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ABSTRACT

Objective: To examine the real-world effectiveness of popular smoking cessation aids, adjusting for potential
confounders measured up to 12 months before the quit attempt.

Methods: 1,045 adult (>18y) smokers in England provided data at baseline (April 2015-November 2020) and
reported a serious past-year quit attempt at 12-month follow-up. Our outcome was smoking cessation, defined as
self-reported abstinence at 12 months. Independent variables were use in the most recent quit attempt of: var-
enicline, prescription NRT, over-the-counter NRT, e-cigarettes, and traditional behavioural support. Potential
confounders were age, sex, social grade, alcohol consumption, and level of dependence (measured at baseline),
variables relating to the most recent quit attempt (measured at 12-month follow-up), and survey year.

Results: Participants who reported using varenicline in their most recent quit attempt had significantly higher
odds of abstinence than those who did not, after adjustment for potential confounders and use of other aids (OR
= 2.69, 95 %CI = 1.43-5.05). Data were inconclusive regarding whether using prescription NRT, over-the-
counter NRT, e-cigarettes, or traditional behavioural support was associated with increased odds of abstinence
(p > 0.05; Bayes factors = 0.41-1.71, expected effect size OR = 1.19), but provided moderate evidence that using
e-cigarettes was more likely associated with no effect than reduced odds (Bayes factor = 0.31, expected effect
size OR = 0.75).

Conclusions: Use of varenicline in a quit attempt was associated with increased odds of successful smoking
cessation. Data were inconclusive regarding a benefit of e-cigarettes for cessation but showed use of e-cigarettes
was unlikely to be associated with reduced odds of cessation. Associations between other cessation aids and
cessation were inconclusive.

1. Introduction

Hartmann-Boyce, Chepkin, Ye, Bullen, & Lancaster, 2018), e-cigarettes
(Hartmann-Boyce et al., 2021), or behavioural support (e.g. brief

Cigarettes are uniquely lethal, eventually killing up to two thirds of
people who smoke them without stopping (Banks et al., 2015; Reitsma
et al., 2021). People live substantially longer when they stop smoking,
regardless of their age when they quit — but the sooner they quit, the
more years of life expectancy they gain (Doll, Peto, Boreham, &
Sutherland, 2004; Taylor, Hasselblad, Henley, Thun, & Sloan, 2002).
Maximising the success of every quit attempt is therefore critically
important. A large body of evidence from randomised controlled trials
suggests smokers are more likely to quit successfully if they use phar-
macotherapy (e.g. nicotine replacement therapy [NRT], varenicline,
cytisine, bupropion) (Cahill, Stevens, Perera, & Lancaster, 2013;

physician advice, counselling, telephone support) (Hartmann-Boyce
et al., 2021). However, what is observed under trial conditions does not
necessarily generalise to other populations (where people who smoke
may differ from those who are selected to take part in a trial) or settings
(where people may not receive the same support to use their chosen
cessation aid effectively). Observational data can help us understand the
effectiveness of these cessation aids in the ‘real world’ (i.e. outside an
experimental setting). This is essential for informing guidance for
treatment providers and enabling smokers to make informed decisions.

We previously conducted a large, observational study which exam-
ined the real-world effectiveness of the most popular quitting aids used

* Corresponding author: Department of Behavioural Science and Health, University College London, 1-19 Torrington Place, London WC1E 7HB, UK.

E-mail address: s.e.jackson@ucl.ac.uk (S.E. Jackson).

https://doi.org/10.1016/j.addbeh.2022.107442

Received 29 March 2022; Received in revised form 17 June 2022; Accepted 22 July 2022

Available online 25 July 2022

0306-4603/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:s.e.jackson@ucl.ac.uk
www.sciencedirect.com/science/journal/03064603
https://www.elsevier.com/locate/addictbeh
https://doi.org/10.1016/j.addbeh.2022.107442
https://doi.org/10.1016/j.addbeh.2022.107442
https://doi.org/10.1016/j.addbeh.2022.107442
http://crossmark.crossref.org/dialog/?doi=10.1016/j.addbeh.2022.107442&domain=pdf
http://creativecommons.org/licenses/by/4.0/

S.E. Jackson et al.

