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Abstract

Smokers who inhabit social contexts with a greater number of smokers may be exposed to more 

positive norms towards smoking and more cues to smoke. This study examines the relation 

between number of smoking friends and changes in number of smoking friends, and smoking 

cessation outcomes. Data were drawn from Wave 1 (2002) and Wave 2 (2003) of the International 

Tobacco Control (ITC) Project Four Country Survey, a longitudinal cohort survey of nationally 

representative samples of adult smokers in Australia, Canada, United Kingdom, and United States 

(N=6,321). Smokers with fewer smoking friends at Wave 1 were more likely to intend to quit at 

Wave 1 and were more likely to succeed in their attempts to quit at Wave 2. Compared to smokers 

who experienced no change in their number of smoking friends, smokers who lost smoking friends 

were more likely to intend to quit at Wave 2, attempt to quit between Wave 1 and Wave 2, and 

succeed in their quit attempts at Wave 2. Smokers who inhabit social contexts with a greater 

number of smokers may be less likely to successfully quit. Quitting may be particularly unlikely 

among smokers who do not experience a loss in the number of smokers in their social context.
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Introduction

Smoking remains the leading preventable cause of morbidity and mortality in high-income 

countries (World Health Organization, 2009). The vast majority of smokers regret ever 

starting to smoke (Fong et al., 2004). Most smokers want to quit, however quitting smoking 

remains difficult (Centers for Disease Control and Prevention, 2011; Hughes & Keely, 

2004). In 2010 in the United States, 52.4% of smokers attempted to quit, and 6.2% 

successfully quit (Centers for Disease Control and Prevention, 2011). There is nearly 

universal agreement that the primary reason that quitting is difficult is because of the 

addictiveness of nicotine in cigarettes, and nicotine dependence is the most consistent 

predictor of failure in quit attempts (Benowitz, 2010; Jarvis, 2004; US Surgeon General, 

2010; Vangeli, Stapleton, Smit, Borland, & West, 2011).

Although nicotine addiction maintains smoking behavior, there is evidence that the social 

context also plays a role. Differences in smoking prevalence and cessation rates by country 

(Lopez, Collishaw, & Piha, 1994; World Health Organization, 2011), and within countries 

by gender (Hitchman & Fong, 2011) and by socioeconomic status suggest that the social 

context may exert powerful effects (Cavelaars, Kunst, Geurts, & Crialesi, 2000; Cummings, 

Fong, & Borland, 2009; Jarvis & Wardle, 2006). Individual smoking behavior and intensity 

of smoking also vary across social situations (Farkas, Gilpin, Distefan, & Pierce, 1999; 

Shiffman & Rathbun, 2011; Shiffman et al., 2002). Moreover, the presence of others’ 

smoking often precedes lapse/relapse to smoking following a quit attempt (O’Connell, 

Shiffman, & Decarlo, 2011; Shiffman et al., 2002; Shiffman, Paty, Gnys, Kassel, & 

Hickcox, 1996). To be sure, nicotine addiction and the social context, including cues to 

smoke, work together and affect smoking behavior in complex ways; research on nicotine 

addiction suggests that if people smoke around other smokers and smoking-related objects 

that these contextual features can become associated with the addiction, and act as cues for 

continued smoking (Benowitz, 2010).

Despite the apparent impact of the social context on smoking, there is only some research on 

how smokers in a person’s social context (particularly number of smoking friends) may be 

related to quit success, and even less research on how changes in smoking friends may be 

related to smoking cessation outcomes. Biener, Hamilton, Siegel, & Sullivan, (2010) 

commented that “although it seems an important socio-cultural factor, there is surprisingly 

little information about the role of smoking among one’s friends as a factor in adult 

cessation” (p.547). Interpersonal relationships are critical to daily life, and the desire to 

maintain these relationships is regarded as fundamental to human motivation; hence, the role 

of this socio-cultural factor in smoking cessation needs to be better understood (Baumeister, 

1995).

Smokers who inhabit a social context with a greater number of smokers could be less likely 

to quit for several reasons. Smokers with more smoking friends may be exposed to more 

smoking cues during quit attempts, increasing the potential for relapse (Shiffman, 2005). 

