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Abstract 
Introduction: This study examined patterns in mental health symptomatology and smoking and vaping behaviors among youth and young adults 
over a 1-year period from before to during the first year of the Coronavirus Disease 2019 (COVID-19) pandemic.
Aims and Methods: Participants (n = 2148) were 16–24-year-olds who completed three waves of the Texas Adolescent Tobacco and Marketing 
Surveillance Study (TATAMS). Descriptive statistics and mixed effects logistic regression models were used to examine changes in anxiety 
symptoms, depressive symptoms, perceived stress, and cigarette, e-cigarette, and marijuana use from before COVID-19 (fall 2019) to 6-month 
follow-up (spring 2020) and 12-month follow-up (fall 2020) periods during COVID-19. Longitudinal associations between mental health symptom-
atology and smoking and vaping were examined.
Results: Modest increases in symptoms of anxiety and depression were observed from before to during COVID-19. Perceived stress remained 
high and unchanged. Ever marijuana use increased at 6- and 12-month follow-up, while ever cigarette and e-cigarette use increased significantly 
only at 12-month follow-up. Marijuana use frequency increased significantly at 6- and 12-month follow-ups. Adjusting for sociodemographic 
factors, increased symptoms of anxiety and depression predicted increases in ever cigarette, e-cigarette, and marijuana use, and past 30-day 
cigarette and e-cigarette use, but not past 30-day marijuana use. Higher perceived stress predicted increases in ever use of cigarettes and 
e-cigarettes and past 30-day cigarette use.
Conclusions: Changes in mental health symptomatology and smoking and vaping behaviors among young people in Texas varied during 
this period of the COVID era. Increases in mental health symptomatology predicted increases in cigarette, e-cigarette, and marijuana use 
behaviors.
Implications: This study adds to the limited research on the longitudinal impact of anxiety symptoms, depressive symptoms, and perceived 
stress on cigarette, e-cigarette, and marijuana use from before to during the first year of the COVID-19 pandemic. Findings warrant health mes-
saging and interventions that address the significant impact of worse mental health on increased smoking and vaping behavior, especially during 
crises like COVID-19 that may exacerbate mental health and substance use behaviors.

Introduction
The Coronavirus Disease 2019 (COVID-19) pandemic has af-
fected the lives of people globally since its start in December 
2019. Economic and social changes, like shelter-in-place or-
ders, physical distancing practices (i.e. “social distancing”), 
and job loss, as well as experiencing personally, or among 
one’s family and friends, the physical health effects of 
COVID-19, may exacerbate mental health problems.1 The 
mental health effects of COVID-19 may be particularly 
prominent among youth and young adults since they are in 
an important developmental and transitional life stage.2,3 
Many youth and young adults are students who experienced 
prominent changes in their academic and social environments 

amid COVID-19,4 and studies have largely shown COVID-
19-related disruptions (e.g. social isolation) have negatively 
impacted mental health.2,5-8 Although a few studies have re-
ported stable trajectories in mental health across the COVID-
19 pandemic, among youth and young adults,9,10 as well as 
improved mental health such as decreased anxiety and de-
pression after switching from traditional to online learning.11

Adolescence and young adulthood are characterized by 
experimentation and solidification of smoking and vaping 
behaviors,12 which have been impacted by COVID-19 with 
studies showing various patterns of use in response to 
COVID-19 including increasing, decreasing, and stable use as 
well as switching to other substance use.13,14 In a nationally 
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representative sample of U.S. youth and young adults from 
the Monitoring the Future (MTF) study, marijuana use among 
college students was at an all-time high in 2020, during the 
first year of the COVID-19 pandemic.15 Among noncollege 
attending young adults and youth, marijuana use was stable 
from previous years but has remained historically high. The 
prevalence of past 30-day (current) marijuana use was 6.6%–
26.8% among youth (8th, 10th, and 12th graders) and young 
adult (college and noncollege students) samples.15 Electronic 
cigarette (e-cigarette) use has increased drastically among 
youth and young adults over the past decade, such that in 
2018 it was declared an epidemic among youth by the U.S. 
Surgeon General.16 However, in 2020, e-cigarette use among 
youth and young adults remained stable from recent years. In 
the 2020 MTF study, past 30-day e-cigarette use prevalence 
was 12.2%–19.0% among youth and young adult samples. 
Cigarette use was at an all-time low, 2.3%–9.5% among 
youth and young adults in the 2020 MTF study.15

