CDCP, 2008). 

2.2.2. Cigarette consumption variables 
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BHSIE asked each respondent whether he/she was a current smoker. For the individuals 

who responded “yes”, the survey asked about the number of cigarettes smoked per day, with 

possible responses ranging from 1 to 98. We use these responses to create our measure of 

cigarette consumption. This continuous measure is intended to capture both the incidence and the 

intensity of smoking, which a binary smoking indicator variable is unable to do.  

2.2.3. Other explanatory variables 

Our multivariate analysis employs other explanatory variables, which include total 

monthly expenditure on alcohol that acts as a rough proxy for alcohol consumption. Previous 

literature has found that alcohol consumption may lead to higher body weight (Colditz et al., 

1991; Lukasiewicz et al., 2005; Arif and Rohrer, 2005). Drinking has also been shown to be a 

complement of smoking, and is considered to be an indicator of personal addictive traits 

(Arcidiacono et al., 2007; Bask and Melkersson, 2004; Decker and Schwartz, 2000). We also 

include monthly expenditures on fruit and vegetables (excluding potatoes, which are staple food 

in Belarus) and expenditures on eating out. After controlling for the total household expenditure, 

expenditures on these food items are important controls for the composition of the diet in the 

BMI equation, which favorably contrasts our study from Fang et al. (2009). Furthermore, our 

multivariate analysis includes total personal income; household size; age; gender; single vs. 

married indicator; indicators of self-reported health status (good health, fair health, and poor 

health indicators); number of medical visits in the last 3 months; indicator for having been 

hospitalized in the last 12 months; indicator for whether health affects ability to work; sports 

practicing indicator; indicators for the educational attainment (university diploma, secondary 

education); and indicators for being currently employed, having ever worked, and being a 

student. We also include year dummies. Household income was measured using total household 

expenditure, which is considered to be a preferred measure to total household income because of 

frequent under-reporting of income in transition countries, which have a large informal sector 
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(for a discussion, see Milanovic 1998). Total household expenditure was transformed into 

expenditure per capita by dividing by the OECD equivalence scale.4 

An important factor in estimating the relationship between smoking and body weight 

status is the local environment and institutions, which may be correlated with both weight status 

and smoking. Local built environment may foster a sedentary lifestyle, low food prices. At the 

same time, different types of locations have been identified with different smoking prevalence 

rates (Gilmore et al., 2001), and may also differ in terms of cigarette prices. We are able to 

control for the unobserved differences in environmental characteristics among communities by 

the use of region, rural vs. urban indicator, and big city indicator (for cities with population 

>100,000). The regional identifiers available in the data refer to the six regions of Belarus 

(corresponding to “oblast” in Russian) and the capital city of Minsk.  

3. Empirical Methods 

3.1. Modeling the continuous measure of body weight: BMI 

We begin by estimating the effect of cigarette consumption on the continuous measure of 

body weight, BMI. Our empirical specification assumes BMI to be a linear function of the 

explanatory variables: 

  XSBMI 210  (Equation 1) 

Here, BMI is the body mass index; S  is the number of cigarettes an individual smokes 

per day; X is the vector of other explanatory variables;  is a error term; and 20   are the 

coefficients to be estimated. A negative coefficient on the variable measuring the number of 

cigarettes smoked would indicate a negative association between smoking and body weight. The 

                                                            
4 The analysis used the so-called “OECD-modified” equivalence scale used by the Statistical Office of the European 
Union (EUROSTAT). The scale assigns 1 to the household head, 0.5 to each additional adult member and of 0.3 to 
each child under 19 (Hagenaars, de Vos and Zaidi 1994). 
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explanatory variables included in vector X would control for the observed characteristics that 

are correlated with both cigarette smoking and body weight. 

3.2. Endogeneity of cigarette consumption 

There may still be some unobserved factors, not included in the vector of controls X , 

that could potentially confound the observed association between cigarette consumption and 

body weight, making the cigarette smoking variable endogenous. In this case, the estimated 

coefficient on the smoking variable will be biased and will not reflect the causal effect of 

cigarette consumption on body weight. Endogeneity could also arise due to reverse causality or 

simultaneity between smoking and body weight, and due to the presence of measurement error in 

the smoking variable (Wooldridge, 2001). If the main source of endogeneity in self-reported 

smoking variable is random reporting bias, it will attenuate the estimate on smoking towards 

zero, and our estimates may be regarded as conservative estimates of the effect of smoking on 

body weight. However, the fact that our body weight status measure is self-reported and 

potentially mismeasured does not introduce a bias in the estimate on smoking, for the 

measurement error in our dependent variable only affects the precision (i.e. statistical 

significance) of the estimated effect of smoking.  

The source of the omitted variable bias may be the unobserved individual-level 

heterogeneity in smoking and body weight status. Examples of such unobserved factors may 

include personality traits and family environment that induce the individual to both consume 

extra calories and smoke. It may also be variation in the discount rate assigned to the future 

health consequences of smoking and obesity by the individual (Cawley et al., 2006). Our 

empirical specification includes only a rough proxy to account for such addictive propensities. 

The reverse causality (or simultaneity) between smoking and body weight status is possible 

because overweight and obese individuals may use smoking as a mechanism for weight control 

(Baum, 2009; Cawley et al., 2004). Our analysis corrects for the potential endogeneity of 
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smoking by using an instrumental variable technique. With the use of appropriate instruments we 

would be able to generate a consistent estimate of the effect of smoking on body weight status in 

Eq. 1. Instrumental variable technique assumes a linear first-stage model: 

vXZS  210   (Equation 2) 

where vector Z contains instrumental variables; v is the residual; 20   are the model 

parameters; and the other terms are described in Eq. 1. The details of our instrumental variable 

strategy are presented in section 3.6. 

3.3. Quantile regression 

We implement quantile regression analysis to see whether the effect of smoking on body 

weight differs among individuals located in different percentiles of the BMI distribution 

(Trogdon et al., 2008; Fang et al., 2009). Detecting a significant effect of smoking on BMI in the 

upper percentiles of the conditional BMI distribution would suggest that decline in smoking rate 

would be accompanied by an increase in obesity rate. The attractive feature if the quantile 

regression is the flexibility of modeling data with heterogeneous conditional distribution 

(Koenker and Hallock, 2001). We estimate quantile regression for the 10th, 25th, 50th, 75th and 

90th percentiles of the conditional BMI distribution using the same empirical specification as in 

Eq. 1. 

In order to adjust for the endogeneity of cigarette smoking, we implement the control 

function approach (Lee, 2007). Specifically, we included the linear first-stage residual as an 

additional explanatory variable in the main specification for the effect of smoking on body 

weight in Eq. 1. This method is also known as two stage residual inclusion estimation (Terza et 

al., 2008) or limited information maximum likelihood estimation (Rivers and Vuong, 1988). An 

additional advantage of the control function approach is that it provides a test of endogeneity of 

the cigarette smoking variable. We use quantile regression at the 50th percentile in order to 
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produce the first-stage residuals. However, using OLS regression for the first stage produced 

very similar results (not reported).  

3.4. Ordered probit 

We also study the effect of smoking on the four categories of body weight status as a 

robustness check of the potentially non-linear relationship between smoking and BMI. Ordered 

probit is a non-linear model that accounts for ordered categorical nature of the four weight status 

indicators (underweight = 1; healthy weight = 2; overweight but not obese = 3; obese = 4): 

  XScategoriesBMI 210  (Equation 3). 

