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A B S T R A C T   

Introduction: This investigation assessed whether current (past 30-day) electronic cigarette (e-cigarette) and 
cannabis use was associated with coronavirus disease 2019 (COVID-19) symptomatology, testing, and diagnosis 
among college student e-cigarette users. 
Methods: Participants were 18–26-year-old college student e-cigarette users attending four geographically 
diverse, large U.S. public universities during October-December 2020 (N = 800). Multivariable logistic regres-
sion models explored associations between exclusive e-cigarette use and concurrent e-cigarette and cannabis use 
and COVID-19 symptoms, testing, and diagnosis. Models controlled for demographics, university site, and cur-
rent use of combustible cigarettes, cigars, and smokeless tobacco. 
Results: Over half of student e-cigarette users (52.0%) concurrently used cannabis. Compared to exclusive e- 
cigarette users, concurrent e-cigarette and cannabis users were 3.53 times more likely (95%CI = 1.96–6.36) to 
report COVID-19 symptoms, after adjusting for the covariates. Compared to infrequent exclusive e-cigarette 
users, infrequent concurrent users (AOR = 4.72, 95%CI = 1.31–17.00), intermediate concurrent users (AOR =
5.10, 95%CI = 1.37–18.97), and frequent concurrent users (AOR = 7.44, 95%CI = 2.06–26.84) were at increased 
odds of reporting COVID-19 symptoms. Compared to exclusive e-cigarette users, concurrent e-cigarette and 
cannabis users were 1.85 times more likely (95%CI = 1.15–2.98) to report a COVID-19 diagnosis. Intermediate 
concurrent users (AOR = 2.88, 95%CI = 1.13–7.35) and frequent concurrent users (AOR = 3.22, 95%CI =
1.32–7.87) were at increased odds of reporting a COVID-19 diagnosis, compared to infrequent exclusive e- 
cigarette users. 
Conclusions: Concurrent use of e-cigarettes and cannabis may be an underlying risk factor of COVID-19 symp-
tomatology and diagnosis, with more pronounced odds found among intermediate and frequent users. Results 
highlight the need to educate students about the impacts of e-cigarette and cannabis use on respiratory, immune, 
and overall health.   

1. Introduction 

Transmission of severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), the virus responsible for causing coronavirus disease 
2019 (COVID-19), has led to unprecedented morbidity and mortality 
across the U.S. (Dong et al., 2020). Risk factors for COVID-19-related 
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severe illness resulting in possible hospitalization include: active or 
former smoking status and/or having pre-existing comorbidities or an 
immunocompromised status (Centers for Disease Control and Preven-
tion, 2021). Combustible and non-combustible tobacco users are 
vulnerable to clinical morbidities, including impaired pulmonary func-
tion and respiratory illnesses (National Academies of Sciences, Engi-
neering, and Medicine, 2018; U.S. Department of Health and Human 
Services, 2014). Research suggests combustible smoking or vaping 
cannabis is associated with respiratory-related symptoms and disease 
(National Academies of Sciences, Engineering, and Medicine, 2017). 
Additionally, vaping nicotine, flavorings, and/or tetrahydrocannabinol 
(THC) products may place individuals at increased risk for COVID-19- 
related symptomatology and illness due to impairment of normal pul-
monary defenses to inhaled viral pathogens (Keith and Bhatnagar, 2021; 
Madison et al., 2019; Kaur et al., 2020; Volkow, 2020). Smoking, and 
possibly e-cigarette use, can upregulate the angiotensin-converting 
enzyme-2 (ACE2) receptor, which is the receptor for SARS-CoV-2 
(Brake et al., 2020). However, human research studies are lacking on 
concurrent e-cigarette and cannabis use and COVID-19-related health 
outcomes. 

Research has linked respiratory symptoms or disease with adult 
current e-cigarette use (Bhatta and Glantz, 2020), current cannabis 
combustible smoking and vaping (Braymiller et al., 2020), and lifetime 
e-cigarette and cannabis use (Xie and Li, 2020). College student e- 
cigarette use and cannabis smoking and vaping reached historical highs 
between 2017 and 2019 (Schulenberg et al., 2020). Currently, 22% and 
14% of students report past 30-day nicotine and cannabis vaping, 
respectively (Schulenberg et al., 2020). Over one-in-four (26%) students 
report current cannabis use including other routes of administration (e. 
g., combustible smoking), with 1-in-17 (6%) reporting daily cannabis 
use. While current dual use of e-cigarettes and combustible cigarettes 
has been associated with increased risk of COVID-19 symptoms and 
diagnosis among 13–24-year-olds (Gaiha et al., 2020), less is known 
about COVID-19-related risks associated with concurrent e-cigarette and 
cannabis use. Given the high prevalence of e-cigarette and cannabis use 
among college students (Schulenberg et al., 2020), research is needed to 
assess the associations between concurrent use and COVID-19-related 
outcomes. 

This investigation assessed whether current e-cigarette and cannabis 
use was associated with COVID-19 symptomatology, testing, and diag-
nosis among college student current e-cigarette users. We hypothesized 
concurrent users of e-cigarettes and cannabis would be at increased odds 
of experiencing COVID-19 symptoms and having a prior positive COVID- 
19 diagnosis compared with exclusive e-cigarette users. Additionally, we 
assessed whether frequency of e-cigarette and cannabis use was associ-
ated with COVID-19 symptoms, testing, and diagnosis. We hypothesized 
that when compared to infrequent exclusive e-cigarette users, interme-
diate or daily exclusive e-cigarette users as well as infrequent, inter-
mediate, and frequent concurrent e-cigarette and cannabis users would 
be at increased odds of reporting COVID-19 symptoms and diagnosis. 
Based on COVID-19 random selection testing policies at each university 
during the study period, we posited there would be no difference in 
COVID-19 testing between the exclusive e-cigarette and concurrent use 
groups. 

2. Materials and methods 

2.1. Participants and procedures 

Data are from a cross-sectional, online survey conducted October- 
December 2020. Participants were college students (N = 800) ages 
18–26 years from four geographically diverse, large U.S. public uni-
versities (two southwestern, two midwestern) who reported current e- 
cigarette use. Institutional review boards (IRBs) at each university 
independently vetted and approved all study procedures by November 
2020; data collection occurred after respective IRB approval. Students at 

each university had the option to complete their coursework online, in- 
person, or a hybrid model. Students residing in university housing/ 
residences were allowed to remain on each of the respective campuses 
during the data collection period. COVID-19 testing programs at each of 
the four respective campuses were similar and required randomly 
selected students to undergo testing. 

