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Abstract
Introduction: We used a longitudinal cohort of US adults who were current or former smokers to explore how three participant-reported fac-
tors—general stress, coronavirus disease of 2019 (COVID-19) distress, and perceived risk of complications from COVID-19 related to smoking—
were associated with changes in smoking status.
Methods: Smoking status was assessed at three time points. Timepoint 1 status was assessed at a prior study completion (2018–2020). 
Timepoint 2 (start of the pandemic), and Timepoint 3 (early phase of the pandemic) statuses were assessed using an additional survey in 2020. 
After classifying participants into eight groups per these time points, we compared the means of participant-reported factors and used a linear 
regression model to adjust for covariates.
Results: Participants (n = 392) were mostly female (73.9%) and non-Hispanic White (70.1%). Between Timepoints 2 and 3, abstinence rates 
decreased by 11%, and 40% of participants reported a smoking status change. Among those reporting a change and the highest general stress 
levels, newly abstinent participants had higher perceived risk of complications from COVID-19 related to smoking than those who relapsed 
during pandemic (mean (SD): 14.2 (3.3) vs. 12.6 (3.8)). Compared to participants who sustained smoking, those who sustained abstinence, on 
average, scored 1.94 less on the general stress scale (βeta Coefficient (β): −1.94, p-value < .01) and 1.37 more on the perceived risk of compli-
cations from COVID-19 related to smoking scale (β: 1.37, p-value .02).
Conclusions: Decreased abstinence rates are concerning. Patterns of reported factors were as expected for individuals who sustained their 
smoking behavior but not for those who changed.
Implications: We observed an increase in smoking rates during the COVID-19 pandemic. In exploring how combinations of general stress 
levels, COVID-19 distress levels, and perceived risk of complications from COVID-19 related to smoking were associated with changes in 
smoking, we observed expected patterns of these factors among individuals who sustained abstinence or smoking. Among individuals who 
changed smoking status and reported high stress levels, those who reported a higher perceived risk of complications from COVID-19 related to 
smoking abstained from smoking. In contrast, those who reported a lower perceived risk of complications from COVID-19 related to smoking, 
started smoking. An intersectional perspective may be needed to understand smokers’ pandemic-related behavior changes.

Introduction
Changes in smoking behavior have been observed since the 
onset of the coronavirus disease of 2019 (COVID-19) pan-
demic.1 Amongst a US cohort of smokers, about 28% of re-
spondents decreased the number of cigarettes they smoked 
while 30% increased the amount smoked.2 Similar variabil-
ity in smoking was observed in studies conducted in Spain3, 
the UK4, and Poland.5 Characterizing changes in smok-
ing behavior is essential to understanding the full scope of 
COVID-19 on smoking behavior.6 Few reports have used lon-
gitudinal data to evaluate smoking status before and after the  

pandemic onset or explored factors associated with continued 
smoking or abstinence.

Multiple and conflicting pandemic-related factors may 
have influenced smoking behavior. Studies have reported 
increased anxiety, depression, and stress-related concerns 
about COVID-19.7–11. Typically, these factors are associated 
with increased smoking.12 Smoking behaviors could also 
have been influenced by differing perceptions on the risk of 
complications from COVID-19. These perceptions may have 
been shaped by inconsistent scientific debates regarding the 
association between COVID-19 and smoking. Early evidence  
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indicated that COVID-19 patients with any history of smok-
ing were more likely to experience severe or critical COVID‐19 
health outcomes, in‐hospital mortality, and the need for mech-
anical ventilation when compared to individuals without any 
history of smoking.13,14 Such reports may have increased mo-
tivation to quit or reduce smoking among some smokers.15 
Other reports indicated no association or even suggested a 
protective effect of nicotine against COVID-19 infection,16-18 
which may have led to increased consumption or relapse 
among some individuals.

The COVID-19 era could represent a “transition” phase 
for smoking behavior.19 Understanding how conflicting fac-
tors associated with the pandemic influenced changes in 
smoking behaviors is important to design effective smoking 
cessation interventions. The current report provides a longi-
tudinal description of changes in smoking status. It explores 
how different combinations of three participant-reported fac-
tors—general stress, COVID-19 distress, and perceived risk 
of complications from COVID-19 related to smoking—influ-
enced those changes.

