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Abstract

There is a well-established socioeconomic gradient in smoking behaviour: those with lower
socioeconomic status smoke more. However, much less is known the mechanisms explaining how
SES is linked to smoking. This study takes a social-ecological perspective by examining whether
socioeconomic status affects smoking behaviour by differential exposure to places where smoking
is allowed. Exposure to smoking restrictions was assessed in real-time using Ecological
Momentary Assessment methods. A sample of 194 daily smokers, who were not attempting to
quit, recorded their smoking and information about situational and contextual factors for three
weeks using an electronic diary. We tested whether a smoker’s momentary context mediated the
relationship between socioeconomic status (educational attainment) and cigarettes smoked per day
(CPD). Momentary context was operationalized as the proportion of random assessments
answered in locations where smoking was allowed versus where smoking was not allowed. Data
were analysed using multilevel regression (measurements nested within participants) with a lower
level mediation model (2-1-1 mediation). Although no significant direct effect of SES on CPD
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were observed, there was a significant indirect effect of SES on CPD via the momentary context.
Compared to participants with higher education, lower educated participants were more likely to
encounter places where smoking was allowed, and this in turn, was associated with a higher
number of CPD. These findings suggest that SES is associated with smoking at least partially via
differential exposure to smoking- friendly environments, with smokers from lower SES
backgrounds accessing more places where smoking is allowed. Implications for current smoke-
free legislation are discussed.
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1 Introduction

Smoking remains one of the leading causes of preventable disease and death in the
developed world (Ng et al, 2014), and what is more important, it is unequally distributed
between groups of different socioeconomic status (SES; often indicated by differential
resources such as education, income, or occupational status): groups and individuals with
lower SES smoke more (Fidler, Jarvis, Mindell, & West, 2008; Hiscock, Bauld, Amos,
Fidler, & Munafo, 2012; Pisinger, Aadahl, Toft, & Jorgensen, 2011). While the associations
between SES and tobacco use are well established, much less is known about the processes
and mechanisms linking SES to smoking behaviour. One potential mechanism this paper
explores is differential exposure to physical contexts and their corresponding behavioural
implications for smoking according to SES: Poland et al. (2006) suggest that, depending on
SES, smokers are exposed to environments that are more or less permissive of smoking,
which in turn influences smoking.

Exploring the relationship between SES and smoking is challenging, as SES can affect
health-related behaviours such as smoking via influences on different environmental levels,
ranging from individual factors over proximal- level factors such as one’s neighbourhood to
macro-level or societal factors (Schiiz, 2017). Previous studies have looked at these
indicators in isolation: When looking at the community level as contextual unit, smoking
rates are significantly higher in more disadvantaged areas (Bernard et al., 2007; Bobak,
Jarvis, Skodova, & Marmot, 2000) compared to more affluent areas. For example, prior to
the smoke-free legislation in Scotland in 2006, smoking was not only more prevalent among
socioeconomically disadvantaged communities, those communities were also less likely to
have tobacco control policies and were more likely to permit smoking rather than more
affluent communities (Eadie et al., 2008; Plunkett, Haw, Cassels, Moore, & O’Connor,
2000). The idea underlying such studies is that the neighbourhood comprises of built and
social environment features that provide resources such as access to libraries, playgrounds or
the presence of environments that support healthy lifestyles. However, such measures do not
take individual socioeconomic characteristics into account, thus potentially falling prone to
the ecological fallacy (Spicker, 2001). On the other hand, only considering individual
characteristics such as education might lead to false conclusions (atomistic fallacy) as the
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environment people are embedded in features socioeconomic inequalities that can facilitate
or constrain health behaviour (Diez-Roux, 1998).