In order to account for potential endogeneity of cigarette smoking, S , we implement 

control function approach due to the non-linear nature of this regression, which does not allow us 

using a linear two-stage least squares (2SLS) regression. 

3.5. Binary indicators of body weight status: overweight and obese 

As an additional check of the potentially non-linear relationship between smoking and 

BMI, we estimate specifications with the dependent variables being one of the two binary 

indicators of body weight status: overweight and obese. We first look at the effect of smoking on 

the probability of overweight or obesity (BMI ≥ 25) within a specification that is similar to Eq. 1: 

  XS 210obese)or eight Prob(overw  (Equation 4). 

The dependent variable in Eq. 4 is a dichotomous indicator equal to 1 if individual’s BMI 

equals to or exceeds 25; and 0 otherwise. The main estimation method is a probit regression. We 

implement a control function approach to account for the potential endogeneity of the cigarette 

smoking measure. In addition, we estimate OLS and 2SLS models as robustness checks of the 

main specification. We repeat the estimation for the probability of being obese, where the 
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dependent variable is a binary indicator equal to 1 if the person’s BMI equals to or exceeds 30; 

and 0 otherwise. 

3.6. Instrumental variables 

The use of instrumental variables is intended to correct for the endogeneity of the 

smoking measure and produce consistent estimates of the effect of smoking on body weight 

status. In order to be a valid instrument, the variable has to satisfy two conditions. First, it has to 

be strongly associated with the endogenous smoking variable. Second, the instrumental variable 

should not affect body weight status other than through its effect on smoking, i.e. it has to be 

“excludable” from the main estimation specification (Wooldridge, 2001).  

We employ two instrumental variables in our estimation: (i) the mean number of 

cigarettes smoked per day in the same year-region-gender- and education group as the 

respondent, and (ii) the average yearly price per pack of cigarettes in the region where the 

respondent lives. Gilmore et al. (2001) identify important demographic and socio-economic 

differences in smoking rates, which dictates our use of gender and education categories (below 

secondary, secondary, university degree) to construct groups of observations that will be 

followed over time. The use of region as a grouping variable allows us to capture the social norm 

associated with smoking at the regional level. We exclude the individual’s own cigarette 

smoking when we create group-level means. Group-specific smoking prevalence is likely to be 

predictive of the individual’s own smoking preferences, but is unlikely to have a direct effect on 

individual’s weight status other than through the effect on individual’s smoking. This kind of 

instrument has been used in the literature before, including studies of body weight (Morris, 2007; 

Fang et al., 2009) and suicidal behavior and productive activities (Tekin and Markowitz, 2008). 

After accounting for the fixed differences in average smoking among regions, genders, and 

education groups within each year, the source of variation that is available to identify the effect 
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of the instrument on individual’s smoking is the differences in smoking prevalence among 

various interactions of year-, region-, gender- and education categories. 

Region-specific cigarette price indices were provided by the National Statistical 

Committee of the Republic of Belarus (2011). These price indices were used along with the 

average cigarette price for 2010 to reconstruct the price per pack of cigarettes from 1995 to 2007. 

Prices were further converted into real 2008 U.S. dollars. We use lagged prices as instrument for 

current year cigarette consumption of the individuals in order to account for the addictive and 

inelastic nature of demand for smoking and the inability to quickly change smoking behavior 

after the price change. Further, we use natural log of cigarette prices in order to account for the 

potentially non-linear effect on the number of cigarettes smoked. Cigarette prices are likely to 

influence individual’s BMI only through their effect on smoking. The first-stage equation 

estimates (not shown but available upon request) using both instruments reveal that group-

specific average smoking has a very strong effect on individual’s own smoking, while cigarette 

prices have negative (but not statistically significant at the conventional levels) effect on 

smoking. When used separately as an instrument however, cigarette price has a negative and 

statistically significant at the 5% level effect on individual’s smoking rate. I all of the analysis 

below, we use both instruments and report the results of the Sargan over-identification test of the 

excludability (exogeneity) of our instruments, which is only possible when at least two 

instruments are available. 

4. Results 

4.1. Descriptive statistics of the analysis sample 

Table 1A tabulates descriptive statistics for the variables used in the analysis below. The 

mean BMI among in the sample is 25.5, which suggests that an average Belarusian adult is just 

on the border between healthy weight and overweight. In particular, 2.2% are underweight, 

48.8% are in the healthy weight range, 34.4 are overweight, and 14.6% are obese during the 
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period under analysis (1996-2008). However, the distribution of weight status has undergone 

substantial changes over time: The percentage of individuals in the right tail of the BMI 

distribution has increased over time, with the percentage of obese increasing faster than the 

percentage of overweight individuals (Table 1B and Figure 1). An average percent of smokers is 

26.7%, and an average adult smoked 3.7 cigarettes per day. The average price of a pack of 

cigarettes across all regions during the period 1995-2007 is 0.59 of 2008 U.S. dollars, and the 

average number of cigarettes smoked per day across all groups is 3.64. 

4.2. Results of multivariate analysis: OLS and 2SLS 

Multivariate estimation results using BMI as a dependent variable are presented in Table 

2. The coefficient on the number of cigarettes smoked is -0.041 and is statistically significant at 

the 1% level. This implies that one additional cigarette smoked per day reduces BMI by 0.041 

units after holding all else constant. However, this OLS estimate does not account for the 

potential endogeneity of smoking. The 2SLS estimate on the number of cigarettes smoked per 

day is -0.227 and is statistically significant at the 1% level. This suggests that after accounting 

for the endogeneity of smoking, the effect of the number of cigarettes smoked on BMI increases 

in magnitude more than five-fold. This estimate also implies that for a Belarusian adult with an 

average height of 5.5 ft, smoking one additional cigarette per day can reduce his/her weight by 

1.41 pounds. If a person who smokes 3.704 cigarettes per day (the sample average number of 

cigarettes) quits smoking, his/her weight will increase by 5.21 pounds. With the average weight 

in the sample being approximately 159 pounds, a 5. 21 pound increase in weight due to quitting 

smoking accounts for only about 3.28% of the average body weight. Among smokers in the 

sample, individuals on average smoke 14 cigarettes per day. When a smoker stops smoking, 

he/she is predicted to increase his/her BMI by 3.18 units, and gain on average 19.7 pounds (or 

12%). This could potentially move an overweight individual into the obese category. 
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The results presented in Table 2 support the validity of our instruments and the 

hypothesis that the cigarette smoking variable is endogenous based on the stark difference in the 

magnitude of the OLS and the 2SLS estimates, where OLS estimation leads to downward bias in 

the estimate of the effect of smoking on body weight status. The large magnitude of the 2SLS 

estimate also suggests that smoking could account for a large weight status difference between 

smokers and non-smokers. This result supports our first hypothesis and is consistent with the 

previous literature that finds that higher cigarette taxes and prices lead to the increase in BMI. In 

other words, the opportunity cost of smoking abatement could be an increase in body weight 

(Chou et al., 2004; Rashad and Grossman, 2004; Baum, 2009). 

4.3. Results of multivariate analysis: quantile regressions 

It is possible that the effect of smoking on body weight is not uniform. This effect may 

vary by the location of the conditional BMI distribution that the individual is at. It could be that 

smoking has a larger effect on healthy-weight individuals compared to overweight and obese 

individuals. OLS does not allow identifying such differences in the effects. 

