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Abstract 

Background

The COVID-19 pandemic had notable impacts on the mental health of the U.S. 

population. There were concerns about how the pandemic affected substance use in 

the population. The overall objective of this study was to assess whether COVID-19 

Stay-At-Home (SAH) orders, an ambient ecological stressor, as well as the severity 

of depressive and anxious symptoms, can explain tobacco and marijuana use.

Methods

Data come from the first seven waves of the Understanding America Study, a nation-

ally representative longitudinal web-based panel study. A total of 7,554 persons par-

ticipated in the first seven waves, resulting in 43,582 observations. Cigarette use as 

a measure was not included until wave four of the study; 7,034 persons participated 

in waves four through seven, resulting in 24,893 observations. The primary outcomes 

were self-reported past seven-day use of cigarette products and past seven-day use 

of marijuana products. Self-reported depressive and anxious symptom severity, the 

proposed mediator, was measured using the Patient Health Questionnaire-4 (PHQ-

4). The primary exposure was a binary indicator for the presence of an SAH order. All 

variables were measured biweekly. Generalized Estimating Equations (GEE) were 

used to assess single-mediator models.
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Results

Persons under SAH orders had 2.18 (95% CI: 1.27, 3.73) times the odds of 

moderate-to-severe depression across the first seven waves, relative to those living 

in states without SAH orders. Those with moderate-to-severe depression and anxi-

ety had lower odds of both marijuana (OR = 0.37, 95% CI: 0.17, 0.84) and cigarette 

use (OR = 0.29, 95% CI: 0.13, 0.65) compared to those with normal-mild PHQ-4 

scores. Worsened mental health within a person resulted in 0.22 (95% CI: 0.12, 

0.40) times the odds of marijuana use and 0.26 (95% CI: 0.15, 0.47) times the odds 

of cigarette use. Tests of the joint effects suggest evidence of multiple mediated 

pathways.

Introduction

In March 2020, after the United States government declared a national emergency 
due to the COVID-19 pandemic, state governments implemented various “lockdown” 
measures to mitigate infection from the virus. These policies included Stay-At-Home 
(SAH) orders, which encompassed shelter-in-place orders, gathering restrictions, 
and business and school closures [1,2]. Seven states did not implement formal SAH 
orders during the public health emergency [2].

Early in the pandemic, experts raised concerns about the effect of SAH policies on 
the mental health and substance use of affected populations [3–5]. Between April and 
June 2020, nearly 41% of U.S. adults reported a negative mental or behavioral health 
condition [6]. Further, there was an increase in the prevalence of depression and anxiety 
during those months compared to the same period in 2019 [6]. Research on consumer 
behavior suggested that sales of alcohol, tobacco, and marijuana increased during the 
pandemic, particularly among young adults and higher-income households [7,8].

The core hypothesis of this study is that COVID-19 restrictions, particularly SAH 
orders, act as a significant social stressor, leading to psychological distress. This 
distress is hypothesized to mediate changes in substance use, as individuals may 
turn to substances such as tobacco and marijuana to cope. Previous ecological 
stressors, including pandemics, natural disasters, and terrorist attacks, suggest the 
potential for long-term effects on mental health and substance use [9–12]. Under 
the self-medication hypothesis, persons may use substances to ameliorate distress-
ing psychological symptoms, not specific to psychiatric conditions [13–16]. Persons 
choose substances based on how they perceive the substance will affect them, not 
its physiologic effect. Perceptions of stress relief are well-described motivators for 
smoking tobacco [17,18]. People in the U.S. may use marijuana to relieve depressive 
or anxious symptoms [19–21]. Conversely, it is plausible that macrosocial stressors 
induce population-level “inhibition effects” wherein healthful behaviors may increase, 
and consumption of harmful substances may decline as a risk-averse response to 
economic uncertainty [22–24].

While previous work identified cross-sectional associations between COVID-
19 policies, mental health, and substance use, limited research has focused on 
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longitudinal changes during the initial period of the pandemic. A limitation of cross-sectional studies is a lack of tempo-
ral precedence. We hypothesize that the impact of SAH orders on mental health is temporally prior to and linked with 
changes in substance use. Current longitudinal literature focuses on changes in mental health or substance use in isola-
tion [25–29]. We address these limitations by estimating temporal relationships between COVID-19 SAH orders and both 
mental health and substance-use outcomes. Further, we describe how changes within a person’s mental health relate 
to tobacco use and marijuana use outcomes within a single system of simultaneous equations. Thus, the goal of this 
research is to describe and understand a mediation mechanism by which exposure to SAH orders results in changes in 
mental health, which in turn influence tobacco and marijuana use.

Methods

Settings and participants

Details about the survey used in this study can be found elsewhere [30]. Briefly, the Understanding America Study (UAS) 
is a nationally representative longitudinal web-based panel study of persons aged 18 and older. Participants were consid-
ered eligible if the respondent in a contacted household was at least 18 years old [31]. Participants were recruited using 
Address Based Sampling from a random national sample. The UAS COVID-19 tracking survey, launched on March 10, 
2020, focused on attitudes and behaviors concerning the coronavirus pandemic. Using the complete UAS sample as a 
base, the tracking survey has completion rates between 67.1% and 80.4% [32]. The first seven waves of the COVID-19 
tracking survey were used for this analysis for a total of 43,582 observations from 7,554 persons. Cigarette use was not 
assessed in the first three waves. For analyses including cigarette use, only waves four through seven were used result-
ing in 24,893 observations from 7,034 persons.

Procedures

The UAS COVID-19 surveys were developed internally by the University of Southern California [30]. Panel members were 
randomized to respond on a pre-determined day of the week such that all panel members were invited to complete the 
tracking survey within a 14-day period; they received an incentive only for completing the survey on their assigned day. All 
surveys were conducted online.

Measures

Dependent variables.  Two outcome measures were assessed as dependent variables of interest. First, An indicator 
for current smoking status. This variable was determined using the item “the number of days in the past week smoked all 
or part of a cigarette.” Second, an indicator of current marijuana use was determined using the item “the number of days 
in the past week used cannabis products.” Any non-zero response indicated current use for both measures.

The proposed mediator is the severity of mental health symptoms, measured using the Patient Health Questionnaire-4 
(PHQ-4). The PHQ-4 is a four-item metric consisting of two two-item ultra-brief screening tools for depression and anxiety. 
Scores range from zero to 12. In U.S. populations, the scale has demonstrated strong reliability and validity in measuring 
depression and anxiety [33–35]. Using scoring criteria, PHQ-4 score was dichotomized into categories of normal-to-mild 
and moderate-to-severe [33].

Independent variables.  The primary exposure was the presence of COVID-19 SAH orders. This was measured 
at the state-level using policy information from the University of Washington COVID-19 Policy Center [36]. The SAH 
variable was a dichotomous indicator based on whether a respondent lived in a state that implemented a SAH order and 
was under a SAH order at the time of survey completion. Respondents were only considered exposed if the survey was 
completed between the start and end dates of a SAH order within a specific state. Repeated measures were nested within 
respondents, and respondents were nested within states. There are, however, two sources of spatial-temporal variation 
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within this indicator: 1) within a state as previously unexposed respondents became exposed to a SAH order, and 2) 
between states, as states enacted different types of SAH orders for different lengths. Seven states never implemented 
SAH orders: Arkansas, Iowa, Nebraska, North Dakota, South Dakota, Utah, and Wyoming.

Covariates.  Covariates included age (years), gender (dichotomous male/female), race (White Non-Hispanic, Black 
Non-Hispanic, Asian, and other), ethnicity (dichotomous indicator of Hispanic/Latino), educational attainment (less than 
a high-school education, high school degree or equivalent, college graduate or higher), and a binary indicator of a state’s 
marijuana legalization status to account for increased availability of marijuana in states with legalization.

Statistical analysis

We examined how SAH orders influenced depressive and anxious symptom severity, and how symptom severity, in turn, 
influenced cigarette and marijuana use using two separate models: one model with cigarette use as the outcome, and 
the second with marijuana use as the outcome. Thus, we estimated the direct and indirect (through depression/anxiety) 
effects of SAH orders on cigarette and marijuana use. The relative timing of exposure, mediator, and outcome can influ-
ence the magnitude of the mediated effect [37–40]; we included a one-wave (approximately two-week) lagged indicator of 
SAH orders in prediction of PHQ-4 scores and cigarette and marijuana use. All analyses controlled for sex, age, race and 
ethnicity, educational attainment, and state marijuana legalization. Confounders were identified using a directed acyclic 
graph (DAG; Fig 1). No adjustments were made for multiple comparisons in this study [41,42]. Complete-case analysis 
was used for all analyses.

We estimated the effect of depression/anxiety on the odds of cigarette or marijuana use in two separate, simultane-
ously estimated survey-weighted Generalized Estimating Equations (GEE) with a logistic link function and Huber-White 
robust standard errors as described in previous literature [43]. We specified two regressions in which: 1) moderate/severe 
PHQ-4 scores were predicted by SAH orders, and 2) the outcome (cigarette or marijuana use) was predicted by SAH 
orders and PHQ-4 scores. We specified a first-order autoregressive working correlation matrix because: 1) the equal 
temporal spacing of the UAS data (biweekly), and 2) measurements taken closer in time are more likely to be related than 
measurements further apart.

