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ABSTRACT
Aims:To explore whether exposure to second-hand smoke (SHS) among non-smokers in the European Union (EU) showed any association with socio-demographic factors and/or the extent of national tobacco control policies.
Methods:A secondary analysis was performed on data from 26,751 individuals ≥15 years old from 27 EU member states (EU MS) , collected during the 2012 Special Eurobarometer survey (wave 77.1). Respondents were asked whether they had been exposed to SHS in eating or drinking establishments during the past 6 months, and/or in their workplace. Data on smoke-free policies were extracted from the European Tobacco Control Status Report and the European Tobacco Control Scale (TCS) in 2013. 
Results:In total, 29.0% of non-smoking participants reported being exposed to SHS in indoor areas. Males (vs. females) as well as individuals with difficulties to pay bills (vs. those with no difficulties), had significantly greater odds of being exposed to SHS in bars, restaurants and workplaces. For every unit increase of a country’s score on the Smokefree Component of the TCS (indicating greater adherence to smokefree legislations) the odds ratio of reporting exposure to SHS was 0.82 in bars, 0.85 in restaurants, and 0.94 in workplaces.  
Conclusions:Differences in exposure to SHS clearly exists between and within EU MS, despite the fact that they all have signed the Framework Convention on Tobacco Control, with the burden found to disproportionally affect younger people and individuals with financial difficulties. Moreover, enforcement of smoke-free legislation was inversely associated with SHS exposure, highlighting the importance of enforcing comprehensive smoking bans. 
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MAIN TEXT
INTRODUCTION
Exposure to secondhand smoke (SHS) is a threat to individual and population health. It is estimated that 40% of children, 33% of males and 35% of females are exposed to secondhand smoke worldwide, with more than 600,000 deaths per year attributable to exposure to SHS1. The SMOKEHAZ project, a joint effort by the European Respiratory Society (ERS), the UK Centre for Tobacco and Alcohol Studies (UKCTAS) and the European Lung Foundation (ELF) identified that adult non-smokers exposed to SHS were 1.41 times more likely to develop lung cancer, 1.44 times more likely to develop tuberculosis and 1.44-1.72 times more likely to develop Chronic Obstructive Pulmonary Disease in comparison to non-exposed adult non-smokers, with even greater risks associated with SHS exposure during childhood2. 
These SHS-related health hazards have been well documented3 and implementation of smoke-free environments has been identified as a priority by the World Health Organization (WHO)4. According to Article 8 of the WHO Framework Convention on Tobacco Control (FCTC)5, “all countries recognize that exposure to SHS causes death, disease and disability while all parties are obligated to adopt and implement effective legislative, executive, administrative and/or other measures, in order to provide protection from SHS in indoor workplaces, public transport, indoor public places and other public places”. The revised Tobacco Products Directive (TPD), adopted by the European Parliament in 2014, reaffirmed the EU’s support of the FCTC6.
All EU countries (2014) have adopted regulations in order to limit exposure to SHS.  However, the scope and character of these regulations differ widely. Only some EU countries have implemented legislation that bans smoking in all indoor workplaces and public places, including bars and restaurants, with significant public health benefits, while others are still to implement or enforce comprehensive legislation, despite their legal obligation to do so under Article 8 of the FCTC5, 7.
Results from a recent Eurobarometer report (2012) showed that 23% of EU citizens had been exposed to SHS inside a bar and 12% in an eating establishment in the last six months, while the proportion of people reporting smoke-free environments at the workplace ranged from 42% in Greece to 93% in Sweden8. This discrepancy in population exposure to SHS possibly reflects the inconsistencies in smoke-free legislation and the level of enforcement of smoking bans among EU countries. Moreover, the absence of comprehensive bans may affect some population groups more than others. 
Therefore, the aim of the current secondary analysis of the Eurobarometer data was to explore the association between socio-demographic factors and the implementation of national tobacco control policies on one hand, and exposure to SHS among non-smoking young people and adults on the other within the EU context. 

METHODS
Data source
This secondary analysis was performed on data obtained from 26,751 individuals from 27 EU countries that participated in the Special Eurobarometer survey 385, wave 77.1 (February-March 2012)9. The survey included respondents aged ≥15 years, with samples selected through a multi-stage sampling design in each country. Interviews were conducted in people’s homes and in the language of each country. 

