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Abstract

Aim: To examine the association of self-reported COVID-19 disease status with cutting
down, past-month and past-year quit attempts and motivation to stop smoking.

Design and setting: Repeat cross-sectional survey, representative of the adult popula-
tion in England.

Participants: Past-year smokers, n = 3338 (aged > 18 years) responding between May
2020 and April 2021.

Measurements: Outcomes were (i) currently cutting down, (ii) having made a quit
attempt in the past month, (iii) having made a quit attempt in the past year and
(iv) motivation to stop smoking. The explanatory variable was self-reported COVID-19
disease status (belief in never versus ever had COVID-19). Covariates included age, sex,
occupational grade, region, children in the household, alcohol use and survey month.
Findings: Of past-year smokers, 720 (21.6%) reported past-COVID-19 infection and
48 (1.4%) reported current COVID-19 infection. In adjusted analyses, rates of currently
cutting down [adjusted odds ratio (aOR) = 1.12, 95% confidence interval (Cl) = 0.93-
1.34], past-year quit attempts (aOR = 0.99, 95% Cl = 0.82-1.19) and motivation to stop
smoking (aOR = 1.04, 95% Cl = 0.89-1.23) were comparable in those who did and did
not report ever having had COVID-19. People who reported ever having had COVID-19
had 39% higher odds than those without of attempting to quit in the past month, but
the confidence interval contained the possibility of no difference (aOR = 1.39, 95%
Cl =0.94-2.06) and for some the quit attempt may have occurred before they had
COVID-19.

Conclusion: During the first year of the COVID-19 pandemic in England, rates of reduc-
ing smoking and attempting to quit in the past year were similar in smokers who did or
did not self-report ever having had COVID-19. There was also little difference in motiva-
tion to stop smoking between groups. However, causal interpretation is limited by the
study design, and there is potential misclassification of the temporal sequence of

infection and changes to smoking behaviour.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2 is) an
infection that can lead to coronavirus disease (COVID-19). The SARS-
CoV-2 pandemic (also known as the COVID-19 pandemic) has created
enormous public health challenges, resulting from the threat of dis-
ease and its impact on other health behaviours. Establishing how
smoking outcomes have changed since the pandemic is important for
assessing its wider impact upon public health goals. In addition, under-
standing whether having—or believing one has had—COVID-19
affects people’s smoking and quitting behaviour can inform behaviour
change theories and provision of cessation support. In this study, we
examined associations between self-reported COVID-19 status and
cutting down, quit attempts and motivation to stop smoking among
past-year smokers in England.

The impact of lockdown restrictions on daily routines
(e.g. working from home, reduced social contact) may have helped
smokers to avoid their usual triggers and provided an opportune
moment to break the habit. Conversely, the ability to smoke without
environmental (e.g. work-place) and other restrictions may have led
some people to increase the number of cigarettes they smoke per
day. Studies have documented substantial increases in the rates of
quit attempts and quit success among smokers since the pandemic
began [1]. Some smokers report having cut down the amount they
smoke since the pandemic, while others report smoking more [1-4].
However, the specific experience of being diagnosed with, or believ-
ing one has, or COVID-19 may impact quit motivation in a positive or
negative way, independently of the wider effects of the pandemic.
Specific to smoking, on one hand, having the disease may trigger an
attempt to cut down or stop smoking completely if, for instance, peo-
ple believe smoking increases their risk of being hospitalized or dying
from COVID-19. On the other hand, already having had the disease
and successfully recovering may make people feel there is little reason
to change the amount they smoke.

Evidence from the United Kingdom suggests that people who
smoke are more concerned about becoming infected with the virus
than those who have never smoked, and smokers report being less able
to enact personal protective behaviours [5]. However, another study
has recently shown that smokers are less likely to perceive smoking as
a risk factor for COVID-19 compared with non-smokers, reflecting an
‘optimism bias’ of one’'s own health behaviours [6]. However, per-
ceived probability of contracting the virus appears to be associated
with increased motivation to stop smoking [7, 8]. As new studies
emerge, the picture on how smoking behaviour has been affected by
the pandemic is mixed. To date, little is known about how having had
the COVID-19 disease influences changes in smoking, but fear and
experience of illness are a known trigger for quit attempts (e.g. [9, 10]).

The aim of the current study was to characterize changes in

smoking behaviour and motivation to stop among a representative

sample of past-year smokers in England surveyed between May 2020
and April 2021. COVID-19 disease status was measured by self-report
belief in ever having the disease (i.e. not a positive test).