Fig 1.  Directed Acyclic Graph (DAG) showing the proposed model. Mediation pathways are shown in black; all others are blue. Parallel hashed and 
solid lines indicate decomposed (between-person and within-person) effects. Not all arrows are shown to simplify the graph.

https://doi.org/10.1371/journal.pone.0337996.g001

https://doi.org/10.1371/journal.pone.0337996.g001
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There are two sources of variation within longitudinal data: between-person (aggregate level effects) and within-person 
(individual level effects; Fig 2). Failure to separate these two sources could result in invalid conclusions because indi-
vidual and aggregated effects may suggest distinct relations with estimated outcomes (i.e., the ecological fallacy) [44]. 
Decomposition of between-person and within-person effects was achieved using a centering within clusters approach and 
including both person-means and person-mean-centered observations for categorical variables [45–47]. The inclusion of 
person-mean-centered observations allowed for the estimation of how changes in symptom severity influence substance 
use outcomes, controlling for an individual’s baseline symptom severity relative to other participants.

A mediated effect is often estimated by fitting two different models to the data in a sequential manner, assuming that 
the paths of the indirect effect are uncorrelated. However, these paths in nested data are correlated, requiring simultane-
ous estimation [43]. While the individual paths might not be significant, the indirect path itself might be significant due to 
non-zero correlation between the component paths. We used a Monte Carlo resampling procedure to account for this cor-
relation [43,48] and a two-sided p-value less than 0.05 to indicate the statistical significance. All analyses were conducted 
in SAS (version 9.4) and R (version 4.3.1).

Ethics statement

This research involved a secondary data analysis from the Understanding America Study. Institutional Review Board 
approval was not sought. The Understanding America Study underwent Institutional Review Board review at the University 
of Southern California.

Fig 2.  Example of the difference between-person (aggregate-level) and within-person (individual-level) effects.

https://doi.org/10.1371/journal.pone.0337996.g002

https://doi.org/10.1371/journal.pone.0337996.g002
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Results

Descriptive statistics

Across all seven waves of the UAS survey, the prevalence of cigarette smoking was higher among those not under a 
SAH order (16.1% compared to 13.4%; Table 1). In contrast, the prevalence of marijuana use was slightly higher among 
those under a SAH order (12.6%) compared to those not (11.7%). Further, the mean PHQ-4 score across all persons was 
significantly higher among those under a SAH order (2.27) compared to those not (1.83).

During the first wave (March 10 – March 31, 2020), only 5.4% of the sample was under a SAH order. This peaked 
during wave three (April 15 – May 12, 2020), where 93.0% of the sample was under a SAH order (Fig 3). The prevalence 
of cigarette smoking consistently declined across waves four (April 29 – May 26, 2020) through seven (June 10 – July 9, 
2020), from 15.5% at wave four to 14.2% at wave 7. The prevalence of marijuana use was 11.2% during the first wave, 
peaked at 13.2% during wave three, and declined to 12.1% at wave seven. The mean PHQ-4 score increased sharply 
from 1.97 during wave one to 2.61 at wave two and declined each following wave with a mean score of 1.77 at the sev-
enth wave. Across all waves, those under a SAH order had higher mean PHQ-4 scores compared to those not (Table 2).

Table 1.  Weighted sociodemographic characteristics of the sample by exposure status: Understanding America Study (UAS) Waves 1-7.

Variable Overall
%

Under 
SAH
%

Not Under 
SAH
%

Under SAH 50.8 100.0 0.0

Not Under SAH 49.2 0.0 100.0

Race

White, Non-Hispanic 77.1 77.0 77.1

Black, Non-Hispanic 12.6 11.1 14.1

Asian 5.4 6.7 4.2

Other* 4.9 5.2 4.6

Ethnicity

Not Hispanic or Latino 83.6 81.5 85.7

Hispanic or Latino 16.4 18.5 14.3

Gender

Male 48.5 49.0 47.9

Female 51.5 51.0 52.1

Educational Attainment

Less than High School 8.5 8.2 8.8

High School or Equivalent 29.5 28.3 30.8

Some College 27.7 27.9 27.5

College Graduate 34.3 35.6 32.9

Cigarette Use 14.9 13.4 16.1

No Cigarette use 85.1 86.6 83.9

Marijuana Use 12.2 12.6 11.7

No Marijuana Use 87.8 87.4 88.3

Any Marijuana Legalization 70.0 76.3 63.5

No Marijuana Legalization 30.0 23.8 36.5

Mean (SD) Mean (SD) Mean (SD)

Age 48.47 (.08) 48.53 (.11) 48.42 (.11)

PHQ-4 Score 2.05 (.01) 2.27 (.02) 1.83 (.02)

https://doi.org/10.1371/journal.pone.0337996.t001

https://doi.org/10.1371/journal.pone.0337996.t001
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Effect of COVID-19 SAH orders on PHQ-4 scores (waves 1–7)

Across the first seven waves of the UAS COVID-19 tracking survey, age, higher educational attainment, and Black race 
were associated with lower odds of moderate-to-severe PHQ-4 scores (Table 3). There was no evidence of differences in 
odds of PHQ-4 severity among other racial groups, compared to white respondents. Female respondents had 1.66 (95% 
CI: 1.38, 1.98) times the odds of elevated depressive or anxious symptoms, relative to males. Compared to persons not 
under a SAH order, those under a SAH order had higher odds of moderate-to-severe depression and anxiety (OR = 2.18; 
95% CI: 1.27, 3.73). However, the relaxation of a SAH order within a state did not influence an individual’s mental health 
symptoms.

Effect of COVID-19 SAH orders on PHQ-4 scores (waves 4–7)

As cigarette use was only included in UAS waves 4–7, the model with cigarette use as the outcome only included data 
from these waves. Increases in age, higher educational attainment, female gender, and Black race were associated with 

Fig 3.  Survey weighted proportions of cigarette users (Top), marijuana users (Bottom), and persons under a Stay-At-Home order presented 
with survey-weighted mean PHQ-4 score by UAS wave.

https://doi.org/10.1371/journal.pone.0337996.g003

https://doi.org/10.1371/journal.pone.0337996.g003
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lower odds of moderate-to-severe PHQ-4 scores (Table 4). As seen in the model with all seven waves, for between-
person effects, those under a SAH order had higher odds of moderate or severe mental health symptoms (OR = 2.21; 
95% CI: 1.16, 4.21) compared to those not under a SAH order. There was no evidence that the relaxation of SAH orders 
influenced depression/anxiety.

Table 2.  Weighted characteristics of the sample by wave and exposure status: Understanding America Study (UAS) Waves 1- 7.

Under SAH Order Not Under SAH Order

Survey 
Wave*

Mean PHQ-4
Score

Proportion Cigarette 
Use** (%)

Proportion Cannabis 
Use (%)

Mean PHQ-4
Score

Proportion Cigarette 
Use** (%)

Proportion Cannabis 
Use (%)

Wave 1 2.90 — 14.1 1.92 — 11.1

Wave 2 2.63 — 12.6 2.42 — 16.4

Wave 3 2.32 — 13.2 1.93 — 14.0

Wave 4 2.12 14.5 12.2 1.98 17.6 12.2

Wave 5 1.98 13.7 11.8 1.76 16.2 12.0

Wave 6 1.99 12.1 11.8 1.75 16.1 11.7

Wave 7 2.10 11.0 13.7 1.66 15.2 11.6

*Survey wave indicates the prespecified dates when surveys were sent to participants. Dates of each survey wave are as follows: Wave 1 (March 
10–31, 2020); Wave 2 (April 1–14, 2020); Wave 3 (April 15 – May 12, 2020); Wave 4 (April 29 – May 26, 2020); Wave 5 (May 13 – June 9, 2020); Wave 
6 (May 27 – June 23, 2020); Wave 7 (June 10 – July 9, 2020).

**Cigarette use was not assessed during the UAS survey until wave 4.

https://doi.org/10.1371/journal.pone.0337996.t002

Table 3.  Odds of moderate/severe PHQ-4 scores across the first seven waves of the UAS COVID-19 
tracking survey (marijuana model).

OR 95% CI p-value

Between Person

Under SAH Order 2.18 (1.27, 3.73) .0046

Age 0.98 (0.97, 0.98) <.0001

Gender

Male REF — —

Female 1.66 (1.38, 1.98) <.0001

Race

White, non-Hispanic REF — —

Black, non-Hispanic 0.65 (0.47, 0.88) .0059

Asian 0.92 (0.63, 1.33) .6489

Other 1.03 (0.71, 1.49) .8940

Ethnicity

Not Hispanic or Latino REF — —

Hispanic or Latino 0.81 (0.61, 1.07) .1415

Educational Attainment

Less than High School REF — —

High School or GED 0.66 (0.49, 0.89) .0069

Some College 0.64 (0.48, 0.85) .0024

College Graduate 0.56 (0.42, 0.76) .0001

Within Person

Under SAH Order 0.96 (0.87, 1.05) .3690

https://doi.org/10.1371/journal.pone.0337996.t003

https://doi.org/10.1371/journal.pone.0337996.t002
https://doi.org/10.1371/journal.pone.0337996.t003
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Effects of COVID-19 SAH orders and PHQ-4 scores on marijuana use

There was no evidence of a between-person effect of SAH orders on current marijuana use, comparing those under a 
SAH order to those not and controlling for covariates and PHQ-4 scores (Table 5). There was no evidence of an associ-
ation between the relaxation of SAH orders and an individual’s current marijuana use. The odds of current marijuana use 
for persons with depressive/anxious symptoms were 0.37 (95% CI: 0.17, 0.84) times that of persons with normal-to-mild 
symptoms. Within a person, the odds of persons with depressive/anxious symptoms using marijuana were 0.22 (95% 
CI: 0.12, 0.40) times that of persons with milder depressive/anxious symptoms. Higher age, female gender, higher edu-
cational attainment, and Asian race were associated with lower odds of marijuana use. Living in a state with any form of 
legalized marijuana use was associated with increased odds of marijuana use (OR = 1.37; 95% CI: 1.11, 1.68).