Measures
Socio-demographic characteristics
For the purpose of this analysis, EU member countries were grouped into four sub-regions, following the United Nations geoscheme10: Southern Europe (Greece, Italy, Malta, Portugal, Slovenia, Spain, Cyprus), Western Europe (France, Belgium, Austria, Germany, The Netherlands, Luxembourg), Northern Europe (Denmark, Ireland, United Kingdom, Latvia, Lithuania, Estonia, Finland, Sweden), and Eastern Europe (Slovakia, Czech Republic, Hungary, Poland, Bulgaria, Romania). 
Financial difficulties were assessed with the question “During the last twelve months, would you say you had difficulties to pay your bills at the end of the month…?” Response options included: “Most of the time”, “From time to time” or “Almost never/never”. Data were also collected on respondents’ age (15-24; 25-39; 40-54; and ≥55 years), gender (male; female) and educational level (the age when they stopped full-time education: ≤15; 16-19 or ≥20 years old).

Current tobacco use
Smoking status was assessed with the question “Regarding smoking cigarettes, cigars or a pipe, which of the following applies to you?”. Categorical answers included “You currently smoke”; “You used to smoke but you have stopped”; and “You have never smoked”. Participants who responded that they currently smoked were classified as current smokers and all other respondents as non-smokers. All analyses in this report were performed among non-smokers, while the prevalence of current smoking was calculated for each of the 27 countries as well.

Exposure to SHS
Within the 2012 Eurobarometer survey, exposure to SHS was assessed from three sources: in bars, in restaurants and in the workplace. SHS exposure in bars was assessed with the question “The last time you visited a drinking establishment such as a bar in the last 6 months in (OUR COUNTRY), were people smoking inside?”, and in restaurants with a  similar question about eating establishments. Categorical answers included “Yes”; “No”; “Don’t know”, and “I have not visited one in the last 6 months”. The latter two responses were excluded from the analysis. Exposure to SHS in the workplace was assessed only among respondents who reported working indoors at the time of the survey, with the question “How often are you exposed to tobacco smoke indoors at your workplace?”. Categorical answers included “never or almost never”; “occasionally”; “less than 1 hour a day”; “1 to 5 hours a day”; and “more than 5 hours a day”. All answers except “never or almost never” classified the respondent as exposed to SHS in the workplace. 

Indicators of tobacco control policies and their effective implementation
We used three existing policy classifications to assess tobacco control policies: the scores from the WHO’s European Tobacco Control Status Report 201311, the overall EU Tobacco Control Scale (TCS) 12, and the SHS exposure section of the TCS -a subset of TCS12: 
i. Policy Classification 1: The WHO’s European Tobacco Control Status Report 2013 provides an analysis of the implementation status of some core provisions in the FCTC for the period 2007 to 2012. Among others, it provides a summary of MPOWER measures in the European Region and classifies countries into five groups, depending on the number of smoke-free policies included in national legislation11.
ii. Policy Classification 2: the 2013 EU Tobacco Control Scale scores Member States according to a series of criteria from zero to 100 (with higher score reflecting more comprehensive tobacco control) 12.  It quantifies the scope and degree of implementation of tobacco control policies at the country level based on six policies described by the World Bank13. The policies are “price increases through higher taxes on cigarettes and other tobacco products” (30 points); “bans/restrictions on smoking in public and work places” (22 points); “better consumer information, including public information campaigns, media coverage, and publicising research findings” (15 points); “comprehensive bans on the advertising and promotion of all tobacco products, logos and brand names” (13 points); “large, direct health warning labels on cigarette boxes and other tobacco products” (10 points); “treatment to help dependent smokers stop, including increased access to medications” (10 points)12. 
iii. Policy Classification 3: the “Smoke-free work and other public places” component of the TCS 201312, scored Member States according to their smoke-free legislation and the level of its implementation (possible range zero to 22), based on the following criteria: workplaces excluding cafes and restaurants (maximum 10 points); cafes and restaurants (maximum 8 points); and public transport and other public places (maximum 4 points).

Statistical analysis
All analyses were performed among nonsmokers. Descriptive data of SHS exposure among all adults have been presented in the Eurobarometer 385 survey report8. To assess the determinants of exposure to SHS among young people and adults in the EU, multi-variable logistic regression models were fitted, one for each outcome variable: SHS exposure in bars; SHS exposure in restaurants; and SHS exposure at the workplace.
Independent variables included the participants’ age; geographic region; educational level; difficulty to pay bills; gender; the prevalence of smoking in the country; and level of smoke-free policies in the country based on each one of the three aforementioned policy categorisations (WHO, TCS and SHS component of the TCS). A separate model for each policy categorisation was fitted, i.e. three models were fitted for each outcome. Odds Ratios shown for smoking prevalence correspond to a 5% increase in prevalence -based on the prevalence of current smoking reported by the Eurobarometer. Two-way interaction terms between the aforementioned variables were initially included in the models; however, none of them was statistically significant and they were dropped from the final models. Additionally, using the median smoking prevalence (27.4%) as a cut-off point, sensitivity analyses were performed separately among countries with high (≥27.4) and low (<27.4%) prevalence of smoking. 
Results are presented as Odds Ratios (OR) with 95% Confidence Interval (95% CI). Observation weights provided in the official Eurobarometer dataset were used for all analyses in order to account for the complex design of the survey and were performed with Stata 12.0. 



