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Abstract 

Background:  Tobacco use among young people still remains a major public health problem. Thus, the aim of this 
study was to perform a cross-country comparison for the factors associated with susceptibility to tobacco use among 
youth from five central and eastern European countries.

Methods:  The data used in the current analysis, focusing on youth (aged 11–17 years), who have never tried or 
experimented with cigarette smoking, was available from the recent Global Youth Tobacco Survey (Czech Republic 
(2016), n = 1997; Slovakia (2016), n = 1998; Slovenia (2017), n = 1765; Romania (2017), n = 3718; Lithuania (2018), 
n = 1305). Simple, multiple logistic regression analyses and random-effect meta-analysis were conducted to identify 
factors associated with tobacco use susceptibility as the lack of a firm commitment not to smoke.

Results:  Nearly a quarter of the students were susceptible to tobacco use in 4 of 5 countries. The following factors 
were identified, consistently across countries, as correlates of tobacco use susceptibility: exposure to passive smok-
ing in public places (AOR from 1.3; p = 0.05 in Slovakia to 1.6; p < 0.01 in Czech Republic and Romania), peers smoking 
status (AOR from 1.8 p < 0.01 in Slovakia to 2.5; p < 0.01 Lithuania), opinion that smoking helped people feel more 
comfortable at celebrations (AOR from 1.3; p = 0.01 in Czech Republic to 1.9; p < 0.01 in Lithuania), noticing people 
using tobacco in mass media (AOR 1.5; p < 0.01 in Slovenia and 1.6; p < 0.01 in Lithuania), lack of knowledge on harm-
ful effects of passive smoking (AOR 1.8; p < 0.01 in Slovakia and 2.4; p < 0.01 in Slovenia), lack of antismoking education 
provided by school (AOR 1.3; p < 0.05 in Czech Republic, Slovakia and Slovenia; 1.9; p < 0.01 in Lithuania), and family 
(AOR 1.5; p < 0.01 in Slovenia and Romania). Moreover those who believed that smoking makes young people look 
less attractive (AOR from 0.5; p < 0.01 in Romania to 0.7; p = 0.05 in Lithuania) and that people who smoke have less 
friends (AOR 0.7; p ≤ 0.06) turned out to be less susceptible to tobacco use initiation. In Czech Republic and Slove-
nia significantly higher susceptibility to tobacco use was observed among females as compared to males (AOR 1.4; 
p < 0.01), whereas in Romania opposite pattern, although not significant, was observed (p = 0.3). Having more money 
available for own expenses, positively correlated with smoking suitability in all countries (AOR > 1.5; p < 0.01) except 
Lithuania where youth with more money available tend to be less susceptible to tobacco use (p > 0.05). Youth who 
share the opinion that people who smoke have more friends were more susceptible to smoking in Romania (AOR 
1.4; p = 0.04) but tend to be less susceptible in other countries. Exposure to advertisements at points of sale was 
significant correlate of tobacco use susceptibility in Slovakia and Slovenia (AOR 1.4 and 1.5 respectively; p < 0.05), with 
moderate heterogeneity between the countries.
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Background
Tobacco use among young people remains a major pub-
lic health problem worldwide. Adolescents are at risk of 
experimenting with various tobacco and nicotine prod-
ucts [1]. Data shows that 88% of current adult tobacco 
smokers start smoking before the age of 18 and that 
about one fifth of adolescents around the world smoke 
tobacco with multiple effects on their health (increased 
mortality and morbidity from non-communicable dis-
eases (NCDs), reduced life expectancy), economy and 
social, peer and family integrity [2–5]. Moreover, exist-
ing studies indicate that individuals who started smoking 
at a younger age usually smoke more cigarettes per day, 
are at higher risk of nicotine addiction, are less likely to 
try to quit smoking or if they do so, they have less chance 
to quit comparing to those who start smoking as adults 
[6–8]. They are also prone to coexisting risky behaviours 
such as alcohol or illicit drug use [9].

According to the recent WHO Report on the Global 
Tobacco Epidemic [10] there were 1.07 billion smok-
ers aged 15 years and above, worldwide. In addition, 24 
million children aged 13–15 smoked globally. In Europe, 
adult and adolescent smoking was among the highest in 
WHO regions, with 28 and 17%, respectively. Tobacco 
consumption among young people is growing, in some 
countries, such as: Lithuania, Latvia and Czech Republic, 
reaching almost similar rates as in adults [11]. The recent 
Global Youth Tobacco Survey (GYTS) conducted in cen-
tral and eastern European countries indicates the follow-
ing percentages of current smokers (youth who declared 
smoking within the last 30 days) among 13–15 year old 
adolescents: Czech Republic: 15%, Slovakia 17%, Lithu-
ania 17%, Romania 9% and Slovenia 6% [12].