by smokers in England (Jackson, Kotz, West, & Brown, 2019). Using
data from the Smoking Toolkit Study, a large survey representative of
the general population, we analysed abstinence rates among smokers
who reported a recent quit attempt in relation to the type of cessation aid
they used. We found use of e-cigarettes and varenicline were associated
with higher abstinence rates (odds ratio [OR] 1.95 and 1.82, respec-
tively), after adjusting for use of other aids. In addition, use of prescribed
NRT was associated with higher abstinence rates, but only in older
smokers (OR 1.58), and use of websites only in smokers from lower
socio-economic status (OR 2.20). There was little evidence of indepen-
dent benefits of using other cessation aids, such as NRT bought over-the-
counter, bupropion, or behavioural support. A key limitation of this
study was its cross-sectional design. In order to adjust for confounding
by level of dependence (i.e., smokers who are more dependent being
more likely to choose more intensive cessation aids and less likely to quit
successfully), we used a validated measure (Fidler, Shahab, & West,
2011) that asked participants to rate the strength of their urges to smoke
at the time of the survey. This measure served as a proxy for urges to
smoke at the time of the quit attempt, which seemed to be a valid
assumption (Kotz, Brown, & West, 2014) but may have been less accu-
rate for people who were abstinent at the time of the survey than those
who had relapsed.

With sufficient prospective data now available within the Smoking
Toolkit Study, it is possible to apply more rigorous adjustment for po-
tential confounding by controlling for smokers’ level of cigarette
dependence prior to their quit attempt. This approach has been used
previously to analyse the real-world effectiveness of prescription
medication in combination with specialist behavioural support, pre-
scription medication plus brief advice, and NRT bought over-the-
counter (Kotz, Brown, & West, 2014). Participants were selected if
they reported being a current smoker at baseline and having made a quit
attempt between baseline and 6-month follow-up. Abstinence rates at 6-
month follow-up were analysed in relation to the cessation aid they
used, controlling for their level of cigarette dependence reported at
baseline. Results indicated that prescription medication plus either
specialist behavioural support or minimal behavioural support was
associated with increased odds of abstinence (OR 2.58 and 1.55,
respectively), but use of NRT bought over-the-counter was associated
with decreased odds (OR 0.68). Since this study was published, the to-
bacco control context in England has changed, e-cigarettes have become
popular, the Smoking Toolkit Study has collected data on alcohol con-
sumption (which is associated with smoking relapse and may confound
estimates of effectiveness (Kahler, Spillane, & Metrik, 2010; Wein-
berger, Pilver, Hoff, Mazure, & McKee, 2013; Leeman et al., 2008)), and
the follow-up period has been expanded to 12 months; offering the op-
portunity to update and expand this analysis of the real-world effec-
tiveness of smoking cessation aids, with a longer-term follow-up.

This study therefore used population survey data with 12-month
follow-up to examine the real-world effectiveness of popular smoking
cessation aids, while adjusting for key potential confounding variables
measured up to 12 months prior to the quit attempt. Specifically, we
aimed to address the following research question:

e Among smokers making a quit attempt in England, is use in the quit
attempt of prescription medication (NRT, varenicline, or bupropion),
NRT bought over-the-counter, e-cigarettes, or traditional behav-
ioural support (one-on-one or group counselling/support), associ-
ated with increased chances of self-reported non-smoking relative to
non-use of these aids, after adjusting for potential confounding by
age, sex, socioeconomic position, and level of dependence (measured
at baseline; up to 12 months prior to the quit attempt), characteris-
tics of the quit attempt (measured at follow-up), and use of the other
quitting aids?
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2. Method
2.1. Pre-registration
Our protocol and analysis plan were pre-registered on Open Science

Framework (https://osf.io/9pzrn/). We followed this pre-registered
protocol without deviation.

2.2. Design and study population

We used similar methodology to our previous cross-sectional and
prospective studies of real-world effectiveness of smoking cessation aids
(Jackson et al., 2019; Kotz et al., 2014). Data were drawn from the
Smoking Toolkit Study; an ongoing monthly survey of representative
samples of adults in England since 2006 designed to provide insights
into population-wide influences on smoking and cessation by moni-
toring trends on a range of variables relating to smoking (Fidler et al.,
2011). The study uses a form of random location sampling to select a
new sample of approximately 1,700 adults aged > 16 years each month,
who each complete the same baseline survey. Since April 2015, smokers
have been invited to participate in a follow-up survey via telephone at
12 months. The follow-up survey is intended to be representative, with
efforts made to follow up all those who report smoking at baseline and
consent to be recontacted, but response rates are typically low. Up to
eight recontact attempts are made for each participant, at different times
of day across weekdays and weekends.

