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Abstract

Background: Smoking and vaping are linked to lung inflammation and lowered
immune response.

Objective: Examine the prevalence of coronavirus disease 2019 (COVID-19) cases,
testing, symptoms, and vaccine uptake, and associations with tobacco product use.
Methods: Data came from the 2021 National Health Interview Survey. The 2021
Sample Adult component included 29,482 participants with a response rate of
50.9%. We investigated COVID-19-related outcomes by tobacco product use status
and reported national estimates. Multivariable regression models were performed
accounting for demographics (e.g., age, sex, poverty level), serious psychological
distress, disability, and chronic health conditions.

Results: In our regression analyses, odds of self-reported COVID-19 infection were
significantly lower for combustible tobacco product users (vs. nonusers; adjusted
odds ratio [AOR=0.73; 95% confidence interval [Cl] =0.62-0.85]). Combustible
tobacco users also were less likely to report ever testing for COVID-19 (AOR = 0.88;
95% Cl=0.79-0.98), ever testing positive for COVID-19 (AOR=0.66; 95%
Cl=0.56-0.77), and ever receiving COVID-19 vaccine (AOR=0.58; 95%
Cl=0.51-0.66) compared with their nonuser peers. Compared to nonusers, users
of any type of tobacco who contracted COVID-19 had higher odds of losing smell
(AOR = 1.36; 95%Cl = 1.04-1.77), which was more pronounced among exclusive e-
cigarette users. The odds of receiving vaccine were lower for all current exclusive
tobacco product users compared to nonusers (AORs =0.40 to 0.70).

Conclusions: Continued monitoring of tobacco product use and its association with
respiratory diseases such as COVID-19 is crucial to inform public health policies and
programs. In addition, efforts to promote vaccination, especially among tobacco

product users, are warranted.
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1 | INTRODUCTION

Smoking remains the main cause of premature death in the United
States (US) and globally.>? Smoking and vaping are linked to lung
inflammation and lowered immune response.>* Previous research
demonstrated that smoking increases the risk and severity of multiple
respiratory diseases, including chronic obstructive pulmonary disease
(COPD) and lung cancer.® Remarkably, prior studies on the impact of
smoking on the clinical severity of coronavirus disease 2019 (COVID-
19) have shown conflicting results. In the early COVID-19 pandemic,
some claimed protective effects of nicotine (mainly biological aspects
on cell receptors) against COVID-19 infection®~®; however, recent
evidence suggests that nicotine (from any tobacco products) does not
protect against COVID-19.#71° The current evidence suggests that
conventional cigarette smoking is associated with a greater risk of
severe COVID-19 symptoms, as evidenced by the need for
hospitalization.*

The adverse effects of smoking on vulnerability to respiratory
infections are well-established.’>*? Nevertheless, the lack of
association between current smoking and COVID-19 outcomes in

some studies® 18

may not be surprising given that the effects of
testing and vaccination for COVID-19 among tobacco users have
been understudied using large, nationally representative samples. In
fact, current evidence on the association between smoking and
COVID-19 risk is inadequate and conflicting, highlighting the need
for consistent national studies with rigorous study designs.’® A
cohort study®® of vaccination against COVID indicated that vaccina-
tion was protective against death, with emphasis on current and
former smokers relative to never smokers. Although evidence shows
a lessened serological response to COVID-19 vaccines in smokers,*’
among vaccinated patients, current smokers had the lowest mortality
rate, and former smokers and never-smokers had comparable rates.’®
Therefore, monitoring the frequency of receiving vaccines (though
cross-sectionally) along with other characteristics of COVID-19 (e.g.,
symptoms) might be useful for addressing vaccine hesitancy in these

groups.?°

and informing tobacco users about the positive conse-
guences of vaccines. In this study, we analyzed data from the 2021
National Health Interview Survey (NHIS) to examine the prevalence
of COVID-19, testing, symptoms, and vaccine uptake among users of
different tobacco products among a nationally representative sample

of US adults aged 218 years.

2 | METHODS

2.1 | Study design and participants

NHIS is an annual, nationally representative survey of the non-
institutionalized US civilian population.?! The 2021 Sample Adult
component included 29,482 adults aged =218 with a response rate of
50.9%.2* The Sample Adult module included specific questions about
COVID-19.21 This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guideline.