Preventing minors from starting tobacco use is more 
effective and it costs less than helping users to quit. An 
important public health challenge is, therefore, to iden-
tify factors that influence propensity to use tobacco 
among young people and predict their likelihood of such 
a behavior in the future [8]. Knowing them is crucial for 
development of effective preventive measures to reduce 
tobacco use among young people, and thus, reduce 
the frequency of using that products. According to its 

definition, susceptibility to smoking is the lack of a firm 
commitment not to smoke and it is a strong predictor of 
regular smoking and addiction [13]. Studies indicate that 
youth who are susceptible to tobacco use are more likely 
to experiment with tobacco and to become regular smok-
ers compared to those non-susceptible ones. Moreover, 
susceptibility to tobacco use has been shown to be modi-
fiable through interventions (which can either prevent 
youth from becoming susceptible to tobacco use or pre-
vent susceptible adolescents from progressing to regular 
smokers) [14]. Various factors are indicated as correlates 
of tobacco use susceptibility among youth, including: 
individual characteristics (e.g. age, gender), social envi-
ronment and social contexts (e.g. family, friends, school) 
[8, 15–21]. As an example, the analysis based on GYTS 
(conducted in 168 countries between 1999 and 2008) 
indicated that exposure to parental or peer smoking, 
antismoking media messages, secondhand smoke inside 
or outside home and tobacco industry promotion were 
associated with increased smoking susceptibility [18]. 
Moreover, support for smoke-free policies and school 
antismoking education were associated with decreased 
susceptibility to smoking among females. However, such 
factors can be region or country specific and can change 
over the years as a response to relevant tobacco policies, 
social and cultural norms, tobacco industry influence as 
well as preventive activities.

GYTS, which has been conducted recently in central 
and eastern European countries (Czech Republic, Slova-
kia, Lithuania, Slovenia and Romania), creates a unique 
opportunity to evaluate or update the factors that pre-
dispose young people to be susceptible to tobacco use, 
which in turn can be useful for development and imple-
mentation of effective tobacco control strategies in these 
countries [12]. As it was mentioned above in 3 out of 5 
countries smoking prevalence among youth was relatively 
high [12]. Moreover, although these countries repre-
sent cultural similarities some differences in compliance 
with WHO tobacco control measures were observed. 
According to WHO assessments in Romania, all public 
places and in Czech Republic, Slovakia, Lithuania three 
up to five public places were indicated as completely 

Conclusions:  A high proportion of youth from central and eastern European countries was susceptible to tobacco 
use. Social factors, and those related to educational and policy issues as well as to attitudes regarding tobacco use 
were strongly, and consistently across countries, correlated with tobacco use susceptibility. Slight differences in 
susceptibility to tobacco use between the countries were related to: sex, money available for own expenses, exposure 
to advertisements at points of sale and opinion that people who smoke have more friends. These factors should be 
considered when designing and implementing anti-tobacco activities among young people.
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smoke-free [10, 22]. In Slovenia the data was not 
reported; however, this country had one or more public 
places where designated smoking rooms were allowed. 
There was no national campaign conducted close to the 
survey period in Czech Republic, Slovakia and Lithuania. 
National campaign with one to four appropriate charac-
teristics was conducted at that time in Slovenia and in the 
preceding years in Romania. In all the analyzed countries 
health warnings with appropriate characteristics were 
in place. Finally, only in Slovenia there was a ban on all 
forms of direct and indirect advertising, whereas in the 
other countries there was a ban on national television, 
radio and print media as well as on some but not all other 
forms of direct and/or indirect advertising.

Considering all the above, the aim of the study was to 
perform a cross-country comparison for the factors asso-
ciated with susceptibility to tobacco use among youth 
from five central and eastern European countries.

