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Abstract
Background
Tobacco product packaging is a key part of marketing efforts to make tobacco use appealing. In contrast, large, prominent health warnings are intended to inform individuals about the risks of smoking. In the European Union, since May 2016, the Tobacco Products Directive 2014/40/EU (TPD2), requires tobacco product packages to carry combined health warnings consisting of a picture, a text warning and information on stop smoking services, covering 65 % of the front and back of the packages.
Methods
Key measures of warning label effectiveness (salience, cognitive reactions, and behavioural reaction) before and after implementation of the TPD2, determinants of warning labels’ effectiveness, and country differences were examined in a longitudinal sample of 6,011 adult smokers from Germany, Greece, Hungary, Poland, Romania, and Spain (EUREST-PLUS Project) using longitudinal Generalized Estimating Equations (GEE) models.
Results
In the pooled sample, the warning labels’ effectiveness increased significantly over time in terms of salience (adjusted OR=1.18; 95%-CI: 1.03 to 1.35), while cognitive and behavioural reactions did not show clear increases. Generally, among women, more highly educated smokers and less addicted smokers, the effectiveness of warning labels tended to be higher.
Conclusion
We found an increase in salience, but no clear increases for cognitive and behavioral reactions to the new warning labels as required by the TPD2. While it is likely that our study underestimated the impact of the new pictorial warning labels, it provides evidence that health messages on tobacco packaging are more salient when supported by large pictures.
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Introduction
Since tobacco advertising is largely banned in traditional media, the tobacco industry increasingly uses new and non-traditional media to spread pro-tobacco messages and images, including tobacco product packages1. Such packaging is much more than just a casing for a product: it distinguishes a product from numerous similar ones and is used to convey brand identity. As such, it serves as an advertising medium2. The brand image is one deciding factor for brand selection among new smokers and building brand loyalty2. Tobacco industry internal documents show that intensive research has been conducted on packaging design, including features such as colours, shapes, and design elements2-4. The colours of the packaging are used to manipulate perceptions of taste, strength, and health risks5,6. For example, cigarettes in brightly-coloured packs are rated as milder or even less harmful to health6. Moreover, special packaging designs with eye-catching colours or specific shapes are used to address specific sub-groups, such as young people or women7.
In contrast, warning labels are an effective means of countering the attractiveness of tobacco products. They have been shown to improve smokers’ knowledge of the health risks of smoking, counteract misleading messaging and brand imagery, prevent smoking initiation, motivate smoking cessation, and protect ex-smokers from relapsing8-10. Furthermore, larger, and combined warnings comprised of both images and text have been shown to be more effective than plain textual warnings11,12. Compared to other communication tools such as mass media advertising, health warnings are also a highly cost-effective public health intervention13.
As of November 2002, the European Union (EU) Tobacco Products Directive 2001/37/EC (TPD1) required textual health warnings covering no less than 30% of the front of the pack, and no less than 40% of the back of the pack14. In place of the textual warnings on the back of the pack, EU member states (MS) could also make pictorial warnings compulsory15. Since May 2016, in order to further implement the regulations of the World Health Organization Framework Convention on Tobacco Control (WHO FCTC)16,17, the Tobacco Products Directive 2014/40/EU (TPD2) has required tobacco product packages to carry combined health warnings consisting of a picture, a text warning and information on stop smoking services, covering the top 65% of the front and back of the packages18.
The objective of this study was to assess if the implementation of the TPD2 impacted key measures of warning label effectiveness (salience, cognitive reactions, and behavioural reaction) in a longitudinal sample of smokers from six EU MS (Germany, Greece, Hungary, Poland, Romania, and Spain). Secondary objectives were to explore determinants of warning labels’ effectiveness, and to examine country differences. 