Studies show that smoking and vaping are associated with 
a greater risk of and worsening symptoms of COVID-19,17-

19 and this knowledge may be a contributing factor to the 
recent leveling-off of e-cigarette use and declines in ciga-
rette use among youth and young adults.20,21 Mental health 
is strongly associated with smoking and vaping with studies 
showing worse mental health is associated with initiating and 
increasing smoking and vaping behaviors.22,23 Thus, it is im-
portant to understand how mental health symptomatology 
and smoking and vaping behaviors have changed amid the 
COVID-19 pandemic and how mental health symptomatology 
and substance use are related in the context of COVID-19. To 
date, investigations into these subject areas have been limited, 
especially those that examine the relationship between mental 
health symptomatology and substance use.24,25

This study examined changes in mental health symp-
tomatology and ever and past 30-day smoking and vaping 
behaviors before and during the COVID-19 pandemic, as 
well as interrelationships between these two. Specifically, we 
examined how depression and anxiety symptoms, perceived 
stress, and ever and past 30-day cigarette, e-cigarette, and ma-
rijuana use changed among a cohort (n = 2148) of Texas youth 
and young adults from one assessment period (fall 2019) 
prior to the COVID-19 pandemic to two assessment periods 
(spring and fall 2020) during the first year of COVID-19 in 
Texas. We also examined the impact of anxiety symptoms, 
depressive symptoms, and perceived stress on ever and past 
30-day cigarette, e-cigarette, and marijuana use over this 
1-year period, and whether interrelationships between these 
changed from pre- to during COVID-19. To date, research is 
limited in examining these patterns from before to during the 
COVID-19 pandemic, especially longitudinal studies utilizing 
a U.S. sample of youth and young adults. This study seeks to 
address this important research gap.

Based on our synthesis of previous studies, we hypothesized 
that symptoms of depression, anxiety, and perceived stress, as 
well as ever and past 30-day use of cigarettes, e-cigarettes, 
and marijuana would increase from before to during the 
COVID-19 pandemic among our sample of youth and young 
adults. We also hypothesized that increases in mental health 
symptomology would predict increases in smoking and 
vaping behaviors.

Methods
Study Population
At baseline (wave 1) during the 2014–2015 academic school 
year, the Texas Adolescent Tobacco and Marketing Surveillance 
Study (TATAMS) used a complex probability design to recruit 
6th, 8th, and 10th grade students from 79 schools in Houston, 
Dallas-Ft. Worth, San Antonio, and Austin. This study draws 
from TATAMS data collected in waves 10–12 (2019–2020) 
when participants were in 11th grade, and one and three 
years post-high school. Youth and young adults participating 
in TATAMS were assessed bi-annually, in 2019–2020, prior to 
the COVID-19 outbreak and throughout the first year of the 
COVID-19 outbreak. The total sample size for this study was 
2148 participants who completed three waves (waves 10–12; 
fall 2019—fall 2020) of the TATAMS online survey (73% of 
the eligible sample). Compared with respondents, the prev-
alence of cigarette, e-cigarette, and marijuana use were all 
higher among nonrespondents (e.g. baseline ever cigarette 
use prevalence was 43% among nonrespondents and 28% 
among respondents). Respondents were more likely to be fe-
male (59% vs. 50%). Participants received a $25 Amazon 
gift card upon completion of each of the three online surveys. 
More details about the TATAMS study from which this 
sample was drawn have been published previously.26 More 
details about the TATAMS data and samples included in this 
study are provided in Table 1. Figure 1 displays the incidence 
of new COVID-19 cases in Texas across the study period.

