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ABSTRACT

BACKGROUND: Studies show smoking and vaping behaviors increase risk of contracting and worse symptoms of COVID-19. This study examines
whether past 30-day youth and young adult users of marijuana, e-cigarettes, and cigarettes self-reported changes in their use of these substances
due to the COVID-19 pandemic; and cross-sectional associations between perceived stress, nicotine or marijuana dependence, and COVID-19–
related changes in use.

METHODS: Participants were 709 past 30-day self-reported substance users from the Texas Adolescent Tobacco and Marketing Surveillance
study (TATAMS;mean age = 19; 58% female; 38%Hispanic, 35%white). Multiple logistic regressionmodels assessed cross-sectional associations
between perceived stress and dependence and increased, decreased, or sustained past 30-day use of marijuana, e-cigarettes, and cigarettes due
to COVID-19 (e.g., “Has your marijuana use changed due to the COVID-19 outbreak?”). Covariates included age, race/ethnicity, socio-economic
status (SES), dependence (exposure: stress), and stress (exposure: dependence).

RESULTS:Most participants reported sustained (41%, 43%, 49%) or increased (37%, 34%, 25%) use ofmarijuana, e-cigarettes, and cigarettes due
to COVID-19, respectively. Participants who reported symptoms of dependence were significantly more likely than their non-dependent peers to
report increasing their marijuana (AOR: 1.66; 95% CI: 1.15–2.39) and e-cigarette (AOR: 2.57; 95% CI: 1.38–4.77) use. Those who reported higher
perceived stress were significantly more likely to report increasing their marijuana use (AOR: 1.55; 95% CI: 1.01–2.42).

CONCLUSIONS: Most youth and young adults did not decrease their substance use amid a global, respiratory disease pandemic. Health
messaging and interventions that address the health effects of smoking and vaping as well as factors like stress and dependence that may be
barriers to decreasing use are vital in curbing the COVID-19 pandemic.
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Introduction
The Coronavirus Disease 2019 (COVID-19) pandemic has

become pervasive in the lives of youth and young adults in

the U.S., a population already facing substantial public health

threats. Chiefly among these threats are smoking and vaping,

especially marijuana, electronic cigarette (e-cigarette), and cig-

arette use which are the most common types of substance use

by young people, after alcohol.1 Emerging research supports

substance use as an important risk factor for COVID-19

infection.2 A recent systematic review found tobacco use,

specifically cigarette smoking or chewing tobacco, as a cause

of more severe symptoms of COVID-19 infection.3 Evi-

dence of the relationship between e-cigarette use and

COVID-19 is limited, although it has been established that

e-cigarette use increases the risk of severe lung disease,4 and

emerging studies similarly show e-cigarette use increases

risk of contracting COVID-19 and/or experiencing more

severe symptoms.5-7 Research has shown that regular

marijuana use, much like smoking and vaping, diminishes

respiratory health since marijuana may contain damaging

toxins and is inhaled via modes similar to tobacco (e.g.,

vaping marijuana).8

Given that smoking and vaping behaviors have significant

potential to adversely impact COVID-19 outcomes, under-

standing how youth and young adults have changed their

smoking and vaping behaviors due to the COVID-19 pandemic

and factors related to these changes is vital. Prior to the

COVID-19 pandemic, the U.S. was engulfed in an epidemic of
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e-cigarette use among youth and young adults,9 and EVALI (e-

cigarette and vaping associated lung injury) cases were emerging

across the U.S.10 However some studies have shown declines in

e-cigarette use among youth and young adults since the start of

the COVID-19 pandemic, which may be due to a number of

factors including greater perceived risk of e-cigarette use and

diminished access to e-cigarettes.11-13 Yet, these same studies

show that e-cigarette use remains prevalent, and despite declines

in use, some youth and young adults have increased their use,

too, amid COVID-19.11-13

This study sought to examine the prevalence of self-

reported COVID-19–related changes in past 30-day mari-

juana, e-cigarette, and cigarette use behaviors among a sample

of youth and young adult past 30-day users of these substances

in Texas. We extend previous research by examining, not only

e-cigarette use, but 2 additional smoking behaviors, marijuana

use and cigarette use, which are less studied in this context. We

also examined changes in use among more recent, regular

substance users, past 30-day users, who have greater adverse

health-related risks compared to lighter users.14 We investi-

gated perceived stress and substance-specific dependence as

potential correlates of COVID-19–related changes in mari-

juana, e-cigarette, and cigarette use, controlling for important

demographic variables. The COVID-19 pandemic has been

cited as a potentially impactful disruption in the e-cigarette

epidemic.15 Both greater stress and dependence are known

correlates of substance use;16 thus, this study sought to ex-

amine how these are associated with COVID-19-specific

changes in substance use.

