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Abstract
Background and aims. Social norms towards smoking are a key concept in tobacco control policy and research; however, the influence and strength of different types of social norms on youth smoking uptake is unclear.  This study aimed to examine, quantify, and compare evidence of the longitudinal associations between different types of social norms towards smoking and youth smoking uptake (initiation and escalation).
Methods. Systematic review searching four databases (MEDLINE/EMBASE/PsycINFO/CINAHL) from January 1998 to October 2020. Evidence synthesis via narrative review, meta-analysis pooling unadjusted associations (initiation only, due to heterogeneity in escalation outcomes), and meta-regression comparing effect-sizes by norm type and study characteristics.  Studies included observational prospective cohort studies using survey methodology with youth aged ≤24 years.  Measurements included longitudinal associations between descriptive norms (perceived smoking behaviour) and injunctive norms (perceived approval/disapproval of smoking) among social network(s) and subsequent smoking initiation or escalation. 
Results. Thirty articles were identified. In the narrative review, smoking initiation (but not escalation) was consistently predicted by two norms: parent and close friend smoking. Associations between smoking uptake and other descriptive norms (smoking among: siblings, family/household, partner, peers, adults) and all injunctive norms (perceived approval of smoking among: parents, siblings, close friends/peers, partner, teachers, people important to you, the public) were less consistent/inconclusive. In the meta-analysis pooling unadjusted associations, 17 articles were included (N=27,767). Smoking initiation was predicted by the following descriptive norms: smoking among parents (OR=1.88[95%CI=1.56-2.28]), close friends (OR=2.53[1.99-3.23]), siblings (OR=2.44[1.93-3.08]), family/household (OR=1.55[1.36-1.76]), and adults (OR=1.34[1.02-1.75]), but not peers (OR=1.14[0.92-1.42]). Smoking initiation was also predicted by two injunctive norms, perceived approval of smoking among parents (OR=1.74[1.27-2.38]) and the public (OR=4.57[3.21-6.49]), but not close friends/peers (OR=2.36[0.86-6.53]) or people important to the individual (OR=1.24[0.98-1.58]).
Conclusions. In this systematic review (narrative and meta-analysis), descriptive norms of parents’ and close friends’ smoking behaviour appeared to be consistent predictors of youth smoking initiation, more so than the descriptive norms of more distal social networks and injunctive norms.
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Introduction
Smoking is the leading preventable cause of premature death and disease worldwide [1]. Smoking is highly addictive [2-4] and over two-thirds of people who try a cigarette (initiate smoking) escalate to daily smoking [5]. Smoking is largely initiated before age 18 [6,7]. Youth smoking initiation therefore puts individuals at risk for developing a lifetime addiction to smoking, and smoking-related diseases [4,5]. Clarifying the predictors of youth smoking uptake (initiation and escalation) is crucial for the theoretical understanding of smoking addiction and developing interventions to reduce youth smoking.
[bookmark: _Hlk41319785]Social norms influence behaviour [8-15] and are central to several behavioural theories [9,14-18]. Social norms consist of descriptive and injunctive norms, which can be measured in relation to different social networks [10]. Descriptive norms are perceptions of the behaviour of a social network (e.g., family, close friends, peers, adults) [10]. Injunctive norms are perceptions of what a social network believes people should or should not do [10]. Descriptive and injunctive norms associated with different social networks are distinct and have unique influences on behaviour [18-21], although they can interact [21]. Social norms may influence behaviour by providing cues or opportunities for that behaviour to take place and via innate desires to conform with others’ behaviours and attitudes [10,13-15]. Most theories focus on the norms of close social network members [9,14-18] and less so on the normative influence of more distal social networks.
The influence of close network members’ descriptive norms on youth smoking uptake are well-documented. For example, systematic reviews and meta-analyses have found that youth with parents and siblings [22] and close friends [23] who smoke are more likely to take up smoking. However, the influence of close network members’ injunctive norms on youth smoking uptake is less clear: while one meta-analysis found a positive indirect association via intention to smoke, the direct effect was not assessed [24]. Moreover, in a broad systematic review exploring the predictors of youth smoking initiation [25], the injunctive norm of parent disapproval of smoking was not a consistent predictor, while few studies or none at all measured descriptive or injunctive norms among more distal social networks, such as peers, adults, and the public. In sum, while the descriptive norms of close network members consistently predict smoking uptake, other normative influences are less clear.
[bookmark: _Hlk41324428]Social norms are often used to explain how tobacco control policies change smoking behaviour [18,26-29]. For example, smoke-free legislation is said to denormalise smoking, and reduce smoking prevalence [30]. Some smoking prevention programmes also target social norms to reduce youth smoking [31-33]. For example, the A Stop Smoking in Schools Trial (ASSIST), which promoted anti-smoking norms at school, reduced the odds of being a smoker two years later [32]. Other programmes focussing on resisting pro-smoking injunctive norms, such as perceived peer pressure to smoke, have also been effective in reducing smoking uptake in schools [33,34]. Changing social norms may thus help to reduce youth smoking uptake.
The centrality of social norms in tobacco research and some policies [18,26-29] makes it imperative to understand their impact on youth smoking uptake. We therefore conducted a systematic review with evidence synthesis via a narrative review, meta-analysis, and meta-regression to: (i) examine the longitudinal associations between descriptive and injunctive norms towards smoking among different social networks and youth smoking uptake (initiation and escalation); (ii) quantify and compare the strength of these associations. We also examined risk of bias.