Methods
Study Design
The study design is a longitudinal cohort of adults from across 
the United States with exposure to tobacco (ie, active smok-
ing or abstinent) ascertained in 2019 and then with follow-up 
during the COVID-19 pandemic in June 2020.

Study Setting and Participants
The longitudinal cohort of adults was recruited from partici-
pants of a prior smoking cessation randomized control trial 
(n = 1487) conducted between 2017 and 2020. Briefly, the trial 
evaluated the effectiveness of an enhanced computer tailoring 
messaging approach that used machine learning compared to a 
standard messaging system.20 We recruited the trial participants 
using advertisements (on Google and Facebook) and Research 
Match.21 Both the intervention and comparison groups in the 
trial received messages through email for 6 months. The primary 
outcome was 7-day point prevalence cessation at 6  months. 
Details of the recruitment approach and protocol for the smok-
ing cessation behavioral trial have been published.20

A subset of the participants in the above smoking cessation 
randomized controlled trial had accepted to be contacted for 
future research inquiries (n = 701). In June 2020, we distributed 
an additional COVID-19 related survey to assess the impact 
of the pandemic on smoking to this subset. Of those, 392 re-
sponded to the survey. We compared the distribution of partici-
pant characteristics for individuals who responded and those 
who did not respond to the additional survey. The proportion 
of participants who identified as Asian, American Indian, or 
Alaska Native, and Native was higher in those who responded 
to the additional survey (n  =  30, 8.1%) compared to those 
who did not respond (n = 9%, 3.1) (see Supplemental Table 
1). Participants who responded were compensated with a $10 
Amazon online gift card. All surveys were administered via the 
Research Electronic Data Capture web application system.22 
This study was approved by the Institutional Review Board at 
the University of Massachusetts Chan Medical School.

Smoking Status Assessed at Three Time Points
Smoking status was assessed at three time points. At the end 
of the prior smoking study (Timepoint 1), smoking status was 

ascertained by asking the question, “Have you smoked cigar-
ettes (even one puff) in the last 7 days?” Participants who re-
sponded with “yes” were classified as smoking and those who 
responded with a “no” were classified as abstinent.

Smoking status at the next two time points (Timepoint 
2 and 3) was assessed using the additional COVID-19 re-
lated survey distributed in June 2020. To assess smoking 
at the start of the pandemic (Timepoint 2), we asked, “Has 
your cigarette smoking status changed since the start of the 
COVID-19 pandemic?” Response options included: (1) “no 
change; I was not smoking before, and I have not started 
smoking”; (2) “no change; I  was smoking before and 
have not stopped”; (3) “yes, I  started smoking”; 4)  “yes, 
I  stopped smoking”. We classified participants who indi-
cated response options #2 and #4 as smoking and those 
who indicated response options #1 and #3 were classified as 
abstinent at Timepoint 2. To assess smoking status during 
the early phase of the pandemic (Timepoint 3), we used the 
question (in the additional survey), “Do you now smoke 
cigarettes every day, some days, or not at all?” Those who 
responded with “every day” or “some days” were classified 
as smoking, and those who responded “not at all” were 
classified as abstinent.

Assessment of the Three Participant-Reported 
Factors (General Stress Levels, COVID-19 
Related Distress Levels, and Perceived Risk of 
Complications from COVID-19 Related to Smoking) 
in the Additional COVID-19 Related Survey
General stress was measured using the 4-item Perceived Stress 
Scale (PSS-4), 23 a self-reported scale that generates a global 
stress score, based on general questions rather than specific 
experiences.23 The PSS-4 measures the degree to which situ-
ations in one’s life over the past month are appraised as stress-
ful.23 Sample questions include “In the last month, how often 
have you felt that you were unable to control the important 
things in your life?” and “In the last month, how often have 
you felt confident about your ability to handle your personal 
problems?” (See Supplemental Table 2 for a complete list of 
questions). Responses (0 = never, 1 = almost never, 2 = some-
times, 3 = fairly often, and 4 = very often) to each statement 
were summed up to form a continuous variable, with higher 
scores indicating greater stress levels (scores ranged from 
0 to16).