Methods
Study design and population
The data used in the current analysis is from GYTS, a 
part of Global Tobacco Surveillance System (GTSS), 
which was developed to track tobacco use among young 
people and enhance the capacity of countries to design, 
implement and evaluate tobacco control, and prevention 
programmes [12, 18]. GYTS is a cross-sectional, nation-
ally representative school-based survey that collects data 
using standardized methodology for constructing the 
sample frame, selecting schools and classes and process-
ing data. Following GYTS two-stage sample design, in 
all of the five countries (the latest available data: Czech 
Republic (2016), Slovakia (2016), Slovenia (2017), Roma-
nia (2017), Lithuania (2018)) schools were selected with 
a probability proportional to the enrollment size and 
within these schools classes were randomly chosen. All of 
the students (aged 11–17 years) from the selected classes 
were invited to participate in the survey. The overall 
survey response rates were, as follows: Czech Republic 
78.3%, Slovakia 81.7%, Slovenia 68.0%, Romania 88.6%, 
Lithuania 82.7%. Taking into account the study purpose, 
so as to assess patterns of susceptibility to tobacco use, 
the analysis was restricted to never smokers – the par-
ticipants who responded “no” to the following question 
“Have you ever tried or experimented with cigarette 
smoking, even one or two puffs? (44% in Lithuania, 
50% in Czech Republic and Slovakia, 68% in Slovenia 
and Romania). The participants were excluded in case 
of missing data for a dependent variable (from 0.3% in 
Czech Republic to 1,8% in Lithuania). That resulted in the 
following sample size considered in the current analy-
sis: 1997 of 3926 students from Czech Republic, 1998 of 
3997 students from Slovakia, 1765 of 2629 students from 

Slovenia, 3718 of 5409 students from Romania and 1305 
of 3030 students from Lithuania.

The Ministry of Health of each country (Public Health 
Authority of the Slovak Republic) handled scientific, 
ethical and technical coordination of the study. Follow-
ing the legal rules in each country, if required, an ethical 
approval was obtained from the relevant committee and 
written informed consent was received from all the sub-
jects or, if subjects were under 16, from a parent or legal 
guardian.

Questionnaire, dependent and independent variables
GYTS uses a standard, anonymous, self-administered 
questionnaire that produces estimates on tobacco use 
(smoking and smokeless), exposure to second hand 
smoke, tobacco use cessation, access and availability 
to tobacco, awareness of anti-tobacco information and 
exposure to tobacco marketing [18, 23]. The question-
naires and databases are publicly available at https://​
www.​cdc.​gov/​tobac​co/​global/​gtss/​gtssd​ata/​index.​html 
[12]. The dependent variable considered in the cur-
rent study was susceptibility to tobacco product use as 
adopted from Pierce et  al. (1996) [13]. It was based on 
two questions: “If one of your best friends offered you a 
tobacco product, would you use it? and “At any time dur-
ing the next 12 months do you think you will use any 
form of tobacco?” (in Slovenia the following question 
was asked: “At any time during the next 12 months do you 
think you will smoke tobacco?“). For each of the questions 
the following four answers were possible: “Definitely not”, 
“Probably not”, “Probably yes” and “Definitely yes”. The 
students who answered “definitely not” to both questions 
were coded as non-susceptible ones and all the others 
were considered as susceptible to tobacco use [7].

The independent variables included socio-demographic 
and economic data: sex, age, parental education (country 
specific), money available for own expenses during an 
average week (in local currency); information related to 
second hand smoking (at home, in public places, parental 
and peers smoking); knowledge and attitudes regarding 
tobacco use (harmfulness of active and passive smoking, 
difficulty of quitting smoking, attractiveness and accept-
ability of smoking); pro and anti-tobacco media and 
advertising, and antismoking education provided by the 
school or family [12]. All the variables were categorical in 
nature, and most responses were dichotomized using the 
previously described methods [18].

Statistical analysis
STATISTICA version 10.0 (Dell Software, Arizona, CA, 
USA) was used to perform the statistical analysis. Simi-
larly to the previously published studies in this field, the 
statistical analyses covered several steps [7, 18]. Initially, 

https://www.cdc.gov/tobacco/global/gtss/gtssdata/index.html
https://www.cdc.gov/tobacco/global/gtss/gtssdata/index.html
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a descriptive analysis for all the variables involved in 
the analysis was completed. The univariable and multi-
variable logistic regression analyses with results being 
presented as odds ratios (OR) and adjusted odds ratios 
(AOR) with 95% confidence intervals and p values were 
applied to study the factors linked to susceptibility to 
tobacco use among youth in the five central and eastern 
European countries. The analyses were performed sepa-
rately for each country. In the multivariable analyses, all 
the variables (p < 0.05) were simultaneously included. 
To test multicollinearity between the variables, the vari-
ance inflation factor (VIF) was calculated. All the infla-
tion factors were below 1.5, thus, it can be assumed that 
collinearity was not present. A p value of less than 0.05 
was considered statistically significant.

