Individual and contextual determinants of perceived peer smoking prevalence among adolescents in six European cities
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ABSTRACT

Background Young people perceiving a high peer smoking prevalence are more likely to initiate smoking. It is unclear which factors contribute to perceived peer smoking prevalence and if these factors vary according to education. This study aimed to assess the determinants of perceived smoking prevalence and assessed its variation at school and country level.
Methods Data of 10,283 14-17-year-old students in 50 secondary schools in six European cities were derived from the 2013 SILNE survey. The outcome was the perceived smoking prevalence score among peers at school (0-10 scale, 10 represented 100% smoking prevalence). Multilevel linear regression models estimated the associations of factors with perceived prevalence score and variance at school and country-levels. Analyses were also stratified by academic achievement of the adolescent and parental education.
Results Determinants of a higher perceived prevalence score were female sex, ever smoking, having friends who smoke, low academic achievement, low parental educational level, and higher actual prevalence of smoking in the school. The perceived prevalence score was not associated with school policies or with the availability of cigarettes near the school. Determinants were very similar across levels of academic achievement and parental education. Perceived prevalence scores substantially varied between schools and countries: 10% and 11% of total variance was related to schools and countries respectively.
Conclusion Across educational levels, perceptions of peer smoking are strongly determined by both individual characteristics and school and national contexts. Future studies should assess why perceived smoking prevalence varies between schools and countries and identify modifiable factors.
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INTRODUCTION

Adolescent smoking rates in Europe have declined over the recent years, but not all European countries show a downward trend (de Looze et al., 2013; Hibell et al., 2012). The majority of smokers initiated smoking before 18 years of age, and 39% smoked their first cigarette before they were 16 (Lifestyle statistics team, 2014). Earlier smoking onset leads to more severe nicotine dependence and earlier manifestation of chronic smoking-related illness (US Department of Health Human Services, 2012, 2014). Prevention of smoking initiation in adolescence is essential to reduce the smoking-related disease burden in Europe in the future.

Initiation of smoking in adolescents is typically influenced by the social context, including family, peers and schools (Alexander et al., 2001; Hoffman et al., 2006; Kobus, 2003). According to social learning theory, behaviours are learned through the observation of others and the subsequent modelling of behaviour (Bandura and McClelland, 1977). Social learning theory is highly applicable to smoking uptake in adolescents (Hoffman et al., 2006; Kobus, 2003) and the school is one of the primary contexts in which smoking uptake occurs (Kobus, 2003).

Previous research indicates that smoking uptake is more determined by the perception of the prevalence of peer smoking rather than the actual smoking prevalence rates (Ellickson et al., 2003). Higher perceived smoking prevalence is a strong risk factor of smoking (Edwards et al., 2008; Ellickson et al., 2003; Lai et al., 2004; Nichols et al., 2006; Otten et al., 2009; Thrul et al., 2013; Wang et al., 2011; Wiium et al., 2006; Zaleski and Aloise‐Young, 2013; Zehe et al., 2013), with some studies estimating an 80 percent higher likelihood of having initiated smoking after two years in those who overestimated smoking prevalence at baseline (Edwards et al., 2008; Wang et al., 2011). Depending on the setting and the definition of overestimation, previous studies found that 25 to 90 percent of adolescents overestimated the smoking prevalence (Conley Thomson et al., 2005; Edwards et al., 2008; Lai et al., 2004; Otten et al., 2009; Wang et al., 2011) and that perceived smoking prevalence was more than twice as high as the actual smoking prevalence (Elsey et al., 2015; Pedersen et al., 2013; Unger and Rohrbach, 2002). In order to prevent smoking in young people, it is important to influence smoking prevalence perceptions towards lower, more realistic levels.

Within the same school, the perceived smoking prevalence can vary to a large extent between groups of students (Brown et al., 2010; Conley Thomson et al., 2005; Javier et al., 2013; Pedersen et al., 2013; Unger and Rohrbach, 2002). For example, perceived smoking prevalence rates have been found to be higher in adolescents of lower socioeconomic position (SEP) than in their high SEP counterparts (Doku et al., 2010; Pförtner et al., 2014; Richter and Leppin, 2007), in females than in males (Javier et al., 2013; Pedersen et al., 2013; Unger and Rohrbach, 2002) and in adolescents who have more friends who are smokers (Conley Thomson et al., 2005; Unger and Rohrbach, 2002). However, subgroup variations have hitherto only been studied in the USA, and not in the European context.

Perceptions of the school-level smoking prevalence have previously been found to strongly vary between schools, indicating that the school context may play an important role (Wiium et al., 2006). Schools differ in their physical environment which may be related to the availability of cigarettes around the school. The extent to which smoking is actively controlled with smoking policies also varies between schools (Galanti et al., 2013). However, to our knowledge, no study to date assessed which school characteristics, independent of the characteristics of individual students, may influence the perception of peer smoking prevalence.

Evidence on individual-level and school-level determinants of perceived smoking prevalence may inform policies or interventions aimed to alter false perceptions among adolescents. Also, since perceived smoking prevalence is an aspect of descriptive social norm (Lapinski and Rimal, 2005), altering false perceptions might help de-normalise smoking. This would be particularly helpful within the group of lower SEP adolescents, among whom smoking rates are higher than among those of high SEP (de Looze et al., 2013). Unfortunately there is little evidence that specific policies to prevent smoking are more effective in adolescents with low SEP than among those with high SEP (Brown et al., 2015; Hiscock et al., 2012).

The aims of this study were to assess the determinants of the perceived smoking prevalence and to assess its variation at the school and country level. We additionally explored if determinants differed between adolescents of low SEP and those with high SEP. By analysing information of six cities in Europe, we aimed to derive conclusions that may be applicable to the wider European context.


