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Abstract

Background: While some experts have emphasised the potential for e-cigarettes to facilitate cessation among
smokers with low socioeconomic status (SES), there is limited evidence of their likely equity impact. We assessed
the potential for electronic cigarettes and other non-combustible nicotine-containing products (NCNPs) to reduce
inequalities in smoking by systematically reviewing evidence on their use by SES in countries at stage IV of the
cigarette epidemic.

Methods: Ten electronic databases were searched in February 2017 using terms relating to e-cigarettes, smokeless
tobacco and nicotine replacement therapy (NRT); and SES. We included studies published since 1980 that were
available in English and examined product use by SES indicators such as income and education. Data synthesis was
based on those studies judged to be of medium- to high-quality using guidelines adapted from the Critical Appraisal
Skills Programme.

Results: We identified 54 studies describing NCNP use by SES across 12 countries, of which 27 were judged
of sufficient quality to include in data synthesis. We found mixed patterns of e-cigarette current use by SES,
with evidence of higher use among low-income adults but unclear or mixed findings by education and
occupation. In contrast, smokeless tobacco current use was consistently higher among low SES adults. There
was very limited evidence on the SES distribution of NRT in adults and of all NCNPs in young people.

Conclusions: The only NCNP for which there are clear patterns of use by SES is smokeless tobacco, where
prevalence is higher among low SES groups. While this suggests a potentially positive impact on inequalities
in smoking (if NCNP use displaces smoked tobacco use), this has not been seen in practice. These findings
do not support the suggestion that e-cigarettes have the potential to reduce social inequalities in smoking,
since i) current evidence does not show a clear trend of higher e-cigarette use in population groups with
higher tobacco consumption, and ii) the experience of smokeless tobacco suggests that — even where NCNP
use is higher among low SES groups — this does not necessarily replace smoked tobacco use in these groups.
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Introduction

While the prevalence of combustible tobacco smoking has
decreased over recent decades in many high-income coun-
tries [1], cigarette use continues to be higher among groups
experiencing social disadvantage [2]. Such inequalities have
been observed across numerous measures of social location
— including ethnicity, gender and sexual orientation — with
the most extensive evidence found in relation to socioeco-
nomic status (SES) [3]. There is therefore an urgent need to
understand what may help reduce these inequalities.

Recent reviews focussing on population (e.g. taxation,
smoke-free environments) and individual-level tobacco
control interventions have found limited evidence of
measures likely to help reduce the SES gradient in smok-
ing, with the exception of raising tobacco prices (via tax-
ation) [4, 5]. The growing use of e-cigarettes has led to
speculation that these may offer an alternative to
smoked tobacco among those who struggle to quit, in-
cluding smokers from lower socioeconomic groups [6, 7]
. This expectation is reflected in calls to improve their
accessibility for disadvantaged smokers [8].

While a number of systematic reviews have sought to
assess e-cigarettes’ potential as a cessation aid, the rela-
tively nascent evidence base makes it difficult to draw firm
conclusions [9-14]; and there is even less evidence to indi-
cate how e-cigarettes may affect smoking inequalities [8].
A previous review by Hartwell et al. [15], which sought to
assess whether e-cigarette awareness, ever use and current
use varied between different sociodemographic groups,
found greater e-cigarette awareness and ever-use among
those with higher education, but no clear patterns in
terms of other SES indicators (income and occupation) or
for current e-cigarette use. The authors suggest that —
consistent with diffusion of innovation theory [16] — early
adopters tend to come from more privileged social groups,
and raise the possibility that e-cigarettes might initially be
expected to widen smoking inequalities, assuming they
encourage smoking cessation. The diffusion of innovation
theory is supported by data from the UK indicating e-
cigarette use has become more equally spread by SES over
time [17], although this pattern is not evident in the US
population [18]. Our review extends Hartwell et al’s [15]
through the inclusion of more recent evidence (published
since 2015) and through comparing the emerging trends
of e-cigarettes use with those of more established non-
combustible nicotine-containing products (NCNPs):
smokeless tobacco and nicotine replacement therapy
(NRT).

While e-cigarettes offer a novel form of nicotine deliv-
ery, other NCNPs have previously attracted interest from
a harm reduction perspective and experience with these
products may offer an indication of the future potential
of e-cigarettes. Pharmaceutical NRT is the only NCNP
to have received widespread acceptance within the
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tobacco control community, although primarily as an
aid to cessation rather than a long-term nicotine sub-
stitute [19]. Meanwhile, smokeless tobacco is a non-
pharmaceutical NCNP that has been positioned by
some as a potential aid to quitting or reducing
cigarette use [20].

Smokeless tobacco use is often culturally driven com-
pared to the mostly harm reduction/cessation driven use
of NRT. In Norway and Sweden, snus has long been part
of a normalised cultural practice [21]. Smokeless tobacco
is also available in the US and Canada, where it is often
prevalent among men in rural communities [22] and its
uptake is sometimes perceived as a rite of passage for
young men into maturity [23, 24]. Despite this cultural
perception of smokeless tobacco, it is still often posi-
tioned as a smoking alternative. Lund credits smokeless
tobacco use for reducing rates of smoking among men
in Norway [21] and Levy et al. note that smokeless to-
bacco is likely 90% less harmful than combustible to-
bacco [25] (not dissimilar to Public Health England’s
recent estimate for e-cigarettes [26]). There are there-
fore, emerging parallels between e-cigarettes and smoke-
less tobacco use. Qualitative research also reveals user
perceptions of e-cigarettes to be split between recre-
ational and medical uses [27, 28]. Other research indi-
cates an emerging vaping ‘sub-culture’ [29], revolving
around specialised expertise and ‘tricks’ [30]. Like
smokeless tobacco, e-cigarettes have also been correlated
with smoking cessation but causation is yet to be deter-
mined [31].

While there are cultural and cessation similarities be-
tween e-cigarettes and smokeless tobacco, there are also
legislative similarities in the sense that legislation for
both products can be contentious, and, especially for e-
cigarettes, quite fluid. In the US, for instance, public
health bodies are pushing for increased regulation of e-
cigarettes [32, 33], while smokeless tobacco remains
widely available [34]. Conversely in the UK, public health
bodies are increasingly pushing towards relaxed regula-
tion for e-cigarettes [35, 36], but, like most of Europe,
smokeless tobacco is highly regulated [37]. Norway and
Sweden remain the only European countries where
smokeless tobacco is widely available [21].

It is therefore, potentially useful to compare emerging
patterns of e-cigarette use by SES with those of smoke-
less tobacco. The case for comparing e-cigarettes with
NRT is perhaps less clear, given NRT’s firm position as
a medical product. Nicotine-replacement therapy was
only briefly subject to minimal regulation before being
classed as a medically-licenced product and enlisted into
harm reduction strategies in most jurisdictions [38].
However, NRT use is not always straightforwardly asso-
ciated with quitting smoking with one study finding that
one-third of users across the US, UK, Canada and
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Australia used NRT for a reason other than quitting, in-
cluding cutting down or temporary abstinence [39].
Qualitative studies further suggest social reasons under-
lying NRT use including being able to use it (or not) dis-
creetly, advice from health professionals, and general
inconsistency of knowledge about the product [40].
While the positioning of the three products is distinct
they also share many similarities, one of the foremost
being that research into patterns and norms of use re-
mains underexplored.

The aim of this review is to assess the potential for
NCNPs to reduce inequalities in smoking by systematic-
ally reviewing evidence on their use by SES in countries
at stage IV of the cigarette epidemic. Given the complex
NCNP landscape discussed above, the review aims to
evaluate the population-level equity impacts of NCNP,
rather than focussing on their use as cessation aids.
Therefore, the review will not try to distinguish between
those using NCNP for recreation or for cessation/harm
reduction. The synthesis of included studies will assess
potential equity impacts of e-cigarettes alongside other
NCNPs, independent of other interventions (such as be-
havioural cessation support). This will be done by seek-
ing evidence on each product’s distribution and (where
available) impact by SES in countries at stage IV of the
cigarette epidemic (i.e. those with strong tobacco control
policies, declining overall prevalence in both men and
women, and higher smoking prevalence in lower socio-
economic groups [1]). These countries are most relevant
to the research aim on the basis of this distribution of
tobacco use by SES [2, 3] and therefore positive, negative
or other equity impacts are more easily discernible.
Countries will not be defined by their approach to cessa-
tion support or regulation of NCNP, which is outside
the scope of this review. We defined NCNPs as products
delivering nicotine in the absence of combustible to-
bacco; and consider SES as a person’s position in the so-
cial and economic structure of society, represented by
indicators such as education, occupation and household
income [41].

