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Abstract

The coronavirus disease 2019 (COVID-19) pandemic has had widespread impacts on mental 

health and substance use. Increases in cannabis use have been documented in the United 

States, but little is known about how other substance use has changed among people who 

use cannabis. We sought to examine changes in alcohol, tobacco, opioid, and stimulant use 

during COVID-19 and explore how these changes relate to patterns of cannabis use. Data 

were obtained from a web-based survey of adults in the United States who use cannabis (n = 

1,471) administered in September 2020. Using data reported in retrospective (prepandemic) and 

time-of-survey assessment periods, we explored changes in the prevalence of regular (≥ weekly) 

alcohol, tobacco, opioid, and stimulant use during COVID-19 among respondents who used 

medical and nonmedical cannabis. We used modified Poisson regression to examine cannabis-

related correlates of increasing or decreasing secondary substance use during the pandemic. 

There was a slight but significant increase in ≥weekly alcohol use in the medical use group 

only (41.4%–47.0%, p = .034). ≥Weekly tobacco, opioid, and stimulant use did not change 

significantly. Pandemic-concurrent shifts in secondary substance use depended on interacting 

cannabis-related factors including medical cannabis use, prepandemic cannabis frequency, and 

pandemic-concurrent frequency changes. For example, ≥weekly prepandemic cannabis use was 

significantly and positively associated with decreasing opioid use frequency among the medical 

cannabis use group only. Assessments of the pandemic’s effects on substance use should consider 
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relationships between cannabis and other substances, which may differ according to cannabis-

specific behaviors, motives, and contexts of use.
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COVID-19; cannabis; alcohol; polysubstance use; survey

The declaration of a global pandemic from coronavirus disease 2019 (COVID-19) led to 

prompt policy actions across the United States to curb community transmission of the 

virus. Measures to prevent respiratory contact, including stay-at-home orders, restrictions on 

in-person gatherings, closure of daycares and schools, and nonessential businesses (Kaiser 

Family Foundation, 2021), had secondary impacts on quality of life for many individuals. 

Adding to heightened fears around COVID-19 transmission (Holingue et al., 2020), social 

isolation and loneliness, loss of structure, boredom, restlessness, and financial and material 

insecurity contributed to marked increases in psychological distress in the U.S. and countries 

around the world (Horigian et al., 2021; Kim & Laurence, 2020; Niedzwiedz et al., 2021; 

Williams et al., 2020).

For many people, the pandemic created new social and economic landscapes and emotional 

states that set the stage for shifting substance use contexts and motives. The impact 

of the pandemic on substance use appears to have had heterogeneous effects across 

different substances and demographic groups. For example, despite documented rises in 

stress-motivated alcohol consumption during COVID-19 (Callinan et al., 2021; McPhee 

et al., 2020; Prestigiacomo et al., 2021), several studies have observed reductions in the 

overall number of drinks consumed—A finding that seems to be propelled by fewer social 

opportunities for binge drinking, particularly among younger demographics (Benschop et 

al., 2021; Callinan et al., 2021; Clare et al., 2021; Kilian et al., 2021; Minhas et al., 2021). 

The use of certain unregulated substances also dropped in many settings, likely resulting 

from reduced social opportunities and interruptions to international drug markets during the 

pandemic (Benschop et al., 2021; European Monitoring Centre for Drugs & Drug Addiction, 

2021; Palamar et al., 2021).

COVID-concurrent increases in cannabis use have been detected among people who use 

cannabis (Boehnke et al., 2021; Imtiaz et al., 2021; Palamar et al., 2021; van Laar et al., 

2020; Vidot et al., 2021), but shifts in secondary (i.e., noncannabis) substance use patterns 

among people who use cannabis have not been fully elucidated. Studies exploring how 

cannabis policy impacts other substances lean toward the suggestion that cannabis may 

substitute other commonly used substances when the availability of other substances is 

reduced or the availability of cannabis is increased (Chu, 2015; Risso et al., 2020); however, 

a smaller but substantial number of policy studies suggest that cannabis may act as a 

complement to other substance use (Risso et al., 2020). At the individual level, these trade-

offs appear to be highly context- and subgroup-specific, with many substitution observations 

derived from surveys of people using cannabis with therapeutic intent (Corroon et al., 2017; 

Lucas et al., 2013; Reiman, 2009; Reiman et al., 2017), and observations of overlapping 

and/or complementary use of cannabis and other substances derived from people using 
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cannabis in social, nonmedical contexts (Gunn et al., 2021; Ito et al., 2021; O’Hara et al., 

2016). However, much of this research is also limited to alcohol as the secondary substance.

In a sample of people who use cannabis, we sought to (a) understand how the prevalence 

of regular (i.e., ≥weekly) alcohol, tobacco, opioid, and stimulant use shifted after the onset 

of the pandemic and (b) explore individual-level relationships between cannabis-specific 

factors (including purpose of use, frequency, and COVID-concurrent changes) and COVID-

concurrent shifts to other substance use. We hypothesized that, overall, ≥weekly use of 

alcohol and tobacco would increase, whereas ≥weekly use of unregulated opioids and 

stimulants would decrease after the onset of the pandemic. We hypothesized that the 

relationship between COVID-concurrent increases in cannabis use and secondary substance 

use would depend on the purpose of cannabis use (i.e., medical vs. nonmedical) such that a 

substitution effect would be evident among the medical group and a complementary effect 

would be observed among the nonmedical group.