Finding differential effect of smoking on body weight across the BMI distribution is also 

important in terms of policy implications. For example, if smoking has most of its effect 

concentrated in the healthy weight range, then a reduction in the incidence of smoking would not 

lead to increase in the rate of obesity. However, an opposite would be true if smoking has a 

uniform effect across the BMI distribution. In order to explore such effects, we estimate quantile 

regressions at the 10th, 25th, 50th, 75th, and 90th percentiles. The results of this analysis are 

reported in Table 3. In the ordinary quantile regression, the coefficient on smoking at the median 

of BMI distribution percentile is -0.041 and is statistically significant at the 1% level. However, 

after we employ the control function quantile regression, the coefficient on smoking increases in 

magnitude to -0.116 and remains statistically significant at the 1% level.  
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Interestingly, the quantile regression using the control function approach demonstrates 

that smoking has a monotonically increasing effect on body weight status. The largest effect is 

obtained at the 75th and 90th percentiles, and the smallest effects are at 10th and 25th 

percentiles. All of the effects are statistically significant at the 1% level. In addition, the results at 

the 50th percentile in the ordinary quantile regression are identical to those in the OLS 

regression. However, the results at the 50th percentile in the control function quantile regression 

are much lower than the corresponding 2SLS results.  This conforms to our expectation that 

smoking effects change across the conditional BMI distribution (our second hypothesis). 

However, smoking has a large effect on the body weight of individuals who are at the upper tail 

of the BMI distribution, which contradicts out third hypothesis. These findings suggest that a 

reduction in smoking rate may lead to an increase obesity rates by inducing a large weight gain 

among the population near the top end of the BMI distribution. 

4.4. Results of multivariate analysis: ordered probit  

The results of ordered probit regression analysis are reported in Table 4. We report the 

marginal effect of smoking one additional cigarette on the probabilities of each of the four BMI 

categories. The marginal effects in simple ordered probit regressions are relatively small but 

statistically significant at the 1% level. The marginal effects after controlling for endogeneity 

using control function approach are much larger and also statistically significant at the 1% level. 

In particular, one additional cigarette smoked per day increases the probability of being 

underweight by 0.18%, increases the probability of having healthy weight by 1.99%. On the 

other hand, it decreases the probability of being overweight (but not obese) by 1.06%, and 

decreases the probability of being obese by 1.1%. The coefficients on the first-stage residual by 

the ordered probit control function regression are all highly statistically significant (p value < 

0.01), indicating that the cigarette smoking variable is endogenous (Terza et al., 2008). 

4.5. Results of multivariate analysis: binary indicators for overweight and obesity  
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In order to conduct an additional test of the non-linear effects of smoking on body 

weight, we use overweight as our dependent variable in a probit regression. These results appear 

in Table 5. The marginal effect of smoking in the ordinary probit regression is -0.006 and 

statistically significant at the 1% level. The marginal effect after accounting for endogeneity 

using control function approach is -0.026 and statistically significant at the 1% level. This 

suggests that, if the number of cigarettes smoked per day increases by one, the probability of 

being overweight will decrease by 2.6%. Further, we estimate OLS and 2SLS model as a 

robustness check. The coefficients from both OLS and 2SLS regressions are very similar to the 

corresponding probit estimates. Altogether, these results suggest that a reduction in smoking 

prevalence will result in an increase in the rates of overweight. Finally we estimate the effect of 

smoking on the probability of being obese using the same specifications. The results from all 

models in Table 6 indicate that there is a significant negative relationship between smoking and 

the probability of being obese, with the magnitude of the effects being approximately half of the 

size of the corresponding effects on overweight. Overall, these results suggest that a decrease in 

smoking may be accompanied by an increase in weight and the effect would be moderate 

increase in the obesity rate in Belarus. This finding is consistent with recent results in 

Nonnemaker et al. (2009) and in Flegal (2007), who report a small effect of  a decline in 

smoking prevalence on obesity rates in the U.S. Additionally, we find that individuals who are 

employed or ever worked are thicker than their counterparts. On the other hand, students and 

individuals practicing sports are thinner. This could reflect differences in physical activity levels. 

Self-reported health status that is less than very good is associated with higher BMI (except for 

poor health status, which has the same association with BMI as very good health). Subjects with 

more medical visits, higher expenditures on alcohol, and/or higher income (proxied by the total 

expenditures) have a higher BMI.  

5. Concluding discussion 
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In this paper we studied the relationship between cigarette smoking and body weight 

status using data from a nationally representative sample of Belarusian adults. With rare 

exceptions (e.g., Fang et al., 2009), the majority of the previous studies on smoking and body 

weight have focused either on the cost of smoking (using cigarette prices and taxes) and its 

relation to body weight or on how body weight influences the initiation of smoking. We 

examined the association between smoking and body weight by using a continuous measure of 

smoking (number of cigarette smoked per day) and using various measures of body weight. In 

particular, we used the probability of being overweight or obese, in addition to BMI. We 

addressed the potential endogeneity of the smoking measure by the use of instrumental variable 

techniques. We estimated quantile regressions and ordered probit regressions in order to 

determine whether smoking had a different influence on BMI of subjects located at different 

points of the conditional BMI distribution. 

Our endogeneity-corrected estimates suggest that one additional cigarette per day would 

decrease BMI by roughly 0.23 units, and would reduce the probability of being overweight by 

approximately 2.5%. Furthermore, there is a small but significant effect on the likelihood of 

being obese: an additional cigarette smoked per day decreases the probability of being obese by 

1.3%. Our results suggest an important implication that smoking is inversely related to body 

weight, and has some effect on obesity rates. Our results seem to reinforce small but statistically 

significant effect of smoking on obesity in the recent studies conducted on the U.S. population 

by Nonnemaker et al. (2009) and Flegal (2007). Our results are also broadly consistent with the 

results from a similar study on China (Fang et al., 2009), however the magnitudes of the effects 

of smoking on various measures of body weight in our study are approximately twice the size of 

similar estimates found in that study. This difference in results may be explained by the fact that 

we included both males and females in our sample, while the study by Fang et al. (2009) only 

included males. To the best of our knowledge, our study is the first to look at the relationship 

between smoking and body weight in an Eastern European population. Because there are big 
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socio-economic and demographic differences among the U.S., the Chinese populations, and the 

Eastern European populations, one can expect different relationship between smoking and body 

weight across such different populations (Henrich et al. 2010). 

We believe that our instruments are valid, and the exclusion tests seemed to confirm that 

our two instrumental variables may be excluded from the body weight status equation. We note, 

however, that any instrumental variable strategy is a judgment call and we would like to regard 

our results as demonstrating an association between smoking and body weight. If more evidence 

from future studies confirms our findings, the resulting body of literature may lead readers to 

infer causality. Our single study just points in that direction. In addition, we rely on self-reported 

health status measures, which may introduce some bias in the estimates of the effect of smoking. 

We note that the adverse health effects of smoking are numerous and the health benefits 

of smoking cessation are far in excess of the risk of body weight gain (Xu et al., 2007). The 

current high prevalence of smoking in Belarus and the high body weight present major public 

health concerns. Our results suggest that the prevalence of overweight and obesity might be 

exacerbated by the reduction in smoking rate. From a policy perspective, an increase in obesity 

rates among the general population may be a reasonable concern for policy instruments targeted 

at reducing the overall smoking rates. However, the potentially modest weight gain is likely to be 

more than offset by the general health improvements associated with a decline in smoking rates. 

