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ARTICLE INFO ABSTRACT

Keywords: The COVID-19 pandemic provides both reasons to quit smoking as well as stress that may promote increased
Smoking cigarette consumption. Perceptions of COVID-19 risk related to smoking may motivate cessation among smokers.
Tobacco At the same time, other evidence shows that affective perceptions (i.e., worry) could lead to increased smoking as
légl\(]f]’)e_rlcgep tions a coping mechanism. Using a sample drawn from a rural region of California (N = 295), we examined the
Worry relationship between perceptions about health risks for smokers during the pandemic and both reported in-

creases in smoking frequency and intentions to quit smoking. We also examined whether worry about health
risks mediated these relationships. High perceived risk was associated both with reported increases in smoking
frequency as well as greater intentions to quit smoking. Worry partially mediated both these relationships, with
worry accounting for 29.11% of the variance in the relationship between high risk perceptions and increased
smoking as well as 20.17% of the relationship between risk perceptions and intentions to quit smoking. These
findings suggest that while smokers’ awareness about their increased risk of COVID-19 can motivate intent to

quit smoking in the future, smokers may require greater support to act on these intentions.

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic remains at the
forefront of public concern, even now more than two years since its
emergence. (Coronavirus Disease, 2019) However, while COVID-19
motivated global efforts to mitigate this recent threat to public health,
the global tobacco epidemic continues. Currently, smokers stand at the
intersection of two respiratory-related pandemics. (CDC, 2020) It is
important to understand smokers’ perceptions of their tobacco use
during the COVID-19 pandemic, and how these perceptions relate to
changes in smoking behavior.

1.1. COVID-19 may impact Tobacco use

Smoking and e-cigarette use may increase susceptibility to and
severity of COVID-19, (Gaiha et al., 2020; Benowitz et al., 2022; Nish-
imura et al., 2023) but it is unclear whether smokers understand their
increased risk. Health behavior theories suggest that high risk percep-
tions deter risk behaviors and promote protective health behaviors.
(Rosenstock, 1974; Ajzen, 1991) In the context of smoking and COVID-

19, we would expect that those who believe that smoking increases the
risks associated with COVID-19 to be more motivated to reduce or quit
smoking.

A large body of work shows that perceptions of risk are related to
intentions to quit smoking (Borrelli et al., 2010) and smoking frequency.
(Hampson et al., 2006) Emerging research has sought to understand the
relationship between risk perceptions and smoking during the COVID-
19 pandemic, but results have not been consistent. On the one hand,
perceived vulnerability to COVID-19 predicts successful smoking
cessation and decrease in smoking consumption. (Rigotti et al., 2021;
Vogel et al., 2021) However, perceived susceptibility to COVID-19 also
predicts increases in smoking. (Vogel et al., 2021) The contradictory role
perceived susceptibility plays in smoking cessation and consumption
may be due to an interplay between perceptions and affect. Affective
influences on risk perceptions, such as worry, are often overlooked
(Ferrer and Klein, 2015) but may play an important role in smoking
behavior during the pandemic.

To this end, there is an abundance of literature linking stress levels,
including mortality related stress, with smoking behaviors. (Arndt and
Goldenberg, 2017) Americans report being exposed to high levels of
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pandemic-related stressors, (Kontoangelos et al.,, 2020) and are
engaging in a variety of coping behaviors, including substance use.
(Czeisler, 2020) Some emerging research on smoking behaviors are in
line with these trends; despite desires to quit, some smokers did not
change their smoking behavior (Gravely et al., 2021) or consumed more
cigarettes during the pandemic. (Klemperer et al., 2020; Gonzalez et al.,
2021) Worry in particular may explain smoking behaviors beyond risk
perceptions alone. (Magnan, 2017) Some models include worry as a
mediator between risk perceptions and smoking outcomes, concluding
that risk perceptions increase worry, and worry influences behavior.
(Emery et al., 2014) Indeed, general worry about contracting COVID-19
was associated with thinking about quitting smoking. (Gravely et al.,
2021) The COVID-19 pandemic may simultaneously serve as both a
motivator to quit and a stressor associated with increased cigarette
consumption.

