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ABSTRACT
Background and objective Numerous studies have 
indicated that tobacco taxation is one of the most 
important policies to reduce tobacco consumption. 
However, its effectiveness crucially depends on consumer 
responses to price increases, that is, tobacco price 
elasticities. This paper analyses tobacco price elasticity in 
six Western Balkan countries.
Data and methods We estimate own- price and cross- 
price elasticities of manufactured cigarettes (MCs) and 
roll- your- own (RYO) tobacco by using the methodological 
framework of the two- part model, regional variation 
in prices and 2019 Survey on Tobacco Consumption in 
Southeastern European countries (STC- SEE). STC- SEE 
provides a uniquely comparable nationally representative 
data on smoking behaviour for adult (18–85 years old) 
population for each country.
Results Results suggest that higher prices of MCs 
are associated with lower prevalence of MC use, while 
higher prices of RYO are associated with lower intensity 
of RYO use. Furthermore, regions with higher MC 
prices have a higher likelihood of using RYO over MC, 
suggesting that RYO is used as a cheaper alternative to 
MC. Lastly, lower smoking prevalence and intensity are 
associated with more smoking restrictions and support 
for tobacco price increases.
Conclusion Results suggest that, aiming to decrease 
smoking prevalence and intensity, governments should 
increase excises on all tobacco products. Since RYO is 
a cheaper alternative to MC, the increase of excises on 
RYO should be higher, so that after excise increase, the 
prices of the two products are approximately the same. 
To further reduce tobacco consumption, governments 
should combine increasing taxes on tobacco products 
with non- price measures, such as stricter smoking 
restrictions and smoke- free regulations.

INTRODUCTION
Compared with the European Union (EU), Western 
Balkan (WB) regions characterised by high levels 
of tobacco consumption, resulting partially from 
low prices of cigarettes. According to Zubovic and 
Vladisavljevic,1 in 2019, prevalence rates range 
from about 32% in Albania to 46% in Kosovo 
(2017 data), while the prices of the most- sold 
brand of manufactured cigarettes (MCs) in 2020 
were between €1.5 in North Macedonia and €2.3 
in Montenegro. For comparison purposes, the EU 
average prevalence has been estimated at 25% of 
the adult population (15 years and over), while 
only 2 out of 28 EU members—Greece (42%) and 
Bulgaria (38%), recording higher prevalence if 

compared with the WB average.2 The most popular 
brand of MC is the most expensive in Ireland (€14) 
and the cheapest in Bulgaria (€2.7).3 High tobacco 
consumption imposes a significant economic 
burden on households in the region, while at the 
same time tobacco consumption has serious health 
consequences as approximately half of smokers die 
from tobacco- related diseases.4

Numerous studies indicate that tobacco taxation 
is one of the most important policies to reduce 
tobacco consumption. The effectiveness of taxation 
depends on consumer responses to price increases, 
that is, price elasticities of demand for tobacco 
products. Previous studies find negative tobacco 
price elasticities, clustering around −0.5 for low/
middle- income countries.4 Similar research dealing 
with WB countries, and focusing on within- country 
price elasticities of MCs, find negative elasticities 
ranging from −0.387 in Kosovo to −1.065 in 
Montenegro, with an average elasticity of about 
−0.712,1 with consumers decreasing both prev-
alence and intensity of MC use as a result of the 
price increase.

In this research, we provide additional arguments 
to support increasing tobacco taxes as an effec-
tive tool for reducing tobacco consumption in WB 
countries. We provide several novelties compared 
with the previous research. First, we examine price 
elasticities of the two most frequently used tobacco 
products in the region: MCs and roll- your- own 
(RYO) tobacco, while previous research for the 
WB focuses only on MCs. Second, we present 
first evidence of the cross- price elasticities in the 
region, that is, we examine how MC prices affect 
RYO consumption, and vice versa. Third, unlike 
previous studies for the WB, which focus on within- 
country estimates and use household- level data, we 
use cross- country variation in prices and tobacco 
consumption and use individual- level data that 
have not been available for the WB region before. 
To achieve this aim, we use a unique dataset from 
the Survey on Tobacco Consumption in South-
eastern European countries (STC- SEE) from 2019, 
which contains the data from six WB countries: 
Albania, Bosnia and Herzegovina, Kosovo, Monte-
negro, North Macedonia and Serbia. We use meth-
odological framework of the two- part model,5 6 to 
investigate the impact that tobacco prices have on 
smoking prevalence and intensity.

Main findings of our research are that higher 
prices of MC are associated with lower prevalence 
of MC use, RYO in the WB region is used as a 
cheaper alternative to MC, and that higher prices 
of RYO tobacco lower its use. Research findings 
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suggest that, in order to decrease smoking prevalence and inten-
sity, governments should increase the excises on all tobacco 
products. Since RYO is a cheaper alternative to MC, the increase 
of excises on RYO should be higher, so that after the increase 
of the excises, the prices of the two products are approximately 
the same. At the same time, in order to gain stronger control of 
RYO prices, governments should work to enforce regulations to 
reduce the informal RYO market.