Measures
Mental Health Symptomatology
Anxiety.

Symptoms of anxiety were assessed via the Generalized 
Anxiety Disorder 7-item survey (GAD-7).27 Participants were 
asked, “Over the last 2 weeks, how often have you been 
bothered by the following problems? Feeling nervous, anxious 
or on edge; not being able to stop or control worrying; wor-
rying too much about different things; trouble relaxing; being 
so restless that it is hard to sit still; becoming easily annoyed 
or irritable; and feeling afraid as if something awful might 
happen.” Response options “not at all,” “several days,” “more 
than half the days,” and “nearly every day” were assigned 

Table 1. Data Collection and Study Sample (n = 2148)

Wave # Sample size Response rate Semester Months Phase of COVID-19 Participant age range Participant age, mean (SD) 

Wave 10 2335 79% Fall 2019 Oct–Dec 2019 Pre-COVID-19 16–23 18.95 (1.57)

Wave 11 2501 85% Spring 2020 Apr–Jun 2020 COVID-19 Phase I 16–24 19.49 (1.59)

Wave 12 2389 81% Fall 2020 Oct–Dec 2020 COVID-19 Phase II 17–24 19.96 (1.57)

2148 of 2957 eligible participants (73%) completed waves 10, 11, and 12.
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scores of 0, 1, 2, and 3, respectively. A total score was calcu-
lated by summing the scores on all seven items, ranging from 
0 to 21. A cutoff of 10 was used to derive a dichotomous 
variable, with a score of 10 or higher being categorized as the 
presence of anxiety symptoms.

Depression.

Symptoms of depression were assessed via the Patient Health 
Questionnaire 9-item survey (PHQ-9).28 Participants were 
asked, “Over the last 2 weeks, how often have you been 
bothered by the following problems? Little interest or pleasure 
in doing things; feeling down, depressed, or hopeless; trouble 
falling or staying asleep, or sleeping too much; feeling tired or 
having little energy; poor appetite or overeating; feeling bad 
about yourself or that you are a failure or have let yourself 
or your family down; trouble concentrating on things, such 
as reading the newspaper or watching television; moving or 
speaking so slowly that other people could have noticed. Or 
the opposite—being so fidgety or restless that you have been 
moving around a lot more than usual; thoughts that you would 
be better off dead, or of hurting yourself.” Response options 
“not at all,” “several days,” “more than half the days,” and 
“nearly every day” were assigned scores of 0, 1, 2, and 3, re-
spectively. A total score was calculated by summing the scores 
on all nine items, ranging from 0 to 27. A cutoff of 10 was used 
to derive a dichotomous variable, with a score of 10 or higher 
being categorized as the presence of anxiety symptoms.

Stress.

Perceived stress was assessed via the 10-item Perceived Stress 
Scale (PSS).15 Participants were asked, “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; felt nervous or 
stressed; felt confident about your ability to handle your per-
sonal problems; felt that things were going your way; found 
that you could not cope with all the things that you had to 
do; been able to control irritations in your life; felt that you 
were on top of things; been angered because of things that 
were outside of your control; felt difficulties were piling up so 
high that you could not overcome them.” Response options 
“never,” “almost never,” “sometimes,” “fairly often,” and 

“very often” were assigned scores of 0, 1, 2, 3, and 4, respec-
tively. A total score was calculated by summing the scores on 
all 10 items, ranging from 0 to 40. A cutoff of 14 was used to 
derive a dichotomous variable, a score of 14 or higher being 
categorized as “high perceived stress” and a score of less than 
14 categorized as “low perceived stress.”

All substance use measures were adapted from valid and reli-
able measures from the Population Assessment of Tobacco and 
Health (PATH) study,29 the National Youth Tobacco Survey 
(NYTS),30 and the Monitoring the Future (MTF) study.31

Ever Substance Use
Cigarette Use.