References 

Arcidiacono, P., Holger, S., Sloan, F., 2007. Living rationally under the volcano: an empirical 

analysis of heavy drinking and smoking. International Economic Review 48, 37–65. 

Arif, A.A., Rohrer, J.E., 2005. Patterns of alcohol drinking and its association with obesity: data 

from the third national health and nutrition examination survey 1988–1994. BMC Public Health 

5, 126.  



19 
 

Bask, M., Melkersson, M., 2004. Rationally addicted to drinking and smoking? Applied 

Economics 36, 373–381. 

Baum, C.L., 2009. The effects of cigarette cost on BMI and obesity. Health Economics 18, 3–19. 

Belarusian Household Survey of Incomes and Expenditures (BHSIE), 2012. National Statistical 

Committee, Ministry of Statistics and Analysis of the Republic of Belarus. 

Cawley, J., Markowitz, S., Taurus, J., 2004. Lighting up and slimming down: the effects of body 

weight and cigarette prices on adolescent smoking initiation. Journal of Health Economics 23, 

293–311. 

Cawley, J., Markowitz, S., Taurus, J., 2006. Obesity, cigarette prices, youth access law and 

adolescent smoking initiation. Eastern Economic Journal 32, 149–170. 

Cockerham, W.C., Hinotea, B.P., and Abbott, P. (2006). Psychological distress, gender, and 

health lifestyles in Belarus, Kazakhstan, Russia, and Ukraine. Social Science and Medicine 

63(9): 2381-2394. 

Chou, S.-Y., Grossman, M., Saffer, H., 2004. An economic analysis of adult obesity: results 

from the behavioral risk factor surveillance system. Journal of Health Economics 23, 565–587. 

Colditz, G.A., Giovannucci, E., Rimm, E.B., Stampfer, M.J., Rosner, B., Speizer, F.E., Gordis, 

E., Willett, W.C., 1991. Alcohol intake in relation to diet and obesity in women and men. 

American Journal of Clinical Nutrition 54, 49–55. 

Decker, S.L., Schwartz, A.E., 2000. Cigarettes and alcohol: substitutes or complements. NBER 

Working Paper W7535. 

Decree No. 385, 2011. Ministry of Health of the Republic of Belarus.  



20 
 

Ericksen, M., Mackay, J., Ross, H., 2012. The Tobacco Atlas, fourth edition. The American 

Cancer Society, Inc. 

Fang, H., Ali, M.M., Rizzo, J. A., 2009. Does smoking affect body weight and obesity in China? 

Economics and Human Biology 7 (2009): 334-350 

Flegal, K.M., 2007. The effects of changes in smoking prevalence on obesity prevalence in the 

United States. American Journal of Public Health 97, 1510–1514. 

French, S.A., Jeffery, R.W., 1995. Weight concerns and smoking: a literature review. Annals of 

Behavioral Medicine 17, 234–244. 

Gilmore, A.B., McKee, M., 2004. Tobacco and transition: an overview of industry investments, 

impact and influence in the former Soviet Union. Tobacco Control, 13: 136-142 

Gilmore, A.B., McKee, M., Rose, R., 2001. Prevalence and determinants of smoking in Belarus: 

A national household survey, 2000. European Journal of Epidemiology 17: 245-253 

Grigoriev, P., Grigorieva, O., 2011. Self-perceived health in Belarus: Evidence from the income 

and expenditures of households survey. Demographic Research 24, 551-578 

Grigoriev, P., Shkolnikov, V., Andreev, E., Jasilionis, D., Jdanov, D., Meslé, F., and  Vallin, J. 

(2010). Mortality in Belarus, Lithuania, and Russia: Divergence in recent trends and possible 

explanations. European Journal of Population 26(3): 245-274 

Gruber, J., Frakes, M., 2006. Does falling smoking lead to rising obesity? Journal of Health 

Economics 25, 183–197. 

Grunberg, N.E., 1985. Nicotine, cigarette smoking, and body weight. British Journal of 

Addiction 80, 369–377. 



21 
 

Hagenaars, A. J., De Vos, M., K. and Zaidi, M. A. 1994. Poverty Statistics in the Late 1980s: 

Research Based on Micro-data, Study carried out for Eurostat, Office for Official Publications of 

the European Community, Luxembourg. 

Henrich, J., Heine, S. J., & Norenzayan, A. (2010). The weirdest people in the world? 

Behavioral and Brain Sciences, 33, 61-135. 

Klesges, R.C., Meyers, A.W., Klesges, L.M., LaVasque, M.E., 1989. Smoking, body weight, and 

their effects on smoking behavior: a comprehensive review of the literature. Psychology Bulletin 

106, 204–230. 

Koenker, R., Hallock, K.F., 2001. Quantile regression. Journal of Economic Perspectives 15, 

143–156 

Kruk, D., Shymanovich, G., 2011. Public Expenditures on Education and Health in Belarus 

before and during the Global Crisis.  CASE Network Report 102. 

Lee, S., 2007. Endogeneity in quantile regression models: a control function approach. Journal of 

Econometrics 141, 1131–1158. 

Lukasiewicz, E., Mennen, L.I., Bertrais, S., Arnault, N., Preziosi, P., Galan, P., Hercberg, S., 

2005. Alcohol intake in relation to body mass index and waist-to-hip ratio: the importance of 

type of alcoholic beverage. Public Health Nutrition 8, 315–320. 

Milanovic, B. 1998. Income, Inequality, and Poverty during the Transition from Planned to 

Market Economy. Washington, DC: The World Bank. xiii + 237 pp. 

Morris, S., 2007. The impact of obesity on employment. Labour Economics 14, 413–433. 

National Statistical Committee of the Republic of Belarus, 2011. Prices In The Republic of 

Belarus, Statistical book, edited by I.S.Kangro. 



22 
 

Nonnemaker, J., Finkelstein, E., Engelen, M., Hoerger, T., Farrelly, M., 2009. Have efforts to 

reduce smoking really contributed to the obesity epidemic? Economic Inquiry 47, 366–376 

Pomerleau, J., Gilmore, A.B.,  McKee, M., Rose, R., Haerpfer, C. W., Determinants of smoking 

in eight countries of the former Soviet Union: results from the Living conditions, Lifestyles and 

Health Study. Addiction 99: 1577-1585 

Rashad, I., Grossman, M., 2004. The economics of obesity. Public Interest 156, 104–112. 

Rivers, D., Vuong, Q.H., 1988. Limited information estimators and exogeneity test for 

simultaneous probit models. Journal of Econometrics 39, 347–366. 

Tekin, E., Markowitz, S., 2008. The relationship between suicidal behavior and productive 

activities of young adults. Southern Economics Journal 75, 300–331. 

Terza, J.V., Basu, A., Rathouz, P.J., 2008. Two-stage residual inclusion estimation: addressing 

endogeneity in health econometric modeling. Journal of Health Economics 27, 531–543. 

Trogdon, J.G., Nonnemaker, J., Pais, J., 2008. Peer effects in adolescent overweight. Journal of 

Health Economics 27, 1388–1399. 

Wooldridge, J.M., 2001. Econometric Analysis of Cross Section and Panel Data. The MIT Press, 

Cambridge, MA, USA. 