Mediated effects of COVID-19 SAH orders on marijuana use through PHQ-4 scores

In the first path of the mediated effect, there was a significant between-person effect of SAH orders on PHQ-4 scores 
(OR = 2.18, 95% CI: 1.27, 3.73); relaxation of SAH orders on PHQ-4 scores was not significant. In the second path 
of the mediated effect, there were between- and within-person effects of PHQ-4 scores on marijuana use. In terms of 
between-person effects, the odds of a person using marijuana were 0.37 (95% CI: 0.17, 0.84) times that of a person not 
experiencing moderate-to-severe anxiety or depression. In terms of within-person effects, the odds of using marijuana for 
a person who was anxious or depressed were 0.22 (95% CI: 0.12, 0.40) times that of a person who was not experiencing 
moderate-to-severe depression or anxiety. Taken together, there was a significant indirect effect of between-person SAH 
on marijuana use through between-person PHQ-4 scores (eâb = 0.46, 95% CI: 0.35, 0.60). There was also a significant 

Table 4.  Odds of moderate/severe PHQ-4 scores across waves four through seven of the UAS 
COVID-19 tracking survey (cigarette model).

OR 95% CI p-value

Between Person

Under SAH Order 2.21 (1.16, 4.21) .0163

Age 0.98 (0.97, 0.98) <.0001

Gender

Male REF — —

Female 1.73 (1.41, 2.12) <.0001

Race

White, non-Hispanic REF — —

Black, non-Hispanic 0.68 (0.48, 0.96) .0288

Asian 0.95 (0.63, 1.45) .8274

Other 0.99 (0.65, 1.51) .9664

Ethnicity

Not Hispanic or Latino REF — —

Hispanic or Latino 0.86 (0.63, 1.16) 0.3232

Educational Attainment

Less than High School REF — —

High School or GED 0.69 (0.49, 0.98) .0358

Some College 0.63 (0.45, 0.88) .0066

College Graduate 0.59 (0.42, 0.84) .0030

Within Person

Under SAH Order 1.13 (0.97, 1.32) .1202

https://doi.org/10.1371/journal.pone.0337996.t004

https://doi.org/10.1371/journal.pone.0337996.t004
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indirect effect of between-person SAH on marijuana use through within-person PHQ-4 scores (eâb = 0.31, 95% CI: 0.21, 
0.44). SAH orders tended to increase the odds of increased depression/anxiety, but increased depression/anxiety (at both 
between- and within-person levels) decreased marijuana smoking.

Mediated effects suggest an inverse relationship between SAH orders and current marijuana use through PHQ-4 symp-
toms, where SAH orders correspond with lower odds of current marijuana use. While the mediated effects consisting of 
the between-person effects of SAH orders on marijuana use were significant, there was no evidence of a mediated effect 
comprised by the within-person changes in SAH order status.

Table 5.  Odds of current marijuana use across the first seven waves of the UAS COVID-19 tracking survey.

OR 95% CI p-value

Direct Effects

Between Person

Under SAH Order 2.04 (1.08, 3.86) .0281

Moderate/Severe PHQ-4 0.37 (0.17, 0.84) .0167

Age 0.97 (0.97, 0.98) <.0001

Gender

Male REF — —

Female 0.74 (0.62, 0.90) .0021

Race

White, non-Hispanic REF — —

Black, non-Hispanic 1.27 (0.96, 1.69) .0946

Asian 0.42 (0.25, 0.73) .0018

Other 1.44 (1.01, 2.05) .0458

Ethnicity

Not Hispanic or Latino REF — —

Hispanic or Latino 0.76 (0.57, 1.01) .0603

Educational Attainment

Less than High School REF — —

High School or GED 0.68 (0.49, 0.95) .0255

Some College 0.69 (0.50, 0.96) .0258

College Graduate 0.46 (0.33, 0.65) <.0001

No Marijuana Legalization REF — —

Marijuana Legalization 1.37 (1.11, 1.68) .0027

Within Person

Under SAH Order 0.96 (0.87, 1.06) .3963

Moderate/Severe PHQ-4 0.22 (0.12, 0.40) <.0001

eâb 95% CI p-value

Indirect Effects

Between Person SAH Order; Between Person PHQ-4 scores 0.46 (0.35, 0.60) <.01*

Between Person SAH Order; Within Person PHQ-4 scores 0.31 (0.21, 0.44) <.01*

Within Person SAH Order; Between Person PHQ-4 scores 1.04 (0.97, 1.12) >.05*

Within Person SAH Order; Within Person PHQ-4 scores 1.07 (0.96, 1.19) >.05*

*Exact p-values for indirect effects were not calculated. Confidence intervals generated at α = .05 and α = .01 were used to determine significance.

https://doi.org/10.1371/journal.pone.0337996.t005

https://doi.org/10.1371/journal.pone.0337996.t005


PLOS One | https://doi.org/10.1371/journal.pone.0337996  December 5, 2025 11 / 18

Effects of COVID-19 SAH orders and PHQ-4 scores on cigarette use

There was no evidence of between-person differences in SAH order exposure influencing cigarette use, after controlling 
for covariates and PHQ-4 severity (Table 6). The relaxation of SAH orders was not associated with current cigarette use. 
Compared to those with normal-to-mild PHQ-4 scores, those with elevated symptoms had lower odds of cigarette smoking 
(OR = 0.29; 95% CI: 0.13, 0.65). Within a person, shifting from normal to moderate-severe PHQ-4 scores was associated 
with 0.26 (95% CI: 0.15, 0.47) times the odds of cigarette smoking. Increased age, higher educational attainment, and 
Asian race were inversely associated with cigarette use (Table 6). There was no evidence that marijuana legalization was 
associated with current cigarette use.

Table 6.  Odds of current cigarette use during the first seven waves of the UAS COVID-19 tracking survey.

OR 95% CI p-value

Direct Effects

Between Person

Under SAH Order 0.83 (0.43, 1.60) .5687

Moderate/Severe PHQ-4 0.29 (0.13, 0.65) .0026

Age 0.99 (0.98. 0.99) .0001

Gender

Male REF — —

Female 0.92 (0.77, 1.11) .3879

Race

White, non-Hispanic REF — —

Black, non-Hispanic 1.08 (0.81, 1.44) .5802

Asian 0.53 (0.31, 0.90) .0183

Other 0.73 (0.48, 1.11) .1376

Ethnicity

Not Hispanic or Latino REF — —

Hispanic or Latino .63 (.46,.86) .0043

Educational Attainment

Less than High School REF — —

High School or GED 0.41 (0.30, 0.56) <.0001

Some College 0.29 (0.21, 0.39) <.0001

College Graduate 0.10 (0.07, 0.13) <.0001

No Marijuana Legalization REF — —

Marijuana Legalization 1.16 (0.95, 1.41) .1547

Within Person

Under SAH Order 0.93 (0.83, 1.06) .2780

Moderate/Severe PHQ-4 0.26 (0.15, 0.47) <.0001

eâb 95% CI p-value

Indirect Effects

Between Person SAH Order; Between Person PHQ-4 scores 0.37 (0.24, 0.55) <.01*

Between Person SAH Order; Within Person PHQ-4 scores 0.35 (0.22, 0.53) <.01*

Within Person SAH Order; Between Person PHQ-4 scores 0.86 (0.75, 0.97) <.05*

Within Person SAH Order; Within Person PHQ-4 scores 0.85 (0.74, 0.97) <.05*

*Exact p-values for indirect effects were not calculated. Confidence intervals generated at α = .05 and α = .01 were used to determine significance.

https://doi.org/10.1371/journal.pone.0337996.t006

https://doi.org/10.1371/journal.pone.0337996.t006
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Mediated effects of COVID-19 SAH orders on cigarette use through PHQ-4 scores

In the first path of the mediated effect, there was a significant between-person effect of SAH orders on PHQ-4 scores (OR 
= 2.21; 95% CI: 1.16, 4.21). Relaxation of SAH orders was not associated with depressive or anxious symptoms. In the 
second path of the mediated effect, there were both between- and within-person effects of PHQ-4 scores. Compared to 
those with mild-to-normal symptoms, those with moderate-to-severe symptoms had 0.29 (95% CI: 0.13, 0.65) times the 
odds of cigarette use. Within a person, the odds of current cigarette use for someone with moderate-to-severe depression 
or anxiety was 0.27 (95% CI: 0.15, 0.47) times that of the same person with normal-to-mild symptoms. These findings 
indicate a significant indirect effect of between-person SAH orders on cigarette smoking through between-person changes 
in PHQ-4 scores (eâb= 0.37; 95% CI: 0.24, 0.55). There was also a significant indirect effect comprised of between-person 
SAH order on cigarette use and within-person changes in PHQ-4 scores (eâb = 0.35; 95% CI: 0.22, 0.53).