In addition to these considerations, it has been argued that context is less a fixed
geographical location, but the entirety of varying physical and social environments that
people are being exposed to — that is, both their place of residence, but also environments
they encounter at work or on the way to work (Barnett, Moon, Pearce, Thompson, & Twigg,
2017). This highlights that in order to understand the effects of context on smoking, we need
to take into account that contexts vary over time, and that these contexts can vary as a
function of SES. Supporting this idea, a previous qualitative study (Paul et al., 2010) found
that smokers of lower SES not only reported higher smoking prevalence, but also perceived
a more smoke-permitting social context than smokers of high SES. Furthermore, smokers
with lower SES encountered more environments that were more permissive towards
smoking, in particular via workplaces that were more conducive to smoking by enforcing
less anti-smoking regulations, and with more access to smoking breaks. Conversely, high
SES smokers encountered more anti-smoking factors in their everyday environment. In
terms of perceptions of social acceptance, smokers in lower SES neighbourhoods reported
smoking in public to be more acceptable compared to those in high SES neighbourhoods.
Moreover, while government regulations, such as bans on cigarette sales tend to empower
high SES smokers to quit smoking, low SES smokers are more likely to circumvent those
regulations by seeking alternative, illegal sources of cigarettes (Paul et al., 2010).

To date, research on the SES gradient in smoking has largely ignored the impact of
differential environments on smoking. For example, individuals with higher educational
attainment are more likely to work in ‘white collar’ environments (offices with a higher
likelihood of smoking bans) than individuals with lower educational attainment, who are
more likely to work in service or outdoors environments where smoking bans are less
prevalent and easier to circumvent (Barnett et al., 2017). The interaction between personal
and contextual factors, and their influence on behaviour, suggests that more in-depth
investigation in real-time and real-world is necessary. Consequently, this study aimed to
investigate the relevance of contextual factors—specially the prevalence of environments
where smoking is allowed—using Ecological Momentary Assessment (EMA: Shiffman,
Stone, & Hufford, 2008) methods. The relative exposure to particular smoking environments
represents opportunities or barriers to smoking, which in turn are believed to have an
influence on smoking behaviour (Bancroft, Wiltshire, Parry, & Amos, 2003). More exposure
to smoking-permissive environments therefore poses less barriers and more opportunities to
smoke, whereas fewer encounters of pro smoking environments increases barriers and
provides less opportunities. These opportunities and barriers facilitate or constrain
behaviour, resulting in the final number of cigarettes smoked on any given day (Twyman,
Bonevski, Paul, & Bryant, 2014; Wiltshire, Bancroft, Parry, & Amos, 2003).

The goal of this study was to gain a better understanding of whether and how individual SES
is associated with exposure to smoking-related environments, and how these environments
in turn facilitate or impede smoking behaviour. This could identify intervention options, in
particular for people with lower SES. In this study, we investigate whether individual SES is
associated with the degree of smoking permissiveness of the environments that smokers
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encounter during the day, and whether this differential context exposure mediates the
relationship between SES and cigarettes smoked per day. We hypothesize that the
momentary context (partially) mediates the relationship between SES and CPD in a way that
smokers from low SES backgrounds are exposed to more places where smoking is allowed,
and that greater exposure is in turn associated with more cigarettes smoked.

2.1 Participants

The sample used in this analysis is a sub-set of a larger study examining differences between
daily and non-daily smokers and details on the recruitment methods have been reported
elsewhere (Shiffman et al., 2014a, 2014b). Briefly, 194 daily smokers were recruited in the
Pittsburgh area between November 2007 and January 2010. The study was introduced as a
naturalistic study of smoking patterns. To be eligible, participants had to be daily smokers
(defined as smoking 5 to 30 cigarettes per day) for at least the last 3 months, not planning to
quit, and be >21 years old.