Methods
Participants

Participants were 709 youth and young adult (ages 16–24) past

30-day marijuana, e-cigarette, and/or cigarette users from the

Texas Adolescent Tobacco and Marketing Surveillance study

(TATAMS). Data were collected in spring 2020 via an online

survey. Participants received a $25 gift card incentive. Detailed

information about the TATAMS study has been previously

published.17 A total of 2501 TATAMS participants completed

the spring 2020 survey (84% response rate). Past 30-day mari-

juana (22.8%; n = 570), e-cigarette (10.9%; n = 273), and/or

Figure 1. Study sample selection.
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cigarette (4.3%; n = 109) users were included in this study for a

total sample size of 709. Substance use categories were not

mutually exclusive. Sample selection is detailed in Figure 1.

Measures

Changes in past 30-day marijuana, e-cigarette, and cigarette use

behaviors, attributed to COVID-19, were assessed among past

30-day users of each product by asking participants, “Has your

[product] use changed due to the COVID-19 outbreak?”

Response options were “I use [product] more,” “I use [product]

less,” and “My [product] use has not changed.” This question

was asked for each separately: marijuana, e-cigarette, and cig-

arette use. Prior to being asked these questions, participants

received this prompt, “Coronavirus (COVID-19) is an infec-

tious disease that was first identified in late 2019. The outbreak

of COVID-19 began in Texas in early 2020 and has affected the

daily lives of people all over the U.S. and the world. Please

answer the next questions about how the outbreak of COVID-

19 has affected you.”

Perceived stress was assessed via the 10-item Perceived Stress

Scale (PSS)18 which asks, “In the last month, how often have

you … been upset because of something that happened un-

expectedly, felt that you were unable to control the important

things in your life, etc.” Response options were 0 = never, 1 =

almost never, 2 = sometimes, 3 = fairly often, and 4 = very often.

Scores were summed across the ten items with possible scores

ranging 0–40. Participants who scored 0–13 were considered to

have “low” stress; 14–26 was considered “moderate” stress,

and 27–40 “high” stress, based on validated methods of

operationalization.18

Marijuana dependence was assessed via 9 items from the

National Survey on Drug Use and Health19 based on substance

use disorder diagnostic criteria listed in DSM-5. The criteria

asked were as follows: spent a great deal of time over a period of a

month or more (1) getting, using, or (2) getting over the effects

of marijuana, (3) used marijuana more often than intended or

was unable to keep set limits on marijuana use, (4) needed to use

marijuana more than before to get desired effects or (5) noticed

that the same amount of marijuana use had less effect than

before, (6) inability to cut down or stop using marijuana every

time tried or wanted to, (7) continued to use marijuana even

though it was causing problems with emotions, nerves, mental

health, or (8) physical problems, and (9) marijuana use reduced

or eliminated involvement or participation in important ac-

tivities. Response options were “yes” and “no.” Participants were

considered marijuana dependent if they responded “yes” to 3 or

more of the criteria symptoms.

The 10-itemHooked on Nicotine Checklist (HONC)20 was

used to assess dependence on e-cigarettes and cigarettes. Par-

ticipants were asked “Have you ever tried to quit, but couldn’t,”

“Do you smoke (or use e-cigarettes) now because it is really hard

to quit?” etc. Response options were “yes” and “no.” The

checklist was product-specific such that past 30-day e-cigarette

users were asked to answer only about their use of e-cigarettes,

and past 30-day cigarette users were asked to answer only about

their use of cigarettes. Users of both e-cigarettes and cigarettes

answered the HONC twice, once for each product separately.

Participants who responded “yes” to one or more items were

considered dependent.

Demographic variables included age (ranging 16–24), bi-

ological sex (male or female), race/ethnicity (Hispanic or

Latino/a, non-Hispanic white, non-Hispanic black or African

American, or non-Hispanic other including Asian, American

Indian or Alaska Native, and Native Hawaiian or Other Pacific

Islander), and socio-economic status (SES). Socio-economic

status was assessed by asking “In terms of income, what best

describes your family’s standard of living in the home where you

live most of the time?” Response options “Just getting by,”

“Nearly poor” and “Poor” were considered “low” SES; “Living

comfortably” was “middle” SES; and “Very well off” was “high”

SES.