Method

Transparency and Openness

Below, we report how we determined our sample size, restricted our sample, handled data, 

and obtained all measures of interest for the study. All analyses were conducted in R 
using RStudio (Version 1.4.1106). This study’s design and analysis were not preregistered. 

Materials and analysis code for this study are available by emailing the corresponding 

author.

Study Design

Data for this study were derived from an online anonymous cross-sectional study of 

adults who use cannabis for medical and/or nonmedical purposes (Assaf et al., 2022). 

Respondents were considered eligible for the survey if they were aged ≥18 years, lived 

in the United States, reported any past-year use of cannabis or cannabis-based products 

(including delta-9-tetrahydrocannabinol [THC]- and cannabidiol [CBD]-based products), 

and provided informed consent. Respondents were recruited through Reddit, Twitter, 

Bluelight, and Craigslist and completed the survey on the Healthcare Insurance Protection 

and Accountability Act (HIPAA)-compliant Qualtrics online platform between August and 

September 2020. A $5 honorarium was provided upon study completion. Ethics approval 

was granted by the Institutional Review Board; IRB at the University of California, Los 

Angeles (IRB No. 20–001164, “Survey of cannabis use during COVID-19”).

Measures

The primary measures of interest for this study were frequency of nonmedical cannabis, 

medical cannabis, alcohol, tobacco, unregulated, or nonprescribed opioids (i.e., heroin, 

fentanyl, nonprescribed use of pharmaceutical opioids), and unregulated stimulants 

(methamphetamine or cocaine) in the 3-month period preceding the COVID-19 pandemic 

(i.e., approximately December 15, 2020–March 15, 2020) and the 3-month period preceding 

survey participation (i.e., approximately June 1, 2020–September 1, 2020, during the 

COVID-19 pandemic). For each 3-month period, the frequency of each substance was 
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captured in accordance with the Alcohol, Smoking, and Substance Involvement Screening 

Test (ASSIST) as: “Never,” “Once or twice,” “Monthly,” “Weekly,” or “Daily or almost 

daily” (WHO ASSIST Working Group, 2002). Additionally, participants who reported 

daily medical or nonmedical cannabis use also reported the average number of medical 

or nonmedical uses per day: 1–2, 3–5, 6–10, and ≥10.

For each secondary substance (alcohol, tobacco, opioids, and stimulants), the outcome of 

interest was a change in frequency of use (increase, decrease, or stable). We obtained these 

measures by numerically ordering each respondent’s self-reported frequency categories 

described above, that is, never [0] to daily or almost daily [4], and subtracting their 

pre-COVID frequency from their during-COVID frequency to calculate a change score. 

On the basis of these scores, respondents were categorized as having increased, decreased, 

or not changed their substance use during COVID-19 (change scores of ≥1, ≤−1, and 0, 

respectively).

Three cannabis-related variables of interest were examined as potential correlates of 

changing substance use patterns: Frequency of cannabis use in the pre-COVID period 

(obtained from the nonmedical and medical cannabis frequency questions and categorized as 

≥weekly versus <weekly; for respondents who used medical and nonmedical cannabis, we 

took the higher of the two reported frequencies); change in cannabis use during COVID-19 

(calculated as described for the secondary substances, but with additional inclusion of 

number of uses per day for respondents who used cannabis daily; categorized as increase vs. 

stable or decrease); and self-reported past-year medical cannabis use status (any medical vs. 

only nonmedical). We hypothesized a minimal set of sociodemographic factors to include 

as confounders: Age (measured as a continuous variable, expressed in 10-year increments), 

sex (male vs. female), and highest level of education (≥ high school vs. <high school 

completion). As an indicator of legal access to cannabis, we also included a variable for 

the regulatory status of cannabis in each participant’s state (nonmedical, medical-only, vs. 

unregulated).

Statistical Analysis

First, in each assessment period (i.e., pre- and during-COVID), we used Pearson’s chi-

square test to compare the prevalence of ≥weekly alcohol, tobacco, opioid, and stimulant 

use between people who reported any cannabis use for medical purposes in the past year 

versus those who reported strictly nonmedical cannabis use. Then, we used McNemar’s 

tests to compare changes in the prevalence of ≥weekly secondary substance use from the 

pre-COVID to the during-COVID period within each cannabis use group (nonmedical and 

medical).

We then constructed a series of multivariable models to examine cannabis-related factors 

associated with increasing (model Series 1) and decreasing (model Series 2) secondary 

substance (vs. stable use) use during COVID-19. Model Series 1 excluded respondents who 

decreased their use and model Series 2 excluded participants who increased their use. The 

analytic sample for each model was further restricted to participants who were eligible 

to experience the outcome; for example, respondents who reported the highest frequency 

of alcohol use in the pre-COVID period were not eligible to record an increase during 
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COVID-19. We used modified Poisson regression with robust estimator, as described by 

Zou (2004), to calculate an adjusted prevalence ratio (aPR) of the outcome associated with 

each independent variable. We included an interaction term for increasing frequency of 

cannabis use during COVID-19 and medical cannabis status and checked significance with 

a likelihood ratio test. We also tested for interactions between the other cannabis variables 

(i.e., increasing cannabis use by pre-COVID frequency of use; pre-COVID frequency of use 

by medical cannabis status).