COVID-19 related distress was measured in the add-
itional survey using the Impact of Event Scale-6 (IES-6), a 
self-reported scale assessing subjective distress related to a 
specific life event (eg, COVID-19).24 Participants responded 
to statements such as “In the past 7  days, I  thought about 
COVID-19 when I did not mean to” and “In the past 7 days, 
I felt watchful or on-guard” (see Supplemental Table 2 for a 
complete list of questions). The response format measures se-
verity (0 = not at all, 1 = a little bit, 2 = moderately, 3 = quite 
a bit, 4 = extremely). Higher scores on the IES-6 scale indi-
cate higher levels of COVID-19 related distress (scores on this 
scale ranged from 0 to 24).

Guided by the emerging research on the associations be-
tween COVID-19 health complications and smoking,13-18 
we developed five statements to capture the level of per-
ceived risk of complications from COVID-19 related to 
smoking on a Likert scale ranging from 1 = strongly agree 
to 5  =  strongly disagree). These statements included: (1) 
“Compared with people who have never smoked, smokers 
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are more likely to get COVID-19”; (2) “Compared with 
people who have never smoked, smokers are more likely 
to be hospitalized if they get COVID-19”; (3) “Compared 
with people who have never smoked, smokers more likely 
to die if they get COVID-19”; (4) “I think quitting smoking 
now will lead to better COVID-19 health outcomes (less 
severe, fewer complications, shorter hospital time, etc.)”; 
and (5) “I think continuing to smoke will lead to better 
COVID-19 health outcomes (such as fewer complications 
or shorter hospital stay).” Responses to questions 1 to 4 
were reverse coded such that high values indicated a higher 
perceived risk of COVID-19 related to smoking. After re-
verse coding the variables, perceived risk of complications 
from COVID-19 related to smoking was assessed as a con-
tinuous variable by summing up responses for all the state-
ments (range of scores: 5 to 25).

Participant Characteristics Assessed in the 
Additional COVID-19 Related Survey
Data were collected on sociodemographic factors, geograph-
ical zip codes, number of cigarettes smoked per day, and 
past 30-day electronic cigarette use. Changes in the amount 
of smoking were assessed using the question, “Since the 
start of COVID-19, compared to the period before, do you 
feel that you smoke: more than usual, about the same, or 
less than usual?” Overall health status was assessed using 
the question, “How would you describe your own health?” 
Participants responded on a five-point scale (excellent, very 
good, good, fair, poor). Self-assessed overall health status 
has been validated as a useful indicator of health for a var-
iety of populations and allows for broad comparisons across 
different conditions and populations.25 We collected infor-
mation on the presence of comorbidities that were known to 
be associated with worse outcomes in COVID-19 infections 
based on the list released by the Center for Disease Control 
and Prevention (C.D.C.),26 including respiratory issues, dia-
betes, hypertension, any type of cancer, or kidney failure. 
The number of days since last contact (date of completion 
of the 6-month survey) was operationalized as the number 
of days between the calendar date on which the participant 

completed the 6-month survey and the date they completed 
the survey in June 2020.

Analysis
All data analysis was performed using STATA 15. We cal-
culated the percent and mean distributions of participants’ 
characteristics and estimated the prevalence of smoking ab-
stinence at the three time points. We categorized study par-
ticipants into eight groups based on transitions from active 
smoking to abstinence and vice versa at these time points. 
This resulted into eight smoking states ranging from sus-
tained abstinent (participants who were abstinent at all three 
time points) to sustained smokers (participants who smoked 
at all three time points) (Supplemental Table 3).

The following steps were taken to explore how differ-
ent combinations of the three participant-reported factors 
(general stress and COVID-19 distress levels and perceived 
risk of complications from COVID-19 related to smoking) 
were related to changes in smoking. This approach was used 
because of the exploratory nature of the analysis, the consid-
erable variation between study groups, and small sample sizes 
in some study groups.

	Step 1:	�We calculated overall and groups means (and SD) of 
the three participant-reported factors (presented in 
Table 1).

	Step 2:	�We compared mean differences between groups 
using two-sample t-tests (for groups with n > 
30) and a Wilcoxon rank-sum test (for groups with 
n < 30) for all three factors.