Tests of mediated effects suggest an inverse relationship between SAH orders and cigarette smoking through depres-
sive or anxious symptoms. Mediated effects suggest that SAH orders correspond with lower odds of current cigarette use. 
Though both mediated effects comprised by state-level changes in SAH orders were significant, caution should be taken 
when interpreting these, considering one of the component paths was not statistically significant (Table 6).

Discussion

We found evidence that the effect of COVID-19 SAH orders on cigarette and marijuana use was mediated by PHQ-4 
scores. For both cigarette and marijuana use, our results suggest that exposure to a SAH order (between-person) resulted 
in increased odds of moderate-to-severe depression or anxiety symptoms and that experiencing moderate or severe men-
tal health symptoms (between- and within-persons) significantly lowered the odds of using either cigarette or marijuana use.

Longitudinal studies of marijuana use suggest no appreciable change during the pandemic [29,49,50]. Changes 
in tobacco use during the pandemic have been mixed, with some studies suggesting increasing smoking, and oth-
ers suggesting either a decline or no change [25,51–57]. Our results indicate that across the first seven waves, there 
was no substantive change in the point-prevalence of marijuana use (Fig 3). There was also no noticeable change 
in the point-prevalence of cigarette use across waves four through seven. Prior evidence notes that persons with 
moderate-to-severe depression or anxiety exhibited greater tobacco or marijuana use during the pandemic, which does 
not align with our findings [58–62]. However, our results are consistent with literature suggesting that COVID-19 SAH 
orders were associated with worsening mental health symptoms [27,51,63,64].

Several factors may explain the discrepancy between our findings and prior literature. First, many prior studies relied on 
cross-sectional studies, which significantly limit inference on the temporal ordering of mental health and substance use in 
response to the pandemic. Our longitudinal framework, including the implementation of temporally lagged predictors, may 
better capture dynamic responses to SAH orders. Second, the divergence in findings could reflect differences in sample 
characteristics. Some of the prior research that highlighted increased marijuana use during the pandemic focused on 
specific populations, such as gender and sexual minorities [65], youth and young adults [66], or a substance use history. 
Third, our measurement of marijuana or cigarette use reflected the past week of use, which could have been more sen-
sitive to short-term behavior or mental health changes. Finally, mixed findings of the impact of COVID-19 on tobacco and 
marijuana in prior research could be attributable to the heterogeneous policy environment created by the pandemic. as 
there was notable geographic variation in policy implementation and efficacy [67–69].

During the pandemic, economic concerns were one of the strongest predictors of poor mental health [70]. Prior eco-
nomic literature on recessions suggests that worsened economic conditions contribute to increased propensity to use 
substances, including tobacco and marijuana [71–73]. Conversely, the framework of an “inhibition effect,” which comes 
from the economics literature, posits that persons living in adverse economic conditions become more risk-averse and the 
macroecological conditions “inhibit” aberrant or deviant behaviors [74]. The finding that recessions have been associated 
with increased healthy behaviors and lower mortality supports this “inhibition effect” [22–24,75].
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Extending this framework to the COVID-19 pandemic, wherein SAH orders act as an ecological stressor akin to 
concerns from a contracting economy, implies that persons with heightened depression or anxiety increase their self-
regulatory behavior and reduce substance use. “Inhibition effects” in responses to non-economic ecological exposures 
are not unusual. During the H1N1 pandemic, persons more aware of the risks of disease were more willing to engage in 
protective health-related behaviors [76]. A longitudinal study of tobacco users concluded that those who quit and remained 
tobacco-free had an elevated perceived-risk of health complications from COVID-19 due to smoking [77]. It is possible 
that either economic concerns or health concerns would be motivating persons to quit using substances. We did not 
directly assess these hypotheses.

It is plausible that the consequences of pandemic-related job loss, such as changes in income or disruptions in health 
care access, may have acted as a confounder in the association between SAH orders, mental health, and substance 
use. The COVID-19 pandemic was associated with both job loss and increased psychological distress [78,79]. Research 
before the COVID-19 pandemic suggests that involuntary job loss, such as that experienced due to the pandemic, may 
slightly increase the probability of smoking [80,81]. Simultaneously, job loss can lead to the loss of employer-sponsored 
health insurance, which could have limited access to mental health services. Despite public assistance programs, many 
Americans lost health insurance access due to job loss during COVID-19 [82]. However, government stimulus checks and 
benefits provided during the pandemic, such as expansions in unemployment benefits, may have mitigated the impact on 
both economic concerns and psychological distress that have been observed in economic contractions before COVID-19 
[83,84]. Income and employment information were included in the “My Household” section of the UAS survey and were 
only required to be updated quarterly. Due to potential temporal misclassification of when changes occurred relative to 
assessments of variables of interest, this was not assessed as a potential mediating mechanism.

A separate hypothesis that may partially explain our findings is that social isolation, as a result of SAH orders, reduced 
tobacco and marijuana use. Persons consuming tobacco or marijuana only in social contexts may have had reduced 
opportunities to use. There is evidence of reduced cigarette smoking among persons who identify as “social smokers” 
[85]. This phenomenon may extend to marijuana use.

These findings have important implications for public health and policy responses in future pandemics or population-
level events such as economic recessions or natural disasters. Policies such as SAH orders, which were implemented to 
reduce the spread of a novel disease, may have unintended psychological consequences. Interestingly, our findings sug-
gest that heightened psychological distress may reduce, rather than increase, substance use. However, we did not assess 
other potential psychological sequelae of increased psychological distress, such as increased suicidal ideation. Increasing 
access to mental health services, particularly in rural areas, may be an effective measure to support population well-being 
in the event of future public health emergencies.

Strengths and limitations

The strengths of the study include the use of a longitudinal nationally representative dataset with consistent survey meth-
odology during the COVID-19 pandemic. Using a longitudinal dataset, we were able to assess a mediation model for the 
effect of COVID-19 SAH orders on current cigarette and marijuana use. Further, we used a clinically validated scale of 
depressive and anxious symptoms.

Studies that assess the effect of an ecological exposure are often viewed with concern due to the potential for misin-
terpreting population-level effects as individual-level effects (the ecological fallacy). To mitigate this, we decomposed all 
variables in our model into mutually independent between-person and within-person effects. Despite this, using a GEE 
model to estimate these effects requires noting that all reported effects are population-averaged effects.

One limitation with our study design is that SAH orders were measured at the state level, and our analysis assumes 
that individuals experienced SAH orders homogenously within a state. It is possible that individuals living in rural areas, 
compared to urban areas, may have experienced SAH orders differently due to population density or variations in policy 
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enforcement. Due to limitations in the UAS data, rural-urban status could not be included in the analyses. A related limita-
tion is that we could not assess compliance with SAH policies. It is possible that adherence to COVID-19 policies, rather 
than the presence of the policies themselves, could explain some of our findings. The phenomenon of “COVID fatigue,” 
where compliance with policy restrictions on individual behaviors decreased over time, could have confounded our results 
[86]; however, we restricted our analysis to surveys completed prior to July 9, 2020, which may mitigate the influence of 
“COVID fatigue”.

A key limitation is that we use self-reported data rather than objective or biochemical verification of substance use sta-
tus. It is possible that our results are based on an underreporting of substance use, but there is no reason to hypothesize 
that the validity of self-reported measures changed dramatically during the COVID-19 pandemic.

Further, we were restricted to defining temporal relationships in our mediation model by the two-week gaps between 
waves. Our model assumes a two-week lagged effect for SAH orders on mental health symptoms and cigarette or 
marijuana use. These may not be representative of the true temporal mechanism. Due to limitations in our model, we 
dichotomized PHQ-4 scores. Unfortunately, this resulted in the loss of granular information from the original PHQ-4 scale. 
Hierarchical mediation models using generalized structural equation modeling remain an active area of current research; 
the use of such a model may address limitations in our analytic approach.

Future prospective-cohort studies could build on our findings through the use of data sources with greater temporal and 
geographic granularity to capture individual-level variations in policy exposure and compliance. Additionally, ecological 
momentary assessment (EMA) could track changes in mood and behavior in real-time. Further, the implementation of bio-
chemical verification of tobacco or marijuana use, such as saliva cotinine or urine cannabinoid screening, could improve 
the validity of self-reported measures.

Conclusions

Overall, we found evidence that SAH orders had a detrimental effect on depression and anxiety, with SAH orders being 
associated with increased symptom severity. Further, we found that worsened between- and within-person depressive and 
anxious symptoms were strongly predictive of lower cigarette and marijuana use. Taken together, we found evidence that 
moderate-to-severe depressive and anxious symptoms mediated the relationship between SAH orders and both cigarette 
and marijuana use. In other words, the mitigative effect of SAH orders on cigarette and marijuana use can be explained by 
the influence of SAH orders on depression and anxiety. Our findings of elevated PHQ-4 scores being predictive of lower 
odds of tobacco and marijuana use were inconsistent with expectations using the self-medication hypothesis as a guiding 
framework. Future studies may assess whether our observed phenomenon is unique to the post-COVID period or is rep-
resentative of a larger mechanism in response to population-level stressors. We contribute to the growing literature on the 
mechanisms by which ambient ecological stressors impact mental health and substance use.