Results

Between August and September 2020, 1,471 respondents (mean age: 33.6 years; 34.5% 

women; Table 1) self-reported using THC-based cannabis and were included in this analysis. 

Of them, 868 (59.0%) reported cannabis use strictly for nonmedical purposes and 603 

(41.0%) reported using cannabis for medical purposes. Within the medical cannabis use 

group, 358 (59.4%) reported using cannabis strictly for medical purposes and 245 (40.1%) 

reported also using cannabis for nonmedical purposes. Almost all respondents (n = 1,334, 

90.7%) reported past 3-month use of at least one additional substance before and/or during 

COVID-19, including tobacco (n = 914, 62.1%), alcohol (n = 808, 54.9%), nonmedical 

stimulants (n = 414, 28.1%), and nonmedical opioids (n = 373, 27.2%).

Changes in ≥Weekly Use of Secondary Substances During COVID-19

Table 2 summarizes the results of chi-square tests comparing the prevalence of ≥weekly 

secondary substance use between the medical and nonmedical use groups, and McNemar’s 

tests for within-group changes over the two recall periods. As shown, the medical cannabis 

use group had significantly lower prevalence of ≥weekly alcohol and tobacco use in both 

periods (all p < .05). However, the prevalence of ≥weekly alcohol use increased significantly 

during COVID-19 in the medical cannabis use group (41.4%–47.0%; p = .034). This was 

the only significant COVID-concurrent shift detected among either group. Notably, the 

medical cannabis group had a significantly lower prevalence of ≥weekly opioid use relative 

to the nonmedical group in the pre-COVID period (13.7% vs. 30.2%, p < .001), but not 

during-COVID (19.6% vs. 24.3%, p = .278). This contrast resulted from a simultaneous 

nonsignificant COVID-concurrent increase in ≥weekly opioid use among the medical group 

(from 13.7% to 19.6%, p = .112) alongside a nonsignificant decrease in the nonmedical use 

group (30.2%–24.3%, p = .185).

A sensitivity analysis showed that, after the removal of respondents who reported both 

medical and nonmedical cannabis use from the medical cannabis use group (n = 245), the 

≥weekly secondary substance use prevalence estimates were lowered slightly, strengthening 

the results of previously significant chi-square comparisons, and yielding a newly significant 

finding for ≥weekly stimulant use in the pre-COVID period (23.2% in the medical group vs. 

34.1% in the nonmedical group, p = .046). The significant increase in ≥weekly alcohol use 

noted among the medical cannabis group was also robust to the removal of respondents who 

also reported nonmedical cannabis use (33.9%–43.0%, p = .018).
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Associations Between Cannabis Use and Increasing Secondary Substance Use During 
COVID-19

The results of the first multivariable model series exploring cannabis use patterns associated 

with increasing use of each secondary substance class are summarized in Table 3. For 

alcohol and tobacco, a significant interaction between increasing frequency of cannabis 

use and medical cannabis use was detected, such that the magnitude of the positive 

association between increasing cannabis use and the outcome was higher in the nonmedical 

cannabis group. For example, increasing cannabis frequency was significantly and positively 

associated with increasing alcohol frequency among people who used cannabis for strictly 

nonmedical purposes, aPR = 3.37, 95% CI [2.45, 4.64], but not among people who used 

cannabis for medical purposes (aPR = 1.36, 95% CI [0.95, 1.95]. Table 2 provides the 

estimates for each possible combination of the two factors against a common reference 

(nonmedical use, no increase in cannabis frequency). Notably, each factor (i.e., increasing 

cannabis use and medical cannabis use) was associated with the outcome in the absence 

of the other. In the case of alcohol, exposure to both factors together still yielded 

significant and positive association with the outcome when compared against this reference. 

At least weekly use of cannabis in the pre-COVID-19 period was also significantly 

negatively associated with increasing tobacco use during COVID-19, aPR: 0.78, 95% CI 

[0.60, 1.00]. For the models of increasing opioid and stimulant use, a different pattern 

of interaction emerged whereby the relationship between increasing cannabis use during 

COVID-19 and the outcome depended on the frequency of cannabis use before COVID-19. 

Increasing cannabis use was significantly and positively associated with each outcome 

among respondents who used cannabis <weekly before COVID-19, aPR for opioid increase: 

1.58, 95% CI [1.07, 2.33]; aPR for stimulant increase: 1.58, 95% CI [1.08 – 2.31], but 

not among those who used cannabis ≥weekly, aPR for opioid increase: 0.46, 95%CI [0.20, 

1.02]; aPR for stimulant increase: 0.79, 95% CI [0.39, 1.63]. The estimates for each possible 

combination of the two factors against a common reference (≤weekly pre-COVID frequency, 

no increase in cannabis frequency) are displayed in Table 3.