2.2 Procedure

The study procedures have been described in detail elsewhere (Shiffman et al., 2014a,
2014b). Briefly, participants were required to monitor their smoking, activities and social
setting over 21 days (M=22.5, SD=4.12) using an electronic diary (ED). To monitor real-
time smoking, participants were provided with an ED and received hands-on individual
training. Participants were asked to carry the ED at all times during the waking day.
Participants were instructed to report each time they smoked a cigarette and a subset of these
reports (approximately 4-5 a day) was randomly selected for assessment of the situation they
were in (Shiffman et al., 2014a). To be able to compare the situations when participants were
not smoking, participants were also “beeped” 3-4 times a day (M= 3.52) at randomly
selected times (but never within 15 minutes of a smoking occasion) and asked to answer a
series of questions concerning non-smoking situations. Compliance was monitored at each
study visit and participants received feedback and were given additional training if needed.
Over the course of the EMA monitoring there were three visits, each at the end of the first,
second and third week of the study. Compliance was based on the percentage of random
prompts that were answered within two minutes of prompting. Compensation was provided
at the end of each week of monitoring with progressively larger increments ($15, $30, $75).
Finally, participants were asked to complete an evening and waking report where they were
asked to enter the number of additional cigarettes they smoked on that given day, which they
had not reported during the assessments. Data consisted of 13,761 smoking and 11,640 non-
smoking assessments. Each participant contributed an average of 70.9 (5D=25.14) smoking
assessments and 59.94 (SD= 19.42) non-smoking assessments.

2.3 Measures

Participants’ highest educational achievement (assessed during the baseline visit) was used
as indicator for socioeconomic status. Education was dichotomized as lower education (“8th
grade or less”, some high school, no graduation/ GED”, “high school graduate/ GED”) and

higher education (“some college”, “college graduate/ degree”, “some graduate work”,
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“graduate degree™). SES was operationalized via education because of several potential
mechanisms through which educational attainment might influence health behaviour (Wetter
et al., 2005): Higher educated persons might have developed better critical thinking skills or
information processing, and abilities required to interact with health care providers (Ross &
Wu, 1995). Furthermore, higher educated individuals are more likely to be socialized to
health-promoting behaviour and lifestyles, and are more likely to have better work and
economic conditions (Shavers, 2007). Additionally, using educational attainment as an
indicator for SES has the advantage of being available for both, men and women, generally
does not change throughout the life course, and has a high validity and reliability
(Galobardes, Shaw, Lawlor, Lynch, & Davey Smith, 2006).

The primary outcome, “number of cigarettes smoked per day” (CPD) was operationalized by
cross-referencing ED logs and daily retrospective reports assessed at the end of the day
(Shiffman, Dunbar, & Ferguson, 2015). Here, participants were asked to report any
additional cigarettes they had smoked but not reported during the day. This number was then
added to the number of cigarettes reported by participants over the day.

The mediatorvariable (momentary context) was operationalized by computing, for every
participant and every day, the ratio of random prompts answered in environments where
smoking was allowed divided by the sum of all random prompts answered where smoking
was allowed or forbidden. Situations in which smoking was discouraged were not included
in the analysis. For example, a person who responded to 4 random prompts per day, 3 of
these were answered in environments where smoking was allowed, and none in an
environment where smoking was discouraged, would be assigned a value of 0.75 for this
day. Smoking regulations at the current location was assessed during the random prompts
(“Smoking allowed?” with following possible responses: “Forbidden”, “Discouraged”, or
“Allowed™). These assessments represent a random sample of non-smoking times during the
day.

In this study, we were interested in examining indirect effects of SES (independent variable)
on smoking (dependent variable) via momentary context exposure (mediating variable).
Such mediation models allow exploring an underlying process by which an independent
variable influences a dependent variable through a third variable (mediator: Krull &
MacKinnon, 2001). In our case, this means exploring the proportions to which the total
effect of SES on smoking consists of the direct effect of SES (estimated while the mediating
variable remains unaltered) and the indirect effect via exposure (operationalised as the
product of the effects of SES on exposure and the effect of exposure on smoking). No
covariates were included in this analysis.