Smokers with more smoking friends may also be exposed to more positive norms towards 

smoking, and may be less motivated to attempt to quit (Borland et al., 2010; Christakis & 

Fowler, 2009; Levine & Moreland, 2006). They may also have less social support to quit, 
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including less access to information through their social networks about effective cessation 

strategies (Valente, 2011; Westmaas, Bontemps-Jones, & Bauer, 2010). Indeed, number of 

smoking friends may provide the social context for one or more of the above factors to 

operate.

Population studies using longitudinal data suggest that smokers with more smoking friends 

are less likely to quit (Biener et al., 2010; Herd, Borland, & Hyland, 2009; Levy, Biener, & 

Rigotti, 2009; Osler & Prescott, 1998). Other longitudinal studies also show that smokers 

who live with other smokers are less likely to quit (Chandola, Head, & Bartley, 2004; 

Hyland et al., 2004; Hymowitz et al., 1997), and one study found that smokers who were 

often in the presence of other smokers were less likely to succeed in their quit attempts 

(Zhou et al., 2009).

Although the relation between smokers’ number of smoking friends at baseline and some 

smoking cessation outcomes has been considered, less attention has been paid to how 

changes in a smokers’ number of smoking friends over time may be related to smoking 

cessation. A study of smoking in a large social network found that over a 32-year period, 

people who continued to smoke remained connected to social contacts who also smoked, 

and that connections between smokers and non-smokers diminished as people quit 

(Christakis & Fowler, 2008). Additionally, theories that can be applied to behavior change, 

such as PRIME, which stands for plans, responses, impulses, inhibitions, motives, and 

evaluations (West, 2006, 2009), emphasize the importance of transitions in motivation in the 

smoking cessation process (e.g., from wanting to quit to not wanting to quit), and how 

changes in the environment can trigger a quit attempt, or a lapse back to smoking. 

Population interventions to encourage quitting also focus on the need to change the 

environment (e.g., increase cigarette prices). Therefore it seems natural to consider whether 

a change in the number of smokers in a person’s social context is related to smoking 

cessation. Additionally, most previous studies have not considered the impact of smoking 

friends on the full range of smoking cessation outcomes, including quit intentions 

(longitudinal and cross-sectional), quit attempts, and quit attempt success.

The current study examines how both (a) smokers’ number of smoking friends at baseline, 

and (b) changes in smokers’ number of smoking friends over time, are related to smoking 

cessation outcomes, including: (a) quit intentions, (b) quit attempts, and (c) quit attempt 

success; this study used nationally representative longitudinal cohort samples of adult 

smokers from Australia, Canada, United Kingdom (UK), and United States (US). All 

analyses controlled for demographics and other predictors of smoking cessation.

Differences in the relation between both number of smoking friends and changes in number 

of smoking friends, and the smoking cessation outcomes across countries and by level of 

education and income (socioeconomic status; SES), and ethnicity (majority vs. minority 

group) were also considered. The relation between having more smoking friends and 

smoking cessation outcomes may be stronger for low SES and minority (non-white) 

populations because research suggests that they are more likely to deeply construe 

themselves into their social networks (be interdependent; Markus & Kitayama, 1991; 

Stephens, Markus, & Townsend, 2007).
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Methods

Survey

The International Tobacco Control (ITC) Four Country Survey is a nationally representative 

longitudinal cohort survey of current adult smokers (at recruitment) in Australia, Canada, 

UK, and US, who were recruited using random digit dialing methods starting in 2002. 

Current smoking was defined as having smoked at least 100 lifetime cigarettes and having 

smoked at least once in the last 30 days. Further details of the methodology are available 

elsewhere (Fong et al., 2006; ITC Project, 2004, 2011; Thompson et al., 2006). The ITC 

Four Country Survey is part of the International Tobacco Control Policy Evaluation Project 

that consists of parallel cohort surveys of smokers and non-smokers in 22 countries.

Respondents

Respondents were drawn from Wave 1 and Wave 2 of the ITC Four Country Survey. Data 

collection involved Computer Assisted Telephone Interviewing, with Wave 1 data collected 

between October and December of 2002, and Wave 2 between May and September of 2003. 

