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A B S T R A C T

Background: Little is known about whether cannabis legalization impacts cannabis use uptake or has spillover 
effects on co-use of cannabis and tobacco/nicotine (using both in the past 30 days). We determined associations 
of cannabis legalization with self-reported (1) current (past 30-day) cannabis use; (2) current (“now”) tobacco/ 
nicotine use (smoking or electronic cigarette use); and (3) current co-use of cannabis and tobacco/nicotine and 
how prevalence is changing over time.
Methods: In this longitudinal study, a web-based survey was administered to a nationally representative, 
population-based panel of US adults in 2017, 2020, and 2021. We used weighted unadjusted binomial logistic 
GEE models to assess changes in prevalence of cannabis, tobacco/nicotine use and co-use and weighted, adjusted 
binary logistic GEE models to assess associations of cannabis legalization with cannabis, tobacco/nicotine use 
and co-use.
Results: A total of 9003 participants (age range = 18–94, mean age = 47.9 [±17.4 SD] years; 4696 females 
[weighted 52.0 %]) completed the survey in 2017; 5979/8529 (70.1 %) in 2020 and 5420/7305 (74.2 %) in 
2021 from the original cohort who remained available. Current cannabis use significantly increased +3.3 % 
between 2017 and 2021, while tobacco/nicotine use significantly declined (− 1.9 %); co-use of cannabis and 
tobacco/nicotine did not change significantly (+0.2 %). Both medical and recreational cannabis legalization was 
associated with increased current cannabis use; the independent effect of recreational cannabis legalization was 
1.13 times larger than medical. There were no statistically significant differences in tobacco/nicotine use and co- 
use prevalence by legalization status.
Conclusion: Cannabis legalization increases cannabis use but is not associated with changes in tobacco/nicotine 
use or co-use. Legalization should be coupled with public health efforts.

Introduction

Cannabis use and co-use with tobacco, defined as currently using 
both substances, has been increasing in the U.S. since 2000 (Agrawal 
et al., 2012; Caulkins, 2024; Hublet et al., 2015; Substance Abuse and 

Mental Health Services Administration, 2018). Despite emerging evi
dence of health effects of frequent cannabis use (Andréasson et al., 1987; 
Arseneault et al., 2002, 2004; Bailly et al., 2010; Ghasemiesfe et al., 
2018; Jeffers et al., 2024; Jouanjus et al., 2017; Qiu et al., 2023; Renard 
et al., 2014; Wang et al., 2016b), many people in the US perceive 
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cannabis as less risky than tobacco (Chambers et al., 2023; Han et al., 
2021; Nguyen et al., 2023). Expansion of medical and recreational 
cannabis legalization could have contributed to these increases in use. 
As of September 2023, 38 states had legalized medical cannabis and 30 
subsequently or simultaneously legalized recreational cannabis 
(Carnevale Associates LLC, 2020; DISA, 2023). Several studies using 
data from 2005 to 2019 among US adults (Bae & Kerr, 2020; Cerdá et al., 
2020; Choi et al., 2019; Hasin et al., 2017, 2023; Kerr et al., 2017, 2018; 
Martins et al., 2021; Wen et al., 2015; Zellers et al., 2023) showed 
medical and/or recreational cannabis legalization was associated with 
increased cannabis use or cannabis use disorder.

Except for Zellers and colleagues, who prospectively assessed lon
gitudinal cohorts of discordant twins and found that increased cannabis 
use was attributable to recreational cannabis legalization (Zellers et al., 
2023), previous research was mostly based on data from single or 
repeated cross-sectional surveys (Bae & Kerr, 2020; Cerdá et al., 2020; 
Choi et al., 2019; Hasin et al., 2017, 2023; Kerr et al., 2017, 2018; 
Martins et al., 2021; Wen et al., 2015) that limit causal inferences. 
Furthermore, past studies examining the association of cannabis legal
ization and use assessed the effect of medical cannabis laws only (Choi 
et al., 2019; Hasin et al., 2017; Martins et al., 2021; Wen et al., 2015) or 
reported a combined effect of recreational plus medical cannabis 
legalization (Bae & Kerr, 2020; Cerdá et al., 2020; Hasin et al., 2023; 
Kerr et al., 2017, 2018; Zellers et al., 2023). Compared to medical 
legalization, recreational cannabis laws and, especially, commerciali
zation of recreational cannabis may have a greater impact on increased 
availability and access to cannabis products because these policies 
remove requirements for recommendations from a medical provider, 
leading to greater exposure to cannabis marketing and advertisements 
(Lipperman-Kreda & Grube, 2018) and increased social acceptance of 
cannabis use (Baumbusch & Sloan Yip, 2022; Smart & Pacula, 2019). 
Past research has not assessed the independent additional effect of rec
reational cannabis legalization on adult cannabis use above the effect of 
medical cannabis legalization.