METHODS

Study population

Data were derived from the SILNE (Smoking Inequalities: Learning from Natural Experiments) secondary school survey, which was conducted between January and November 2013. Secondary schools were invited in six European cities: Namur (Belgium), Hannover (Germany), Tampere (Finland), Latina (Italy), Amersfoort (the Netherlands) and Coimbra (Portugal). Ethical approval was obtained in all countries where approval was required. Questionnaires were self-administered and were completed in classrooms, under the surveillance of a research fellow and/or a teacher. More details on the survey were published elsewhere (Lorant et al., 2015).

In the 50 participating schools 13.870 students were invited of whom 11.015 (79.4%) completed the student questionnaire. For this analysis we excluded students aged 12, 13, 18 or 19 years (N=424), those with missing information on age (N=81), and students with missing information on perceived smoking prevalence (N=227). The total study population consisted of 10,283 individuals. Furthermore, individuals with missing values on academic achievement (N=223) and parental educational level (N=1246) were excluded in the stratified analysis.

School-level information was derived from self-administered questionnaires completed by 276 individuals of the school staff.

Measures

Outcome

The perceived smoking prevalence score was measured with the following question: ‘In your opinion, what percentage of people of your age in your school smoke cigarettes?’. Answers were provided on a discrete scale of 0 to 10, with 0 defined as perceiving 0% smokers in the school and 10 defined as perceiving 100% smokers.

Individual determinants 

Demographics included were age (in years), gender (male vs. female), and foreign background (foreign background vs. native background). Respondents with one or two parents born in a country other than the country of residence were defined as having a foreign background. We used the country of birth of the parents to determine students’ foreign background, because patterns of upbringing may largely vary according to the foreign background of the parents (Yaman et al., 2010).

Academic achievement was measured on a country specific scale using the grading system of each country and was categorised into ‘insufficient’, ‘low’, ‘average’, ‘good’, or ‘high’. In the analysis ‘insufficient’ and ‘low’ were combined due to low numbers in the ‘insufficient’ category. In the stratified analysis academic achievement was dichotomised into low (insufficient, low or average) and high (good or high). Educational level of parents was measured using country-specific categories and was standardised into ‘low’, ‘middle’, and ‘high’. In most countries ‘low’ corresponded to primary school and/or a lower level of secondary school, ‘middle’ corresponded to completed secondary school and/or lower level college, and ‘high’ corresponded to college or university degree. For each respondent the information of the parent with the highest educational level was used. Parental educational level was dichotomised for the stratified analysis, into ‘low’ (low or middle educational level) and ‘high’ (high educational level). Students who did not report at least one parent’s educational level were excluded from the stratified analysis. 

The smoking behaviour of the student was measured in six categories: ‘never-smoker’, ‘ever tried smoking once’, ‘experimenter’ (have smoked once or twice during the past 30 days), ‘regular smoker’ (at least weekly, but not daily smoking), ‘daily smoker’, and ‘ex-smoker’ (did smoke, but not in the past 30 days).

Three variables captured the smoking environment. Smoking behaviour of best friends was measured in four categories: ‘none of them smoke’, ‘some of them smoke’, ‘most of them smoke’, and ‘all of them smoke’. Smoking behaviour of (step)parents was divided into ‘no smoking (step)parents’, ‘one smoking (step)parent’, and ‘two or more smoking (step)parents’. Smoking rules at home were measured in three categories: ‘smoking is not permitted in the home’, ‘smoking is only permitted in certain areas’, ‘smoking is permitted everywhere in the home’.

Contextual determinants

Actual smoking prevalence amongst students in the same school was measured as the aggregated percentage of weekly smokers in the school. The actual smoking prevalence was weighted by age to control for differences between schools in age distribution. The percentage was divided by ten (resulting in a 0-10 scale), so that regression coefficients present the change in the perceived prevalence score with an increase of 10% smokers in the surveyed school-population.

School staff members were asked whether or not cigarettes were sold within 100 meters of the school building. Response options were ‘yes’ or ‘no’. If school staff was not unanimous, the most opted answer was selected. In schools where ‘yes’ and ‘no’ were answered evenly, the response of the (vice) principal was decisive. School smoking policy reported by the school staff was measured on a scale of 0 to 10. The scale was based on 52 (sub-)questions from the staff questionnaire, including items on smoking bans, advertising bans, communicating policy to students, and sanctioning (see Supplement I for included items). These items have been used in previous research on school smoking policies(Kuipers et al., 2015a). All items had a value of 0 or 1, and the sum score was divided by 5.2 to obtain a 0-10 school smoking policy score for each school.

Statistical analysis

The perceived prevalence score was modelled using multilevel linear regression models with 3 levels; country, school, and individual. Model 0 was an intercept only model. The following six models were all controlled for the actual weekly smoking prevalence in the school. Models 1, 2 and 3 included variables related to peers and the school environment. Model 1 only included actual weekly smoking prevalence. Model 2 included the smoking behaviour of friends. Model 3 included the school-level variables cigarette availability within 100 meters of the school, and school smoking policy. Models 4 and 5 included individual characteristics. In Model 4 the smoking behaviour of respondents and parents and the smoking rules at home were included. Model 5 included demographics age, gender, foreign background, and educational variables. Model 6 integrated all variables. Model 6 was repeated in strata of high and low academic achievement and parental educational level. We tested for interaction between each covariate and SEP (e.g. between actual smoking prevalence and academic achievement).

In each model, the intraclass correlation coefficient (ICC) for school and county level and the residual variance were reported. The ICC represents the variance at the corresponding level as a percentage of the total variance(Merlo et al., 2006). All analyses were conducted in R using the lme4 package.