The aim of current study is to examine factors that may contribute to
smokers’ behavior during the COVID-19 pandemic. Our work is pri-
marily guided by the tenants of the Conditional Risk Assessment Model
(Millstein and Halpern-Felsher, 2002) wherein hypothetical questions
with specific framing (i.e., smoking during COVID-19) are used to assess
perceived risk. (Fritz and MacKinnon, 2007) Similarly, worry about
these risks can also be framed in terms of specific contexts. (Millstein
and Halpern-Felsher, 2002)The aim of the current study differs from
previous research in that we are specifically interested in whether
smokers believed their smoking behaviors are related to their risks for
COVID-19, and whether that belief is related to intentions to quit
smoking.

Understanding smoking behavior during this time is particularly
important for regions that struggle with limited medical resources
(Cornelius, 2019) and pre-existing health disparities, (Kayhan Tetik,
2020; Yach, 2020) such as California’s San Joaquin Valley. Therefore,
we collected our community sample from this largely under-resourced
area of California to address the following questions: 1) Do percep-
tions of COVID-19 smoking risk relate to self-reported changes in
smoking behavior?; and 2) Do smokers’ affective perceptions (i.e.
worry) of the risks of smoking during the COVID-19 pandemic relate to
intentions to quit and smoking consumption? We hypothesized that
perceptions of COVID-19 smoking risks and worry relate to greater in-
tentions to quit smoking, but that only worry relates to smoking
consumption.

2. Methods
2.1. Sample

The current sample was drawn from California’s San Joaquin Valley,
a region that is largely rural and under-resourced. (Battalio et al., 2021)
The Nicotine and Cannabis Policy Center at the University of California,
Merced is dedicated to providing evidence-based research and support
for 11 counties of the region, including Calaveras, Fresno, Kern, Kings,
Madera, Mariposa, Merced, San Joaquin, Stanislaus, Tulare, and Tuo-
lumne counties. (Parker et al., 2020).

Our community sample was recruited through community organi-
zations, selective Facebook ads, and smoker forums and comment
boards. Participants were directed to an informed consent form prior to
proceeding to the Qualtrics survey. Via Qualtrics, we were able to block
multiple responses from the same IP address and included a captcha to
prevent responses from automated programs. Participants were eligible
if they were over 18 years old and if they had smoked in the past three
months. Participants received a $5.00 Amazon gift card upon study
completion. All research procedures were reviewed and approved by the
University of California, Merced’s Institutional Review Board
(UCM2019-63).

Data were collected June 19th-20th, 2020; during this period, Cali-
fornia issued a mask mandate and COVID hospitalizations were
continuing to rise. Approximately 345 participants responded during
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our data collection window; however, participants were excluded from
the analyses if they were missing data on our variables of interest (n =
50). Our final analyses included 295 participants.

3. Measures

Demographic Variables: The demographic measures that we
included in our model were gender (male = 0), age, household income
(0 = below $50,000; 1 = above $50,000), and race/ethnicity (0 = Non-
Hispanic White; 1 = Other).

Tobacco consumption: Participants were asked to report the
number of cigarettes they smoked per day and whether they believed
they were now smoking more or less since the start of the pandemic (0 =
smoke same or less; 1 = smoke more). They were also asked about
whether they planned to quit smoking in the next 30 days (0 = no; 1 =
yes) and their general confidence in their ability to quit smoking (0 =
not confident; 1 = neutral; 2 = confident).

Smoking Attitudes: Participants were asked six questions to assess
risk perceptions of and worry about the link between smoking and
COVID-19 outcomes (see Table 1). Consistent with prior research, (Fritz
and MacKinnon, 2007) a principal components analysis (PCA) with
orthogonal varimax rotation indicated that the six items loaded onto two
factors. Factor 1 consisted of four perceptions of COVID-19 smoking
attitude items, while factor 2 consisted of two worry items. The two
factors accounted for 81.14% of the total variance in the items, with the
first responsible for 59.64% and the second responsible for an additional
21.50%. Based on the principal components analysis, we generated two
mean composite scores, where higher scores on our smoking attitudes
scale indicated higher perceptions of COVID-19 and smoking risk and
greater worry.