Methods
Study design
This study was conducted within the context of the European Commission Horizon-2020 funded project entitled European Regulatory Science on Tobacco: Policy implementation to reduce lung diseases (EUREST-PLUS)19. EUREST-PLUS involved the creation of an International Tobacco Control Policy Evaluation Project (ITC Project) cohort of adult smokers in six EU MS (Germany, Greece, Hungary, Poland, Romania, and Spain) designed to assess the implementation of the TPD2 and the WHO FCTC at the European level. The conceptual model of the ITC Project is based on a theory-driven framework which hypothesizes the mediational pathways of tobacco control policies on tobacco use behaviours20. Data from Waves 1 and 2 of the ITC 6 European Country (ITC 6E) Survey were used for this study.
Data collection
The ITC 6E Wave 1 (W1) sample, collected between June 16, 2016 and September 12, 2016, was comprised of 6,011 nationally representative cigarette smokers aged 18 or older (about 1,000 in each of the six countries). Wave 2 (W2) was conducted after the TPD2 implementation from February 12, 2018 to May 6, 2018 and was comprised of 6,027 smokers and recent quitters, including both W1 survey respondents who were successfully re-contacted (n=3,195) and newly recruited adult smokers (n=2,832) to replenish those who were not successfully re-contacted. The W2 retention rates were 71% in Germany, 41% in Greece, 36% in Hungary, 48% in Poland, 54% in Romania, and 70% in Spain, with an overall retention rate of 53%.
Participants were sampled from geographic strata according to the Classification of Territorial Units for Statistics (NUTS) crossed with degree of urbanization (urban, intermediate, rural). Approximately 100 area clusters were sampled in each country, which were allocated to strata proportionally to the adult population size. Within each cluster, household addresses were sampled using a random walk design. Where possible, one randomly selected male smoker and one randomly selected female smoker were chosen for an interview from each sampled household. Screening of households continued until the required number of smokers from the cluster had been interviewed. All interviews were conducted face-to-face using tablets (Computer Assisted Personal Interview, CAPI). Further details can be found elsewhere20, 21, 22,23.
Study ethics procedures
The study was approved by the Research Ethics Board of the University of Waterloo, Ontario, Canada and by local ethics boards within study countries. Participation in the study was contingent on provision of individual informed consent, which was obtained either in written or verbal form according to local ethical requirements.
Measures
The questionnaires included relevant socio-demographic measures, such as sex, age, marital status, education, and degree of urbanization. Age was categorized into four groups (18–24, 25–39, 40–54, and 55 years and older). Marital status was classified into two groups (not married, widowed, divorced or separated, vs. not married but living together, married or registered partners). In each country, education responses were reclassified to match International Standard Classification of Education (ISCED) coding, which was, in turn, categorized into low (pre-primary, primary, lower secondary), moderate (upper secondary, post-secondary non-tertiary, short-cycle tertiary), and high (bachelor or equivalent, master or equivalent, doctoral or equivalent).
The number of cigarettes smoked per day (CPD) and self-reported time to the first cigarette of the day (TTF) were used to create the Heaviness of Smoking Index (HSI)24, a measure of cigarette dependence. CPD was categorized as ‘0=less than 10’, ‘1=11–20’, ‘2=21–30’, and ‘2=31 or more cigarettes’, while the categories of TTF were categorized as ‘0=more than 60 minutes’, ‘1=31–60 minutes’, ‘2=6–30 minutes’, and ‘3=5 minutes or less’. The HSI was calculated by summing the value of the categorical CPD and categorical TTF, both having category values from 0 to 3, giving a score ranging from 0 to 6. The HSI was subsequently categorized into three groups for analysis (0–1: low, 2–4: moderate, 5–6: high).
Four questions were asked of all respondents as indicators of the effectiveness of warning labels: 1) “In the last 30 days, how often have you noticed the warning labels on cigarette packages or on roll-your-own packs?” (salience; responses were classified into “very often, often, sometimes” vs. “rarely, never”); 2) “To what extent do the warning labels make you think about the health risks of smoking?” (cognitive reaction: harm; responses were classified into “a lot, somewhat, a little” vs. “not at all”); 3) “To what extent do the warning labels on cigarette packs make you more likely to quit smoking?” (cognitive reaction: quitting; responses were classified into “a lot, somewhat, a little” vs. “not at all”), and 4) “In the last 30 days, have the warning labels stopped you from having a cigarette when you were about to smoke one?” (behavioural reaction: forgoing; responses were classified into “many times, a few times, once” vs. “never”).
Statistical Analysis
Only smokers were included in the analyses (N=6,011 in W1, N=5,612 in W2). Prevalence of salience, harm, quitting and forgoing was reported for each country based on cross-sectional data from W1 and W2. To examine changes in the effectiveness of warning labels over time as well as associations with the socio-demographic and smoking-related variables of interest, Generalized Estimating Equations (GEE) models were computed, allowing the analysis of data from individuals across multiple waves. Separate models pooling the responses from all six countries were fitted for each of the four dichotomized indicators of warning label effectiveness using the following specifications: binomial distribution, logit link, and exchangeable correlation structure. A variable denoting survey wave was included to estimate the change between waves for each indicator. All GEE models included time-invariant measures assessed at each respondent’s first interview (sex, age group, education, marital status, degree of urbanization, country) as well as the HSI as a time-varying measure assessed at each wave. Country-specific models were also estimated to obtain country-specific estimates of change between waves for each indicator. All statistical tests were two-sided, with an alpha level of 0.05. SAS v9.4 was used for descriptive analyses, and SAS-callable SUDAAN (Version 11.0.3) for GEE models to account for the complex sampling design, longitudinal sampling weights, and repeated measures22,23.