By nature, EMA data has a hierarchical structure with multiple daily assessments nested
within participants (cigarette reports, random assessments), which requires analyses that

Ladditional analyses using income as indicator of SES were conducted. While a similar direction of effects was found, effects of
income on environment were smaller, and indirect effects were not significant. Results of the analyses using income as SES indicator
can be found in the supplementary material.
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accommodate the hierarchical non-independency of observations. The independent variable,
SES, was measured on the level of the participant, and the mediating variable (exposure per
day) and dependent variable (cigarettes per day) were measured on the level of days
(level-1) nested under persons (level-2; Figure 1).

Therefore, a 2-1-1 mediation model (Preacher, Zyphur, & Zhang, 2010) with random
intercepts and random slopes was estimated. To estimate these models MPlus (TYPE =
TWOLEVEL RANDOM; Muthén & Muthén, 2012) was used.

Participants smoked on average 15 cigarettes per day (SD=5.86), 58.25% had an education
beyond high school, were 41 years old (50=11.18), 55% were male, and had been smoking
for 26 years (SD=11.83) on average. The demographic characteristics of the sample in
relation to SES are presented in Table 1. Lower SES participants were older and
significantly more likely to be African American. Compared to higher SES participants, they
did not significantly differ by gender, or annual household income.

Overall, lower SES participants responded to 9539 random prompts, whereas higher SES
participants answered 2101 prompts2. Smoking was allowed in 79.2% of the prompts
answered by lower SES participants and 59% of the prompts answered by higher SES
participants. Overall, smoking was forbidden in the locations where 14.6% of prompts were
answered by lower SES participants (62.5% forbidden by law), and 30.5% for higher SES
participants (69.2% forbidden by law). With regards to locations where smoking was
forbidden, 37.1% of these were at work in the low SES group, and 53.5% were at work in
the higher SES group.

The results for the multilevel mediation analysis are shown in Table 2.

Compared to lower educated participants, participants with higher SES (education) were
significantly less likely to encounter places where smoking was allowed (B=-0.188,
SD=0.056, p <.001). Participants who encountered relatively more smoking-permissive
environments relative to other participants, smoked more cigarettes per day (8B=4.963,
SD=1.782, p <.01). This resulted in a significant indirect effect (B=-0.966, SD=0.45, p<.05)
of educational achievement via the environment on CPD, which means that socioeconomic
status was indirectly associated with smoking behaviour via the environments encountered
throughout the day (Figure 2).

4 Discussion

In this study, we showed that the association between smokers’ individual SES and their
everyday smoking was partially mediated via their exposure to smoking-permissive
environments. Compared to smokers with higher SES, low SES smokers encountered
proportionally more locations per day in which smoking was allowed. This greater exposure

2More information on the characteristics of encountered environments with regard to SES can be found in the supplementary material

(Table. 4)
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to smoking-friendly environment was in turn associated with a higher number of cigarettes
smoked, suggesting an indirect effect of education via environmental exposure.

This underpins the importance of a perspective that conceptualises SES both as a person-and
a location-related construct that facilitates or constrains behaviour depending on individual
and momentary characteristics. This is in line with previous findings: Paul et al. (2010)
showed that low SES smokers experience more everyday encounters in which smoking is
acceptable. In addition, Wiltshire et al. (2003) argued that smoking is deeply embedded in
low SES smokers’ lives, as they might encounter fewer contexts in which smoking is
explicitly disallowed. This is also supported on a community level: Eadie et al. (2008)
showed that compliance in enforcing the 2006 smoking ban in Scottish bars was greater for
bars serving more affluent communities, whereas more violations were found in bars serving
more deprived communities.

Through the process of socialisation and the harmonization of individual’s attitudes and
behaviour with that of their socioeconomic status, individuals are provided with status
dependant lifestyles and ways of acting (Singh-Manoux & Marmot, 2005). Thus, bound to
social and environmental structures, individuals carry out status dependant behaviour. Using
Ecological Momentary Assessment (EMA) methods, we could show that via multiple
everyday encounters, the environment was significantly associated with how much
participants smoked over the day and that this was a function of SES.