Xu, F., Yin, X.M., Wang, Y., 2007. The association between amount of cigarettes smoked and 

overweight, central obesity among Chinese adults in Nanjing China. Asia Pacific Journal of 

Clinical Nutrition 16, 240–247. 

 



23 
 

Table 1: Summary statistics 
      

Variable N Mean SD Min Max 

Body weight measures 
Body mass index (BMI) 133095 25.541 4.328 11.719 64.924
Underweight (BMI < 18.5) 133095 0.022 0.148 0 1
Healthy weight (18.5 ≤ BMI < 25) 133095 0.488 0.5 0 1
Overweight (25 ≤ BMI < 30) 133095 0.343 0.475 0 1
Obese (30 ≤ BMI) 133095 0.146 0.353 0 1
BMI for smokers 36091 24.642 3.431 13.559 55.18
BMI for non-smokers 97004 25.868 4.567 11.719 64.924
Body weight (pounds) 133095 158.783 28.888 8.818 396.828
Body height (ft) 133095 5.508 0.281 1.837 6.724

Cigarette consumption 
Number of cigarettes per day 
(including non-smokers) 133095 3.704 7.117 0 67
Current smoker 133095 0.267 0.442 0 1

Instrumental variables 
Regional yearly mean price of 
cigarettes 
per pack, 1995-2007 133095 0.594 0.141 0.229 0.917
Average number of cigarettes smoked 
in the same year-region-gender-education 
group 133095 3.648 3.804 0 11.435

Other explanatory variables 
Household size 133095 2.999 1.308 1 16
Age 133095 46.45 17.361 18 100
Male 133095 0.429 0.495 0 1
Rural 133095 0.319 0.466 0 1
Big city (population > 100,000) 133095 0.452 0.498 0 1
Single 133095 0.504 0.5 0 1
Good health 133095 0.562 0.496 0 1
Fair health 133095 0.197 0.398 0 1
Poor health 133095 0.018 0.135 0 1
Number of medical visits (last 3 
months) 133095 1.092 2.163 0 90
Hospitalized (last 12 months) 133095 0.138 0.345 0 1
Health affects ability to work 133095 0.197 0.398 0 1
Sports practicing 133095 0.149 0.356 0 1
University diploma 133095 0.163 0.369 0 1
Secondary education 133095 0.58 0.494 0 1
Employed 133095 0.612 0.487 0 1
Ever worked 133095 0.799 0.401 0 1
Student 133095 0.038 0.19 0 1
Expenditures on alcohol (monthly) 133095 7.492 9.816 0 309.738



24 
 

Expenditures on fruit/vegetables 
(monthly) 133095 13.389 13.499 0 170.083
Expenditures on eating out (monthly) 133095 5.878 14.165 0 643.222
Total expenditures per capita (monthly) 133095 163.319 149.253 0 5938.008
Year 133095 2001.99 3.717 1996 2008

Region (Oblast) 
Brest 133095 0.146 0.353 0 1
Vitebsk 133095 0.137 0.344 0 1
Gomel 133095 0.154 0.361 0 1
Grodno 133095 0.119 0.324 0 1
Minsk city 133095 0.17 0.376 0 1
Minsk 133095 0.153 0.36 0 1

Mogilev 133095 0.12 0.325 0 1
 

Table 1B. Shares of the four weight categories, 1996-2008. 
 

Years 1996-1999       

  N Mean SD 

Underweight 41017 0.02 0.14 
Normal weight 41017 0.522 0.5 
Overweight 41017 0.336 0.472 
Obese 41017 0.122 0.327 

Years 2000-2003     

  N Mean SD 

Underweight 40079 0.023 0.15 
Normal weight 40079 0.5 0.5 
Overweight 40079 0.34 0.474
Obese 40079 0.137 0.344

Years 2004-2008     

  N Mean SD 

Underweight 51999 0.024 0.152 
Normal weight 51999 0.451 0.498 
Overweight 51999 0.352 0.478 

Obese 51999 0.173 0.379 
 
Note to Tables 1A and 1B: BHBS data, authors' estimates. Averages are based on pooled data from the 
corresponding yearly files: 1996-1999, 2000-2003, 2004-2008. The estimates are weighted using BHBS 
sampling weights. 
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Table 2. Multivariate estimation on BMI using OLS and 2SLS. 
    

  BMI, OLS BMI, 2SLS 

Number of cigarettes per day -0.041*** (0.002) -0.227*** (0.018) 
Household size 0.100*** (0.008) 0.099*** (0.010) 
Age 0.093*** (0.005) 0.087*** (0.001) 
Male -0.168 (0.100) 1.217*** (0.137) 
Rural -0.103 (0.062) -0.050 (0.032) 
Big city  -0.153** (0.051) -0.136*** (0.034) 
Single -0.071 (0.048) 0.035 (0.026) 
Good health 0.328*** (0.060) 0.337*** (0.029) 
Fair health 0.229** (0.086) 0.252*** (0.051) 
Poor health 0.123 (0.222) 0.235* (0.121) 
Number of medical visits 0.033** (0.011) 0.026*** (0.007) 
Hospitalized  0.126* (0.062) 0.093** (0.041) 
Health affects ability to work -0.200 (0.134) -0.262*** (0.043) 
Sports practicing -0.419*** (0.034) -0.718*** (0.044) 
University diploma -0.118 (0.115) -0.309*** (0.041) 
Secondary education 0.511*** (0.057) 0.587*** (0.029) 
Employed 1.315*** (0.044) 1.454*** (0.033) 
Ever worked 0.590*** (0.040) 0.750*** (0.050) 
Student -0.493*** (0.095) -0.843*** (0.078) 
Expenditures on alcohol 0.007*** (0.002) 0.011*** (0.001) 
Expenditures on fruit/vegetables 
(monthly) 0.005* (0.002) 0.001 (0.001) 
Expenditures on eating out (monthly) -0.009** (0.003) -0.009*** (0.001) 
Total expenditures per capita 0.002** (0.001) 0.002*** (0.000) 

Observations 133095 133095 
R-squared 0.152 0.080 
Overid test (p-value) 0.228 
F-statistic (first stage) 466.879 

F-test p-value     0.000   
 
Notes: Significance: *p<0.1, **p<0.05, ***p<0.01. Robust standard errors clustered by region 
are in parentheses. BHBS data, authors' estimates. The estimates are weighted using BHBS 
sampling weights. Year dummies and region dummies (for six regions and the city of Minsk) are 
included in all models. 
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Table 3A. Multivariate estimation on BMI using quantile regression. 
                      

