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Abstract

Introduction: This study aimed to examine how the proportion of dual users of cigarettes and
e-cigarettes who use e-cigarettes in situations where smoking is not permitted has changed since
e-cigarettes became popular in England, and to characterize those who do so.

Methods: Data were from 5081 adults in England who reported current smoking and current
use of e-cigarettes (‘dual users’) participating in a nationally-representative monthly survey be-
tween April 2011 and February 2020. We modeled quarterly changes in prevalence of e-cigarette
use in situations where smoking is not permitted and assessed multivariable associations with
sociodemographic and smoking characteristics.

Results: Between 2011 and 2020, prevalence of e-cigarette use in situations where smoking is not
permitted followed a positive cubic trend, with a decelerating increase from an estimated 52.5% of
dual users in Q2-2011 to 72.7% in Q3-2014, followed by a small decline to 67.5% in 2018, and subse-
quent increase to 74.0% in 2020. Odds were higher among those who were from more disadvan-
taged social grades, reported stronger smoking urges, or had made a past-year quit attempt, and
lower among those who were aged at least 65 years (vs. 16-24 years), from the south (vs. north) of
England, reported currently cutting down on their cigarette consumption or currently using nico-
tine replacement therapy.

Conclusions: In England, use of e-cigarettes in situations where smoking is not permitted is
common among dual cigarette and e-cigarette users, has increased nonlinearly since 2011, and is
particularly prevalent among those who are younger, disadvantaged, more addicted, have recently
failed to quit, and are not attempting to cut down.

Implications: The ability to use nicotine in smoke-free settings appears to be an important part
of the appeal of e-cigarettes. It is possible that if e-cigarette use was prohibited in public places,
smokers may be deterred from using e-cigarettes alongside combustible tobacco, which could
undermine quitting. Our results suggest disadvantaged and more addicted smokers would be dis-
proportionately affected, suggesting such restrictions may contribute to inequalities in smoking
and associated health outcomes.
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Introduction

E-cigarettes have rapidly become popular among smokers over the
last decade. In England, the prevalence of e-cigarette use (“vaping”)
increased tenfold between 2011 and 2014, from 2% to 21%.' Since
then, it has plateaued and remained relatively stable at around 20%.!
Meanwhile, cigarette smoking prevalence has declined steadily from
20% in 2011 to 14% in 2019.>2 While cessation and harm reduction
are the most commonly reported reasons for vaping,*”’ the ability to
use nicotine in situations where smoking is not permitted seems to
be another important part of e-cigarettes’ appeal.>*¢ Determining
regulation to optimize the public health impact of e-cigarettes is a
global priority, including how to approach the use of e-cigarettes
in smoke-free and public places. There have been calls for a wider
debate on how e-cigarettes are to be dealt with in public places.®
Understanding population trends in the use of e-cigarettes to achieve
temporary abstinence from smoking in situations where smoking is
not permitted can inform this debate and allow judgments on the
number of people likely affected.

In 2018, comprehensive smoke-free legislation covered approxi-
mately 1.6 billion people in 62 countries, rising from 0.2 billion
people in 10 countries in 2007.° In England, legislation banning to-
bacco smoking in enclosed (or substantially enclosed) public places
(including public vehicles) and workplaces was brought into effect
in 2007. In 2008, the ban was extended to Mental Health Units
and to private vehicles in 2015. While these laws do not cover
vaping, an increasing number of businesses and public transport op-
erators now treat vaping in the same way as smoking, applying a
blanket ban that prohibits both smoking and the use of e-cigarettes.
This is in spite of consensus across England’s public health com-
munity that e-cigarettes are substantially safer than smoked to-
bacco, a lack of evidence of harm to bystanders from exposure to
e-cigarette vapor,” and guidance issued by Public Health England
that encourages evidence-based policies that distinguish between
smoking and vaping.'® In this context, extension of smoking bans to
e-cigarettes appears to be driven by concerns than some bystanders
find exposure to e-cigarette vapor unpleasant.® At the discretion of
nongovernmental organizations and businesses across England, the
extension of smoke-free policies to include use of e-cigarettes could
at least partly explain the plateau in e-cigarette use over recent years.