Specifically, we sought to address the following research

questions:

1. Among current smokers, what is the association between self-
reported COVID-19 status (ever, including current and past dis-
ease versus never) and currently cutting down or having made a
quit attempt in the past month, after adjusting for covariates?

2. Among past-year smokers, what is the association between self-
reported COVID-19 status (past versus never) and past-year quit
attempts, after adjusting for covariates?

3. Among current smokers, what is the association between self-
reported COVID-19 status (ever versus never) and motivation to

stop smoking, after adjusting for covariates?

METHODS
Study design, setting and participants

Data were collected between May 2020 and April 2021 from the
Smoking Toolkit Study (STS), a monthly repeated cross-sectional sur-
vey representative of adults in England [11]. This report follows
Strengthening The Reporting of Observational Studies in Epidemiol-
ogy (STROBE) guidelines for cross-sectional studies [12].

The STS uses a hybrid of random location and quota sampling to
select a new sample of approximately 1700 adults (aged > 18 years)
each month (see [10] for details). Prior to the pandemic, data were col-
lected face-to-face and switched to telephone during this time (and
the whole time of this study). The same sampling approach was used
for the face-to-face method and for which we have shown yields simi-
lar estimates of key parameters to other national surveys in England
and sales data. We have subsequently reported diagnostic analyses in
other papers, which suggest that there is continuity in estimates across
the approaches (e.g. [1]). Survey weights are calculated using raking to
adjust the sample to match the population of England based on key
demographic variables. This demographic profile is determined using a
combination of data from the 2011 UK Census, Office for National
Statistics mid-year estimates and the National Readership Survey.

Respondents who answered the question relating to COVID-19
symptoms and affirmed past-year tobacco smoking were included in
the study. The COVID-19 symptom questions were introduced in the
STS in March 2020; the list of symptoms was based on the UK
Government’s advice at that time. As more was known about the
disease, other common symptoms were associated with the disease
(e.g. anosmia) but these symptoms were not added to the STS. May

2020 was selected as the start date because this is when widespread
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access and testing became easily available to people in England with
COVID-19 symptoms, meaning that the accuracy of whether people
were infected was likely to be greater than earlier in the pandemic,
when a greater proportion of cases were not confirmed by testing.
April 2021 was the end-point for our COVID-19 data collection. Dur-
ing this period, England experienced two national lockdowns resulting
in continued social restriction. This time predated the widespread
COVID-19 vaccination programme across all age groups. Details of
the UK COVID-19 prevalence rate during the time-period of this
study can be found elsewhere [13]. Ethical approval for the STS was
granted by the UCL Ethics Committee (ID 0498/001).

VARIABLES
Explanatory variables: smoking status

Smoking status was determined by asking: ‘Which of the following
best applies to you?’: (1) | smoke cigarettes (including hand-rolled)
every day; (2) | smoke cigarettes (including hand-rolled), but not every
day; (3) | do not smoke cigarettes at all, but | do smoke tobacco of
some kind (e.g. pipe, cigar or shisha); (4) | have stopped smoking
completely in the last year; (5) | stopped smoking completely more
than a year ago; and (6) | have never been a smoker (i.e. smoked for a
year or more). Current smokers were defined as those who responded
1-3, while past-year smokers were those who responded 1-4. All

others were considered non-smokers.

Self-reported COVID-19

Belief to have ever had COVID-19 disease was determined by partici-
pants being told that ‘the key symptoms for coronavirus are high tem-
perature/fever or a new, continuous cough’. They were then asked
which of the following statements best applied to them: (1) ‘I definitely
have coronavirus’, (2) ‘I think | have coronavirus’, (3) ‘I definitely had
coronavirus’, (4) ‘I think | had coronavirus’, (5) ‘I do not have or think |
have had coronavirus’, (6) ‘do not know’ and (7) ‘prefer not to say’.
These responses were recoded as follows: currently have/currently
think | have COVID-19 as ‘current’, definitely/think had COVID-19 as
‘past’ or a combination of these two as ‘ever COVID-19’ and do not
think | have/had as ‘never’; 6 and 7 were excluded from the analysis.

Covariates

Socio-demographic covariates included were: sex, age, region and
occupational social grade dichotomized into ABC1 (managerial, pro-
fessional and clerical workers) and C2DE (manual and casual workers,
state pensioners and unemployed), as derived from the National
Readership Survey [11]. In order to account for confounding factors
that are associated with smoking and self-reported COVID-19, we
also adjusted for presence of children in the house (yes/no) [14],

AUDIT-C [12], a three-item brief measure of alcohol consumption
(analysed as a continuous variable [1]) and survey month in the analy-
sis. Use of nicotine replacement products and e-cigarettes were not
included as covariates as these were considered potential mediators

rather than confounders.