For the present study, we used aggregated data from respondents to
the baseline survey in the period from April 2015 to November 2020
(the most recent wave with 12-month follow-up data available at the
time of analysis). We restricted our sample to respondents aged > 18
years, because data have not been collected from 16 and 17-year-olds
since March 2020.

Our sample comprised participants who reported:

(i) smoking cigarettes (including hand-rolled) or any other tobacco
product (e.g., pipe or cigar) daily or occasionally at the time of
the baseline survey (‘current smokers’);

(i) having made at least one quit attempt between baseline and 12-
month follow-up, assessed at 12-month follow-up with the
question “How many serious attempts to stop smoking have you made
in the past 12 months? By serious I mean you decided that you would
try to make sure you never smoked again.”;

(iii) the success of the most recent quit attempt at 12-month follow-up
(see below for definition).

2.3. Measures

Our outcome was self-reported continuous abstinence from the start
of the most recent quit attempt reported at 12-month follow-up up to the
time of the 12-month follow-up survey. Participants were asked “How
long did your most recent quit attempt last before you went back to smoking?”
Responses were coded 1 for those who responded that they were still not
smoking and O otherwise. We note that our outcome was abstinence
from smoking rather than abstinence from nicotine, so participants who
reported using an e-cigarette in their quit attempt were considered
abstinent if they reported that they were still not smoking tobacco at
follow-up regardless of whether they were still using an e-cigarette.

Use of smoking cessation aids was assessed at 12-month follow-up
with the question: “Which, if any, of the following did you try to help
you stop smoking during the most recent serious quit attempt?” Participants
were asked to indicate all that apply, and data for each of the following
were coded 1 if chosen and 0 if not:

(i) prescription NRT (available in England from prescribing health
professionals, including advisors at specialist stop smoking
services);


https://osf.io/9pzrn/

S.E. Jackson et al.

(ii) NRT bought over-the-counter (NRT without a prescription);

(iii) varenicline;

(iv) bupropion;

(v) e-cigarettes;

(vi) traditional behavioural support (attended a stop smoking group
or attended one or more stop smoking one-to-one counselling/
advice/support session(s)). Before the Covid-19 pandemic, we
would refer to this as ‘face-to-face’ behavioural support, but
during the pandemic stop smoking services had to provide sup-
port virtually — usually by telephone or video calls. Thus we refer
here to ‘traditional’ behavioural support to distinguish support
that is traditionally delivered face-to-face from other types of
behavioural support that are usually delivered remotely (e.g.
telephone quitlines or websites).

For analysis, we had planned to combine variables relating to pre-
scription medication (prescription NRT, varenicline, and bupropion)
because we anticipated the numbers of participants reporting using
these aids to be small (Jackson et al., 2019). We also planned to analyse
data for each medication separately if samples were large enough; we
were able to do this for prescription NRT and varenicline, but could not
do so for bupropion due to insufficient sample size (n = 4).

Potential confounders included sociodemographic characteristics,
alcohol consumption, and level of cigarette dependence (measured at
baseline), variables relating to the most recent quit attempt (measured
at 12-month follow-up), and survey year.

Sociodemographic variables were age, sex, and occupational social
grade (ABC1, which includes managerial, professional and intermediate
occupations, vs C2DE, which includes small employers and own-account
workers, lower supervisory and technical occupations, and semi-routine
and routine occupations, state pensioners, never worked and long-term
unemployed). This occupational measure of social grade is a valid
classification that is widely used in research in UK populations (Bartley,
2016).

Alcohol consumption was assessed with Alcohol Use Disorders
Identification Test (Babor, Higgins-Biddle, Saunders, Monteiro, & Or-
ganization, 2001), a 10-item screening tool developed by the WHO to
assess alcohol consumption, drinking behaviours, and alcohol depen-
dence. Scores range from 0 to 40, with higher scores indicating more
problematic drinking.

Level of cigarette dependence was assessed by self-reported ratings
of the strength of urges to smoke over the last 24 h (not at all (coded 0),
slight (1), moderate (2), strong (3), very strong (4), extremely strong (5).
This question was also coded ‘0’ for smokers who responded ‘not at all’
to the separate question “How much of the time have you spent with the urge
to smoke?” (West, Hajek, & Belcher, 1989). This measure has been
validated and performs at least as well as the Fagerstrom Test of Ciga-
rette Dependence and the Heaviness of Smoking Index in predicting the
outcome of cessation while not being subject to bias due to population-
level changes in cigarette consumption over the time period of the study
(Fidler et al., 2011).