Methods

The review is reported in line with Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) Equity
guidelines (Additional file 1), and a full protocol is registered
with PROSPERO (ID: CRD42017080672) [42].

Search strategy

A search string combining terms for NCNP, socioeco-
nomic inequalities and combustible tobacco smoking
(Additional file 2) was used to search ten databases on 9th
February 2017: BIOSIS Citation Index, Web of Science,
Cochrane Library, ProQuest Social Sciences, CINAHL
Plus, EMBASE, Medline (+ Medline Epub ahead of print),
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PsycInfo, Global Health. An initial 24,711 studies with
English language abstracts were identified across all
databases.

Study selection and eligibility criteria

We limited the review to publications from 1980 on-
wards, reflecting the emergence of both socioeconomic
inequalities in smoking [43] and harm reduction ap-
proaches [44] from around that date. No limits were set
on study design but we restricted our database search to
articles available in English. We included all studies that
might provide evidence on the differential impact of
NCNP by SES for full-text review. We also identified
nine qualitative studies examining NCNP in low SES
groups which are considered in a separate report.

To meet out inclusion criteria, studies had to report
the prevalence of NCNP use by an appropriate SES indi-
cator in a representative population or sample. In order
to improve generalisability for examining equity impacts
by SES, we excluded studies that focused on specific
population sub-groups (patient populations, ethnic sub-
groups, specific occupational groups), although we
included studies limited by sex or age group. We also
excluded studies where it was not possible to distinguish
use of NCNP in isolation from other interventions (such
as behavioural cessation support), and those from coun-
tries not at stage IV of the cigarette epidemic [1].

Following initial screening and removal of obviously
irrelevant references, ML assessed titles and abstracts
against eligibility criteria. Full text review was carried
out for 206 studies, including full independent assess-
ment of 25% by two authors and secondary review of all
exclusions. Discrepancies were resolved by discussion
between two or more authors. Where more than one
article was published on the basis of the same study
data, we selected the article that scored higher on our
quality assessment (described below). Our final evidence
base comprised 54 unique studies (Fig. 1).

Data extraction and quality assessment

We developed a data extraction and quality appraisal
template to capture relevant study details and facilitate
quality assessment (Additional file 3); this was piloted
with a small number of studies (c.5) before being fina-
lised and applied to all studies. Quality appraisal was
based on relevant Critical Appraisal Skills Programme
tools [45] adapted to the focus of this review. This
appraisal was based on various criteria including ap-
proaches to data analysis and consideration of confound-
ing factors (see Additional file 5 for full details). Our
assessments suggested a high proportion of low quality
evidence, with the main limitations being a lack of
power to detect differences by SES, imprecise measures
of NCNP use, and lack of age-adjustment; these
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Studies identified from search of
10 electronic databases
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.| Duplicates N= 11,864
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Studies removed through title
>| and abstract screening
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Studies for full-text review
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Studies not meeting inclusion criteria
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| Qualitative studies
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Studies removed due to same data set
v N=3
Studies fitting inclusion criteria
N =54
Fig. 1 PRISMA flow diagram
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limitations often made it impossible to interpret the
study findings with respect to our review question.
We therefore decided to undertake a ‘best evidence’
review [46] in order to focus on the most relevant
evidence that met a minimum quality threshold.
Overall quality was assessed as high, medium or low.
Higher ratings were given to studies reporting the
prevalence of NCNP use by SES with adequate power
to detect differences by SES.

Data synthesis

The review findings were summarised via narrative syn-
thesis according to type of NCNP. For adults, synthesis
of findings was based on studies of medium or higher
quality that reported the distribution of NCNP use by
SES (Additional file 4). We synthesised findings separ-
ately for young people as patterns of tobacco use by
traditional SES indicators are less consistent among this
age group, who also tend to transition in and out of to-
bacco use [47, 48]. For young people, we therefore in-
cluded only studies that provided evidence on both
NCNP and cigarette use by SES in the same population
(Additional file 4). Meta-analyses were not possible or
appropriate given the diversity of study measures and
the heterogeneity of study settings.

In order to clearly summarise a complex evidence base
while addressing our research aim, we extrapolated pos-
sible equity outcomes from each of our ‘best evidence’
studies as suggested by the study findings (Fig. 2). Poten-
tially positive impacts were identified when use of NCNP
was higher among low SES compared with high SES
groups (line 1 in Fig. 2). Conversely, potentially negative
impacts were identified when use of NCNP was lower
among low SES groups (line 3). When use of NCNP was
roughly equal by SES (line 2), this was regarded as repre-
senting an equity-neutral impact. Finally, contradictory
or complex patterns of NCNP use were classed as un-
clear with respect to expected equity impact.

It should be noted that these classifications represent
the potential equity impact of NCNPs, based on three as-
sumptions. First, they assume that NCNP use will lead to
a decline in combustible tobacco consumption (and thus a
harm reduction effect). While this is a reasonable assump-
tion in relation to NRT (which is used primarily as an aid
to smoking cessation), its applicability to e-cigarettes and
smokeless tobacco is less clearly established. Second, we
assumed that conventional cigarette smoking in the rele-
vant population is more prevalent in low compared with
high SES groups (solid line in Fig. 2). This is a relatively
safe assumption for adults, given well-established patterns
of smoking in Stage IV countries [1-3]; however the
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assumption may not hold for young people, reflected in
our decision to limit ‘best evidence’ for this age group to
studies reporting the distribution of smoking as well as
NCNP use by SES. Third, we assumed that the distribu-
tion of NCNP use by SES in the general population would
mirror that among smokers. This assumption is open to
criticism, since i) not all NCNP users will be smokers or
ex-smokers; and ii) smokers will have a less advantaged
socioeconomic profile compared with the general popula-
tion. Nevertheless, with these assumptions in mind, we felt
this approach was the most appropriate way of trying to
clearly summarise a complex evidence base.

Our synthesis summarises the distribution of best
available evidence for the potential equity impact of
each NCNP (e-cigarettes, smokeless tobacco and

NRT) for adults and young people. Summary figures
(compiled for e-cigarette and smokeless tobacco use
in adults) depict NCP current and ever use by each
available measure of SES (e.g. income, education, oc-
cupational group), such that studies that assessed use
by more than one SES indicator contributed multiple
measures to the evidence synthesis.

Results

We identified 54 unique studies describing NCNP use
by SES across 12 countries at stage IV of the smoking
epidemic (see Additional file 7), with a majority of stud-
ies (35) located in the USA. The distribution of studies
by product and country can be seen in Table 1. Nineteen
studies focused exclusively on e-cigarettes, and 28

Table 1 Distribution of all 54 included studies, by NCNP type, country and age grouping. Three studies reported more than one
NCNP, and so are counted twice in this table, hence the overall total of 57. Blank cells indicate no studies

E-cigarettes Smokeless tobacco NRT Total

Best Evidence Other Best Evidence Other Best Evidence Other
us 5 8+ 1(YP) 13 7+3(YP) 1 38
Australia 1 1
Canada 1(YP) 1 2
Ireland 1(YP) 1
[taly 1 1
Finland 1(YP) 1
France 1(YP) 1
Norway 14 2(YP) 2(YP) 5
Sweden 2 2
Switzerland 1 1(YP) 2
UK 2 1 3
Total Adults 7 10 16 7 2 2 44
Total Young People 0 5 2 6 0 0 13
Total 7 15 18 13 2 2 57
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exclusively on smokeless tobacco (including snus).
Three studies reported on e-cigarettes and smokeless
tobacco. We identified only four studies focused on
NRT (Additional file 6), and no eligible studies on
other types of NCNP. All studies reported NCNP use
by SES based on cross-sectional data, most often from
surveys but in a few cases using baseline data from
longitudinal studies. Indicators of SES included mea-
sures based on income, education, occupational
group, composite indices and neighbourhood disad-
vantage. Measures of NCNP use included current use
and ever use, with both sometimes used in the same
study. Thirteen studies (five for e-cigarettes and eight
for smokeless tobacco) had study populations ranging
from 10 to 20years old and were analysed separately
from adult studies (those with populations 16 years
and over). One study with an age range of 14-31
years and mean age of 19.5 was considered with the
young people studies [49]. Definitions of ‘current’ and
‘ever use’ were not always consistent, but ‘current use’
most often referred to daily use, regular use or any
use within the last 30 days; while ‘ever use’ was de-
fined variously from any use in the past 12 months to
ever lifetime use.