Methods
Protocol
This review adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (Table S1; Supporting Information). The protocol was registered online (PROSPERO ID:CRD42016033416) [35].
Search strategy
MEDLINE, EMBASE, PsycINFO, CINAHL were searched from 1st January 1998 to 13th October 2020. The search strategy is available in the Supporting Information, and was informed by previous work [36].
Article selection
Inclusion criteria
Population. Youth age ≤24 years [37] at baseline.
Exposure (norm type). Self-reported descriptive norm of distal social networks (e.g., peers, adults, public) or any injunctive norm towards smoking. Descriptive norms were defined as an individual’s perceptions of the smoking behaviour of a social network (e.g., parents, siblings, close friends, peers, adults) [10]. Injunctive norms were defined as an individual’s perceptions of what a social network believe people should or should not do [10], including perceived approval/disapproval of smoking, acceptability/unacceptability of smoking, and also perceived pressure to smoke/not smoke. In this review, perceived pressure was included as a unique norm type because it was measured separately from injunctive norms in all articles included. Articles were excluded if they only assessed the descriptive norms of close social network members (e.g., family, close friends) because reviews have already been published on their association with youth smoking uptake [22,23] and many articles (N=140) only assessed these norm types.
The centrality of social norms in tobacco research and some policies [18,26-29] makes it imperative to understand their impact on youth smoking uptake. We therefore conducted a systematic review with evidence synthesis via a narrative review, meta-analysis, and meta-regression to: (i) examine the longitudinal associations between descriptive and injunctive norms towards smoking among different social networks and youth smoking uptake (initiation and escalation); (ii) quantify and compare the strength of these associations. We also examined risk of bias.
Outcome. Smoking uptake, defined as initiation (any smoking at follow-up from baseline never smoking, including puffing on a cigarette) or escalation (any increase in smoking between baseline and follow-up among those that had already initiated, e.g., experimental to regular smoking).
Date. Data collected in/after 1998 (chosen for significance as the year of the first comprehensive smoking ban, in California, US, because smoking bans may change smoking norms [38,39]).
Design. Observational prospective cohort surveys, assessed the longitudinal association(s) between norms at baseline and smoking at follow-up.
Language. English.
Multiplicity of samples. Some samples were present in more than one article (Table S2). Criteria were applied in the following order to select which article to include:(1) peer-reviewed, (2) smoking initiation as primary outcome, (3) most norms measures, (4) most injunctive norms measures, (5) longest follow-up, (6) most respondents.
Data for meta-analysis (initiation only). Odds ratios (ORs) and 95% confidence intervals (CIs) for the longitudinal association(s) between norms at baseline and smoking initiation at follow-up, either from articles directly, calculated/converted using data from articles (via Campbell Collaboration Effect Size Calculator [40]), or from article’s authors following request. Unadjusted associations were prioritised to minimise heterogeneity. Heterogeneity in smoking escalation measures (e.g., continuous/binary/ordinal; Table S3) precluded a meta-analysis for this outcome. However, articles assessing escalation were included in the meta-analysis if article’s authors subsequently provided data to calculate unadjusted associations between norms and smoking initiation at follow-up. Where necessary, up to three emails were sent to the article’s authors requesting data. 
[bookmark: _Ref20149462]Screening process
Articles were imported into EndNote-X9 [41] and duplicates removed. One reviewer (KE) screened articles in three stages (titles/abstracts/full-texts). Reasons for exclusion were documented at abstract and full-text level. Where information necessary to determine eligibility was missing, article’s authors were contacted. Articles were excluded where authors did not provide this information. AM, SH, and ES (see acknowledgements) checked screening, each checking 50 articles per stage. Agreement was moderate overall (kappa=0.58) and 100% at full-text level (kappa=1.0). Disagreements were resolved through discussion.
[bookmark: _Ref20149478]Data extraction
Data extraction was completed in SPSS v22 [42] by KE and independently checked by AM. Two data extraction sheets were constructed (Supporting Information):(1) narrative review, containing information from articles and (2) meta-analysis, containing unadjusted associations between norms and smoking initiation.
When extracting data, norms were categorised into norm type (descriptive/injunctive/pressure, for each social network). For the meta-analysis, the primary summary statistic was the unadjusted OR and 95%CIs for the associations between each norm type and smoking initiation (see inclusion criteria). Several articles grouped perceived close friend with peer approval; a combined measure of “perceived close friend/peer approval” was therefore used. Similarly, “perceived approval from important people” was used where articles grouped perceived approval from multiple close social networks. Where articles measured perceived disapproval (rather than approval) of smoking or pressure not to smoke (rather than to smoke), associations were inversed (1/(OR[95%CI])).
Risk of bias within studies
[bookmark: _Ref19780305]Risk of bias was assessed using the adapted 5-star Newcastle-Ottawa Quality Assessment Scale for Cohort Studies (adapted from Taylor et al. [43], Supporting Information). Scores range from 0-5 stars; ≤3 stars indicate high risk of bias [43].
Analyses