4.1 Strengths and Limitations

The study’s strengths included the use of real-time EMA methods, which allow for detailed
characterization of environmental context and smoking behaviour without relying on
participants’ memory and, more importantly, assessing the time- and location-varying nature
of smoking regulations. The assessment of exposure to smoking-permissive environments
via a random sampling of non-smoking occasions allowed for a sample of places
participants encountered over the day, specifically in non-smoking situations. However, there
are some limitations to the study that need to be taken into account when interpreting the
findings. First, EMA data is essentially correlational in nature, which makes causal
interpretations difficult. For example, low SES smokers who tend to be heavier smokers
could deliberately apply for jobs in smoking friendly workplaces. Second, as with other self-
reported measures, using EMA, participants could have deliberately or unintentionally
misrepresented their behaviour (Furnham & Henderson, 1982). Third, self-reports and
situational characteristics have the potential to induce reactivity, which means that the
monitoring itself might change participant’s behaviour. However, results on the potential
behavioural reactivity of EMA methods on behaviour to date are mixed (Hufford, Shields,
Shiffman, Paty, & Balabanis, 2002; Rowan et al., 2007). Nevertheless, EMA methods
represent a substantial improvement over more common retrospective methods, by
maximising ecological validity, while avoiding recall bias (Schwarz, 2007).

Further, the data comprised of fewer assessments from higher SES participants than from
low SES participants. While we do not know the reason for this discrepancy, overall
compliance with answering random prompts was excellent—with participants completing
>87% of prompts—and, consistent with a previous study, we did not observe differences in
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compliance based on SES (Schiiz, Walters, Frandsen, Bower & Ferguson, 2014). As such,
we do not think this imbalance influenced our findings. Here we presented educational
attainment as the sole indicator of participants” SES, which does not adequately reflect
individuals relative position on a hierarchical social structure, which may also significantly
differ across income and racial/ ethnic or gender groups. Additional analyses (see
Supplementary files) with income as individual SES indicator show smaller effects of
income on the momentary environment and non-significant indirect effects, which suggests
that education and income might differentially affect where people spend their time — most
notably through differences in jobs and professions according to education. Nevertheless,
education is the strongest sociodemographic correlate of smoking (Pierce, 1989) and
perhaps the most widely used indicator of SES, because of its potential influence on future
occupational opportunities. Furthermore, caution needs to be taken when interpreting the
findings, as the analysis did not take into consideration whether smoking was forbidden by
law, own rule or others’ rule and the type of location participants inhabited during random
prompts. This can have implications for the effectiveness of additional smokefree
legislations. Both SES groups reported being at home for the vast majority of prompts where
smoking was allowed. Further research considering the type of locations is needed to
examine potential additional benefits through smokefree policies. In addition, smokefree
policies were introduced within the duration of the study. The Pennsylvania Clean Indoor
Air Act (2008) requires that public places and workplaces must be smoke-free. However, no
information about the stringency of policy enforcement within and between the
municipalities relevant for this study was available.

4.2 Implications

While it has been widely accepted that socioeconomic differences drive the uptake of
smoking in adolescents and its persistence across adulthood, tobacco control policies still
focus on changing behaviour, not individuals’ life circumstances. It has been suggested that
these tobacco control policies have had differential impact according to social status, tending
to rather increase than narrow the gap in health inequalities (Mackenbach, 2012). The
approaches to narrow down the gap in smoking rates between high and low SES smokers so
far have mainly focused on encouraging the de-normalisation of smoking and have found
mixed results (Giskes et al., 2007; Hill, Amos, Clifford, & Platt, 2014; Thomas et al., 2008).
As our findings suggest that SES is associated with smoking at least partially via differential
exposure to smoking- friendly environments, with smokers from lower SES backgrounds
accessing more places where smoking is allowed, current smoke-free legislation might need
to be extended in order to benefit smokers regardless of their SES. Tailored policy responses
reflecting different patterns of places smokers with low SES inhabit on a daily basis could
help narrowing the SES gap in smoking behaviour (Graham, Inskip, Francis, & Harman,
2006). Enforcing smoking restrictions on a mutual level across all workplaces, regardless of
outdoor or indoor workplaces, could benefit especially those smokers who are prone to
encounter more places where smoking is allowed or restrictions are not strictly enforced,
such as outdoor working places (Blue-collar workers).