Participants were asked, “Have you ever tried cigarette 
smoking, even one or two puffs?” Response options were 
“yes” and “no.” Participants who responded “yes” were 
considered ever (lifetime) cigarette users.

E-cigarette Use.

Participants were asked, “Have you ever used an electronic cig-
arette, even one or two puffs?” Response options were “yes” 
and “no.” Participants who responded “yes” were considered 
ever (lifetime) e-cigarette users. Participants were asked to an-
swer only about the use of e-cigarettes without marijuana.

Marijuana Use.

Participants were asked, “Have you ever smoked, used, or 
consumed marijuana in any form including joints, vaping, 
edibles, dabbing, sprays, etc.?” Response options were “yes” 
and “no.” Participants who responded “yes” were considered 
ever (lifetime) marijuana users.

Past 30-day Substance Use
Cigarette Use.

Ever cigarette users were asked, “During the past 30 days, 
did you smoke a cigarette?” Response options were “yes” and 
“no.” Participants who responded “yes” were considered past 
30-day (current) cigarette users. Past 30-day cigarette users 
were asked how many days during the past 30 days they 
smoked cigarettes with response options ranging from 1 to 
30 days.

0

2000

4000

6000

8000

10000

12000

14000

16000

Wave 10

Wave 11

Wave 12

Figure 1. Incidence of new COVID-19 cases in Texas across the TATAMS study period (waves 10–12; fall 2019–20).
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E-cigarette Use.

Ever e-cigarette users were asked, “During the past 30 days, 
did you use an electronic cigarette?” Response options were 
“yes” and “no.” Participants who responded “yes” were 
considered past 30-day (current) e-cigarette users. Past 30-day 
e-cigarette users were asked how many days during the past 
30 days they used e-cigarettes with response options ranging 
from 1 to 30 days.

Marijuana Use.

Ever marijuana users were asked, “During the past 30 days, 
did you smoke, use or consume marijuana in any form in-
cluding joints, vaping, dabbing, sprays, etc.?” Response 
options were “yes” and “no.” Participants who responded 
“yes” were considered past 30-day (current) marijuana users. 
Past 30-day marijuana users were asked how many days 
during the past 30 days they used marijuana with response 
options ranging from 1 to 30 days.

Covariates
Covariates included age as a continuous variable; biolog-
ical sex (male or female); race/ethnicity (Hispanic, African 
American, non-Hispanic white, and other); and survey wave 
as a categorical variable (10, 11, and 12) with wave 10 serving 
as the reference category.

Statistical Analysis
Descriptive statistics were used to examine changes in mental 
health symptomatology (Table 2) and past 30-day sub-
stance use behaviors (Table 3) from fall 2019 through fall 
2020. Prevalence and mean and median scores of anxiety 
symptoms, depressive symptoms, and perceived stress were 

computed at each of the three assessment periods (waves 
10–12). Incidence (ever use), prevalence (past 30 days), and 
mean and median number of days used in the past 30 days 
were computed for cigarette, e-cigarette, and marijuana 
use. McNemar’s tests (incidence, prevalence), paired t-tests 
(mean), and Wilcoxon signed rank tests (median) were used 
to test for significant differences between pre-COVID (wave 
10) and during-COVID (6-month follow-up/wave 11 and 
12-month follow-up/wave 12) levels of mental health symp-
tomatology and substance use.

Then, mixed effects logistic regression models were 
conducted to examine associations between mental health 
symptomatology across three waves (10–12) and ever 
and past 30-day substance use across three waves (10–12) 
(Table 4). Each of three independent variables (anxiety 
symptoms, depressive symptoms, and perceived stress) and 
each of six outcome variables (ever and past 30-day ciga-
rette, e-cigarette, and marijuana use) were assessed in sepa-
rate models. At all three waves, all variables were measured. 
To build an appropriate regression model, we began each 
model by including the interaction between survey wave and 
mental health symptomatology, to allow the effect of mental 
health symptomatology on substance use to vary from pre- 
to during COVID-19 (from wave 10 to wave 11 and from 
wave 10 to wave 12). However, these interactions between 
survey wave and mental health symptomatology were not 
statistically significant, so the interaction term was removed. 
In other words, the impact of mental health symptomatology 
on vaping and smoking behaviors did not vary across time 
in this study. Therefore, in the final models, mental health 
symptomatology served as the independent variables, sub-
stance use behaviors were the dependent variables, and 
these models were adjusted for the survey wave. In ad-
dition, all models were controlled for age, race/ethnicity, 