	Step 3:	�We used linear regression to confirm group mean 
differences of the three participant-reported fac-
tors and changes in smoking behaviors. Given the 
small sample sizes in some study groups, we fur-
ther combined participants into four study groups: 
smokers who transitioned to abstinence (n  =  35), 
those who transitioned to smoking (n = 70), those 
who sustained smoking (n  =  210), and those who 
sustained abstinence (n  = 74). We used a two-step 

Table 1.  Mean Scores and SD of General Stress Levels, COVID-19 Related Distress Levels, and Perceived Risk of Complications From COVID-19 
Related to Smoking by Smoking Status Transitions

 Study groupsa n General stress 
levels  
Mean (SD) 

COVID-19 related 
distress levels  
Mean (SD) 

Perceived risk of complications from COVID-19 
related to smoking  
Mean (SD) 

 Overall 392 7.2 (3.4) 9.5 (6.1) 13.2 (4.0)

1 Sustained Abstinence (A1,A2,A3) 53 5.8 (3.3) 8.2 (6.0) 14.0 (3.7)

2 Abstinent pre-COVID (S1,A2,A3) 21 6.2 (3.6) 10.1 (6.7) 14.7 (3.6)

3 Newly abstinent (A1,S2,A3) 15 8.4 (3.5) 10.0 (7.0) 14.2 (3.3)

4 Newly abstinent (S1,S2,A3) 20 7.6 (3.6) 10.3 (6.6) 12.6 (5.9)

5 Relapsed during pandemic (A1,A2,S3) 33 7.1 (3.0) 10.9 (7.3) 13.5 (3.9)

6 Relapsed during pandemic (S1,A2,S3) 37 8.1 (2.6) 12.5 (6.2) 12.6 (3.8)

7 Smoking pre-COVID (A1,S2,S3) 28 7.2 (2.9) 9.5 (5.7) 12.1 (4.9)

8 Sustained smoking (S1,S2,S3) 182 7.5 (3.6) 9.0 (5.6) 12.9 (3.8)

General stress levels measured using the 4-item Perceived Stress Scale (PSS-4), a self-reported scale that generates a global stress score that is based on 
general questions rather than focusing on specific experiences. COVID-19 related distress was measured using the Impact of Event Scale -6 (IES-6), a self-
reported scale assessing subjective distress related to a specific life event. Specific life event used in this study was COVID-19.
aEach letter in parentheses represents the smoking status at each of the three time points: A represented abstinence from smoking, S represents smoking at 
each of the time points. Timepoints are represented as numbers: 1 (Timepoint 1), 2 (Timepoint 2), and 3 (Timepoint 3).
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criterion to assess confounding. First, we used bi-
variate analysis to assess differences between study 
groups for each covariate. Bivariate relationships 
were examined using the chi-square test for categor-
ical variables and one-way analysis of variance for 
continuous variables. Second, significantly differ-
ent variables between study groups (p-value < .05) 
were included in the final model as covariates. We 
assessed for differences between groups for the fol-
lowing variables: age, gender, race, education level, 
marital status, overall health status, presence of a 
comorbidity, number of adults and children in the 
household, the number of cigarettes smoked per day, 
current electronic cigarette use, number of days since 
last contact, and geographical region (Northeast, 
Midwest, South, and West) identified using the zip 
codes. Based on the criteria, we included the num-
ber of days since last contact, age, gender, number 
of children in household, and change in employment 
status during COVID-19 as covariates in the final 
model.

	Step 4:	�We also assessed using analysis of variance whether 
the means of the three participant-reported factors 
were significantly different between subgroups of 
sustained smokers (n = 182) based on their changes 
in the amount of smoking (smoking less than usual 
[n = 34], more than usual [n = 93], or about the same 
amount [n = 54]).

Results
Participant Characteristics
Participants were mostly female (73.9%), non-Hispanic 
White (70.1%), and had college or higher-level education 
(80.0%). Most (94%) had an existing medical comorbidity, 
and 42% reported overall good health. A mean number of 
cigarettes smoked per day was 19 (SD: 2.4). Participants in 
the study were from 38 US states (Table 2).