The remaining part of the paper is structured as follows. 
Section 2 describes the data used and presents descriptive statis-
tics and variables used. Section 3 describes the methodology, 
while section 4 presents the results of the analysis. In section 5, 
we present the conclusions and policy recommendations.

DATA, VARIABLE DEFINITION AND DESCRIPTIVE STATISTICS 
BY COUNTRY
STC- SEE data, collected in 2019, provide a nationally represen-
tative sample of adults (18–85 years old) for each country.1 The 
sample size was 1000 respondents per country, apart from Serbia 
where 2000 respondents were interviewed . The data contain 
detailed information on tobacco consumption, expenditures, 
and prices as well as attitudes towards tobacco consumption, 
prices and other control measures, and sociodemographic char-
acteristics of the respondents. For the purpose of this research, 
STC- SEE data are divided into 23 statistical regions (s- regions).

Prevalence for each tobacco product is based on self- assessed 
smoking status, which is based on the question, ‘For each of 
tobacco smoking products, please indicate whether you are 
current smoker, former smoker, have tried it but have never 
consumed it continually for 2–3 months or longer, or you 
have never tried it’. Those who report that they are current 
smokers are regarded as smokers (and therefore take the value 
1 in prevalence variable), while other categories are regarded 
as non- smokers (NS) (and therefore take the value 0 in preva-
lence variable). Two tobacco products have a sufficient number 
of consumers to be analysed in a demand model: MC (2,527 
people) and RYO (352 people), while the prevalence of other 
products is below 1% (electronic cigarettes 0.4%, heated tobacco 
0.4%, smokeless tobacco 0.01%, waterpipe with tobacco 0.6%). 
Table 1 presents the (weighted) prevalence of MC and RYO use 
by country. On average, about 32.8% of adults in the WB coun-
tries smoke MC, with prevalence rates varying from 19.8% in 
Albania to 44.5% in North Macedonia. On the other hand, the 
prevalence of RYO use is 6.3% on average, ranging from 1.4% 
in Kosovo to 9.7% in Bosnia and Herzegovina. The overall prev-
alence of using either MC or RYO is 37.6%—only slightly lower 
than the sum of prevalence rates of the two products, indicating 
a relatively small overlap in consumption of the two products.

On average, current MC users in the SEE region smoke 16.5 
cigarettes per day, while RYO users smoke 14.4 cigarettes per day 
(table 2). For easier presentation, intensity variables in table 2 are 
transformed to daily levels, while smoking intensity is recorded 
in weekly use of MC and RYO. Both MC and RYO intensity were 
measured via the question, ‘What is the number of MC/RYO 
cigarettes smoked per week’. Although RYO is not purchased in 
cigarette packs, this is a standard way of estimating the intensity 
of RYO intensity in standard international surveys (e.g., Global 
Adult Tobacco Survey). Country differences in smoking inten-
sity are less pronounced than differences in prevalence. Current 
MC users smoke from about 14.5 MCs per day in Bosnia and 
Herzegovina to 20.8 per day in Kosovo, while the range of RYO 
smoked by RYO users is from 11.4 in North Macedonia to 18.2 
in Albania (table 2).

Prices of tobacco products are calculated as s- regional averages 
of the unit values reported by tobacco users. Unit value represents a 
ratio of weekly expenditure on cigarettes and number of cigarettes 
purchased within a week. We check the robustness of the results 
to the presence of extreme values by also using median s- regional 
prices. This robustness check was performed in order to ensure that 
the effect of the price variable is not due to extreme values of prices 
in our data. In cases where the s- regional mean (median) is based 
on less than 10 observations, it is replaced with the national mean 
(median). The average calculated price of the MC pack of 20 ciga-
rettes in 2019 was about €2.2 (table 3). The MC prices vary signifi-
cantly: from €1.6 in Macedonia to €2.7 in Bosnia and Herzegovina, 
and they roughly correspond to the prices of the most- sold brand, 
available from the administrative data (table 3). On the other hand, 
the average estimated price of 20 RYO cigarettes was about €1.5 
with relatively smaller variation in mean or median prices. RYO is 
not sold in 20- cigarette packs, but in order to have the comparable 
level of prices for both products, this study uses this unit for the 
RYO prices. Detailed prices by s- regions are presented in online 
supplemental table A1.

Although in some previous research, authors estimating cross- 
country price elasticities have corrected the prices by purchasing 
power parity (PPP),7 in this study, due to data limitations, we cannot 
explicitly control for PPP and instead we account for country differ-
ences in purchasing power by controlling for income level. An 
alternative strategy would be to correct both prices and income for 
PPP, however, since the income variable in this survey is collected in 
intervalsPPP correction cannot be done in a meaningful way. In this 
case, PPP correction for prices only would lead to underestimation 
of the differences in affordability of cigarettes across countries, and 
therefore to a specification error. The country differences in PPP are 
not pronounced and range between 0.342 in North Macedonia and 
0.391 in Serbia (€ to international $ PPP).