Due to the heterogeneity in smoking escalation measures (Table S3), findings were first synthesised using a narrative review (additional to protocol [35]). We created a database, organised by norm type and outcome (initiation/escalation), listing each relevant article and unadjusted and adjusted association(s) reported (Tables S5-S7). We coded associations according to strength of evidence: some (p<.05/95%CI excludes null); mixed (some p<.05/95%CI excludes null, some p≥.05/95%CI includes null, e.g., p<.05 in unadjusted but not adjusted models); little (p≥.05/95%CI includes null); unclassifiable (associations not reported). Direction of association (positive/negative) was coded where there was some/mixed evidence. We tabulated and discussed the findings per norm type and outcome, including covariates (to explore confounding) and interactions.
Second, we ran a meta-analysis of the unadjusted associations between smoking norms and smoking initiation only. The meta-analysis data extraction sheet was exported to Stata v15 [44]. A variable was created indicating norm type. The natural logarithm of the OR and 95%CIs for each association were calculated, and pooled using a random-effects meta-analysis with Stata’s metan command [45]: first overall (to obtain overall effect-size), second by (1) descriptive, (2) injunctive, (3) pressure, and third by social network within (1)-(3).
Third, we ran a random-effects meta-regression because of anticipated heterogeneity to explore whether effect-sizes varied by study characteristics and norm type. Univariable and multivariable (adjusting for study characteristics significant (p<.05) in univariable analyses) meta-regressions were run with norm type and study characteristics as predictors, using Stata’s metareg command [46]. Study characteristics were: region (Asia/Europe/US), risk of bias (high/low), setting (school/other), data collection year (1998-2000/2001-2018 [modal split]), outcome (puffing on a cigarette/other), sample mean age (or, if unavailable, median), sample % female, follow-up length.
Publication bias was assessed using Funnel plots and Egger’s test [47-50] and corrected for using a non-parametric trim-and-fill method [51,52].
[bookmark: _Ref20149715][bookmark: _Ref20149721][bookmark: _Toc20571675]Results
The search identified 11,831 articles, of which 30 were included in the narrative review [53-82] and 17 in the meta-analysis [53-69] (Fig.1). Reasons for exclusion from the meta-analysis are listed in Table S3.
[Insert Figure 1 here]
Narrative review
Description of articles
Table S3 details the characteristics of all 30 articles. All except one PhD thesis [73] were peer-reviewed journal publications. Articles were from the US (13 articles), Europe (13), and Asia (4). Sample sizes ranged from N=193-11,583, and age ranged from 8-23 years. Most (21) used school-based surveys. Follow-up ranged from 6 months to 5 years, with the majority (23) running for 1+ years.
Most (19) articles had high risk of bias (Table S4). The most common sources of bias were lack of bio-verified smoking outcomes (26 articles) and lack of a standardised, valid, or reliable assessment of smoking norms (16).
Descriptive norms were assessed in 24 articles. Injunctive norms were assessed in 23 articles. Three articles assessed perceived pressure to smoke/not smoke. There was considerable variation in the measurement of social norms (Table S3). Half (16) assessed smoking initiation, defined as progressing from never smoking to: any smoking (even a puff; 15 articles), at-least-monthly smoking (1 article). Half (17) assessed smoking escalation using several different measures (Table S3). Three assessed both initiation and escalation. All except one included covariates in analyses, and there was considerable variation in covariates (Table S3).
Longitudinal associations between social norms and smoking uptake
Table 1 summarises the associations between each norm type and smoking uptake (initiation and escalation). Tables S5-S7 show the associations in detail.
Descriptive norms
Despite eliminating articles solely assessing the descriptive norms of close social networks, parent and close friend smoking were the most frequently assessed norm, appearing in 13 and 21 articles, respectively (Table 1). Parent smoking was positively associated with smoking initiation in most articles (5 out of(/)7 articles) but only with escalation in 2/6 articles. Findings were similar for close friend smoking (initiation:6/11; escalation:3/10) although close friend smoking was negatively associated with smoking escalation in one article [73]. For all other descriptive norms, evidence of associations with smoking initiation/escalation was less consistent or inconclusive because of predominantly mixed findings and/or too few articles.
Most articles adjusted for several covariates including other measures of social norms (Table S5). Mixed evidence of associations was largely attributable to differences between unadjusted and adjusted results (Table S5). For example, in 2/21 articles assessing close friend smoking, and 2/3 articles assessing sibling smoking, associations with initiation/escalation were found in unadjusted but not adjusted analyses.
Injunctive norms
Perceived parent and close friend/peer approval of smoking were the most frequently assessed injunctive norms; however, there was little consistent evidence of associations with smoking initiation/escalation (Table 1). For all other injunctive norms, evidence was less consistent or inconclusive because of predominantly mixed findings and/or too few articles.
Similar to descriptive norms, most articles adjusted for several covariates including other measures of social norms (Table S6). Mixed evidence was largely attributable to differences between unadjusted and adjusted results or interactions with other social norms (Table S6). For example, in 2/11 articles assessing parent approval of smoking, associations with initiation/escalation were found in unadjusted but not adjusted analyses. An additional 2/11 articles found associations were dependent on parent smoking, such that parent disapproval of smoking protected against smoking among youth with non-smoking, but not smoking, parents (Table S6).
Pressure
Too few articles assessed associations between perceived pressure to smoke/not smoke from parents, siblings, and friends/peers and smoking initiation/escalation to enable conclusive evidence (Table 1).
[Insert Table 1 here]