Additionally, the effect estimates were pooled using 
random-effects meta-analysis following methods 
described by DerSimonian and Laird [24], which con-
siders both within- and between-study variability. 
Statistical heterogeneity among included studies was 
assessed using the Cochran Q test and I2 -statistic [25, 
26]. All variables were included in the model except 
parental education and exposure to antismoking media 
messages (as non significant in any of analyzed coun-
tries; p > 0.05). P-value (Cochnane Q statistics) below 
0.05 was considered as significant heterogeneity.

Results
Characteristics of the students included in the cur-
rent analysis are summarized in Table  S1. Close to one 
fourth of youth were susceptible to smoking in 4 out of 
5 countries (Table 1). A lower percentage of the students 
classified as susceptible to tobacco use was observed in 
Romania (16%).

Factors associated with susceptibility to tobacco use 
among never smokers
Results from the univariable analysis that was run to 
identify correlates of tobacco use susceptibility are pre-
sented in Table S2. In adjusted model, the following fac-
tors were identified, consistently across countries, as 
correlates of tobacco use susceptibility: exposure to pas-
sive smoking in public places (AOR from 1.3; p = 0.05 in 
Slovakia to 1.6; p < 0.01 in Czech Republic and Romania), 
peers smoking status (AOR from 1.8 p < 0.01 in Slovakia 
to 2.5; p < 0.01 Lithuania), opinion that smoking helped 
people feel more comfortable at celebrations (AOR from 
1.3; p = 0.01 in Czech Republic to 1.9; p < 0.01 in Lithu-
ania), noticing people using tobacco in mass media (AOR 
1.5; p < 0.01 in Slovenia and 1.6; p  <  0.01 in Lithuania), 
lack of knowledge on harmful effects of passive smoking 
(AOR 1.8; p < 0.01 in Slovakia and 2.4; p < 0.01 in Slove-
nia), lack of antismoking education provided by school 

Table 1  Susceptibility to tobacco use among never smoking youth from five central and eastern European countries

a in Slovenia the following question was asked: “At any time during the next 12 months do you think you will smoke tobacco?“
b chi2 test for heterogeneity across countries: p < 0.001; country by country comparison: Czech Republic vs Slovakia (p = 0.14), Czech Republic vs Slovenia (p = 0.11), 
Czech Republic vs Lithuania (p = 0.26), Czech Republic vs Romania (p < 0.001), Slovakia vs Slovenia (p = 0.88), Slovakia vs Lithuania (p = 0.84), Slovakia vs Romania 
(p < 0.001), Slovenia vs Lithuania (p = 0.74), Slovenia vs Romania (p < 0.001), Lithuania vs Romania (p < 0.001)
* percentages calculated for observed values
** percentages of total number of subjects

Characteristics* Czech Republic N = 1997 
n (%)

Slovakia N = 1998 
n (%)

Slovenia N = 1765 
n (%)

Lithuania N = 1305 
n (%)

Romania 
N = 3718 n 
(%)

If one of your best friends offered you a cigarette or another tobacco product, would you use it?

  Definitely not 1639 (82.2) 1630 (81.7) 1529 (86.8) 1091 (84.2) 3309 (89.1)

  Probably not 296 (14.8) 283 (14.2) 136 (7.7) 135 (10.4) 284 (7.6)

  Probably yes 50 (2.5) 68 (3.4) 80 (4.5) 63 (4.9) 90 (2.4)

  Definitely yes 9 (0.5) 13 (0.7) 16 (0.9) 7 (0.5) 31 (0.8)

  Missing n (%)** 3 (0.2) 4 (0.2) 4 (0.2) 9 (0.7) 4 (0.1)

At any time during the next 12 months do you think you will use any form of tobacco?a

  Definitely not 1667 (83.5) 1713 (85.8) 1467 (83.2) 1101 (84.4) 3302 (88.9)

  Probably not 274 (13.7) 228 (11.4) 261 (14.8) 159 (12.2) 291 (7.8)

  Probably yes 44 (2.2) 39 (1.9) 29 (1.6) 38 (2.9) 81 (2.2)

  Definitely yes 12 (0.6) 17 (0.9) 7 (0.4) 7 (0.5) 40 (1.1)

  Missing n (%)** 0 (0.0) 1 (0.1) 1 (0.1%) 0 (0.0) 4 (0.1)

Susceptible to tobacco useb

  No 1507 (75.5) 1548 (77.5) 1371 (77.7) 1008 (77.2) 3131 (84.2)