Results
Across the six EU countries, the majority of participants were male, middle aged, of low or moderate educational level, living with a partner and living in an urban area. Smokers from Greece had the highest average levels of nicotine dependence (HSI = 3.0 at both waves), while this was lowest in Spain (HSI = 2.3 in W1 and 2.2 in W2). A detailed overview of the distribution of socio-demographic and smoking-related characteristics of the cross-sectional and longitudinal samples can be found in supplemental table 1.
At the time of W1, two countries (Greece and Poland) had text-only warnings in accordance with TPD1, three countries (Hungary, Romania, and Spain) required additional combined warnings on the back of the pack, while in Germany the TPD2 had just been implemented and packs with the new pictorial 65% warnings were increasingly penetrating the market. At the time of W2, all six countries had introduced combined pictorial 65% warnings in accordance with TPD2 (Figure 1).
The cross-sectional prevalences of having noticed warning labels (salience), thinking about the health risks of smoking (harm), wanting to quit (quitting), and stopping oneself from having a cigarette (forgoing) due to the warning labels by country and wave are presented in Figure 2. The percentage of respondents who had noticed warning labels at least sometimes in the last 30 days varied widely: it was highest in Poland (W1: 84.2%, W2: 90.4%) and lowest in Greece (W1: 44.8% and W2: 46.5). Over half of respondents in all countries reported that the warning labels had prompted thoughts of the health risks of smoking, with the highest proportion in Greece (W1: 63.3%, W2: 70.0%) and the lowest in Germany (W1: 54.5%, W2: 53.6%). Reporting that the warning labels had made them more likely to want to quit was also frequent, with prevalence ranging from 56.8% and 59.3% in Romania to 42.4% and 43.7% in Germany at W1 and W2, respectively. The prevalence of forgoing was substantially lower than the other indicators in all countries, ranging from 22.5% and 20.1% in Poland to 10.3% and 11.3% in Germany. All four indicators tended to increase over time, although in some cases for some countries minor declines were observed, none of which reached statistical significance.
Table 1 shows the results of GEE models estimating the association of salience, harm, quitting, and forgoing with sociodemographic factors, nicotine dependence (heaviness of smoking), country, and survey wave. For most of the associations, patterns were consistent across the four indicators of the effectiveness of warning labels. Effectiveness of warning labels was lower among men, with statistically significant differences for all indicators except forgoing. No consistent effects for age, degree of urbanization or marital status were observed. The warnings tended to be more effective among higher educated smokers, with the difference statistically significant for harm and quitting. A clear gradient was observed for nicotine dependence for all indicators except for salience, with each significantly higher (about twice as high) among smokers with moderate or low nicotine dependence. In Poland and Romania, the prevalence of salience was significantly higher compared to Spain (reference). Similarly, the prevalence of quitting in Romania was significantly higher compared to Spain, while salience was significantly lower in Greece and Hungary (relative to Spain). Germany consistently showed low prevalence rates for all indicators. The warning labels tended to have greater overall effectiveness from W1 to W2with the exception of quitting, though the increase was only statistically significant for salience (aOR = 1.18, 95%CI: 1.03 to 1.35).  
Table 2 presents the results of separate adjusted GEE models for each country estimating the change in each indicator from W1 to W2. In all countries except Spain, salience tended to be greater in W2 than at W1, with this increase shown to be statistically significant in Hungary, Poland, and Romania (aORs of 1.43, 1.58, and 1.50 respectively). For harm, statistically non-significant increases were seen in Greece, Poland, and Spain with aORs of 1.33, 1.34, and 1.17 respectively, and a non-significant decrease was seen in Hungary. Minor non-significant increases in quitting were found in all countries except Hungary, where a non-significant decrease was observed (aOR=0.74). Effect estimates varied between countries for forgoing, with a statistically significant increase observed in Spain (aOR=1.72) and non-significant decreases observed in Hungary and Poland.