[bookmark: _Ref16944223]Meta-analysis
Description of articles
Seventeen articles were included in the meta-analysis. Unadjusted associations between norms and smoking initiation were available directly from 11 articles [53,55-57,59,60,62,63,66,67,69]. Authors provided data for 6 articles [54,58,61,64,65,68]. Eighteen unique samples, with total N=27,767, were included. Figs.2-4 show the sample characteristics for each association. Briefly, follow-up ranged from 6 months to 5 years and samples ranged from N=298-4,351.
Longitudinal associations between social norms and smoking initiation
The pooled effect-size for the association between all social norms and smoking initiation was OR=1.80[95%CI=1.62-1.99]). Heterogeneity (variation in associations between studies) was considerable (I2=92.8) [83].
Descriptive norms
[bookmark: _Ref16602247][bookmark: _Toc19642159][bookmark: _Toc20574841]Fig.2 shows the meta-analysis of associations between descriptive norms from different social networks (e.g., parents, close friends) and smoking initiation. Thirty-six associations were assessed across 15 articles. Overall, descriptive norms were positively associated with smoking initiation (OR=1.88[1.65-2.13]). When stratified by network, parent, sibling, close friend, and family/household smoking were associated with smoking initiation. Sibling and close friend smoking had the largest effect-sizes. Perceived adult smoking prevalence had a small but consistent effect. Perceived peer smoking prevalence had no consistent effect. Heterogeneity was considerable overall and separately for parent, close friend, peer, and adult smoking (all I2>75) [83].
[Insert Figure 2 here]
[bookmark: _Ref16602525][bookmark: _Toc19642160][bookmark: _Toc20574842]Injunctive norms
Fig.3 shows the meta-analysis of associations between injunctive norms from different social networks and smoking initiation. Nineteen associations were assessed across 14 articles. Overall, injunctive norms were positively associated with smoking initiation (OR=1.78, 95%CI=1.43-2.21). When stratified by social network, only perceived parent and public approval of smoking were consistently associated with smoking initiation. Perceived public approval had the largest effect-size, although CIs were wide indicating low precision. Perceived approval from close friends/peers and people important to you had no consistent effect. Again, heterogeneity was considerable overall and for parent and close friend/peer approval (both I2>75) [83].
[Insert Figure 3 here]
Perceived pressure
Fig.4 shows the meta-analysis of associations between perceived pressure to smoke/not smoke from different social networks and smoking initiation. Three associations were assessed across two articles. Overall, perceived pressure was not consistently associated with smoking initiation (OR=1.15[0.91-1.46]). When stratified by social network, perceived pressure from friends/peers, but not parents, had a consistent effect; however, few associations were explored. Heterogeneity was considerable (I2=82.1) [83].
[Insert Figure 4 here]