It has been suggested that use of e-cigarettes as an alternative
to smoking in smoke-free settings may promote quitting among
smokers not currently planning to stop.’ Indeed, use of nicotine re-
placement therapy (NRT) for temporary abstinence has previously
been shown to be associated with subsequent quit attempts and
cessation.!" With e-cigarettes since overtaking NRT to become the
most popular noncombustible nicotine product used by smokers in
England,'? the potential for use of e-cigarettes for temporary abstin-
ence to increase rates of quitting is significant. However, if smoking
bans have been widely extended to include e-cigarettes this may
make vaping less attractive and undermine this potential pathway
to quitting via e-cigarettes. On the other hand, it is possible that the
ability to use e-cigarettes in places where smoking is not permitted
may prolong smoking behaviors rather than facilitate smoking ces-
sation by enabling nicotine use in locations where this was not pre-
viously an option. Understanding how motives for e-cigarette use
are changing over time is important for evaluating current policy
about restrictions on e-cigarette use in public places and the extent
to which it may affect smoking and quitting behavior.

The primary aim of this study was to examine whether, and if
so to what extent, the proportion of smokers who use e-cigarettes
in situations where smoking is not permitted (ie, for temporary

abstinence) has changed since e-cigarettes first became popular in
England. The secondary aim was to characterize smokers who use
e-cigarettes in situations where smoking is not permitted. Specifically,
we addressed the following research questions:

1. What function best characterizes the trend in use of e-cigarettes
by dual users of cigarettes and e-cigarettes in situations where
smoking is not permitted from 2011 and 2020 in England?

2. How do dual users who report using e-cigarettes in situations
where smoking is not permitted differ from those who use
e-cigarettes for other reasons?

3. Has the sociodemographic or smoking profile of dual users who
report using e-cigarettes in situations where smoking is not per-
mitted changed between 2011 and 2020 and, if so, in what way?

Materials and Methods
Study Design and Population

Data were drawn from the ongoing Smoking Toolkit Study, a
monthly cross-sectional survey of a representative sample of adults
(216 years) in England designed to provide insights into population-
wide influences on smoking and cessation by monitoring trends on
a range of variables relating to smoking.!* The study uses a form of
random location sampling to select a new sample of approximately
1700 adults aged at least 16 years each month. Participants complete
a face-to-face computer-assisted survey with a trained interviewer.
Comparisons with national data indicate that key variables such as
sociodemographic characteristics and smoking prevalence are na-
tionally representative.!

For the present study, we used data from respondents to the
survey in the period from April 2011 (the first full quarter to include
the items on e-cigarette use described below) through February 2020
(the most recent wave of data at the time of analysis). Our sample
for analysis included respondents who, at the time of the survey, re-
ported being a current cigarette smoker and current e-cigarette user
(“dual users”).

Measures
Smoking status was assessed with the question: “Which of the fol-
lowing best applies to you? (1) I smoke cigarettes (including hand
rolled) every day; (2) I smoke cigarettes (including hand rolled), but
not every day; (3) I do not smoke cigarettes at all, but I do smoke
tobacco of some kind (eg, pipe, cigar, or shisha); (4) I have stopped
smoking completely in the last year; (5) I stopped smoking com-
pletely more than a year ago; and (6) I have never been a smoker
(ie, smoked for a year or more)” Participants who responded (1) or
(2) were considered current cigarette smokers. Those who responded
(3)—(6) were excluded from the analysis.