RESULTS
Within the sample, 14,386 non-smokers reported that they had visited a drinking establishment (13,858 had complete data) and 15,828 an eating establishment (15,273 had complete data) in the past 6 months, while 8,198 non-smokers worked indoors (7,970 participants had complete data).
In total, 29.0% (95% CI: 28.0%-30.0%) of all non-smoking respondents reported being exposed to SHS in one or more indoor areas. By type of indoor area, SHS exposure was highest in bars (25.3%), followed by restaurants (12.7%), while among people who worked indoors SHS exposure in the workplace was 24.4%. SHS exposure in bars was highest in Bulgaria (92.2%) and Greece (88.8%) and lowest in Sweden (3.5%) and the United Kingdom (6.0%). SHS exposure in restaurants was highest in Bulgaria (81.6%) and Greece (80.0%) and lowest in Sweden (1.0%) and Slovenia (1.1%). SHS exposure at workplaces was highest in Romania (59.8%) and Greece (46.1%) and lowest in Sweden (6.6%) and the United Kingdom (8.9%) (Table 1).
Multivariate analyses highlighted socio-demographic differences in exposure to SHS in the different environments across groups defined by age, sex, educational attainment, or difficulty to pay bills. Specifically males (relative to females) as well as individuals with difficulties to pay bills (relative to those with no difficulties), had significantly greater odds of being exposed to SHS in all three environments (bars, restaurants and workplaces) (Table 2). No age differences were seen in exposure to SHS in workplaces, but the likelihood of SHS exposure in bars was higher among younger respondents, the odds ratios being 1.42, 1.77, and 3.25 among  40-54; 25-39; and 15-24 years old respectively when compared to those aged 55+ years (all p<0.05). Similarly, the OR of exposure to SHS in restaurants for 15-24 year olds compared to 55+ year olds was 1.53 (p<0.05). 
On an ecological level, a strong association was observed between smoking prevalence and comprehensiveness of smoke-free laws -as measured by the Smokefree component of the TCS- on one hand and the odds of SHS exposure on the other. For every 5% increase in smoking prevalence among Member States, the odds of exposure to SHS exposure increased significantly by 59% in bars and 94% in a restaurant. Similarly, for every unit increase for the individual Member State’s score on the Smokefree component of the Tobacco Control Scale, the odds ratio of SHS exposure was 0.82 in bars, 0.85 in a restaurant, and 0.94 at workplaces (Table 2). Separate analyses among high and low smoking prevalence countries did not show any notable differences in factors associated with exposure to SHS in bars and restaurants. However, age and the implementation of smokefree policies were significantly associated with SHS exposure at the workplace in high prevalence countries, but not in low prevalence countries (Table 3).
The association between sociodemographic/policy determinants and exposure to SHS was also assessed using the WHO’s European Tobacco Control Status Report 2013 (Supplementary Table 2), and the overall score of the Tobacco Control Scale (Supplementary Table 3). Analyses using the overall score of the TCS and the WHO classification yielded similar results for the sociodemographic variables. Based on the WHO classification, prohibition of smoking in at least three places was associated with lower SHS exposure at the workplace, while lower exposure in bars was only associated with a ban in all places. TCS score was associated with SHS exposure in bars and restaurants, but not at the workplace.




