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ABSTRACT

Existing literature indicated electronic cigarette users (vapers) have impaired immune response that might increase vulnerability to coronavirus disease 2019
(COVID-19) infection and death. However, whether vapers are more susceptible to COVID-19 is unknown.

Using integrated data in each US state from the 2018 Behavioral Risk Factor Surveillance System (BRFSS), United States Census Bureau and the 1Point3Acres.com
website, generalized estimating equation (GEE) models with negative binomial distribution assumption and log link functions were used to examine the association of
statewide e-cigarette use prevalence with number of COVID-19 cases and deaths in the US on a state level from January 21, 2020 to April 25, 2020.

The weighted proportion of vapers who used e-cigarettes every day or some days ranged from 2.86% to 6.42% for US states. Statistically significant associations
were observed between the weighted proportion of vapers and number of COVID-19 cases as well as COVID-19 deaths in the US after adjusting for the weighted
proportion of smokers and other significant covariates in the GEE models. With every one percent increase in weighted proportion of vapers in each state, the number
of COVID-19 cases increase by 0.3139 (95% CI: 0.0554-0.5723) and the number of COVID-19 deaths increase by 0.3730 (95% CI: 0.0815-0.6646) in log scale in each
US state.

The positive associations between the proportion of vapers and the number of COVID-19 cases and deaths in each US state in this ecological study suggest an

increased susceptibility of vapers to COVID-19 on a state level and warrants further investigation.

1. Introduction

Novel coronavirus disease 2019 (COVID-19) outbreak was declared a
global pandemic by the World Health Organization (WHO) on March 11,
2020 (Cucinotta and Vanelli, 2020). As of April 28, 2020, there were
over three million COVID-19 cases and over 200,000 deaths globally
(Dong et al., 2020). In the United States, the total number of COVID-19
cases exceeded one million, with over 57,000 deaths reported by April
28, 2020. COVID-19 presents with cough, dyspnea and fever among
other systemic symptoms and can lead to pneumonia and acute hyp-
oxemic respiratory failure (Ahn et al., 2020).

Electronic cigarettes (e-cigarettes), promoted as an alternative for
cigarette smoking, rapidly gained popularity in recent years in the US. In
2018, the prevalence of current e-cigarette use (vaping) in US adults was
3.2% (Dai and Leventhal, 2019). Recent studies on the associations of
vaping and health symptoms/diseases have observed associations be-
tween vaping and symptoms of wheezing and self-reported Chronic
Obstructive Pulmonary Disease (COPD), along with increased inflam-
mation in bronchial epithelial cells and alterations in the pulmonary
immune response to infection (Gaurav, 2019; Gilpin et al.,, 2019;
Muthumalage et al., 2019; Wu et al., 2014; Li et al., 2020; Xie et al.,

2019). Tobacco control researchers have raised concerns that vapers
may be more susceptible to COVID-19 and could develop more severe
COVID-19 symptoms (Majmundar et al., 2020). However, there is very
limited evidence on the association between vaping and COVID-19.

We examined the association of vaping with COVID-19 cases and
deaths, using the integrated state-level weighted proportions of current
e-cigarette users (vapers) from the 2018 Behavioral Risk Factor Sur-
veillance System (BRFSS) survey data, the population size and land area
in 2018 in each state from United States Census Bureau, and the daily
number of COVID-19 cases and deaths in each state from the 1Poin-
t3Acres.com website during the time period from January 21, 2020 to
April 25, 2020 in the United States (https://coronavirus.1point3acres.
com). Our study is the first one to observe the association of vaping
with COVID-19 at the US population level.

2. Methods
2.1. Study population

We integrated the 2018 Behavioral Risk Factor Surveillance System
(BRFSS) survey data at state level (https://www.cdc.gov/brfss/annual_
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data/annual_2018.html), the population size and land area in each state
from the United States Census Bureau (https://www.census.gov/news
room/press-kits/2018/pop-estimates-national-state.html), and the
COVID-19 infected cases and deaths data from the 1Point3Acres.com
website (https://coronavirus.1point3acres.com) at available dates from
each state through the unique two letter state abbreviations for this
ecological study. From the 2018 BRFSS survey, 34 states provided in-
formation on the vaping status variable. The population size in each
state in 2018 and land area in each state were obtained from the United
States Census Bureau website. The COVID-19 infected cases and deaths
counts were available for each state from January 21, 2020 to April 25,
2020. Reports of negative numbers of infected cases and deaths were
excluded from the COVID-19 data. After integrating the BRFSS data and
the census data with the COVID-19 cases and deaths from different dates
at the state level, there were 1607 observations in the final analysis data.