Associations Between Cannabis Use and Decreasing Secondary Substance Use During 
COVID-19

No significant cannabis-related correlates were recorded for decreasing alcohol or stimulant 

use. As shown in Table 4, medical cannabis use was significantly and positively associated 

with decreasing tobacco use during COVID-19, aPR: 1.60, 95% CI [1.25, 2.06]. Increasing 

cannabis use during COVID-19 was significantly and positively associated with decreasing 

opioid use during COVID-19, aPR: 1.28, 95% CI [1.03, 1.60]. There was also significant 

interaction between pre-COVID cannabis frequency and medical cannabis status, such that 

≥weekly cannabis use was significantly and positively associated with decreasing opioid use 

among the medical cannabis use group only, aPR: 1.49, 95% CI [1.14, 1.95]. The estimates 

for each possible combination of the two factors against a common reference (≤weekly 

pre-COVID frequency, nonmedical cannabis use) are displayed in Table 4.
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Discussion

In this survey of over 1,400 adults who report cannabis use, we examined the use of alcohol, 

tobacco, opioids, and stimulants by cannabis use patterns and monitored changes in the 

use of these secondary substances over two periods separated by the onset of the global 

COVID-19 pandemic. We did not observe significant increases in ≥weekly tobacco use or 

significant reductions in ≥weekly unregulated opioid or stimulant use, as was hypothesized. 

We observed a small but significant increase in the prevalence of ≥weekly alcohol use, 

but only among respondents using cannabis for medical purposes. This observation is 

consistent with reports of increasing alcohol use in another smaller survey U.S. adults who 

use medical cannabis (Boehnke et al., 2021). The divergent alcohol observations between 

medical and nonmedical cannabis use groups raise the possibility of different distributions 

of underlying alcohol drinking motives between the two groups. This question should be 

addressed in future research examining the relationship between cannabis use and secondary 

substance during COVID-19. It is also difficult to rule out the possibility that inconsistencies 

in retrospective reporting between the two recall periods account for the relatively small 

magnitude of change observed here. However, it is reassuring that studies comparing recall 

consistency between recent past 30-day (Janssen et al., 2017) or past 3-month (Napper et 

al., 2010 with past 6-month reporting of drug use show good interperiod recall reliability, 

and there is no clear reason to suspect that recall of alcohol use would differ systematically 

between people who use cannabis for medical versus nonmedical purposes.

Some notable findings related to cannabis use patterns emerged in the multivariable 

analyses of factors associated with increasing secondary substance use during COVID-19. 

Our hypothesis of a different relationship between increasing cannabis use and increasing 

secondary substance use depending on medical cannabis status was supported for increasing 

alcohol and tobacco use, but not opioid or stimulant use. Specifically, among the nonmedical 

cannabis group, increasing cannabis frequency was significantly and positively associated 

with increasing alcohol or tobacco frequency. In contrast, among the medical cannabis use 

group, increasing cannabis frequency was not significantly associated with the outcome. 

These findings raise the possibility of differing motives underlying increases in cannabis, 

alcohol, and tobacco use between cannabis use groups. We previously reported a significant 

increase in daily cannabis use for anxiety after the onset of the pandemic among the medical 

cannabis subset of this sample (Lake et al., 2022) and similar findings have been reported in 

other surveys (Vidot et al., 2021). It is possible that these cannabis increases cut into the urge 

to increase alcohol or tobacco use for similar purposes, whereas nonmedical users may have 

exhibited a separate nonmedical motive for increasing both cannabis and alcohol or tobacco 

use during COVID-19 (e.g., more time at home, boredom). However, as we did not compare 

underlying substance use motives between medical and nonmedical groups, future research 

exploring the impact of COVID-19 on substance use should include measures to assess these 

potential underlying differences.

Second, medical cannabis use was significantly associated with increasing the frequency of 

opioid and stimulant use during COVID-19. Medical cannabis patients often report complex 

comorbidities with overlapping symptomologies (Azcarate et al., 2020; Walsh et al., 2013). 

The pandemic led to interruptions in many non-COVID-related health services and may 
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have prevented individuals from seeking medical care (Hartnett et al., 2020; Maringe et al., 

2020; Pifarré et al., 2021). Our finding could reflect attempts to self-medicate health needs 

that went unmet during COVID-19 with opioids or stimulants, especially for respondents 

with restricted access to medical cannabis during the pandemic via temporary store closures, 

and/or exclusion of medical cannabis consultations from telemedicine expansion. However, 

in most states with legal cannabis retail, cannabis businesses were deemed “essential” and 

exempt from closing (Marijuana Policy Project, 2021), prompting the need to probe the 

drivers of this relationship.

Although we did not find evidence to support our hypothesis that medical cannabis 

use would modify the association between increasing cannabis frequency and increasing 

opioid or stimulant use, we did identify another notable interaction: For both opioids and 

stimulants, the relationship between increasing cannabis use and increasing the secondary 

substance during COVID-19 depended on the respondent’s prepandemic cannabis use 

frequency, such that increasing cannabis use frequency was positively associated with 

increasing opioid or stimulant frequency only among those who used cannabis <weekly 

before COVID. The underlying driver of this finding is not clear. One possibility is 

that respondents who engage in high-frequency cannabis use have a lower preference for 

noncannabis drugs through an attachment or devotion to cannabis as part of their identity 

(known as cannabis “self-concept”; Blevins et al., 2018), which could prevent them from 

escalating use of these drugs in periods where they may be more vulnerable to distress. 