E-cigarettes

Seventeen studies examined e-cigarette use by SES in
adults, of which seven met our definition of ‘best evidence’
(see Additional file 6). No study included details on the
type of e-liquid used, i.e. whether or not this contained
nicotine. For all adult e-cigarette studies that provided
relevant data, combustible tobacco use was higher among
low SES groups — thus confirming our first assumption.
The data collection period for the best evidence studies
was 2010-2014.
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Current use among adults

Evidence of the potential equity impacts of current e-
cigarette use was somewhat inconsistent, but generally
pointed towards positive equity impacts (Fig. 3, b). For
instance, of four US studies using large population-based
samples, two [50, 51] found potentially positive impacts
for current use by income, but unclear or neutral im-
pacts by education; while one [52] found the reverse (i.e.
potentially positive impacts by education but unclear im-
pacts by income). The fourth US study suggested un-
clear impacts [53]. A fifth study (from the UK) found
potentially negative impacts of current e-cigarette use by
occupational group [54]; while a sixth study (based on a
small sample of e-cigarette users in the US) showed un-
clear impacts [55].

Ever use among adults

Studies reporting on e-cigarette ever use among adults
showed a more consistent pattern, with potentially nega-
tive and unclear findings dominating (Fig. 3c). Two stud-
ies from the US [55, 56] indicated potentially negative
equity impacts by income, with one showing unclear im-
pacts by education; another US study indicated unclear
outcomes by education and income [52]. Potentially
negative impacts by both education and income were
also found in a study among UK smokers [57].

Low quality studies, adults

Lower quality studies that were excluded from our ‘best
evidence’ synthesis [58—67] showed broadly similar pat-
terns to those illustrated above for both current and ever
use of e-cigarettes, with many finding no clear pattern
by SES.
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Fig. 3 Potential equity impacts of e-cigarette use among adults. Current and ever use are presented together and then separately to provide a
sense of difference in product use by the two different measures of education and income. a Current and ever use; b Current use only; ¢ Ever
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Young people

Of the five studies examining e-cigarette use by SES in
young people, none met our criteria for ‘best evidence’.
Of three studies examining current use, two studies
found potentially positive impacts (one from Finland
examining use by education [68], and another from
Ireland examining use by neighbourhood deprivation
[69]) while a third study (from the US) found unclear
impacts by education [70]. For e-cigarette ever use, the
first two studies showed unclear findings [68, 69], as did
a fourth study from France [71]. A fifth study (from
Canada) found potentially positive impacts for ever use
[72]. Overall, the limited quality and quantity of the evi-
dence means no conclusions can be drawn on the likely
equity impact of e-cigarette use among young people.

Smokeless tobacco

Twenty-three studies examined smokeless tobacco use
in adults by SES, of which 16 met our criteria for ‘best
evidence’. For all but one of these studies, combustible
tobacco use was higher among lower SES groups. Three
studies reported on older data (1971-1990) [73-75],
with the other 13 studies reporting data from the last 15
years (2005-2014). The majority (13) of studies came
from the US, with two studies from Sweden and one
from Norway. The ban on smokeless tobacco through-
out the EU (except Sweden) explains the scarcity of
European evidence on this form of NCNP.

Current use among adults

Studies from the USA and Scandinavia showed broadly
similar patterns in the distribution of smokeless tobacco
use by SES, with higher use among low SES groups sug-
gesting a potentially positive equity impact (Fig. 4b).
Studies of smokeless tobacco prevalence among large
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population-based samples came exclusively from the US;
these indicated potentially positive impacts for current
use by education, but mostly neutral or unclear impacts
by income [51, 74, 76-83]. A study from Sweden [84],
provided data on the association between smokeless to-
bacco use and SES (measured by education and income),
but no prevalence data. Similar to the US evidence, this
study indicated potentially positive impacts of smokeless
tobacco use by education but unclear impacts by in-
come. All studies found very low smokeless tobacco use
among women compared with men, such that these
findings effectively represent only male use of smokeless
tobacco. Indeed, three of the 16 studies included only
men in their study populations [74, 78, 82].

Ever-use among adults

A majority of studies looking at ever use - including four
from the US and one from Norway - similarly suggested
mostly positive equity impacts for smokeless tobacco use
by education, and a mix of potentially positive, neutral
or unclear impacts by income [73, 74, 85-87] (Fig. 4c).
Interestingly, the study from Norway [86] focussed solely
on women and was able to generate reliable data due to
the relatively high use of snus among this population in
Norway. A sixth study examining ever-use of snus
among older adults (40—60 years) in Sweden [75] found
unclear equity impacts by education.

Low quality studies, adults

A further six US studies were not included in our ‘best
evidence’ synthesis due to limited quality. Two of these
also suggested positive impacts from smokeless tobacco
use, [88, 89] with the remaining four showing neutral or
unclear patterns in use by SES [22, 58, 66, 90, 91].

a: Current and Ever Use

5
[ |

Number of measures of SES
Number of measures of SES

Positive Neutral Negative Unclear Positive Neutral

Potential direction of equity outcomes

Current use M Ever use

b: Current Use

Potential direction of equity outcomes
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c: Ever Use

Number of measures of SES
N w » w o ~ 00

[N

Unclear

Unclear

Neutral

o

Negative Positive Negative

Potential direction of equity outcomes

M Education M Income

c Ever use only

Fig. 4 Potential equity impacts of smokeless tobacco use among adults. Current and ever use are presented together and then separately to
provide a sense of difference in product use by the two different measures of education and income. a Current and ever use; b Current use only;
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Young people

Of eight studies examining smokeless tobacco use in
young people only two met our ‘best evidence’ criteria,
both conducted with secondary school students in
Norway. One suggested higher smokeless tobacco current
use among students with lower educational trajectories,
but no clear pattern in relation to family income [92];
while the other found no gradient in smokeless tobacco
current use by education [93]. Of the remaining six stud-
ies (of low quality or relevance), most showed unclear
[94-97] or potentially positive equity impacts for current
smokeless tobacco use [49, 98], although one suggested
potentially negative equity impacts [99].

Nicotine replacement therapy

We found only four eligible studies of NRT use by SES
(all on adults), of which just two met our criteria for best
evidence. Both studies drew on surveys of adult smokers.
One, a UK study based on national survey data, indi-
cated a neutral equity impact by occupational group
among smokers who had used NRT in quit attempts
over the previous year [100]. The other study [101] used
data from four waves of an Australian national survey,
and reported NRT use for cessation in the previous year;
this indicated potentially negative equity impacts by in-
come, but unclear impacts by education. The two low
quality studies included one from Canada [102] suggest-
ing neutral equity impacts by education and income; and
another from the US [103] suggesting potentially posi-
tive impacts by education.

Discussion

Our review confirms a lack of direct evidence on the
likely impact of e-cigarettes on inequalities in smoking,
and relatively limited evidence on the equity impact of
other NCNP. This deficit is perhaps understandable for
e-cigarettes given the emerging nature of the evidence
base, and for smokeless tobacco for which there is lim-
ited research on its use as a potential a harm reduction
product [104]. It is somewhat surprising in the case of
NRT, however, given its relevance to harm reduction
strategies, especially in the UK. While there is extensive
evidence on the equity impacts of cessation support in-
cluding NRT, we found no academic literature on the
equity impacts of NRT in isolation from other forms of
cessation support. One study [101] came close, but did
not provide sufficient detail for us to examine the effects
of NRT alone.

Similar to Hartwell et al. [15] we found studies asses-
sing e-cigarette ‘ever-use’ were more likely to suggest a
negative equity impact. However, diverting from Hart-
well et al’s study we found potentially positive outcomes
for e-cigarette current use, although this pattern is not
consistent. Thus there is some evidence to suggest that
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an initial socioeconomic gradient (with higher use in
high SES groups) may flatten over time.

Studies of smokeless tobacco use by SES provide a
possible indication of how e-cigarette use may be distrib-
uted once this has become as established part of the
nicotine consumption landscape. Our review found a
clear pattern in smokeless tobacco consumption by SES,
with consistently higher current and ever use among low
SES groups. While this pattern is consistent with a the-
oretically equity-positive distribution (Fig. 2) combust-
ible tobacco use remains higher among lower SES
groups. In other words, we can speculate that smokeless
tobacco tends to be used in combination with combust-
ible tobacco (a form of dual use), and thus does not help
reduce tobacco use in lower SES groups. This provides a
useful perspective on the likely trajectory of e-cigarette
consumption, currently at the ‘early adopter’ stage of the
diffusion of innovations theory [16] with higher use
among high SES groups (the typical ‘early adopters’).
While this theory suggests that — over time — e-cigarette
use is likely to become more equitable by SES, the ex-
perience of countries with mature smokeless tobacco
markets (the US, Norway and Sweden) suggests that e-
cigarette use is likely co-exist with conventional tobacco
use rather than displacing it within low SES groups.