  Yes 490 (24.5) 450 (22.5) 394 (22.3) 297 (22.8) 587 (15.8)
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(AOR 1.3; p < 0.05 in Czech Republic, Slovakia and Slo-
venia; 1.9; p  <  0.01 in Lithuania), and family (AOR 1.5; 
p  <  0.01 in Slovenia and Romania) (Table  2). Moreover 
those who believed that smoking makes young people 
look less attractive (AOR from 0.5; p < 0.01 in Romania 
to 0.7; p = 0.05 in Lithuania) and that people who smoke 
have less friends (AOR 0.7; p ≤ 0.06) turned out to be less 
susceptible to tobacco use initiation.

Significant heterogeneity (p for heterogeneity < 0.05) 
between the countries was observed only for few ana-
lyzed variables (Figs.  S1, S2, S3, S4 and S5), In Czech 
Republic and Slovenia significantly higher susceptibil-
ity to tobacco use was observed among females as com-
pared to males (AOR 1.4; p < 0.01), whereas in Romania 
opposite pattern, although not significant, was observed 
(p = 0.3). Having more money available for own expenses, 
positively correlated with smoking suitability in all coun-
tries (AOR > 1.5; p < 0.01) except Lithuania where youth 
with more money available tend to be less susceptible to 
tobacco use (p > 0.05). Youth who share the opinion that 
people who smoke have more friends were more sus-
ceptible to smoking in Romania (AOR 1.4; p = 0.04) but 
tend to be less susceptible (although not significantly) in 
other countries. Exposure to advertisements or promo-
tions at points of sale was significant correlate of tobacco 
use susceptibility in Slovakia and Slovenia (AOR 1.4 and 
1.5 respectively; p < 0.05), with moderate heterogeneity 
between the countries.

The following factors were not significant correlates of 
tobacco use susceptibility in any of the analyzed coun-
tries: parental education, age of the students, parental 
smoking, exposure to passive smoking at home, presence 
of the smokers inside school or outside school on school 
property, knowledge about harmful effects of active 
smoking, perception of difficulty of quitting by smok-
ers and school discussion of the reasons why people use 
tobacco (p > 0.05).

Discussion
Our results indicate that nearly a quarter of never ciga-
rette smoking students were susceptible to tobacco 
use in 4 out of 5 analyzed countries (with slightly lower 
percentages observed in Romania). Although some dif-
ferences between the countries were noted, our results 
present priorities, such as strengthening law, knowledge 
and attitudes towards smoking, for preventive measures 
to be taken to decrease percentage of youth who initi-
ate tobacco use. The earlier analysis, based on GYTS in 
168 countries, has indicated that around 1 in 8 never-
smoking young people worldwide is susceptible to smok-
ing, with the highest percentage of youth declaring 
smoking susceptibility reported in America and Europe 
[18]. This is proven by the WHO estimates indicating 

that smoking prevalence among adolescents and adults 
in Europe is among the highest in WHO regions [27]. 
Another assessment based on GYTS data from 25 Euro-
pean countries has also confirmed high susceptibility to 
smoking among adolescents [28]. Moreover, the study 
conducted in a rural area of Poland (between 2014 and 
2015) based on GYTS questionnaire indicated 22% of 
never smokers susceptible to tobacco use, which is simi-
lar to the results obtained within the current assessments 
[7]. Data presented in country reports and fact sheets 
with the consideration of survey weights indicated the 
highest percentage of never tobacco users susceptible to 
tobacco use in the future in Czech Republic (22.5%) and 
the lowest in Romania (14.9%) [12]. Some differences 
between the studies concerning proportion of those 
susceptible to smoking can result from several reasons, 
among which social and cultural norms, tobacco indus-
try influence and legislation as well as preventive activi-
ties are the most frequently pointed ones. Moreover, age 
of a youth, definition of a current non-smoking status 
(study population restricted to never cigarette smokers 
vs. never tobacco users), susceptibility to smoking (focus-
ing only on cigarettes or on any tobacco products; types 
of questions used for assessment) and time period of the 
study are among other factors. In needs to be underlined 
that the existing legislation and preventive measures that 
were in place in the analyzed countries cannot be directly 
translated into the observed prevalence and, in particu-
lar, correlates of tobacco use susceptibility. Many factors 
can be crucial with this regard such as: youth awareness 
about existing legislation, its enforcement, time since the 
law or anti-tobacco national campaign was announced or 
happened as well as existing social and cultural norms. 
Moreover, taking into account the overall efforts of the 
states to combat the tobacco epidemic, the differences in 
tobacco control measures between the countries are not 
strongly pronounced. Looking at the countries that have 
been covered by the current assessment, the strongest 
tobacco control measures (such as smoke-free policies 
and anti-tobacco campaign) were observed in Romania 
and in that country the lowest susceptibility to tobacco 
initiation was observed as compared to others. To con-
clude these considerations, all the activities should be 
multidirectional, multisectorial and sustainable.