Table 1 Prevalence of MC and RYO by country

Country MC RYO Total

Albania 19.8% 6.0% 24.7%

Bosnia and Herzegovina 33.9% 9.7% 41.9%

Kosovo 35.6% 1.4% 36.7%

Montenegro 38.8% 2.9% 41.0%

North Macedonia 44.5% 6.1% 48.9%

Serbia 32.8% 6.3% 37.4%

SEE region 32.8% 6.3% 37.6%

In column ‘Total’, the sum of MC and RYO prevalence does not add up to total prevalence, as 
smokers can smoke both products.
Source: authors’ calculation based on the 2019 STC- SEE data.
MC, manufactured cigarette; RYO, roll- your- own; STC- SEE, Survey on Tobacco Consumption 
in Southeastern European countries.

Table 2 Smoking intensity (conditional on smoking) by country (in 
cigarettes per day)

Country MC RYO Total

Albania 14.9 18.2 16.4

Bosnia and Herzegovina 14.5 11.9 14.5

Kosovo 20.8 15.8 20.8

Montenegro 19.5 17.7 19.7

North Macedonia 14.6 11.4 14.7

Serbia 17.1 15.6 17.7

SEE region 16.5 14.4 16.8

Column ‘Total’ represents the average of cigarettes (MC or RYO) smoked by an individual.
Source: authors’ calculation based on the 2019 STC- SEE data.
MC, manufactured cigarette; RYO, roll- your- own; STC- SEE, Survey on Tobacco Consumption 
in Southeastern European countries.
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Figure 1 presents the s- regional level correlation between tobacco 
prices and demand indicators. In general, panels indicate a negative 
correlation between the prevalence and intensity of MC and RYO 
use and own prices of these products, with the exception of correla-
tion between the prices and smoking intensity for MC where there 
is no correlation. Cross- s- regional correlations (based on 23 obser-
vations, one per s- region) suggest a negative correlation between 
product prices and prevalence: −0.12 for MC and −0.17 for 
RYO, while the correlation for RYO intensity is negative, at −0.36. 
However, only the last correlation is statically significant, due to the 
small sample size .

Evidence presented in figure 1 is only a first step in the inves-
tigation of the link between tobacco prices and demand. In order 
to investigate this link in a more rigorous manner, econometric 
techniques will control for other factors that might affect tobacco 
demand aside from the prices; and provide stronger evidence that 
tobacco prices have a causal impact on the demand of tobacco 
products.

METHODOLOGY: ESTIMATION OF PRICE ELASTICITY IN THE 
SEE REGION
The model of the price elasticity in SEE region
Tobacco consumption is characterised by a large proportion of 
NS, for which the variable describing consumption takes a zero 
value, while the remaining outcomes are strictly positive. More 
formally, the distribution can be described as:

 yij = 0, n = 0, 1, ni  

 yii > 0, n = ni+1, ni+2, nN j = mc, ryo. (1)  

This research analyses the distribution of two tobacco prod-
ucts: MC and RYO, noted by index j=(mc, ryo). The distribution 
of tobacco products reflects the fact that when faced with market 
prices and budget constraints, given the utility that they derive 
from smoking, individuals face two connected decisions: (1) 
whether or not to smoke; and (2) if they decide to smoke, how 
much to smoke. The literature suggests that these two decisions 
should be modelled independently within the two- part model,.8 
This particularly applies in the cases where y=0 is observed 
frequently, which is the case with cigarette use, as smoking prev-
alence in this sample is about 34% for MC and about 5% for 
RYO (see table 1).

Therefore, for both products, two models are estimated:

 P
(
yrij > 0

)
= f

(
β1prj,mc + β2prj,ryo + Γ

′
Xrij +Θ

′
Hrij +∆

′
rj

)
j = mc, ryo (2) 

Table 3 Mean and median price (in € per 20 cigarettes) by country

Country
Most- sold 

brand
MC

mean
MC

median
RYO

mean
RYO

median

Albania 1.9 2.2 2.1 1.3 0.8

Bosnia and 
Herzegovina

2.4 2.7 2.6 1.2 0.9

Kosovo 2.1 2.2 2.0 1.6 0.9

Montenegro 2.3 1.9 1.7 1.6 1.0

North Macedonia 1.5 1.6 1.4 1.5 1.0

Serbia 2.1 2.4 2.3 1.5 1.2

Source: Most- sold brand: administrative sources by countries. Other prices, authors’ 
calculation based on the 2019 STC- SEE data.
MC, manufactured cigarette; RYO, roll- your- own; STC- SEE, Survey on Tobacco Consumption 
in Southeastern European countries.