We recognise there are some challenges in compar-
ing patterns of use among the three types of NCNP
covered in this review, which have significantly differ-
ent histories of regulation and harm reduction appeal.
However, our main comparison has been between e-
cigarettes and smokeless tobacco, both of which
straddle positions of therapeutic and recreational use:
as harm reduction products and as part of existing
and developing cultural norms.

Regardless of the availability or effectiveness of NCNPs
for smoking cessation, a common feature of quit at-
tempts is their lower success among low SES smokers
[4, 105]. Qualitative studies point to the social, economic
and cultural circumstances that encourage nicotine de-
pendence and act as a barrier to cessation [28, 106—108].
Therefore, we would caution against undue optimism re-
garding the impact of any NCNP on smoking inequal-
ities, and tend to agree with Thirlway’s [109] assessment
that e-cigarettes are likely to complicate rather than
transform these inequalities.

Limitations
Our review has some limitations, most notably the lack
of available research — meaning our findings and conclu-
sions are necessarily based on indirect evidence of the
equity impacts of e-cigarettes and other NCNPs.

The available evidence is further limited by challenges
in assessing NCNP use and SES [110]. Studies used a
range of definitions for NCNP use, which may not
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always be comparable; furthermore, surveys of e-
cigarette use did not distinguish between e-liquid with
and without nicotine. In order to synthesise evidence
from a range of studies, we necessarily treated SES indi-
cators as equivalent although the categorisation and
meaning of education- and income-based measures may
differ across study contexts. Another important limita-
tion of this review is that we have been obliged to com-
bine findings from countries with diverse regulation,
availability and cultural norms regarding e-cigarettes,
smokeless tobacco and NRT. Contextual factors such as
these may influence the use of these products in ways
that are relevant to their distribution by SES, but an as-
sessment of such effects is beyond the scope of this re-
view (and unfeasible given limitations in the available
evidence). This limitation may be particularly relevant in
the case of evidence on smokeless tobacco use, where 13
of the 16 ‘best evidence’ studies came from the USA. It
has been suggested that the US has a distinctive pattern
of smokeless tobacco use, and that — as more ‘mature’
markets - Sweden and Norway might provide a more ro-
bust indication of long-term patterns of dual smokeless
tobacco and smoked tobacco use [111]; in future re-
views, it would therefore be helpful to have more evi-
dence on the distribution of smokeless tobacco use by
SES from these countries.

We also note that, in studies using more than one
indicator of SES (e.g. education and income), multi-
variate regression analyses were sometimes adjusted
for the other indicator, which may mask the true
magnitude of the socioeconomic gradient in product
use [112]. This limitation applies only to the lowest
tier of our ‘best evidence’ gradient, i.e. tier 3 studies
(see Additional file 4). Since tier 3 studies using more
than one SES indicator comprise less than a quarter
of the ‘best evidence’ studies for adults, and none for
young people (see Additional file 6), the overall effect
on our findings is likely to be modest.

We decided not to include grey literature or studies
not in English in this review, given the difficulty of iden-
tifying and appraising all relevant material. When so
much of the academic literature is of limited value to an
equity-focused review, the benefit of incorporating a
broader range of evidence must be weighed against the
limited value of much of the evidence identified. Our de-
cision to undertake a ‘best evidence’ review reflects this
trade-off.

Finally, the evidence base on e-cigarettes is rapidly
evolving, and our review necessarily includes only evi-
dence published at the time the search was undertaken.
Nonetheless, our comparison of three NCNPs, our focus
on countries at stage IV of the cigarette epidemic, and
our comprehensive quality appraisal to identify best evi-
dence situate this study as a key contribution in public

Page 9 of 12

health’s evolving understanding of the impacts of
NCNPs on smoking inequalities.

Conclusion

Our review compares the potential equity impact of three
NCNPs at different stages of market maturity. The find-
ings indicate a consistent pattern only in relation to the
most established product, smokeless tobacco, where use is
higher among low SES groups. While this suggests the po-
tential for reducing SES inequalities in use of smoked to-
bacco, evidence shows that such a reduction has not
occurred with low SES groups tending to have higher use
of both smokeless tobacco and smoked tobacco (rather
than smokeless tobacco use displacing consumption of
smoked tobacco). E-cigarettes are a more recent commer-
cial product and current patterns suggest their use is at an
earlier stage of diffusion throughout society [16]; like
smokeless tobacco, however, their credentials as harm re-
duction or cessation products remains contested. Our
findings therefore raise the possibility that e-cigarettes
may follow the same path as smokeless tobacco: as a com-
mon susceptibility rather than substitution for smoking
among low SES groups. This prospect may reflect the pos-
sible intentions of the tobacco industry to establish vaping
as something to be used alongside smoking, rather than a
direct replacement [113].

This finding should be an important consideration of
healthcare providers and policy makers who might wish to
include e-cigarettes as part of harm reduction strategies. It
will be important to continue monitoring the use and im-
pacts of e-cigarettes in relation to SES and other markers
of social position in order to maximise the devices” poten-
tial to reduce inequalities in smoking while minimising
their potential to have the opposite effect.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512889-019-7836-4.

Additional file 1. PRISMA-E Checklist https://documentcloud.adobe.
com/link/track?uri=urn9%3Aaaid%3Ascds%3AUS%3A8e22ee52-cf84-4216-
al119-192a5e92bfcl

Additional file 2. Example of search terms https://documentcloud.
adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A9b50af08-
7a86-43a2-ab33-b%e15ed2e379

Additional file 3. Data Extraction and quality appraisal template https://
documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3
Ac6d7db29-6f62-4b30-baa3-ce6b29d6cf02

Additional file 4. Relevance of study findings table https.//
documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3
A9c76eb56-cfa4-4653-87a9-9ea33b9b186d

Additional file 5. Quality appraisal appendix https://documentcloud.
adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A367c5bca-5
8a8-4aa8-af45-aa1ea5944077

Additional file 6. Potential equity outcome tables https://

documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3
A3843ad16-0748-4561-993e-bf93b3208c9%a



https://doi.org/10.1186/s12889-019-7836-4
https://doi.org/10.1186/s12889-019-7836-4
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A8e22ee52-cf84-4216-a119-192a5e92bfc1
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A8e22ee52-cf84-4216-a119-192a5e92bfc1
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A8e22ee52-cf84-4216-a119-192a5e92bfc1
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A9b50af08-7a86-43a2-ab33-b9e15ed2e379
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A9b50af08-7a86-43a2-ab33-b9e15ed2e379
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A9b50af08-7a86-43a2-ab33-b9e15ed2e379
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3Ac6d7db29-6f62-4b30-baa3-ce6b29d6cf02
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3Ac6d7db29-6f62-4b30-baa3-ce6b29d6cf02
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3Ac6d7db29-6f62-4b30-baa3-ce6b29d6cf02
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A9c76eb56-cfa4-4653-87a9-9ea33b9b186d
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A9c76eb56-cfa4-4653-87a9-9ea33b9b186d
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A9c76eb56-cfa4-4653-87a9-9ea33b9b186d
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A367c5bca-58a8-4aa8-af45-aa1ea5944077
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A367c5bca-58a8-4aa8-af45-aa1ea5944077
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A367c5bca-58a8-4aa8-af45-aa1ea5944077
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A3843ad16-0748-4561-993e-bf93b3208c9a
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A3843ad16-0748-4561-993e-bf93b3208c9a
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3A3843ad16-0748-4561-993e-bf93b3208c9a

Lucherini et al. BMC Public Health (2019) 19:1469

Additional file 7. Full list of studies included in review https://
documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3
Ac6adacca-8e43-4e7e-a5ad-cff8464de9b8

Abbreviations

NCNP: Non-combustible nicotine-containing products; NRT: Nicotine
Replacement Therapy; PRISMA: Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; SES: Socioeconomic Status

Acknowledgements
We would like to acknowledge the contribution of Professors Jeff Collin and
Amanda Amos to the conception of this study.