Table 2. Changes in Mental Health Symptomatology Among Texas Youth and Young Adults, from Pre-COVID-19 (Wave 10) to 6-Month (Wave 11) and 
12-Month (Wave 12) Follow-Up Periods During the First Year of the COVID-19 Pandemic

 Pre-COVID-19 Baseline COVID-19
6-month follow-up

COVID-19
12-month follow-up

Wave 10
(fall 2019)

Wave 11
(spring 2020) 

p-Valuea Wave 12
(fall 2020) 

p-Valueb 

Anxiety

  Presence of symptoms, n (%) 474 (22.07%) 503 (23.42%) .291c 528 (24.58%) .053c

  Score (range: 0–21), M (SD) 5.49 (5.78) 5.79 (5.81) .007d,* 5.77 (5.87) .015d,*

  Score (range: 0–21), Median 4 4 .007e,* 4 .010e,*

Depression

  Presence of symptoms, n (%) 528 (24.58%) 592 (27.56%) .026c,* 576 (26.82%) .093c

  Score (range: 0–27), M (SD) 5.98 (6.58) 6.49 (6.58) <.001d,* 6.38 (6.87) .002d,*

  Score (range: 0–27), Median 4 5 <.001e,* 4 .006e,*

Stress

  High (versus low) , n (%) 1,618 (75.33%) 1,581 (73.60%) .194c 1,628 (75.79%) .722c

  Score (range: 0–40), M (SD) 17.37 (6.73) 17.34 (7.03) .867d 17.59 (6.84) .109d

  Score (range: 0–40), Median 16 17 .737e 17 .095e

aComparison is pre-COVID (wave 10) to 6-month follow-up (wave 11).
bComparison is pre-COVID (wave 10) to 12-month follow-up (wave 12).
cMcNemar’s test to test the difference between pre-COVID and during-COVID prevalence rates of mental health symptoms.
dPaired t-test to test the difference between pre-COVID and during-COVID mean score on mental health symptoms.
eWilcoxon signed rank test to test the difference between pre-COVID and during COVID median score on mental health symptoms.
* p < .05.
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and biological sex. Adjusted odds ratios (AOR) and 95%  
confidence intervals (95% CI) are reported (Table 4).

Results
Mean and median scores on anxiety and depression scales 
increased significantly, yet moderately, from before to 6 
months and 12 months after COVID-19 onset, indicating 
more anxiety symptoms and depressive symptoms among 
our sample after COVID-19. The prevalence of depressive 

symptoms increased significantly from pre-COVID baseline 
to 6-month follow-up (from 24.5% to 27.5%). Perceived 
stress and the prevalence of anxiety symptoms stayed the 
same, on average, within our study sample, from before to 
after COVID-19 (Table 2).

Ever cigarette use increased significantly at 12-month fol-
low-up, from 27.9% to 31.9%, and past 30-day cigarette use 
among our sample decreased significantly from 5.7% to 4.0% 
at 6-month follow-up. Ever e-cigarette use increased signifi-
cantly at 12-month follow-up, from 47.0% to 51.4%. Ever 

Table 3. Changes in Substance Use Behaviors Among Texas Youth and Young Adults, from Pre-COVID-19 (Wave 10) to 6-month (wave 11) and 12-month 
(Wave 12) Follow-up Periods During the First Year of the COVID-19 Pandemic

 Pre-COVID-19 baseline COVID-19
6-month follow-up

COVID-19
12-month follow-up

Wave 10
(fall 2019)