Figure 1 Correlation between prices and smoking prevalence (top panel) and intensity (bottom panel). (Source: authors’ calculation based on the 
STC- SEE data). MC, manufactured cigarette; RYO, roll- your- own; s- region, statistical region; STC- SEE, Survey on Tobacco Consumption in Southeastern 
European countries.

copyright.
 on M

arch 1, 2022 by guest. P
rotected by

http://tobaccocontrol.bm
j.com

/
T

ob C
ontrol: first published as 10.1136/tobaccocontrol-2021-056847 on 22 F

ebruary 2022. D
ow

nloaded from
 

http://tobaccocontrol.bmj.com/


4 Vladisavljević M, et al. Tob Control 2022;0:1–8. doi:10.1136/tobaccocontrol-2021-056847

Original research

 E
(
yi|yi > 0

)
= β1prj,mc + β2prj,ryo + Γ

′
Xrij +Θ

′
Hrij +∆

′
rj j = mc, ryo; (3) 

where equation (2) represents prevalence, and equation (3) 
represents intensity models. Both MC and RYO prices appear 
in both models, since the prices of one product can affect the 
demand of another. Coefficients  β1  and  β2  are estimating the 
impacts of MC and RYO prices on the demand of both prod-
ucts, which are then used to obtain the own- price and cross- price 
elasticities. Own- price elasticities are expected to be negative as 
higher prices lead to decrease in the prevalence and intensity of 
smoking, while cross- price elasticities are expected to be posi-
tive, as for example, higher prices of MC could push smokers 
towards RYO, if the products are substitutes.

An important issue to address when estimating price elastic-
ities is the potential endogeneity between prices and demand 
indicators, as prices can affect demand, but demand can also 
affect prices. Previous studies that have tested exogeneity of 
tobacco prices concluded that tobacco prices can be treated as 
exogenous,9–11 even if coming from the same level of aggrega-
tion.12 A further argument to support the exogeneity of prices in 
this research is the fact that s- regional (r) averages (medians) are 
used to construct a market- level price measure, a strategy applied 
in numerous previous studies.13 14 The higher aggregation level 
is also one of the cornerstones in arguing price exogeneity in 
Deaton’s demand model.15 Finally, prices in the WB region are 
largely determined by the state as excises have a large share in 
the price and since prices in the region are heavily influenced by 
the process of harmonisation with the EU.

Equations (2) and (3) additionally control for the set of 
personal ( Xri ), and household ( Hri ) characteristics (as only one 
individual per household is interviewed, household variables are 
effectively also on the individual (i) level) as well as the set of 
local environment (r ) variables. Personal characteristics include 
age, age squared, gender, level of education (three categories: 
primary, secondary, and tertiary), labour market status (three 
categories: employed (including agriculture, part- time and occa-
sional workers), unemployed and inactive (including students, 
pensioners and homemakers)), and marital status (single or 
married), while the set of household characteristics includes 
household size, number of adults, and number of younger (0–5 
years old) and older children (6–15 years old). The set of control 
variables also includes household and personal income variables. 
The master questionnaire includes a scale of 11 income catego-
ries and is expressed in euros. During the data collection process, 
these intervals were transformed to local currencies, and the 
respondents chose based on local currency intervals. As the data 
contain large number of missing values, intervals are imputed 
based on other personal and household characteristics in order 
to avoid sample attrition. Imputation procedure is presented 
in more detail in online supplemental appendix B. Descriptive 
statistics of personal and household characteristics are presented 
in online supplemental table A2.

The purpose of local environment (r ) variables is to control 
for other s- regional characteristics (other than price) that could 
impact the estimated elasticities. For example, countries with 
negative attitudes towards tobacco could have lower demand, 
while at the same time have lower prices. Therefore, not 
controlling for these variables could overestimate the impact 
of prices on the demand.7 Given that STC- SEE data exten-
sively measure attitudes on tobacco consumption, there are 
several indicators available as controls for a country heteroge-
neity. Starting from individual survey responses, s- regional- level 
indicators are constructed as s- regional averages (RAs). The 
indicators are divided into three groups. First group includes 

variables measuring attitudes towards tobacco control measures: 
(1) support for tobacco price increases (RA for NS and all), 
(2) usefulness of tobacco control measures (RA for NS and 
all), (3) complaints to smokers about smoking behaviour (RA 
for smokers). The second group includes variables measuring 
smoking restrictions and permissions: (1) restrictions at home 
(RA for NS and all), (2) frequency of people smoking in public 
places (university, public offices, etc) and cafes/restaurants (RA 
for NS and all), (3) restrictions for smoking (RA for smokers). 
Finally the third group includes variables realted to tobacco 
advertising: (1) observed sponsored events (RA for NS and all) 
and (2) observed tobacco promotion activities (RA for NS and 
all). Descriptive statistics of local environment indicators are 
presented in online supplemental table A2.

Although country- fixed effects (CFEs) can additionally be 
applied to account for the remaining unobserved country- level 
heterogeneity (not controlled by local environment variables), 
initial estimates indicated that the between- country variation in 
prices is more pronounced than the within- country variation. 
For example, the variance of country- level mean MC prices is 
three times higher than variation of the variable representing 
regional- level deviation from country- level mean MC prices. 
Therefore, including CFEs effectively neutralises main source 
of variation in prices and would prevent the demonstration of 
the effects of prices on MC and RYO demand. Furthermore, 
introduction of the country- fixed effects increases the SEs in the 
model, indicating multicollinearity in the model, particularly for 
the effect of the MC price (model with the CFEs can be obtained 
from the authors upon request).