  10th percentile 25th percentile 50th percentile 75th percentile 90th percentile 
Number of cigarettes 
per day -0.029*** (0.002) -0.034*** (0.002) -0.041*** (0.002) -0.044*** (0.003) -0.045*** (0.004) 

Household size 0.027** (0.012) 0.076*** (0.010) 0.124*** (0.011) 0.167*** (0.014) 0.166*** (0.021) 

Age 0.074*** (0.001) 0.083*** (0.001) 0.096*** (0.001) 0.108*** (0.001) 0.111*** (0.002) 

Male 1.000*** (0.031) 0.738*** (0.028) 0.174*** (0.029) -0.677*** (0.039) -1.562*** (0.060) 

Rural 0.069** (0.035) -0.016 (0.031) -0.061* (0.033) -0.183*** (0.045) -0.133* (0.068) 

Big city  -0.168*** (0.037) -0.183*** (0.033) -0.170*** (0.035) -0.193*** (0.047) -0.079 (0.072) 

Single -0.099*** (0.027) -0.061** (0.024) -0.029 (0.025) -0.037 (0.034) -0.070 (0.052) 

Good health 0.063* (0.034) 0.078** (0.030) 0.192*** (0.032) 0.353*** (0.043) 0.480*** (0.065) 

Fair health -0.439*** (0.053) -0.301*** (0.048) 0.008 (0.050) 0.391*** (0.069) 0.846*** (0.107) 

Poor health -1.133*** (0.121) -0.698*** (0.110) -0.189 (0.116) 0.518*** (0.159) 1.264*** (0.244) 
Number of medical 
visits 0.003 (0.007) 0.015** (0.006) 0.034*** (0.006) 0.043*** (0.008) 0.043*** (0.012) 

Hospitalized  -0.047 (0.041) 0.021 (0.037) 0.117*** (0.039) 0.161*** (0.053) 0.249*** (0.080) 
Health affects ability to 
work -0.607*** (0.040) -0.439*** (0.037) -0.360*** (0.040) -0.076 (0.055) 0.212** (0.085) 

Sports practicing -0.090** (0.039) -0.114*** (0.035) -0.289*** (0.037) -0.540*** (0.050) -0.786*** (0.076) 

University diploma 0.054 (0.039) -0.077** (0.035) -0.088** (0.037) -0.125** (0.051) -0.210*** (0.077) 

Secondary education 0.399*** (0.029) 0.393*** (0.026) 0.454*** (0.028) 0.493*** (0.039) 0.486*** (0.060) 

Employed 1.037*** (0.032) 1.059*** (0.029) 1.195*** (0.032) 1.411*** (0.044) 1.612*** (0.068) 

Ever worked 0.390*** (0.050) 0.462*** (0.045) 0.478*** (0.047) 0.599*** (0.063) 0.749*** (0.095) 

Student -0.176** (0.083) -0.327*** (0.074) -0.455*** (0.077) -0.510*** (0.105) -0.620*** (0.159) 

Expenditures on alcohol 0.005*** (0.002) 0.005*** (0.001) 0.006*** (0.001) 0.007*** (0.002) 0.006** (0.003) 
Expenditures on 
fruit/vegetables -0.000 (0.001) 0.001 (0.001) 0.003*** (0.001) 0.007*** (0.002) 0.006** (0.003) 
Expenditures on eating 
out -0.004*** (0.001) -0.007*** (0.001) -0.009*** (0.001) -0.010*** (0.001) -0.010*** (0.002) 
Total expenditures per 
capita 0.001*** (0.000) 0.002*** (0.000) 0.002*** (0.000) 0.003*** (0.000) 0.004*** (0.000) 

Observations 133095   133095   133095   133095   133095   

 

Table 3B. Multivariate estimation on BMI using quantile regression with control function. 
                      

  10th percentile 25th percentile 50th percentile 75th percentile 90th percentile 
Number of cigarettes 
per day -0.077*** (0.012) -0.077*** (0.010) -0.116*** (0.011) -0.153*** (0.014) -0.207*** (0.021) 

First-stage residual 0.049*** (0.012) 0.044*** (0.010) 0.076*** (0.011) 0.111*** (0.014) 0.166*** (0.021) 

Household size 0.029** (0.012) 0.075*** (0.010) 0.124*** (0.011) 0.166*** (0.014) 0.168*** (0.021) 

Age 0.074*** (0.001) 0.083*** (0.001) 0.096*** (0.001) 0.107*** (0.001) 0.111*** (0.002)

Male 1.262*** (0.070) 0.958*** (0.060) 0.579*** (0.063) -0.091 (0.086) -0.697*** (0.124) 

Rural 0.068* (0.036) -0.022 (0.031) -0.064* (0.033) -0.187*** (0.045) -0.148** (0.066) 

Big city  -0.169*** (0.038) -0.196*** (0.033) -0.184*** (0.035) -0.197*** (0.048) -0.059 (0.070) 

Single -0.102*** (0.028) -0.052** (0.024) -0.024 (0.026) -0.018 (0.035) -0.046 (0.050) 

Good health 0.062* (0.035) 0.075** (0.030) 0.205*** (0.032) 0.355*** (0.043) 0.472*** (0.063)

Fair health -0.431*** (0.055) -0.308*** (0.048) 0.016 (0.051) 0.391*** (0.070) 0.843*** (0.103) 

Poor health -1.118*** (0.125) -0.687*** (0.110) -0.151 (0.117) 0.516*** (0.161) 1.312*** (0.237) 
Number of medical 
visits 0.004 (0.007) 0.015** (0.006) 0.034*** (0.006) 0.044*** (0.008) 0.042*** (0.012)
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Hospitalized  -0.047 (0.042) 0.015 (0.037) 0.112*** (0.039) 0.161*** (0.053) 0.259*** (0.077) 
Health affects ability to 
work -0.610*** (0.041) -0.429*** (0.037) -0.372*** (0.040) -0.089 (0.056) 0.202** (0.083) 

Sports practicing -0.091** (0.040) -0.112*** (0.035) -0.298*** (0.037) -0.557*** (0.051) -0.782*** (0.074) 

University diploma -0.004 (0.043) -0.133*** (0.037) -0.189*** (0.040) -0.300*** (0.054) -0.469*** (0.078) 

Secondary education 0.437*** (0.032) 0.446*** (0.028) 0.521*** (0.030) 0.614*** (0.041) 0.651*** (0.061) 

Employed 1.045*** (0.033) 1.063*** (0.029) 1.195*** (0.032) 1.420*** (0.045) 1.595*** (0.066) 

Ever worked 0.392*** (0.052) 0.461*** (0.045) 0.489*** (0.048) 0.591*** (0.064) 0.764*** (0.092) 

Student -0.190** (0.086) -0.328*** (0.074) -0.460*** (0.078) -0.543*** (0.106) -0.680*** (0.154) 
Expenditures on 
alcohol 0.005*** (0.002) 0.005*** (0.001) 0.006*** (0.001) 0.007*** (0.002) 0.006** (0.003) 
Expenditures on 
fruit/vegetables -0.001 (0.001) 0.001 (0.001) 0.003** (0.001) 0.007*** (0.002) 0.006** (0.002) 
Expenditures on eating 
out -0.004*** (0.001) -0.008*** (0.001) -0.009*** (0.001) -0.010*** (0.001) -0.010*** (0.002) 
Total expenditures per 
capita 0.001*** (0.000) 0.002*** (0.000) 0.002*** (0.000) 0.003*** (0.000) 0.004*** (0.000) 

Observations 133095   133095   133095   133095   133095   

 
Notes: Significance: *p<0.1, **p<0.05, ***p<0.01. Standard errors are in parentheses. BHBS 
data, authors' estimates. The estimates are weighted using BHBS sampling weights. Year 
dummies and region dummies (for six regions and the city of Minsk) are included in all models. 
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Table 4A. Multivariate estimation on BMI categories using ordered probit regression. 
                  