RESULTS

Table 1 presents the individual-level characteristics of the study population. Students had a mean age of 15 years; 47 percent were boys. The prevalence of low academic achievement and low parental educational level was relatively high in older students, in daily smokers, and in students with smoking parents and friends. The perceived prevalence score was relatively high in the same subgroups.

Table 2 describes the study population at the school-level. All schools weighted equally in this table. Perceived smoking was lowest in Amersfoort (the Netherlands) and Tampere (Finland) and relatively high in Latina (Italy) and Namur (Belgium). Cities with high perceived prevalence scores showed higher actual smoking rates. Most schools in Namur (85.7%) reported that cigarettes were available within 100 metres of the school building, compared to 37.5% of the schools in Amersfoort. School smoking policies were most developed in Tampere and Coimbra (Portugal) while policy scores were somewhat lower in Amersfoort and Latina.

Figure 1 presents the actual school smoking prevalence plotted against the perceived smoking prevalence score. There is a clear linear association between perceived and actual smoking prevalence, with higher actual smoking rates being associated with higher perceived smoking scores (r=0.73, p<0.001).

The fixed effects in Table 3 present the associations between covariates and the perceived prevalence score. Higher actual school smoking prevalence was associated with higher perceived prevalence scores (Model1, β=0.75, 95%CI=0.53;0.99). Students of whom most friends were smokers reported a 1.50 point higher perceived prevalence score (95%CI=1.39;1.61) than students who did not have friends who smoked, and the actual smoking prevalence became a weaker determinant when smoking behaviour of friends was included (Model 2). The availability of cigarettes around the school was associated with a higher perceived prevalence score (Model 3), but this association disappeared when controlled for other covariates (Model 6). In all groups of smokers the perceived prevalence score was higher compared to never-smokers. For example daily smokers had a 0.94 points (95%CI=0.83;1.06) higher score than never-smokers (Model 4). Having parents who smoke and living in a household where smoking is permitted was associated with higher perceived prevalence scores (Model 4). Perceived prevalence scores were lower in males than in females and increased with age (Model 5). Model 5 shows that perceived prevalence scores were significantly lower in students with high academic achievement (β=-0.85, 95%CI=-1.00;-0.70) and in students with highly educated parents (β=-0.28, 95%CI=-0.40;-0.16). Results are similar in Model 6, although smoking status of the student and parents were weaker determinants in Model 6 than in Model 4.

Table 3 also presents the random effects at the school and country level. In Model 0, 20% of the variance in perceived prevalence score was associated with the school level and 26% with the country level. The variance at the school and country level was largely reduced by the actual smoking prevalence at schools (Model 1). Smoking behaviour of friends also largely reduced the variance, at both levels (Model 2). The availability of cigarettes around the school and the smoking policy of the school did not explain variance at any level (Model 3). Individual-level characteristics did not explain variation in the perceived prevalence score at school and country level (Model 4 and 5). After control for all covariates combined (Model 6) respectively 10 and 11 percent of variance was associated with the school and country level.

In Table 4 the full model (Model 6) is presented for subgroups of academic achievement and parental educational level. The p-values for interaction indicate the level of significance of interaction tests between academic achievement or parental educational level and the covariates presented in the table. The p-values were >0.05, implying that most determinants of perceived prevalence were very similar between high and low academic achievement and parental educational level. However, smoking behaviour of friends was a stronger predictor of perceived smoking in students with high than with low academic achievement. School-level variance was larger in students with low academic achievement and low parental educational level (around 12%) than in their counterparts (around 8%). Country-level variance was higher in students with high academic achievement and high parental educational level (22 and 19%, respectively) than in low academic achievement and low parental educational level (8%). 


DISCUSSION

Key findings

Determinants of higher perceived smoking prevalence scores were female sex, ever smoking, having friends who smoke, low academic achievement, low parental educational level, and higher actual prevalence of smoking in the school. The perceived prevalence score was not associated with school policies or with the availability of cigarettes in the school surroundings. Determinants were very similar for students with low and high academic achievement and parental educational level. Perceived smoking prevalence substantially varied at the school and country level. Variance at the school-level was larger and variance at the country-level was smaller in students with low academic achievement and low parental educational level, as compared to their counterparts.

Evaluation of potential limitations

The perceived smoking prevalence score was measured on a 0 to 10 scale, with 10 corresponding to a smoking prevalence of 100% among same-aged students at the same school. The scale has, to our knowledge, not been validated. Validity may be reduced in three ways. First, the concept of percentages might have been difficult for students, and they might have scored the perceived importance of smoking in their school rather than the percentage of smokers. Second, students may have ‘escaped the extremes’, leading to answers around the middle of the scale (50%). Third, the use of a discrete scale prompted students to choose between steps of ten percent on the scale, instead of estimating precise smoking rates. For these reasons, the perceived prevalence score derived from this scale could not be used as precise estimates of smoking prevalence rates, and direct comparisons with actual prevalence rates should be made with caution. Therefore we cannot quantify the extent of overestimation of the smoking prevalence. However, we did not find reasons to assume that misinterpretation of the scale would systematically differ between subgroups of students and comparisons between groups therefore seem valid.

Twelve percent (N=1246) of students did not report their parents’ educational level. These students were excluded in the stratified analysis. We found that the perceived prevalence score was 0.51 points lower (95%CI=-0.65;-0.36) in students with missing information. However, the prevalence of determinants of perceived smoking prevalence, including own smoking, was very similar in those with or without missing information on parental educational level.

This study was conducted in the school setting and asked specifically for the perception of the prevalence of smoking among adolescents in the same school. Most previous studies on perceived smoking prevalence have also used the school setting as a reference for smoking prevalence perceptions(Conley Thomson et al., 2005; Javier et al., 2013; Pedersen et al., 2013; Wiium et al., 2006). Despite the limitation to school settings, the results of this and other studies may be more widely applicable. Studies in other settings also found that the perception of smoking in the general population was associated with smoking initiation(Nichols et al., 2006), and a few of these studies identified the same determinants as observed in our study (Conley Thomson et al., 2005). 