Eligible participants were recruited by disseminating emails via 
campus-wide listservs and undergraduate and graduate course listservs. 
Participant recruitment strategically took place at least over one month 
into the fall semester due to the study’s aim of capturing past 30-day 
behavior during the academic year. Solicitations sought students be-
tween the ages of 18–26 who “vape or use e-cigarettes” and were 
currently on campus. The recruitment email included a website link to a 
survey hosted on Qualtrics (Qualtrics, 2021), and stated the estimated 
completion time was 10 minutes. Potential participants were provided 
with a research information sheet which they needed to acknowledge 
prior to proceeding to the survey. The information sheet reinforced the 
recruitment email’s information (e.g., anonymous nature of the survey; 
ability to refuse to answer any questions and cease participation at any 
time without penalty). 

Response rates were not available due to recruitment strategies 
employed. However, sample size calculations using a 95% confidence 
interval (95%CI), 100,000-population size, and a conservative 50–50 
split considering the population is relatively varied (Salant and Dillman, 
1994), assert a minimum of 383 completed surveys were needed to have 
sufficient power for statistical analysis. 

2.2. Measures 

2.2.1. Current e-cigarette and cannabis use 
The following statement was provided prior to any questions: “The 

next several questions ask about electronic vapor products, such as 
JUUL, Vuse, MarkTen, and blu. Electronic vapor products include e- 
cigarettes, vapes, vape pens, e-cigars, e-hookahs, hookah pens, and 
mods.” To assess e-cigarette use, students were asked, “During the past 
30 days, on how many days did you use an electronic vapor product?” 
(range = 0–30). 

To assess cannabis use, students were asked, “During the past 30 
days, how many times did you use marijuana?” Response options were: 
0, 1–2, 3–9, 10–19, 20–39, and 40 or more times. We classified the 
sample of current e-cigarette users based on their current cannabis use 
response as: exclusive e-cigarette users (0 times) and concurrent e- 
cigarette and cannabis users (≥ 1 time). 

To assess frequency of use patterns, we combined responses from the 
item on how many times students used cannabis with the item on how 
many days students used e-cigarettes in the past 30 days (range = 1–30). 
For exclusive e-cigarette use frequency, we adopted previously 
employed criteria: infrequent use defined as 1–5 days; intermediate use 
defined as 6–29 days; and daily use defined as all 30 days (Amato et al., 
2016). To assess concurrent use frequency, we assessed the distribution 
and quartiles of cannabis use, which yielded a six-group variable to 
classify students as: infrequent exclusive e-cigarette users (1–5 days); 
intermediate exclusive e-cigarette users (6–29 days); daily exclusive e- 
cigarette users (all 30 days); infrequent concurrent e-cigarette and 
cannabis users (1–2 times); intermediate concurrent users (3–9 times); 
and frequent concurrent users (≥ 10 times). 

2.2.2. COVID-19 outcomes 
A multiple response question asked about COVID-19-related symp-

toms, based on the Centers for Disease Control and Prevention’s symp-
toms list (Centers for Disease Control and Prevention, 2021),“Are you 
currently experiencing any COVID-19 symptoms?” Options included: 
“no symptoms,” “cough,” “fever or chills,” “shortness of breath or dif-
ficulty breathing,” “fatigue,” “muscle or body aches,” “headache,” “new 
loss of taste or smell,” “nasal congestion or runny nose,” “sore throat,” 
“nausea or vomiting,” “diarrhea,” and other (please specify).” We 
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assessed COVID-19 symptoms dichotomously as no (no symptoms) 
versus yes (≥ 1 of the 12 symptoms). 

A yes/no question asked students, “Have you been tested for COVID- 
19?” If students responded “yes,” a follow-up yes/no question asked, 
“Have you been diagnosed with COVID-19?” If students responded “yes” 
to having received a confirmatory COVID-19 diagnosis, two follow-up 
questions asked, “How long did it take you to recover from COVID- 
19? (in days)” (range = 0 to ≥ 30 days); and “Were you hospitalized 
because of COVID-19?” (yes/no). 

2.2.3. Covariates 
Student demographic information included: age, sex, race/ethnicity, 

and sexual orientation. Other student characteristics included university 
site (Texas, Arkansas, Indiana, Ohio), current fraternity/sorority mem-
bership, and current residence. Other tobacco product use characteris-
tics were assessed including current: combustible cigarette smoking via 
“During the past 30 days, on how many days did you smoke cigarettes?;” 
cigar smoking via “During the past 30 days, on how many days did you 
smoke cigars, cigarillos, or little cigars?;” and smokeless tobacco use via 
“During the past 30 days, on how many days did you use chewing to-
bacco, snuff, dip, snus, or dissolvable tobacco products, such as 
Copenhagen, Grizzly, Skoal, or Camel Snus? (Do not count any elec-
tronic vapor products.).” Students who answered ≥ 1 day were consid-
ered current users of combustible cigarettes, cigars, and smokeless 
tobacco. It was important to take into consideration these student 
characteristics as covariates since demographics, current residence (e.g., 
crowding), and combustible cigarette smoking are potential risk factors 
for COVID-19 infection (Centers for Disease Control and Prevention, 
2021). 

2.3. Statistical analysis 

We calculated descriptive statistics for all variables of interest. To 
assess potential differences in current e-cigarette and cannabis use based 
on covariates, we performed a series of chi-square tests for the cate-
gorical covariates (e.g., sex) and an independent t test for the continuous 
covariate (i.e., age). Then, a series of multivariable logistic regression 
models were fitted to explore the associations between exclusive e- 
cigarette use and concurrent e-cigarette and cannabis use and COVID-19 
symptoms, testing, and diagnosis. All models controlled for de-
mographics, university site, fraternity/sorority membership, residence, 
combustible cigarette smoking, cigar smoking, and smokeless tobacco 
use. To assess frequency of e-cigarette and cannabis use, we built three 
similar logistic regression models adjusting for the covariates. We pre-
sent adjusted odds ratios (AORs) and 95%CIs. Missing data were 
removed prior to analyses, and all analyses were two-tailed with sta-
tistical significance set at p < 0.05 and performed using Stata SE version 
16 (StataCorp., 2019). 