Key points

What's known: Smoking and vaping are linked to lung
inflammation and can lower immune response. What's new:
Combustible tobacco users had lower odds of self-reported
coronavirus disease 2019 (COVID-19) infection, testing,
and vaccination compared with nonusers. Tobacco users
who got COVID-19 had higher odds of losing smell,
especially exclusive e-cigarette users. All current exclusive
tobacco product users were less likely to get vaccinated
compared with nonusers. Clinical implications: Continued
monitoring of tobacco use and COVID-19 is needed to
inform public health policies. Results highlight the impor-
tance of promoting COVID-19 vaccination among tobacco
users. Quitting smoking and vaping could reduce COVID-
19 risks. Findings suggest tobacco use is linked to lower
testing and vaccine uptake as well as higher olfactory

symptoms if infected.

The survey description and data collection methodology for the
2021 NHIS can be found at the Centers for Disease Control and
Prevention website at https://ftp.cdc.gov/pub/Health_Statistics/
NCHS/Dataset_Documentation/NHIS/2021/srvydesc-508.pdf. In
brief, due to the COVID-19 pandemic, typical data collection
procedures were disrupted in 2021 NHIS. From January to April,
household members were initially contacted via telephone, with
subsequent personal visits authorized. This approach continued from
the latter part of 2020. Starting in May 2021, interviewers returned
to standard survey interviewing procedures, where initial contact
with household members was attempted in person, followed by
telephone if necessary. Interviewers were required to wear masks,
practice social distancing, and be fully vaccinated if interviews were
conducted in the home. In 2021, 62.8% of the sample adult
interviews were conducted at least partially by telephone.

2.2 | Procedures

2.2.1 | Outcomes

Participants were asked a series of questions about COVID-19,
including being told having/tested for COVID-19 [(1) “Has a doctor or
other health professional ever told you that you had or likely had
coronavirus or COVID-19?" (2) “Have you ever been tested for
coronavirus or COVID-19?" (3) “Did the test find that you had
coronavirus or COVID-19?"], COVID-19 symptoms [(1) “How would
you describe your coronavirus symptoms when they were at their
worst?” “Would you say no symptoms, mild symptoms, moderate
symptoms, or severe symptoms?” (2) “When you had coronavirus, did
you lose some or all of your sense of smell, or did you smell odors

that were not there?” (3) “When you had coronavirus, did you lose
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some or all of your ability to taste or did you have unwanted tastes or
sensations in your mouth that did not go away?"]. Symptoms
questions were restricted to only participants who ever had
COVID-19. For vaccine uptake, participants were asked [“Have you
had a COVID-19 vaccination?"] and number of vaccines [“How many
COVID-19 vaccinations have you received?”]. All answers were yes
versus no, except for the severity of symptoms (non/mild vs.

medium/severe) and the number of vaccines received (=2 vs. 1).

2.2.2 | Covariates

Current cigarette smoking was defined as having smoked at least 100
cigarettes in one's lifetime and now smoking every day or some days.
Current use/smoking of other products (e-cigarettes (electronic
nicotine delivery systems; ENDS), cigars, pipes/hookah, or smokeless
tobacco) was defined as ever using the product and now smoking or
using it every day or some days. Any tobacco product use was defined
as ever used and now using “every day” or “some days” at least one
tobacco product. Any combustible tobacco product use was defined as
using on “every day” or “some days” at least one combustible tobacco
product: cigarettes; cigars, cigarillos, filtered little cigars; pipes, or
hookahs. Further, we defined exclusive use of each product as
currently using only one product (e.g., exclusive ENDS users who did

not use any other products).

2.2.3 | Independent variables

Demographic variables included age groups (18-24, 25-44, 45-64, or
265 years), sex (male and female), sexual orientation (straight, lesbian,
gay, bisexual, or others), race/ethnicity (non_Hispanic (NH)-White,
NH-Black, Hispanic, or Other race), education (high school or less,
some college, undergraduate, and higher education), poverty level
(poor, near poor, and not-poor), employed (no or vyes), social
distancing at work in the past 7 days (no or yes), region (household
region; Northeast, Midwest, South, and West).

Disability was defined based on the self-reported presence of
selected limitations, including vision, hearing, mobility, remembering, self-
care, and communication. Respondents answered six questions: (1) Do
you have difficulty seeing, even when wearing glasses? (vision); (2) Do you
have difficulty hearing, even when using a hearing aid? (hearing); (3) Do
you have any difficulty walking or climbing steps? (mobility); (4) Using
your usual language, do you have difficulty communicating, for example,
understanding or being understood? (communication); (5) Do you have
difficulty remembering or concentrating? (cognition); and (6) Do you have
difficulty with self-care, such as washing all over or dressing? (self-care).
Response items were “no difficulty,” “some difficulty,” “a lot of difficulty,”
or “cannot do at all.” Respondents were categorized as having a disability
if they reported “a lot of difficulty” or “cannot do” at all to any of the six
questions mentioned earlier.222% These six questions are based on the
short set of questions recommended by the Washington Group on
Disability Statistics.??