DISCUSSION    
While compliance with smoke-free law seems to be high is most EU countries, this study showed significant differences in exposure to SHS across the EU, while the burden of SHS exposure disproportionately affected younger people and individuals with financial difficulties. These findings, coupled with data from the 2013 WHO MPOWER report, clearly indicate that two vital elements of smoke-free policies are critical in protecting non-smokers from SHS exposure: scope of coverage and degree of enforcement7. 
Smoke-free policies with several exemptions for certain public areas may only be effective in protecting non-smokers from SHS exposure in a limited number of public places, no matter how strongly enforced. This is illustrated with Austria (with up to two public places completely smoke-free, according to WHO), where a large proportion of non-smokers reported exposure to SHS. Similarly, comprehensive smoke-free policies prohibiting smoking in all public areas are ineffective when poorly enforced. Greece, for example, has comprehensive smoke-free legislation for all public places, yet the majority of non-smokers are exposed to SHS due to poor enforcement of smoke-free policies14. In contrast, some of the lowest prevalence estimates of involuntary SHS exposure among non-smokers in public places were found in countries, such as the United Kingdom, where comprehensive smoke-free laws are strongly enforced. 
Our analyses identified several disparities in SHS exposure by different socio-demographic characteristics. Gender differences in SHS exposure in bars or restaurants may reflect differences in social behaviour and smoking prevalence between males and females in Europe15. This may also explain why respondents aged 15-24 years had significantly higher likelihood of SHS exposure at bars and restaurants, but not at the workplace. Sex and income differences in SHS exposure at the workplace may be attributable to the predominance of males and individuals of low income in blue-collar jobs which may possibly be high-strain or stress jobs, with disproportionate smoking prevalence among employees16. 
EU countries, despite having all signed the WHO Framework Convention on Tobacco Control, exhibit wide variation in smoke-free legislation and level of enforcement. This reflects the political context in each country, which has shaped existing policies. Some countries follow the Article 8 guidelines of the FCTC with strong and fully enforced smoke-free laws. On the contrary, others have achieved limited protection from SHS, either because of exceptions in smoking bans or because existing comprehensive legislation is partly or minimally enforced. These practices are reflected in the results of our analysis, where some countries exhibit negligible exposure to SHS, whereas in a small number of countries, smoke-free environments seem to be the exception. Measures such as ventilating buildings, or separating smokers from non-smokers are not effective in eliminating involuntary exposure to SHS3, while partial bans can have only limited effects at the population level. The latter has been well documented in Spain, where the implementation of comprehensive bans in 2011, which replaced the ineffective “Spanish model” of partial bans, resulted in a >90% decrease in nicotine and PM2.5 concentrations in hospitality venues17. A recent study by Ward et al. showed similar results to our analysis, highlighting the importance of comprehensive smokefree policies18.
Moreover, the effect of smoke-free legislation seems to be more important in countries where smoking prevalence is high. This finding may indicate that people living in countries where a great proportion of the adult population smoke are more likely to be exposed to SHS in their workplace, and therefore in greater need of strictly enforced protective legislation. Previous research has shown that smoking behaviour is a major determinant of SHS exposure in the workplace19, possibly as a result of weak law enforcement. In workplaces where smokers are a small minority, peer pressure and/or changes in subjective norms might be enough to prevent them from smoking, even if this is not against the law. Additionally, SHS exposure was not associated with the overall TCS score; this could be explained by the fact that most countries ban smoking at workplaces at the initial stages of tobacco control. This is further supported by the fact that the analysis with the WHO classification shows that SHS exposure at the workplace is lower in countries, where smoking is prohibited in three or more public places, whereas bars become smoke-free after several other public places. However, the WHO classification does not take into account the level of implementation, hence results should be explained with caution.


Strengths and limitations
The sample of the present study was representative of the EU population ≥15 years old and the same sampling design was used in each country, allowing comparisons between countries, even though self-reporting limits the accuracy of the data. Although biomarkers are considered the gold standard of SHS assessment and self-reported exposure to SHS in hospitality venues should be used with caution20, questionnaire-based surveys have been widely used to assess SHS exposure21. However, we could not assess the magnitude of exposure to SHS in bars and restaurants, as no data on the frequency of exposure and the level of SHS in hospitality venues were collected. 

Conclusions
Great inequality in SHS exposure clearly exists across the EU, not only between, but within countries as well, while the burden of SHS exposure disproportionally affects younger people and individuals with financial difficulties. Our analysis confirms that the extent and enforcement of smoke-free legislation is inversely associated with SHS exposure; therefore, it is obvious that implementing comprehensive smoke-free legislation and ensuring its strict enforcement should be the way forward for EU Member States and beyond. Smoke-free policies are cost-effective, as shown by the rather low SHS exposure reported in most EU countries, and strongly supported by the public within the EU. Many of the EU countries have already achieved great results, as shown in this study; the rest should follow their example in order to fulfil their obligations arising from the FCTC –that they all have signed- and to protect their citizens from the harmful effects of SHS. 
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KEYPOINTS
· Exposure to secondhand smoke (SHS) among non-smokers varied within and between countries of the European Union.
· Males, young adults and individuals with financial difficulties were more likely to report exposure to secondhand smoke.
· The extent and enforcement of smoke-free legislation were inversely associated with SHS exposure, highlighting the need for comprehensive smoking bans in all European countries.