Interpretation of results

Few studies have investigated the determinants of perceived smoking prevalence (Brown et al., 2010; Conley Thomson et al., 2005; Javier et al., 2013; Pedersen et al., 2013; Unger and Rohrbach, 2002). Although these studies are all from the USA, their results are consistent with those found in our study. Smoking prevalence estimates were higher in older adolescents (Conley Thomson et al., 2005; Pedersen et al., 2013), females (Javier et al., 2013; Pedersen et al., 2013; Unger and Rohrbach, 2002), students of foreign background (Javier et al., 2013; Unger and Rohrbach, 2002), smokers(Conley Thomson et al., 2005), students with smoking friends (Conley Thomson et al., 2005; Unger and Rohrbach, 2002), lower achieving students (Unger and Rohrbach, 2002), students of low educated parents (Conley Thomson et al., 2005), students who had no household smoking ban (Conley Thomson et al., 2005), and students in schools with a higher actual smoking prevalence (Unger and Rohrbach, 2002). However, there were also some conflicting results for foreign background (Conley Thomson et al., 2005; Pedersen et al., 2013; Unger and Rohrbach, 2002), and gender (Conley Thomson et al., 2005).

Perceiving very high rates of peer smoking may be due to psychological mechanisms. According to the false consensus effect, individuals tend to overestimate the prevalence of behaviour when they perceive this behaviour as being normal or desired (Sherman et al., 1983). If so, perceived prevalence might be higher because some groups of adolescents in Europe think smoking is a normal or even desired behaviour. According to the pluralistic ignorance mechanism, individuals would perceive their own beliefs and feelings to differ from others in a group, even when they all behave similarly (Miller and McFarland, 1991; O’Gorman, 1988). This would imply that even if there are few smokers in a school, non-smoking adolescents may still perceive smoking as a desired behaviour. Such perception may be due to a high visibility of a small group of smokers at the school premises or exposure to images of smoking in the general environment including media (Hines et al., 2002).

False consensus and pluralistic ignorance effects may be stronger in some subgroups than in others (Conley Thomson et al., 2005; Paul et al., 2010). However, to our knowledge, variations in these psychological mechanisms have not been documented in the literature (Mullen et al., 1985). There may be other reasons for variation in smoking estimates between subgroups. Possibly, higher perceived smoking rates reflect higher actual prevalence rates within the same subgroup, instead of the prevalence in the whole school. For example, in our sample, smoking by students was more common in older adolescents, students with lower academic achievement, and students of parents with lower educational level. However, when comparing subgroups of students, Unger and colleagues (Unger and Rohrbach, 2002) found no association between the actual smoking prevalence within the subgroup and the perceived smoking prevalence.

Both measures of education, academic achievement of the adolescent and parental educational level of the parents, showed very similar results. Students in low educational groups may perceive higher smoking rates for several reasons. First, estimating a higher smoking prevalence is associated with perceiving smoking as less risky (Brown et al., 2010). Previous studies found that individuals of low education had lower perceived risk of smoking (Lee et al., 2008; Peretti-Watel et al., 2014; Siahpush et al., 2006). Second, smoking prevalence estimates are positively associated with perceived ease of access to cigarettes and with cigarettes being offered by friends (Unger and Rohrbach, 2002). Perceived access and cigarette offers may differ between groups of education. Third, perceived smoking may be influenced by exposure to smoking outside the school context, for example in social/sports clubs, the neighbourhood, via internet (including social media), or in television and movies (Charlesworth and Glantz, 2005; Kuipers et al., 2013; Strasburger et al., 2010; Unger and Rohrbach, 2002). The exposure to such images may be relatively high among students of low education groups. As these three factors may increase the extent to which smoking is viewed as a normal behaviour, they may reinforce pluralistic ignorance (Miller and McFarland, 1991; O’Gorman, 1988) and false consensus (Sherman et al., 1983) effects in lower education groups.

We observed cross-national variations in the perceived smoking prevalence score. To our knowledge, such variations have not been reported in previous studies. We were unable to study which factors at the country-level contributed to these variations, due to the limited number of countries. However, in theory, perceived smoking prevalence rates may be higher in countries where the smoking prevalence in adults is high (Kuipers et al., 2015b) or where national and regional tobacco control policies are weak (Brown et al., 2015; Kuipers et al., 2015b). In our sample, countries with higher smoking prevalence estimates tended to have lower scores on the Tobacco Control Scale (TCS) in 2013 (e.g. Italy and Belgium). However, Germany had the lowest TCS score of the six countries, but not the highest perceived prevalence score (Joossens and Raw, 2014).

We found that cross-national variations were large in students with high academic achievement and high parental educational level. This suggests that country-level factors are more likely to influence smoking perception in high education groups than in low education groups. This finding bears resemblance to the findings of other studies which suggest that national level campaigns and policies may have stronger effects among high SEP adolescents than among their low SEP counterparts (Helakorpi et al., 2008; Kuipers et al., 2014; White et al., 2008). There is some evidence that anti-smoking mass media campaigns can influence social norm perceptions of smoking among young people (Brown and Moodie, 2009; Gunther et al., 2006).

We observed a substantial variation between schools in perceived smoking prevalence,  but we found no association with specific school-related factors such as school smoking policies and cigarette availability near the school. Such factors may however have indirect effects through their potential effect on the actual smoking prevalence in the school (Galanti et al., 2013). The combined direct and indirect effects of school-related determinants were assessed in a post hoc analysis, by excluding the actual smoking prevalence from Model 6 of Table 3. We found that the availability of cigarettes near the school, but not school smoking policies, was significantly associated with higher perceived prevalence scores.