A mean of 6.7 months separated the surveys. The current study used the Wave 1 – Wave 2 

longitudinal sample (N=6,682) of respondents who completed both waves. The Wave 1 – 

Wave 2 follow-up rates were 81% in Australia, 76% in Canada, 78% in the UK, and 63% in 

the US. Respondents with missing or “don’t know” responses on key variables were deleted. 

The final sample size was (N=6,321).

Measures

The key independent variables were number of smoking friends at Wave 1, and change in 

number of smoking friends between Wave 1 and Wave 2 (friend change). To measure 

number of smoking friends, respondents were asked, “Of the five closest friends or 

acquaintances that you spend time with on a regular basis, how many of them are smokers 

(0, 1, 2, 3, 4, or 5)?” Friend change was measured as the difference between number of 

smoking friends at Wave 1 and number of smoking friends at Wave 2, creating an 11 

category variable that ranged from a loss of five friends (−5), to no change (0), to a gain of 

five friends (5). From the eleven category variable, a three category variable was derived: 

loss vs. no change vs. gain in number of smoking friends.

Demographic Characteristics at Wave 1

Demographic measures included country (Australia, Canada, UK, and US), sex, age group 

(18–24, 25–39, 40–54, or 55+), education (low=high school or less; medium=technical, 

trade school, or community college (some or completed), or some university; and high=at 

least a university degree), employment outside the home (yes/no), ethnicity, and annual 

household income. Ethnicity was defined as white (majority group) vs. non-white (minority 

group) in Canada, the UK, and the US, and as English spoken in the home (majority group) 

vs. language other than English (minority group) in Australia. For UK, income was 

categorized as: low = under £30,000, moderate = £30,000–£44,999, and high = £45,000 or 

higher. Because there were a large number of ‘don’t know’/refusals for income, a fourth 

category was coded for these responses (‘no answer’).
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Smoking cessation predictor variables at Wave 1

Smoking cessation predictor variables included smoking status (daily vs. non-daily), 

heaviness of smoking index (HSI, a measure of nicotine dependence), quit attempt in last 

year (yes vs. no), intentions to quit, longest quit attempt (never, one week or less, more than 

one week but less than six months, or six months or more), outcome expectancy of quitting, 

and worry that smoking will damage health. HSI is a composite measure of cigarettes per 

day (0–10, 11–20, 21–30, or >30), and minutes to first cigarette after waking (<5, 6–30, 31–

60, or >60), with higher scores (range of 0 – 6) signifying greater nicotine dependence 

(Heatherton, Kozlowski, Frecker, Rickert, & Robinson, 1989). To measure intentions to 

quit, smokers were asked if they were planning to quit smoking, and answers were coded as 

indicating: intention to quit (in next month, in next six months) vs. no intention (intention to 

quit beyond six months, not planning to quit, or don’t know). To assess positive outcome 

expectancies of quitting, respondents were asked: how much do you think you would benefit 

from health and other gains if you were to quit smoking permanently in the next six 

months…not at all, slightly, moderately, very much, or extremely? For worry that smoking 

would damage their health, respondents were asked: How worried are you, if at all, that 

smoking will damage your health in the future…not at all worried, a little worried, 

moderately worried, or very worried?

Smoking Cessation Outcomes

Smoking cessation outcomes included: intentions to quit smoking at Wave 1 and 2, quit 

attempt between Wave 1 and Wave 2, and quit attempt success. The same measure for 

intentions to quit that is described above for Wave 1 was used again at Wave 2. For quit 

attempts, respondents were asked if they had made any attempts to stop smoking since Wave 

1 (attempt vs. no attempt to quit). Among smokers who attempted to quit between Wave 1 

and Wave 2, quit attempt success was defined as having been quit for at least one month at 

the Wave 2 interview date.

Analyses

All measures were treated as categorical variables. The exceptions were (1) Heaviness of 

Smoking Index (HSI), (2) outcome expectancy of quitting, and (3) worried smoking will 

damage health, which were treated as continuous variables.

Analyses were conducted using SAS 9.2. Survey weights were computed using estimated 

population values from national benchmark surveys. The longitudinal Wave 1 – Wave 2 

survey weights used in the current analysis were adjusted for Wave 1-Wave 2 attrition. 