[bookmark: _Ref20150361]Meta-regression
Table 2 shows the meta-regression results. In univariable analyses, country and risk of bias influenced the magnitude of effect-size between norms and smoking initiation, and hence were included in multivariable analyses together with norm type. Effect-size was larger among samples from Asia than Europe or the US, and, in univariable analyses only, larger among studies with low risk of bias.
Norm type also influenced the magnitude of effect-size, such that, compared to perceived peer smoking prevalence, effects were greater for parent, sibling, and close friend smoking, and approval of smoking from friends/peers and the public (unadjusted analyses only) (Table 2).
[bookmark: _Ref16610226][bookmark: _Ref17220055][Insert Table 2 here]
[bookmark: _Ref20150536]Publication bias
Asymmetry in the funnel plots indicated few smaller-sized studies with negative effects and thus some publication bias for descriptive norms, injunctive norms, and pressure (Fig.S1) [47]. Egger’s test indicated strong evidence of publication bias for descriptive norms (p<.001) but not injunctive norms (p=.167) or pressure (p=.909). Correcting for publication bias did not change the interpretation of results (effect-sizes after trim-and-fill: descriptive OR=1.60[1.42-1.82], injunctive OR=1.78[1.43-2.21], pressure OR=1.10[0.87-1.38]).
[bookmark: _Ref20150585][bookmark: _Ref20150598][bookmark: _Toc20571676]Discussion
This study examined, quantified, and compared evidence of the longitudinal associations between social norms towards smoking and youth smoking uptake (initiation and escalation). Overall, when pooling unadjusted associations via a meta-analysis, perceiving that others smoke (descriptive norms) and approve of smoking (injunctive norms) predicted youth smoking initiation, although the strength and consistency of associations varied across social networks. In the narrative review, injunctive norms had a less consistent effect on smoking initiation and escalation when adjusting for covariates, including other social norms.
Descriptive norms towards smoking from close network members, specifically parents and close friends, had relatively consistent effects on youth smoking initiation, similar to previous reviews and meta-analyses [22,23,25]. For example, close friend smoking more than doubled the odds of smoking initiation. This contrasts with findings for more distal social networks: perceived adult smoking prevalence had a small effect on youth smoking initiation, while perceived peer prevalence of smoking had no consistent effect. Taken together, these findings suggest that the descriptive norms of close network members are consistent predictors of youth smoking initiation, more so than the descriptive norms of more distal social networks.
The injunctive norm of perceived parent approval of smoking strongly predicted youth smoking initiation in the meta-analysis. However, the findings from the narrative review suggest this association may be confounded by, or be dependent upon, covariates including but not limited to parent smoking. Any influence of parent attitudes may thus be redundant to parents’ actual smoking behaviour. Perceiving that close friends/peers approve of smoking also did not consistently predict youth smoking initiation. Overall, injunctive norms may therefore not be as predictive of youth smoking initiation as the descriptive norms of close network members, consistent with previous research [20]. Few articles assessed perceived public approval of smoking and perceived pressure to smoke/not smoke; studies should continue to assess these norms to advance knowledge in this area.
In the narrative review, parent, and close friend smoking were consistently associated with smoking initiation among never smoking youth, but not escalation among youth who had initiated smoking, although the findings for other social norms were broadly similar for initiation and escalation. However, there was heterogeneity across outcomes of smoking escalation. More studies using similar standardized outcomes of escalation to regular smoking are required to synthesise evidence via meta-analyses and obtain effect estimates.
In the meta-regression, perceived peer smoking prevalence had a smaller effect on youth smoking initiation than parent smoking, consistent with the findings from the meta-analysis. There was little variation in effect-sizes across all other types of social norm. However, meta-regressions are often limited by low statistical power, resulting in failure to detect associations, and associations were few for some norms (e.g., two associations for perceived public approval of smoking). Additional studies assessing smoking norms, particularly of more distal social networks and perceived pressure, are required to allow stronger conclusions to be drawn.
There was high risk of bias within and between studies. Two thirds of articles were low quality, and, to address this, future studies could consider bio-verifying smoking uptake and use validated/reliable norms measures [36]. However, surprisingly, low quality was associated with smaller effect-size, suggesting little cause for concern when interpreting findings. There was also publication bias, although its’ correction did not influence the results.
The association between smoking norms and smoking initiation was stronger among studies from Asia than the US and Europe. Some Asian countries are at earlier stages of the tobacco epidemic than the US and Europe [84] and associations between smoking norms and behaviours differ across countries with different policies and smoking rates [19,85]. The understanding of norms may also differ by culture and language [86]. Future research should consider cross-country differences in associations between smoking norms and youth smoking uptake specifically, particularly because policies recommended by the World Health Organization’s Framework Convention on Tobacco Control are presumed to reduce smoking through changing social norms [26,27].
Our findings have important theoretical implications. They are broadly consistent with a seminal study finding that smoking behaviour spreads through interconnected social networks [87] and with Social Cognitive Theory and PRIME Theory of Addiction, which both state that the behaviours of those closest to you predict that same behaviour, more so than the behaviours of distal social networks [14,15,18]. Specifically, social norms may influence behaviour by providing cues or opportunities to engage in that behaviour [10,88]; this is likely particularly true of parent and close friend smoking.
The findings are inconsistent with theories, such as the Theory of Planned Behaviour (TPB), which posit that injunctive norms from “people important to you” predict behaviour [9]. More recent versions of the TPB that also include close network members’ descriptive norms may better predict youth smoking initiation [16,20]. Theories may also benefit from distinguishing between the descriptive and injunctive norms of different social networks to enhance their predictive utility.
This study also has implications for interventions and policies to reduce smoking prevalence. Smoking norms are modifiable, and theorised to be on the causal pathway between tobacco control policies and changes in smoking behaviour [18,26-29]. Our findings suggest that interventions should continue to focus on reducing smoking prevalence, particularly encouraging parents who smoke to quit, and reducing youth exposure to smoking in the home and among close friends. Similarly, collective smoking prevention programmes involving close network members may be more successful and cost-effective than individual programmes [87]. Interventions that focus on reducing how common smoking is perceived to be among peers or the public, or the perceived acceptability of smoking, may be less effective in reducing youth smoking. They are also broadly consistent with other findings that smoking norms (particularly injunctive) do not always correspond with population smoking prevalence, and also with tobacco control policies [39,85,89].
[bookmark: _Ref20083627]Declines in youth perceptions of the proportion of peers who smoke have previously been used to indicate the denormalisation of smoking and reductions in youth smoking prevalence [90]. However, our findings suggest that perceived peer smoking prevalence may not consistently predict youth smoking uptake. Instead, perceptions of close friends’ smoking among could be used to predict reductions in youth smoking.
Limitations
First, we excluded articles that only measured close network members’ descriptive norms. Despite this, the effect-size for family smoking was similar to previous meta-analyses [22], enhancing confidence in our findings for this norm type. This criterion would also not have influenced findings for more distal social networks or injunctive norms. Second, social norms are not always independent and some theories and empirical evidence support their interactive effects [21,58,66]. Thus, the meta-analysis pooling unadjusted associations may not have captured independent effects of social norms on smoking initiation. However, in the narrative review we examined unadjusted and adjusted associations, including interactions, and discussed differences and implications. Third, perceived approval from close friends and peers were grouped for analyses, possibly concealing individual effects. However, there was little difference in the results of articles assessing only close friend approval and those that combined it with peers’ approval. Fourth, only English language articles were searched, and associations differ across countries [19,85] and may differ by culture and language [96]. 
[bookmark: _Ref20083634]Strengths
The search was not limited to peer-reviewed publications to minimise publication bias. Where articles/data were unavailable, we requested them from articles’ authors. Only longitudinal studies were included, with most running for one year or more, and consisting of >1,000 respondents, enhancing statistical power. We used random-effects meta-analysis and meta-regression to account for and explore heterogeneity, and only pooled data with similar outcomes of smoking initiation to reduce heterogeneity.
Conclusions
The descriptive norms (perceived smoking behaviour) of parents and close friends were consistent predictors of youth smoking initiation, more so than the descriptive norms of more distal social networks (peers, adults) and injunctive norms (perceived approval of smoking).
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[bookmark: _Ref16232914][bookmark: _Toc18593619][bookmark: _Toc20574833][bookmark: _Hlk41646063]Table 1. Summary of associations between smoking norms and smoking uptake (initiation and escalation) among youth (30 articles). All associations for which there are some or mixed evidence are positive unless otherwise indicated (*).
	Norm and outcome
	Number
	