Open Access

The Kessler Psychological Distress Scale is a series of six questions
that ask about feelings of sadness, nervousness, restlessness,
worthlessness, and feeling like everything is an effort in the past
30 days. Participants responded on a Likert scale ranging from “None
of the time” (score =0) to “All of the time” (score =4). Responses
were summed over the six questions; individuals with a score of 213
were coded as having serious psychological distress, and respondents
with a score of <13 were coded as not having serious psychological
distress.?*

Chronic health condition was collected by asking, “Ever been told
you had coronary heart disease, high cholesterol, angina, heart attack,
stroke, cancer,” or “ever had diabetes, asthma, weak/failing kidneys,
weakened immune system due to prescriptions, epilepsy or having a
current respiratory allergy.” Those who answered “no” to all

questions were considered not to have chronic health conditions.

2.3 | Data analysis

Unweighted frequencies and weighted percentages with correspond-
ing 95% confidence intervals (Cl) of measures associated with
COVID-19 (e.g., ever tested) were calculated overall and by current
tobacco product use and other covariates. To assess an association
between each COVID-19 measure with tobacco product use,
multivariable models were performed with the COVID-19 measure
(i.e., being told having or tested for COVID-19, symptoms, testing,
and vaccine) as the outcomes and tobacco product use as the
exploratory variable controlling for all other study variables (Table 1).
Since each COVID-19-related measure was considered as an
individual outcome, we included those participants who provided
information for examined outcome in each regression model. Some
independent variables had <1% missingness and were excluded from
the analysis. All analyses were weighted using survey procedures in
SAS (version 9.4; SAS Institute) to account for the complex survey
design and generate nationally representative and unbiased esti-
mates. The statistical significance level was set at a = 0.05.

3 | RESULTS

Among US adults in 2021, 18.2% (estimated 46 million) currently
used any tobacco product, 14.2% (35.6 million) used any combustible
tobacco product, and 3.3% (8.3 million) used two or more tobacco
products (Table 2). Overall, 81.8% (207.2 million) of US adults never
used tobacco products, 8.7% (22 million) only smoked cigarettes,
3.6% (9.2 million) only used ENDS, 2.9% (7.3 million) only smoked
cigars, 0.9% (2.3 million) only smoked pipes, and 2.0% (5.1 million)
only used smokeless tobacco. In 2021, 13.5% of US adults (estimated
34.1 million) reported having COVID-19 (Table 3), 60.8% (153.9
million) ever tested for COVID-19, 12.5% (31.7 million) ever tested
positive for COVID-19, 54.8% (19.6 million) had medium or severe
symptoms (vs. no/mild symptoms) associated with COVID-19.
Among symptomatic adults, 60.5% (21.5 million) and 58.2% (20.7
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million) reported a loss of smell or taste, respectively. Overall, 71.7%
(133.6 million) had received the COVID-19 vaccine, of whom 87.5%
(116.8 million) received at least two doses.

In 2021, of users of any type of tobacco products, 12.5% (5.8 million)
were ever told by a physician or health professional that they had
COVID-19, 58.8% (27 million) were ever tested for COVID-19, and
10.9% (5 million) ever tested positive for COVID-19. Among tobacco
product users who provided information on the COVID-19 vaccine (34.1
million), 57.3% (19.6 million) ever received the COVID-19 vaccine, and
84.9% of them (16.6 million) received at least 2 doses of the vaccine.

Among tobacco product users who reported contracting COVID-
19; 65.8% (3.9 million) and 61.7% (3.6 million) reported a loss of smell
or taste, respectively.

In multivariable regression models, compared to nonusers of
tobacco products, those who used any combustible tobacco product
were less likely to report COVID-19 (adjusted odds ratio = 0.73 [95%
Cl; 0.62-0.85]), to have ever been tested for COVID-19 (0.88,
0.79-0.98] or ever tested positive for COVID-19 (0.66, 0.56-0.77).
Those who used two or more tobacco products were less likely to
receive the COVID-19 vaccine (0.49, 0.39-0.62) (all p-values < 0.05).
Those who used any type of tobacco products (versus nonusers;
1.36, 1.04-1.77) and ENDS users (versus nonusers; 1.81, 1.09-3.01)
were more likely to report loss of smell due to COVID-19. Compared
with never users, current exclusive users of cigarettes (0.52,
0.44-0.62), ENDS (0.62, 0.49-0.77), cigars (0.76, 0.59-0.98), and
smokeless tobacco (0.40, 0.31-0.52) were less likely to report ever
receiving a COVID-19 vaccine. Exclusive pipe/waterpipe users were
more likely to have been tested for COVID-19 (1.73, 1.11-2.69).