Author contributions

Conceptualization: Geoffrey Carney-Knisely, Amy K. Ferketich, Tamar Gur, Parvati Singh.

Data curation: Geoffrey Carney-Knisely, Parvati Singh.

Formal analysis: Geoffrey Carney-Knisely, Jolynn Pek, Amy K. Ferketich, Tasleem J. Padamsee, Parvati Singh.

Investigation: Geoffrey Carney-Knisely, Jolynn Pek, Amy K. Ferketich, Tasleem J. Padamsee, Tamar Gur, Parvati Singh.

Methodology: Geoffrey Carney-Knisely, Jolynn Pek, Amy K. Ferketich, Parvati Singh.

Project administration: Jolynn Pek, Amy K. Ferketich, Tasleem J. Padamsee, Tamar Gur, Parvati Singh.

Resources: Amy K. Ferketich, Tasleem J. Padamsee, Tamar Gur.

Software: Geoffrey Carney-Knisely, Jolynn Pek, Parvati Singh.



PLOS One | https://doi.org/10.1371/journal.pone.0337996  December 5, 2025 15 / 18

Supervision: Jolynn Pek, Amy K. Ferketich, Tasleem J. Padamsee, Tamar Gur, Parvati Singh.

Validation: Geoffrey Carney-Knisely, Jolynn Pek, Amy K. Ferketich, Parvati Singh.

Visualization: Geoffrey Carney-Knisely, Amy K. Ferketich, Tasleem J. Padamsee, Tamar Gur, Parvati Singh.

Writing – original draft: Geoffrey Carney-Knisely.

Writing – review & editing: Geoffrey Carney-Knisely, Jolynn Pek, Amy K. Ferketich, Tasleem J. Padamsee, Tamar Gur, 
Parvati Singh.

References
	 1.	 Lasry A, Kidder D, Hast M, Poovey J, Sunshine G, Winglee K, et al. Timing of community mitigation and changes in reported COVID-19 and 

community mobility - four U.S. metropolitan areas, February 26-April 1, 2020. MMWR Morb Mortal Wkly Rep. 2020;69(15):451–7. https://doi.
org/10.15585/mmwr.mm6915e2 PMID: 32298245

	 2.	 Moreland A, Herlihy C, Tynan MA, Sunshine G, McCord RF, Hilton C, et al. Timing of state and territorial COVID-19 stay-at-home orders and 
changes in population movement - United States, March 1-May 31, 2020. MMWR Morb Mortal Wkly Rep. 2020;69(35):1198–203. https://doi.
org/10.15585/mmwr.mm6935a2 PMID: 32881851

	 3.	 Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, et al. The psychological impact of quarantine and how to reduce it: 
rapid review of the evidence. Lancet. 2020;395(10227):912–20. https://doi.org/10.1016/S0140-6736(20)30460-8 PMID: 32112714

	 4.	 Marsden J, Darke S, Hall W, Hickman M, Holmes J, Humphreys K, et al. Mitigating and learning from the impact of COVID-19 infection on addictive 
disorders. Addiction. 2020;115(6):1007–10. https://doi.org/10.1111/add.15080 PMID: 32250482

	 5.	 Vigo D, Patten S, Pajer K, Krausz M, Taylor S, Rush B, et al. Mental health of communities during the COVID-19 pandemic. Can J Psychiatry. 
2020;65(10):681–7. https://doi.org/10.1177/0706743720926676 PMID: 32391720

	 6.	 Czeisler MÉ, Lane RI, Petrosky E, Wiley JF, Christensen A, Njai R, et al. Mental health, substance use, and suicidal ideation during the COVID-19 
pandemic - United States, June 24-30, 2020. MMWR Morb Mortal Wkly Rep. 2020;69(32):1049–57. https://doi.org/10.15585/mmwr.mm6932a1 
PMID: 32790653

	 7.	 Schauer GL, Dilley JA, Roehler DR, Sheehy TJ, Filley JR, Broschart SC, et al. Cannabis sales increases during COVID-19: findings from Alaska, 
Colorado, Oregon, and Washington. Int J Drug Policy. 2021;98:103384. https://doi.org/10.1016/j.drugpo.2021.103384 PMID: 34364201

	 8.	 Lee BP, Dodge JL, Leventhal A, Terrault NA. Retail alcohol and tobacco sales during COVID-19. Ann Intern Med. 2021;174(7):1027–9. https://doi.
org/10.7326/M20-7271 PMID: 33646843

	 9.	 Bonanno GA, Ho SMY, Chan JCK, Kwong RSY, Cheung CKY, Wong CPY, et al. Psychological resilience and dysfunction among hospitalized 
survivors of the SARS epidemic in Hong Kong: a latent class approach. Health Psychol. 2008;27(5):659–67. https://doi.org/10.1037/0278-
6133.27.5.659 PMID: 18823193

	10.	 Breslau N, Davis GC, Schultz LR. Posttraumatic stress disorder and the incidence of nicotine, alcohol, and other drug disorders in persons who 
have experienced trauma. Arch Gen Psychiatry. 2003;60(3):289–94. https://doi.org/10.1001/archpsyc.60.3.289 PMID: 12622662

	11.	 North CS, Ringwalt CL, Downs D, Derzon J, Galvin D. Postdisaster course of alcohol use disorders in systematically studied survivors of 10 disas-
ters. Arch Gen Psychiatry. 2011;68(2):173–80. https://doi.org/10.1001/archgenpsychiatry.2010.131 PMID: 20921113

	12.	 Liu X, Kakade M, Fuller CJ, Fan B, Fang Y, Kong J, et al. Depression after exposure to stressful events: lessons learned from the severe acute 
respiratory syndrome epidemic. Compr Psychiatry. 2012;53(1):15–23. https://doi.org/10.1016/j.comppsych.2011.02.003

	13.	 Khantzian EJ. The self-medication hypothesis of addictive disorders: focus on heroin and cocaine dependence. Am J Psychiatry. 
1985;142(11):1259–64. https://doi.org/10.1176/ajp.142.11.1259 PMID: 3904487

	14.	 Khantzian EJ. The self-medication hypothesis of substance use disorders: a reconsideration and recent applications. Harv Rev Psychiatry. 
1997;4(5):231–44. https://doi.org/10.3109/10673229709030550 PMID: 9385000

	15.	 Duncan DF, Gold RS. Cultivating drug use: a strategy for the eighties. Bull Soc Psychol Addict Behav. 1983;2:143–7.

	16.	 Duncan DF. The acquisition, maintenance and treatment of polydrug dependence: a public health model. J Psychedelic Drugs. 1975;7(2):209–13. 
https://doi.org/10.1080/02791072.1975.10472000

	17.	 Fidler JA, West R. Self-perceived smoking motives and their correlates in a general population sample. Nicotine Tob Res. 2009;11(10):1182–8. 
https://doi.org/10.1093/ntr/ntp120 PMID: 19640835

	18.	 Lawless MH, Harrison KA, Grandits GA, Eberly LE, Allen SS. Perceived stress and smoking-related behaviors and symptomatology in male and 
female smokers. Addict Behav. 2015;51:80–3. https://doi.org/10.1016/j.addbeh.2015.07.011 PMID: 26240941

	19.	 Reinarman C, Nunberg H, Lanthier F, Heddleston T. Who are medical marijuana patients? Population characteristics from nine California assess-
ment clinics. J Psychoactive Drugs. 2011;43(2):128–35. https://doi.org/10.1080/02791072.2011.587700 PMID: 21858958

	20.	 Keyhani S, Steigerwald S, Ishida J, Vali M, Cerdá M, Hasin D, et al. Risks and benefits of marijuana use: a national survey of U.S. adults. Ann 
Intern Med. 2018;169(5):282–90. https://doi.org/10.7326/M18-0810 PMID: 30039154

https://doi.org/10.15585/mmwr.mm6915e2
https://doi.org/10.15585/mmwr.mm6915e2
http://www.ncbi.nlm.nih.gov/pubmed/32298245
https://doi.org/10.15585/mmwr.mm6935a2
https://doi.org/10.15585/mmwr.mm6935a2
http://www.ncbi.nlm.nih.gov/pubmed/32881851
https://doi.org/10.1016/S0140-6736(20)30460-8
http://www.ncbi.nlm.nih.gov/pubmed/32112714
https://doi.org/10.1111/add.15080
http://www.ncbi.nlm.nih.gov/pubmed/32250482
https://doi.org/10.1177/0706743720926676
http://www.ncbi.nlm.nih.gov/pubmed/32391720
https://doi.org/10.15585/mmwr.mm6932a1
http://www.ncbi.nlm.nih.gov/pubmed/32790653
https://doi.org/10.1016/j.drugpo.2021.103384
http://www.ncbi.nlm.nih.gov/pubmed/34364201
https://doi.org/10.7326/M20-7271
https://doi.org/10.7326/M20-7271
http://www.ncbi.nlm.nih.gov/pubmed/33646843
https://doi.org/10.1037/0278-6133.27.5.659
https://doi.org/10.1037/0278-6133.27.5.659
http://www.ncbi.nlm.nih.gov/pubmed/18823193
https://doi.org/10.1001/archpsyc.60.3.289
http://www.ncbi.nlm.nih.gov/pubmed/12622662
https://doi.org/10.1001/archgenpsychiatry.2010.131
http://www.ncbi.nlm.nih.gov/pubmed/20921113
https://doi.org/10.1016/j.comppsych.2011.02.003
https://doi.org/10.1176/ajp.142.11.1259
http://www.ncbi.nlm.nih.gov/pubmed/3904487
https://doi.org/10.3109/10673229709030550
http://www.ncbi.nlm.nih.gov/pubmed/9385000
https://doi.org/10.1080/02791072.1975.10472000
https://doi.org/10.1093/ntr/ntp120
http://www.ncbi.nlm.nih.gov/pubmed/19640835
https://doi.org/10.1016/j.addbeh.2015.07.011
http://www.ncbi.nlm.nih.gov/pubmed/26240941
https://doi.org/10.1080/02791072.2011.587700
http://www.ncbi.nlm.nih.gov/pubmed/21858958
https://doi.org/10.7326/M18-0810
http://www.ncbi.nlm.nih.gov/pubmed/30039154