	Evidence of associations
(n articles (%))

	
	Articles
	Respondents
	
	Some (p<.05)
	Mixed
	Little (p≥.05)

	DESCRIPTIVE NORMS
	
	
	
	
	

	Parent smoking
	
	
	
	
	

	Initiation
	7
	15,098
	
	5 (71.4)
	1 (14.3)
	1 (14.3)

	Escalation
	6
	15,592
	
	2 (33.3)
	2 (33.3)
	2 (33.3)

	Total
	13
	30,690
	
	7 (53.8)
	3 (23.1)
	3 (23.1)

	Sibling smoking
	
	
	
	
	

	Initiation
	2
	3,526
	
	1 (50.0)
	1 (50.0)
	0 (0.0)

	Escalation
	1
	504
	
	0 (0.0)
	1 (100.0)
	0 (0.0)

	Total
	3
	4,030
	
	1 (33.3)
	2 (66.7)
	0 (0.0)

	Family/household smoking
	
	
	
	

	Initiation
	4
	5,031
	
	0 (0.0)
	3 (75.0)
	1 (25.0)

	Escalation
	2
	511
	
	1 (50.0)
	0 (0.0)
	1 (50.0)

	Total
	6
	5,542
	
	1 (16.7)
	3 (50.0)
	2 (33.3)

	Close friend smoking
	
	
	
	
	

	Initiation
	11
	17,685
	
	6 (54.5)
	2 (18.2)
	3 (27.3)

	Escalation
	10
	28,086
	
	*4 (40.0)
	6 (60.0)
	0 (0.0)

	Total
	21
	45,771
	
	10 (47.6)
	8 (38.1)
	3 (14.3)

	Romantic partner smoking
	
	
	
	

	Initiation
	0
	0
	
	NA
	NA
	NA

	Escalation
	1
	779
	
	1 (100.0)
	0 (0.0)
	0 (0.0)

	Total
	1
	779
	
	1 (100.0)
	0 (0.0)
	0 (0.0)

	Perceived prevalence of peer smoking
	
	
	
	
	

	Initiation
	4
	7,809
	
	1 (25.0)
	1 (25.0)
	2 (50.0)

	Escalation
	7
	14,376
	
	4 (57.1)
	2 (28.6)
	1 (14.3)

	Total
	11
	22,185
	
	5 (45.5)
	3 (27.3)
	3 (27.3)

	Perceived prevalence of adult smoking
	
	
	
	
	

	Initiation
	2
	3,007
	
	1 (50.0)
	0 (0.0)
	1 (50.0)

	Escalation
	1
	3,637
	
	1 (100.0)
	0 (0.0)
	0 (0.0)

	Total
	3
	6,644
	
	2 (66.7)
	0 (0.0)
	1 (33.3)

	INJUNCTIVE NORMS
	
	
	
	
	

	Parent approval
	
	
	
	
	

	Initiation
	6
	15,834
	
	1 (16.7)
	3 (50.0)
	2 (33.3)

	Escalation
	5
	7,380
	
	1 (20.0)
	3 (60.0)
	1 (20.0)

	Total
	11
	23,214
	
	2 (18.2)
	6 (54.5)
	3 (27.3)

	Sibling approval
	
	
	
	
	

	Initiation
	0
	0
	
	NA
	NA
	NA

	Escalation
	1
	504
	
	0 (0.0)
	1 (100.0)
	0 (0.0)

	Total
	1
	504
	
	0 (0.0)
	1 (100.0)
	0 (0.0)

	
Table 1 continued below.