3.1. Statistical analyses

We tested two separate structural equation models (SEM) to deter-
mine if smoking attitudes specific to COVID-19 are related to changes in
smoking behavior, namely 1) whether the smoker believes their smok-
ing had increased since the start of COVID-19 lockdowns and 2) whether
they had plans to quit in the next 30 days. Our models further tested a
potential mediation effect to determine if worry mediated the relation-
ship between our smoking attitude items and smoking behaviors. Both
models controlled for gender, race/ethnicity, nicotine dependence,
confidence in quitting smoking, and income. A small subset of our

Table 1
COVID-19 and Smoking Attitudes.
Items Scale Mean
(SD)

Smoking Attitudes

1. Which of the following are likely to Definitely not (0) — 1.64
increase your chances of contracting Definitely yes (4) (1.22)
COVID-19? - Smoking Cigarettes

2. Which of the following are likely to Definitely not (0) — 1.79
increase your chances of contracting Definitely yes (4) (1.20)
COVID-19? - Being exposed to second-
hand smoke

3. Which of the following are likely to Definitely not (0) — 1.81
worsen the severity of COVID-19 if you Definitely yes (4) (1.28)
were to catch it? — Smoking Cigarettes

4. Which of the following are likely to Definitely not (0) - 1.86
worsen the severity of COVID-19 if you Definitely yes (4) (1.18)
were to catch it? — Being exposed to
secondhand smoke

Worry

5. How worried are you that smoking will Not at all worried (0) — 1.86
make you more susceptible to COVID-19? Extremely worried (4) (0.94)

6. How worried are you that smoking will Not at all worried (0) — 1.93

make COVID-19 more severe if you were
to catch it?

Extremely worried (4) (0.99)
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participants (n = 29) reported that they had smoked in the last 3 months,
but not the last 30 days. These recent quitters are excluded in our second
model as they had already been abstinent for at least 30 days. They were
also excluded if they did not complete the outcome measure of interest
(n = 5) for a total of 261 participants. The PCA was conducted using
Stata 15.1 and SEM analyses were conducted using Mplus 8.4. Based on
previous literature, our sample size was appropriate assuming a small-
to-medium effect size between smoking attitudes and our outcomes
(Attebring et al., 2001).

4. Results

The majority of the sample was male (86.44%) and non-Hispanic
White (72.64%), which does not reflect regional demographics, but
smokers in general are more likely to be male and non-Hispanic.(29) Our
participants were 33.31 years old on average, and 84.80% reported an
annual household income of more than $50,000. Almost half of our
sample reported smoking more since the start of the COVID-19 lock-
down (n = 136, 45.95%). Of our participants who reported smoking in
the last 30 days (n = 261), 38.31% (n = 100) report that they plan to quit
within the next month.

We assessed two path models used to predict either perceptions that

Model 1. (n =295)
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smoking had increased since COVID-19 lockdowns had begun or in-
tentions to quit smoking in the next 30 days. Diagrams of our path an-
alyses and standardized beta coefficients are detailed in Fig. 1.

COVID-19 smoking attitudes, worry about smoking and COVID-19,
race, and income were all significant predictors of self-reported
increased smoking behavior. Those of higher income were more likely
to report increased smoking and our non-white participants were less
likely to report increased smoking. As for the psychological items,
recognizing a stronger link between smoking and COVID-19 outcomes
and worry both independently predicted increased smoking behavior.
Worry partially mediated the link between attitudes and greater in-
creases in smoking, with stronger attitudes leading to greater worry, and
greater worry relating to smoking increase. The indirect effect of worry
(B = 0.069, SE = 0.31) accounted for 29.11% of the total relationship
between COVID-19 smoking perceptions and smoking increase (f =
0.237, SE = 0.07).

Our second model we used to predict intentions to quit smoking in
the next 30 days is nearly identical to the first, besides the addition of a
confidence in quitting variable. Greater confidence, race, COVID-19
smoking attitudes, and worry all independently predicted intentions to
quit smoking in the next 30 days. Again, worry acted as a partial
mediator between COVID-19 smoking attitudes and our outcome, intent

Model 2. (n =261)

Smoking Attitudes | 0-43™-»| Worry
Y . 0.47*
Age (total) i 0.16*
[ (direct) -,
0.05. ¥
Gender ——0.10
Increase in
Race -0.35 / Smoking
Income | —0.28"

Smoking Attitudes | 0-46™ Worry
\\njs'u'"' S pa
Age {total) e 0.26™
(diroctj e
\\'001 % .
Gender ——— 0.04
Intent to quit in 30
Race 0.17* days
Income | _—~0.18
//0.43"
Quit Confidence

Fig. 1. Models predicting self-reported changes in smoking behavior and intentions to quit. Note. values represent the standardized beta coefficients, sig-

nificance of p < 0.05 is indicated by * and p < 0.001is indicated by**
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to quit smoking. Perceived risks of COVID-19/smoking are related to
greater worry and greater intentions to quit smoking in the next 30 days.
The indirect effect of worry (p = 0.121, SE = 0.03) accounted for 20.17
% of the total relationship between COVID-19/smoking perceptions and
intent to quit smoking (f = 0.60, SE = 0.06).