The fact that between-school variations were relatively large in students of lower educational groups corresponds to evidence suggesting larger effects of school-level smoking policies (Kuipers et al., 2015a) and the British school-based intervention ASSIST (Brown et al., 2015) on low SEP adolescents’ smoking. The large variation found at the school level suggests that the school is a suitable setting for interventions aimed at altering false perceptions among adolescents, especially for low SEP adolescents. However, the perceived smoking was not significantly associated with the included school-level factors (i.e. school smoking policies and the access to tobacco in the school surroundings). Characteristics of the school that might be more relevant include school type (e.g. the educational tracks in a school) (Moore et al., 2001), smoking prevalence among teachers, and the visibility of smoking near the school. There is evidence to claim that interventions aimed to enhance social competences and social influences are more effective in preventing the onset of smoking, than interventions aimed to transmit factual information (Thomas et al., 2013). Possibly, the former interventions may also be more effective in altering students’ perceptions of the school-level smoking prevalence.
Conclusions

Perceived peer smoking scores were lower in males, in non-smokers, in students with non-smoking friends. This was true for adolescents with both high and low levels of academic achievement and parental educational level. Perceived smoking varied considerably between schools and between countries. This suggests that there is an important role for policies at both national and school levels to influence the perceived smoking prevalence, but the effectiveness of different strategies remains a topic for further studies.
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REVISED TABLES AND FIGURE

Table 1: Characteristics of the SILNE 2013 study population, and prevalence estimates of weekly smoking, low academic achievement and low parental educational level within in socio-demographic groups.
	
	
	
	Prevalence estimates in subgroups

	
	% in total study sample
	Mean perceived prevalence score ± SD
	% at least weekly  smokers1
	% low academic achievement2
	% low parental educational level3

	General population
	
	5.14 ± 2.43
	18.7
	58.0
	53.9

	Age (mean ± SD)
	15.19 ± 0.91
	
	
	
	

	   14
	24.6
	4.29 ± 2.42
	10.0
	51.6
	49.1

	   15
	40.5
	4.89 ± 2.39
	15.6
	55.2
	52.3

	   16
	26.1
	5.68 ± 2.26
	25.1
	67.7
	56.5

	   17
	8.8
	6.43 ± 2.08
	38.2
	76.5
	65.9

	
	
	
	
	
	

	Females
	52.6
	5.43 ± 2.37
	18.0
	65.1
	54.3

	Males
	47.4
	4.69 ± 2.43
	19.5
	54.0
	53.4

	
	
	
	
	
	

	Native background
	79.5
	5.04 ± 2.43
	18.9
	58.5
	54.1

	foreign background
	20.5
	5.25 ± 2.41
	17.9
	62.7
	53.3

	
	
	
	
	
	

	Academic achievement
	
	
	
	
	

	   Insufficient or low
	17.6
	5.49 ± 2.25
	30.7
	100
	63.6

	   Average
	40.8
	5.10 ± 2.43
	20.1
	100
	57.9

	   Good
	31.2
	4.96 ± 2.47
	12.6
	-
	48.6

	   High
	10.4
	4.48 ± 2.45
	6.7
	-
	36.1

	Education parents
	
	
	
	
	

	   Low
	13.7
	6.12 ± 2.24
	22.0
	68.3
	100

	   Middle
	40.2
	5.56 ± 2.33
	21.6
	62.9
	100

	   High
	46.1
	4.49 ± 2.38
	15.4
	50.7
	-

	Smoking rules at home
	
	
	
	
	

	   Nobody is allowed
	51.3
	4.82 ± 2.46
	14.7
	55.6
	47.8

	   Certain areas
	30.1
	5.51 ± 2.34 
	24.2
	63.3
	63.0

	   Everywhere
	6.1
	6.02 ± 2.23
	31.7
	67.6
	69.5

	Smoking respondent
	
	
	
	
	

	   Never-smoker
	50.9
	4.43 ± 2.38
	-
	50.3
	49.2

	   Tried smoking
	9.6
	5.39 ± 2.39
	-
	59.9
	55.7

	   Experimenter
	13.1
	5.37 ± 2.25
	-
	68.5
	52.0

	   Regular smoker
	4.3
	5.70 ± 2.24
	-
	69.1
	52.0

	   Daily smoker
	14.4
	6.42 ± 2.10
	-
	76.9
	65.3

	   Former smoker/experimenter
	7.7
	5.59 ± 2.29
	-
	65.7
	63.7

	Smoking parents
	
	
	
	
	

	   No smoking parents
	60.1
	4.72 ± 2.43
	12.7
	55.6
	47.6

	   1 smoking parent
	25.8
	5.48 ± 2.36
	24.4
	62.6
	60.2

	   ≥ 2 smoking (step)parents
	14.1
	5.90 ± 2.20
	33.9
	69.4
	70.2

	Smoking friends
	
	
	
	
	

	   None of them
	30.7
	3.67 ± 2.22
	1.3
	51.2
	42.9

	   Some of them
	45.6
	5.12 ± 2.20
	11.7
	59.6
	55.1

	   Most of them
	20.3
	6.63 ± 1.95
	47.8
	67.3
	64.0

	   All of them
	3.3
	7.41 ± 1.86
	70.3
	74.1
	68.8


1 Percentage of students who are weekly smokers within subgroups.
2 Percentage of students with low academic achievement within subgroups.
3 Percentage of students with low parental educational level within subgroups.


Table 2: School-level characteristics of the SILNE 2013 study population, stratified by country.
	