In two out of 5 analyzed countries (Czech Republic and 
Slovenia) females were significantly more susceptible to 
tobacco use than males, whereas in Romania opposite 
pattern, although not significant, was observed. Data 
from other studies are also not fully consistent. In some 
studies, females have higher risk of tobacco use initiation 
[15, 29–32], whereas in others, including that conducted 
in Poland among a rural population, males were more 
susceptible to smoking [7, 16, 17, 33, 34]. Earlier analyses 
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of GYTS data from European countries (including all 5 
countries involved in the current analysis) have also con-
firmed a similar pattern of smoking susceptibility among 
never-smoking youth to the one observed in the current 
assessments [28]. The differences between the countries 
in the obtained results can be explained by general dif-
ferences between the countries and the time when the 
studies were conducted, which in turn, can show target 
groups for tobacco industry (which are currently females) 
and how youth are susceptible to tobacco marketing [16].

Pocket money turned out to be a risk factor for tobacco 
use susceptibility in 4 out of 5 countries covered by our 
assessment. This finding is in line with GYTS results 
from Greece, Cyprus or Bangladesh [35–38]. Parents 
should pay more attention to how their children’s pocket 
money is used. Furthermore, the role of this factor in sus-
ceptibility to smoking needs to be considered together 
with teenagers’ easy access to tobacco products.

We found that adolescents whose siblings or closest 
friends are smokers were at higher risk of tobacco use 
initiation comparing to those with non-smoking peers 
(this association was observed in all the countries which 
such data available). In the study conducted in Poland, 
friends’ smoking status was a stronger predictor of sus-
ceptibility to smoking than the parental smoking status 
[7, 18]. Other studies also indicate that the strongest 
determinant of current smoking is peer influence [35, 
36, 39–43]. Studies indicate that people tend to choose 
their friends based on shared characteristics, includ-
ing tobacco use. However, having close friends who use 
tobacco does not need to mean that they cause a person 
to use that product. On the other hand, strong commit-
ment not to smoke if offered a cigarette or other tobacco 
product by a friend is crucial as a protective factor for not 
starting using tobacco [7]. There is also a need for peer 
education to help them quit smoking or at least abstinent 
from smoking in front of non-smokers. Creating a non-
smoking fashion among young people seems to be most 
desirable. This was also proven by our results that indi-
cate that those who declared that tobacco helped people 
feel more comfortable at celebrations, parties or in other 
social gatherings and those who emphasized attractive-
ness of smokers in the peer group (significant for some 
countries) were at higher risk of tobacco use susceptibil-
ity. Moreover, youth who thought that people who smoke 
had fewer friends and that smoking made youth less 
attractive had a lower risk of tobacco use susceptibility. 
So efforts should focus on such perceptions, norms and 
acceptance of tobacco use.

Exposure to passive smoking in public places was asso-
ciated with increased susceptibility to tobacco use among 
the studied populations, which is in agreement with 
other studies in this field and supports the need to create 

smoke-free environments worldwide together with effec-
tive enforcement of existing legislation [18]. As it was 
mentioned previously in Romania all public places and 
in Czech Republic, Slovakia, Lithuania three to five pub-
lic places were indicated as completely smoke-free [10, 
22]; however it needs to be underlined that existing low 
should go together with its awareness and enforcement.

Lack of knowledge about harmful effects of pas-
sive smoking and lack of training in the field of health 
consequences of tobacco smoking in the school cur-
riculum and lack of antismoking education provided by 
family was identified as an additional, important fac-
tor of susceptibility to tobacco use. Similar results have 
been observed in other assessments in this field [7, 44]. 
Imparting knowledge about harmfulness of tobacco has 
been one of the key tobacco control strategies. Accord-
ing to WHO assessments, some mass media anti-tobacco 
campaigns were conducted in Slovenia and Romania pro-
ceeding the surveys. However, to be fully effective such 
activities should go together with family and school edu-
cation and support.