Changes in Smoking Status Comparing the Three 
Timepoints
Abstinence rates increased from 33% (n = 130) at Timepoint 
1 to 36% (Timepoint 2), but then decreased to 28% at 
Timepoint 3. (Figure 1). Close to half of participants (46%, 
n = 182) smoked at all time points, 13% (n = 53) had sustained 
abstinence throughout, and 40% (n = 157) transitioned be-
tween smoking states. About 25% reported resuming smok-
ing, and 9% reported stopping at Timepoint 3 (Table 1).

Comparison of the Three Participant-Reported 
Factors (General Stress Levels, COVID-19 
Related Distress Levels, and Perceived Risk of 
Complications From COVID-19 Related to Smoking) 
Among the Eight Groups
Overall, the mean level of general stress was 7.2 (SD: 3.4), 
COVID-19 related distress was 9.5 (SD: 6.1), and perceived 
risk of complications from COVID-19 related to smoking 
was 13.2 (SD: 4.0). Below, we explored the different combin-
ations of these participant-reported in individuals who sus-
tained smoking during the COVID-19 pandemic and those 
who transitioned between smoking states.

Combinations of the Three Participant-Reported 
Factors Among Participants Who Sustained Their 
Smoking Status (Sustained Abstainers Versus 
Sustained Smokers)
Participants who sustained abstinence at all three time 
points (group 1 in Table 1) and those who were smoking at 
Timepoint 1 and abstinent at Timepoints 2 and 3 (group 2 in 
Table 1) had a similar combination of low general stress levels 
(means (SD): 5.8 (3.3)group 1 vs. 6.2 (3.6)group 2, p-value > .05) 
and high perceived risk of complications from COVID-19 
related to smoking (means (SD): 14.0 (3.7)group 1 vs., 14.7 
(3.6)group 2, p-value > .05). Participants who sustained smok-
ing (group 8 in Table 1) and those who were abstinent at 
Timepoint 1 but smoked at Timepoints 2 and 3 (group 7 in 
Table 1) also had a similar combination of high general stress 
(means (SD): 7.2 (2.9)group 8 vs. 7.5(3.6) group 7, p-value > .05) 
and low perceived risk of complications from COVID-19 re-
lated to smoking (means (SD): 12.9 (3.8) group 8 vs. 12.1(4.9)

group 7, p-value > .05) (Table 1).
Given the similarity in the combinations of these factors, 

we combined participants in group 1 with those in group 
2 (sustained abstainers_combined, n  =  74) and combined 
participants in group 7 with those in group 8 (sustained 
smokers_combined, n  =  210). Compared to participants in 
the sustained abstainers_combined group, those in the newly 
formed sustained smoking group had higher general stress 
levels (means (SD): 7.4 (3.5) sustained smokers_combined vs. 5.9 (3.3)

sustained abstainers_combined, p-value < .05) and lower perceived risk 
of complications from COVID-19 related to smoking (means 
(SD): 12.8 (3.9)sustained smokers_combined vs. 14.2 (3.7)sustained abstainers_ 

combined, p-value < .05). COVID-19 distress levels were similar 
between the two groups (means (SD): 9.0 (5.6)sustained smokers_com-

bined vs. 8.7(6.7)sustained abstainers_combined, p-value > .05).