Statistical Analyses

Descriptive statistics were computed for the sample, by past 30-

day substance use group (Table 1). Multivariable logistic re-

gression models were conducted to examine associations between

primary exposures (1) perceived stress and (2) substance-specific

dependence (e.g., marijuana dependence for marijuana use

changes) and COVID-19–related changes in substance use

behaviors (Table 2). The behavioral outcomes were as follows: (1)

increasing use (compared to unchanged or decreased use), (2)

decreasing use (compared to unchanged or increased use), and (3)

unchanged use (compared to increasing or decreasing use). These

3 outcomes were assessed for each of the 3 types of substance use:

marijuana, e-cigarettes, and cigarettes (9 separate models). We

chose to compare 2 categories (versus 3) (e.g., unchanged use vs

decreased + increased use) at one time due to sample size lim-

itations and to achieve more stable estimates. All estimates are

adjusted for all other variables in the model: age, sex, race/

ethnicity, SES, dependence, and stress. Analyses were con-

ducted using STATA 14.0.

Results
Participants were 16–24 years of age (mean age: 19.9, SD: 1.44);

56.9% female; 38.1% Hispanic, 35.4% non-Hispanic white,

13.1% non-Hispanic black, and 13.4% other race/ethnicity.

The prevalence of past 30-day (current) marijuana use was

22.8%, 10.9% for e-cigarettes, and 4.3% for cigarettes. Of

current marijuana users (n = 570), 40.8% of participants re-

ported not changing their marijuana use due to the COVID-19

pandemic; 37.1% reported increasing their marijuana use; and

21.5% decreased their use. Similarly, current e-cigarette users

(n = 273) reported unchanged (42.4%), increased (34.0%), and

decreased (22.7%) e-cigarette use. Current cigarette users (n =

109) reported unchanged (49.5%), increased (24.7%), and

decreased (25.6%) cigarette use.
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Controlling for demographic characteristics and perceived

stress, participants presenting with symptoms of substance-

specific dependence were significantly more likely to report

increasing use of marijuana (AOR: 1.66; 95% CI: 1.15–2.39)

and e-cigarettes (AOR: 2.57; 95% CI: 1.38–4.77) due to the

COVID-19 pandemic (compared to not changing or decreasing

use), and significantly less likely to report unchanged marijuana

(AOR: .54; 95% CI: .37–.79) and e-cigarette use (AOR: .43;

Table 1. Descriptive Statistics (TATAMS, Wave 11; Spring 2020, n = 2501).

PAST 30-DAY ANY
SUBSTANCE USE
(N = 709; 28.35%)

PAST 30-DAY
MARIJUANA USE
(N = 570; 22.80%)

PAST 30-DAY
E-CIGARETTE USE
(N = 273; 10.92%)

PAST 30-DAY
CIGARETTE USE
(N = 109; 4.36%)

Mean Age (range: 16–24) 19.93 (1.44) 19.92 (1.45) 19.82 (1.41) 20.33 (1.30)

Sex

Male 305 (43.02%) 234 (41.05%) 132 (48.35%) 54 (49.54%)

Female 404 (56.98%) 336 (58.95%) 141 (51.65%) 55 (50.46%)

Race/Ethnicity

Hispanic/Latino 270 (38.08%) 227 (39.75%) 75 (27.47%) 43 (39.45%)

Non-Hispanic white 251 (35.40%) 177 (31.00%) 145 (53.11%) 40 (36.70%)

Non-Hispanic black 93 (13.12%) 86 (15.06%) 11 (4.03%) 6 (5.50%)

Non-Hispanic othera 95 (13.40%) 81 (14.19%) 42 (15.38%) 20 (18.35%)

SESb

Low 198 (27.93%) 167 (29.30%) 60 (21.98%) 36 (33.03%)

Middle 439 (61.92%) 348 (61.05%) 176 (64.47%) 61 (55.96%)

High 72 (10.16%) 55 (9.65%) 37 (13.55%) 12 (11.01%)

Perceived stressc

Low 175 (24.68%) 133 (23.33%) 77 (28.21%) 15 (13.76%)