REFERENCES
[bookmark: _ENREF_1]1.	Oberg M, Jaakkola MS, Woodward A, Peruga A and Pruss-Ustun A. Worldwide burden of disease from exposure to second-hand smoke: a retrospective analysis of data from 192 countries. Lancet. 2011; 377: 139-46.
[bookmark: _ENREF_2]2.	European Respiratory Society. UK Centre for Tobacco and Alcohol Studies. European Lung Foundation. Smokehaz.
[bookmark: _ENREF_3]3.	U.S. Department of Health and Human Services. The Health Consequences of Involuntary Exposure to Tobacco Smoke:A Report of the Surgeon General. Atlanta, GA2006.
[bookmark: _ENREF_4]4.	World Health Organization. WHO report on the global tobacco epidemic, 2009: Implementing smoke-free environments. 2009.
[bookmark: _ENREF_5]5.	World Health Organization. WHO Framework Convention on Tobacco Control. Geneva: World Health Organization, 2003.
[bookmark: _ENREF_6]6.	The European Commission. Revision of the tobacco products directive. 2014.
[bookmark: _ENREF_7]7.	World Health Organization. WHO report on the global tobacco epidemic, 2013: enforcing bans on tobacco advertising, promotion and sponsorship. Luxembourg2013.
[bookmark: _ENREF_8]8.	European Commission. Eurobarometer 385. Attitudes of Europeans towards tobacco. 2012.
[bookmark: _ENREF_9]9.	European Commission. Eurobarometer 77.1, February-March 2012. GESIS Data Archive: ZA5597, dataset version 2.0.0 (2012). TNS OPINION & SOCIAL, Brussels, 2012.
[bookmark: _ENREF_10]10.	United Nations Statistics Division. Composition of macro geographical (continental) regions, geographical sub-regions, and selected economic and other groupings.
[bookmark: _ENREF_11]11.	World Health Organization. European Tobacco Control Status Report 2013. WHO - Regional Office for Europe, 2013.
[bookmark: _ENREF_12]12.	Joossens L, Raw M. The Tobacco Control Scale 2013 in Europe. 2013.
[bookmark: _ENREF_13]13.	World Bank. Tobacco control at a glance. Washington: World Bank, 2003.
[bookmark: _ENREF_14]14.	Vardavas CI, Agaku I, Patelarou E, et al. Ashtrays and signage as determinants of a smoke-free legislation's success. PloS one. 2013; 8: e72945.
[bookmark: _ENREF_15]15.	Agaku IT, Filippidis FT, Vardavas CI, et al. Poly-tobacco use among adults in 44 countries during 2008-2012: Evidence for an integrative and comprehensive approach in tobacco control. Drug and alcohol dependence. 2014.
[bookmark: _ENREF_16]16.	CSDH. Closing the gap in a generation: health equity through action on the social determinants of health. Final Report of the Commission on Social Determinants of Health. Geneva: World Health Organization, 2008.
[bookmark: _ENREF_17]17.	Lopez MJ, Fernandez E, Perez-Rios M, et al. Impact of the 2011 Spanish smoking ban in hospitality venues: indoor secondhand smoke exposure and influence of outdoor smoking. Nicotine & tobacco research : official journal of the Society for Research on Nicotine and Tobacco. 2013; 15: 992-6.
[bookmark: _ENREF_18]18.	Ward M, Currie LM, Kabir Z and Clancy L. The efficacy of different models of smoke-free laws in reducing exposure to second-hand smoke: a multi-country comparison. Health policy. 2013; 110: 207-13.
[bookmark: _ENREF_19]19.	Schoretsaniti S, Filippidis FT, Vardavas CI, et al. Prevalence and determinants of SHS exposure in public and private areas after the 2010 smoke-free legislation in Greece. International journal of environmental health research. 2014; 24: 401-11.
[bookmark: _ENREF_20]20.	Galan I, Mayo E, Lopez MJ, et al. Validity of self-reported exposure to second-hand smoke in hospitality venues. Environmental research. 2014; 133: 1-3.
[bookmark: _ENREF_21]21.	Perez-Rios M, Schiaffino A, Lopez MJ, et al. Questionnaire-based second-hand smoke assessment in adults. European journal of public health. 2013; 23: 763-7.




2