Combinations of the Three Participant-Reported 
Factors Among Participants Who Changed 
Smoking States (Transitioned to Smoking Versus 
Transitioned to Abstinence)
We compared the two newly abstained (groups 3 and 4 in 
Table 1) and the two relapsed during the pandemic groups 
(groups 5 and 6 in Table 1). In the newly abstained groups, 
group 3 individuals (smoked at Timepoint 1, relapsed at 
Timepoint 2, and abstained at Timepoint 3) reported higher 
general mean stress levels (means (SD): 8.4(3.5)group 3 vs. 
7.6(3.6)group 4, p-value > .05) and a higher perceived risk of 
complications from COVID-19 related to smoking (means 
(SD): 14.2 (3.3)group 3 vs. 12.6 (5.9)group 4, p-value > .05) than 
group 4 individuals (smoking at Timepoints 1 and 2 and ab-
stinent at Timepoint 3). The COVID-19 distress levels were 
similar between these two groups. In the relapsed during pan-
demic groups comparison, group 5 individuals (abstinent at 
Timepoints 1 and 2 but had relapsed by Timepoint 3) reported 
lower general stress levels (means (SD): 7.1(3.0)group 5 vs. 8.1 
(2.6) group 6, p-value > .05), lower COVID-19 distress levels 
(means (SD): 10.9 (7.3)group 5 vs. 12.5 (6.2)group 6, p-value > .05), 
and higher perceived risk of complications from COVID-19 
(means (SD): 13.5 (3.9)group 5 vs. 12.6 (3.8)group 6, p-value > .05) 
than group 6 individuals (smoking at Timepoint 1, Abstinent 
at Timepoint 2, and Smoking at Timepoint 3). Among individ-
uals in the two groups that reported the highest general stress 
levels (new abstinent group 3 and relapsed during pandemic 
group 6), group 3 had higher perceived risk of complications  
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from COVID-19 related to smoking, as compared to the 
group 6 individuals (means (SD): 14.2 (3.3)group 3 vs. 12.6 (3.8)

group 7, p-value > .05).
We combined participants in groups 5 and 6 to form a 

group of participants who relapsed during the pandemic (re-
lapsed during pandemic_combined, n  =  70) and combined 
participants in groups 3 and 4 to form a group of partici-
pants who were newly abstinent (newly abstinent_combined, 
n = 35). Compared to relapsed during pandemic_combined, 
those in the newly abstinent_combined had slightly lower 
COVID-19 distress levels (means (SD): 10.2 (6.6)newly abstinent_

combined vs. 11.7 (6.7)relapsed during the pandemic_combined, p-value > .05). 
However, the mean difference was not statistically significant. 
General stress level (means (SD): 7.9 (3.5)newly abstinent_combined vs. 
7.6 (2.8)relapsed during the pandemic_combined, p-value > .05) and perceived 
risk of complications from COVID-19 related to smoking 

(means (SD): 13.1 (4.9)newly abstinent_combined vs. 13.0 (3.8)relapsed during 

the pandemic_combined, p-value > .05) was also similar between these 
two groups.

Linear Regression Estimates of the Three 
Participant-Reported Factors
The newly formed study groups were as follows; smokers 
who transitioned to abstinence (newly abstinent_combined, 
n = 35), those who transitioned to smoking (relapsed during 
the pandemic_combined, n = 70), those who sustained smok-
ing (sustained smokers_combined, n = 210), and those who 
sustained abstinence (sustained abstainers_ combined, n = 74). 
Using the sustained smokers_combined as a reference group, 
sustained abstainers_combined, on average, scored 1.94 
points less on the general stress scale (β: −1.94, p-value: < .01) 
and 1.37 more points on the perceived risk of complications  

Table 2.  Sociodemographic Characteristics of Study Participants (N = 392 adults)

Characteristics  n/N % 

Gender Female 290/392 73.9

Age 19–34 137/392 35.0

35–54 155/392 39.5

55 and older 100/392 25.5

Race/ethnicitya Non-Hispanic White 260/371 70.1

Non-Hispanic Black 60/371 16.2

Hispanic 21/371 5.7

Other 30/371 8.1

Educationa High school/less than high school 77/385 20.0

Some college 198/385 51.4

Bachelors/advanced degree 110/385  28.6

Marital status Married/unmarried couple 181/392 46.2

Divorced/separated 100/392 25.5

Widowed 17/392 4.3

Never married/single 94/392 24.0

Overall health statusa Excellent 27/391 6.9

Very good 94/391 24.0

Good 166/391 42.5

Fair 90/391 23.0

Poor 14/391 3.6

Presence of comorbidityb  368/392 93.9

Adults in householda Mean (SD)  3.3 (1.1)

Children in householda Mean (SD)  2.0 (1.5)

Changes in employment statusa No changes: Employed before and after pandemic onset 87/353 24.7

No changes: Unemployed before and after pandemic onset 101/353 28.6

Working from home 87/353 24.7

Unemployment was pandemic-related 78/353 22.1

Cigarettes per day Mean (SD)  19 (2.4)

Currently vape or use electronic cigarettesa Yes 79/390  20.3

No 311/390 79.7

US Census regionsa Northeast 39/283 13.8

Midwest 111/283 39.2

South 85/283 30.0

West 48/283 17.0

aMissing data: race/ethnicity (n = 21), education (n = 7), overall health status (n = 1), adults in household (n = 2), children in household (n = 6), current 
electronic cigarette use (n = 3), US census regions (n = 109), and changes in employment status (n = 39).
bComorbidities assessed included the following conditions or clinical characteristics: respiratory issues, diabetes, hypertension, any type of cancer, or kidney 
failure.