Variables relating to the most recent quit attempt included time since
the quit attempt started (less vs more than 6 months), the number of
prior quit attempts in the past year (categorised as 1, 2, 3 or > 4),
whether the quit attempt was planned or occurred immediately when
the decision to quit was made, and whether the participant cut down
first or stopped abruptly.

The year of baseline survey was also included to account for changes
in the availability and effectiveness of smoking cessation aids during this
period (e.g. changes in e-cigarette device type).

2.4. Statistical analysis
Data were analysed on complete cases using SPSS v.27. We compared

the baseline characteristics of eligible smokers who did vs did not
respond to follow-up using t-tests for continuous variables and chi-
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square tests for categorical variables.

Bivariate associations between the use of different smoking cessation
aids and potential confounders were described using t-tests for contin-
uous variables and chi-square tests for categorical variables.

We then used logistic regression to analyse associations between self-
reported abstinence (abstinent yes vs no) and use of different smoking
cessation aids (use of a specific aid vs no use of that specific aid). Step 1
was a model including all other cessation aids (to estimate the unique
association between each cessation aid and abstinence), but no potential
confounders (model 1). Step 2 was a model including all potential
confounders listed above, but no other cessation aids (model 2). Step 3
was a model that included all cessation aids plus all potential con-
founders (fully adjusted; model 3).

We calculated Bayes factors (BFs) using an online calculator (bayesfa
ctor.info) to aid the interpretation of non-significant associations be-
tween cessation aids and abstinence in the fully adjusted model (model
3). These enabled us to examine whether the data support the alterna-
tive hypothesis (i.e. using the cessation aid is associated with increased
odds of abstinence), the null hypothesis, or are insensitive. For all aids,
we used a half-normal distribution, the mode at 0 (no effect), and the
standard deviation equal to the expected effect size, which we set at OR
= 1.19 on the basis that this is the documented difference between using
no cessation support and the lowest intensity effective cessation support,
according to trial evidence (Livingstone-Banks, Ordonez-Mena, &
Hartmann-Boyce, 2019). In addition, given there is debate about e-cig-
arettes (Wang, Bhadriraju, & Glantz, 2021) and NRT bought over-the-
counter (Kotz et al., 2014) potentially suppressing quitting, we calcu-
lated a second BF for these aids with the expected effect size set at OR =
0.75 (a point in between the effect sizes observed in studies indicating
lower quit rates associated with these aids among smokers motivated to
quit (Kotz et al., 2014; Wang et al., 2021)). BFs > 3 can be interpreted as
evidence for the alternative hypothesis (and against the null), BFs <1/3
as evidence for the null hypothesis, and BFs between 1/3 and 3 suggest
the data are insensitive to distinguish the alternative hypothesis from
the null (Dienes, 2014; Jeffreys, 1961).

Following internal peer review, we added two unplanned sensitivity
analyses. In the first, we coded time since the most recent quit attempt
began as a 3-level (rather than binary) variable (<1 month, 1-6 months,
6-12 months) to check whether our results held when we distinguished
recent quitters from those who had sustained abstinence for at least one
month. In the second, we excluded participants who reported using
more than one cessation aid in their most recent quit attempt from the
analysis (because we did not have information about relative intensity of
use of the different aids) to see if this altered the results.

Following external peer review, we added another unplanned
sensitivity analysis that included additional adjustment for the timing of
the Covid-19 pandemic (coded O for participants surveyed between April
2015 and February 2020 and 1 for those surveyed between April 2020
and November 2020 [no data were collected in March 2020]). We also
added descriptive data on use of e-cigarettes and NRT at follow-up
among those who used these aids to support their quit attempt.

3. Results

Between April 2015 and November 2020, 19,353 out of 114,078
(17.0 %) respondents to the baseline Smoking Toolkit Study survey re-
ported being a current smoker. Follow-up data were collected 12 months
later from 3,015 (15.6 %) smokers. Compared with those who did not
respond, the group who completed the 12-month follow-up interview
overrepresented smokers who were older, more socioeconomically
advantaged, and more dependent, but there were no significant differ-
ences by sex or alcohol consumption (Supplementary Table 1).