	Table 1 (continued). Summary of associations between smoking norms and smoking uptake (initiation and escalation) among youth (30 articles)

	Norm and outcome
	Number
	
	Evidence of associations
(n articles (%))

	
	Articles
	Respondents
	
	Some (p<.05)
	Mixed
	Little (p≥.05)

	Close friend/peer approval
	
	
	
	
	

	Initiation
	5
	8,214
	
	0 (0.0)
	3 (60.0)
	2 (40.0)

	Escalation
	7
	5,923
	
	3 (42.9)
	2 (28.6)
	2 (28.6)

	Total
	12
	14,137
	
	3 (25.0)
	5 (41.7)
	4 (33.3)

	Romantic partner approval
	
	
	
	
	

	Initiation
	0
	0
	
	NA
	NA
	NA

	Escalation
	1
	779
	
	1 (100.0)
	0 (0.0)
	0 (0.0)

	Total
	1
	779
	
	1 (100.0)
	0 (0.0)
	0 (0.0)

	Teacher approval
	
	
	
	
	

	Initiation
	0
	0
	
	NA
	NA
	NA

	Escalation
	1
	3,521
	
	0 (0.0)
	1 (100.0)
	0 (0.0)

	Total
	1
	3,521
	
	0 (0.0)
	1 (100.0)
	0 (0.0)

	Important people approval
	
	
	
	
	

	Initiation
	3
	2,665
	
	0 (0.0)
	1 (33.3)
	2 (66.7)

	Escalation
	2
	1,078
	
	1 (50.0)
	0 (0.0)
	1 (50.0)

	Total
	5
	3,743
	
	1 (20.0)
	1 (20.0)
	3 (60.0)

	Public approval
	
	
	
	
	

	Initiation
	2
	2,577
	
	0 (0.0)
	1 (50.0)
	1 (50.0)

	Escalation
	0
	0
	
	NA
	NA
	NA

	Total
	2
	2,577
	
	0 (0.0)
	1 (50.0)
	1 (50.0)

	PRESSURE

	Pressure to smoke from parents
	
	
	
	
	

	Initiation
	1
	4,055
	
	0 (0.0)
	0 (0.0)
	1 (100.0)

	Escalation
	1
	504
	
	0 (0.0)
	1 (100.0)
	0 (0.0)

	Total
	2
	4,559
	
	0 (0.0)
	1 (50.0)
	1 (50.0)

	Pressure to smoke from siblings
	
	
	
	
	

	Initiation
	0
	0
	
	NA
	NA
	NA

	Escalation
	1
	504
	
	0 (0.0)
	1 (100.0)
	0 (0.0)

	Total
	1
	504
	
	0 (0.0)
	1 (100.0)
	0 (0.0)

	Pressure to smoke from friends/peers
	
	
	
	
	

	Initiation
	2
	4,497
	
	0 (0.0)
	2 (100.0)
	0 (0.0)

	Escalation
	1
	4,497
	
	1 (100.0)
	0 (0.0)
	0 (0.0)

	Total
	3
	504
	
	1 (33.3)
	2 (66.7)
	0 (0.0)


NA=Not Applicable
* In one [73] of these four articles, close friend smoking was negatively associated with smoking escalation (see Table S5, supporting information, for further details).



Table 2. Random-effects meta-regression of norm type and study characteristics on pooled effect-size of youth smoking initiation (k=58 associations)
	[bookmark: _Toc18593622][bookmark: _Ref18698475][bookmark: _Toc20574836][bookmark: _Ref18698480][bookmark: _Ref17454247]Variable (univariable I2 / Adj R2)
	
	Univariable
associations
	
	Multivariable associations1

	
	k
	OR (95% CI)
	p
	
	OR (95% CI)
	p

	Norm type (89.3/28.2)
	
	 
	
	
	 
	