Further details on weight construction are available elsewhere (Fong et al., 2006; ITC 

Project, 2004, 2011; Thompson et al., 2006).

Logistic regression analyses were used to examine the relation between the smoking 

cessation outcomes and both number of smoking friends at Wave 1, and changes in number 

of smoking friends between Wave 1 and Wave 2. Note that the relation between intentions 

to quit at Wave 1 and changes in smoking friends between Wave 1 and Wave 2 was not 

examined, and is being explored in a forthcoming publication.
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For models predicting each smoking cessation outcome, a different analytic sample was 

used: intentions to quit at Wave 1 and quit attempts at Wave 2 included all respondents 

(N=6,321); intentions to quit at Wave 2 included respondents who were still smoking at 

Wave 2 (N=5,739); and quit attempt success at Wave 2 included only respondents who 

made a quit attempt between Wave 1 and Wave 2 (N=2,308). Interactions were tested using 

the method described by Jaccard (2001) to determine whether the relation between both 

number of smoking friends and changes in number of smoking friends and the smoking 

cessation outcomes differed across countries and by SES (education and income).

All analyses used logistic regression, and controlled for demographics and smoking 

cessation predictor variables. Because number of smoking friends at Wave 1 was predictive 

of number of smoking friends at Wave 2, all analyses that included friend change, included 

number of smoking friends at Wave 1 as a covariate.

Results

Key sample characteristics

Key sample characteristics are presented in Table 1. Although the three category friend 

change variable was used in all analyses (loss vs. no change vs. gain), the frequencies for the 

eleven category variable are presented to illustrate the variable’s distribution. Differences 

between respondents in this study (Wave 1 – Wave 2 sample) and those lost to follow-up at 

Wave 2 were examined for the characteristics in Table 1, and intentions to quit. Respondents 

with the following characteristics were more likely to be lost to follow-up: from the US, 

younger, minority group (except UK), low education (Canada and US), males (US), and 

respondents with more smoking friends. There were no significant differences in follow-up 

for intentions to quit or smoking status.

Number of smoking friends at Wave 1 and intentions to quit at Wave 1, intentions to quit at 
Wave 2, quit attempts, and quit attempt success at Wave 2

Number of smoking friends at Wave 1 was significantly related to intentions to quit at Wave 

1, and quit attempt success at Wave 2 (see Table 2). Smokers with 5 vs. 0 smoking friends at 

Wave 1 were less likely to intend to quit at Wave 1 (OR = 0.76; p =.02). Smokers with 5 vs. 

0 smoking friends at Wave 1 were also less likely to be successful in their attempts to quit 

smoking at Wave 2 (OR = 0.60; p = .03). No other statistically significant associations were 

found between number of smoking friends at Wave 1 and these or other smoking cessation 

outcomes.

Tests of interactions by country, education, and ethnicity were not significant, suggesting 

that the relation between number of smoking friends and the smoking cessation outcomes 

did not differ across countries, or by education or ethnicity. Tests of interactions by income 

for intentions to quit, and quit attempt success were not statistically significant, suggesting 

that the relation between number of smoking friends and smoking cessation outcomes did 

not differ by income. However the interaction for income by number of smoking friends for 

quit attempts was significant, Wald χ2(15, N = 6321) = 27.35, p = . 03. Examination of the 
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interaction showed no meaningful pattern of results, and the possibility that this interaction 

was driven by the ‘no answer’ income category.

Changes in number of smoking friends between Wave 1 and Wave 2, and intentions to 
quit, quit attempts, and quit attempt success at Wave 2

Change in number of smoking friends was significantly related to intentions to quit at Wave 

2, quit attempts at Wave 2, and quit attempt success at Wave 2 (see Table 3). Compared to 

smokers who experienced no change in their number of smoking friends, smokers who 

gained smoking friends were less likely to intend to quit at Wave 2 (OR = 0.82; p = .04).

Although this analysis showed that smokers who lost smoking friends were not significantly 

more likely to intend to quit compared to those who experienced no change, see Table 3, 

analyses not shown here using the 11-category friend change variable (−5 to 0 to 5), found 

that some comparisons were significant, e.g., smokers who lost 4 smoking friends were 2.22 

times more likely to intend to quit than smokers who experienced no change, (OR = 2.22, 

95% CI = 1.09–4.55; p = .03).