3. Results 

Among the 800 student e-cigarette users, average age was 20.51 (SD 
= 1.82) years and 48.4% were female (Table 1). The majority of students 
were non-Hispanic White (61.6%), followed by Hispanic (15.4%), non- 
Hispanic Other/Multiracial (14.6%), and non-Hispanic Black (8.4%). 
Over one-in-five (21.0%) self-identified as LGBTQ. Over one-in-four 
(26.1%) were a current member of a fraternity/sorority, and the ma-
jority lived in off-campus housing (56.9%). Concerning other current 
tobacco product use, 43.3% reported combustible cigarette smoking, 
27.8% reported cigar smoking, and 23.4% reported smokeless tobacco 
use. 

Less than half of the sample (48.0%; n = 384) were exclusive e- 
cigarette users, with slightly more (52.0%; n = 416) being concurrent e- 
cigarette and cannabis users. Regarding frequency of use, 12.3% (n =
98) were infrequent exclusive e-cigarette users, 22.6% (n = 181) were 
intermediate exclusive e-cigarette users, 13.1% (n = 105) were daily 

Table 1 
Descriptive Characteristics of College Student E-Cigarette Users According to 
Current Use of E-Cigarettes and Cannabis.    

Current Use of E-Cigarettes and Cannabis  

Overall 
(N =
800) 

Exclusive E- 
Cigarette 
Users (n =
384) 

Concurrent E- 
Cigarette and 
Cannabis Users (n 
= 416) 

p- 
value 

Student 
Characteristics 

n (%)a n (%)a n (%)a 

Age, M (SD) 20.51 
(1.82) 

20.42 (1.70) 20.59 (1.93) 0.180 

Sex    0.051 
Male 413 

(51.6) 
212 (55.2) 201 (48.3)  

Female 387 
(48.4) 

172 (44.8) 215 (51.7)  

Race/Ethnicity    0.145 
Non-Hispanic 
White 

493 
(61.6) 

230 (59.9) 263 (63.2)  

Non-Hispanic 
Black 

67 (8.4) 27 (7.0) 40 (9.6)  

Non-Hispanic 
Other/ 
Multiracialb 

117 
(14.6) 

66 (17.2) 51 (12.3)  

Hispanic 123 
(15.4) 

61 (15.9) 62 (14.9)  

Sexual Orientation    <

0.001 
Heterosexual 632 

(79.0) 
342 (89.1) 290 (69.7)  

LGBTQ 168 
(21.0) 

42 (10.9) 126 (30.3)  

University Site    <

0.001 
University in 
Texas 

345 
(43.1) 

208 (54.2) 137 (32.9)  

University in 
Arkansas 

203 
(25.4) 

95 (24.7) 108 (26.0)  

University in 
Indiana 

197 
(24.6) 

58 (15.1) 139 (33.4)  

University in 
Ohio 

55 (6.9) 23 (6.0) 32 (7.7)  

Fraternity/Sorority 
Membership    

0.001 

No 591 
(73.9) 

304 (79.2) 287 (69.0)  

Yes 209 
(26.1) 

80 (20.8) 129 (31.0)  

Current Residence    <

0.001 
Off-campus 
housing 

455 
(56.9) 

222 (57.8) 233 (56.0)  

Campus 
residence hall 

214 
(26.7) 

121 (31.5) 93 (22.4)  

Other university 
housing 

72 (9.0) 20 (5.2) 52 (12.5)  

Parent’s home 59 (7.4) 21 (5.5) 38 (9.1)  
Current 

Combustible 
Cigarette 
Smoking    

<

0.001 

No 454 
(56.7) 

262 (68.2) 192 (46.1)  

Yes 346 
(43.3) 

122 (31.8) 224 (53.9)  

Current Cigar 
Smokingc    

<

0.001 
No 578 

(72.2) 
306 (79.7) 272 (65.4)  

Yes 222 
(27.8) 

78 (20.3) 144 (34.6)  

Current Smokeless 
Tobacco Use    

<

0.001 
No 613 

(76.6) 
327 (85.2) 286 (68.7)  

Yes 187 
(23.4) 

57 (14.8) 130 (31.3)  

A.L. Merianos et al.                                                                                                                                                                                                                            



Addictive Behaviors 126 (2022) 107170

4

exclusive e-cigarette users, 16.0% (n = 128) were infrequent concurrent 
e-cigarette and cannabis users, 14.6% (n = 117) were intermediate 
concurrent users, and 21.4% (n = 171) were frequent concurrent users. 

3.1. Student characteristics and current e-cigarette and cannabis use 

Chi-square test results indicated student sexual orientation, univer-
sity site, fraternity/sorority membership, residence, combustible ciga-
rette smoking, cigar smoking, and smokeless tobacco use differed based 
on e-cigarette and cannabis use (see Table 1). Those with higher per-
centages of being concurrent e-cigarette and cannabis users were 
LGBTQ, at universities in Indiana and Ohio, were fraternity/sorority 
members, lived in university housing, smoked combustible cigarettes, 
smoked cigars, and used smokeless tobacco products. 

3.2. Current e-cigarette and cannabis use and COVID-19 symptoms 

Overall, 14.3% (n = 114) of student e-cigarette users reported 
experiencing at least one COVID-19 symptom (range = 1–8) at survey 

completion; 5.1% (n = 41) had nasal congestion/runny nose, 5.1% (n =
41) had cough, 4.1% (n = 33) had fatigue, 4.1% (n = 33) had sore throat, 
3.8% (n = 30) had shortness of breath/difficulty breathing, 3.1% (n =
25) had fever/chills, 2.5% (n = 20) had new loss of taste/smell, 2.4% (n 
= 19) had nausea/vomiting, 1.5% (n = 12) had headache, 1.1% (n = 9) 
had diarrhea, and 0.8% (n = 6) had muscle/body aches. Higher rates of 
COVID-19 symptoms were reported among concurrent e-cigarette and 
cannabis users (22.6%) (Table 2). Compared to exclusive e-cigarette 
users, concurrent users were 3.53 times more likely (95%CI =

1.96–6.36) to report COVID-19 symptoms, after adjusting for the 
covariates. Significant covariates were noted and student age showed a 
positive association with COVID-19 symptoms. Students who also 
currently used smokeless tobacco were at increased odds of reporting 
COVID-19 symptoms (see Table 2). 