Moderate 441 (62.20%) 357 (62.63%) 159 (58.24%) 74 (67.89%)

High 91 (12.83%) 78 (13.68%) 35 (12.82%) 20 (18.35%)

Substance-specific dependenced

No 356 (50.21%) 375 (65.79%) 87 (31.87%) 37 (33.94%)

Yes 352 (49.65%) 193 (33.86%) 186 (68.13%) 72 (66.06%)

Marijuana use changese

Unchanged 233 (40.88%)

Increased 212 (37.19%)

Decreased 124 (21.75%)

E-cigarette use changesf

Unchanged 116 (42.49%)

Increased 93 (34.07%)

Decreased 62 (22.71%)

Cigarette use changesg

Unchanged 54 (49.54%)

Increased 27 (24.77%)

Decreased 28 (25.69%)

aOther race/ethnicity includes Asian, American Indian or Alaska Native, and Native Hawaiian or Other Pacific Islander.
b
“In terms of income, what best describes your family’s standard of living in the home where you live most of the time?” Response options: “Just getting by,” “Nearly poor” and
“Poor” = “low” SES; “Living comfortably” = “middle” SES; and “Very well off” = “high” SES.
c10-item Perceived Stress Scale (PSS): “In the last month, how often have you… been upset because of something that happened unexpectedly, felt that you were unable to
control the important things in your life, etc.”Response options: 0 = never, 1 = almost never, 2 = sometimes, 3 = fairly often, and 4 = very often. Scores summed across 10 items
with possible scores ranging 0–40. Score 0–13 = “low” stress; 14–26 = “moderate” stress; 27–40 = “high” stress.
dMarijuana dependence assessed via 9 items from the National Survey on Drug Use and Health with those endorsing 3 or more items considered dependent. Cigarette and e-
cigarette dependence were assessed, separately, via the 10-item Hooked on Nicotine Checklist (HONC): “Have you ever tried to quit, but couldn’t,” “Do you smoke (or use e-
cigarettes) now because it is really hard to quit?” etc. Not dependent= “no” to 10 items; dependent = “yes” to at least one item.
e
“Has yourmarijuana use changed due to the COVID-19 outbreak? Response options: “I usemarijuanamore,” “I usemarijuana less” and “Mymarijuana use has not changed.”

f
“Has your e-cigarette use changed due to the COVID-19 outbreak?Response options: “I use e-cigarettesmore,” “I use e-cigarettes less” and “My e-cigarette use has not changed.”
g
“Has your cigarette use changed due to the COVID-19 outbreak? Response options: “I use cigarettes more,” “I use cigarettes less” and “My cigarette use has not changed.”
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95% CI: .25–.75) (compared to increasing or decreasing use).

Controlling for demographic characteristics and marijuana de-

pendence, higher perceived stress was significantly associated with

using marijuana more due to the COVID-19 pandemic (AOR:

1.55; 95% CI: 1.01–2.42). Youth and young adults who reported

“other” race/ethnicity, compared to non-Hispanic white, were

significantly more likely to report using marijuana more due to the

COVID-19 pandemic (AOR: 2.16; 95% CI: 1.27–3.66).

Discussion
This study extends previous research examining COVID-19–

related changes in smoking and vaping behaviors and factors

associated with these changes among young people.11,21-23 We

found that most (∼75%) youth and young adult current users of

marijuana, e-cigarettes, and cigarettes reported either sustained

or increased use due to COVID-19. This is consistent with

studies of adult23 and college student21 cigarette and e-cigarette

users, and studies of youth24 and young adult22 marijuana users.

To our knowledge, this is the first study to report on past 30-day

marijuana, e-cigarette, and cigarette behavior changes among

youth, building on research by Gaiha et al. (2020)11 that ex-

amined similar changes among youth and young adult life-

time e-cigarette users. Gaiha et al. (2020)11 reported 56% of

e-cigarette ever users changed their use since COVID-19, with

the majority of changes being quitting e-cigarette use or re-

ducing the amount of nicotine used. Fewer increased their

nicotine use and increased their marijuana use.11 This study’s

greater prevalence of increased and sustained use, compared to

decreased use may be due to our sample being more recent,

regular users (past 30-day users compared to ever users). Our

examination of current, popular substance use behaviors among

young people amid the COVID-19 pandemic is key since this

population is in an important transitional life stage where

substance use behaviors are adopted and solidified.25

In this study, substance-specific dependence especially

emerged as an important factor associated with sustained and

increased use of marijuana and e-cigarettes. This finding is

consistent with Sokolovsky et al. (2021)21 and Gaiha et al.