Current use of e-cigarettes was assessed with three questions:
(1) “Which, if any, of the following are you currently using to help
you cut down the amount you smoke?” (2) “Do you regularly use
any of the following in situations when you are not allowed to
smoke?” (3) “Are you using any of the following either to help
you stop smoking, to help you cut down or for any other reason
at all?” The list of response options varied across waves to cap-
ture the full range of alternative nicotine products available at
the time of the survey but always included a response option for
e-cigarettes. Participants who responded “electronic cigarette” to
one or more of these questions were considered current e-cigarette
users. Those who did not were excluded from the analysis. We
have published widely on e-cigarette use using this measure (eg,
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refs *19), and it produces estimates of overall prevalence that
align closely with surveys conducted by the Office for National
Statistics!” and Action on Smoking and Health.!®

Use of e-cigarettes for temporary abstinence in situations when
smoking is not permitted was assessed with the question: “Do you
regularly use any of the following in situations when you are not
allowed to smoke?” Respondents who reported using e-cigarettes
for this reason were coded 1 and those who did not were coded
0. Individual-level data were aggregated to produce quarterly
population-level prevalence estimates for the trend analysis. For
each quarter, the mean number of participants reporting use of
e-cigarettes in situations when smoking is not permitted was div-
ided by the mean sample size, multiplied by 100. For a few months
(May, July, September, and November 2012, January and March
2013), data on e-cigarette use among smokers were not recorded.
For these months, data were imputed using data from the previous
and next month.

Sociodemographic characteristics assessed included age, sex, so-
cial grade (an occupational index of socioeconomic position, cat-
egorized as ABC1, which includes managerial, administrative, and
professional and occupations, vs. C2DE, which includes semiroutine
and routine occupations, manual occupations, never workers, and
long-term unemployed’’), and region (Government Office Region
grouped into northern, central, and southern England). Ethnicity was
not included because this information was not recorded before 2013.

Smoking characteristics assessed included number of cigarettes
smoked per day, daily versus nondaily smoking, time to first cigar-
ette (within 5 minutes vs. >5 minutes),? strength of urges to smoke
(an indicator of cigarette addiction),?' motivation to stop smoking,?*
whether the participant was currently cutting down, current use of
NRT, and whether the participant had tried to quit in the last year.
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Statistical Analysis

The analysis plan was preregistered on Open Science Framework
(https://osf.io/Smu2r/). We made one amendment: we had intended
to use data from April 2011 through March 2020 but data col-
lection was not completed in March 2020 because of restrictions
implemented to control the spread of COVID-19. Estimates for
the first quarter of 2020 are thus based on data from January and
February only.

Population-Level Trend Analysis
For analysis of prevalence trends, data were weighted using rim
(marginal) weighting to match the English population profile on
the dimensions of age, social grade, region, tenure, ethnicity, and
working status within sex.!'323-25

We used generalized additive mixed models to regress time onto
prevalence of e-cigarette use in situations where smoking is not per-
mitted, applying a seasonal smoothing term. Generalized additive
mixed models allow the incorporation of autocorrelation. The pres-
ence of autoregressive-1 autocorrelation [AR(1)] were assessed with
the Durbin—Watson test and AR(2) and moving average -1 and -2
[MA(1) and MA(2)] autocorrelation with the autocorrelation func-
tion and the partial autocorrelation function. Higher order AR and
MA terms were excluded as they were not believed to be plausible.
The Durbin—Watson test was significant for all models except the
cubic trend model, and the autocorrelation function and partial
autocorrelation function indicated the presence of autocorrelation.

We assessed six trend models: (1) linear, (2) quadratic, (3) cubic,
(4) power (log-log model), (5) exponential (log-level model), and
(6) logarithmic (level-log model). Other functions (eg, quartic and
quantic polynomial regressions) were not tested as we did not believe

(b) Cubic trend
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Figure 1. Raw and fitted prevalence of use of e-cigarettes in situations where smoking is not permitted from (a) linear and (b) best fitting models. Solid line,
regression line; black dots, observed data; shaded area, 95% confidence interval of regression line.
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that they would reflect plausible underlying trends in prevalence and
could lead to overfitting.