Concerning frequency of use, when compared to infrequent exclusive 
e-cigarette users, results indicated infrequent concurrent e-cigarette and 
cannabis users (AOR = 4.72, 95%CI = 1.31–17.00), intermediate con-
current users (AOR = 5.10, 95%CI = 1.37–18.97), and frequent con-
current users (AOR = 7.44, 95%CI = 2.06–26.84) were at increased odds 
of reporting COVID-19 symptoms (Table 3). 

3.3. Current e-cigarette and cannabis use and COVID-19 testing and 
diagnosis 

A total of 85.5% (n = 684) of student e-cigarette users were tested for 
COVID-19, with 16.8% (n = 115) reporting a COVID-19 diagnosis. Of 

Abbreviations: e-cigarette use, electronic cigarette use; LGBTQ, lesbian, gay, 
bisexual, transgender, and questioning. 

a Percent refers to column percent, unless otherwise noted. 
b Non-Hispanic Other/Multiracial category includes Asian or Pacific Islander, 

American Indian, Alaska Native, or Native Hawaiian, Biracial, and Multiracial. 
c Cigars include traditional cigars, cigarillos, and little cigars. 

Table 2 
Associations of Current Use of E-Cigarettes and Cannabis with COVID-19 Symptoms, Testing, and Diagnosis among College Student E-Cigarette Users.   

COVID-19 Symptoms COVID-19 Test COVID-19 Diagnosis 

Student Characteristic n (%) AORa 95% CI n (%) AORa 95% CI n (%) AORa 95% CI 

Current E-Cigarette and Cannabis Use         
Exclusive e-cigarette use 20 (5.2) Ref Ref 317 (82.6) Ref Ref 38 (12.0) Ref Ref 
Concurrent e-cigarette and cannabis use 94 (22.6) 3.53*** 1.96–6.36 367 (88.2) 1.23 0.79–1.93 77 (21.0) 1.85* 1.15–2.98 

Age – 1.25** 1.09–1.42 – 0.92 0.80–1.05 – 0.97 0.84–1.12 
Sex          

Male 65 (15.7) Ref Ref 355 (86.0) Ref Ref 69 (19.4) Ref Ref 
Female 49 (12.7) 1.56 0.92–2.65 329 (85.0) 1.18 0.75–1.86 46 (14.0) 0.55* 0.35–0.87 

Race/Ethnicity          
Non-Hispanic White 63 (12.8) Ref Ref 425 (86.2) Ref Ref 85 (20.0) Ref Ref 
Non-Hispanic Black 22 (32.8) 1.15 0.54–2.45 63 (94.0) 1.29 0.41–4.07 4 (6.4) 0.34 0.11–1.05 
Non-Hispanic Other/Multiracial 15 (12.8) 1.58 0.77–3.24 92 (78.6) 0.73 0.41–1.28 10 (10.9) 0.40* 0.19–0.84 
Hispanic 14 (11.4) 0.94 0.43–2.04 104 (84.6) 1.26 0.69–2.29 16 (15.4) 0.77 0.41–1.44 

Sexual Orientation          
Heterosexual 65 (10.3) Ref Ref 539 (85.3) Ref Ref 91 (16.9) Ref Ref 
LGBTQ 49 (29.2) 1.28 0.74–2.23 145 (86.3) 0.76 0.44–1.31 24 (16.6) 1.05 0.61–1.82 

University Site          
University in Texas 21 (6.1) Ref Ref 261 (75.7) Ref Ref 42 (16.1) Ref Ref 
University in Arkansas 70 (34.5) 1.90 0.71–5.06 194 (95.6) 8.52*** 3.04–23.84 20 (10.3) 0.23** 0.09–0.59 
University in Indiana 15 (7.6) 1.03 0.49–2.18 187 (94.9) 5.72*** 2.79–11.75 40 (21.4) 1.06 0.61–1.84 
University in Ohio 8 (14.6) 2.28 0.87–5.96 42 (76.4) 1.00 0.48–2.05 13 (31.0) 1.62 0.72–3.62 

Fraternity/Sorority Membership         
No 62 (10.5) Ref Ref 497 (84.1) Ref Ref 76 (15.3) Ref Ref 
Yes 52 (24.9) 0.99 0.57–1.71 187 (89.5) 1.06 0.62–1.84 39 (20.9) 1.68* 1.03–2.73 

Current Residence          
Off campus housing 36 (7.9) Ref Ref 374 (82.2) Ref Ref 65 (17.4) Ref Ref 
Campus residence hall 41 (19.2) 1.27 0.63–2.59 199 (93.0) 1.16 0.58–2.33 30 (15.1) 1.44 0.78–2.65 
Other university housing 25 (34.7) 2.14 0.98–4.66 66 (91.7) 1.56 0.62–3.95 14 (21.2) 1.18 0.57–2.43 
Parent’s home 12 (20.3) 0.87 0.35–2.16 45 (76.3) 0.42* 0.20–0.89 6 (13.3) 1.07 0.39–2.94 

Current Combustible Cigarette Smoking         
No 27 (6.0) Ref Ref 379 (83.5) Ref Ref 57 (15.0) Ref Ref 
Yes 87 (25.1) 1.29 0.68–2.46 305 (88.2) 0.86 0.52–1.42 58 (19.0) 1.22 0.74–2.01 

Current Cigar Smoking         
No 40 (6.9) Ref Ref 483 (83.6) Ref Ref 77 (15.9) Ref Ref 
Yes 74 (33.3) 1.32 0.64–2.69 201 (90.5) 1.60 0.85–3.02 38 (18.9) 1.66 0.91–3.03 

Current Smokeless Tobacco Use         
No 40 (6.5) Ref Ref 515 (84.0) Ref Ref 87 (16.9) Ref Ref 
Yes 74 (39.6) 2.81* 1.17–6.72 169 (90.4) 0.69 0.32–1.50 28 (16.6) 1.10 0.51–2.38 

Abbreviations: e-cigarette, electronic cigarette; coronavirus disease 2019, COVID-19; AOR, adjusted odds ratio; CI, confidence interval; Ref, reference category. 
a Multivariable logistic regression model includes current e-cigarette and cannabis use and the covariates. 
***p < 0.001, **p < 0.01, *p < 0.05. 
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those with a prior COVID-19 diagnosis, the mean number of days to 
recover was 9.55 (SD = 6.95; range = 0 to ≥ 30 days) and 15.7% (n =
18) were hospitalized due to COVID-19. No differences were found be-
tween the two current user groups and COVID-19 testing (see Table 2). 
Multivariable results indicated two university sites, the universities in 
Arkansas and Indiana, had increased odds of being tested for COVID-19 
compared to the university in Texas, and e-cigarette users who currently 
lived in their parent’s home had reduced odds relative to those living in 
off-campus housing. No differences were found between frequency of 
current use groups and COVID-19 testing (see Table 3). 