Wave 11
(spring 2020) 

p-Valuea Wave 12
(fall 2020) 

p-Valueb 

Cigarette Use

  Lifetime use, n (%) 601 (27.98%) 646 (30.07%) .135c 687 (31.98%) .004c,*

  Past 30-day use, n (%) 123 (5.73%) 87 (4.05%) .010c,* 109 (5.07%) .344c

  No. of days during past 30 days, M (SD) 8.00 (9.80) 9.15 (10.43) .763d 6.96 (8.38) .913d

  No. of days during past 30 days, Median 3 4 .990e 3 .719e

E-cigarette Use

  Lifetime use, n (%) 1,011 (47.07%) 1,062 (49.44%) .122c 1,104 (51.40%) .004c,*

  Past 30-day use, n (%) 244 (11.36%) 211 (9.82%) .101c 234 (10.89%) .631c

  No. of days during past 30 days, M (SD) 15.24 (11.45) 17.14 (11.43) .559d 15.96 (11.58) .210d

  No. of days during past 30 days, Median 15 20 .644e 15 .388e

Marijuana Use

  Lifetime use, n (%) 725 (33.75%) 915 (42.60%) <.001c,* 1,018 (47.39%) <.001c,*

  Past 30-day use, n (%) 357 (16.62%) 370 (17.23%) .596c 401 (18.67%) .078c

  No. of days during past 30 days, M (SD) 10.06 (9.98) 12.61 (10.83) <.001d,* 12.36 (11.26) <.001d,*

  No. of days during past 30 days, Median 5 10 <.001e,* 7 <.001e,*

a Comparison is pre-COVID (wave 10) to 6-month follow-up (wave 11).
b Comparison is pre-COVID (wave 10) to 12-month follow-up (wave 12).
c McNemar’s test to test the difference between pre-COVID and during-COVID lifetime and past 30-day prevalence rates of substance use.
d Paired t-test to test the difference between pre-COVID and during-COVID mean # of days substances used during the past 30 days.
e Wilcoxon signed rank test to test the difference between pre-COVID and during COVID median # of days substances used during the past 30 days.
* p < .05.

Table 4. Longitudinal Associations between Mental Health Symptomatology and Lifetime and Past 30-Day Substance Use Across a 1-Year Period from 
Before to During the COVID-19 Pandemic

 Lifetime cigarette use Lifetime e-cigarette use Lifetime marijuana use 

AOR (95% CI) AOR (95% CI) AOR (95% CI)

Anxiety symptoms 1.35 (1.20 to 1.53)*** 1.18 (1.05 to 1.32)** 1.43 (1.28 to 1.61)***

Depressive symptoms 1.46 (1.29 to 1.64)*** 1.38 (1.23 to 1.54)*** 1.68 (1.50 to 1.88)***

High perceived stress 1.38 (1.22 to 1.57)*** 1.20 (1.07 to 1.34)*** 1.04 (0.93 to 1.16)

 Past 30-day cigarette use Past 30-day e-cigarette use Past 30-day marijuana use 

AOR (95% CI) AOR (95% CI) AOR (95% CI)

Anxiety symptoms 1.62 (1.29 to 2.04)*** 1.29 (1.09 to 1.53)** 1.11 (0.94 to 1.30)

Depressive symptoms 1.78 (1.42 to 2.22)*** 1.42 (1.21 to 1.68)*** 1.17 (1.00 to 1.37)

High perceived stress 1.86 (1.41 to 2.47)*** 1.15 (0.96 to 1.36) 0.94 (0.79 to 1.11)

*** p < .001 ** p < .01.
All models controlled for age, sex, race/ethnicity, and survey wave.
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marijuana use increased significantly at 6- and 12-month fol-
low-up, from 33.7% to 42.6% and 47.3%, respectively. The 
mean and median number of days marijuana was used during 
the past 30 days, among past 30-day users, increased signif-
icantly. The mean number of marijuana use days was 10.06 
(SD: 9.98) before COVID-19 and 12.61 (10.83) and 12.36 
(11.26) at 6- and 12-month follow-ups, respectively. The me-
dian number of marijuana use days was 5 before COVID-19 
and 10 and 7 at 6- and 12-month follow-ups, respectively 
(Table 3).