Discussion
This study examined changes in key measures of warning label effectiveness among smokers from six EU MS before and after implementation of the new pictorial tobacco warning labels as required by the TPD2. We found that salience of the new warning labels increased significantly between waves in the pooled sample, while no clear trends were seen for self-reported cognitive and behavioural reactions. The effectiveness of warning labels generally tended to be higher among women, more highly educated smokers and less addicted smokers.
In all countries, the appearance of the warnings changed between the two study periods, with the greatest differences observed in Germany, Poland and Greece, where from pre- to post-TPD2 the warning labels changed from textual warnings to large combined pictorial warnings on both sides of the pack. In Germany however, the combined warnings in accordance with TPD2 were introduced several weeks before the first survey period. Although full market penetration took several months due to stockpiling of old packs, it is highly likely that the pictorial warnings were known to at least some respondents present within the W1-survey, as it had been a publicly debated topic and their novelty attracted increased attention. In Hungary, Romania and Spain, pictorial warnings had been required on the back of cigarette packaging for at least four years prior to W1. Therefore, the changes between waves included the additional presence of pictures on the front surface of the pack, as well as the increased size of the combined warnings (going from 30 to 65%).
[bookmark: _Hlk24106169]Some of this study’s findings are consistent with expected changes as a result of the implementation of the new requirements for pictorial warning labels due to TPD2. For example, the clearest increase in the effectiveness of the warnings in terms of the frequency of noticing warning labels and thinking about the health risks of smoking was found in Poland, which changed from text-only to pictorial labels. However, although there were comparable changes in the appearance of the warning labels in Hungary, Romania and Spain, salience increased significantly only in Hungary and Romania; similar trends were not observed in Spain. Of the cognitive and behavioural reactions expected to be prompted by the introduction of the combined warnings, only one of 18 was found to be statistically significant (the behavioural reaction of ‘forgoing’ in Spain), a rate similar to that expected by chance.
In contrast to our findings, previous studies using ITC Project data have found a marked increase in warning label effectiveness after the implementation of pictorial warning labels, such as in Australia, Thailand and Mauritius25-27. However, an ITC study on the effectiveness of EU warning labels found increases in effectiveness ratings in the United Kingdom, but mostly declines in France after both countries had changed from textual to pictorial warning labels in 2008 and 2010, respectively28. This is similar to our study, which also did not find consistent increases in warning label effectiveness ratings after implementation of TPD2-compliant pictorial warning labels in EU MS.
We can only speculate why we did not find the expected increases in the measures of warning label effectiveness. It is possible that other factors, such as the overall tobacco control environment in a country, influence the extent to which warning labels are effective. For example, it is striking that effectiveness tended to be lowest at W1 and to increase the least in Germany and Greece, which are ranked among the most inactive countries with regards to their tobacco control policies, while effectiveness was greater and increased more over time in Poland, a much higher-ranked country, despite having the same warning labels at both pre- and post-TPD229. Another potential explanation for why increases appeared to be lower than expected could be wear-out effects. Previous studies have found that warning label effectiveness declines over time25,28,30 and it is possible that in our study, in which post-TPD2 evaluations of warning labels took place more than a year after their implementation in all countries but Spain, some increases were not captured due to wear-out of the new warning labels. While wear-out effects may be mitigated by the TPD2 requirement for three sets of annually rotating warnings, it remains possible that our study underestimated the impact of the new TPD2 pictorial health warnings. Furthermore, it is important to keep in mind that this study only included smokers, meaning that former smokers who had quit in response to the new pictorial health warnings were not included in the W2-survey post-TPD2. This may also have led to an underestimation of the impact of warning labels.
Some further limitations of this study need to be considered. First, our indicators of warning label effectiveness are self-reported reactions to warning labels and are thus subject to misclassification (e.g., due to social desirability bias). Second, sample attrition might also have affected the results and – given the different retention rates – might have hampered comparison between countries. While there is some potential for selection bias, we believe that such bias is limited through the replenishment of the sample with newly recruited respondents. Third, no data were available from a comparable European country which could have served as a control, making it difficult to distinguish between the impact of the TPD2, secular trends and wear-out effects. Finally, even though the study extends our understanding of the real-world effectiveness of warning labels by employing cross-country comparisons in large samples based on harmonized methods and measures, the observational nature of the study does not allow for drawing causal conclusions. 
In addition to the combined health warnings evaluated in this study, the TPD2 allows EU MS to introduce further measures relating to standardisation of tobacco product packaging or plain packaging to prohibit any branding. Plain packaging has been or will be implemented in five MS, including France (since 2016), the United Kingdom (since 2016), Ireland (since 2017), Hungary (since 2018), and Slovenia (from 2020)31. Further monitoring is warranted to understand the cognitive and behavioural impacts of such measures as well as trends and wear-out effects.
Conclusions
In terms of the indicators examined within this study, pictorial health warnings in accordance with TPD2 were found to be more salient than plain text warnings and back-only pictorial warnings in accordance with TPD1. No declines, but also no clear increases were observed for the three cognitive and behavioural reactions we evaluated, but as discussed above it is likely that our study underestimated the impact of the new pictorial warning labels. In conclusion, this study provides evidence that the pictorial warning labels as required by the TPD2 have increased the salience of health warning messages, and that the magnitude of this effect differs across countries. Further monitoring of warning label effectiveness is warranted to understand their behavioural impact as well as possible wear-out effects.