To identify the best overall models, all the resulting regression
models were compared using the Akaike information criterion (AIC)
as the primary measure of fit, and the adjusted R* and Bayesian infor-
mation criterion as secondary measures of fit. In general, the smaller
the AIC and Bayesian information criterion, and larger the adjusted R?,
the better the model fit. A prerequisite in using the AIC and Bayesian
information criterion to compare models is that the dependent variable
is on the same scale; thus, to ensure equivalence for the exponential
trend and power trend models, a correction was applied to the AIC
and Bayesian information criterion. This involved adding the Jacobian
of the log transformation that is, 2 Y log (y;) where y is the outcome
variable of interest. The criteria for selecting the best fitting model was
either the model with the lowest AIC or the simplest model if it was
within two units of the model with the lowest AIC score. Model fit in-
dices for all the models are shown in Supplementary Table 1.

Primary interpretation of the results was based on the best fit-
ting model. The parameters relating to the linear and the best fit-
ting models are reported in Results section. Results of standard
regression models without adjustment for seasonality are shown
in Supplementary Table 2. Orthogonal polynomials were used for
model selection as they are uncorrelated but raw polynomials are
reported for the final models.

Individual-Level Analyses

We used logistic regression on aggregated data across the entire
study period to examine the extent to which sociodemographic and
smoking characteristics were associated with use of e-cigarettes in
situations where smoking is not permitted. Bivariate associations be-
tween use of e-cigarettes in situations where smoking is not permitted
and each potential correlate were tested separately and independent
associations were assessed with a multivariable model that included
all variables. All analyses were performed on complete cases. The
linearity assumption was met for each continuous variable.

In order to examine whether profiles of smokers who use
e-cigarettes in situations where smoking is not permitted had
changed over time, we used data collected in 2011-2012 (April 2011
to March 2012) and 2019-2020 (April 2019 to February 2020) to
test the 2 x 2 interaction between survey year (2011-2012 vs. 2019-
2020) and use of e-cigarettes in situations where smoking is not per-
mitted (yes vs. no) for each sociodemographic and smoking-related
characteristic. The reason the outcomes for these analyses were the
sociodemographic or smoking-related characteristic of interest,
rather than use of e-cigarettes in situations where smoking is not
permitted (as in the previous analysis), is that these analyses were de-
signed to test changes in the profile of smokers who use e-cigarettes
in situations where smoking is not permitted, over and above
changes in these characteristics that have occurred in the wide popu-
lation of dual users of cigarettes and e-cigarettes (and not to simply
describe changes in use of e-cigarettes in situations where smoking is
not permitted within each subgroup). We used logistic regression for
categorical outcomes and linear regression for continuous outcomes.

Results

A total of 185 066 people responded to the survey from April 2011
through February 2020, of whom 5081 (2.7%, 95% CI = 2.7%
to 2.8%) reported current use of both cigarettes and e-cigarettes
(“dual users”). Complete data on sociodemographic and smoking

characteristics were available for 4851 (95.5%) of participants (see
Supplementary Table 3 for details of missing data).

Among dual users of cigarettes and e-cigarettes, the prevalence of
use of e-cigarettes in situations where smoking is not permitted in-
creased over the 9-year study period from 45.1% (95% CI = 25.6%
to 67.2%; weighted 7 = 11.00/24.39) in the second quarter of 2011
t0 70.5% (95% CI = 60.5% to 80.8%; weighted 72 = 59.55/84.47) in
the first quarter of 2020.

The best fitting regression model was a cubic trend model
without adjustment for autocorrelation (Figure 1, Table 1; model
fit comparison Supplementary Table 1). This model indicated
that among dual users of cigarettes and e-cigarettes, there was
a decelerating increase in the prevalence of use of e-cigarettes in
situations where smoking is not permitted between 2011 and 2014
(from an estimated 52.5% in Q2-2011 to 72.7% in Q3-2014),
followed by a small decline between 2014 and 2018 (to 67.5% in
Q1-2018), and a subsequent increase between 2018 and 2020 (to
74.0% in Q1-2020).