Another possibility is that escalation to using cannabis almost daily, daily, or multiple times 

per day may have fulfilled a coping-oriented need that others met with opioids or stimulants, 

possibly resulting in a sort of preventative effect rooted in the substitution of one drug for 

another (Lau et al., 2015; Lucas et al., 2013). These hypotheses can only be tested in future 

research assessing underlying motives for use and potential differences based on cannabis 

use characteristics.

Finally, we also observed a significantly higher prevalence of opioid frequency reduction 

among people who increased their cannabis use during the pandemic. Although the self-

reported use of cannabis to reduce or stop the use of unregulated or nonprescribed opioids 

and stimulants has been documented across samples of medical cannabis patients (Lucas et 

al., 2013, 2016), people who use drugs (Mok et al., 2021), and a representative sample of the 

U.S. population (Ishida et al., 2019), we hesitate to interpret our finding as being consistent 

with these observations as our study did not capture information about the intention to 

reduce a secondary substance with cannabis.

There are several limitations that should be considered when interpreting the findings of this 

study. First, data were derived from an online survey; although respondents were restricted 

to prevent “ballot stuffing” by IP address, the survey did not incorporate questions to rule 

out careless reporting. Second, the sample was recruited through social media and online 

forums, but there is also the possibility of snowballing leading to similar characteristics and 

patterns of use between respondents. Importantly, as a self-selected sample, the data do not 

represent all adults who use cannabis in the U.S. Notably, past-year medical cannabis use 

was self-reported and not restricted to state-licensed use. Third, we relied on self-reported 

measures for both 3-month periods of interest, and these accounts are subject to possible 
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recall issues or responding according to perceived social norms. The variables assessing a 

frequency change (i.e., increases, decreases) rely on two self-reported average categorized 

frequencies, meaning incremental or short-term changes within these periods are unlikely to 

be captured. Using the conventional WHO ASSIST frequency categories, we were unable 

to measure frequency increases among people who were using at the highest frequency 

(i.e., daily) in the pre-COVID period; as such, regression results for increasing secondary 

substance use should be interpreted for those who engaged in <daily use of that substance in 

the pre-COVID period. Fourth, our questionnaire was limited to the use of alcohol, tobacco, 

and unregulated/non-prescribed opioids and stimulants; we did not assess for changes in the 

use of prescription drugs, including benzodiazepines, which are reported to have increased 

in some populations throughout the pandemic (Boehnke et al., 2021; European Monitoring 

Centre for Drugs & Drug Addiction, 2021; Gili et al., 2021), or certain drugs common 

to the nightlife economy, including 3,4-methylenedioxymethamphetamine (MDMA), which 

are reported to have decreased (European Monitoring Centre for Drugs & Drug Addiction, 

2021; Gili et al., 2021; Palamar et al., 2021). Finally, as discussed above, our data reflect 

changes in patterns of secondary substance use but do not assess intended motives for 

these substances. Future research exploring the relationship between cannabis use and other 

substance use in the context of COVID-19 will benefit from obtaining this information from 

respondents.

In this U.S.-based sample of over 1,400 adults who use cannabis, there were few changes 

in the regular (i.e., ≥weekly) use of secondary substances early after the onset of the 

COVID-19 pandemic; the increase in ≥weekly alcohol use, we noted for the medical 

cannabis use group was minor in magnitude. It will be important to assess the sensitivity 

of these secondary substance use trends to subsequent phases of the pandemic. Escalation 

of secondary substance use early in COVID-19 appears to differ based on several cannabis 

use behaviors occurring before and throughout the pandemic. In assessing the pandemic’s 

long-term mental health and substance use impacts in people who use cannabis, it will 

be important to consider a host of cannabis-specific behaviors, including the context of 

cannabis use during COVID-19, shifting motives for use and frequency patterns, medical 

usage status, and specific therapeutic applications in medical patients.

Acknowledgments

The authors would like to thank past and present UCLA Cannabis Research Initiative administrative staff including 
Vincent Acebo, Manjot Aulakh, and Mary Olson for their administrative support with this project.

This study was supported by the National Institute on Drug Abuse Grants DA047296, U01DA036267, and 
U24DA044554 and the Semel Charitable Foundation. None of the funders had a role in the study design, collection, 
analysis or interpretation of the data, writing the article, or the decision to submit the article for publication.

Outside of this work, Ziva D. Cooper reports grants from National Center for Complementary and Integrative 
Health, Center for Medical Cannabis Research, and the California Bureau of Cannabis Control. Ziva D. Cooper also 
reports serving on the scientific advisory board of FSD Pharma. The submitted work is independent of this role. 
Outside of this work, Pamina M. Gorbach reports grants from National Institute on Drug Abuse.

Stephanie Lake played lead role in conceptualization, formal analysis, visualization, and writing of original 
draft and equal role in methodology. Ryan D. Assaf played lead role in data curation, supporting role in 
conceptualization and equal role in methodology and writing of review and editing. Pamina M. Gorbach played 
supporting role in conceptualization and equal role in funding acquisition and writing of review and editing. Ziva 

Lake et al. Page 9

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2023 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



D. Cooper played lead role in resources and supervision, supporting role in conceptualization, and equal role in 
funding acquisition and writing of review and editing.