2.2. Vaping status

The vaping status variable was defined by the answers to the ques-
tion “Do you now use e-cigarettes, every day, some days, or not at all?”
in the 2018 BRFSS survey. Subjects who now use e-cigarettes every day
or some days were classified as vapers and subjects who responded that
they use e-cigarettes “not at all” or “not applicable” were classified as
non-vapers. The weighted frequency of vapers in each state was ob-
tained using the proc surveyfreq procedure in SAS version 9.4 (SAS
Institute Inc., Cary, NC), considering the complex sampling design of the
BRFSS survey. The weighted proportion of vapers in each US state was
calculated using the ratio of weighted frequency of vapers and weighted
frequency of total number of subjects in each state.

2.3. Outcomes and covariates

The outcomes used in current analysis were the number of COVID-19
cases and deaths in US states. Covariates considered in the current
investigation included population size, population density (calculated
using population size divided by land area) from the United States
Census Bureau, age, gender, race/ethnicity, education, income, mental
health, physical health, obesity, respiratory disease (including asthma
and COPD), heart disease, cancer, stroke, diabetes, kidney disease, and
smoking (currently smoke every day or some days) from the 2018 BRFSS
survey data. The number of COVID-19 cases was also used as a covariate
when modeling the COVID-19 deaths. All the covariates were state-level
variables. The covariates included in the GEE model for COVID-19 cases
were state population size in log scale, male, less than high school ed-
ucation, poor physical health, cancer, obese, and smoker. The covariates
in the GEE model for COVID-19 deaths included the number of daily
confirmed cases in each state, state population size in log scale, pro-
portion of people aged 35-44, proportion of White, Black, and Hispanic,
proportion of people having respiratory disease, cancer, being obese,
and being smokers.

2.4. Statistical analysis

Generalized estimating equation (GEE) models with negative bino-
mial distribution assumptions and log link functions were used to
examine the association of weighted proportion of vapers with the
number of COVID-19 cases and deaths, after adjusting for the con-
founding effects from significant covariates (Johnson and Kim, 2004;
Vagenas and Totsika, 2018). The correlations of number of COVID-19
cases and deaths from different dates within the same state were
considered through the autoregressive 1 (AR (1)) variance-covariance
structure within the GEE model framework. The purposeful covariates
selection method was used to select significant covariates for the GEE
models (Bursac et al., 2008). Variance inflation factor (VIF) was used to
examine the multicollinearities among the predictor variables in the
GEE models (Lambrinos, 1984). A VIF value of five or less was
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considered to indicate no multicollinearity in the fitted GEE model. All
statistical analyses were conducted using statistical analysis software
SAS version 9.4 (SAS Institute Inc., Cary, NC) and R (R Core Team,
2017). Significance levels for all tests were set at 5% for two-sided tests.

3. Results

The weighted proportion of vapers ranged from 2.86% to 6.42% for
US states. The daily number of infected COVID-19 cases ranged from 0 to
11,743 with an average of 362 daily cases and a median of 69 daily cases
across all states in the US during the time period from January 21, 2020
to April 25, 2020. Fig. 1 showed the US map for vaping prevalence and
incidence of COVID-19 per 10,000. The map indicated a positive asso-
ciation between vaping prevalence and incidence of COVID-19 per
10,000 on a state level. During the same time period, the daily number of
deaths ranged from O to 4556 with the mean number of daily deaths at
20 and the median number of daily deaths at 1 across all US states.

Fig. 2 showed the estimated coefficients and their 95% confidence
intervals from the GEE model on daily number of COVID-19 cases. States
that had a higher proportion of vapers also had a larger number of daily
COVID-19 cases. For every one percent increase in vaping prevalence,
the prevalence of COVID-19 cases increased by 0.3139 fold (95% CI:
0.0554-0.5723) on average in log scale. Both population size in log scale
in each state and proportion of less than high school education had a
positive association with the daily COVID-19 cases. Male gender, poor
physical health, cancer, and obesity had a negative association with the
daily COVID-19 cases. Proportion of current smokers in each state was
not significantly associated with the daily COVID-19 cases in each state.

The estimated coefficients and their 95% confidence intervals from
the GEE model on daily number of COVID-19 deaths were shown in
Fig. 3. States that had a higher proportion of vapers also had a higher
number of daily COVID-19 deaths. With a one percent increase in vaping
prevalence, the prevalence of COVID-19 deaths increased by 0.3730 fold
(95% CI: 0.0815-0.6646) on average in log scale. Daily confirmed cases,
state population size in log scale, proportion of White, Black, and His-
panic were positively associated with the daily number of COVID-19
deaths in each state. The proportion of people aged 35-44, having
cancer, and being obese all were negatively associated with daily
number of COVID-19 deaths in each state. The proportion of people aged
65 years or older, proportion of people having respiratory disease, and
proportion of current smokers in each state were not significantly
associated with the daily number of COVID-19 deaths in each state.