Table 2 summarizes associations between sociodemographic and
smoking characteristics and use of e-cigarettes in situations where
smoking is not permitted. There were significant independent asso-
ciations with age, social grade, region, strength of urges to smoke,

Table 1. Trends in Quarterly Prevalence of Use of E-Cigarettes in
Situations Where Smoking Is not Permitted Among Dual Users of
Cigarettes and E-Cigarettes in England, 2011-2020: Results of the
Linear and Best Fitting Models

95% CI
B Lower Upper P
Linear model
No autocorrelation
Intercept 64.578 60.568 68.589 <.001
Time 0.214 0.025 0.403 .033
Autocorrelation
Intercept 58.520 47.765 69.276 <.001
Time 0.428 -0.042 0.899 .084
Best fitting model (cubic model)
No autocorrelation
Intercept 48.606 42.085 55.127 <.001
Time 4.158 2.653 5.664 <.001
Time? -0.224 -0.318 -0.130 <.001
Time? 0.004 0.002 0.005 <.001
Autocorrelation
Intercept 49.192 43.265 55.119 <.001
Time 4.027 2.659 5.395 <.001
Time? -0.216 -0.301 -0.131 <.001
Time? 0.003 0.002 0.005 <.001

All models were adjusted for seasonality. Linear model adjusted for autocor-
relation included 2 autoregressive (AR) terms and 0 moving average (MA
terms). Best fitting (cubic) model adjusted for autocorrelation included 1 AR
term and 1 MA term. Intercept = value of the dependent variable at the start of
the series. Time (linear model) = linear slope between time and the dependent
variable. If the sign is positive then the dependent variable increases as time
increases, if the sign is negative then the dependent variable decreases as time
increases. Time (cubic trend model) = rate of change in the dependent vari-
able at the start of the series. Time? (cubic trend model) = the quadratic trend
over the series. If the sign is positive then the model is convex (curvature is
upward), if it is negative then the curve is concave (curvature is downward).
Time? (cubic trend model) = the cubic trend over the time series. If the sign is
positive then the quadratic trend is increasingly positive as time increases, if it
is negative then the quadratic trend is increasingly negative as time increases.
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Table 2. Bivariate and Multivariable Logistic Regression Models of Associations Between Sociodemographic and Smoking
Characteristics and Use of E-Cigarettes in Situations Where Smoking Is not Permitted Among Dual Users of Cigarettes and E-Cigarettes in

England, 2011-2020

Bivariate Multivariable
n %? OR [95% CI] P OR,; [95% CI] P

Age in years

16-24 923 71.7 1.00 —_ 1.00 —

25-34 1033 69.9 0.92 [0.75-1.11] 0.375 0.96 [0.78-1.17] 653

35-44 859 71.6 0.99 [0.81-1.22] 0.952 1.04 [0.84-1.29] .740

45-54 868 68.0 0.84 [0.68-1.02] 0.084 0.8710.70-1.08] 199

55-64 698 67.3 0.81[0.66-1.01] 0.057 0.85 [0.68-1.07] 161

265 470 63.8 0.70 [0.55-0.88] 0.003 0.75[0.59-0.97] .025
Sex

Men 2523 70.3 1.00 — 1.00 —

Women 2328 68.1 0.90 [0.80-1.02] 0.093 0.90 [0.79-1.02] .097
Social grade

ABC1 2176 66.6 1.00 — 1.00 —

C2DE 2675 71.4 1.25 [1.10-1.41] <0.001 1.19 [1.05-1.36] .008
Region

North 1957 71.0 1.00 — 1.00 —

Central 1300 71.0 1.00 [0.86-1.17] 0.987 1.00 [0.85-1.17] 975

South 1594 65.6 0.78 [0.68-0.90] 0.001 0.82 [0.71-0.95] .008
Nondaily smoker

No 4233 69.8 1.00 — 1.00 —

Yes 618 65.2 0.81 [0.68-0.97] 0.020 0.84 [0.69-1.03] .087
Time to first cigarette

>5 min 4010 68.4 1.00 — 1.00 —

Within § min 841 73.1 1.26 [1.06-1.48] 0.007 1.09 [0.91-1.31] 368
High motivation to stop*