4 | DISCUSSION

There is inconsistent evidence on whether tobacco users are at
higher risk of acquiring COVID-19, although they are more likely than
nonusers to experience more severe sequelae of the disease if they
do acquire COVID-19.* In the 2021 NHIS, combustible tobacco
product users (vs. nonusers) were 27% less likely to report having
COVID-19, 12% less likely to have been ever tested for COVID-19,
and 34% less likely to have ever tested positive for COVID-19. A
previous survey of more than 2.4 million Californian adults,?® of
whom 44,270 contracted COVID-19, reported that current smokers
(vs. never smokers) were 36% less likely to have COVID-19 infection.
Although these results appear to agree with some of our findings, our
study provides additional evidence showing that smokers are also
less likely to ever get tested for COVID-19, which may explain the
lower rates of reporting COVID-19 among this group. While the use
of combustible cigarettes, in general, was inversely associated with
reporting being infected with COVID-19, this finding should be
viewed with caution. There has been conflicting evidence regarding
the impact of smoking on the likelihood of COVID-19 infections and
whether nicotine has a protective effect.* Moreover, even if a level of
protection is proven, it is completely outweighed by the substantial
health adverse effects attributed to tobacco smoking.

Another interesting finding in this study was the association
between hookah smoking and higher odds of getting tested for
COVID-19. Unlike other tobacco products that are typically used
solitarily, hookah smoking usually occurs in groups, where smokers
often pass the same hose to smoke with friends.?® It is possible that
because of the sharing culture of hookah smoking, smokers are more
concerned regarding the risk of infection,?” therefore, were more
likely to get tested for COVID-19. Although it is hard to parse out
the pipe from a hookah in NHIS (since they were asked within the
same item), this finding has important public health implications
while awaiting future studies to explore vaccine hesitancy and
acceptance based on the specific type of tobacco product as well as
the pattern of use (e.g., intensity and frequency).

Users of any tobacco product exclusive ENDS users-were more likely
than nonusers to report loss of smell due to COVID-19. These results
align with previous studies showing that ENDS users versus nonusers
experience a higher frequency of COVID-19-related symptoms, including
loss of smell.?2 Knowing that a positive coronavirus infection diagnosis
has been strongly correlated with changes in smell and taste,?’ our
findings show that this correlation is more likely among exclusive ENDS
users than non-users. However, some initial evidence suggests that
constant flavoring chemical exposure,*® particularly at high concentra-
tions from ENDS use, may result in olfactory dysfunctions, which include
a diminished sense of smell.3°3! Therefore, it is possible that COVID-19
infection could exacerbate the already diminished smell sensation among
ENDS users. Nevertheless, given the study's cross-sectional design, future
longitudinal studies are needed.

In general, COVID-19 vaccine hesitancy has been reported

203233 and can stem from a combination of factors such as

previously
misinformation (or misconception), concerns about side effects and
safety, distrust of the healthcare system/governments, and pre-existing
beliefs about vaccines. Tobacco users, in general, hesitate to vaccinate
more than nonusers.3* Although it was not the case for hookah users as
alluded to above, this hesitancy could be explained by health conscious-
ness against tobacco use.>* In other words, it is possible that adults who
are more likely to seek the COVID-19 vaccine may also be more likely to
refrain from tobacco use to avoid harmful consequences.?>** Providing
clear and accurate information about the vaccine through campaigns,
public health messaging, and healthcare providers can aid dispel myths
and provide accurate information to counteract misinformation and
vaccine hesitancy, especially among tobacco users. In addition, targeted
tailored health communication messaging to resonate with the values and
attitudes of tobacco users, while also providing evidence-based informa-
tion about the benefits of vaccination.

These study findings are subject to a few limitations. First,
responses were self-reported and were not validated by biochemical
testing, and recall information bias may occur. Nevertheless, self-
reported smoking status correlates highly with serum cotinine
levels.®> Second, because NHIS is limited to the noninstitutionalized
US civilian population, the results are not generalizable to institution-
alized populations such as the military. Finally, the NHIS Sample Adult
response rate of 50.9% can introduce nonresponse bias. However, all

analyses were weighted to avoid this limitation.
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While the COVID-19 infection rate seems to be lower among
tobacco users, the loss of smell is more pronounced among this high-
risk group of the population who were also less likely to receive
COVID-19 vaccination. Therefore, efforts to increase the uptake of
the COVID-19 vaccine among tobacco users are warranted. In
addition, continued monitoring of tobacco product use amid the
COVID-19 pandemic is crucial to inform public health policies and
programs, including cessation interventions, and raising awareness
about COVID-19 and tobacco use.
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