Outcome variable

Current smokers were asked: ‘Are you currently trying to cut down on
how much you smoke?’, (yes/no) and ‘Have you made a quit attempt
in the past month?’ (yes/no). Their motivation to stop smoking was
assessed using the motivation to stop scale [15]; a single-item continu-
ous measure which asks: ‘Which of the following best describes you?’.
Responses include: ‘I really want to stop smoking and intend to in the
next month’, ‘I really want to stop smoking and intend to in the next
3 months’, ‘I want to stop smoking and hope to soon’, ‘I really want to
stop smoking but | do not know when | will’, ‘| want to stop smoking
but have not thought about when’, ‘I think | should stop smoking but
do not really want to’ and ‘I do not want to stop smoking’.

Past-year smokers were asked: ‘Have you made a serious quit
attempt in the past 12 months?’ (yes/no). We were not able to ascer-
tain from this measure if past-year smokers quit attempts preceded
the pandemic.

Statistical method

This study protocol was preregistered on the Open Science Frame-
work (https://osf.io/h5qf8). Several changes to the registered proto-
col were made. Housing status was not included, as this information
was not collected during the study period. Research questions 1 and
3 were meant to be assessed separately in those with past and current
COVID-19 disease, but owing to low participant numbers in the latter
we changed this to ‘never’ versus ‘ever having had COVID’
(i.e. combining past and current COVID-19 disease self-reports). All
three COVID-19 disease statuses by outcome measure and smoking
status are still provided descriptively. After internal review, we ran a
sensitivity analysis where we included strength of urges to smoke
(a known marker of tobacco dependence and relapse [16]) as an addi-
tional covariate (https://osf.io/h5qf8).

Data were analysed on complete cases using R version 4.1.1. The
level of missing data was not problematic; 0.5% participants had miss-
ing smoking status data, 2.1% did not respond to the question about
COVID-19 and missing data was < 5% for all other variables. We pre-
sent weighted descriptive statistics [% (n) or means + standard devia-
tions (SDs)] to report the participant characteristics by COVID-19
disease status.

We conducted logistic regressions to estimate associations
between COVID-19 disease status and (i) currently cutting down,
(i) making a past-year or past-month quit attempt and (iii) motivation
to stop smoking. As motivation to stop is an ordinal variable, this was

analysed using ordered logistic regression. The main associations are
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presented with and without adjustment for covariates. We adjusted
for survey month to account for changes in quitting motivation and
behaviour and in the incidence of COVID-19 over time, using
restricted cubic splines with three knots placed at quantiles to allow
for non-linear trends. Bayes factors (BF) for non-significant results are
available on-line (https://osf.io/h5qf8).

RESULTS
Participant and descriptive data

A total of 19 544 participants responded during the study period,
3338 of whom (17.1%) were past-year smokers and 2923 of whom
(87.6%) were current smokers. Of past-year smokers, 2490 (74.6%)
reported never having contracted COVID-19, 720 (21.6%) reported
past-COVID-19 disease, 48 (1.4%) reported a current COVID-19 dis-
ease and 70 (2.1%) reported not knowing or preferring not to say
(excluded from subsequent analyses). Weighted sample characteristics
for past-year smokers are presented in Table 1, stratified by COVID-
19 disease status. Adjusted analyses included data from the 3019
past-year smokers and 2651 current smokers who responded to all

relevant questions.

MAIN RESULTS

Half of current smokers reported that they were cutting down,
regardless of whether (51.4%) or not (49.6%) they self-reported ever
having had COVID-19 [adjusted odds ratio (aOR) = 1.12, 95% confi-
dence interval (Cl)=0.93-1.34 for cutting down]. People who
reported ever having had COVID-19 had 39% higher odds than those
without COVID-19 of attempting to quit in the past month, but the ClI
contained the possibility of no difference (aOR = 1.39, 95%
Cl = 0.94-2.06; Table 2).

Just over a third of past-year smokers reported making a quit
attempt in the last year, regardless of whether (36.3%) or not (35.3%)
self-reported having previously had COVID-19. Odds of making a quit
attempt in the last year were similar in both these groups after adjust-
ment for confounders (aOR = 0.99, 95% Cl = 0.82-1.19; Table 2).