No 3575 70.0 1.00 — 1.00 —

Yes 1276 67.1 0.87 [0.76-1.00] 0.052 1.00 [0.86-1.15] 974
Currently cutting down

No 1141 85.9 1.00 — 1.00 —

Yes 3710 64.1 0.29 [0.25-0.35] <0.001 0.27[0.23-0.33] <.001
Current use of NRT

No 4094 71.6 1.00 — 1.00 —

Yes 757 56.5 0.52 [0.44-0.61] <0.001 0.49 [0.41-0.57] <.001
Tried to quit in past year

No 2344 68.9 1.00 — 1.00 —

Yes 2507 69.6 1.04 [0.92-1.17] 0.572 1.28 [0.12-1.46] <.001

n Mean (SD)?

Cigarettes per day 4851 11.67 (8.28)/11.02 (7.64) 1.01 [1.00-1.02] 0.010 1.00 [0.99-1.01] 911
Strength of urges to smoke! 4851 2.19 (1.06)/2.09 (1.03) 1.09 [1.03-1.16] 0.003 1.11 [1.04-1.19] .003

OR = odds ratio; CI = confidence interval; SD = standard deviation; NRT = nicotine replacement therapy.

aPercentage of current smokers in each category who reported use of e-cigarettes in situations where smoking is not permitted.

"Mean (SD) for the group of current smokers who reported/did not report use of e-cigarettes in situations where smoking is not permitted.

‘Defined as really wanting to stop smoking within the next 3 months.

dSelf-rated strength of urges to smoke over the past 24 hours, on a scale from 0 (not at all) to 5 (extremely strong).

cutting down, current use of NRT, and past-year quit attempts.
Those who were from more disadvantaged social grades (C2DE) re-
ported stronger urges to smoke or had made a serious quit attempt
in the past year had increased odds of reporting using an e-cigarette
in situations where smoking is not permitted, and those who were
aged at least 65 years (vs. 16-24 years), from the south of England
(vs. the north), currently cutting down, or currently using NRT had
decreased odds.

Table 3 summarizes the sociodemographic and smoking charac-
teristics of dual users of cigarettes and e-cigarettes who did versus
did not report using e-cigarettes in situations where smoking is not
permitted in 2011-2012 and 2019-2020. There was no significant
interaction between survey year (2011-2012 vs. 2019-2020) and

use of e-cigarettes in situations where smoking is not permitted (yes

vs. no) for any characteristic.

Discussion

Between 2011 and 2020, the prevalence of use of e-cigarettes in situ-
ations where smoking is not permitted by dual users of cigarettes
and e-cigarettes in England followed a cubic trend, increasing from
2011 to 2014, decreasing slightly from 2014 to 2018, then increasing
from 2018 to 2020. Across the entire 9-year study period, odds of
use of e-cigarettes in situations where smoking is not permitted
were higher among dual users who were more socioeconomically
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Table 3. Sociodemographic and Smoking Profile of Dual Users of Cigarettes and E-Cigarettes in England Who Use E-Cigarettes in
Situations Where Smoking Is not Permitted: 2011-2012 and 2019-2020