Estimation strategy
As the decisions to smoke MC and RYO are potentially 
connected, correlation of errors across equations is used to 
improve the precision of the estimators. In order to account for 
the correlation across the individuals, we use a bivariate probit 
model,16 rather than individual logit models, to estimate prev-
alence elasticities. Furthermore, unlike simple logit regressions 
for MC and RYO, bivariate probit model estimates the associated 
probabilities of overlapping choices of smoking these two prod-
ucts: (1) not smoking; (2) smoking MC only; (3) smoking RYO 
only and (4) smoking both products. When described in this way, 
the estimation sample consists of 4226 NS, 2455 users of MCs, 
253 users of RYO and 72 people using both products.

The dependent variable in intensity models (equation 3) is 
usually represented in a log form as it helps to stabilise non- 
constant error variance. However, a standard practice in 
health economics in this case is to use the generalised linear 
model (GLM) with gamma family and log link function. This 
method has been proposed as a more robust alternative to a 
log regression specification.17 In the case of intensity models, 
the correction for the correlation of errors across equations 
is less straightforward than for the prevalence model. In the 
estimation sample, only about 3% of MC users use RYO at the 
same time (72 out of 2,527), while only 22% of RYO users use 
MC at the same time (72 out of 352). Therefore, estimation 
within a seemingly unrelated equations framework would be 
biased due to misspecifications in both models, since distri-
bution would then include a high share of zero values in the 
equations. Instead, we opt to estimate MC and RYO equations 
separately.

S- regional- level cluster- corrected SEs are applied to account for 
the fact that prices and local environment variables are defined at 
higher levels of aggregation, as well as heteroscedasticity- robust 

copyright.
 on M

arch 1, 2022 by guest. P
rotected by

http://tobaccocontrol.bm
j.com

/
T

ob C
ontrol: first published as 10.1136/tobaccocontrol-2021-056847 on 22 F

ebruary 2022. D
ow

nloaded from
 

https://dx.doi.org/10.1136/tobaccocontrol-2021-056847
https://dx.doi.org/10.1136/tobaccocontrol-2021-056847
https://dx.doi.org/10.1136/tobaccocontrol-2021-056847
http://tobaccocontrol.bmj.com/


5Vladisavljević M, et al. Tob Control 2022;0:1–8. doi:10.1136/tobaccocontrol-2021-056847

Original research

SEs to control for potential heteroscedasticity in both parts of 
the model.

RESULTS
Prevalence models
The results of estimated effects of MC and RYO prices on 
smoking MC (outcome 2) and smoking RYO (outcome 3) (as 
mentioned in the Methodology section, individuals face the 
decision between four outcomes: (1) not smoking; (2) smoking 
MC only; (3) smoking RYO only and (4) smoking both products) 
are presented in table 4 (full estimates in online supplemental 
table A3). The model is estimated by using both mean and 
median prices. Model 1, next to prices and sociodemographic 
characteristics, includes s- regional differences in support for the 
tobacco price increase. In model 2, the share of homes in which 
smoking is not allowed, representing s- regional differences in 
smoking restrictions, is added to the specification . The correla-
tion between the residuals in two equations is significant in all 
the specifications, confirming a strong link between the preva-
lence rates of the two products.

Results suggest a negative effect of MC prices on MC prev-
alence. Estimated own- price elasticities range between −0.437 
and −0.605, averaging at about −0.5. Given the cross- sectional 
nature of this study, estimated elasticities suggest that s- regions 
that have 10% higher prices of MC also have about 5% lower 
prevalence of its use. The effect of RYO prices (ie, cross- price 
elasticity) is insignificant, indicating that price of RYO does not 
affect MC prevalence.

Results also show that MC prevalence (all other things equal) 
is higher for men, the low- educated and employed, persons 
living in smaller households and persons with higher personal 
income. Additionally, the model suggests that MC prevalence is 
the lowest for younger and especially older cohorts of the popu-
lation. As expected, higher support for tobacco price increases 
and a higher share of homes in which smoking is not allowed are 
associated with lower smoking prevalence (online supplemental 
table A3).

RYO prices have no effect on RYO prevalence, while the 
effects of MC price on RYO prevalence are inconclusive, as only 
one of four estimates is significant at the 0.05 level (table 4). 
However, the effects of MC and RYO prices on RYO prevalence, 

as defined in bivariate probit model, are not straightforward and 
require additional explanation. In this model, the dependent 
variable for RYO prevalence takes the value 1 if a person uses 
RYO, and takes the value 0 if the person does not use RYO. The 
latter group, besides those who do not smoke either MC or RYO, 
also includes MC users, who represent about 37% of all non- 
RYO users.For MC, this problem is much less pronounced as in 
total non- MC users, RYO users make only about 5%. To clarify 
this ambiguity, instead of one model, we estimate two separate 
models for RYO prevalence. The first model investigates the 
choice between smoking only RYO (outcome 3) or only MC 
(outcome 2). In the second model, the probability of choosing 
outcome 3 (smokes only RYO) rather than outcome 1 (does not 
smoke) is estimated. This model investigates the prevalence of 
RYO, conditional on non- smoking MC. Results of these two 
models are presented in table 5.