Authors’ contributions

SH and KS conceived the study. All authors contributed to establishing the
search strategy, which ML conducted. ML conducted a title screening of the
24,711 studies. Abstract screening was conducted by ML with multiple
samples screened by SH and KS. All authors contributed to the refinement of
the inclusion and exclusion material. Data extraction and quality appraisal
were conducted initially by ML and all extracted data for the 54 included
studies was checked by SH. All authors contributed to the writing of the
manuscript. All authors read and approved the final manuscript.

Funding

The review is part of a project funded by Cancer Research UK. The award
number is: C55561/A21553. The funder had no role in the collection or
analysis of data.

Ethics approval and consent to participate
No ethics approval was required for this study.

Consent for publication
No consent for use of an individual's personal data was required for the
publication of this study.

Competing interests
The authors declare that they have no competing interests.

Author details

Global Health Policy Unit, School of Social & Political Science, University of
Edinburgh, Edinburgh, UK. *School of Geography, Geology and the
Environment, Keele University, Newcastle, UK. 3School of Social Work & Social
Policy, University of Strathclyde, Glasgow, UK.

Received: 24 July 2019 Accepted: 23 October 2019
Published online: 06 November 2019

References

1. Thun M, Peto R, Boreham J, Lopez AD. Stages of the cigarette epidemic on
entering its second century. Tob Control. 2012,21:96-101. https://doi.org/10.
1136/tobaccocontrol-2011-050294.

2. Poland B, Frohlich K, Haines RJ, Mykhalovskiy E, Rock M, Sparks R. The social
context of smoking: the next frontier in tobacco control? Tob Control. 2006;
15:59-63.

3. Barbeau EM, Krieger N, Soobader MJ. Working class matters: socioeconomic
disadvantage, race/ethnicity, gender, and smoking in NHIS 2000. Am J
Public Health. 2004,94:269-78.

4. Brown T, Platt S, Amos A. Equity impact of European individual-level
smoking cessation interventions to reduce smoking in adults: a systematic
review. Eur J Public Health. 2014;24:551-6. https://doi.org/10.1136/bmj.
b4347.35.

5. Brown T, Platt S, Amos A. Equity impact of population-level interventions
and policies to reduce smoking in adults: a systematic review. Drug Alcohol
Depend. 2014;138:7-16. https.//doi.org/10.1016/j.drugalcdep.2014.03.001.

6. Fairchild AL, Bayer R, Colgrove J. The renormalization of smoking? E-
cigarettes and the tobacco “endgame”. N Engl J Med. 2014;370:293-5.
https://doi.org/10.1056/NEJMp1002530.

7. Royal College of Physicians. Nicotine without smoke: tobacco harm
reduction. London; 2016. https://doi.org/10.1542/peds.2015-3222.

22.

23.

24,

25.

26.

27.

28.

29.

Page 10 of 12

McNeill A, Brose LS, Calder R, Bauld L, Robson D. Evidence review of e-
cigarettes and heated tobacco products 2018: a report commissioned by
Public Health England; 2018. http://www fivape.org/wp-content/uploads/2
018/02/Evidence-review-of-e-cigarettes-and-heated-tobacco-products-2018.
pdf. Accessed 6 Mar 2018

Malas M, Van Der Tempel J, Schwartz R, Minichiello A, Lightfoot C,
Noormohamed A, et al. Electronic cigarettes for smoking cessation: a
systematic review. Nicotine Tob Res. 2016Advance Ac:1926-36. https://doi.
0rg/10.1093/ntr/ntw119.

Kalkhoran S, Glantz SA. E-cigarettes and smoking cessation in real-world and
clinical settings: a systematic review and meta-analysis. Lancet Respir Med.
2016;4:116-28. https;//doi.org/10.1016/52213-2600(15)00521-4.
Hartmann-Boyce J, McRobbie H, Bullen C, Begh R, Stead L, Hajek P.
Electronic cigarettes for smoking cessation and reduction (review).
Cochrane Database Syst Rev. 2016;9. https://www.cochranelibrary.com/cdsr/
doi/10.1002/14651858.CD010216.pub3/full.

El Dib R, Suzumura EA, Akl EA, Gomaa H, Agarwal A, Chang Y, et al.
Electronic nicotine delivery systems and/or electronic non-nicotine delivery
systems for tobacco smoking cessation or reduction: a systematic review
and meta-analysis. BMJ Open. 2017,7. 10.1136/.

Villanti AC, Feirman SP, Niaura RS, Pearson JL, Glasser AM, Collins LK, et al.
How do we determine the impact of e-cigarettes on cigarette smoking
cessation or reduction? Review and recommendations for answering the
research question with scientific rigor. Addiction. 2018;113:391-404.
Knight-West O, Bullen C. E-cigarettes for the management of nicotine addiction.
Subst Abuse Rehabil. 2016;7:111-8. https:/doi.org/10.2147/SARS94264.

Hartwell G, Thomas S, Egan M, Gilmore A, Petticrew M. E-cigarettes and
equity: a systematic review of differences in awareness and use between
sociodemographic groups. Tob Control. 2017;26:e85-91. https://doi.org/10.
1136/tobaccocontrol-2016-053222.

Rogers EM. Diffusion of innovations. Fourth Edi. New York: The Free Press; 1995.
Kock L, Shahab L, West R, Brown J. E-cigarette use in England 2014-17 as a
function of socio-economic profile. Addiction. 2019;114:294-303.

Glover LM, Ma JZ, Kesh A, Tompkins LK, Hart JL, Mattingly DT, et al. The
social patterning of electronic nicotine delivery system use among US
adults. Prev Med (Baltim). 2018;116:27-31. https://doi.org/10.1016/jypmed.
201808.038.

Le Houezec J, Mcneill A, Britton J. Tobacco, nicotine and harm reduction.
Drug Alcohol Rev. 2011;30:119-23.

Henningfield JE, Fagerstrom KO. Swedish match company, Swedish snus
and public health: a harm reduction experiment in progress? Tob Control.
2001;10:253-7.

Lund KE. Tobacco harm reduction in the real world: has the availability of
snus in Norway increased smoking cessation? Drugs Alcohol Today. 2013;13:
92-101. https//doi.org/10.1108/DAT-02-2013-0006.

Roberts ME, Doogan NJ, Kurti AN, Redner R, Gaalema DE, Stanton CA, et al.
Rural tobacco use across the United States: how rural and urban areas differ,
broken down by census regions and divisions. Health Place. 2016;39:153-9.
Nemeth JM, Liu ST, Klein EG, Ferketich AK, Kwan MP, Wewers ME. Factors
influencing smokeless tobacco use in rural Ohio Appalachia. J Community
Health. 2012,37:1208-17.

Couch ET, Darius E, Walsh MM, Chaffee BW. Smokeless tobacco decision-
making among rural adolescent males in California. J Community Health.
2017;42:544-50. https://doi.org/10.1007/510900-016-0286-3.

Levy DT, Mumford EA, Cummings KM, Gilpin EA, Giovino G, Hyland A, et al.
The relative risks of a low-nitrosamine smokeless tobacco product
compared with smoking cigarettes: estimates of a panel of experts; 2004.
https://cebp.aacrjournals.org/content/cebp/13/12/2035 full.pdf. Accessed 17
Sep 2019

Britton JBI. Electronic cigarettes a report commissioned by Public Health
England; 2014. www.gov.uk/government/uploads/system/uploads/
attachment_data/file/311887/Ecigarettes_report.pdf

Farrimond H. A typology of vaping: identifying differing beliefs, motivations
for use, identity and political interest amongst e-cigarette users. Int J Drug
Policy. 2017;48:81-90. https://doi.org/10.1016/j.drugpo.2017.07.011.
Thirlway F. Everyday tactics in local moral worlds: E-cigarette practices in a
working-class area of the UK. Soc Sci Med. 2016;170:106-13. https://doi.org/
10.1016/j.s0cscimed.2016.10.012.