4. Discussion

Using integrated state level data obtained from the 2018 BRFSS
survey, the United States Census Bureau and the 1Point3Acres.com
website, we were able to investigate the association of weighted pro-
portion of vapers with COVID-19 cases and deaths in the United States.
We found a significant positive association of vaping prevalence with
COVID-19 cases and deaths at the state level controlling for socio-
demographic and health related covariates. This finding further sup-
ports the need for future research into the potential susceptibility of
vapers to COVID-19. Additional findings include the expected positive
association between population size and COVID-19 cases and death.
Finally we also observed a positive association between a low education
level and COVID-19 cases and a negative association between male sex
and COVID-19 cases, as well as negative associations of obesity with
COVID-19 cases and death.

Though we identified a positive association between the weighted
proportion of vapers and the number of COVID-19 cases and deaths at
state level, we did not have data on what proportion of those who
actually contracted COVID-19 or died from COVID-19 were vapers.
Thus, we cannot determine causality between vaping and COVID-19
cases and deaths. However, prior research supports the biological
plausibility of a relationship between vaping and an increased
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Fig. 1. US map for vaping prevalence and incidence of COVID-19 per 10,000.
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Fig. 2. Adjusted estimated coefficients from the GEE model on number of COVID-19 cases.
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Fig. 3. Adjusted estimated coefficients from the GEE model on number of COVID-19 deaths.

susceptibility to respiratory infection (Eaton et al., 2018). Multiple
mouse models have observed an increased severity in respiratory
infection associated with vaping exposure related to dysregulation of
lung epithelial cells and an impaired immune response to both viral
(Madison et al., 2019); and bacterial infection (Hwang et al., 2016).
Bacterial superinfection of viral illnesses like influenza and COVID-19 is
especially dangerous, as this leads to an increased severity in illness
(Rynda-Apple et al., 2015) A human cell based model of exposure to
nicotine-free flavored e-liquid observed immunosuppressive effects and
impaired respiratory innate immune cell function (alveolar macro-
phages, neutrophils, and natural killer cells) (Clapp et al., 2017). In
humans, bronchoalveolar lavage samples from the airways of active
vapers also revealed dysregulation of the airway’s innate immune
response including neutrophilic response and mucin (Reidel et al.,
2018). A wide variety of flavorings are used by vapers, many of which,
such as diacetyl, acetoin, pentanedione, o-vanillin, maltol, and
coumarin in nicotine-free e-liquid, could also trigger inflammatory re-
sponses in human monocytes (Muthumalage et al., 2019). Previous
human studies found vaping is associated with increased risk of chronic
bronchitis symptoms (chronic cough or phlegm) (Gotts et al., 2019;
Wang et al., 2016; McConnell et al., 2017) and epidemiologic studies
observed an increased risk of self-reported wheezing and COPD (Li et al.,
2020; Xie et al., 2019). In addition, social behaviors associated with
vaping could also enhance the risk of infection. For example, vapers who
were not wearing a mask inside confined areas or even outside in a non-
distanced group would be at an increased risk for contracting COVID-19.
With the ongoing COVID-19 pandemic, particular health concerns have
been raised regarding vaping, such as whether vapers have higher risk
for COVID-19 and could develop more severe symptoms once contracted
COVID-19 (Majmundar et al., 2020). To our best knowledge, this is the
first ecological study to empirically examine and observe an association
between vaping and COVID-19.

The existing literature on the increased risk of respiratory infection
in combustible cigarette smokers was summarized by a prior meta-
analysis finding an increased risk of current smokers for influenza
infection compared to non-smokers (Lawrence et al., 2019). As COVID-
19 is a novel condition, the literature examining the risk of smokers for
COVID-19 is scant. A recent study based on 1099 COVID-19 patients
found smoking history was associated with COVID-19 severity (Guan
et al., 2020). A recent systematic review on COVID-19 and smoking
concludes that smoking is likely associated with worse outcomes in
COVID-19 (Vardavas and Nikitara, 2020). However, other studies

indicate that smoking might not be associated with the incidence and
severity of COVID-19 (Cai, 2020), including a recent meta-analysis
based on Chinese patients suggests that active smoking is not associ-
ated with severity of COVID-19 (Lippi and Henry, 2020). It remains
unclear whether nicotine has a role in the either the increased or
decreased severity of illness for smokers with COVID-19. Our study did
not find a significant association between the weighted proportion of
smokers and the number of COVID-19 infections and deaths at state
level. Due to the incomplete testing and tracking of home deaths, it is
possible that a percentage of older smokers with comorbidities are dying
at home from COVID-19 and therefore are not captured into the reported
COVID-19 cases and death data (Appleby, 2020; Simons et al., 2020).
Additionally, it is unknown whether or not COVID-19 could be trans-
mitted to those surrounding smokers through passive smoking and
vaping. More epidemiological and clinical studies are needed to inves-
tigate the association of smoking with COVID-19 cases and deaths.