In the choice model, the marginal effect for the estimated 
coefficients for MC price is significant in all specifications, aver-
aging about 1.3, while in the conditional RYO prevalence model 
the effects of MC price are not statistically significant (table 5). 
Therefore, smokers in s- regions where MC prices are 10% higher 
relative to other s- regions have about 13% higher likelihood of 
choosing RYO over MC. On the other hand, the variations in the 
prices of RYO do not have an impact in any of the models. The 
results also indicate that the preference for RYO compared with 
MC, all things equal, is higher for men, low- educated, unem-
ployed, persons living in smaller households and persons with 
lower income. Similar characteristics also separate RYO smokers 
from persons who do not smoke (online supplemental table A4). 
Additionally, local environment variables are not significant in 
any of the specifications.

Intensity models
The estimation of the MC intensity model via GLM, presented 
in table 6 (see detailed estimates in online supplemental table 
A5), suggests that both own- price and cross- price elasticities 
for MC smoking intensity are insignificant, indicating that the 
differences in s- regional MC or RYO prices cannot explain the 
differences in MC smoking intensity. As mentioned previously, 
intensity of MC use does not vary significantly across countries 
(for example, when compared with MC prevalence), which 

Table 4 Own- price and cross- price elasticity of MC and RYO prevalence (biprobit model)

Model 1† Model 2†

Mean price model Median price model Mean price model Median price model

Probability of smoking MC 
(outcome 2)‡

MC price −0.492** (0.243) −0.437** (0.182) −0.605** (0.254) −0.504** (0.215)

RYO price 0.237 (0.210) 0.052 (0.129) 0.190 (0.176) 0.024 (0.116)

Probability of smoking RYO
(outcome 3)§

MC price 1.102* (0.598) 0.850 (0.602) 1.365** (0.540) 1.034* (0.541)

RYO price −0.260 (0.509) 0.098 (0.399) −0.150 (0.496) 0.159 (0.367)

Bivariate correlation −0.202*** (0.047) −0.204*** (0.046) −0.200*** (0.047) −0.202*** (0.046)

Sociodemographic covariates¶ x   x   x   x   

Anti- smoking sentiment x   x   x   x   

Smoking restrictions         x   x   

Source: authors’ calculation based on the 2019 STC- SEE data.
*** p<0.01, ** p<0.05, * p<0.1.
†Model 1 includes control only for s- regional level for anti- smoking sentiment, while model 2 includes controls for both s- regional level for anti- smoking sentiment and 
restriction levels.
‡Coefficients for outcome 2 indicate the per cent change in probability of smoking only MC (compared with all other outcomes) resulting from the per cent change in MC and 
RYO prices.
§Coefficients for outcome 3 indicate the per cent change in probability of smoking only RYO (compared with all other outcomes) resulting from the per cent change in MC and 
RYO prices.
¶Sociodemographic controls include the following characteristics: age (and its square), gender, education, labour market status, household size and personal income category.
MC, manufactured cigarette; RYO, roll- your- own; STC- SEE, Survey on Tobacco Consumption in Southeastern European countries.
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could prevent the effects of the prices from being demonstrated. 
The robustness test of the model is performed on the sample of 
smokers who use only MC (excluding those who smoke both 
MC and RYO, 72 out of 2527) and it yields similar results (avail-
able upon request from the authors).

Results also indicate that smoking intensity is lower for 
women, as well as for younger and older smokers. Household 
income (per capita) also plays a significant role in the intensity 
model, as persons living in households with higher income per 
capita smoke more MC. This is contrary to model for MC prev-
alence, where personal income had a significant effect on preva-
lence (while household income had no impact). The effect of the 
support for tobacco price increases is not significant, while the 
average number of public places where people are seen smoking 
significantly decreases MC smoking intensity (online supple-
mental table A5). In all the countries, smoking is prohibited in 
public places such as: government building or offices, healthcare 
facilities, public transportation, and universities and schools; and 
this variable presents compliance to those smoking restrictions.

Similar to MC, the estimation of the price elasticities for 
RYO smoking intensity is estimated via GLM and the results are 
presented in table 7 (detailed estimates in online supplemental 
table A5). Own- price elasticity for RYO intensity is significant in 
all specifications and consistent across the specifications where it 
ranges between −0.355 and −0.415. This indicates that s- regions 

with 10% higher RYO prices have about 3.5%–4% lower inten-
sity of RYO smoking. On the other hand, the effect of MC prices 
is insignificant, indicating that s- regional differences in MC 
prices do not have an effect on the intensity of RYO use.

Among other characteristics, female RYO smokers smoke 
less than men as well as younger users, while other sociodemo-
graphic characteristics have no impact on the intensity of RYO 
use. Average s- regional support for the increase of tobacco prices 
decreases RYO smoking intensity, while the share of homes 
which do not allow smoking, representing smoking restrictions, 
has a negative effect (online supplemental table A5).