Keane H, Weier M, Fraser D, Gartner C. "Anytime, anywhere”: vaping as
social practice. Crit Public Health. 2017;27:465-76. https://doi.org/10.1080/
09581596.2016.1250867.


https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3Ac6a4acca-8e43-4e7e-a5ad-cff8464de9b8
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3Ac6a4acca-8e43-4e7e-a5ad-cff8464de9b8
https://documentcloud.adobe.com/link/track?uri=urn%3Aaaid%3Ascds%3AUS%3Ac6a4acca-8e43-4e7e-a5ad-cff8464de9b8
https://doi.org/10.1136/tobaccocontrol-2011-050294
https://doi.org/10.1136/tobaccocontrol-2011-050294
https://doi.org/10.1136/bmj.b4347.35
https://doi.org/10.1136/bmj.b4347.35
https://doi.org/10.1016/j.drugalcdep.2014.03.001
https://doi.org/10.1056/NEJMp1002530
https://doi.org/10.1542/peds.2015-3222
http://www.fivape.org/wp-content/uploads/2018/02/Evidence-review-of-e-cigarettes-and-heated-tobacco-products-2018.pdf
http://www.fivape.org/wp-content/uploads/2018/02/Evidence-review-of-e-cigarettes-and-heated-tobacco-products-2018.pdf
http://www.fivape.org/wp-content/uploads/2018/02/Evidence-review-of-e-cigarettes-and-heated-tobacco-products-2018.pdf
https://doi.org/10.1093/ntr/ntw119
https://doi.org/10.1093/ntr/ntw119
https://doi.org/10.1016/S2213-2600(15)00521-4
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010216.pub3/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD010216.pub3/full
https://doi.org/10.2147/SAR.S94264
https://doi.org/10.1136/tobaccocontrol-2016-053222
https://doi.org/10.1136/tobaccocontrol-2016-053222
https://doi.org/10.1016/j.ypmed.2018.08.038
https://doi.org/10.1016/j.ypmed.2018.08.038
https://doi.org/10.1108/DAT-02-2013-0006
https://doi.org/10.1007/s10900-016-0286-3
https://cebp.aacrjournals.org/content/cebp/13/12/2035.full.pdf
http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/311887/Ecigarettes_report.pdf
http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/311887/Ecigarettes_report.pdf
https://doi.org/10.1016/j.drugpo.2017.07.011
https://doi.org/10.1016/j.socscimed.2016.10.012
https://doi.org/10.1016/j.socscimed.2016.10.012
https://doi.org/10.1080/09581596.2016.1250867
https://doi.org/10.1080/09581596.2016.1250867

Lucherini et al. BMC Public Health

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41,

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

(2019) 19:1469

McKeganey N, Barnard M. Change and continuity in vaping and smoking by young
people: a qualitative case study of a friendship group. Int J Environ Res Public
Health. 2018,15.

Beard E, West R, Michie S, Brown J. Association between electronic cigarette use
and changes in quit attempts, success of quit attempts, use of smoking cessation
pharmacotherapy, and use of stop smoking services in England: time series analysis
of population trends. BMUJ Open. 2016;354. https.//doi.org/10.1136/bmji4645.

US Department of Health and Human Services. E-cigarette use among
youth and young adults: a report of the surgeon general; 2016. https://e-
cigarettes.surgeongeneral.gov/documents/2016_SGR_Full_Report_non-508.
pdf. Accessed 15 Dec 2017

Sharpless N. How FDA is Regulating E-cigarettes. 2019. https//www.fda.gov/
news-events/fda-voices-perspectives-fda-leadership-and-experts/how-fda-
regulating-e-cigarettes.

Tomar SL. Snuff use and smoking in U.S. men implications for harm
reduction. Am J Prev Med. 2002;23:143-149 https://ac-els-cdn-com.ezproxy.
is.ed.ac.uk/S0749379702004919/1-52.0-50749379702004919-main.pdf?_tid=
aab83fba-f46f-11e7-8¢51-00000aab0f6b&acdnat=1515414790_e2c0a334a35
f00eaf97a4d7f85e54f 1e. Accessed 8 Jan 2018.

Science and Technology Committee. E-cigarettes seventh report of session
2017-19; 2018. https://publications.parliament.uk/pa/cm201719/cmselect/
cmsctech/505/505.pdf. Accessed 17 Oct 2018

Public Health England. Report of PHE stakeholder “conversation” on use of
e-cigarettes in enclosed public places and workplaces; 2016. www.gov.uk/
phe. Accessed 6 May 2018

Bates C, Fagerstrom K, Jarvis MJ, Kunze M, McNeill A, Ramstrom L. European
Union policy on smokeless tobacco: a statement in favour of evidence
based regulation for public health. Tob Control. 2003;12:360-7.

Elam MJ. Nicorette reborn ? E-cigarettes in light of the history of nicotine
replacement technology. Int J Drug Policy. 2015;26:536-42. https://doi.org/
10.1016/j.drugpo.2015.02.002.

Hammond D, Reid JL, Driezen P, Cummings KM, Borland R, Fong GT, et al.
Smokers’ use of nicotine replacement therapy for reasons other than
stopping smoking: findings from the ITC four country survey. Addiction.
2008;103:1696-703.

Beard E, Vangeli E, Michie S, West R. The use of nicotine replacement
therapy for smoking reduction and temporary abstinence: an interview
study. Nicotine Tob Res. 2012;14:849-56.

Galobardes B, Shaw M, Lawlor DA, Lynch JW, Davey SG. Indicators of
socioeconomic position (part 1). J Epidemiol Community Health. 2006;60:7—-
12. https//doi.org/10.1136/jech.2004.023531.

University of York. Prospero. https://www.crd.yorkac.uk/prospero/. Last
accessed 1 Nov 2019.

Giskes K, Kunst AE, Benach J, Borrell C, Costa G, Dahl E, et al. Trends in
smoking behaviour between 1985 and 2000 in nine European countries by
education. J Epidemiol Community Health. 2005;59:395-401. https://doi.org/
10.1136/jech.2004.025684.

Berridge V. Histories of harm reduction: illicit drugs, tobacco, and nicotine.
Subst Use Misuse. 1999;34:35-47. https.//doi.org/10.3109/10826089909035634.
CASP. CASP Checklists. https://casp-uk.net/casp-tools-checklists/. Last
accessed 1 Nov 2019.

Petticrew M, Roberts H. Systematic reviews in the social sciences: a practical
guide. Oxford: Blackwell Publishing; 2006. https://doi.org/10.1002/
9780470754887.

Wiltshire S, Amos A, Haw S, McNeill A. Image, context and transition:
smoking in mid-to-late adolescence. J Adolesc. 2005;28:603-17.

Pampel FC, Mollborn S, Lawrence EM. Life course transitions in early
adulthood and SES disparities in tobacco use. Soc Sci Res. 2014;43:45-59.
https://doi.org/10.1016/j.ssresearch.2013.08.005.

Fischer R, Clair C, Studer J, Cornuz J, Gmel G. Prevalence and factors
associated with use of smokeless tobacco in young Swiss men. Eur J Public
Health. 2014;24:459-64.

Syamlal G, Jamal A, King BA, Mazurek JM. Electronic cigarette use among
working adults — United States, 2014. MMWR Morb Mortal Wkly Rep. 2016;
65:557-61. httpsy//doi.org/10.15585/mmwr.mm6522a.

Hu SS, Neff L, Agaku [T, Cox S, Day HR, Holder-Hayes E, et al. Tobacco product
use among adults — United States, 2013-2014. MMWR Morb Mortal Wkly Rep.
2016,65:685-91. https//doi.org/10.15585/mmwr.mme6527al.

Huang J, Kim Y, Vera L, Emery SL. Electronic cigarettes among priority
populations: role of smoking cessation and tobacco control policies. Am J
Prev Med. 2016;50:199-209. https.//doi.org/10.1016/j.amepre.2015.06.032.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71,

72.

73.

74.

75.

76.

Page 11 of 12

Fernando US, Wilson A, Wang Y. Recent findings on the prevalence of E-
cigarette use among adults in the US. Am J Prev Med Am J Prev Med.
2017;52:385-90. https://doi.org/10.1016/j.amepre.2016.10.029.

Brown J, West R, Beard E, Michie S, Shahab L, McNeill A. Prevalence and
characteristics of e-cigarette users in Great Britain: findings from a general
population survey of smokers. Addict Behav. 2014;39:1120-5. https.//doi.
0rg/10.1016/j.addbeh.2014.03.009.

Wilson FA, Wang Y. Recent findings on the prevalence of E-cigarette use
among adults in the US. Am J Prev Med. 2017;52:385-90.

Pearson JL, Richardson A, Niaura RS, Vallone DM, Abrams DB. E-cigarette
awareness, use, and harm perceptions in US adults. Am J Public Health.
2012;102:1758-66.

Carrieri V, Jones AM. Smoking for the poor and vaping for the rich?
Distributional concerns for novel nicotine delivery systems. Econ Lett. 2016;
149:71-4.

Agaku |, King B, Husten C, Bunnell R, Ambrose B, Hu S, et al. Tobacco
product use among adults — United States, 2012-2013 Israel. Morb Mortal
WKly Rep. 2014;63:542-7.