PLOS One | https://doi.org/10.1371/journal.pone.0337996  December 5, 2025 16 / 18

	21.	 Bottorff JL, Johnson JL, Moffat BM, Mulvogue T. Relief-oriented use of marijuana by teens. Subst Abuse Treat Prev Policy. 2009;4:7. https://doi.
org/10.1186/1747-597X-4-7 PMID: 19389223

	22.	 Ruhm CJ. Recessions, healthy no more? J Health Econ. 2015;42:17–28. https://doi.org/10.1016/j.jhealeco.2015.03.004

	23.	 Ruhm CJ. Are recessions good for your health? Q J Econ. 2000;115(2):617–50. https://doi.org/10.1162/003355300554872

	24.	 Ruhm CJ. Economic conditions and alcohol problems. J Health Econ. 1995;14(5):583–603. https://doi.org/10.1016/0167-6296(95)00024-0 PMID: 
10156503

	25.	 Almeda N, Gómez-Gómez I. The impact of the COVID-19 pandemic on smoking consumption: a systematic review of longitudinal studies. Front 
Psychiatry. 2022;13:941575. https://doi.org/10.3389/fpsyt.2022.941575 PMID: 35903638

	26.	 Breslau J, Finucane ML, Locker AR, Baird MD, Roth EA, Collins RL. A longitudinal study of psychological distress in the United States before and 
during the COVID-19 pandemic. Prev Med. 2021;143:106362. https://doi.org/10.1016/j.ypmed.2020.106362 PMID: 33388325

	27.	 Das A, Singh P, Bruckner TA. State lockdown policies, mental health symptoms, and using substances. Addict Behav. 2022;124:107084. https://
doi.org/10.1016/j.addbeh.2021.107084 PMID: 34507184

	28.	 Leventhal AM, Cho J, Ray LA, Liccardo Pacula R, Lee BP, Terrault N, et al. Alcohol use trajectories among U.S. adults during the first 42 weeks of 
the COVID-19 pandemic. Alcohol Clin Exp Res. 2022;46:1062–72. https://doi.org/10.1111/acer.14824

	29.	 Miller K, Laha-Walsh K, Albright DL, McDaniel J. Cannabis use during the COVID-19 pandemic: results from a longitudinal study of Cannabis 
users. J Subst Use. 2021;27(1):38–42. https://doi.org/10.1080/14659891.2021.1885517

	30.	 University of Southern California Dornsife Center for Economic and Social Research. Understanding America Study; n.d. [cited 2023 Jan 6]. Avail-
able from: https://uasdata.usc.edu/index.php

	31.	 Kapteyn A, Angrisani M, Darling J, Gutsche T. The Understanding America Study (UAS). BMJ Open. 2024;14(10):e088183. https://doi.org/10.1136/
bmjopen-2024-088183 PMID: 39448221

	32.	 Angrisani M, Kapteyn A. Comparison of UAS COVID-19 data with the Census Pulse and the NORC COVID impact surveys. USC Dornsife: Center 
for Economic and Social Research; 2020.

	33.	 Kroenke K, Spitzer RL, Williams JBW, Löwe B. An ultra-brief screening scale for anxiety and depression: the PHQ-4. Psychosomatics. 
2009;50(6):613–21. https://doi.org/10.1176/appi.psy.50.6.613 PMID: 19996233

	34.	 Khubchandani J, Brey R, Kotecki J, Kleinfelder J, Anderson J. The psychometric properties of PHQ-4 depression and anxiety screening scale 
among college students. Arch Psychiatr Nurs. 2016;30(4):457–62. https://doi.org/10.1016/j.apnu.2016.01.014 PMID: 27455918

	35.	 Löwe B, Wahl I, Rose M, Spitzer C, Glaesmer H, Wingenfeld K, et al. A 4-item measure of depression and anxiety: validation and standardiza-
tion of the Patient Health Questionnaire-4 (PHQ-4) in the general population. J Affect Disord. 2010;122(1–2):86–95. https://doi.org/10.1016/j.
jad.2009.06.019 PMID: 19616305

	36.	 Fullman N, Bang-Jensen B, Reinke G, Magistro B, Castellano R, Erickson M. State-level social distancing policies in response to COVID-19 in the 
US. 2021.

	37.	 Cole DA, Maxwell SE. Testing mediational models with longitudinal data: questions and tips in the use of structural equation modeling. J Abnorm 
Psychol. 2003;112(4):558–77. https://doi.org/10.1037/0021-843X.112.4.558 PMID: 14674869

	38.	 Maxwell SE, Cole DA. Bias in cross-sectional analyses of longitudinal mediation. Psychol Methods. 2007;12(1):23–44. https://doi.
org/10.1037/1082-989X.12.1.23 PMID: 17402810

	39.	 Cain MK, Zhang Z, Bergeman CS. Time and other considerations in mediation design. Educ Psychol Meas. 2018;78(6):952–72. https://doi.
org/10.1177/0013164417743003 PMID: 30559510

	40.	 Rijnhart JJM, Twisk JWR, Valente MJ, Heymans MW. Time lags and time interactions in mixed effects models impacted longitudinal mediation 
effect estimates. J Clin Epidemiol. 2022;151:143–50. https://doi.org/10.1016/j.jclinepi.2022.07.004 PMID: 35961442

	41.	 Rothman KJ. No adjustments are needed for multiple comparisons. Epidemiology. 1990;1(1):43–6. https://doi.org/10.1097/00001648-199001000-
00010 PMID: 2081237

	42.	 Rubin M. When to adjust alpha during multiple testing: a consideration of disjunction, conjunction, and individual testing. Synthese. 2021;199(3–
4):10969–1000. https://doi.org/10.1007/s11229-021-03276-4

	43.	 Bauer DJ, Preacher KJ, Gil KM. Conceptualizing and testing random indirect effects and moderated mediation in multilevel models: new proce-
dures and recommendations. Psychol Methods. 2006;11(2):142–63. https://doi.org/10.1037/1082-989X.11.2.142 PMID: 16784335

	44.	 Schwartz S. The fallacy of the ecological fallacy: the potential misuse of a concept and the consequences. Am J Public Health. 1994;84(5):819–24. 
https://doi.org/10.2105/ajph.84.5.819 PMID: 8179055

	45.	 Yaremych HE, Preacher KJ, Hedeker D. Centering categorical predictors in multilevel models: best practices and interpretation. Psychol Methods. 
2023;28(3):613–30. https://doi.org/10.1037/met0000434 PMID: 34914468

	46.	 Enders CK, Tofighi D. Centering predictor variables in cross-sectional multilevel models: a new look at an old issue. Psychol Methods. 
2007;12(2):121–38. https://doi.org/10.1037/1082-989X.12.2.121 PMID: 17563168

	47.	 Raudenbush SW, Bryk AS. Hierarchical linear models: applications and data analysis methods. SAGE; 2002.

	48.	 Selig JP, Preacher KJ. Monte Carlo method for assessing mediation: an interactive tool for creating confidence intervals for indirect effects. 2008.