	General population
	Namur (BE)
	Tampere 
(FI)
	Hannover (DE)
	Latina 
(IT)
	Amersfoort (NL)
	Coimbra (PT)

	N schools
	50
	7
	8
	13
	8
	8
	6

	N staff respondents
	276
	88
	32
	67
	36
	28
	25

	N student respondents (response rate in %)
	10,283 (79.4)
	1,935 (89.8)
	1,456 (86.0)
	1,322 (66.0)
	2,008 (76.5)
	1,837 (80.9)
	1,725 (78.9)

	
	
	
	
	
	
	
	

	Perceived smoking prevalence score (mean ± SD)1
	4.95 ± 1.60
	5.84 ± 0.89
	3.71 ± 0.68
	4.57 ± 1.59
	6.97 ± 0.84
	3.59 ± 1.24
	5.54 ± 0.77

	Actual weekly smoking prevalence (% smokers ± SD)2
	22.20 ± 11.73
	25.47 ± 7.11
	19.59 ± 11.45
	19.80 ± 13.16
	33.74 ± 12.73
	15.85 ± 8.62
	20.10 ± 5.91

	Cigarettes available <100m (% yes)
	56.0
	85.7
	50.0
	46.2
	62.5
	37.5
	66.7

	Policy staff reported (mean ± SD)3
	5.84 ± 0.82
	5.78 ± 0.47
	6.41 ± 0.76
	5.76 ± 0.60
	5.12 ± 0.70
	5.65 ± 1.10
	6.53 ± 0.57


1 Means of school-level aggregated perceived smoking prevalence scores on a 0 to 10 scale. High scores indicate high perceived prevalence rates. 
2 Mean school-level weekly smoking prevalence rates, weighted by age.
3 Staff reported anti-smoking policy of the school on a 0 to 10 scale. High scores indicate stronger anti-smoking policy.


Table 3: Perceived peer smoking prevalence score (on a 0-10 scale) by individual and school-level factors in six multilevel linear regression models (SILNE 2013 data). 

	

	Regression coefficient (β) with 95% confidence interval

	
	Model 0
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6

	Fixed effects
	
	
	
	
	
	
	

	Intercept
	5.02 [3.88;6.17]
	5.02 [4.22;5.82]
	4.35 [3.66;5.05]
	4.26 [2.14;6.43]
	4.56 [3.79;5.33]
	5.56 [4.78;6.34]
	4.29 [5.57;6.06]

	Actual weekly smoking prevalence
	
	0.75 [0.53;0.99]
	0.61 [0.42;0.83]
	0.69 [0.47;0.94]
	0.66 [0.46;0.89]
	0.68 [0.48;0.90]
	0.53 [0.35;0.73]

	Smoking friends
	
	
	
	
	
	
	

	   None of them
	
	
	Ref
	
	
	
	Ref

	   Some of them
	
	
	0.59 [0.51;0.68]
	
	
	
	0.47 [0.39;0.56]

	   Most of them
	
	
	1.50 [1.39;1.61]
	
	
	
	1.24 [1.12;1.36]

	   All of them
	
	
	2.14 [1.93;2.34]
	
	
	
	1.79 [1.57;2.00]

	
	
	
	
	
	
	
	

	Cigarettes available 100m
	
	
	
	0.49 [0.01;0.99]
	
	
	0.37 [-0.02;0.76]

	School smoking policy
	
	
	
	0.08 [-0.26;0.41]
	
	
	0.05 [-0.23;0.31]

	
	
	
	
	
	
	
	

	Smoking respondent
	
	
	
	
	
	
	

	   Never-smoker
	
	
	
	
	Ref
	
	Ref

	   Tried smoking
	
	
	
	
	0.49 [0.36;0.61]
	
	0.27 [0.15;0.38]

	   Experimenter
	
	
	
	
	0.57 [0.47;0.68]
	
	0.20 [0.09;0.31]

	   Regular smoker
	
	
	
	
	0.76 [0.58;0.93]
	
	0.19 [0.01;0.36]

	   Daily smoker
	
	
	
	
	0.94 [0.83;1.06]
	
	0.14 [0.02;0.27]

	   Former smoker or experimenter
	
	
	
	
	0.55 [0.41;0.68]
	
	0.30 [0.17;0.44]

	Smoking parents
	
	
	
	
	
	
	

	   No smoking parents
	
	
	
	
	Ref
	
	Ref

	   1 smoking parent
	
	
	
	
	0.12 [0.03;0.21]
	
	0.07 [-0.01;0.16]

	   ≥ 2 smoking (step)parents
	
	
	
	
	0.19 [0.07;0.31]
	
	0.10 [-0.01;0.21]

	Smoking rules at home
	
	
	
	
	
	
	

	   No where
	
	
	
	
	Ref
	
	Ref

	   Certain areas
	
	
	
	
	0.09 [0.00;0.18]
	
	0.03 [-0.06;0.11]

	   Everywhere
	
	
	
	
	0.31 [0.15;0.47]
	
	0.22 [0.07;0.37]

	
	
	
	
	
	
	
	

	Age
	
	
	
	
	
	0.28 [0.24;0.33]
	0.19 [0.14;0.23]

	Male gender
	
	
	
	
	
	-0.70 [-0.77;-0.63]
	-0.70 [-0.77;-0.63]

	Foreign background
	
	
	
	
	
	0.12 [0.04;0.21]
	0.14 [0.05;0.22]

	Table 3 continued
	Model 0
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6

	Academic achievement
	
	
	
	
	
	
	

	   Insufficient or low
	
	
	
	
	
	Ref
	Ref

	   Average
	
	
	
	
	
	-0.34 [-0.45;-0.24]
	-0.19 [-0.29;-0.09]

	   Good
	
	
	
	
	
	-0.63 [-0.74;-0.52]
	-0.39 [-0.50;-0.29]

	   High
	
	
	