As a strategy that is less dependent on SES, so-called choice architecture interventions that
aim to alter the environment by changing properties or placement of objects or stimuli
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within micro-environments (Hollands et al., 2013) might be promising. Being less dependent
on literacy and self-regulatory skills, which are generally lower in those with lower SES,
these interventions have the potential to reduce the social gradient in smoking. Reducing the
proximity and density of tobacco retail outlets or the size and number of cigarettes sold per
packet for example may influence the number of consumed cigarettes.

4.3 Conclusion

Our study suggests that place matters in terms of health behaviours such as smoking (Ellen,
Mijanovich, & Dillman, 2001; Frohlich, Corin, & Potvin, 2001). Our study extends previous
work on environmental effects on smoking by taking a decidedly within-participant and
time-varying perspective, which for the first time allows examining whether people are, as a
function of SES, exposed to different places, which in turn affect smoking differentially. Our
findings suggest that current smoke-free legislation might need to be extended in order to
target particularly those places frequented by smokers of lower SES in order to benefit
smokers regardless of their SES.
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Highlights
. SES affects smoking partially via differential exposure to smoking-friendly
environments
. Research needs to account for differential variability of everyday
environments
. To benefit smokers regardless of SES, smokefree-legislation might need

extension
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Fig. 1.
Conceptual diagram of 2-1-1 mediation model

Note: SES;: = Highest educational attainment for participant i; Envj,:= Smoking
environment for participant i on day n; CPDj,:= Cigarettes smoked per day for participant i
on day n
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Fig. 2.

Final 2-1-1 Mediation Model
Note: * p< .05, ** p< .01, *** p<.001
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Participant demographics

Table 1

Overall (n=194)

Low SES (n=81)

High SES (n=113)

Age
Gender Male
Household income below $30,000

African American

41.2 (11.18)
55.2% (n=107)
75.8% (n=147)
37.6% (n=73)

42.6 (10.6) 7
56.8% (n=46)
82.7% (n=67)

45.7% (n=37) *

401 (11.5)
54.0% (n=61)
70.8% (n=80)
31.9% (n=36)

Note: Entries are M (SD), unless % is specified. A= mean, SD = standard deviation.

*
p<.05,

Aok

p<.01,

Hokk

p<.001
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Table 2

Coefficient Estimates for parameters in 2-1-1 mediation model predicting CPD

Coefficient Estimates

B (SD)

Fixed Effects (Measurement occasion level)

Intercept CPD

Intercept Environment

SES — Environment

Environment — CPD (Level-2 component)

Environment — CPD (average Level-1 component)

Environment — CPD (total effect)

Direct Effect SES — CPD
Indirect Effect

Total Effect

6.908 (1.383)
0.845 (0.017) ***
-0.188 (0.056)

4963 (1.782) **
0.187 (0.418)
5.150 (1.646) **
1.262 (1.186)

-0.966 (0.45)
0.269 (1.202)

Random Effects (Participant level)

Residual Variance Intercept Environment
Residual Variance Intercept CPD
Residual Variance Slopes

Covariance Environment CPD

0.049 (0.008) ***
25.636 (4.176) 7
6.546 (2.812) *

15.739 (1.019) ™

Note: B = coefficient estimates, SD = standard deviation.

*
p<.05,

Ak
p<.01,

HokA

p<.001
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