6 Nagawa et al.

from COVID-19 related to smoking scale (β: 1.37, p-value: 
.02). We did not observe significant differences between these 
two groups regarding COVID-19 related distress levels (β: 
−1.10, p-value: .21) (Supplemental Table 4)

Changes in Amount of Smoking Among 
Participants Who Sustained Smoking (Study 
Group 8 as Shown in Table 1)
In addition, half of all sustained smokers reported smok-
ing more at Timepoint 3 (50.2%). Compared to sustained 
smokers who reported no changes in amount smoked, those 
who smoked more had a higher perceived risk of complica-
tions from COVID-19 related to smoking (mean (SD): 13.3 
(3.6)), higher general stress (mean (SD): 10.4 (5.4)), and 
higher levels of COVID-19 related distress (mean (SD): 8.3 
(3.5)). Similarly, sustained smokers who smoked more had 
a higher perceived risk of complications from COVID-19 re-
lated to smoking (mean (SD): 13.4 (3.7)), higher general stress 
(mean (SD): 9.4 (6.1)), and higher levels of COVID-19 related 
distress (mean (SD): 7.6(3.0)) than sustained smokers who 
reported no changes in amount smoked. those. The differ-
ences between groups were significant for general stress and 
COVID-19 distress levels, but not for perceived risk of com-
plications from COVID-19 related to smoking (Table 3).

Discussion
In a longitudinal study of US former and current smokers, 
smoking abstinence increased from 33% at the completion 
of the prior study (Timepoint 1)  to 37% at the start of the 
pandemic (Timepoint 2) but decreased to 28% during early 
phase of the pandemic (Timepoint 3). In our exploration of 
whether different combinations of three participant-reported 
factors (general stress levels, COVID-19 related distress levels, 
and perceived risk of complications from COVID-19 related 
to smoking) were associated with changes in smoking behav-
ior, we found expected patterns for individuals who sustained 
their smoking status (ie, sustained abstainers or sustained 
smokers) but not for those who transitioned between smok-
ing status (ie, became newly abstinent or relapsed). We also 
found that the increase or decrease in the amount smoked 
during the pandemic was both associated with higher general 
stress levels and higher COVID-19 distress levels.

Since 2000, U.S. adult abstinence rates have increased and 
were at 86% in 2019.27 Given that the abstinence rate de-
creased even early on in the pandemic could indicate rever-
sal of some of the successes of tobacco cessation efforts.28 
We found that individuals who sustained abstinence had a 
combination of low general stress levels and high perceived 
risk of complications from COVID-19 related to smoking. 

Table 3.  Change in Amount of Smoking Among Sustained Smokers Since the Start of COVID-19 Pandemic (N = 182)

 Change in amount of smoking

Participant-reported factors More than usual  
93 (51.4%) 

About the samea  
54 (29.8%) 

Less than usual  
34 (18.9%) 

 Mean (SD) Mean (SD) Mean (SD)

Perceived risk of complications from COVID-19 related to smoking 13.3 (3.6) 12.0 (4.1) 13.4 (3.7)

COVID-19 related distressb 10.4 (5.4)* 6.2 (4.7) 9.4 (6.1)*

General Stress levelb 8.3 (3.5)* 5.9 (3.6) 7.6 (3.0)*

aReference group.
bHigher values indicate higher levels of stress, higher distress levels, and higher perceived risk. Missing (n = 1).
*p-value < .05.