Key points
· The Tobacco Products Directive 2014/40/EU (TPD2) requires tobacco product packages to carry pictorial warning labels, covering the top 65% of the front and back of the packages.
· This study aimed to examine changes in key measures of warning label effectiveness after implementation of the new TPD2 pictorial tobacco warning labels among smokers from six EU MS. 
· We found that salience of the new warning labels increased significantly, while no clear increases were found for self-reported cognitive and behavioural responses.
· Our study provides evidence that the pictorial warning labels as required by the TPD2 have increased the salience of the health warning messages.
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Figure 1: Survey periods and timing of the introduction of health warnings on tobacco packages in accordance with the Tobacco Products Directives (TPD) 1 and 2 by country
[image: ]
Figure 2: Prevalence of having noticed warning labels (salience), thinking about the health risks of smoking (harm), wanting to quit (quitting), and being stopped from having a cigarette (forgoing) due to warning labels by survey wave; cross-sectional data
[image: ]
Table 1: Results of GEE models estimating the association of having noticed warning labels (salience), thinking about health risks (harm), wanting to quit (quitting), and being stopped from having a cigarette (forgoing) due to warning labels with sociodemographic factors, heaviness of smoking, country, and survey wave (2016/2018); longitudinal adjusted Odds Ratios (aOR) are presented
	
	
	
	Salience
	
	
	Harm
	
	
	Quitting
	
	
	Forgoing
	

	N (Number of observations used)
	
	10884
	
	
	10814
	
	
	10762
	
	
	10813
	

	N (Number of individuals included)
	
	8390
	
	
	8342
	
	
	8320
	
	
	8351
	

	Events
	
	
	6788
	
	
	6709
	
	
	5382
	
	
	1743
	

	
	
	aOR
	           (95 % CI)
	aOR
	          (95 % CI)
	aOR
	          (95 % CI)
	aOR
	          (95 % CI)

	Gender
	Female (Ref.)
	1.00
	
	
	1.00
	
	
	1.00
	
	
	1.00
	
	

	
	Male 
	0.85
	(0.77 to 
	0.94)
	0.82
	(0.75 to
	0.90)
	0.86
	(0.78 to
	0.94)
	0.93
	(0.82 to
	1.05)

	Age group
	18–24 (Ref.)
	1.00
	
	
	1.00
	
	
	1.00
	
	
	1.00
	
	

	
	25–39
	1.14
	(0.93 to
	1.41)
	1.04
	(0.85 to
	1.26)
	0.91
	(0.75 to
	1.11)
	0.82
	(0.64 to
	1.04)

	
	40–54
	0.99
	(0.82 to
	1.21)
	1.13
	(0.93 to
	1.37)
	0.98
	(0.82 to
	1.18)
	0.81
	(0.64 to
	1.02)

	
	55+
	1.14
	(0.92 to
	1.40)
	1.05
	(0.85 to
	1.28)
	0.88
	(0.72 to
	1.07)
	0.78
	(0.61 to
	1.00)

	Education
	Low (Ref.)
	1.00
	
	
	1.00
	
	
	1.00
	
	
	1.00
	
	