DISCUSSION AND CONCLUSIONS
In this research, we analyse the effect that cross- regional differ-
ences in prices of MC and RYO cigarettes have on the demand 
for these products. Unlike previous research which focused only 
on MC, and used within- country differences and household 
level data, we analyse own- price and cross- price elasticities of 
two products: MC and RYO, by exploring cross- regional differ-
ences and individual- level data.

Results suggest that MC prevalence varies significantly, from 
19.8% in Albania to 44.5% in North Macedonia, while estimated 
elasticities suggest that s- regions that have 10% higher prices 
of MC have about 5% lower prevalence of MC use. However, 

Table 5 Own- price and cross- price elasticity of a choice model and conditional RYO prevalence model (separate probit models)

Model 1† Model 2†

Mean price model Median price model Mean price model Median price model

Choice between tobacco products‡ MC price 1.341** (0.607) 1.084* (0.582) 1.643*** (0.597) 1.339** (0.571)

RYO price −0.322 (0.591) 0.058 (0.351) −0.236 (0.549) 0.100 (0.314)

Probability of using RYO§
(conditional on non- smoking MC)

MC price 0.596 (0.662) 0.435 (0.656) 0.746 (0.581) 0.435 (0.656)

RYO price 0.031 (0.503) 0.158 (0.424) 0.102 (0.521) 0.158 (0.424)

Sociodemographic covariates¶ x x x x

  Anti- smoking sentiment x x x x

  Smoking restrictions x x

Source: authors’ calculation based on the 2019 STC- SEE data.
*** p<0.01, ** p<0.05, * p<0.1.
†Model 1 includes control only for s- regional level for anti- smoking sentiment, while model 2 includes controls for both s- regional level for anti- smoking sentiment and 
restriction levels.
‡Dependent variable in the choice model is a dichotomous variable which takes the value 1 if person is smoking RYO and value 0 if person is smoking MC. Coefficients these 
rows indicate the per cent change in probability of smoking only RYO rather than smoking only MC resulting from the per cent change in MC and RYO prices.
§Dependent variable in the conditional RYO model is a dichotomous variable which takes the value 1 if person is smoking RYO and value 0 if person is a non- smoker. Coefficients 
these rows indicate the per cent change in probability of smoking only RYO, compared with being a non- smoker, resulting from the per cent change in MC and RYO prices.
¶Sociodemographic controls include the following characteristics: age (and its square), gender, education. labour market status, household size and personal income category.
MC, manufactured cigarette; RYO, roll- your- own; STC- SEE, Survey on Tobacco Consumption in Southeastern European countries.

Table 6 Own- price and cross- price elasticity of MC smoking intensity†

Mean price model Median price model

Model 1† Model 2† Model 1 Model 2

MC prices* 0.062 (0.205) 0.117 (0.170) 0.139 (0.194) 0.178 (0.164)

RYO prices* −0.138 (0.124) −0.126 (0.116) −0.129 (0.086) −0.098 (0.082)

Sociodemographic covariates‡ x x x x

Anti- smoking sentiment x x x x

Smoking restrictions x x

Source: authors’ calculation based on the 2019 STC- SEE data.
*Dependent variable in the MC smoking intensity model is the natural logarithm of number of MCs smoked per day. Coefficients indicate the per cent change in MC smoking 
intensity resulting from the per cent change in MC and RYO prices.
†Model 1 includes control only for s- regional level for anti- smoking sentiment, while model 2 includes controls for both s- regional level for anti- smoking sentiment and smoking 
restriction.
‡Sociodemographic controls include the following characteristics: age (and its square), gender, education, labour market status, household size and household income category.
MC, manufactured cigarette; RYO, roll- your- own; STC- SEE, Survey on Tobacco Consumption in Southeastern European countries.
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research finds no effects of MC prices on MC smoking intensity. 
This result can be due to low variability of MC smoking intensity 
(from 14.5 cigarettes per day in Bosnia and Herzegovina to 20.8 
per day in Kosovo), which could prevent the demonstration of 
the price effects, as previous research suggested that the prices 
do have an impact on the smoking intensity in all countries 
in the SEE region.1 Additionally, given the link between high 
prevalence and low prices of MCs, majority of MC smokers are 
located in the s- regions with low MC prices, and therefore the 
price differences between the MC smokers have lower variablity 
and fail to show the impact on MC intensity. On the other hand, 
RYO prices have no impact on the either MC prevalence or 
intensity of use.