5. Discussion

While perceptions of COVID-19/smoking risk and worry are related
to greater intentions to quit, they are also related to increases in ciga-
rette consumption (Hypothesis 1 and 2). Worry also mediated the rela-
tionship between COVID-19 smoking risk and increases in cigarette
consumption as well as intent to quit (Hypothesis 3). This suggests that
awareness of the link between smoking and COVID-19 is related to
increased worry, and this increased worry may be related to increased
smoking, despite desires to quit.

This current study joins a growing body of evidence that shows
perceptions of smoking and COVID-19 are related to intentions to quit
smoking (Klemperer et al., 2020; Kayhan Tetik et al., 2020; Yach, 2020),
however, worry partially mediated this effect. (Ajzen, 1991) While risk
perceptions and worry may motivate desire to change in the future, the
need to cope with negative affect could lead to increased smoking.
(Arndt and Goldenberg, 2017) If this is the case, education about the
risks of smoking during the pandemic should include information about
positive coping alternatives. Our study is the first to test worry as a
mediator in the context of smoking and COVID-19 using a Conditional
Risk Assessment approach. With the emergence of new variants and
continued vaccine hesitancy, worry and stress may continue to vacillate.
Because this is a cross-sectional study, causality cannot be assured. It is
also possible that rather than worry driving increases in smoking,
smokers may be more worried because they increased their smoking
consumption. Although this temporal order is important to consider and
investigate in the future, what remains in both cases is an association
between worry and smoking consumption. Moreover, regardless of the
temporal order between worry and smoking behaviors, the literature
strongly suggests a cyclical relationship [32]. In this regard, our study
suggests a greater need for interventions that are anchored in specific
worries and context in order to break the cycle between worry and
smoking consumption.

Additionally, some demographics, such as income, were also asso-
ciated with increased smoking despite heightened risk awareness. Our
white and higher income participants were most likely to report in-
creases in smoking behavior. It is possible that given changes in income
due to the pandemic,[33] higher income smokers could afford to in-
crease the money spent on their habit. It is also possible that higher
income smokers were more likely to work in places that were covered by
smokefree policies prior to the pandemic. (Gonzalez et al., 2021) While
sheltering at home, these smokefree policies no longer applied.

Our limitations in this study are partly the result of our online-survey
methodology. Self-report measures of smoking behavior are not ideal,
but generally reliable (Attebring et al., 2001). We further acknowledge
that our sample over-represents white males and high-income smokers.
These race and gender demographics are typical of smokers in general
(California Health Interview Survey, 2021), however, our online survey
may have been more accessible to high-income smokers than low-
income smokers. This may mean that our volunteer participants may
have lower barriers to purchasing tobacco products and maintaining or
increasing their smoking behavior. Prior to the emergence of COVID-19,
we had collected data at in-person events and health fairs and would
recommend a return to this methodology when safe to do so. Our study
is also in a limited geographic region, and while it may reduce gener-
alizability, it also limits confounding issues, such as variability in to-
bacco product price and accessibility. Our geographic region also has
higher smoking rates than the remainder of the state of California
(California Health Interview Survey, 2021) and is under-resourced
compared to the surrounding regions. (Kayhan Tetik et al., 2020) We
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consider this a benefit in that these results may have implications for
similar regions with at-risk populations. Providing positive coping al-
ternatives to these regions may be particularly important to stave off
increased smoking.

Public health advocates are spreading awareness about the rela-
tionship between COVID-19 and smoking, and this study supports these
efforts by linking perceptions and intentions. However, these messages
should be accompanied by information or resources that promote pos-
itive coping. The same worry that drives desire to change, may also drive
desires to cope. At the intersection of two global pandemics and in the
face of much uncertainty around COVID-19, smokers may be more
motivated to take protective measures and quit smoking.
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