There was little difference in motivation to stop smoking among
current smokers who reported ever having had COVID-19
(mean = 3.27, SD = 1.90) and those without any past or current dis-
ease (mean = 3.16, SD = 1.89). The Cl from unadjusted ordinal regres-
sion excluded large differences (OR = 1.13, 95% Cl = 0.97-1.32), and
the odds ratio weakened towards the null after adjustment for mea-
sured confounders (aOR = 1.04, 95% Cl = 0.89-1.23: Table 2).

DISCUSSION

Our data show that, among smokers in England, rates of cutting down,

attempts to quit and motivation to stop smoking were similar in those

who did and did not report ever having had COVID-19. One interpre-
tation would be that infection has little direct effect on people’s likeli-
hood of attempting to quit smoking or cut down. However, several
alternative explanations must be considered. First, the impact of dis-
ease could vary throughout individuals: being infected, or at least
believing one has been infected, may trigger quit attempts in some
people, while others who recover may believe they are now immune,
making them less concerned about the effect of smoking on their
health than those who have never been infected. These competing
effects could cancel each other out, leading us to observe little associ-
ation overall. Secondly, because our data were cross-sectional, some
past-year quit attempts will undoubtedly have occurred prior to dis-
ease. This would have been less of an issue although not completely
resolved for past-month quit attempts, as these are less likely to have
occurred before people had COVID-19 than past-year quit attempts.
Such temporal misclassification could have biased results towards the
null, as could residual confounding [17]. Finally, while most confidence
intervals excluded large associations with COVID-19 status—with an
upper aOR limit less than 1.34 for all outcomes except past-month
quit attempts—all include the possibility of small differences. Further
studies are needed to estimate these associations with greater
precision.

There are some limitations to the current study. The data were
cross-sectional, which meant that we could not determine whether
participants attempted to quit smoking before or after having the dis-
ease. Survey measures may miss some of the nuances which have led
to people to change their smoking (e.g. disease severity, long COVID,
unemployment, home learning), thus qualitative data could supple-
ment our understanding of the unique challenges of quitting smoking
within this context. We were not able to account for disease severity
nor the effects of long COVID, which may well lead to differences in
both quit attempts and sustained attempts; future research stratified
on severity of symptoms and accounting for long-term symptoms
could elucidate these types of important differences. While we
included covariates of social economic positioning and family status,
there may be residual confounding. For example, we know that impor-
tant contextual and intersecting factors, such as employment type
[18, 19] and financial stability [20], accommodation circumstances
(e.g. secure accommodation, suitability of accommodation for lock-
down [21, 22] and ethnicity [18, 23] have been strongly associated
with elevated risk of contracting COVID-19, and health comorbidities
with disease severity [24], all of which could influence beliefs of hav-
ing contracted COVID-19 and, potentially, smoking outcomes. Lastly,
our measure of COVID-19 was developed in the early phase of the
pandemic, before more common symptoms (e.g. anosmia) were widely
understood be associated with the having been infected and prior to
widespread testing being available.

The results presented have little implication for theory, potentially
highlighting the complexity of smoking cessation in the context of
wider health behaviours which need to be explored with greater
empirical precision. However, there are some policy considerations.
There is a lack of evidence that having COVID-19 acts as a wide-
spread teachable moment for smoking cessation, at least in the long
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TABLE 1 Characteristics of analysed sample of past-year smokers by self-reported COVID-19 infection status.

Never COVID Past-COVID Current COVID Total
n = 2689 n =825 n =50 N = 3564

Age (years)

16-24 417 (15.5%) 181 (21.9%) 7 (14.3%) 605 (17.0%)

25-34 674 (25.1%) 243 (29.5%) 21 (41.4%) 938 (26.3%)

35-44 506 (18.8%) 152 (18.4%) 7 (14.9%) 665 (18.7%)

45-54 369 (13.7%) 131 (15.9%) 9 (17.0%) 509 (14.3%)

55-64 329 (12.2%) 76(9.2%) 4(8.1%) 409 (11.5%)

> 65 394 (14.7%) 42 (5.1%) 2 (4.3%) 438 (12.3%)
Female

Female 1246 (46.3%) 370 (44.9%) 21 (41.0%) 1637 (45.9%)
Social grade

C2DE 1582 (60.7%) 469 (59.0%) 19 (38.7%) 2070 (60.0%)
Children in household

No 1899 (70.6%) 548 (66.5%) 31(62.2%) 2478 (69.5%)
Region

North 777 (28.9%) 216 (26.1%) 6 (32.4%) 1009 (28.3%)