We found states that had a larger weighted proportion of subjects
who had less than high school education had a higher number of COVID-
19 cases. Researchers from the University of Southern California found
that Americans who had less than high school education had a lower
perceived risk of exposure to COVID-19 and a higher perceived risk of
deaths than those who have college or higher degrees (Healthpolicy, n.
d.). This might explain, in part, the positive association between the
weighted proportion of less than high school education with the number
of COVID-19 cases. We also found states that had a larger proportion of
non-Hispanic Blacks and Hispanics had a larger number of COVID-19
deaths. The COVID-19 deaths rate data from Washington D.C. and 36
US states reported through April 27, 2020 showed that non-Hispanic
Blacks (28.4%) and Hispanics (11.3%) had the highest COVID-19
deaths rate (Apmresearchlab, n.d.). This could be related to the higher
proportion of chronic conditions such as hypertension, heart disease and
diabetes in non-Hispanic Blacks and Hispanics (Al Kibria, 2019; Al
Kibria et al., 2019). In addition, COVID-19 deaths could also be affected
by availability and access to care as well as the level of care, which could
contribute to the ethnic disparities in COVID-19 deaths. Interestingly,
we found that states with a higher proportion of males had lower
number of COVID-19 cases than states with higher proportion of fe-
males. Previous investigation in Chinese COVID-19 patients found a
larger proportion of males admitted to hospital and males also had more
severe symptoms and higher mortality rate (Guan et al., 2020; Epide-
miology Working Group for Ncip Epidemic Response CCfDC, 2020; Jin
et al., 2020; Xie et al., 2020). This observation of a gender difference in
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COVID-19 cases and death and the role of gender in COVID-19 cases and
death in the US is worth further investigation. In addition, we observed
that states with a higher proportion of obesity had reduced COVID-19
cases and death. One possible explanation could be that people who
are obese have a decreased exposure to COVID-19 due to being relatively
home-bound due to disability or mobility issues. Although recent studies
indicate obesity might be a risk factor for severe COVID-19 symptoms,
the evidence base detailing the association of obesity with COVID-19
cases and death is still limited and need further investigation (Caussy
et al., 2020).

5. Limitations

There are several limitations in current study. First, the weighted
proportions of vapers, smokers, and other demographic and chronic
diseases are from the 2018 BRFSS data, which might differ from the
2020 estimates. The outbreak of e-cigarette, or vaping product use-
associated lung injury (EVALI) occurred in September 2019 might
change the vaping pattern on state levels as CDC issued guidance against
the use of e-cigarettes. The reported COVID-19 cases and deaths ob-
tained from 1Point3Acres.com website could be subject to some
reporting errors as we noticed some negative number of COVID-19 cases
and deaths, which we excluded from further analysis. However, we
compared the COVID-19 data obtained from 1Point3Acres.com website
with the COVID-19 data from the New York Times (Github, n.d.) and
Centers for Disease Control and Prevention (CDC) website (CDC, n.d.)
and found consistent numbers of COVID-19 cases and deaths, which
increased the robustness and reliability of the data sources. Second, our
current analysis is on state level instead of individual level. We don’t
know the individual status of vaping and COVID-19 cases or deaths, thus
estimated coefficients of association could be different from epidemio-
logical or clinical studies on individual subjects. Third, this ecological
study at a group-level is also subject to limitations such as ecological
bias, confounding, and misclassifications. The group-level data did not
include information on whether vapers were strictly following social/
physical distancing guidelines to reduce their risks for COVID-19.
Fourth, the study period did not cover the whole duration in the US as
the pandemic is still ongoing. The analysis of the daily number of cases
and deaths over the first period of the pandemic could be biased as the
spread of the virus was unequally across states in the US during the first
three months and our ecological study was not able to account for
outbreak dynamics (e.g. size of outbreak, public health guidelines).
Finally, the number of reported cases could be impacted by testing
strategies and reporting system that might be different from one state to
another.

6. Conclusions

There are positive associations between the weighted proportion of
vapers in each US state and the daily number of COVID-19 cases and
deaths in each US state. These positive associations suggest vapers may
have an increased susceptibility to COVID-19 cases and deaths. Sys-
tematic assessment of vaping among patients, along with additional
studies on the associations of vaping with COVID-19 infections and
deaths at individual level are needed to further explore this positive
association between vaping and COVID-19 cases and deaths.
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