Chivers LL, Hand DJ, Priest JS, Higgins ST. E-cigarette use among women of
reproductive age: impulsivity, cigarette smoking status, and other risk
factors. Prev Med (Baltim). 2016;92:126-34.

Christensen T, Welsh E, Faseru B. Profile of ecigarette use and its relationship with
cigarette quit attempts and abstinence in Kansas adults. Prev Med (Baltim). 2014,69:
90-4. https//doiorg/10.1016/ypmed.2014.09.005.

Douptcheva N, Gmel G, Studer J, Deline S, Etter JF. Use of electronic
cigarettes among young swiss men. J Epidemiol Community Health. 2013;
67:1075-6.

Gallus S, Lugo A, Pacifici R, Pichini S, Colombo P, Garattini S, et al. E-
cigarette awareness, use, and harm perceptions in ltaly: a national
representative survey. Nicotine Tob Res. 2014;16:1541-8.

King BA, Patel R, Nguyen KH, Dube SR. Trends in awareness and use of electronic
cigarettes among US adults, 2010-2013. Nicotine Tob Res. 2015;17:219-27.

King BA, Alam S, Promoff G, Arrazola R, Dube SR. Awareness and ever-use of
electronic cigarettes among U.S. adults, 2010-2011. Nicotine Tob Res. 2013;
15:1623-7.

Regan AK, Promoff G, Dube SR, Arrazola R. Electronic nicotine delivery
systems: adult use and awareness of the “e-cigarette” in the USA. Tob
Control. 2013;22:19-23.

McMillen R, Maduka J, Winickoff J. Use of emerging tobacco products in the
United States. J Environ Public Health. 2012.

Weaver SR, Majeed BA, Pechacek TF, Nyman AL, Gregory KR, Eriksen MP.
Use of electronic nicotine delivery systems and other tobacco products
among USA adults, 2014: results from a national survey. Int J Public Health.
2016,61:177-88.

Kinnunen JM, Ollila H, Lindfors PL, Rimpeld AH. Changes in electronic
cigarette use from 2013 to 2015 and reasons for use among finnish
adolescents. Int J Environ Res Public Health. 2016;13.

Babineau K, Taylor K, Clancy L. Electronic cigarette use among irish youth: a
cross sectional study of prevalence and associated factors. PLoS One. 2015;
10:1-10. https//doi.org/10.1371/journal.pone.0126419.

Wills TA, Knight R, Sargent JD, Gibbons FX, Pagano |, Williams RJ.
Longitudinal study of e-cigarette use and onset of cigarette smoking
among high school students in Hawaii. Tob Control. 2017;36:34-9.

Rennie LJ, Bazillier-Bruneau C, Rouéssé J. Harm reduction or harm
introduction? Prevalence and correlates of E-cigarette use among French
adolescents. J Adolesc Health. 2016;58:440-5.

Khoury M, Manlhiot C, Fan CPS, Gibson D, Stearne K, Chahal N, et al.
Reported electronic cigarette use among adolescents in the Niagara region
of Ontario. C Can Med Assoc J. 2016;188:794-800.

Accortt NA, Waterbor JW, Beall C, Howard G, Brooks M. Need to educate
primary caregivers about the risk factor Proile of smokeless tobacco users. J
Cancer Educ. 2005,20:222-8.

Novotny T, Pierce J, Fiore M, Davis R. Smokeless tobacco use in the United
States: the adult use of tobacco surveys. NCI Monogr a Publ Natl Cancer
Inst. 1989,8:25-8.

Norberg M, Malmberg G, Ng N, Brostrém G. Who is using snus? - time
trends, socioeconomic and geographic characteristics of snus users in the
ageing Swedish population. BMC Public Health. 2011;11.

Mazurek JM, Syamlal G, King BA, Castellan RM, Division of Respiratory
Disease Studies NI for OS, Health CDC. Smokeless tobacco use among
working adults - United States, 2005 and 2010. MMWR - Morb Mortal Wkly


https://doi.org/10.1136/bmj.i4645
https://e-cigarettes.surgeongeneral.gov/documents/2016_SGR_Full_Report_non-508.pdf
https://e-cigarettes.surgeongeneral.gov/documents/2016_SGR_Full_Report_non-508.pdf
https://e-cigarettes.surgeongeneral.gov/documents/2016_SGR_Full_Report_non-508.pdf
https://www.fda.gov/news-events/fda-voices-perspectives-fda-leadership-and-experts/how-fda-regulating-e-cigarettes
https://www.fda.gov/news-events/fda-voices-perspectives-fda-leadership-and-experts/how-fda-regulating-e-cigarettes
https://www.fda.gov/news-events/fda-voices-perspectives-fda-leadership-and-experts/how-fda-regulating-e-cigarettes
https://ac-els-cdn-com.ezproxy.is.ed.ac.uk/S0749379702004919/1-s2.0-S0749379702004919-main.pdf?_tid=aab83fba-f46f-11e7-8c51-00000aab0f6b&acdnat=1515414790_e2c0a334a35f00eaf97a4d7f85e54f1e
https://ac-els-cdn-com.ezproxy.is.ed.ac.uk/S0749379702004919/1-s2.0-S0749379702004919-main.pdf?_tid=aab83fba-f46f-11e7-8c51-00000aab0f6b&acdnat=1515414790_e2c0a334a35f00eaf97a4d7f85e54f1e
https://ac-els-cdn-com.ezproxy.is.ed.ac.uk/S0749379702004919/1-s2.0-S0749379702004919-main.pdf?_tid=aab83fba-f46f-11e7-8c51-00000aab0f6b&acdnat=1515414790_e2c0a334a35f00eaf97a4d7f85e54f1e
https://ac-els-cdn-com.ezproxy.is.ed.ac.uk/S0749379702004919/1-s2.0-S0749379702004919-main.pdf?_tid=aab83fba-f46f-11e7-8c51-00000aab0f6b&acdnat=1515414790_e2c0a334a35f00eaf97a4d7f85e54f1e
https://publications.parliament.uk/pa/cm201719/cmselect/cmsctech/505/505.pdf
https://publications.parliament.uk/pa/cm201719/cmselect/cmsctech/505/505.pdf
http://www.gov.uk/phe
http://www.gov.uk/phe
https://doi.org/10.1016/j.drugpo.2015.02.002
https://doi.org/10.1016/j.drugpo.2015.02.002
https://doi.org/10.1136/jech.2004.023531
https://www.crd.york.ac.uk/prospero/
https://doi.org/10.1136/jech.2004.025684
https://doi.org/10.1136/jech.2004.025684
https://doi.org/10.3109/10826089909035634
https://casp-uk.net/casp-tools-checklists/
https://doi.org/10.1002/9780470754887
https://doi.org/10.1002/9780470754887
https://doi.org/10.1016/j.ssresearch.2013.08.005
https://doi.org/10.15585/mmwr.mm6522a1
https://doi.org/10.15585/mmwr.mm6527a1
https://doi.org/10.1016/j.amepre.2015.06.032
https://doi.org/10.1016/j.amepre.2016.10.029
https://doi.org/10.1016/j.addbeh.2014.03.009
https://doi.org/10.1016/j.addbeh.2014.03.009
https://doi.org/10.1016/j.ypmed.2014.09.005
https://doi.org/10.1371/journal.pone.0126419

Lucherini et al. BMC Public Health (2019) 19:1469

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Rep. 2014,63:477-482 http://ovidsp.ovid.com?T=JS&CSC=Y&NEWS=
N&PAGE=fulltext&D=emed12&AN=24898164%5Cn http:/library.newcastle.
edu.au:4550/resserv?sid=0VID:embase&id=pmid:24898164&id=8&issn=1545-
861X&isbn=_&volume=63&issue=22&spage=477&pages=477-482&date=
2014&title=MMWR +Morbidity.

Mushtag N, Williams MB, Beebe LA. Concurrent use of cigarettes and smokeless
tobacco among US males and females. J Environ Public Health. 2012.

Rodu B, Cole P. Smokeless tobacco use among men in the United States,
2000 and 2005. J Oral Pathol Med. 2009;38:545-50. https.//doi.org/10.1111/j.
1600-0714.2009.00780.x.

Sung HY, Wang Y, Yao T, Lightwood J, Max W. Polytobacco use of
cigarettes, cigars, chewing tobacco, and snuff among US adults. Nicotine
Tob Res. 2016;18:817-26.

Thorne S, McClave A, Rock V, Asman K. Any tobacco use in 13 states —
behavioral risk factor surveillance system, 2008. MMWR Morb Mortal Wkly
Rep. 2010;,59:946-50.