Of the smokers who responded to follow-up, 1,104 (36.6 %) reported
having made at least one quit attempt between baseline and 12-month
follow-up. We excluded 59 participants with missing data on potential
confounders, leaving a final sample for analysis of 1,045 participants.
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Characteristics of the analysed sample are summarised in Table 1. More
than half of participants (57.8 %, n = 604) reported using one or more
cessation aids in their most recent quit attempt. Of this group, the ma-
jority (79.3 %) reported using just one aid, 16.9 % reported using two,
and 3.8 % three or more. Use of multiple cessation aids was highest
among those who reported using behavioural support (81.4 %, 70/86),
followed by prescription NRT (54.9 %, 56,/102) and varenicline (48.1 %,
26/54). Those who reported using NRT bought over-the-counter (33.3
%, 56/168) or e-cigarettes (20.1 %, 69/344) were least likely to report
using more than one aid.

Supplementary Table 2 shows associations between sample charac-
teristics and use of the different smoking cessation aids. Use of the
different aids varied by age, sex, social grade, and past quit attempts.
Use of all the different cessation aids was associated with higher levels of
cigarette dependence. Use of most cessation aids was associated with
lower alcohol consumption (excepting varenicline and e-cigarettes),
making a planned rather than unplanned quit attempt (excepting e-
cigarettes), and cutting down prior to the quit date (excepting e-ciga-
rettes and behavioural support).

Supplementary Table 3 shows associations between sample charac-
teristics and abstinence. Compared with participants who relapsed to
smoking, those who were abstinent at 12 months reported weaker urges

Table 1
Characteristics of the analysed sample.

N 1045

Assessed at baseline
Age in years

18-24 12.9 (135)
25-34 15.1 (158)
35-44 15.7 (164)
45-54 19.3 (202)
55-64 18.4 (192)
>65 18.6 (194)
Female 47.7 (498)
Social grade C2DE! 51.0 (533)
Alcohol consumption, mean (SD) AUDIT? 4.51 (5.05)
Strength of urges to smoke, mean (SD)> 1.90 (1.14)
Assessed at 12-month follow-up
Currently abstinent 33.7 (352)
Time since quit attempt began
<6 months 56.8 (594)
6-12 months 43.2 (451)
Number of quit attempts in the past year
1 67.4 (704)
2 20.8 (217)
3 7.0 (73)
>4 4.9 (51)
Planned attempt 47.2 (493)
Abrupt attempt (no cutting down first) 57.7 (603)
Use of cessation aids*
Prescription medication® 14.6 (153)
Prescription NRT 9.8 (102)
Varenicline 5.2 (54)
Bupropion 0.4 (4)
NRT bought over-the-counter 16.1 (168)
E-cigarettes 32.9 (344)
Traditional behavioural support 8.2 (86)
None of the above 42.2 (441)
Number of the above cessation aids used
0 42.2 (441)
1 45.8 (479)
2 9.8 (102)
3 1.6 17)
4 0.6 (6)

Note: Figures are presented as percentage (n), unless stated otherwise.

NRT, nicotine replacement therapy. SD, standard deviation.

ICZDE, more disadvantaged social grades (routine and manual occupations).
2AUDIT, Alcohol Use Disorders Identification Test: O to 40.

3Strength of urges to smoke: 0 (no urges) to 5 (extremely strong urges).
“Participants could report using more than one aid.

SPrescription NRT, varenicline, and bupropion combined.
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to smoke at baseline and were less likely to have made multiple attempts
to quit in the past year, planned their quit attempt, or cut down prior to
the quit date.

Table 2 shows unadjusted abstinence rates and sequentially adjusted
models testing associations between each cessation aid and abstinence.
Overall, 33.7 % of participants (352/1,045) who reported making a quit
attempt in the 12 months before the 12-month follow-up survey were
abstinent at the time of the survey (median duration of abstinence: 6-12
months), ranging from 24.4 % of those who reported using NRT bought
over-the-counter to support their quit attempt to 46.3 % of those who
reported using varenicline.

Analyses that adjusted for use of other cessation aids, but no po-
tential confounders (model 1, Table 2) indicated that participants who
reported using NRT obtained on prescription or bought over-the-counter
were significantly less likely to be abstinent than those who did not
report using NRT. Varenicline, e-cigarettes, and traditional behavioural
support were not significantly associated with abstinence after adjust-
ment for other cessation aids.