https://doi.org/10.1186/1747-597X-4-7
https://doi.org/10.1186/1747-597X-4-7
http://www.ncbi.nlm.nih.gov/pubmed/19389223
https://doi.org/10.1016/j.jhealeco.2015.03.004
https://doi.org/10.1162/003355300554872
https://doi.org/10.1016/0167-6296(95)00024-0
http://www.ncbi.nlm.nih.gov/pubmed/10156503
https://doi.org/10.3389/fpsyt.2022.941575
http://www.ncbi.nlm.nih.gov/pubmed/35903638
https://doi.org/10.1016/j.ypmed.2020.106362
http://www.ncbi.nlm.nih.gov/pubmed/33388325
https://doi.org/10.1016/j.addbeh.2021.107084
https://doi.org/10.1016/j.addbeh.2021.107084
http://www.ncbi.nlm.nih.gov/pubmed/34507184
https://doi.org/10.1111/acer.14824
https://doi.org/10.1080/14659891.2021.1885517
https://uasdata.usc.edu/index.php
https://doi.org/10.1136/bmjopen-2024-088183
https://doi.org/10.1136/bmjopen-2024-088183
http://www.ncbi.nlm.nih.gov/pubmed/39448221
https://doi.org/10.1176/appi.psy.50.6.613
http://www.ncbi.nlm.nih.gov/pubmed/19996233
https://doi.org/10.1016/j.apnu.2016.01.014
http://www.ncbi.nlm.nih.gov/pubmed/27455918
https://doi.org/10.1016/j.jad.2009.06.019
https://doi.org/10.1016/j.jad.2009.06.019
http://www.ncbi.nlm.nih.gov/pubmed/19616305
https://doi.org/10.1037/0021-843X.112.4.558
http://www.ncbi.nlm.nih.gov/pubmed/14674869
https://doi.org/10.1037/1082-989X.12.1.23
https://doi.org/10.1037/1082-989X.12.1.23
http://www.ncbi.nlm.nih.gov/pubmed/17402810
https://doi.org/10.1177/0013164417743003
https://doi.org/10.1177/0013164417743003
http://www.ncbi.nlm.nih.gov/pubmed/30559510
https://doi.org/10.1016/j.jclinepi.2022.07.004
http://www.ncbi.nlm.nih.gov/pubmed/35961442
https://doi.org/10.1097/00001648-199001000-00010
https://doi.org/10.1097/00001648-199001000-00010
http://www.ncbi.nlm.nih.gov/pubmed/2081237
https://doi.org/10.1007/s11229-021-03276-4
https://doi.org/10.1037/1082-989X.11.2.142
http://www.ncbi.nlm.nih.gov/pubmed/16784335
https://doi.org/10.2105/ajph.84.5.819
http://www.ncbi.nlm.nih.gov/pubmed/8179055
https://doi.org/10.1037/met0000434
http://www.ncbi.nlm.nih.gov/pubmed/34914468
https://doi.org/10.1037/1082-989X.12.2.121
http://www.ncbi.nlm.nih.gov/pubmed/17563168


PLOS One | https://doi.org/10.1371/journal.pone.0337996  December 5, 2025 17 / 18

	49.	 Pelham WE 3rd, Tapert SF, Gonzalez MR, McCabe CJ, Lisdahl KM, Alzueta E, et al. Early adolescent substance use before and during 
the COVID-19 pandemic: a longitudinal survey in the ABCD study cohort. J Adolesc Health. 2021;69(3):390–7. https://doi.org/10.1016/j.
jadohealth.2021.06.015 PMID: 34452728

	50.	 Chaffee BW, Cheng J, Couch ET, Hoeft KS, Halpern-Felsher B. Adolescents’ substance use and physical activity before and during the COVID-19 
pandemic. JAMA Pediatr. 2021;175(7):715–22. https://doi.org/10.1001/jamapediatrics.2021.0541 PMID: 33938922

	51.	 Zhang X, Oluyomi A, Woodard L, Raza SA, Adel Fahmideh M, El-Mubasher O, et al. Individual-level determinants of lifestyle behavioral changes 
during COVID-19 lockdown in the United States: results of an online survey. Int J Environ Res Public Health. 2021;18(8):4364. https://doi.
org/10.3390/ijerph18084364 PMID: 33924056

	52.	 Denlinger-Apte R, Suerken CK, Ross JC, Reboussin BA, Spangler J, Wagoner KG, et al. Decreases in smoking and vaping during COVID-19 stay-
at-home orders among a cohort of young adults in the United States. Prev Med. 2022;156:106992. https://doi.org/10.1016/j.ypmed.2022.106992 
PMID: 35149114

	53.	 Klemperer EM, West JC, Peasley-Miklus C, Villanti AC. Change in tobacco and electronic cigarette use and motivation to quit in response to 
COVID-19. Nicotine Tob Res. 2020;22(9):1662–3. https://doi.org/10.1093/ntr/ntaa072 PMID: 32343816

	54.	 Yingst JM, Krebs NM, Bordner CR, Hobkirk AL, Allen SI, Foulds J. Tobacco use changes and perceived health risks among current tobacco  
users during the COVID-19 pandemic. Int J Environ Res Public Health. 2021;18(4):1795. https://doi.org/10.3390/ijerph18041795 PMID: 33673207

	55.	 White AM, Li D, Snell LM, O’Connor R, Hoetger C, Croft D, et al. Perceptions of tobacco product-specific COVID-19 risk and changes  
in tobacco use behaviors among smokers, e-cigarette users, and dual users. Nicotine Tob Res. 2021;23(9):1617–22. https://doi.org/10.1093/ntr/
ntab053

	56.	 Gaffney A, Himmelstein DU, Woolhandler S. Smoking prevalence during the COVID-19 pandemic in the United States. Ann Am Thorac Soc. 
2022;19(6):1065–8. https://doi.org/10.1513/AnnalsATS.202110-1184RL PMID: 35044900

	57.	 Carney-Knisely G, Ferketich AK, Padamsee TJ, Gur T, Singh P. Evaluating the causal effect of COVID-19 stay-at-home orders on combustible 
tobacco Use. Nicotine Tob Res. 2025;27(12):2273–80. https://doi.org/10.1093/ntr/ntaf130 PMID: 40577548

	58.	 Mehra K, Rup J, Wiese JL, Watson TM, Bonato S, Rueda S. Changes in self-reported cannabis use during the COVID-19 pandemic: a scoping 
review. BMC Public Health. 2023;23(1):2139. https://doi.org/10.1186/s12889-023-17068-7 PMID: 37915021

	59.	 Pocuca N, London-Nadeau K, Geoffroy M-C, Chadi N, Séguin JR, Parent S, et al. Changes in emerging adults’ alcohol and cannabis use from 
before to during the COVID-19 pandemic: evidence from a prospective birth cohort. Psychol Addict Behav. 2022;36(7):786–97. https://doi.
org/10.1037/adb0000826 PMID: 35201807

	60.	 Nguyen N, Keyhani S, Ling PM, Hoggatt KJ, Hasin D, Cohen BE. Self-reported changes in cannabis use due to the COVID-19 pandemic among 
US adults. J Psychoactive Drugs. 2022;54(4):295–9. https://doi.org/10.1080/02791072.2022.2058897 PMID: 35356866

	61.	 Nguyen N, Peyser ND, Olgin JE, Pletcher MJ, Beatty AL, Modrow MF, et al. Associations between tobacco and cannabis use and anxiety and 
depression among adults in the United States: findings from the COVID-19 citizen science study. PLoS One. 2023;18(9):e0289058. https://doi.
org/10.1371/journal.pone.0289058 PMID: 37703257

	62.	 Knell G, Robertson MC, Dooley EE, Burford K, Mendez KS. Health behavior changes during COVID-19 pandemic and subsequent “stay-at-home” 
orders. Int J Environ Res Public Health. 2020;17(17):6268. https://doi.org/10.3390/ijerph17176268 PMID: 32872179

	63.	 Killgore WDS, Cloonan SA, Taylor EC, Dailey NS. Mental health during the first weeks of the COVID-19 pandemic in the United States. Front Psy-
chiatry. 2021;12:561898. https://doi.org/10.3389/fpsyt.2021.561898 PMID: 33967841

	64.	 Yao H, Wang J, Liu W. Lockdown policies, economic support, and mental health: evidence from the COVID-19 pandemic in United States. Front 
Public Health. 2022;10:857444. https://doi.org/10.3389/fpubh.2022.857444 PMID: 35719685

	65.	 Gattamorta KA, Salerno J, Islam JY, Vidot DC. Mental health among LGBTQ cannabis users during the COVID-19 pandemic: analysis  
of the COVID-19 cannabis health study. Psychol Sex Orientat Gend Divers. 2021;8(2):172–9. https://doi.org/10.1037/sgd0000491 
 PMID: 36714198

	66.	 Clendennen SL, Case KR, Sumbe A, Mantey DS, Mason EJ, Harrell MB. Stress, dependence, and COVID-19–related changes in past 30-day 
marijuana, electronic cigarette, and cigarette use among youth and young adults. Tob Use Insights. 2021;14:1179173X211067439. https://doi.org/1
0.1177/1179173x211067439

	67.	 Erwin PC, Mucheck KW, Brownson RC. Different responses to COVID-19 in four US States: Washington, New York, Missouri, and Alabama. Am J 
Public Health. 2021;111(4):647–51. https://doi.org/10.2105/AJPH.2020.306111 PMID: 33507807

	68.	 Auerbach K, Lerner JY, Ridge HM. State capacity and COVID-19 responses: comparing the US States. State Polit Policy Q. 2024;24(4):349–69. 
https://doi.org/10.1017/spq.2024.11

	69.	 Lurie N, Sharfstein JM. State-to-state differences in US COVID-19 outcomes: searching for explanations. Lancet. 2023;401(10385):1314–5. https://
doi.org/10.1016/S0140-6736(23)00726-2 PMID: 37087157