  Prob. of underweight Prob. of normal weight Prob. of overweight Prob. of obese 

Number of cigarettes per day 0.0004*** (0.0000) 0.0043*** (0.0002) -0.0023*** (0.0001) -0.0024*** (0.0001) 

Household size -0.0009*** (0.0001) -0.0104*** (0.0010) 0.0055*** (0.0005) 0.0058*** (0.0005) 

Age -0.0008*** (0.0001) -0.0093*** (0.0005) 0.0050*** (0.0003) 0.0052*** (0.0003) 

Male 0.0015* (0.0009) 0.0165 (0.0100) -0.0088* (0.0054) -0.0091* (0.0055)

Rural 0.0012** (0.0006) 0.0129** (0.0059) -0.0069** (0.0032) -0.0071** (0.0033) 

Big city  0.0014*** (0.0004) 0.0159*** (0.0047) -0.0085*** (0.0025) -0.0088*** (0.0026) 

Single 0.0007* (0.0004) 0.0083* (0.0046) -0.0044* (0.0024) -0.0046* (0.0025) 

Good health -0.0030*** (0.0004) -0.0329*** (0.0041) 0.0176*** (0.0022) 0.0182*** (0.0023) 

Fair health -0.0016** (0.0006) -0.0183*** (0.0071) 0.0096*** (0.0036) 0.0103** (0.0041)

Poor health -0.0010 (0.0019) -0.0112 (0.0226) 0.0058 (0.0116) 0.0063 (0.0129) 

Number of medical visits -0.0003*** (0.0001) -0.0029*** (0.0009) 0.0016*** (0.0005) 0.0016*** (0.0005) 

Hospitalized  -0.0010*** (0.0004) -0.0121** (0.0051) 0.0064** (0.0026) 0.0068** (0.0029) 

Health affects ability to work 0.0025* (0.0013) 0.0265** (0.0120) -0.0145** (0.0068) -0.0144** (0.0065) 

Sports practicing 0.0038*** (0.0004) 0.0392*** (0.0035) -0.0219*** (0.0021) -0.0211*** (0.0017)

University diploma 0.0008 (0.0012) 0.0090 (0.0122) -0.0048 (0.0066) -0.0049 (0.0067) 

Secondary education -0.0042*** (0.0005) -0.0458*** (0.0061) 0.0247*** (0.0035) 0.0253*** (0.0031) 

Employed -0.0134*** (0.0008) -0.1325*** (0.0045) 0.0742*** (0.0032) 0.0717*** (0.0020) 

Ever worked -0.0059*** (0.0007) -0.0585*** (0.0056) 0.0332*** (0.0036) 0.0312*** (0.0026) 

Student 0.0071*** (0.0013) 0.0642*** (0.0103) -0.0380*** (0.0066) -0.0332*** (0.0049)

Expenditures on alcohol -0.0001*** (0.0000) -0.0006*** (0.0002) 0.0003*** (0.0001) 0.0003*** (0.0001) 
Expenditures on 
fruit/vegetables -0.0000** (0.0000) -0.0005** (0.0002) 0.0003** (0.0001) 0.0003** (0.0001) 

Expenditures on eating out 0.0001*** (0.0000) 0.0009*** (0.0003) -0.0005*** (0.0001) -0.0005*** (0.0001) 

Total expenditures per capita -0.0000*** (0.0000) -0.0002*** (0.0001) 0.0001*** (0.0000) 0.0001*** (0.0000) 

Observations 133095   133095   133095   133095   

 

Table 4B. Multivariate estimation on BMI categories using ordered probit regression with control function. 
                  

  Prob. of underweight Prob. of normal weight Prob. of overweight Prob. of obese 

Number of cigarettes per day 0.0018*** (0.0004) 0.0199*** (0.0041) -0.0106*** (0.0021) -0.0110*** (0.0024) 

First-stage residual -0.0014*** (0.0004) -0.0158*** (0.0042) 0.0084*** (0.0022) 0.0088*** (0.0024) 

Household size -0.0009*** (0.0001) -0.0105*** (0.0009) 0.0056*** (0.0005) 0.0059*** (0.0005) 

Age -0.0008*** (0.0001) -0.0089*** (0.0004) 0.0047*** (0.0002) 0.0049*** (0.0002) 

Male -0.0087*** (0.0030) -0.1009*** (0.0329) 0.0522*** (0.0161) 0.0574*** (0.0198)

Rural 0.0008 (0.0006) 0.0084 (0.0060) -0.0045 (0.0032) -0.0047 (0.0033) 

Big city  0.0013*** (0.0004) 0.0146*** (0.0047) -0.0078*** (0.0025) -0.0081*** (0.0026) 

Single -0.0001 (0.0006) -0.0012 (0.0065) 0.0006 (0.0034) 0.0007 (0.0036) 

Good health -0.0030*** (0.0004) -0.0335*** (0.0041) 0.0180*** (0.0021) 0.0186*** (0.0023) 

Fair health -0.0017*** (0.0006) -0.0202*** (0.0071) 0.0105*** (0.0037) 0.0114*** (0.0041)

Poor health -0.0017 (0.0018) -0.0204 (0.0233) 0.0105 (0.0115) 0.0116 (0.0137) 

Number of medical visits -0.0002** (0.0001) -0.0023** (0.0009) 0.0012** (0.0005) 0.0013** (0.0005) 

Hospitalized  -0.0008** (0.0004) -0.0092* (0.0050) 0.0048* (0.0026) 0.0051* (0.0028) 
Health affects ability to 
work 0.0030** (0.0014) 0.0319** (0.0129) -0.0176** (0.0074) -0.0173** (0.0069) 
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Sports practicing 0.0066*** (0.0008) 0.0637*** (0.0052) -0.0368*** (0.0030) -0.0335*** (0.0030) 

University diploma 0.0024 (0.0016) 0.0253* (0.0150) -0.0139* (0.0085) -0.0138* (0.0082) 

Secondary education -0.0048*** (0.0004) -0.0522*** (0.0057) 0.0282*** (0.0032) 0.0288*** (0.0029) 

Employed -0.0147*** (0.0009) -0.1436*** (0.0045) 0.0807*** (0.0030) 0.0776*** (0.0026) 

Ever worked -0.0073*** (0.0008) -0.0705*** (0.0046) 0.0405*** (0.0031) 0.0373*** (0.0024) 

Student 0.0111*** (0.0018) 0.0914*** (0.0107) -0.0566*** (0.0073) -0.0459*** (0.0052) 

Expenditures on alcohol -0.0001*** (0.0000) -0.0009*** (0.0002) 0.0005*** (0.0001) 0.0005*** (0.0001)
Expenditures on 
fruit/vegetables -0.0000 (0.0000) -0.0002 (0.0003) 0.0001 (0.0002) 0.0001 (0.0002) 

Expenditures on eating out 0.0001*** (0.0000) 0.0009*** (0.0003) -0.0005*** (0.0001) -0.0005*** (0.0002) 

Total expenditures per capita -0.0000*** (0.0000) -0.0002*** (0.0001) 0.0001*** (0.0000) 0.0001*** (0.0000)

Observations 133095   133095   133095   133095   

 
Notes: Significance: *p<0.1, **p<0.05, ***p<0.01. Standard errors are in parentheses. BHBS 
data, authors' estimates. The estimates are weighted using BHBS sampling weights. Year 
dummies and region dummies (for six regions and the city of Minsk) are included in all models.  
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Table 5. Multivariate estimation on overweight using probit, OLS, control function probit, and 2SLS 
regressions. 
                     