(2020)11 who both reported significant relationships between

nicotine dependence and continuing or increasing nicotine use.

Notably, “other” race/ethnicity, which includes multi-racial/

ethnic, Asians, American Indians or Alaska Natives, and

Native Hawaiians or Pacific Islanders, compared to white race/

ethnicity was significantly associated with increasing marijuana

use due to COVID-19. This highlights an important health

disparity since young people belonging to these populations, like

American Indians, historically have higher rates of marijuana

and other drug use compared to their peers,26 and crises like

COVID-19 may exacerbate these disparities. More research is

needed to investigate relationships between stress, dependence,

and other potential influencing factors, like race/ethnicity and

cultural factors, and substance use changes related to socio-

economic crises, or other emerging public health events.

These findings have implications for public health messaging

and intervention. Studies have shown that smoking and vaping

increase risk of contracting COVID-19 and more severe

symptoms,5,6 yet the majority of users (74–78%) in this study

sustained or increased their use due to COVID-19. These

findings suggest a need for greater, more effective health

messaging about the effects of smoking and vaping on the risk of

contracting COVID-19 and the severity of symptoms that

result, as well as on lung and respiratory health in general,

especially via media outlets like social media that have a large

young audience. A recent study reported that e-cigarette users

believed their use may be protective against COVID-19, for

example, believing that heat from e-cigarettes kills COVID-

19.27 Misinformation like this is easily and widely spread on

social media and other online media.7 Additional support for e-

cigarette and marijuana cessation services and prevention may

be required, as well, given the findings specific to dependence

here, and stress management should be incorporated into

marijuana cessation efforts given that higher stress, when

controlling for dependence, was significantly associated with

increased marijuana use in this study. Another study showed

that adult past 6-month cigarette smokers reporting higher

perceived stress, were more likely to report increased cigarette

smoking since hearing about COVID-19.28 The present study

did not find a statistically significant association between stress

and changes in cigarette use which may be due to our younger

sample, who use cigarettes less compared to adults,29 and less

compared to e-cigarettes and marijuana. Additionally, most

(>70%) of our sample reported moderate to high stress compared

to low stress which is common in these age groups, and thus,

stress may be less impactful on substance use behaviors in youth

and young adults. Finally, findings support the need for health

messages and programs to be culturally tailored to address health

disparities related to race/ethnicity since “other” race/ethnicity

was the only socio-demographic factor that was significantly

associated with increasing marijuana use in this study.

Limitations

Data were collected via self-report. We asked participants

whether their substance use had increased, decreased, or re-

mained the same, and we did not assess the degree of change.

However, participants did attribute self-reported changes to the

COVID-19 pandemic which is an important distinction of our

study that allowed us to discount other potential reasons for

changes in substance use. In addition, data for this study were

collected early in the COVID-19 pandemic. COVID-19 was

declared a pandemic on March 11, 2020 by the World Health

Organization, and data for this study were collected in April

through June 2020. Study findings are reflective of youth and

young adults’ behavioral responses early in the pandemic, and

future research is needed to examine changes in substance use

behavior in later stages of the COVID-19 pandemic. This study is

cross-sectional, so the temporal relationship between stress and
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dependence and changes in substance use was not assessed.

However, since we asked participants to report how their substance

use had changed due to COVID-19, and the onset of COVID-19

was so recent at the time of data collection, we felt that examining

stress and dependence at this same time (i.e., cross-sectionally) was

appropriate. Future research should examine changes in stress,

dependence, and substance use from before to early and later in the

pandemic, as well as interrelationships among these.

Conclusions
Youth and young adult current substance users in this study

attributed changes in their use to COVID-19, and dependence

and stress were significant factors associated with increased and/

or unchanged e-cigarette and/or marijuana use amid the pan-

demic. As substance use in young people continues to rise,1 and

COVID-19 variants emerge,30 as well other potential respi-

ratory infections (e.g., EVALI; e-cigarette and vaping associ-

ated lung injury),10 health messaging and interventions that

address the health effects of substance use and factors that may

be barriers to decreasing or stopping use are vital.
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