	Peer smoking prevalence (ref)
	4
	1.00 
	
	
	1.00 
	

	Parent smoking
	9
	1.59 (0.97-2.61)
	.063
	
	1.62 (1.07-2.45)
	.024

	Sibling smoking
	2
	2.09 (1.03-4.22)
	.040
	
	2.28 (1.26-4.11)
	.006

	Family/household smoking
	5
	1.23 (0.71-2.13)
	.451
	
	1.39 (0.89-2.19)
	.150

	Close friend smoking
	13
	2.12 (1.32-3.39)
	.002
	
	2.05 (1.38-3.03)
	<.001

	Adult smoking prevalence
	3
	1.12 (0.60-2.06)
	.726
	
	1.23 (0.74-2.02)
	.426

	Parent approval
	8
	1.45 (0.88-2.40)
	.146
	
	1.47 (0.97-2.23)
	.072

	Close friend/peer approval
	4
	1.93 (1.06-3.52)
	.031
	
	1.75 (1.05-2.91)
	.032

	Important people approval
	5
	1.03 (0.59-1.78)
	.924
	
	1.12 (0.67-1.87)
	.660

	Public approval 
	2
	3.45 (1.48-8.04)
	.004
	
	2.07 (0.97-4.41)
	.061

	Pressure from parents
	1
	0.80 (0.33-1.90)
	.606
	
	0.92 (0.44-1.94)
	.836

	Pressure from friends/peers
	2
	1.15 (0.56-2.35)
	.702
	
	1.32 (0.70-2.50)
	.388

	Study characteristics
	
	
	
	
	
	

	Region (90.2/40.1)
	
	 
	
	
	 
	

	Asia (ref)
	7
	 1.00 
	
	
	 1.00 
	

	Europe
	22
	0.40 (0.28-0.56)
	<.001
	
	0.50 (0.34-0.72)
	<.001

	US
	29
	0.42 (0.30-0.58)
	<.001
	
	0.50 (0.35-0.72)
	<.001

	Risk of Bias (91.4/12.4)
	
	 
	
	
	 
	

	Low (NOS >3) (ref)
	22
	 1.00
	
	
	 1.00 
	

	High (NOS ≤3)
	36
	0.71 (0.56-0.91)
	.007
	
	0.89 (0.72-1.11)
	.305

	Follow-up length2 (92.0/-2.0)
	58
	1.00 (0.99-1.01)
	.913
	
	
	

	Mean age of sample2 (92.9/-1.9)
	58
	0.99 (0.93-1.06)
	.788
	
	
	

	% female in sample 2 (92.9/4.2)
	58
	0.99 (0.98-1.00)
	.095
	
	
	

	School setting (92.8/-0.3)
	
	 
	
	
	 
	

	Yes (ref)
	39
	 1.00 
	
	
	 
	

	No
	19
	0.89 (0.68-1.16)
	.388
	
	 
	

	Data collection year (92.8/0.8)
	
	 
	
	
	 
	

	1998-2000 (ref)
	26
	 1.00 
	
	
	 
	

	2001-2018
	32
	0.87 (0.67-1.12)
	.277
	
	 
	

	Outcome (92.9/3.1)
	
	 
	
	
	 
	

	Any smoking (even a puff)
	41
	1.00 
	
	
	 
	

	Other
	17
	1.25 (0.95-1.64)
	.106
	
	 
	


Multivariate model I2=83.6, Adj. R2=54.9.
1 Multivariable analyses only include norm type and the study characteristics significant (at p<.05) in univariable analyses. 2 Continuous variables. k=number of associations. I2=the percentage of residual heterogeneity that is attributable to between-study heterogeneity. Adjusted R2=the percentage of between-study heterogeneity explained by the norm type/study characteristic. NOS=Newcastle-Ottawa Scale score.



[bookmark: _Ref16251099][bookmark: _Toc19642158][bookmark: _Ref20149770][bookmark: _Toc20574840]Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram describing article selection
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Primary reasons for exclusion are shown because some articles had more than one reason for exclusion. The reasons for exclusion are presented in terms of what exclusion criteria became apparent first during screening. See Supporting Information Table S2 for details on articles that were excluded due to multiplicity of samples, and Table S3 for details on articles that were included in the narrative review but excluded from the meta-analysis.


Figure 2. Random-effects meta-analysis of the pooled associations between descriptive norms and youth smoking initiation, grouped by social network and sorted by sample size
[image: ]
Country: US=United States; GB=Great Britain; 6 European=Finland, Denmark, the United Kingdom, the Netherlands, Spain, and Portugal. Age: Presented as range or mean (SD) depending on availability in source. *Mean presented (SD not available).

Figure 3. Random-effects meta-analysis forest plot of the pooled associations between injunctive norms and youth smoking initiation, grouped by social network and sorted by sample size
[bookmark: _Ref16602918][bookmark: _Ref20471745][bookmark: _Toc19642161][bookmark: _Toc20574843][image: ]Country: US=United States; GB=Great Britain; 6 European=Finland, Denmark, the United Kingdom, the Netherlands, Spain, and Portugal. Age: Presented as range or mean (SD) depending on availability in source. *Mean presented (SD not available).





Figure 4. Random-effects meta-analysis forest plot of the pooled associations between perceived pressure to smoke and youth smoking initiation, grouped by social network and sorted by sample size
[image: ]Country: 6 European=Finland, Denmark, the United Kingdom, the Netherlands, Spain, and Portugal. Age: Presented as range or mean (SD) depending on availability in source. *Mean presented (SD not available).
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