	
	Moderate
	1.11
	(0.97 to
	1.26)
	1.24
	(1.09 to
	1.41)
	1.32
	(1.18 to
	1.48)
	1.15
	(0.97 to
	1.37)

	
	high 
	1.14
	(0.93 to
	1.40)
	1.29
	(1.05 to
	1.58)
	1.41
	(1.17 to
	1.70)
	1.13
	(0.87 to
	1.46)

	Marital 
status
	not married (Ref.)
	1.00
	
	
	1.00
	
	
	1.00
	
	
	1.00
	
	

	
	married/living with partner 
	0.95
	(0.85 to
	1.05)
	1.04
	(0.93 to
	1.17)
	1.15
	(1.02 to
	1.28)
	1.07
	(0.92 to
	1.25)

	Degree of 
urbanisation
	Rural (Ref.)
	1.00
	
	
	1.00
	
	
	1.00
	
	
	1.00
	
	

	
	Intermediate
	1.12
	(0.89 to
	1.41)
	1.02
	(0.84 to
	1.25)
	1.08
	(0.92 to
	1.37)
	1.01
	(0.79 to
	1.29)

	
	Urban 
	1.04
	(0.85 to
	1.27)
	1.06
	(0.87 to
	1.29)
	1.12
	(0.92 to
	1.37)
	1.01
	(0.77 to
	1.32)

	HSI
	high (5-6) (Ref.)
	1.00
	
	
	1.00
	
	
	1.00
	
	
	1.00
	
	

	
	moderate (2-4)
	1.02
	(0.84 to
	1.23)
	1.80
	(1.49 to
	2.16)
	1.92
	(1.58 to
	2.33)
	2.00
	(1.50 to
	2.67)

	
	low (0-1)
	1.18
	(0.93 to
	1.50)
	2.11
	(1.70 to
	2.61)
	2.37
	(1.90 to
	2.97)
	2.72
	(2.01 to
	3.69)

	Country
	Spain (Ref.)
	1.00
	
	
	1.00
	
	
	1.00
	
	
	1.00
	
	

	
	Germany
	0.83
	(0.65 to
	1.05)
	0.59
	(0.44 to 
	0.77)
	0.76
	(0.58 to
	1.01)
	0.47
	(0.31 to
	0.72)

	
	Greece
	0.53
	(0.41 to
	0.68)
	1.10
	(0.83 to
	1.45)
	1.18
	(0.90 to
	1.54)
	0.79
	(0.56 to
	1.12)

	
	Hungary
	0.72
	(0.56 to
	0.94)
	0.81
	(0.62 to
	1.07)
	0.97
	(0.74 to
	1.27)
	0.99
	(0.69 to
	1.44)

	
	Poland
	4.40
	(3.34 to
	5.80)
	0.84
	(0.65 to
	1.08)
	1.27
	(0.96 to
	1.68)
	1.15
	(0.82 to
	1.63)

	
	Romania
	2.05
	(1.60 to
	2.64)
	0.95
	(0.74 to
	1.21)
	1.45
	(1.12 to
	1.86)
	0.83
	(0.59 to
	1.16)

	Wave
	1 (Ref.)
	1.00
	
	
	1.00
	
	
	1.00
	
	
	1.00
	
	

	
	2 
	1.18
	(1.03 to
	1.35)
	1.11
	(0.99 to
	1.25)
	1.02
	(0.90 to
	1.16)
	1.11
	(0.93 to
	1.32)


Odds Ratios adjusted for all covariates listed in the table / HSI: Heaviness of Smoking Index; ranges from 0 to 6; calculated by summing the value of the categorical cigarettes per day and categorical time to first cigarette, both having category values from 0 to 3
Table 2: Results of GEE models estimating the change between survey waves (2016/2018) for having noticed warning labels (salience), thinking about health risks (harm), wanting to quit (quitting), and being stopped from having a cigarette (forgoing) due to warning labels by country; longitudinal adjusted Odds Ratios (aOR) are presented
	
	Salience
	Harm
	Quitting
	Forgoing

	
	N
	Events
	aOR
	    (95 % CI)   
	N
	Events
	aOR
	    (95 % CI)
	N
	Events
	aOR
	    (95 % CI)
	N
	Events
	aOR
	    (95 % CI)