After adjustment for sociodemographic characteristics, alcohol con-
sumption, and level of cigarette dependence (assessed at baseline),
factors relating to the quit attempt (assessed at 12 months), and survey
year, but excluding other cessation aids (model 2, Table 2), the odds of
abstinence were significantly higher among smokers who reported using
varenicline than those who did not. There was no significant association
between use of any other cessation aid and abstinence after adjusting for
potential confounders. A similar pattern of results was observed when
both potential confounders and use of other cessation aids were adjusted
for (model 3, Table 2).

Bayes factors based on results from the fully adjusted model (model
3) indicated that the data were insensitive to detect small beneficial
effects of prescription medication (combined), prescription NRT, NRT
bought over-the-counter, e-cigarettes, and traditional behavioural sup-
port on abstinence (Table 3). The data were also insensitive to detect a
detrimental effect of NRT bought over-the-counter, but provided mod-
erate evidence that use of e-cigarettes was more likely associated with
no effect than with reduced odds of reporting abstinence (Table 3).

Repeating the analyses (i) using a 3-level variable for time since the
quit attempt started (<1 month, n = 113, 10.8 %; 1-6 months, n = 481,
46.0 %; 6-12 months, n = 451, 43.2 %), (ii) excluding participants who
reported using more than one cessation aid (n = 125), and (iii) adjusting
for the timing of the Covid-19 pandemic did not materially alter the
pattern of results (Supplementary Tables 4, 5, and 6, respectively).

Of participants who reported using an e-cigarette in their quit
attempt at baseline, 70.3 % (242/344) were still using an e-cigarette at
12-month follow-up (84.5 % [93/110] of those who were abstinent at
follow-up and 63.7 % [149/234] of those who had relapsed to smoking;
the latter indicating dual use of both tobacco and e-cigarettes). The
corresponding figures for use of NRT at follow-up were 34.3 % (35/102)
among those who reported using prescription NRT in their quit attempt
(40.7 % [11/27] of those who were abstinent at follow-up and 32.0 %
[24/75] of those who had relapsed) and 48.2 % (81/168) among those
who reported using NRT bought over-the-counter (46.3 % [19/41] and
48.8 % [62/127], respectively).

4. Discussion

Participants who reported using varenicline in their most recent quit
attempt had significantly higher odds of reporting abstinence than those
who did not, after adjustment for age, sex, social grade, alcohol con-
sumption, and level of cigarette dependence (assessed at baseline); time
since the quit attempt started, number of prior quit attempts in the past
year, whether the quit attempt was planned, and whether the participant
quit abruptly versus gradually (assessed at 12 months); survey year; and
use of other cessation aids. The data were inconclusive regarding
whether use of prescription NRT, NRT bought over-the-counter, e-cig-
arettes, and traditional behavioural support were associated with
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Table 2
Associations between use of smoking cessation aids and abstinence.
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Unadjusted abstinence Model 1

0y
% (n/N) OR [95 % CI]

No aid

Prescription medication”
Prescription NRT
Varenicline

NRT bought over the counter

E-cigarettes

Traditional behavioural support

35.8 (158/441) -

33.3 (51/153) 0.87 [0.58-1.29]
26.5 (27/102) 0.60 [0.37-0.98]
46.3 (25/54) 1.58 [0.90-2.79]
24.4 (41/168) 0.57 [0.39-0.84]
32.0 (110/344) 0.86 [0.65-1.14]
36.0 (31/86) 1.28 [0.77-2.14]

Model 2* Model 3°
P OR [95 % CI] p OR [95 % CI] p
- 0.85 [0.64-1.14] 0.288 - -
0.487 1.42 [0.95-2.14] 0.087 1.34 [0.86-2.08] 0.196
0.043 0.92 [0.56-1.52] 0.755 0.88 [0.52-1.51] 0.647
0.113 2.82 [1.53-5.20] 0.001 2.69 [1.43-5.05] 0.002
0.004 0.67 [0.44-1.01] 0.058 0.71 [0.47-1.08] 0.112
0.286 1.09 [0.80-1.48] 0.580 1.12 [0.82-1.53] 0.489
0.337 1.27 [0.77-2.10] 0.351 1.20 [0.69-2.06] 0.519

CI, confidence interval. NRT, nicotine replacement therapy. OR, odds ratio.