Median date Time point 1 survey: 03/19/19 (IQR: 01/11/19 – 05/07/19)
Median date Timepoint 3 survey: 06/12/20  (IQR: 06/11/20 – 06/15/20)
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Figure 1.  Percentage of individuals reporting abstinence from smoking before and after the COVID-19 outbreak (July 2019–June 2020).
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Figure 1.  Percentage of individuals reporting abstinence from smoking before and after the COVID-19 outbreak (July 2019–June 2020).

Those who sustained smoking had high general stress levels 
and low perceived risk of complications from COVID-19 re-
lated to smoking. One other study has reported that higher 
stress levels deterred smoking cessation during the COVID-19 
pandemic.29 Studies from past pandemics, such as the H1N1 
pandemic, have also shown that a higher perceived personal 
risk is associated with positive lifestyle behaviors.30 Crafting 
effective public health narratives to provide consistent, clear 
messaging despite dealing with uncertainties of a novel disease 
is an area that needs further research.25

Combinations of the three participant-reported factors 
were not apparent among the four groups that transitioned 
between smoking states. In two of the four groups that tran-
sitioned (newly abstinent or relapsed during pandemic) and 
reported the highest general stress, those who reported higher 
perceived risk of complications from COVID-19 related to 
smoking transitioned to abstinence while those who reported 
a low perceived risk of complications from COVID-19 related 
to smoking transitioned to smoking. However, this pattern 
was not present in the two other groups that transitioned 
but reported low general stress levels. Further exploration of 
the smoker’s decision to quit smoking during the pandemic 
may be better understood from an intersectional perspective 
of multiple pandemic-related factors since smokers are likely 
experiencing a combination of risk and protective factors of 
smoking during the COVID-19 pandemic.

Consistent with earlier studies,2–4 we found that among in-
dividuals who sustained smoking, some smoked more during 
the pandemic while others smoked less. In the current study, 
both these contrasting behaviors were associated with higher 
levels of all three factors. Some individuals may have used 
smoking as a coping mechanism to deal with the threat of 
COVID-19,31 thus increasing amount smoked despite the high 
perceived risk. Others may have reduced their smoking as a 
consideration for others’ health - for example, when spending 
more time at home with loved ones, including children, due to 
social distancing/work-from-home measures.19 Future studies 
exploring why individuals changed the amount they smoked 
during the pandemic are needed.

Limitations
This study had limitations. Since we did not specify a calendar 
date when collecting data on smoking status at Timepoint 2, 
participants may have interpreted the “start of the pandemic” 
differently, for example, in January 2020 (when cases of 
COVID-19 were first reported in the United States) or March 
2020 when COVID-19 was declared a pandemic by the World 
Health Organization. We did not account for these differing 
interpretations. We did not have information on current or 
past psychiatric diagnoses and use of alcohol or other illicit 
drugs, both of which are likely to have a confounding effect 
on the relationships explored in the current study. Given that 
we assessed changes in smoking status at three time points 
and assessed participant-reported factors at one time point 
(Timepoint 3), we were unable to conduct a temporal assess-
ment of the association between perceived risk of complica-
tions from COVID related to smoking, general distress levels, 
and COVID-19 related distress and changes in smoking status 
or changes in amount smoked. Finally, the response rate of 
55.9% likely had minimal impact on our findings. The dis-
tribution of participant characteristics was similar between 
individuals who responded to the additional survey and those 
who did not respond were similar except for race/ethnicity.

In conclusion, our findings indicate a cause for concern as 
the abstinence rates declined even in the early phase of the 
pandemic. Many of the current smokers also reported an in-
crease in the amount smoked, potentially increasing their de-
pendence on tobacco. We found that among individuals who 
sustained abstinence or smoking, the combination of stress 
and perceived risk of complications from COVID related to 
smoking were as expected. That is, individuals who sustained 
abstinence had a combination of low general stress levels and 
high perceived risk of complications from COVID-19 and 
those who sustained smoking had high general stress levels 
and low perceived risk of complications from COVID-19 re-
lated to smoking. However, these patterns were not as pre-
dictable for those who transitioned between smoking states. 
Future research should explore an intersectional perspective 
to understand the behavior of those whose smoking behavior 
transitioned during the pandemic. Understanding these per-
spectives is important for supporting future cessation efforts 
of these individuals who smoke.
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