	Germany 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	W2 vs. W1 
	1711
	946
	1.10
	(0.79 to
	1.53)
	1713
	900
	1.01
	(0.81 to
	1.26)
	1711
	693
	1.10
	(0.90 to
	1.34)
	1713
	161
	1.05
	(0.74 to
	1.49)

	Greece 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	W2 vs. W1
	1892
	875
	1.07
	(0.72 to
	1.58)
	1893
	1269
	1.33
	(0.93 to
	1.91)
	1893
	969
	1.06
	(0.74 to
	1.53)
	1892
	268
	1.20
	(0.80 to
	1.80)

	Hungary 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	W2 vs. W1
	1893
	984
	1.43
	(1.05 to
	1.96)
	1875
	1093
	0.86
	(0.64 to
	1.15)
	1872
	835
	0.74
	(0.52 to
	1.06)
	1879
	323
	0.78
	(0.47 to
	1.31)

	Poland 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	W2 vs. W1
	1745
	1516
	1.58
	(1.06 to
	2.36)
	1720
	1109
	1.34
	(0.96 to
	1.88)
	1716
	985
	1.11
	(0.82 to
	1.50)
	1710
	359
	0.81
	(0.53 to
	1.24)

	Romania 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	W2 vs. W1
	1819
	1351
	1.50
	(1.12 to
	2.03)
	1799
	1178
	1.04
	(0.84 to
	1.28)
	1791
	1052
	1.03
	(0.80 to
	1.32)
	1813
	298
	1.30
	(0.86 to
	1.97)

	Spain
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	W2 vs. W1
	1824
	1116
	0.82
	(0.62 to
	1.08)
	1814
	1160
	1.17
	(0.90 to
	1.54)
	1779
	848
	1.14
	(0.79 to
	1.64)
	1806
	334
	1.72
	(1.14 to
	2.60)


N: number of observations used / W1: Wave 1, W2: Wave 2 / Odds Ratios adjusted for gender, age group, education, marital status, degree of urbanization, and heaviness of smoking index


Supplemental table 1: Distribution of socio-demographic and smoking-related characteristics by country and survey wave (2016/2018); weighted cross-sectional data 
	
	Germany
	Greece
	Hungary
	Poland
	Romania
	Spain

	
	2016
N=1003
	2018
N=951
	2016
N=1000
	2018
N=951
	2016
N=1000
	2018
N=950
	2016
N=1006
	2018
N=954
	2016
N=1001
	2018
N=924
	2016
N=1001
	2018
N=904

	Sex % (n)
	
	
	
	
	
	
	
	
	
	
	
	

	Female
	39.1 (392)
	46.6 (443)
	46.8 (468)
	46.2 (440)
	40.9 (409)
	44.3 (421)
	44.5 (448)
	45.7 (435)
	41.6 (416)
	34.3 (317)
	42.7 (427)
	47.2 (427)

	Male
	60.9 (611)
	53.4 (508)
	53.8 (532)
	53.3 (511)
	59.1 (591)
	55.7 (529)
	55.5 (558)
	54.3 (518)
	58.4 (585)
	65.7 (607)
	57.3 (574)
	52.8 (477)

	frequency missing (n)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)

	Age group % (n)
	
	
	
	
	
	
	
	
	
	
	
	

	18-24
	8.4 (84) 
	7.7 (73)
	8.4 (84)
	6.2 (59)
	9.2 (92)
	8.3 (7)
	8.0 (80)
	9.9 (95)
	14.3 (143)
	12.1 (112)
	12.1 (122)
	12.2 (110)

	25-39
	25.6 (256)
	32.1 (305)
	28.9 (289)
	28.4 (271)
	33.9 (339)
	35.8 (340)
	33.5 (337)
	30.3 (289)
	38.3 (383)
	33.3 (307)
	29.0 (290)
	28.0 (253)

	40-54
	36.5 (366)
	32.2 (306)
	35.6 (356)
	36.9 (351)
	33.5 (335)
	31.0 (294)
	29.5 (297)
	28.7 (274)
	30.9 (309)
	33.3 (308)
	38.5 (385)
	40.2 (363)

	55+
	29.5 (296)
	28.1 (267)
	27.2 (272)
	28.4 (270)
	23.4 (233)
	24.9 (237)
	29.0 (292)
	31.1 (296)
	16.6 (166)
	21.3 (197)
	20.4 (204)
	19.7 (178)

	frequency missing (n)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)

	Education % (n)
	
	
	
	
	
	
	