Smokers who lost smoking friends were significantly more likely to have attempted to quit 

than smokers who experienced no change in their smoking friends (OR = 1.50; p<.0001). 

However, smokers who gained smoking friends were no more or less likely to have 

attempted to quit than smokers who experienced no change.

Smokers who lost smoking friends were more likely to have been successful in their attempt 

to quit compared to those who experienced no change in their smoking friends (OR = 1.62; p 

<.01). However, again, smokers who gained smoking friends were no more or less likely to 

have successfully quit than smokers who experienced no change. Tests of interactions by 

country, education, and ethnicity were not significant, suggesting that the relation between 

change in number of smoking friends and the smoking cessation outcomes did not differ 

across countries, education, or ethnicity.

The friend change by income interactions for intentions to quit, and quit attempt success 

were not statistically significant, however the friend change by income interaction for quit 

attempts was, Wald χ2 (6, N=6321) =14.06, p = .03. See Figure 1. For low income 

respondents there was no significant relation between friend change and quit attempts; low 

income respondents who lost smoking friends, and low income respondents who gained 

smoking friends were no more, (OR = 1.01, 95% CI = 0.75–1.36; p = .93) or less likely, (OR 

= 0.91, 95% CI = 0.69–1.55; p = .55), to attempt to quit than those who experienced no 

change. In contrast, moderate and high income respondents who lost smoking friends were 

significantly more likely to attempt to quit compared to respondents who experienced no 

change (OR = 1.75, 95% CI = 1.34–2.29; p<.0001), and (OR = 1.82, 95% CI = 1.38–2.41; 

p<.0001), respectively. Further analyses showed that the results for respondents who gave 

no answer for income was similar to low income respondents.
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Discussion

This study found that across nationally representative samples of smokers in four countries 

changes in smokers’ number of smoking friends were related to their intentions to quit (at 

Wave 2), making quit attempts, and quit attempt success. Smokers who lost smoking friends 

were more likely to intend to quit at Wave 2, and smokers who gained smoking friends were 

less likely to intend to quit (additional analyses using the 11 category friend change 

variable). Smokers who lost smoking friends were also more likely to attempt to quit, and be 

successful in their attempts. However, smokers who gained smoking friends were no more 

or less likely to attempt to quit, or to succeed in their attempts to quit. This contrast in 

findings suggests that changes in a smoker’s social context contrary to their current behavior 

(i.e., loss in smoking friends) are related to behavioral change, whereas changes in the social 

context in line with current behavior (i.e., gain in smoking friends) are not. Additionally, 

although not explicitly discussed, this study found a surprising lack of constancy in people’s 

number of smoking friends, with 60% reporting a change over an average span of 6.7 

months.

Unexpectedly, there was no relation between change in number of smoking friends and quit 

attempts among low income respondents. However, moderate and high income respondents 

who lost smoking friends were more likely to attempt to quit than respondents who 

experienced no change in their smoking friends. It is possible that losing smoking friends 

may not affect low income respondents’ motivation to quit because a loss in smoking friends 

may exert less influence or be overshadowed by other factors such as overall positive norms 

toward smoking in their social context, more stressful circumstances, higher prevalence of 

comorbid disorders, or other features associated with low SES that could impede quit 

behavior (Hiscock, Bauld, Amos, Fidler, & Munafò, 2012). Similar to the current study, 

Christakis and Fowler (2008) concluded that smokers with more education were both more 

likely to be influenced by their friends’ cessation behavior, and more likely to influence their 

friends’ cessation behavior (Christakis & Fowler, 2008).

Overall, the relation between changes in smoking friends and the smoking cessation 

outcomes suggests that further insights into the cessation process may be gained by 

considering the impact of change in the social context on smoking behavior. Others have 

similarly emphasized the need to study quitting as a ‘dynamic’ process that is influenced by 

changing factors (Larabie, 2005; Shiffman, 2005; West & Sohal, 2006).