	
	
	-0.85 [-1.00;-0.70]
	-0.49 [-0.63;-0.34]

	Education parents
	
	
	
	
	
	
	

	   Low
	
	
	
	
	
	Ref
	Ref

	   Middle
	
	
	
	
	
	-0.12 [-0.24;-0.01]
	-0.13 [-0.24;-0.01]

	   High
	
	
	
	
	
	-0.28 [-0.40;-0.16]
	-0.25 [-0.36;-0.13]

	Random effects
	
	
	
	
	
	
	

	School level
	
	
	
	
	
	
	

	   Variance
	1.25
	0.66
	0.52
	0.64
	0.55
	0.41
	0.35

	   ICC (%)
	20.23
	13.84
	13.50
	13.50
	12.33
	10.68
	9.62

	Country level
	
	
	
	
	
	
	

	   Variance
	1.59
	0.77
	0.57
	0.76
	0.72
	0.55
	0.41

	   ICC (%)
	25.73
	16.14
	13.73
	16.03
	16.14
	14.32
	11.26

	
	
	
	
	
	
	
	

	Residual variance
	3.34
	3.34
	3.06
	3.34
	3.19
	2.88
	2.88

	
	
	
	
	
	
	
	

	Total variance
	6.18
	4.77
	4.15
	4.74
	4.46
	3.84
	3.64





Table 4: Associations between covariates and perceived peer smoking prevalence score (on a 0-10 scale), stratified by academic achievement and parental educational level (SILNE 2013 data).
	

	Regression coefficient (β) with 95% confidence interval1

	
	Low academic achievement
	High academic achievement
	p-value interaction2
	Low parental education
	High parental education
	p-value interaction2

	Fixed effects
	
	
	
	
	
	

	Actual smoking prevalence
	0.51 [0.33;0.69]
	0.58 [0.39;0.77]
	0.049
	0.53 [0.35;0.72]
	0.60 [0.41;0.79]
	0.105

	Smoking friends
	
	
	
	
	
	

	   None of them
	Ref
	Ref
	
	Ref
	Ref
	

	   Some of them
	0.49 [0.38;0.61]
	0.46 [0.34;0.59]
	0.717
	0.42 [0.29;0.54]
	0.48 [0.36;0.61]
	0.428

	   Most of them
	1.13 [0.98;1.27]
	1.49 [1.32;1.66]
	<0.001
	1.13 [0.97;1.28]
	1.36 [1.19;1.54]
	0.026

	   All of them
	1.67 [1.42;1.92]
	2.07 [1.68;2.45]
	0.074
	1.61 [1.34;1.88]
	1.96 [1.59;2.33]
	0.115

	
	
	
	
	
	
	

	Cigarettes available 100m
	0.41 [0.02;0.80]
	0.32 [-0.08;0.71]
	0.201
	0.38 [-0.02;0.77]
	0.34 [-0.06;0.74]
	0.644

	Policy staff reported
	0.09 [-0.18;0.35]
	-0.03 [-0.30;0.23]
	0.008
	0.01 [-0.26;0.29]
	-0.03 [-0.30;0.25]
	0.412

	Smoking respondent
	
	
	
	
	
	

	   Never-smoker
	Ref
	Ref
	
	Ref
	Ref
	

	   Tried smoking
	0.14 [-0.02;0.29]
	0.43 [0.24;0.61]
	0.018
	0.33 [0.16;0.50]
	0.21 [0.03;0.40]
	0.345

	   Experimenter
	0.20 [0.06;0.33]
	0.20 [0.02;0.38]
	0.994
	0.12 [-0.03;0.28]
	0.33 [0.17;0.49]
	0.060

	   Regular smoker
	0.08 [-0.13;0.29]
	0.43 [0.13;0.74]
	0.055
	0.15 [-0.10;0.39]
	0.19 [-0.06;0.45]
	0.795

	   Daily smoker
	0.05 [-0.09;0.19]
	0.35 [0.14;0.56]
	0.010
	0.14 [-0.01;0.29]
	0.09 [-0.10;0.28]
	0.656

	   Former smoker
	0.32 [0.15;0.48]
	0.29 [0.07;0.51]
	0.842
	0.27 [0.10;0.44]
	0.42 [0.20;0.64]
	0.289

	Smoking parents
	
	
	
	
	
	

	   No smoking parents
	Ref
	Ref
	
	Ref
	Ref
	

	   1 smoking parent
	0.05 [-0.06;0.16]
	0.15 [0.02;0.28]
	0.232
	-0.01 [-0.12;0.11]
	0.12 [-0.01;0.25]
	0.122

	   ≥ 2 smoking (step)parents
	0.05 [-0.08;0.18]
	0.20 [0.02;0.38]
	0.164
	-0.01 [-0.15;0.13]
	0.17 [-0.01;0.36]
	0.100

	Smoking rules at home
	
	
	
	
	
	

	   No where
	Ref
	Ref
	
	Ref
	Ref
	

	   Certain areas
	-0.07 [-0.18;0.04]
	0.12 [-0.00;0.25]
	0.017
	-0.03 [-0.15;0.08]
	0.08 [-0.05;0.21]
	0.187

	   Everywhere
	0.22 [0.04;0.40]
	0.16 [-0.10;0.41]
	0.682
	0.17 [-0.03;0.36]
	0.30 [0.03;0.57]
	0.412

	
	
	
	
	
	
	

	Age
	0.18 [0.12;0.23]
	0.23 [0.16;0.29]
	0.216
	0.17 [0.12;0.23]
	0.20 [0.14;0.27]
	0.409

	Male gender
	-0.72 [-0.80;-0.63]
	-0.73 [-0.84;-0.62]
	0.808
	-0.69 [-0.79;-0.59]
	-0.81 [-0.91;-0.70]
	0.109