Each OR and 95 % CI is for using the smoking cessation aid in question relative to not using that smoking cessation aid.

! Model 1 = multivariable model including all smoking cessation aid variables, but no potential confounders.

2 Model 2 = multivariable model including all potential confounders (age, sex, social grade, alcohol consumption, strength of urges to smoke, time since the quit
attempt started, number of prior quit attempts in the past year, whether the quit attempt was planned, whether the participant quit abruptly versus gradually, and year

of the survey), but no other smoking cessation aid variables.

3 Model 3 = fully adjusted multivariable model including all potential confounders and all smoking cessation aid variables.
4 Prescription NRT, varenicline, and bupropion combined. Data are not presented separately for bupropion due to small sample size (n = 4).

Table 3
Bayes factors for non-significant (fully-adjusted) associations between use of
smoking cessation aids and abstinence.

Expected effect size OR Expected effect size OR =

=1.19 0.75
BF Interpretation BF Interpretation
Prescription 1.71 Data are
medication’ insensitive
Prescription 0.70  Data are
NRT insensitive
Varenicline - - - -
NRT bought over 0.41  Data are 2.45  Data are
the counter insensitive insensitive
E-cigarettes 1.09 Data are 0.31  Moderate evidence
insensitive for HO
Traditional 1.15 Data are - -
behavioural insensitive
support

BF, Bayes factor. HO, null hypothesis (no effect).
! Pprescription NRT, varenicline, and bupropion combined.

increased odds of abstinence, but provided moderate evidence that use
of e-cigarettes was unlikely to be associated with reduced odds of
abstinence.

This study aimed to extend our previous cross-sectional analysis of
the real-world effectiveness of popular cessation aids used by smokers in
England (Jackson et al., 2019) by using a longitudinal design to better
adjust for potential confounding by level of cigarette dependence prior
to the quit attempt. There are similarities and differences between the
two sets of results. In both studies, use of varenicline was associated with
significantly increased odds of abstinence (cross-sectional OR = 1.82,
longitudinal OR = 2.69) and use of behavioural support was not (OR =
1.20 and OR = 1.20, respectively), after adjustment for potential con-
founders and use of other cessation aids. The cross-sectional data also
showed a significant association between use of e-cigarettes and
increased abstinence (OR = 1.95) while the data in the present study
were inconclusive (OR = 1.12, [0.82-1.53]). Similarly, there was a
significant association between use of prescription NRT and increased
abstinence in the cross-sectional analysis (OR = 1.34) but not in the
present study (OR = 0.88).

It is not clear to what extent these possible differences are attribut-
able to better adjustment for smokers’ pre-quit-attempt level of cigarette
dependence (in which case the present estimates may be more accurate)
versus the sample being less representative of smokers trying to quit (in
which case the previous cross-sectional estimates may be more accu-
rate). This study’s longitudinal design allowed us to adjust for key po-
tential confounders such as level of cigarette dependence prior to the

quit attempt. However, it relied on participants who completed the
baseline survey responding to the follow-up assessment. The baseline
survey recruited a large, representative sample of adults in England, and
our previous cross-sectional analysis was conducted on this sample
(Jackson et al., 2019). Response to follow-up was low (15.6 % of eligible
participants), resulting in small samples sizes for each of the treatments
evaluated. Those who responded were older and more socioeconomi-
cally advantaged, and marginally more dependent, than those who did
not, limiting the generalisability of the present findings. Additionally,
the quit rates among the sample followed up were higher than would be
expected, which may reflect smokers who had quit being more likely to
respond to the follow-up survey, some degree of forgetting failed quit
attempts, or a combination of the two. If forgetting differed according to
the cessation aids used in failed quit attempts, this could bias estimates
of effectiveness. On the other hand, some results were inconclusive and
it is possible with more data that our cross-sectional results may yet be
replicated.