Use of e-cigarettes in situations where smoking is not permitted

Yes® No¢ Interaction®
2011-2012  2019-2020 Change! 2011-2012 2019-2020 Change! OR [95% CI] p
n 95 337 — 60 139 — — —
Age in years (%)
16-24 18.9 19.9 1.0 10.0 26.6 16.6 0.51 [0.12-2.14] 354
25-34 12.6 24.0 11.4 18.3 20.9 2.6 2.15[0.54-8.55] 278
35-44 24.2 15.1 -9.1 15.0 13.7 -1.3 0.88 [0.22-3.54] .858
45-54 14.7 16.3 1.6 25.0 10.8 -14.2 3.30 [0.83-13.15] .091
55-64 15.8 15.4 -0.4 16.7 15.1 -1.6  1.39[0.34-5.61] 648
>65 13.7 9.2 -4.5 15.0 12.9 -2.1 Ref —
Women (%) 44.2 45.4 1.2 46.7 42.4 -4.3 1.25[0.58-2.67] 573
Social grade C2DE (%) 57.9 48.4 -9.5 483 46.0 -2.3  0.75[0.35-1.60] 452
Region (%)
North 36.8 37.4 0.6  30.0 32.4 2.4 0.95[0.38-2.39] 954
Central 28.4 29.7 1.3 333 32.4 -0.9  1.09[0.43-2.76] .856
South 34.7 32.9 -1.8 36.7 35.3 -1.4 Ref —
Nondaily smoker (%) 7.4 14.5 7.1 8.3 20.9 12.6  0.74 [0.20-2.71] .646
First cigarette within 5 min of waking (%) 20.0 13.6 -6.4 16.7 13.7 -3.0 0.80[0.29-2.22] 666
High motivation to stop (%) 31.6 24.0 -7.6 30.0 29.5 -0.5 0.70 [0.31-1.61] 403
Currently cutting down (%) 71.6 69.7 -1.9 93.3 84.9 -8.4 2.28 [0.67-7.75] 187
Currently using NRT (%) 17.9 7.1 -10.8  28.3 22.3 -6.0  0.49[0.19-1.27] 139
Tried to quit in past year (%) 62.1 47.8 -14.3 55.0 46.8 -8.2 0.78 [0.36-1.67] 518
Beta [95% CI] P

14.91 (9.33) 9.57 (7.42)  -5.34
2.51(1.01) 2.00(0.99) -0.51

12.70 (8.44) 8.84 (6.66) -3.86
2.13(0.96) 1.82(1.05) -0.31

-1.48 [-4.40 to 1.43] .318
-0.19 [-0.57 t0 0.19] .330

Cigarettes per day (mean [SD])
Strength of urges to smoke (mean [SD])f

OR = odds ratio; CI = confidence interval; SD = standard deviation; NRT = nicotine replacement therapy; ref = referent category.

aThe 2 x 2 interaction between survey year (2011-2012 vs. 2019-2020) and use of e-cigarettes in situations where smoking is not permitted (yes vs. no) for each
sociodemographic and smoking-related characteristic.

"Descriptive characteristics of dual users responding to the Smoking Toolkit Study surveys in April 2011 to March 2012 and April 2019 to February 2020 (aggre-
gated monthly data) who use e-cigarettes in situations where smoking is not permitted.

“Descriptive characteristics of dual users responding to the Smoking Toolkit Study surveys in April 2011 to March 2012 and April 2019 to February 2020 (aggre-

gated monthly data) who do not use e-cigarettes in situations where smoking is not permitted.

dPercent or mean change between 2011-2012 and 2019-2020.
“Defined as really wanting to stop smoking within the next 3 months.

fSelf-rated strength of urges to smoke over the past 24 hours, on a scale from 0 (not at all) to 5 (extremely strong).

disadvantaged, those who were more addicted, and those who had
tried to quit in the past year. However, odds of use of e-cigarettes in
situations where smoking is not permitted were lower among older
smokers, those who lived in the south of England, those who were
currently cutting down, and those who were currently using NRT.
The profile of dual users who used e-cigarettes in situations where
smoking is not permitted was stable over time, with no changes in
the sociodemographic or smoking characteristics of this population
between 2011-2012 and 2019-2020 over and above changes ob-
served in dual users who used e-cigarettes for other reasons.
Prevalence of use of e-cigarettes in situations where smoking is
not permitted among dual users of cigarettes and e-cigarettes has
broadly followed the same pattern as prevalence of e-cigarette use
among adults in England. As e-cigarettes rapidly became popular
between 2011 and 2014, a growing proportion of dual users re-
ported using them in situations where smoking is not permitted. As
the prevalence of e-cigarette use plateaued from 2014 onward, the
prevalence of use in situations where smoking is not permitted did
not change substantially. With businesses and public transport oper-
ators increasingly extending smoke-free policies to include vaping, we
had anticipated that use of e-cigarettes in situations where smoking