References

Assaf RD, Gorbach PM, & Cooper ZD (2022). Changes in medical and non-medical cannabis use 
among United States adults before and during the COVID-19 pandemic. American Journal of Drug 
and Alcohol Abuse. Advance online publication. 10.1080/00952990.2021.2007257

Azcarate PM, Zhang AJ, Keyhani S, Steigerwald S, Ishida JH, & Cohen BE (2020). Medical reasons 
for marijuana use, forms of use, and patient perception of physician attitudes among the U.S. 
population. Journal of General Internal Medicine, 35(7), 1979–1986. 10.1007/s11606-020-05800-7 
[PubMed: 32291715] 

Benschop A, van Bakkum F, & Noijen J (2021). Changing patterns of substance use during the 
coronavirus pandemic: Self-reported use of tobacco, alcohol, cannabis, and other drugs. Frontiers in 
Psychiatry, 12, Article 633551. 10.3389/fpsyt.2021.633551

Blevins CE, Abrantes AM, Anderson BJ, Caviness CM, Herman DS, & Stein MD (2018). Identity as 
a cannabis user is related to problematic patterns of consumption among emerging adults. Addictive 
Behaviors, 79, 138–143. 10.1016/j.addbeh.2017.12.021 [PubMed: 29289853] 

Boehnke KF, McAfee J, Ackerman JM, & Kruger DJ (2021). Medication and substance use increases 
among people using cannabis medically during the COVID-19 pandemic. International Journal on 
Drug Policy, 92, Article 103053. 10.1016/j.drugpo.2020.103053

Callinan S, Mojica-Perez Y, Wright CJC, Livingston M, Kuntsche S, Laslett AM, Room R, & 
Kuntsche E (2021). Purchasing, consumption, demographic and socioeconomic variables associated 
with shifts in alcohol consumption during the COVID-19 pandemic. Drug and Alcohol Review, 
40(2), 183–191. 10.1111/dar.13200 [PubMed: 33170976] 

Chu Y-WL (2015). Do medical marijuana laws increase hard-drug use?. The Journal of Law & 
Economics, 58(2), 481–517. 10.1086/684043

Clare PJ, Aiken A, Yuen WS, Upton E, Kypri K, Degenhardt L, Bruno R, McCambridge J, McBride 
N, Hutchinson D, & Peacock A (2021). Alcohol use among young Australian adults in May–June 
2020 during the COVID-19 pandemic: A prospective cohort study. Addiction, 116(12), 3398–3407. 
10.1111/add.15599 [PubMed: 34105838] 

Corroon JM Jr., Mischley LK, & Sexton M (2017). Cannabis as a substitute for prescription drugs—
a cross-sectional study. Journal of Pain Research, 10, 989–998. 10.2147/JPR.S134330 [PubMed: 
28496355] 

European Monitoring Centre for Drugs and Drug Addiction. (2021). Impact of COVID-19 on patterns 
of drug use and drug-related harms in Europe.

Gili A, Bacci M, Aroni K, Nicoletti A, Gambelunghe A, Mercurio I, & Gambelunghe C (2021). 
Changes in drug use patterns during the COVID-19 pandemic in Italy: Monitoring a vulnerable 
group by hair analysis. International Journal of Environmental Research and Public Health, 18(4), 
Article 1967. 10.3390/ijerph18041967

Gunn RL, Sokolovsky A, Stevens AK, Hayes K, Fitzpatrick S, White HR, & Jackson KM (2021). 
Contextual influences on simultaneous alcohol and cannabis use in a predominately white sample 
of college students. Psychology of Addictive Behaviors, 35(6), 691–697. 10.1037/adb0000739 
[PubMed: 34014687] 

Hartnett KP, Kite-Powell A, DeVies J, Coletta MA, Boehmer TK, Adjemian J, & Gundlapalli 
AV, & the National Syndromic Surveillance Program Community of Practice. (2020). Impact 
of the COVID-19 pandemic on emergency department visits—United States, January 1, 2019–
May 30, 2020. MMWR: Morbidity and Mortality Weekly Report, 69(23), 699–704. 10.15585/
mmwr.mm6923e1 [PubMed: 32525856] 

Holingue C, Kalb LG, Riehm KE, Bennett D, Kapteyn A, Veldhuis CB, Johnson RM, Fallin MD, 
Kreuter F, Stuart EA, & Thrul J (2020). Mental distress in the United States at the beginning 
of the COVID-19 pandemic. American Journal of Public Health, 110(11), 1628–1634. 10.2105/
AJPH.2020.305857 [PubMed: 32941066] 

Lake et al. Page 10

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2023 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Horigian VE, Schmidt RD, & Feaster DJ (2021). Loneliness, mental health, and substance 
use among US young adults during COVID-19. Journal of Psychoactive Drugs, 53(1), 1–9. 
10.1080/02791072.2020.1836435 [PubMed: 33111650] 

Imtiaz S, Wells S, Rehm J, Hamilton HA, Nigatu YT, Wickens CM, Jankowicz D, & Elton-Marshall T 
(2021). Cannabis use during the COVID-19 pandemic in Canada: A repeated cross-sectional study. 
Journal of Addiction Medicine, 15(6), 484–490. 10.1097/ADM.0000000000000798 [PubMed: 
33323693] 