Central 828 (30.8%) 270 (32.8%) 8(16.1%) 1107(31.1%)

London 382 (14.2%) 140 (17.0%) 12 (22.9%) 533 (15.0%)

South 702 (26.1%) 199 (24.1%) 4 (28.6%) 916 (25.7%)
Alcohol use (AUDIT-C)

Mean (SD) 3.8(SD =34) 4.5(SD =3.4) 3.5(SD =3.2) 3.9 (SD =34)
Survey year

2020 1786 (66.4%) 562 (68.2%) 21 (41.2%) 2369 (66.5%)

2021 903 (33.6%) 263 (31.8%) 30 (58.8%) 1196 (33.5%)
Current smoker

Yes 2365 (88.0%) 724 (87.8%) 47 (94.0%) 3136 (88.0%)
Currently cutting down?®

Yes 1185 (50.7%) 369 (51.2%) 27 (59.8%) 1581 (51.0%)
Past-month quit attempt®

Yes 116 (4.9%) 42 (5.7%) 5(9.9%) 162 (5.2%)
Past-year quit attempt

Yes 974 (36.2%) 297 (36.0%) 20 (39.2%) 1291 (36.2%)
Motivation to stop (MTSS)?

1 (Do not want to stop) 556 (24.2%) 137 (19.5%) 9(21.1%) 702 (23.1%)

2 512 (22.3%) 180 (25.7%) 10 (22.5%) 702 (23.0%)

3 297 (12.9%) 100 (14.2%) 6(14.5%) 403 (13.3%)

4 226 (9.8%) 69 (9.9%) 6(12.9%) 301 (9.9%)

5 375 (16.3%) 100 (14.3%) 7 (14.8%) 481 (15.8%)

6 205 (8.9%) 75(10.7%) 2(5.2%) 282 (9.3%)

7 (Intend to stop in < 1 month) 128 (5.6%) 41 (5.8%) 4(9.1%) 173 (5.7%)

Data are presented as n (%), for categorical variables. Continuous variables (e.g. AUDIT-C) are presented as mean [standard deviation (SD)].
2Current smokers only. AUDIT-C = Alcohol use disorders identification test consumption. MTSS = motivation to stop smoking scale. Data are weighted.

term, so there is a need for continued investment in tobacco control
and cessation support. This is especially the case for priority groups
with a high smoking prevalence, for which more targeted support is

already urgently needed; whether the pandemic has slowed progress

in supporting these groups to quit remains unknown. Practice may
also need to focus upon those who have compromised respiratory
symptoms because of COVID-19 and who also smoke; this is a new

type of vulnerability and challenge for practitioners, although there
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TABLE 2 Association of self-reported COVID-19 with cutting down and attempts and motivation to stop smoking.
n (%) OR 95% ClI aOR 95% ClI
Cutting down?
Never COVID 1068 (49.6%) 1 - 1 -
Ever COVID® 349 (51.4%) 1.07 0.90-1.28 1.12 0.93-1.34
Past-month quit attempt®
Never COVID 103 (4.7%) 1 - 1 -
Ever COVID® 42 (6.1%) 1.32 0.91-1.91 1.39 0.94-2.06
Past-year quit attempt
Never COVID 896 (35.3%) 1 - 1 -
Past-COVID 265 (36.3%) 1.05 0.88-1.24 0.99 0.82-1.19
Motivation to stop (MTSS)?
Never COVID 3.16 (SD = 1.90) 1 - 1 -
Ever COVID 3.27 (SD = 1.89) 1.13 0.97-1.32 1.04 0.89-1.23

Cl = confidence interval; aOR = adjusted odds ratio; MTSS = motivation to stop smoking scale. Adjusted for survey month, sex, age, social grade,

geographic region, children in the household and AUDIT-C.
2Current smokers only.

bEver COVID-19 includes both current and past-COVID-19 infection. n (%) and mean [standard deviation (SD)] were calculated using survey weights, but

OR and aOR were not.

are some signs that stop-smoking services are doing this but on an
individual, rather than systems, level [25].

CONCLUSIONS

During the first year of the COVID-19 pandemic in England, rates of
cutting down and attempting to quit were similar in smokers who did
versus did not self-report that they had ever been infected with
COVID-19. There was also little difference in motivation to stop
between groups. However, these results are caveated with the limita-
tion that we cannot be sure whether participants changed their
behaviour before or after having the disease, so the direction of cau-
sality is unclear.
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