	
	
	
	
	

	Low
	49.6 (497)
	41.4 (387)
	30.2 (301)
	26.0 (247)
	64.7 (646)
	58.3 (554)
	11.8 (117)
	11.1 (105)
	24.8 (245)
	22.3 (206)
	44.2 (442)
	29.0 (262)

	Moderate
	42.4 (425)
	47.7 (446)
	49.0 (489)
	55.0 (523)
	29.2 (292)
	34.1 (323)
	77.5 (767)
	76.4 (724)
	63.0 (623)
	66.4 (613)
	47.9 (479)
	61.3 (554)

	High
	7.9 (79)
	11.0 (103)
	20.8 (208)
	19.1 (182)
	6.1 (60)
	7.7 (73)
	10.8 (106)
	12.5 (118)
	12.2 (121)
	11.3 (104)
	7.9 (79)
	9.7 (87)

	frequency missing (n)
	(2)
	(17)
	(2)
	(0)
	(2)
	(0)
	(16)
	(6)
	(12)
	(0)
	(1)
	(0)

	Marital status % (n)
	
	
	
	
	
	
	
	
	
	
	
	

	not married
	37.3 (375)
	40.9 (387)
	33.6 (336)
	35.4 (336)
	33.5 (334)
	32.8 (311)
	33.9 (337)
	36.9 (349)
	32.5 (325)
	31.2 (288)
	41.1 (411)
	42.2 (381)

	living with partner/married
	62.7 (628)
	59.1 (559)
	66.4 (663)
	64.6 (613)
	66.6 (664)
	67.2 (637)
	66.1 (656)
	63.1 (596)
	67.5 (675)
	68.8 (635)
	58.9 (590)
	57.8 (522)

	frequency missing (n)
	(0)
	(5)
	(1)
	(3)
	(2)
	(1)
	(13)
	(9)
	(1)
	(1)
	(0)
	(2)

	Degree of urbanization % (n)
	
	
	
	
	
	
	
	
	
	
	
	

	Rural
	19.4 (195)
	20.6 (196)
	22.2 (222)
	22.5 (214)
	33.5 (335)
	28.6 (272)
	37.2 (374)
	32.7 (312)
	37.6 (377)
	35.5 (328)
	26.4 (264)
	10.9 (98)

	Intermediate
	38.7 (388)
	40.4 (384)
	52.9 (503)
	53.5 (540)
	37.4 (374)
	36.6 (348)
	23.0 (231)
	26.5 (253)
	19.3 (193)
	27.7 (256)
	23.6 (237)
	30.0 (271)

	Urban
	41.9 (420)
	39.0 (371)
	24.6 (234)
	24.7 (249)
	29.1 (291)
	34.8 (330)
	39.8 (400)
	40.8 (389)
	43.1 (431)
	36.7 (339)
	50.0 (500)
	59.2 (535)

	frequency missing (n)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)

	Smoking status % (n)
	
	
	
	
	
	
	
	
	
	
	
	

	less than daily
	11.7 (117)
	11.1 (106)
	3.1 (31)
	2.0 (19)
	1.1 (11)
	2.5 (24)
	3.6 (37)
	5.3 (50)
	5.2 (52)
	2.2 (21)
	2.8 (28)
	3.5 (31)

	Daily
	88.4 (886)
	88.9 (846)
	96.9 (969)
	98.1 (933)
	98.9 (989)
	97.5 (926)
	96.4 (969)
	94.8 (904)
	94.8 (949)
	97.8 (903)
	97.2 (973)
	96.6 (873)

	frequency missing (n)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)
	(0)

	HSIa mean (SD)
	2.4 (1.5)
	2.4 (1.5)
	3.0 (1.6)
	3.0 (1.6)
	2.9 (1.3) 
	2.8 (1.2)
	2.7 (1.4)
	2.7 (1.4)
	2.9 (1.4) 
	2.8 (1.4)
	2.3 (1.6)
	2.2 (1.6)

	frequency missing (n)
	(121)
	(160)
	(30)
	(78)
	(12)
	(76)
	(68)
	(108)
	(54)
	(104)
	(32)
	(151)

	
	
	
	
	
	
	
	
	
	
	
	
	


a HSI: Heaviness of Smoking Index; ranges from 0 to 6; calculated by summing the value of the categorical cigarettes per day and categorical time to first cigarette, both having category values from 0 to 3.
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