  Overweight, Probit Overweight, OLS Overweight, CF Probit Overweight, 2SLS 

Number of cigarettes per day -0.006*** (0.000) -0.005*** (0.000) -0.026*** (0.005) -0.025*** (0.002) 

First-stage residual 0.021*** (0.005) 

Household size 0.011*** (0.001) 0.011*** (0.001) 0.012*** (0.001) 0.011*** (0.001) 

Age 0.011*** (0.001) 0.010*** (0.000) 0.010*** (0.001) 0.010*** (0.000) 

Male 0.006 (0.011) 0.006 (0.010) 0.161*** (0.034) 0.151*** (0.017) 

Rural -0.010 (0.006) -0.009 (0.006) -0.004 (0.007) -0.004 (0.004) 

Big city  -0.017** (0.008) -0.016* (0.007) -0.016** (0.008) -0.014*** (0.004) 

Single -0.014*** (0.005) -0.013** (0.005) -0.002 (0.007) -0.001 (0.003) 

Good health 0.036*** (0.006) 0.033*** (0.005) 0.037*** (0.006) 0.034*** (0.004) 

Fair health 0.011 (0.007) 0.008 (0.007) 0.013* (0.007) 0.010* (0.006) 

Poor health -0.005 (0.023) -0.009 (0.022) 0.007 (0.023) 0.003 (0.014) 

Number of medical visits 0.004*** (0.001) 0.004** (0.001) 0.003*** (0.001) 0.003*** (0.001) 

Hospitalized  0.011 (0.007) 0.010 (0.006) 0.007 (0.007) 0.006 (0.004) 

Health affects ability to work -0.041*** (0.013) -0.040** (0.012) -0.048*** (0.014) -0.046*** (0.005) 

Sports practicing -0.049*** (0.006) -0.040*** (0.005) -0.083*** (0.006) -0.072*** (0.005) 

University diploma -0.007 (0.014) -0.008 (0.013) -0.029* (0.017) -0.028*** (0.005) 

Secondary education 0.055*** (0.007) 0.050*** (0.007) 0.063*** (0.007) 0.058*** (0.003) 

Employed 0.155*** (0.006) 0.133*** (0.006) 0.170*** (0.005) 0.148*** (0.004) 

Ever worked 0.075*** (0.007) 0.043*** (0.006) 0.092*** (0.005) 0.059*** (0.005) 

Student -0.105*** (0.008) -0.034*** (0.008) -0.142*** (0.014) -0.071*** (0.008) 

Expenditures on alcohol 0.001*** (0.000) 0.001** (0.000) 0.001*** (0.000) 0.001*** (0.000) 

Expenditures on fruit/vegetables 0.000* (0.000) 0.000 (0.000) 0.000 (0.000) -0.000 (0.000) 

Expenditures on eating out -0.001*** (0.000) -0.001** (0.000) -0.001*** (0.000) -0.001*** (0.000) 

Total expenditures per capita 0.000*** (0.000) 0.000*** (0.000) 0.000*** (0.000) 0.000*** (0.000) 

Observations 133095 133095 133095 133095 

R-squared 0.123 0.065 

Pseudo R-sq. 0.096 0.096 

Overid test (p-value) 0.177 

F-statistic (first stage) 466.879 

F-test p-value             0.000   

 
Notes: Significance: *p<0.1, **p<0.05, ***p<0.01. Robust standard errors clustered by region 
are in parentheses. BHBS data, authors' estimates. The estimates are weighted using BHBS 
sampling weights. Year dummies and region dummies (for six regions and the city of Minsk) are 
included in all models. 
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Table 6. Multivariate estimation on obese using probit, OLS, control function probit, and 2SLS 
regressions. 
                     

  Obese, Probit Obese, OLS Obese, CF Probit Obese, 2SLS 

Number of cigarettes per day -0.003*** (0.000) -0.002*** (0.000) -0.013*** (0.002) -0.013*** (0.002) 

First-stage residual 0.010*** (0.002) 

Household size 0.004*** (0.001) 0.005*** (0.001) 0.004*** (0.001) 0.005*** (0.001) 

Age 0.004*** (0.000) 0.004*** (0.000) 0.003*** (0.000) 0.003*** (0.000) 

Male -0.067*** (0.004) -0.068*** (0.005) 0.008 (0.017) 0.011 (0.012) 

Rural -0.015*** (0.004) -0.017*** (0.004) -0.012*** (0.004) -0.014*** (0.003) 

Big city  -0.003 (0.002) -0.003 (0.002) -0.002 (0.002) -0.002 (0.003) 

Single -0.006** (0.003) -0.004 (0.003) 0.000 (0.004) 0.002 (0.002) 

Good health 0.032*** (0.004) 0.027*** (0.004) 0.032*** (0.004) 0.028*** (0.002) 

Fair health 0.045*** (0.010) 0.037*** (0.010) 0.046*** (0.010) 0.038*** (0.004) 

Poor health 0.070*** (0.023) 0.048** (0.017) 0.078*** (0.023) 0.054*** (0.010) 

Number of medical visits 0.002*** (0.001) 0.002** (0.001) 0.002** (0.001) 0.002*** (0.001) 

Hospitalized  0.013*** (0.004) 0.013** (0.005) 0.011*** (0.004) 0.011*** (0.003) 

Health affects ability to work 0.002 (0.007) 0.004 (0.009) -0.002 (0.007) 0.000 (0.004) 

Sports practicing -0.035*** (0.003) -0.027*** (0.003) -0.049*** (0.006) -0.044*** (0.004) 

University diploma -0.007 (0.005) -0.012* (0.006) -0.016*** (0.006) -0.023*** (0.003) 

Secondary education 0.026*** (0.004) 0.028*** (0.004) 0.029*** (0.004) 0.032*** (0.003) 

Employed 0.061*** (0.003) 0.047*** (0.003) 0.068*** (0.004) 0.055*** (0.003) 

Ever worked 0.022*** (0.005) 0.011** (0.004) 0.030*** (0.005) 0.020*** (0.004) 

Student -0.044*** (0.007) 0.005 (0.008) -0.057*** (0.004) -0.015*** (0.005) 

Expenditures on alcohol 0.000*** (0.000) 0.000** (0.000) 0.001*** (0.000) 0.001*** (0.000) 

Expenditures on fruit/vegetables 0.001*** (0.000) 0.000*** (0.000) 0.000*** (0.000) 0.000** (0.000) 

Expenditures on eating out -0.000*** (0.000) -0.001** (0.000) -0.000*** (0.000) -0.000*** (0.000) 

Total expenditures per capita 0.000*** (0.000) 0.000** (0.000) 0.000*** (0.000) 0.000*** (0.000) 

Observations 133095 133095 133095 133095 

R-squared 0.061 0.023 

Pseudo R-sq. 0.081 0.082 

Overid test (p-value) 0.613 

F-statistic (first stage) 466.879 

F-test p-value             0.000   

 
Notes: Significance: *p<0.1, **p<0.05, ***p<0.01. Robust standard errors clustered by region 
are in parentheses. BHBS data, authors' estimates. The estimates are weighted using BHBS 
sampling weights. Year dummies and region dummies (for six regions and the city of Minsk) are 
included in all models. 
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Figure 1. The evolution of BMI distribution in Belarus, 1996-2008. 

 

Notes: BHBS data, authors' estimates. Averages are based on pooled data from the 
corresponding yearly files: 1996-1999, 2000-2003, 2004-2008. The red lines indicate BMI cut-
offs between the weight categories: underweight (BMI below 18.5), normal weight (BMI 
between 18.5 and 25), overweight (BMI between 25 and 30), and obese (BMI above 30). 
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