Compared to exclusive e-cigarette users, concurrent e-cigarette and 
cannabis users were 1.85 times more likely (95%CI = 1.15–2.98) to have 
a prior positive COVID-19 diagnosis, after adjusting for the covariates 
(see Table 2). Significant covariates were noted, and those with reduced 
odds to have a COVID-19 diagnosis were students who were female, non- 
Hispanic Other/Multiracial, and attended the university in Arkansas 
compared to students who were male, non-Hispanic White, and attended 
the university in Texas, respectively. Those at increased odds of 
reporting a COVID-19 diagnosis were fraternity/sorority members (see 
Table 2). 

Concerning frequency of use, intermediate concurrent e-cigarette 
and cannabis users (AOR = 2.88, 95%CI = 1.13–7.35) and frequent 
concurrent users (AOR = 3.22, 95%CI = 1.32–7.87) were at increased 
odds of reporting a COVID-19 diagnosis than infrequent exclusive e- 
cigarette users (see Table 3). 

4. Discussion 

This study provides evidence college student e-cigarette users who 
concurrently use cannabis in the past 30-days are at greater likelihood of 
experiencing COVID-19 symptoms and having a positive COVID-19 
diagnosis, compared with exclusive e-cigarette users. Confirming our 
hypothesis, frequency of concurrent e-cigarette and cannabis use was 
associated with increased odds of COVID-19 symptoms and diagnosis, 
with more pronounced odds observed as frequency of use groups 
increased, independent of student demographics and current use of 
combustible cigarettes, cigars, and smokeless tobacco. Thus, there ap-
pears to be a dose-related relationship, such that as use increased so too 
did the risk of experiencing COVID-19 symptoms and receiving a posi-
tive diagnosis. Specifically, for COVID-19 symptoms, effect size esti-
mates were 3.5-fold among concurrent e-cigarette and cannabis users at 
any frequency of use, and these estimates ranged from nearly 5-fold to 
7.5-fold among infrequent, intermediate, and frequent concurrent users. 
Similar findings were indicated for COVID-19 diagnosis, with odds of 
nearly two times for concurrent users at any frequency of use, and 
approximately a 3-fold increase among both intermediate and frequent 
concurrent users. 

There are several potential explanations of why concurrent e-ciga-
rette and cannabis users, especially those with more frequent use pat-
terns, were at higher risk of experiencing COVID-19 symptoms when 
compared with exclusive e-cigarette users. First, combustible cannabis 
and tobacco smoke contain similar carcinogenic and other harmful 
chemical toxins, but cannabis topography results in higher tar and gas 
per-puff exposures than that of combustible tobacco smoke (Tashkin and 
Roth, 2019). This can lead to acute respiratory health symptoms (e.g., 
cough), and potentially airway inflammation and infection especially 
among heavy or long-term cannabis users (Ghasemiesfe et al., 2018; 
Yayan and Rasche, 2016; Martinasek et al., 2016; Gates et al., 2014). 
Second, e-liquids of nicotine- and THC-containing vaping products vary 
in constituents and are a potential source of inhaled toxic metal expo-
sure (Zhao et al., 2020), and there are over 400 brands that provide 
diverse products (Hsu et al., 2018). THC-containing e-liquids may be 
distinct from nicotine-containing e-liquids and can lead to higher res-
piratory illness likely due to varying inhaled chemical constituents 
(Traboulsi et al., 2020). For example, it is important to note e-cigarette, 
or vaping, product use-associated lung injury (EVALI) was linked to 
illicit THC-containing vaping products and vitamin E acetate in nearly 
all (94%) of cases, with median EVALI case patient age of 23 years and 
the majority being male (69%) (Blount et al., 2020). For these and other 
reasons, the Centers for Disease Control and Prevention recommends 
individuals not use THC-containing vaping products due to the potential 
of tampering with e-liquids (Krishnasamy et al., 2020). While law 
enforcement seized vaping products containing vitamin E acetate 
intended for the illicit market (Taylor et al., 2019), the clinical mani-
festations and symptoms of EVALI and COVID-19 and other respiratory 
illness overlap (Medicine, 2020). Further research is needed to assess the 
associations of e-cigarette and cannabis use with COVID-19 outcomes 
based on use patterns including cannabis inhalation route, and device 
type and ingredients among vapers. 

Current smokeless tobacco use increased student e-cigarette users’ 
odds by nearly 3-fold for reporting COVID-19 symptoms, which aligns 
with previous research documenting increased risk of respiratory 
symptoms from smokeless tobacco use (Gudnadóttir et al., 2017). 
Combustible cigarette smoking and cigar smoking were not significant 
covariates of COVID-19 symptoms, despite prior research linking dual e- 
cigarette and combustible cigarette use with increased self-reported 
respiratory symptoms compared to exclusive e-cigarette use (Li et al., 
2020). Additionally, no differences were found based on current 
combustible cigarette, cigar, or smokeless tobacco use and COVID-19 
diagnosis. Prior research indicates all forms of tobacco use may in-
crease COVID-19 infection susceptibility via the ACE2 receptor (Brake 
et al., 2020) and the furin enzyme found in oral mucosa (Gaunkar et al., 
2020), and has been recognized as a risk factor for severe COVID-19 
manifestations (Gupta et al., 2021). Future research using objective 

Table 3 
Associations of Frequency of E-Cigarette and Cannabis Use with COVID-19 Symptoms, Testing, and Diagnosis among College Student E-Cigarette Users.   