Ishida JH, Wong PO, Cohen BE, Vali M, Steigerwald S, & Keyhani S (2019). Substitution of 
marijuana for opioids in a national survey of US adults. PLOS ONE, 14(10), Article e0222577. 
10.1371/journal.pone.0222577

Ito TA, Cordova KA, Skrzynski CJ, & Bryan A (2021). Complementarity in daily marijuana and 
alcohol among emerging adults. Psychology of Addictive Behaviors, 35(6), 723–736. 10.1037/
adb0000771 [PubMed: 34291956] 

Janssen T, Braciszewski JM, Vose-O’Neal A, & Stout RL (2017). A comparison of long- vs. short-term 
recall of substance use and HIV risk behaviors. Journal of Substance Abuse Treatment, 78(3), 
463–467. 10.15288/jsad.2017.78.463

Kaiser Family Foundation. (2021, June 3). State COVID-19 data and policy 
actions. https://www.kff.org/report-section/state-covid-19-data-and-policy-actions-policy-actions/
#socialdistancing

Kilian C, Rehm J, Allebeck P, Braddick F, Gual A, Barták M, Bloomfield K, Gil A, Neufeld M, 
O’Donnell A, Petruželka B, Rogalewicz V, Schulte B, Manthey J, & the European Study Group 
on Alcohol Use and COVID-19. (2021). Alcohol consumption during the COVID-19 pandemic 
in Europe: A large-scale cross-sectional study in 21 countries. Addiction, 116(12), 3369–3380. 
10.1111/add.15530 [PubMed: 34109685] 

Kim HH, & Laurence J (2020). COVID-19 restrictions and mental distress among American adults: 
Evidence from Corona Impact Survey (W1 and W2). Journal of Public Health, 42(4), 704–711. 
10.1093/pubmed/fdaa148 [PubMed: 32880640] 

Lake S, Assaf RD, Gorbach PM, & Cooper ZD (2022). Selective changes in medical cannabis use 
early in the COVID-19 pandemic: Findings from a web-based sample of adults in the United 
States. Cannabis and Cannabinoid Research. Advance online publication. 10.1089/can.2021.0115

Lau N, Sales P, Averill S, Murphy F, Sato SO, & Murphy S (2015). A safer alternative: Cannabis 
substitution as harm reduction. Drug and Alcohol Review, 34(6), 654–659. 10.1111/dar.12275 
[PubMed: 25919477] 

Lucas P, Reiman A, Earleywine M, McGowan SK, Oleson M, Coward MP, & Thomas B (2013). 
Cannabis as a substitute for alcohol and other drugs: A dispensary-based survey of substitution 
effect in Canadian medical cannabis patients. Addiction Research and Theory, 21(5), 435–442. 
10.3109/16066359.2012.733465

Lucas P, Walsh Z, Crosby K, Callaway R, Belle-Isle L, Kay R, Capler R, & Holtzman S (2016). 
Substituting cannabis for prescription drugs, alcohol and other substances among medical cannabis 
patients: The impact of contextual factors. Drug and Alcohol Review, 35(3), 326–333. 10.1111/
dar.12323 [PubMed: 26364922] 

Marijuana Policy Project. (2021). Safe access to cannabis in times of COVID-19. https://
www.mpp.org/issues/medical-marijuana/safe-access-to-cannabis-in-times-of-covid-19/

Maringe C, Spicer J, Morris M, Purushotham A, Nolte E, Sullivan R, Rachet B, & Aggarwal A 
(2020). The impact of the COVID-19 pandemic on cancer deaths due to delays in diagnosis in 
England, UK: A national, population-based, modelling study. Lancet Oncology, 21(8), 1023–1034. 
10.1016/S1470-2045(20)303880 [PubMed: 32702310] 

McPhee MD, Keough MT, Rundle S, Heath LM, Wardell JD, & Hendershot CS (2020). Depression, 
environmental reward, coping motives and alcohol consumption during the COVID-19 pandemic. 
Frontiers in Psychiatry, 11, Article 574676. 10.3389/fpsyt.2020.574676

Minhas M, Belisario K, González-Roz A, Halladay J, Murphy JG, & MacKillop J (2021). COVID-19 
impacts on drinking and mental health in emerging adults: Longitudinal changes and moderation 
by economic disruption and sex. Alcoholism: Clinical and Experimental Research, 45(7), 1448–
1457. 10.1111/acer.14624 [PubMed: 34081349] 

Lake et al. Page 11

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2023 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.kff.org/report-section/state-covid-19-data-and-policy-actions-policy-actions/#socialdistancing
https://www.kff.org/report-section/state-covid-19-data-and-policy-actions-policy-actions/#socialdistancing
https://www.mpp.org/issues/medical-marijuana/safe-access-to-cannabis-in-times-of-covid-19/
https://www.mpp.org/issues/medical-marijuana/safe-access-to-cannabis-in-times-of-covid-19/


Mok J, Milloy MJ, Grant C, Lake S, DeBeck K, Hayashi K, & Socías ME (2021). Use of cannabis 
for harm reduction among people at high risk for overdose in Vancouver, Canada (2016–2018). 
American Journal of Public Health, 111(5), 969–972. 10.2105/AJPH.2021.306168 [PubMed: 
33734849] 