Despite the existing legislation, our results, being in 
agreement with similar studies in this field, indicate that 
presence of smoking in movies was associated with an 
increased risk of tobacco use initiation and tobacco con-
sumption in adolescents [45–47]. Tobacco use by celebri-
ties in the mass media should be eliminated as media play 
an important role in shaping personality, especially in 
adolescents and young adults [48]. It has been also shown 
that susceptibility to tobacco use is influenced by expo-
sure to advertising at points of sale (which in our study 
was a significant correlate of tobacco susceptibility in Slo-
vakia and Slovenia) [49–51]. Advertising at points of sale 
still remains a challenge. The results of research suggest 
that the complete ban on tobacco advertising in points of 
sale is significantly related to the reduced experimental 
smoking among adolescents and that this relationship is 
visible for both sexes [52]. Tobacco industry promotion 
efforts can be prevented by developing and implement-
ing comprehensive bans along with stronger regulations, 
including enforcement of law, of tobacco company prac-
tices in accordance with WHO Framework Convention 
on Tobacco Control (FCTC) [53].

The current analysis has several strengths. GYTS is a 
cross-sectional, nationally representative survey and cov-
ers a large number of respondents from an adolescent 
population, assuring reliability and validity of the results. 
The protocols and questionnaires in all the analyzed 
countries were based on GYTS standards developed by 
experts in the field, which enables a direct comparison 
between the countries and trends assessments. Moreo-
ver, susceptibility to tobacco use was assessed by two 
questions, which constitute frequently used and reliable 
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measure of predisposition to smoking initiation. Finally, 
the analysis considers a number of various potential 
correlates of susceptibility to tobacco including socio-
demographic, economic factors, information related to 
second hand smoking, knowledge and attitudes regard-
ing tobacco use, pro and anti-tobacco media, advertising, 
and educational issues related to health consequences of 
smoking.

Limitations of the study also need to be pointed out. 
Firstly, due to the cross-sectional nature of the study, 
claims of causation cannot be made about the observed 
relationships between susceptibility to tobacco use and 
the studied variables. Secondly, all the estimates in our 
assessment were based on self-reports, which might be 
affected by reporting bias. Moreover, some differences 
in the response rates exists between the countries (from 
68% in Slovenia to 89% in Romania), which may bias the 
obtained results. The willingness to participate in the 
study can be determined by each country’s socio-cultural 
norms, the level of trust and acceptance of being inter-
viewed on sensitive issues. Moreover, some missing data 
for independent variables occurred (and they were not 
imputed in the analysis). We are aware of the fact that a 
high amount of missing data can affect the results and 
conclusions from the study. However, we want to point 
out that for majority of the individual variables, the miss-
ing data were below 1% and all, except for parental edu-
cation, were below 4%. Parental education variables were 
not included in multivariable model, thus, do not impact 
the final sample size. GYTS questionnaire contains some 
core questions. Additional questions could be selected or 
added by the experts depending on the country or spe-
cific issues studied. That is why some of the variables were 
not available in all the analyzed populations. It also needs 
to be underlined that some questions, although similar 
in their meaning, were not asked exactly the same in all 
the countries, which can also impact the obtained results. 
The years in which the surveys were conducted in each 
of the analyzed countries, were as close as possible. Nev-
ertheless, it cannot be excluded that the fact of different 
years of data collection may have influence on the associ-
ations noted in the study. Additionally, considering other 
papers in this field we decided to restrict our study popu-
lation to non-cigarette smokers (but some part of such 
students could use other tobacco products). This cre-
ates the opportunity for other researchers to look more 
closely at the population of non-tobacco users. Finally, 
our analysis did not control for other substances use such 
as alcohol or illicit drug, which are also indicated to be 
associated with smoking. Despite the limitations stated 
above, this study provides an important insight into the 
prevalence and factors associated with susceptibility to 
tobacco use in central and eastern European countries. 

These correlates are crucial for effectiveness of preven-
tion strategies to be taken among youth.