COVID-19 Symptoms COVID-19 Test COVID-19 Diagnosis  

n (%) AORa 95% CI n (%) AORa 95% CI n (%) AORa 95% CI 

Frequency of Current E-Cigarette and Cannabis Use          
Infrequent exclusive e-cigarette use (1–5 days) 3 (3.1) Ref Ref 74 (75.5) Ref Ref 8 (10.8) Ref Ref 
Intermediate exclusive e-cigarette use (6–29 days) 13 (7.2) 1.79 0.47–6.79 155 

(85.6) 
1.05 0.54–2.04 18 (11.6) 1.61 0.63–4.10 

Daily exclusive e-cigarette use (30 days) 4 (3.8) 1.79 0.38–8.48 88 (83.8) 1.39 0.67–2.91 12 (13.6) 1.34 0.49–3.66 
Infrequent concurrent e-cigarette and cannabis use (1–2 times) 24 (18.8) 4.72* 1.31–17.00 115 

(89.8) 
1.98 0.91–4.29 17 (14.8) 1.67 0.65–4.29 

Intermediate concurrent e-cigarette and cannabis use (3–9 
times) 

29 (24.8) 5.10* 1.37–18.97 105 
(89.7) 

1.36 0.60–3.08 23 (21.9) 2.88* 1.13–7.35 

Frequent concurrent e-cigarette and cannabis use (≥ 10 times) 41 (24.0) 7.44** 2.06–26.84 147 
(86.0) 

1.02 0.51–2.05 37 (25.2) 3.22* 1.32–7.87 

Abbreviations: e-cigarette, electronic cigarette; coronavirus disease 2019, COVID-19; AOR, adjusted odds ratio; CI, confidence interval; Ref, reference category. 
a Logistic regression adjusting for age, sex, race/ethnicity, sexual orientation, university site, fraternity/sorority membership, current residence, current combustible 

cigarette smoking, current cigar smoking, and current smokeless tobacco use. **p < 0.01, *p < 0.05. 
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measures is warranted to better understand the complex associations 
between tobacco product type and COVID-19-related outcomes. 

As posited, no differences were detected between current use groups 
and COVID-19 testing, likely based on similar random testing policies at 
each university during the data collection period. Concerning our find-
ings on COVID-19 diagnosis, the active ingredients of THC and nicotine 
and toxic substances vary among cannabis and e-cigarette products, 
respectively, and cannabis chemicals are metabolized slower in the 
body, placing cannabis users at increased risk of COVID-19 infection 
(Borgonhi et al., 2021). Interestingly, this study found those who were 
male and White had the highest percentages of having a COVID-19 
diagnosis. Notably, the literature indicates the highest prevalence of 
EVALI cases are among those who are male and White (Krishnasamy 
et al., 2020). Although this diagnosis was not assessed in this study, 
future work should examine the associations of e-cigarette and cannabis 
use and COVID-19 diagnoses and other specific diagnoses such as EVALI 
or pneumonia. Other explanations for higher odds of concurrent users 
having a COVID-19 diagnosis are behavior-related, including tendencies 
of sharing devices with others and hand-to-lip contact while using these 
products (World Health Organization. Coronavirus disease (COVID-19), 
2021), which also increases COVID-19 risk via contact and fomite 
transmission (World Health Organization, 2021). About 1-in-2 young 
adult lifetime e-cigarette users report sharing devices with others 
(McKelvey and Halpern-Felsher, 2020), which may explain this study’s 
finding that fraternity/sorority members had a higher likelihood of 
reporting a COVID-19 diagnosis. Moreover, e-cigarette use may ulti-
mately increase risk-taking behaviors during young adulthood, 
including but not limited to concurrent cannabis use (Lanza et al., 2020; 
Temple et al., 2017). Research indicates dual e-cigarette and combus-
tible cigarette use is associated with poor compliance with COVID-19- 
related social distancing behaviors (Chen and Kyriakos, 2021). Thus, 
it is highly likely e-cigarette users who engage in concurrent use of 
cannabis did not engage in recommended preventive health behaviors 
(e.g., physical distancing). 

While this study has several strengths, limitations should be noted. 
First, while students were enrolled at four geographically diverse uni-
versities across the U.S., our cross-sectional sample is not nationally 
representative and therefore our results are not generalizable to all U.S. 
student e-cigarette users. Longitudinal research is needed to assess 
causal associations between e-cigarette and cannabis use patterns with 
COVID-19-related outcomes. In a similar vein, we were unable to 
objectively measure COVID-19 symptoms, testing, and diagnosis. For 
example, the survey language specifically asked whether students were 
currently experiencing any COVID-19 symptoms from the Centers for 
Disease Control and Prevention’s COVID-19 symptoms list (Centers for 
Disease Control and Prevention, 2021); but since some of the symptoms 
were nonspecific to COVID-19, students may have reported a symptom 
(e.g., headache) while not having COVID-19 concerns. Additionally, 
since our student sample included those who currently used e-cigarettes, 
we were unable to compare exclusive e-cigarette use versus non-use nor 
exclusive cannabis use. We assessed self-reported e-cigarette use fre-
quency in number of days and cannabis use frequency in number of 
times used in the past 30 days and used categorical cutpoints to mini-
mize the potential for recall bias. We used standard national survey 
question language (e.g., Monitoring the Future) to collect data on past 
30-day cannabis use frequency based on number of times (SAMHSA’s 
Center for the Application of Prevention Technologies, 2017). Thus, we 
did not collect cannabis use frequency in number of days, and suggest 
this as a measure to be used in further research. Additionally, we did not 
collect information on cannabis use route (e.g., vaping). Future research 
should consider the use of biomarkers (e.g., cotinine the major metab-
olite of nicotine (Benowitz et al., 2009), and THC carboxylic acid the 
major metabolite of delta-9-tetrahydrocannabinol (Huestis, 2007)) and 
patient medical records to cross-validate self-reported responses. Addi-
tionally, studies should take into consideration overall preventive health 
behaviors (e.g., hand hygiene) and statewide and local policies (e.g., 

business operation policies to reduce risk for customers (Centers for 
Disease Control and Prevention, 2021) that may reduce infectious dis-
ease risk. 