is not permitted might have declined over recent years. However, we
did not find this to be the case; instead the best fitting model sug-
gested a small increase between 2018 and 2020. Stealth vaping is the
practice of vaping discreetly where e-cigarette use is prohibited. It
is widely discussed online and appears common among experienced
users in the United States.?**” An increase in stealth vaping may partly
account for the apparent discrepancy between the prevalence of the
use of e-cigarettes where smoking is not permitted and the increas-
ingly extensive policies to include vaping in smoke-free policies. It
is also possible that users are doing less vaping in situations where
smoking is not permitted—but continue to do at least some; our
study did not consider the frequency with which—or locations—an
individual used an e-cigarette where smoking is not permitted.

The characteristics of dual users who reported using e-cigarettes
in situations where smoking is not permitted are those typically as-
sociated with higher smoking prevalence (ie, socioeconomic disad-
vantage, younger age, and living in the North of England®*?*°) and
dependence (ie, socioeconomic disadvantage, failed quit attempts,
and not cutting down®*3!). The association with failed quit attempts
could also indicate greater motivation to quit in this group, although
there was no significant association with our more direct assessment
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of motivation to stop smoking. Despite a substantial increase in the
prevalence of use of e-cigarettes in situations where smoking is not
permitted over the study period, there was no substantial change
in the profile of dual users of cigarettes and e-cigarettes who did so
relative to dual users who did not use e-cigarettes in situations where
smoking is not permitted.

These findings have implications for regulation of the use of
e-cigarettes in public places. Assuming that of the 44.6 million adults
(216 years) in England,”® 2.7% are dual users of cigarettes and
e-cigarettes and 70.5% (Q1-2020) of these people use e-cigarettes in
situations where smoking is not permitted, any restrictions on the use
of e-cigarettes in public places could affect in the region of 850 000
smokers in England. The ability to use nicotine in smoke-free set-
tings appears to be an important part of the appeal of e-cigarettes.>*°
Our results suggest that while dual users are currently prohibited
from vaping in some public places, it has not substantially reduced
all use in public settings. However, it is possible that if e-cigarette
use was banned completely in public places, smokers may be de-
terred from initiating or continuing use of e-cigarettes alongside
combustible tobacco. This could undermine quitting: A recent pro-
spective study found that smokers who also used e-cigarettes were
slightly more likely to make a serious attempt to quit than those
who exclusively smoked.'* The association we observed with social
grade means disadvantaged smokers would be disproportionately
affected, suggesting such restrictions may contribute to inequalities
in smoking and associated health outcomes.’* In making decisions
on the regulation of use of e-cigarettes in public places, there is thus
a need to weigh what appear to be negligible risks to bystanders (ie,
what currently appears to be no evidence of health risks associated
with inhaling second-hand vapor’) against the risk of deterring up-
take of e-cigarette use as a potential route to quitting and the impli-
cations of this for population health.

Strengths of this study include the large, representative sample
and monthly data collection allowing examination of trends with
greater granularity than would be achieved in other surveys, which
collect data annually. However, there were limitations. The measure
of use of e-cigarettes in situations where smoking is not permitted
was not context specific, so we were not able to distinguish between
use in public places with blanket bans (eg, restaurants, train stations)
and use at home (eg, where landlords or other family members pro-
hibit smoking). In addition, the relatively small proportion of the
population who reported dual use of cigarettes and e-cigarettes
meant we lacked sufficient data to analyze monthly trends, but
we were able to aggregate data quarterly and account for seasonal
variation in use of e-cigarettes in situations where smoking is not
permitted.

In conclusion, use of e-cigarettes in situations where smoking
is not permitted is common among dual cigarette and e-cigarette
users in England and has increased nonlinearly since 2011. Profiles
of those who do so have remained stable over time, with dual
users who were younger, more disadvantaged, more addicted, had
tailed to quit in the last year, and were not attempting to cut down
more likely to use e-cigarettes in situations where smoking is not
permitted.
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