	70.	 Kämpfen F, Kohler IV, Ciancio A, Bruine de Bruin W, Maurer J, Kohler H-P. Predictors of mental health during the Covid-19 pandemic in the US: 
Role of economic concerns, health worries and social distancing. PLoS One. 2020;15(11):e0241895. https://doi.org/10.1371/journal.pone.0241895 
PMID: 33175894

	71.	 Casal B, Rivera B, Costa-Storti C. Economic recession, illicit drug use and the young population: a systematic literature review and meta-analysis. 
Perspect Public Health. 2025;145(1):32–41. https://doi.org/10.1177/17579139231180751 PMID: 37409756

https://doi.org/10.1016/j.jadohealth.2021.06.015
https://doi.org/10.1016/j.jadohealth.2021.06.015
http://www.ncbi.nlm.nih.gov/pubmed/34452728
https://doi.org/10.1001/jamapediatrics.2021.0541
http://www.ncbi.nlm.nih.gov/pubmed/33938922
https://doi.org/10.3390/ijerph18084364
https://doi.org/10.3390/ijerph18084364
http://www.ncbi.nlm.nih.gov/pubmed/33924056
https://doi.org/10.1016/j.ypmed.2022.106992
http://www.ncbi.nlm.nih.gov/pubmed/35149114
https://doi.org/10.1093/ntr/ntaa072
http://www.ncbi.nlm.nih.gov/pubmed/32343816
https://doi.org/10.3390/ijerph18041795
http://www.ncbi.nlm.nih.gov/pubmed/33673207
https://doi.org/10.1093/ntr/ntab053
https://doi.org/10.1093/ntr/ntab053
https://doi.org/10.1513/AnnalsATS.202110-1184RL
http://www.ncbi.nlm.nih.gov/pubmed/35044900
https://doi.org/10.1093/ntr/ntaf130
http://www.ncbi.nlm.nih.gov/pubmed/40577548
https://doi.org/10.1186/s12889-023-17068-7
http://www.ncbi.nlm.nih.gov/pubmed/37915021
https://doi.org/10.1037/adb0000826
https://doi.org/10.1037/adb0000826
http://www.ncbi.nlm.nih.gov/pubmed/35201807
https://doi.org/10.1080/02791072.2022.2058897
http://www.ncbi.nlm.nih.gov/pubmed/35356866
https://doi.org/10.1371/journal.pone.0289058
https://doi.org/10.1371/journal.pone.0289058
http://www.ncbi.nlm.nih.gov/pubmed/37703257
https://doi.org/10.3390/ijerph17176268
http://www.ncbi.nlm.nih.gov/pubmed/32872179
https://doi.org/10.3389/fpsyt.2021.561898
http://www.ncbi.nlm.nih.gov/pubmed/33967841
https://doi.org/10.3389/fpubh.2022.857444
http://www.ncbi.nlm.nih.gov/pubmed/35719685
https://doi.org/10.1037/sgd0000491
http://www.ncbi.nlm.nih.gov/pubmed/36714198
https://doi.org/10.1177/1179173x211067439
https://doi.org/10.1177/1179173x211067439
https://doi.org/10.2105/AJPH.2020.306111
http://www.ncbi.nlm.nih.gov/pubmed/33507807
https://doi.org/10.1017/spq.2024.11
https://doi.org/10.1016/S0140-6736(23)00726-2
https://doi.org/10.1016/S0140-6736(23)00726-2
http://www.ncbi.nlm.nih.gov/pubmed/37087157
https://doi.org/10.1371/journal.pone.0241895
http://www.ncbi.nlm.nih.gov/pubmed/33175894
https://doi.org/10.1177/17579139231180751
http://www.ncbi.nlm.nih.gov/pubmed/37409756


PLOS One | https://doi.org/10.1371/journal.pone.0337996  December 5, 2025 18 / 18

	72.	 Macy JT, Chassin L, Presson CC. Predictors of health behaviors after the economic downturn: a longitudinal study. Soc Sci Med. 2013;89:8–15. 
https://doi.org/10.1016/j.socscimed.2013.04.020 PMID: 23726210

	73.	 Gallus S, Ghislandi S, Muttarak R. Effects of the economic crisis on smoking prevalence and number of smokers in the USA. Tob Control. 
2015;24(1):82–8. https://doi.org/10.1136/tobaccocontrol-2012-050856 PMID: 23956058

	74.	 Goldman-Mellor SJ, Saxton KB, Catalano RC. Economic contraction and mental health: a review of the evidence, 1990-2009. Int J Ment Health. 
2010;39:6–31.

	75.	 Catalano R, Bellows B. Commentary: if economic expansion threatens public health, should epidemiologists recommend recession? Int J Epide-
miol. 2005;34(6):1212–3. https://doi.org/10.1093/ije/dyi145

	76.	 Ibuka Y, Chapman GB, Meyers LA, Li M, Galvani AP. The dynamics of risk perceptions and precautionary behavior in response to 2009 (H1N1) 
pandemic influenza. BMC Infect Dis. 2010;10:296. https://doi.org/10.1186/1471-2334-10-296 PMID: 20946662

	77.	 Nagawa CS, Ito Fukunaga M, Faro JM, Liu F, Anderson E, Kamberi A, et al. Characterizing pandemic-related changes in smoking over time in a 
cohort of current and former smokers. Nicotine Tob Res. 2023;25(2):203–10. https://doi.org/10.1093/ntr/ntac033 PMID: 35137213

	78.	 Singh GK, Lee H, Azuine RE. Growing job-related income losses, increasing social inequalities, and physical and mental health impact during 
the COVID-19 pandemic, United States, April – December 2020. Int J Transl Med Res Public Health. 2021;5(2):76–89. https://doi.org/10.21106/
ijtmrph.347

	79.	 Ringlein GV, Ettman CK, Stuart EA. Income or job loss and psychological distress during the COVID-19 pandemic. JAMA Netw Open. 
2024;7(7):e2424601. https://doi.org/10.1001/jamanetworkopen.2024.24601 PMID: 39078628

	80.	 Golden SD, Perreira KM. Losing jobs and lighting up: employment experiences and smoking in the Great Recession. Soc Sci Med. 2015;138:110–
8. https://doi.org/10.1016/j.socscimed.2015.06.003 PMID: 26079992

	81.	 Falba T, Teng H-M, Sindelar JL, Gallo WT. The effect of involuntary job loss on smoking intensity and relapse. Addiction. 2005;100(9):1330–9. 
https://doi.org/10.1111/j.1360-0443.2005.01150.x PMID: 16128722

	82.	 Bundorf MK, Gupta S, Kim C. Trends in US health insurance coverage during the COVID-19 pandemic. JAMA Health Forum. 2021;2(9):e212487. 
https://doi.org/10.1001/jamahealthforum.2021.2487 PMID: 35977184

	83.	 Acs G, Karpman M. Employment, income, and unemployment insurance during the COVID-19 pandemic. 2020.

	84.	 Berkowitz SA, Basu S. Unemployment insurance, health-related social needs, health care access, and mental health during the COVID-19 pan-
demic. JAMA Intern Med. 2021;181(5):699–702. https://doi.org/10.1001/jamainternmed.2020.7048 PMID: 33252615

	85.	 Giovenco DP, Spillane TE, Maggi RM, Lee EY, Philbin MM. Multi-level drivers of tobacco use and purchasing behaviors during COVID-19 “lock-
down”: a qualitative study in the United States. Int J Drug Policy. 2021;94:103175. https://doi.org/10.1016/j.drugpo.2021.103175 PMID: 33662811

	86.	 Crane MA, Shermock KM, Omer SB, Romley JA. Change in reported adherence to nonpharmaceutical interventions during the COVID-19 pan-
demic, April-November 2020. JAMA. 2021;325(9):883–5. https://doi.org/10.1001/jama.2021.0286 PMID: 33480971

https://doi.org/10.1016/j.socscimed.2013.04.020
http://www.ncbi.nlm.nih.gov/pubmed/23726210
https://doi.org/10.1136/tobaccocontrol-2012-050856
http://www.ncbi.nlm.nih.gov/pubmed/23956058
https://doi.org/10.1093/ije/dyi145
https://doi.org/10.1186/1471-2334-10-296
http://www.ncbi.nlm.nih.gov/pubmed/20946662
https://doi.org/10.1093/ntr/ntac033
http://www.ncbi.nlm.nih.gov/pubmed/35137213
https://doi.org/10.21106/ijtmrph.347
https://doi.org/10.21106/ijtmrph.347
https://doi.org/10.1001/jamanetworkopen.2024.24601
http://www.ncbi.nlm.nih.gov/pubmed/39078628
https://doi.org/10.1016/j.socscimed.2015.06.003
http://www.ncbi.nlm.nih.gov/pubmed/26079992
https://doi.org/10.1111/j.1360-0443.2005.01150.x
http://www.ncbi.nlm.nih.gov/pubmed/16128722
https://doi.org/10.1001/jamahealthforum.2021.2487
http://www.ncbi.nlm.nih.gov/pubmed/35977184
https://doi.org/10.1001/jamainternmed.2020.7048
http://www.ncbi.nlm.nih.gov/pubmed/33252615
https://doi.org/10.1016/j.drugpo.2021.103175
http://www.ncbi.nlm.nih.gov/pubmed/33662811
https://doi.org/10.1001/jama.2021.0286
http://www.ncbi.nlm.nih.gov/pubmed/33480971