Due to our recruitment methods (e.g., campus-wide listservs), we 
could not calculate response rates, which resulted in varying participa-
tion rates that may have biased the sample. All four university campuses 
remained “open” during data collection. While we did not collect course 
engagement data (i.e., in person, online, or hybrid), future research 
should account for frequency of in-person class participation, which may 
have increased COVID-19 exposure and susceptibility. We did not have 
access to information on COVID-19 random testing rates at each uni-
versity. COVID-19 testing rates may have varied at each campus based 
on test availability and accessibility on and off campuses (e.g., during 
primary care visits). 

5. Conclusions 

Compared to exclusive e-cigarette use, we assert concurrent use of e- 
cigarettes and cannabis may be an underlying risk factor of COVID-19 
symptomatology and diagnosis. We report a potential dose–response 
relationship between frequency of use and COVID-19 outcomes, with 
concurrent users with intermediate or frequent use patterns having more 
pronounced odds of reporting COVID-19 symptoms and diagnosis. Re-
sults highlight the need to educate students about the impacts of e- 
cigarette and cannabis use on respiratory, immune, and overall health. 
University-based substance use and COVID-19 prevention initiatives are 
urgently needed to reduce e-cigarette and cannabis use among students 
that may increase their risk for COVID-19-related outcomes. Longitu-
dinal research is needed to provide insights into the temporal associa-
tions and the underlying mechanistic and clinical outcome differences 
between e-cigarette and cannabis use and frequency of use and risk of 
COVID-19 symptomatology and diagnosis over time. 

6. Role of Funding Sources 

This work was supported in part by the National Institute on Drug 
Abuse (NIH Grant Number K01DA044313) and National Institute of 
Environmental Health Sciences (NIH Grant Number R21ES032161, 
R01ES03743, R01ES027815). The corresponding author affirms that 
she has listed everyone who contributed significantly to the work. The 
content is solely the responsibility of the authors and does not neces-
sarily represent the official views of the National Institutes of Health. 
The funders had no role in study design; in the collection, analysis and 
interpretation of data; in the writing of the report; and in the decision to 
submit the article for publication. 

7. Contributors 

ALM conceptualized and designed the study, conducted the statisti-
cal analysis, and wrote the first draft of the manuscript. AMR concep-
tualized and designed the study, and revised the manuscript for critically 
important intellectual content. EMMG conceptualized and designed the 
study, and wrote the first draft of the manuscript. AEB conceptualized 
and designed the study, and revised the manuscript for critically 
important intellectual content. MY conceptualized and designed the 
study, and revised the manuscript for critically important intellectual 
content. HCL conceptualized and designed the study, interpreted the 
data, and revised the manuscript for critically important intellectual 
content. All authors contributed to and have approved the final 
manuscript. 

CRediT authorship contribution statement 

Ashley L. Merianos: Conceptualization, Methodology, Formal 
analysis, Investigation, Writing – original draft, Funding acquisition. 
Alex M. Russell: Conceptualization, Methodology, Investigation, 

A.L. Merianos et al.                                                                                                                                                                                                                            



Addictive Behaviors 126 (2022) 107170

7

Writing – review & editing. E. Melinda Mahabee-Gittens: Conceptu-
alization, Writing – original draft, Funding acquisition. Adam E. Barry: 
Conceptualization, Methodology, Investigation, Writing – review & 
editing. Meng Yang: Conceptualization, Methodology, Writing – review 
& editing. Hsien-Chang Lin: Conceptualization, Methodology, Investi-
gation, Writing – review & editing. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

None. 

References 

Dong, E., Du, H., & Gardner, L. (2020). An interactive web-based dashboard to track 
COVID-19 in real time. Lancet Infectious Diseases, 20(5), 533–534. https://doi.org/ 
10.1016/S1473-3099(20)30120-1 

Centers for Disease Control and Prevention. People with certain medical conditions. 
Available at: https://www.cdc. 
gov/coronavirus/2019-ncov/need-extra-precautions/people-with 
-medical-conditions.html#smoking. Updated 2021. Accessed March 21, 2021. 

National Academies of Sciences, Engineering, and Medicine. Public health consequences of 
E-cigarettes 2018. Washington, DC: The National Academies Press, 2018. doi: 
10.17226/24952. 

U.S. Department of Health and Human Services. The health consequences of Smoking—50 
years of progress. A report of the Surgeon General. Atlanta, GA: U.S. Department of 
Health and Human Services, Centers for Disease Control and Prevention, National 
Center for Chronic Disease Prevention and Health Promotion, Office on Smoking and 
Health, 2014. 

National Academies of Sciences, Engineering, and Medicine. The health effects of cannabis 
and cannabinoids: the current state of evidence and recommendations for research. 
Washington, DC: The National Academies Press, 2017. doi: 10.17226/24625. 

Keith, R., & Bhatnagar, A. (2021). Cardiorespiratory and immunologic effects of 
electronic cigarettes [published online ahead of print, 2021 Mar 5]. Curr Addict Rep, 
8(2), 336–346. 

Madison, M. C., Landers, C. T., Gu, B.-H., Chang, C.-Y., Tung, H.-Y., You, R., et al. (2019). 
Electronic cigarettes disrupt lung lipid homeostasis and innate immunity 
independent of nicotine. J Clin Invest, 129(10), 4290–4304. https://doi.org/ 
10.1172/JCI12853110.1172/JCI128531DS1 

Kaur, G., Lungarella, G., & Rahman, I. (2020). SARS-CoV-2 COVID-19 susceptibility and 
lung inflammatory storm by smoking and vaping. Journal of Inflammation, 17(1), 21. 
https://doi.org/10.1186/s12950-020-00250-8 

Volkow, N. D. (2020). Collision of the COVID-19 and addiction epidemics. Annals of 
Internal Medicine, 173(1), 61–62. https://doi.org/10.7326/M20-1212 

Brake, S. J., Barnsley, K., Lu, W., McAlinden, K. D., Eapen, M. S., & Sohal, S. S. (2020). 
Smoking upregulates angiotensin-converting enzyme-2 receptor: A potential 
adhesion site for novel coronavirus SARS-CoV-2 (Covid-19). Journal of Clinical 
Medicine, 9(3), 841. https://doi.org/10.3390/jcm9030841 