Conclusions
A high proportion of youth from central and eastern 
European countries is susceptible to tobacco use. Social 
factors, and those related to educational and policy 
issues as well as to attitudes regarding tobacco use were 
strongly, and consistently across countries, correlated 
with tobacco use susceptibility. Slight differences in sus-
ceptibility to tobacco use between the countries were 
related to: sex, money available for own expenses, expo-
sure to advertisements or promotions at points of sale 
and opinion that people who smoke have more friends. 
These factors should be considered when designing 
and implementing anti-tobacco activities among young 
people.
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Additional file 1: Table S1. Susceptibility to tobacco use among never 
smokers from five central and eastern European countries. Table S2. 
Factors associated with susceptibility to tobacco use among never smok-
ing youth from five central and eastern European countries - univariable 
logistic regression. Fig. S1. Forest plots showing adjusted associations 
of selected sociodemographic factors and susceptibility to tobacco use 
among never smoking youth from five central and eastern European 
countries. Country-specific odds ratio (OR) and 95% confidence interval 
(CI) were estimated by multivariable logistic regression models, and 
overall OR and 95% CI were estimated by random-effects meta-analysis 
by country. The following factors were included in the model: sex, age, 
money available for own expenses, SHS exposure at home and in public 
places, parental and peers smoking, knowledge about harmfulness of 
active and passive smoking, difficulty of quitting smoking, attractiveness 
and popularity of smoking, antismoking education provided by the school 
or family, tobacco advertising at point of sale, noticing people smoking 
at school and in movies. I2, percentage of the total variability attributable 
to between-country heterogeneity; p, p value of heterogeneity using the 
Cochran’s Q test. Fig. S2. Forest plots showing adjusted associations of 
selected factors related to SHS exposure and susceptibility to tobacco 
use among never smoking youth from five central and eastern European 
countries. Country-specific odds ratio (OR) and 95% confidence interval 
(CI) were estimated by multivariable logistic regression models, and 
overall OR and 95% CI were estimated by random-effects meta-analysis 
by country. The following factors were included in the model: sex, age, 
money available for own expenses, SHS exposure at home and in public 
places, parental and peers smoking, knowledge about harmfulness of 
active and passive smoking, difficulty of quitting smoking, attractiveness 
and popularity of smoking, antismoking education provided by the school 
or family, pro-tobacco media and advertising. I2, percentage of the total 
variability attributable to between-country heterogeneity; p, p value of 
heterogeneity using the Cochran’s Q test. Fig. S3. Forest plots showing 
adjusted associations of noticing tobacco advertising at point of sale, 
people smoking at school and in movies and susceptibility to tobacco 
use among never smoking youth from five central and eastern European 
countries. Country-specific odds ratio (OR) and 95% confidence interval 
(CI) were estimated by multivariable logistic regression models, and 
overall OR and 95% CI were estimated by random-effects meta-analysis 
by country. The following factors were included in the model: sex, age, 
money available for own expenses, SHS exposure at home and in public 
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places, parental and peers smoking, knowledge about harmfulness of 
active and passive smoking, difficulty of quitting smoking, attractiveness 
and popularity of smoking, antismoking education provided by the school 
or family, pro-tobacco media and advertising. I2, percentage of the total 
variability attributable to between-country heterogeneity; p, p value of 
heterogeneity using the Cochran’s Q test. Fig. S4. Forest plots showing 
adjusted associations of knowledge about harmfulness of active and pas-
sive smoking, difficulty of quitting smoking, and susceptibility to tobacco 
use among never smoking youth from five central and eastern European 
countries. Country-specific odds ratio (OR) and 95% confidence interval 
(CI) were estimated by multivariable logistic regression models, and 
overall OR and 95% CI were estimated by random-effects meta-analysis 
by country. The following factors were included in the model: sex, age, 
money available for own expenses, SHS exposure at home and in public 
places, parental and peers smoking, knowledge about harmfulness of 
active and passive smoking, difficulty of quitting smoking, attractiveness 
and popularity of smoking, antismoking education provided by the school 
or family, tobacco advertising at point of sale, noticing people smoking 
at school and in movies. I2, percentage of the total variability attributable 
to between-country heterogeneity; p, p value of heterogeneity using the 
Cochran’s Q test. Fig. S5. Forest plots showing adjusted associations of 
attractiveness and popularity of smoking and susceptibility to tobacco 
use among never smoking youth from five central and eastern European 
countries. Country-specific odds ratio (OR) and 95% confidence interval 
(CI) were estimated by multivariable logistic regression models, and 
overall OR and 95% CI were estimated by random-effects meta-analysis 
by country. The following factors were included in the model: sex, age, 
money available for own expenses, SHS exposure at home and in public 
places, parental and peers smoking, knowledge about harmfulness of 
active and passive smoking, difficulty of quitting smoking, attractiveness 
and popularity of smoking, antismoking education provided by the school 
or family, tobacco advertising at point of sale, noticing people smoking 
at school and in movies. I2, percentage of the total variability attributable 
to between-country heterogeneity; p, p value of heterogeneity using the 
Cochran’s Q test.
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