	Foreign background
	0.18 [0.07;0.29]
	0.14 [0.01;0.28]
	0.714
	0.13 [0.01;0.25]
	0.24 [0.11;0.37]
	0.213

	Table 4 - Continued
	Low academic achievement
	High academic achievement
	p-value interaction2
	Low parental education
	High parental education
	p-value interaction2

	Academic achievement
	
	
	
	
	
	

	   Insufficient or low
	-
	-
	-
	Ref
	Ref
	

	   Average
	-
	-
	-
	-0.30 [-0.43;-0.17]
	-0.07 [-0.24;0.10]
	0.031

	   Good
	-
	-
	-
	-0.42 [-0.57;-0.28]
	-0.30 [-0.47;-0.13]
	0.267

	   High
	-
	-
	-
	-0.39 [-0.61;-0.17]
	-0.48 [-0.68;-0.27]
	0.567

	Education parents
	
	
	
	
	
	

	   Low
	Ref
	Ref
	
	-
	-
	-

	   Middle
	-0.14 [-0.28;0.00]
	-0.08 [-0.27;0.12]
	0.622
	-
	-
	-

	   High
	-0.23 [-0.37;-0.08]
	-0.28 [-0.47;-0.09]
	0.663
	-
	-
	-

	Random effects
	
	
	
	
	
	

	School level
	
	
	
	
	
	

	   Variance
	0.43
	0.32
	
	0.49
	0.30
	

	   ICC (%)
	11.47
	7.98
	
	12.95
	7.92
	

	Country level
	
	
	
	
	
	

	   Variance
	0.45
	0.89
	
	0.58
	0.73
	

	   ICC (%)
	12.00
	22.19
	
	14.95
	19.26
	

	
	
	
	
	
	
	

	Residual variance
	2.87
	2.80
	
	2.81
	2.76
	

	
	
	
	
	
	
	

	Total variance
	3.75
	4.01
	
	3.88
	3.79
	


1 All regression coefficients are controlled for the variables included in the table. 
2 P-values indicate the level of significance of interaction tests between academic achievement or parental educational level and the covariates presented in the table.
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Figure 1: Plot of school means of the actual weekly smoking prevalence (in %, weighted by age) and the perceived smoking prevalence score (on a 0-10 scale), presented by country (SILNE 2013 data).



Supplement I: Questions from the staff questionnaire used to construct school smoking policy measures.
	Questions
	Sub-questions
	Answer options
	Max. points

	Does the school have a policy in place that prohibits smoking?
	Yes/no
	1

	Does that policy specifically prohibit smoking at each of the following times for <subgroup>?
	
	

	
	During school hours, for students
	Yes/no
	1

	
	During school hours, for staff
	Yes/no
	1

	
	During school hours, for visitors
	Yes/no
	1

	
	Outside of school hours, for students
	Yes/no
	1

	
	Outside of school hours, for staff
	Yes/no
	1

	
	Outside of school hours, for visitors
	Yes/no
	1

	Does that policy specifically prohibit smoking at each of the following locations for <subgroup>?
	
	

	
	school building, for students
	Yes/no
	1

	
	school grounds, for students
	Yes/no
	1

	
	school bus, for students
	Yes/no
	1

	
	school-sponsored events, for students
	Yes/no
	1

	
	school building, for staff
	Yes/no
	1

	
	school grounds, for staff
	Yes/no
	1

	
	school bus, for staff
	Yes/no
	1

	
	school-sponsored events, for staff
	Yes/no
	1

	
	school building, for visitors
	Yes/no
	1

	
	school grounds, for visitors
	Yes/no
	1

	
	school bus, for visitors
	Yes/no
	1

	
	school-sponsored events, for visitors
	Yes/no
	1

	Is tobacco advertising prohibited in each of these places or situations?
	
	

	
	school building
	Yes/no
	1

	
	school grounds
	Yes/no
	1

	
	school bus
	Yes/no
	1

	
	school-sponsored events
	Yes/no
	1

	
	in school publications
	Yes/no
	1

	Does the school have a procedure for informing <subgroup> about the smoking rules?
	
	

	
	Students
	Yes/no
	1

	
	Parents
	Yes/no
	1

	
	Staff
	Yes/no
	1

	
	Visitors
	Yes/no
	1

	Does the school have a procedure for informing <subgroup> about the consequences of violating the smoking rules?
	
	

	
	Students
	Yes/no
	1

	
	Parents
	Yes/no
	1

	
	Staff
	Yes/no
	1

	
	Visitors
	Yes/no
	1

	Which of the following methods does the school use to communicate its rules on smoking to students?
	
	

	
	student diary
	Yes/no
	1

	
	school handbook
	Yes/no
	1

	
	school newsletter
	Yes/no
	1

	
	verbally
	Yes/no
	1

	
	school website
	Yes/no
	1

	
	on display at school
	Yes/no
	1

	
	e-mail
	Yes/no
	1

	What were the consequences for students who violated your school's smoking rules this school year?
	
	

	
	Verbal or written warning
	Yes/no
	1

	
	Parents were informed
	Yes/no
	1

	
	Referred to a school administrator
	Yes/no
	1

	
	Referred to a school counsellor
	Yes/no
	1

	
	Voluntary participation in a quit programme 
	Yes/no
	1

	
	Compulsory participation in a quit programme
	Yes/no
	1

	
	Tobacco was confiscated
	Yes/no
	1

	
	Additional homework
	Yes/no
	1

	
	Work around the school
	Yes/no
	1

	
	Fine
	Yes/no
	1

	
	Detention
	Yes/no
	1

	
	Suspension
	Yes/no
	1

	
	Expulsion
	Yes/no
	1

	
	
	Total
	52
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