Seemingly in line with the results for changes in smoking friends, smokers’ number of 

smoking friends at baseline was positively associated with both quit intentions at Wave 1 

and with successfully quitting at Wave 2. A previous study similarly found that smokers 

who were more likely to report being in the presence of other smokers were less likely to be 

successful in their attempts to quit (Zhou et al., 2009). Another study also that found that 

smokers with more smoking friends (assessed when quit) were more likely to relapse (Herd 

et al., 2009). This study differs from the previous because it focused on current smokers at 

baseline, and considered the effect of changes in smoking friends.
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This study has implications for future research, and cessation interventions. Future studies 

could examine the barriers that smokers encounter when trying to avoid other smokers when 

quitting, and how changes in smoking friends may be related to long-term abstinence. 

Interventions could help smokers avoid other smokers during quit attempts, keeping in mind 

that changing the current social context to minimize or even end contact with smoking 

friends may be difficult. Low SES smokers, who have been hypothesized to have difficulty 

succeeding in their quit attempts because of the high number of smokers in their social 

context (Hiscock et al., 2012; Jarvis, 2004; Kotz & West, 2009; Rose, Chassin, & Presson, 

1996; Wiltshire, Bancroft, Parry, & Amos, 2003), may benefit the most from these 

interventions. Other strategies could also be encouraged, including eliciting social support 

for quitting, asking others not to smoke around them, and possibly helping them build 

connections with other smokers who want to quit or ex-smokers from their community 

through smoking cessation clinics. Unfortunately, the effectiveness of these interventions 

may depend on the ability of former smokers to avoid other smokers in the long-term 

(Hawkins, Hollingworth, & Campbell, 2010; Macy, Seo, Chassin, Presson, & Sherman, 

2007; Wiltshire et al., 2003).

The main limitation of this study is that the design does not allow determination of the 

nature of the temporal sequencing between changing the number of smoking friends and the 

smoking cessation outcomes. Thus, although there was a relation between losing smoking 

friends and intentions, attempts, and quit success, it is uncertain whether the loss occurred 

prior to and/or after the smoking cessation outcome. Additionally, it is uncertain whether the 

relation between changes in smoking friends and smoking cessation outcomes is due to 

endogeneous, contextual, and/or correlated effects (for a full discussion see; Manski, 1993, 

1995). For example, the relation would be contextual if the respondent and their friend were 

both exposed to the same tobacco control policies which led them to quit, whereas it would 

be endogeneous if the friend quit smoking because the respondent quit or had recently 

attempted to quit. Another limitation is the use of self-report. For instance, respondents may 

have forgotten about a quit attempt (Berg et al., 2010; Gilpin & Pierce, 1994). Another 

limitation is differential attrition among some groups, and greater attrition in the US which 

may have led to some attrition bias. For example, because smokers with more smoking 

friends were more likely to be lost to follow-up, the findings may underrepresent this group. 

It is also possible that time-related changes in respondents’ number of smoking friends may 

be quite different amongst populations that were not followed-up, because they may have 

been more likely to have moved and to have established new social networks.

The measure of number of smoking friends also has limitations. For example, because it 

asked about close friends and acquaintances, it is possible that respondents thought about 

different people when they responded. Indeed, cognitive testing by Thrasher et al., (2011) 

suggests that some respondents considered family members; however, there was no 

evidence of systematic bias in understanding the question across smokers from Anglophone 

countries. It is nonetheless possible that the measure included random error if some 

respondents thought about different friends at each wave. Although reliability of 

measurement may have been lower than desired, this cannot, in and of itself, explain the 

results whose direction and magnitude fit with prior research and associated hypotheses. It is 
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also uncertain why respondents experienced changes in their smoking friends (friend quit 

smoking, de-selected smoking friend, etc.).

Despite limitations, the study had important strengths. The use of the nationally 

representative longitudinal cohort samples allowed the relation between number of smoking 

friends and smoking cessation outcomes to be examined prospectively across four countries. 

The consistency of the results across the four countries strengthens the confidence in our 

conclusions. The breadth of smoking cessation outcomes examined was an additional 

strength, particularly as it is increasingly clear that the predictors of quit attempts and 

successful quitting differ (Borland et al., 2010; Fidler & West, 2011; Kotz & West, 2009; 

Vangeli et al., 2011).
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Figure 1. 
Income x Change in Number of Smoking Friends (loss, no change, gain) Interaction and 

Attempts to Quit Smoking at Wave 2
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