The results further suggest that higher MC prices push 
smokers towards using RYO rather than MC. Smokers in the 
s- regions with 10% higher MC prices have a 12% higher like-
lihood of using RYO over MC. On the other hand, s- regional 
differences in RYO prices have no effect on this choice. There-
fore, if prices of MC are high, smokers will opt to use RYO, 
regardless of its price, as RYO prices are much lower than 
MC prices (table 3). In other words, for a number of smokers 
that cannot afford MCs, RYO presents a cheaper option. This 
interpretation is further supported by other information from 
the STC- SEE data which suggests that 92.8% of RYO users 
state lower prices as a reason for smoking RYO. The intensity 
of RYO smoking depends on the RYO prices, but not on the 
prices of MC. In the s- regions with 10% higher prices, RYO 
users smoke about 3.5%–4% less. As RYO smokers are concen-
trated in regions with relatively higher MC prices (which have 
motivated them to switch to RYO in the first place), they are 
price sensitive to begin with and differences in s- regions in 
RYO prices affect their smoking intensity.

This study also shows the importance of the attitudes 
towards tobacco control policies and smoking restrictions 
in reducing smoking prevalence and intensity. This research 
finds strong evidence that if more people agree with tobacco 
price increases and if more smoking restrictions are in place, 
prevalence and intensity of smoking may be lower. Therefore, 
the research shows that price and non- price measures have 
an independent effect on reducing smoking prevalence and 
intensity.

Policy recommendations
Main research findings suggest three recommendations that 
could further decrease the smoking prevalence and intensity in 
the WB region.

1. Increasing excises on MC will, via increase of its prices, lead 
to lower MC prevalence. As MCs represent the largest share 
of the tobacco market by far, this measure is the most im-
portant for reducing smoking prevalence.

2. The excises on RYO should also be increased, but to a much 
larger extent, to eliminate the price discrepancy between 
MC and RYO. RYO is typically used as a cheaper alterna-
tive to MC and if the prices of the two products are equal, 
MC smokers will, instead of switching to RYO as a cheaper 
alternative, stop using tobacco products altogether. Higher 
excises and prices of RYO would also lower the intensity of 
RYO use.

3. Since non- price factors have an independent and additional 
effect on reducing tobacco use, the governments should com-
bine increasing taxes on tobacco products with non- price 
measures, such as introducing stricter smoking restrictions, 
raising public awareness of the health harms of smoking and 
working further to encourage positive attitudes towards to-
bacco control measures.

What this paper adds

 ► Previous research for low/middle- income countries indicate 
manufactured cigarette (MC) price elasticities cluster around 
−0.5, while elasticities in Western Balkan (WB) region vary 
from −0.387 in Kosovo to −1.065 in Montenegro.

 ► This research contributes to the literature by:
 – Analysing both roll- your- own (RYO) and MC price 

elasticities as the most frequently used tobacco products.
 – Presenting first evidence of the cross- price elasticities in 

the WB region.
 – Using cross- country variation in prices and consumption 

and individual- level data (not available in the WB region 
before).

 ► This research provides evidence that:
 – MC prevalence varies significantly and statistical regions 

(‘s- regions’) that have 10% higher prices of MC have 
about 5% lower prevalence of MC use.

 – MC prices have no effect on smoking intensity.
 – Higher MC prices push smokers towards using RYO rather 

than MC.
 – In the ‘s- regions’ with 10% higher prices, RYO users smoke 

about 3.5%–4% less.

Table 7 Own- price and cross- price elasticity of RYO smoking intensity†

Mean price model Median price model

Model 1‡ Model 2‡ Model 1 Model 2

MC prices 0.048 (0.437) −0.121 (0.357) 0.302 (0.398) 0.189 (0.339)

RYO prices −0.355** (0.157) −0.415** (0.183) −0.375** (0.169) −0.407** (0.173)

Sociodemographic covariates§ x x X x

Anti- smoking sentiment x x X x

Smoking restrictions x x

Source: authors’ calculation based on the 2019 STC- SEE data.
*** p<0.01, ** p<0.05, * p<0.1.
†Dependent variable in the RYO smoking intensity model is the natural logarithm of number of RYO cigarettes smoked per day. Coefficients indicate the per cent change in RYO 
smoking intensity resulting from the per cent change in MC and RYO prices.
‡Model 1 includes control only for s- regional level for anti- smoking sentiment, while model 2 includes controls for both s- regional level for anti- smoking sentiment and smoking 
restriction.
§Sociodemographic controls include the following characteristics: age (and its square), gender, education, labour market status, household size and household income category.
MC, manufactured cigarette; RYO, roll- your- own; STC- SEE, Survey on Tobacco Consumption in Southeastern European countries.
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LIMITATIONS
One of the limitations of the study is the nature and missing 
values of the income variable. Income variable is collected based 
on a scale of 11 income categories which limits the transfor-
mation possibilities of the variable, most importantly it limits 
recalculating the variable so that it is presented in PPP values. As 
income variable was not converted into PPP values, correcting 
prices for the PPP values would result in underestimation of 
the differences between the countries in cigarettes’ afford-
ability. Additionally, for about 2000 out of 7000 respondents, 
information about the income level is missing, and the impua-
tion procedure was used to avoid sample attrition (explained in 
detail in online supplemental appendix B). The results presented 
in online supplemental table B2 in the online supplemental 
appendix B suggest that the same conclusions would be reached 
if no imputation procedure was applied and only respondents 
who reported income were included in the estimations.
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