White TJ, Redner R, Bunn JY, Higgins ST. Do socioeconomic risk factors for
cigarette smoking extend to smokeless tobacco use? Nicotine Tob Res.
2016;18:869-73.

Chang JT, Levy DT, Meza R. Trends and factors related to smokeless tobacco
use in the United States. Nicotine Tob Res. 2016;18:1740-8. https://doi.org/
10.1093/ntr/ntw090.

Syamlal G, Jamal A, Mazurek JM. Combustible tobacco and smokeless
tobacco use among working adults—United States, 2012 to 2014. J Occup
Environ Med. 2016;58:1185-9. https://doi.org/10.1097/JOM.
0000000000000898.

Engstrom K, Magnusson C, Galanti MR. Socio-demographic, lifestyle and
health characteristics among snus users and dual tobacco users in
Stockholm County, Sweden. BMC Public Health. 2010;10:619. https://doi.org/
10.1186/1471-2458-10-619.

Vijayaraghavan M, Pierce JP, White M, Messer K. Differential use of other tobacco
products among current and former cigarette smokers by income level. Addict
Behav. 2014;39:1452-8. https//doiorg/10.1016/j.addbeh.2014.05.029.

Kvaavik E, Lund |, Nygdrd M, Hansen BT. Lifestyle correlates of female snus use and
smoking: a large population-based survey of women in Norway; 2016.

Biener L, McCausland K, Curry L, Cullen J. Prevalence of trial of snus
products among adult smokers. Am J Public Health. 2011;101:1874-6.
Bhattacharyya N. Trends in the use of smokeless tobacco in United States,
2000-2010. Laryngoscope. 2012;122:2175-8.

Nelson DE, Tomar SL, Mowery P, Siegel PZ Trends in smokeless tobacco use
among men in four states, 1988 through 1993. Am J Public Health. 1996,86:1300-3.
Loomis BR, Rogers T, King BA, Dench DL, Gammon DG, Fulmer EB, et al.
National and state-specific sales and prices for electronic cigarettes—U.S,,
2012-2013. Am J Prev Med. 2015:1-12. https://doi.org/10.1016/j.amepre.
2015.05.003.

Romito L, Saxton MK. Impact of promotions on awareness, trial, and likelihood of
trial of new dissolvable tobacco. Am J Health Promot. 2014:28251-8.

Grotvedt L, Stigum H, Hovengen R, Graff-Iversen S. Social differences in
smoking and snuff use among Norwegian adolescents: a population based
survey. BMC Public Health. 2008,8:1-12.

@verland S, Tjora T, Hetland J, Aarg LE. Associations between adolescent
socioeducational status and use of snus and smoking. Tob Control. 2010;19:
291-6.

Pedersen W, von Soest T. Tobacco use among Norwegian adolescents: from
cigarettes to snus. Addiction. 2014;109:1154-62.

Wang MQ, Fitzhugh EC, Green L, Eddy JM, Westerfield RC. Tobacco use
among American adolescents: geographic and Deomographic variations.
South Med J. 1994,87:607-10.

Wang MQ, Fitzhugh EC, Eddy JM, Westerfield RC, Fu Q. Tobacco use among
school adolescents: National Sociodemographic Risk Profiles. J Heal Educ.
1998,29:174-8. https://doi.org/10.1080/10556699.1998.10603330.

Hill ME, Harrell JS, McCormick LK. Predictors of smokeless tobacco use by
adolescents. Res Nurs Health. 1992;15:359.

Bauman KE, Koch GG, Lentz GM. Parent characteristics, percevied health risk,
and smokeless tobacco use among adolescent males. NCI Monogr a Publ
Natl Cancer Inst. 1989;8:43-8.

Pedersen W, Bakken A. Urban landscapes of adolescent substance use. Acta
Sociol. 2016;59:131-50. https.//doi.org/10.1177/0001699315625448.

Kotz D, West R. Explaining the social gradient in smoking cessation: It's not
in the trying, but in the succeeding. Tob Control. 2009;18:43-6.

Page 12 of 12

101.

Clare P, Slade T, Courtney RJ, Martire KA, Mattick RP. Use of smoking

cessation and quit support services by socioeconomic status over 10 years

of the national drug strategy household survey. Nicotine Tob Res. 2014;16:

1647-55.

102. Kushnir V, Sproule BA, Cunningham JA. Mailed distribution of free nicotine
patches without behavioral support: predictors of use and cessation. Addict
Behav. 2017,67:73-8.

103. Alberg A, Patnaik J, May J, Hoffman S, Gitchell J, Comstock G, et al. Nicotine
replacement therapy use among a cohort of smokers. J Addict Dis. 2005;21:
101-13.

104. Tomar SL, Fox BJ, Severson HH. Is smokeless tobacco use an appropriate
public health strategy for reducing societal harm from cigarette smoking?
Int J Environ Res Public Health. 2009,6:10-24.

105. Hiscock R, Bauld L, Amos A, Fidler JA, Munafd M. Socioeconomic status and
smoking: a review. Ann N Y Acad Sci. 2012;1248:107-23.

106. Rowa-Dewar N, Rooke C, Amos A. Using e-cigarettes in the home to reduce
smoking and secondhand smoke: disadvantaged parents’ accounts. Health
Educ Res. 2017;32:12-21.

107. Bonevski B, Bryant J, Paul C. Encouraging smoking cessation among
disadvantaged groups: a qualitative study of the financial aspects of
cessation. Drug Alcohol Rev. 2011;30:411-8.

108. Wiltshire S, Bancroft A, Parry O, Amos A. ‘I came back here and started
smoking again”: perceptions and experiences of quitting among
disadvantaged smokers. Health Educ Res. 2003;18:292-303.

109. Thirlway F. How will e-cigarettes affect health inequalities? Applying
Bourdieu to smoking and cessation. Int J Drug Policy. 2018,54:99-104.
https://doi.org/10.1016/j.drugpo.2018.01.009.

. Pearson JL, Hitchman SC, Brose LS, Bauld L, Glasser AM, Villanti AC, et al.
Recommended core items to assess e-cigarette use in population-based
surveys. Tob Control. 2018,27:341-6.

111, Lund KE, Mcneill A. Patterns of dual use of snus and cigarettes in a mature snus

market. Nicotine Tob Res. 2013;15:678-84. https/doi.org/10.1093/ntr/nts185.

112. Green MJ, Popham F. Interpreting mutual adjustment for multiple indicators
of socioeconomic position without committing mutual adjustment fallacies.
BMC Public Health. 2019;19:1-7.

. Collin J. E-cigarettes, harm reduction and the tobacco industry. In: Royal

College of Physicians, editor. Nicotine without smoke: tobacco harm

reduction. London; 2016. p. 135-150. https://www.rcplondon.ac.uk/projects/

outputs/nicotine-without-smoke-tobacco-harm-reduction.

S

w

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



http://ovidsp.ovid.com/?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emed12&AN=24898164%5Cn
http://ovidsp.ovid.com/?T=JS&CSC=Y&NEWS=N&PAGE=fulltext&D=emed12&AN=24898164%5Cn
https://doi.org/10.1111/j.1600-0714.2009.00780.x
https://doi.org/10.1111/j.1600-0714.2009.00780.x
https://doi.org/10.1093/ntr/ntw090
https://doi.org/10.1093/ntr/ntw090
https://doi.org/10.1097/JOM.0000000000000898
https://doi.org/10.1097/JOM.0000000000000898
https://doi.org/10.1186/1471-2458-10-619
https://doi.org/10.1186/1471-2458-10-619
https://doi.org/10.1016/j.addbeh.2014.05.029
https://doi.org/10.1016/j.amepre.2015.05.003
https://doi.org/10.1016/j.amepre.2015.05.003
https://doi.org/10.1080/10556699.1998.10603330
https://doi.org/10.1177/0001699315625448
https://doi.org/10.1016/j.drugpo.2018.01.009
https://doi.org/10.1093/ntr/nts185
https://www.rcplondon.ac.uk/projects/outputs/nicotine-without-smoke-tobacco-harm-reduction
https://www.rcplondon.ac.uk/projects/outputs/nicotine-without-smoke-tobacco-harm-reduction

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Search strategy
	Study selection and eligibility criteria
	Data extraction and quality assessment
	Data synthesis

	Results
	E-cigarettes
	Current use among adults
	Ever use among adults
	Low quality studies, adults
	Young people

	Smokeless tobacco
	Current use among adults
	Ever-use among adults
	Low quality studies, adults
	Young people

	Nicotine replacement therapy

	Discussion
	Limitations

	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