Napper LE, Fisher DG, Reynolds GL, & Johnson ME (2010). HIV risk behavior self-report reliability 
at different recall periods. AIDS and Behavior, 14(1), 152–161. 10.1007/s10461-009-9575-5 
[PubMed: 19475504] 

Niedzwiedz CL, Green MJ, Benzeval M, Campbell D, Craig P, Demou E, Leyland A, Pearce A, 
Thomson R, Whitley E, & Katikireddi SV (2021). Mental health and health behaviours before and 
during the initial phase of the COVID-19 lockdown: Longitudinal analyses of the UK household 
longitudinal study. Journal of Epidemiology and Community Health, 75(3), 224–231. 10.1136/
jech-2020-215060 [PubMed: 32978210] 

O’Hara RE, Armeli S, & Tennen H (2016). Alcohol and cannabis use among college students: 
Substitutes or complements?. Addictive Behaviors, 58, 1–6. 10.1016/j.addbeh.2016.02.004 
[PubMed: 26894560] 

Palamar JJ, Le A, & Acosta P (2021). Shifts in drug use behavior among electronic dance music 
partygoers in New York during COVID-19 social distancing. Substance Use & Misuse, 56(2), 
238–244. 10.1080/10826084.2020.1857408 [PubMed: 33317365] 

Pifarré I, Arolas H, Vidal-Alaball J, Gil J, López F, Nicodemo C, & Saez M (2021). Missing diagnoses 
during the COVID-19 pandemic: A year in review. International Journal of Environmental 
Research and Public Health, 18(10), Article 5335. 10.3390/ijerph18105335

Prestigiacomo CJ, Liu MA, Plawecki MH, & Cyders MA (2021). Early impact of the U.S. COVID-19 
pandemic on drinking motives and alcohol use. Substance Use & Misuse, 56(9), 1383–1386. 
10.1080/10826084.2021.1928210 [PubMed: 34085603] 

Reiman A (2009). Cannabis as a substitute for alcohol and other drugs. Harm Reduction Journal, 6(1), 
Article 35. 10.1186/1477-7517-6-35

Reiman A, Welty M, & Solomon P (2017). Cannabis as a substitute for opioid-based pain medication: 
Patient self-report. Cannabis and Cannabinoid Research, 2(1), 160–166. 10.1089/can.2017.0012 
[PubMed: 28861516] 

Risso C, Boniface S, Subbaraman MS, & Englund A (2020). Does cannabis complement or 
substitute alcohol consumption? A systematic review of human and animal studies. Journal of 
Psychopharmacology, 34(9), 938–954. 10.1177/0269881120919970 [PubMed: 32648806] 

WHO ASSIST Working Group. (2002). The Alcohol, Smoking and Substance Involvement Screening 
Test (ASSIST): Development, reliability and feasibility. Addiction, 97(9), 1183–1194. 10.1046/
j.1360-0443.2002.00185.x [PubMed: 12199834] 

van Laar MW, Oomen PE, van Miltenburg CJA, Vercoulen E,Freeman TP, & Hall WD (2020). 
Cannabis and COVID-19: Reasons for concern. Frontiers in Psychiatry, 11, Article 601653. 
10.3389/fpsyt.2020.601653

Vidot DC, Islam JY, Chamacho-Rivera M, Harrell MB, Rao DR, Chavez JV, Ochoa LG, Hlaing 
WM, Weiner M, & Messiah SE (2021). The COVID-19 cannabis health study: Results from 
an epidemiologic assessment of adults who use cannabis for medicinal reasons in the United 
States. Journal of Addictive Diseases, 39(1), 26–36. 10.1080/10550887.2020.1811455 [PubMed: 
32933383] 

Walsh Z, Callaway R, Belle-Isle L, Capler R, Kay R, Lucas P, & Holtzman S (2013). Cannabis for 
therapeutic purposes: Patient characteristics, access, and reasons for use. International Journal on 
Drug Policy, 24(6), 511–516. 10.1016/j.drugpo.2013.08.010 [PubMed: 24095000] 

Williams SN, Armitage CJ, Tampe T, & Dienes K (2020). Public perceptions and experiences of social 
distancing and social isolation during the COVID-19 pandemic: A UK-based focus group study. 
BMJ Open, 10(7), Article e039334. 10.1136/bmjopen-2020-039334

Zou G (2004). A modified poisson regression approach to prospective studies with binary data. 
American Journal of Epidemiology, 159(7), 702–706. 10.1093/aje/kwh090 [PubMed: 15033648] 

Lake et al. Page 12

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2023 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Public Health Significance

This study suggests that, overall, ≥weekly use of tobacco, opioids, and stimulants 

did not change substantially early after the onset of the coronavirus disease 2019 

(COVID-19) pandemic in a sample of people who use cannabis. Modest group-level 

changes in alcohol use were detected among people who use medical cannabis. On 

an individual level, interaction between purpose, frequency, and COVID-concurrent 

changes in cannabis use influenced the likelihood of increasing or decreasing alcohol, 

tobacco, opioid, or stimulant use, highlighting cannabis-specific indicators of heightened 

vulnerability to the pandemic’s effects on mental health and substance use.
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