In the context of existing evidence, the results of the present study
provide increased confidence in the real-world effectiveness of vareni-
cline as a smoking cessation aid. A number of previous retrospective and
prospective studies have shown varenicline to be effective in real-world
settings (Chaiton et al., 2018; Jackson et al., 2019; Kaduri et al., 2015;
Kotz et al., 2014; Kotz et al., 2014; Pascual, Fontoba Ferrandiz, Gil
Sanchez, Ponce Lorenzo, & Botella, 2016); our results add to this evi-
dence base by demonstrating a significant benefit of using varenicline
even after adjusting for use of other cessation aids and relevant con-
founders. It is noteworthy that while varenicline was found to be asso-
ciated with the highest odds of successful cessation, only 5 % of smokers
who made a quit attempt reporting using it. This would appear to sug-
gest that the benefits of varenicline should be more clearly communi-
cated to smokers. However, in 2021 (after these data were collected),
Pfizer 1td, the company that manufactures varenicline, recalled the
medication as a precautionary measure due to presence of levels of N-
nitroso-varenicline above the acceptable level of intake set by both
European Medicines Agency and Medicines and Healthcare products
Regulatory Agency (Medicines and Healthcare products Regulatory
Agency). Although a generic version is available in some countries such
as the US and Australia (Australia, 2022; Par Launches Generic of
Smoking Cessation Drug Chantix [Internet], 2022), it is not yet clear
whether varenicline will return to the market in the UK; if it does not,
there are alternative medications that could potentially achieve similar
results. Cytisine is less well-known but has similar properties to vare-
nicline (i.e. structurally similar to nicotine, acts as a partial agonist at
nicotinic acetylcholine receptors), has been shown to be effective for
smoking cessation in a number of trials (Hajek, McRobbie, & Myers,
2013; Walker et al., 2014, 2021), and is licensed (Medicines and
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Healthcare products Regulatory Agency) but not yet supplied in
England.

While we did not find use of e-cigarettes in a quit attempt to be
significantly associated with increased odds of successful smoking
cessation, the data did not show evidence of an adverse effect of e-
cigarette use on smoking cessation, as has been suggested previously
(Wang et al., 2021), and there remains population-level evidence that
changes in the prevalence of e-cigarette use in England have been
positively associated with the overall quit rates and quit success rates
(Beard et al., 2016, 2020). We note that the majority of participants who
were successful in stopping smoking with an e-cigarette were still using
the e-cigarette at follow-up. The impact of ongoing e-cigarette use
among ex-smokers is not yet well established: it could either reduce the
risk of relapse, as it satisfies ex-smokers’ need to obtain nicotine from
other sources (Notley et al., 2018, 2021), or it may increase the risk of
relapse by maintaining nicotine dependence and its behavioural simi-
larity to smoking (Everard et al., 2020; McMillen, Klein, Wilson,
Winickoff, & Tanski, 2019). Our data do not tell us anything about
longer-term trajectories of e-cigarette use (i.e. beyond 12 months post-
quit attempt) or what proportion of long-term users of e-cigarettes use
e-cigarettes with nicotine (some may reduce the nicotine content over
time). More data on the long-term effectiveness of e-cigarettes for
smoking cessation are required. In addition, more evidence is needed to
determine the real-world effectiveness of other cessation aids such as
behavioural support and NRT obtained on prescription or bought over-
the-counter.

Besides the low response rate, there were limitations associated with
the available data: (i) the 12-month follow-up assessment did not cap-
ture all of the cessation aids usually assessed in the baseline Smoking
Toolkit Study survey (e.g. telephone support, written self-help materials,
or websites), so we were unable to examine the effectiveness of these
aids; and (ii) while we controlled for a range of potential confounders,
there may have been residual confounding by other variables that were
not assessed, such as factors associated with self-selection of cessation
aids (e.g. chronic mental or physical health conditions), the extent to
which participants adhered to their chosen cessation aid, or the ways in
which participants who reported using multiple cessation aids used
them (e.g. concurrently or consecutively). In addition, the sample size
was not large enough to explore moderation of the effectiveness of
cessation aids by smokers’ characteristics. In our previous cross-
sectional study, we found certain aids were more or less effective in
different age groups, men vs women, more vs less advantaged social
grades, and more vs less addicted smokers (Jackson et al., 2019). Finally,
our study was conducted in England and results may not generalise to
other countries with different tobacco control climates, availability of
cessation support, and regulation of e-cigarettes.

5. Conclusion

In a non-representative follow-up sample of smokers in the ‘real
world’, use of varenicline in a quit attempt was associated with
increased odds of successful smoking cessation, after accounting for key
potential confounders assessed prior to the quit attempt and use of other
cessation aids. The data were inconclusive regarding a benefit of e-
cigarette use for smoking cessation but showed use of e-cigarettes was
not associated with reduced odds of smoking cessation. Associations
between use of other cessation aids and smoking cessation were
inconclusive.
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