Bhatta, D. N., & Glantz, S. A. (2020). Association of e-cigarette use with respiratory 
disease among adults: A longitudinal analysis. American Journal of Preventive 
Medicine, 58(2), 182–190. https://doi.org/10.1016/j.amepre.2019.07.028 

Braymiller, J. L., Barrington-Trimis, J. L., Leventhal, A. M., Islam, T., Kechter, A., 
Krueger, E. A., et al. (2020). Assessment of nicotine and cannabis vaping and 
respiratory symptoms in young adults. JAMA Netw Open., 3(12), e2030189. https:// 
doi.org/10.1001/jamanetworkopen.2020.30189 

Xie, Z., & Li, D. (2020). Cross-sectional association between lifetime use of electronic 
cigarettes with or without marijuana and self-reported past 12-month respiratory 
symptoms as well as lifetime respiratory diseases in U.S. adults. Nicotine Tobacco 
Res., 22(Suppl 1), S70–S75. https://doi.org/10.1093/ntr/ntaa194 

Schulenberg, J. E., Johnston, L. D., O’Malley, P. M., et al. Monitoring the Future national 
survey results on drug use, 1975-2019: volume II, college students & adults ages 19-60. 
Ann Arbor, MI: Institute for Social Research, The University of Michigan, 2020. 

Gaiha, S. M., Cheng, J., & Halpern-Felsher, B. (2020). Association between youth 
smoking, electronic cigarette use, and coronavirus disease 2019. Journal of 
Adolescent Health, 67(4), 519–523. https://doi.org/10.1016/j. 
jadohealth.2020.07.002 

Qualtrics. Available at: https://www.qualtrics.com/. Updated 2021. 
Salant, P., & Dillman, D. A. (1994). How to conduct your own survey. New York: Wiley.  
Amato, M. S., Boyle, R. G., & Levy, D. (2016). How to define e-cigarette prevalence? 

Finding clues in the use frequency distribution. Tobacco Control, 25(e1), e24–e29. 
https://doi.org/10.1136/tobaccocontrol-2015-052236 

Centers for Disease Control and Prevention. Symptoms of coronavirus. Available at: https 
://www.cdc.gov/coronavirus/2019-ncov/symptoms-testing/symptoms.html. 
Accessed March 21, 2021. 

Centers for Disease Control and Prevention. Assessing risk factors for severe COVID-19 
illness. Available at: https://www.cdc.gov/coronavirus/2019-ncov/covid-data/inv 
estigations-discovery/assessing-risk-factors.html. Accessed March 21, 2021. 

StataCorp.. (2019). Stata statistical software: Release 16. College Station, TX: StataCorp 
LLC.  

Tashkin, D. P., & Roth, M. D. (2019). Pulmonary effects of inhaled cannabis smoke. 
American Journal of Drug and Alcohol Abuse, 45(6), 596–609. https://doi.org/ 
10.1080/00952990.2019.1627366 

Ghasemiesfe, M., Ravi, D., Vali, M., Korenstein, D., Arjomandi, M., Frank, J., et al. 
(2018). Marijuana use, respiratory symptoms, and pulmonary function: A systematic 
review and meta-analysis. Annals of Internal Medicine, 169(2), 106. https://doi.org/ 
10.7326/M18-0522 

Yayan, J., & Rasche, K. (2016). Damaging effects of cannabis use on the lungs. Advances 
in Experimental Medicine and Biology, 952, 31. https://doi.org/10.1007/5584_2016_ 
71 

Martinasek, M. P., McGrogan, J. B., & Maysonet, A. (2016). A systematic review of the 
respiratory effects of inhalational marijuana. Respir Care., 61(11), 1543–1551. 
https://doi.org/10.4187/respcare.04846 

Gates, P., Jaffe, A., & Copeland, J. (2014). Cannabis smoking and respiratory health: 
Consideration of the literature. Respirology, 19(5), 655–662. https://doi.org/ 
10.1111/resp.12298 

Zhao, D., Aravindakshan, A., Hilpert, M., Olmedo, P., Rule, A. M., Navas-Acien, A., et al. 
(2020). Metal/metalloid levels in electronic cigarette liquids, aerosols, and human 
biosamples: A systematic review. Environmental Health Perspectives, 128(3), 036001. 
https://doi.org/10.1289/EHP5686 

Hsu, G., Sun, J. Y., & Zhu, S. (2018). Evolution of electronic cigarette brands from 
2013–2014 to 2016–2017: Analysis of brand websites. J Med Internet Res., 20(3), 
Article e80. https://doi.org/10.2196/jmir.8550 

Traboulsi, H., Cherian, M., Abou Rjeili, M., Preteroti, M., Bourbeau, J., Smith, B. M., et al. 
(2020). Inhalation toxicology of vaping products and implications for pulmonary 
health. International Journal of Molecular Sciences, 21(10), 3495. https://doi.org/ 
10.3390/ijms21103495 

Blount, B. C., Karwowski, M. P., Shields, P. G., Morel-Espinosa, M., Valentin-Blasini, L., 
Gardner, M., et al. (2020). Vitamin E acetate in bronchoalveolar-lavage fluid 
associated with EVALI. New England Journal of Medicine, 382(8), 697–705. https:// 
doi.org/10.1056/NEJMoa1916433 

Krishnasamy, V. P., Hallowell, B. D., Ko, J. Y., Board, A., Hartnett, K. P., Salvatore, P. P., 
et al. (2020). Update: Characteristics of a nationwide outbreak of e-cigarette, or 
vaping, product use-associated lung injury-United States, August 2019-January 
2020. MMWR. Morbidity and Mortality Weekly Report, 69(3), 90–94. https://doi.org/ 
10.15585/mmwr.mm6903e2 

Taylor, J., Wiens, T., Peterson, J., Saravia, S., Lunda, M., Hanson, K., et al. (2019). 
Characteristics of e-cigarette, or vaping, products used by patients with associated 
lung injury and products seized by law enforcement - Minnesota, 2018 and 2019. 
MMWR. Morbidity and Mortality Weekly Report, 68(47), 1096–1100. https://doi.org/ 
10.15585/mmwr.mm6847e1 

Medicine, T. L. R. (2020). The EVALI outbreak and vaping in the COVID-19 era. Lancet 
Resp Med., 8(9), 831. https://doi.org/10.1016/S2213-2600(20)30360-X 
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