From fall 2019 through fall 2020, adjusting for participants’ 
age, sex, race/ethnicity, and survey wave, increased anxiety 
symptoms were significantly associated with increased ever 
or lifetime cigarette (AOR: 1.35; 95% CI: 1.20 to 1.53), 
e-cigarette (1.18; 1.05–1.32), and marijuana use (1.43; 
1.28–1.61). Increased depressive symptoms were also sig-
nificantly associated with increased ever or lifetime cigarette 
(1.46; 1.29–1.64), e-cigarette (1.38; 1.23–1.54), and mari-
juana use (1.68; 1.50–1.88). High perceived stress, relative to 
low stress, was significantly associated with increased ever or 
lifetime cigarette (1.38; 1.22–1.57) and e-cigarette use (1.20; 
1.07–1.34) (Table 4).

From fall 2019 through fall 2020, adjusting for participants’ 
age, sex, race/ethnicity, and survey wave, increased anxiety 
symptoms were significantly associated with increased past 
30-day cigarette (1.62; 1.29–2.04) and e-cigarette use (1.29; 
1.09–1.53). Increased depressive symptoms were also signif-
icantly associated with an increased past 30-day cigarette 
(1.78; 1.42–2.22) and e-cigarette use (1.42; 1.21–1.68). High 
perceived stress, relative to low stress, was significantly asso-
ciated with increased past 30-day cigarette use (1.86; 1.41–
2.47) (Table 4).

Interactions between mental health symptomatology and 
survey wave were not statistically significant indicating that 
the effect of mental health symptomatology on substance use 
(i.e. smoking and vaping behaviors) did not vary across the 
study period.

Discussion
This study examined changes in anxiety symptoms, depressive 
symptoms, and perceived stress, and marijuana, e-cigarette, 
and cigarette use from before the COVID-19 pandemic (fall 
2019) to 6-month (spring 2020) and 12-month (fall 2020) 
follow-up, during the COVID-19 pandemic, as well as longi-
tudinal associations between mental health symptomatology 
and smoking and vaping behaviors across this time. Study 
findings reveal symptoms of anxiety and depression showed 
moderate increases from pre- to during-COVID-19, while 
perceived stress remained stable but high. These findings are 
congruent with previous research, which primarily reports 
modest, but elevated mental health issues among U.S. youth 
and young adults during COVID-19.24 Interestingly, studies 
outside of the U.S. including China, Spain, and Italy, have re-
ported a greater impact of COVID-19 on increased anxiety, 
depression, and stress with age younger than 40 being a risk 
factor for greater adverse mental health symptoms.32 There 
may be important cultural differences between U.S. and non-
U.S youth and young adults that contribute to these differen-
tial findings. Additional research is needed, especially among 
U.S. populations since research on this subject is limited.

Lifetime cigarette, e-cigarette, and marijuana use increased 
significantly in our sample at a 12-month follow-up, especially, 

demonstrating that young people aged 16–24 years from 
these major metropolitan areas of Texas began smoking and 
vaping despite being in the midst of a pandemic of respiratory 
disease. This is a notable finding that suggests young people 
are motivated to try smoking and vaping in the context of 
COVID-19, when there may be substantial and increased 
risks for doing so, still.

In this study, we found that worse mental health predicted 
lifetime cigarette, e-cigarette, and marijuana use amid 
COVID-19, controlling for important demographic factors. 
This relationship was consistent across time, across data that 
were collected prior to the pandemic, and data that were col-
lected at different time points during the pandemic. More 
research is needed to understand these and other potential 
motivations among never users, to inform prevention efforts 
such as effectively disseminating messages about the respira-
tory health effects associated with smoking and vaping, and 
the exacerbated impact that COVID-19 may have on the 
same.

Past 30-day cigarette use decreased significantly among 
study participants. A meta-analysis concluded that ciga-
rette smoking is an independent risk factor for COVID-19 
disease progression and mortality.33 Furthermore, a pre-
vious study reported that most past 30-day cigarette users 
believed COVID-19-related health risk was greater for ciga-
rette users compared to nonusers, and past 30-day cigarette 
users decreased their cigarette use in response to COVID-19 
(compared to increasing or stable use).13 COVID-19 may be 
a contributing factor in the decreasing cigarette use reported 
in this study and others nationwide.34 The frequency of ma-
rijuana use (i.e. number of days in the past 30 days), among 
past 30-day users, increased significantly from pre- to during-
COVID-19, while cigarette and e-cigarette use frequency 
among current users did not change significantly. This finding 
is similar to another study of college students that reported 
marijuana use days were 24% higher from before U.S. colleges 
closed to postclosure because of COVID-19,24 and to the 
2020 MTF study, which reported college student marijuana 
use was at a historic high during the first year of COVID-
19.34 Marijuana use among young people is becoming an in-
creasingly important public health issue, especially as using 
marijuana in e-cigarettes (i.e. marijuana vaping) has grown 
radically in popularity in very recent years.34 The 2020 MTF 
study showed a 140% and a 138% increase in ever and past 
30-day marijuana vaping, respectively, from 2017 to 2020.34

Although statistically significant, it is worth noting that 
the changes in mental health symptomatology and smoking 
and vaping behaviors observed in this study were modest, 
which is consistent with previous studies.5,24,35 Future re-
search should continue to examine patterns in these im-
portant health indicators further into the COVID-19 
pandemic and beyond. Despite modest changes in these 
behaviors, there were strong, longitudinal associations be-
tween increased anxiety and depressive symptoms and ever 
and past 30-day cigarette and e-cigarette use, and ever ma-
rijuana use. There were also strong associations between 
high perceived stress and ever and past 30-day cigarette 
use and ever e-cigarette use. These findings suggest that 
increased substance use may have been most problematic 
among subgroups of youth and young adults whose mental 
health was adversely affected by the COVID-19 pandemic. 
Our study findings are consistent with a previous study that 
reported greater depressive symptoms predicted increases 
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in e-cigarette use among young adults with low resilience, 
from fall 2019 to spring 2020.36 Although changes in past 
30-day marijuana use, given that changes in mental health 
symptomatology were not observed in this study, increases 
in the overall frequency of marijuana use among past 
30-day users was seen. Thus, additional research is needed 
to determine what other risk factors, besides mental health 
symptomatology may be responsible for this increase in ma-
rijuana use.

Limitations
This study has limitations. Measures were self-reports which 
introduces recall bias. The sample was comprised of youth 
and young adults in Texas so findings may not be generaliz-
able outside the study setting. In 2019–2020, when data for 
this study were collected, recreational marijuana use in the 
state of Texas was illegal. Marijuana vaping among youth 
and young adults is consistently higher in locales where ma-
rijuana use is legal.37 Study findings may differ from those in 
other locales where recreational marijuana use is not illegal. 
Finally, it is possible that stressors other than COVID-19 
or navigating this life stage could have influenced the study 
findings. However, the timing of our data collection and the 
research questions that drove the development of this study 
were very unique to COVID-19. Despite limitations, this 
study followed a single cohort, across multiple (i.e. three) 
assessment periods to examine differences, on average, in 
patterns of and relationships between mental health symp-
tomatology and smoking and vaping behaviors before and 
during the COVID-19 pandemic, which is a unique contribu-
tion of this study.

Conclusion
Changes in mental health symptomatology among these 
young people varied during this period of the COVID-era, 
as did changes in vaping and smoking behaviors. Increases in 
mental health symptomatology were related to increases in 
cigarette, e-cigarette, and marijuana use.

Findings warrant health messaging and interventions 
that address the impact of mental health on smoking and 
vaping behavior, especially during crises like COVID-
19 that may exacerbate mental health and substance use 
behaviors.
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