Another concerning trend among US adults is the increasing co-use 
of cannabis and tobacco, which is associated with higher health risks 
compared to single substance use (Meier & Hatsukami, 2016). There are 
biological (e.g., age, sex, genetics), psychological (e.g., internalizing and 
externalizing disorders), and socio-economic (e.g., price) factors that 
can lead to co-use of cannabis and tobacco (Agrawal et al., 2012). The 
use of each substance can increase the risk of dependence of the other: 
tobacco smoking increases the risk of cannabis dependence (Hindocha 
et al., 2015) and cannabis use increases the risk of nicotine dependence 
(Agrawal et al., 2008; Wang et al., 2016a). Though a 2013 national 
survey of adults and adolescents found that current cigarette and 
cannabis co-use was more prevalent in states with legalized medical 
cannabis (Wang et al., 2016a), most past studies in US adults just 
focused on associations of cannabis legalization with cannabis use (Bae 
& Kerr, 2020; Cerdá et al., 2020; Hasin et al., 2017; Martins et al., 2021; 
Zellers et al., 2023). The few studies examining the impact of cannabis 
laws on adult tobacco use suggested decreases in cigarette smoking 
following medical (Choi et al., 2019) and recreational (Kerr et al., 2017, 
2018) cannabis legalizations. However, these studies were from a few 
states or geographic areas and used a sample of young adults only (Kerr 
et al., 2017, 2018), limiting generalizability, or were focused exclusively 
on medical (Choi et al., 2019) or recreational (Kerr et al., 2017, 2018) 
cannabis laws, limiting our understanding of the independent effects 
that each policy can have on tobacco/nicotine use and co-use with 
cannabis considering possible substitution or complementarity of these 
products. Past studies were also based on data from 2008 to 2016 and 
thus, did not assess the impact of cannabis legalization on changes in 
electronic cigarette (e-cigarette) use, which has substantially increased 
since then (Cornelius et al., 2023; Erhabor et al., 2023; King et al., 2018), 
despite significant declines of cigarette smoking among US adults 
(Cornelius et al., 2023).

Data in prior studies examining the impact of cannabis legalization 

on adult substance use were collected before the major disruption of the 
coronavirus disease 2019 (COVID-19) pandemic, which was associated 
with increased perceived risk of tobacco use (Benowitz et al., 2022; 
Gaiha et al., 2020; Yang et al., 2021). Similarly, the 2019 EVALI 
outbreak (E-cigarette, or vaping product use associated lung injury) 
increased public awareness of harms from e-cigarette and vapor 
cannabis product use (Blount et al., 2020; Moritz et al., 2019). To pro
vide updated prospective studies on adult cannabis use in association 
with expanded medical and recreational cannabis legalization and po
tential spillover effects of cannabis legalization on adult tobacco/
nicotine use and co-use with cannabis, we conducted a longitudinal 
survey of a large, nationally representative sample of US adults to 
examine the association of medical and recreational legalization with 
current use of cannabis and/or tobacco/nicotine (cigarettes or e-ciga
rettes) between 2017 and 2021.

The unique contribution of this study lies in the longitudinal nature 
of the national survey data that allowed us to account for within-person 
differences in the analysis, which aimed to (1) describe changes in 
current cannabis and tobacco/nicotine use and co-use over time; (2) 
examine whether living in the states with medical or recreational 
cannabis legal status was associated with higher odds of current 
cannabis and tobacco/nicotine use and co-use compared to a non-legal 
status; and (3) determine the independent (additional) effect of enact
ing recreational cannabis above legalizing medical cannabis. We hy
pothesized that the independent additional effect of recreational 
cannabis legalization on adult cannabis use would be larger than the 
effect of medical cannabis legalization.

Methods

Study design and sample

As previously described in detail (Chambers et al., 2023; Keyhani 
et al., 2018), the survey was conducted using the web-enabled Ipsos 
KnowledgePanel®, a probability-based panel designed to be represen
tative of the US population. No one can volunteer to participate; par
ticipants are chosen by a random selection of telephone numbers and 
residential addresses covering 97 % of the US. Persons in selected 
households are then invited by telephone or mail to participate in the 
web-enabled KnowledgePanel. People are contacted up to three times to 
complete the baseline survey and up to five times to complete subse
quent questionnaires. For those who agree to participate but do not 
already have Internet access, Ipsos provides a free laptop or netbook and 
internet connection. People who already have computers and Internet 
service are permitted to participate using their own equipment. Panelists 
receive unique log-in information for accessing surveys online, and then 
are sent emails inviting them to participate in research.

Participants received no monetary incentive for completing the 
baseline questionnaire and a $5 US dollar incentive for subsequent 
surveys. People who agreed to participate in this survey were stratified 
by state cannabis legalization status in 2017 (medical, recreational, or 
not legal; eTable 1). The analytic sample included 9003 respondents 
≥18 years old in 2017 (wave 1, 55.3 % response rate of N = 16,280), 
5979 respondents aged ≥20 years in 2020 (wave 2, 70.1 % response rate 
of 8529 individuals contacted), and 5420 respondents aged ≥21 in 2021 
(wave 3, 74.2 % response rate of 7305 individuals contacted)—eFig. 1. 
The second and third waves of the survey were administered to those 
respondents of the original survey who remained available for contact. 
We used year-specific weights provided by Ipsos to match the geo
demographic distributions of the US population 20 years old and over 
accounting for nonresponse (Keyhani et al., 2018).

Measures

Outcomes
We examined three yes/no outcomes (see eTable 2 for survey 
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questions), including: (1) any current (past 30-day) cannabis use 
(smoking, vaporing, edibles, concentrates, or topicals); (2) any current 
(“now”) tobacco/nicotine use (smoking or e-cigarette/vapor products 
use); (3) current co-use of cannabis and tobacco/nicotine, not neces
sarily simultaneously (Chu et al., 2023).

Socio-demographic characteristics
Respondents provided data regarding their age; sex (female or male); 

education (less than high school; high school; some college; or bache
lor’s degree or higher); and past 12-month household income before tax, 
categorized as <$30,000; $30,000–$74,999; $75,000–$124,999; or 
≥$125,000 (Chambers et al., 2023; Keyhani et al., 2018; Nguyen et al., 
2022). Ipsos created a combined race and ethnicity variable to match the 
U.S. Census Bureau’s Current Population Survey benchmarks, which are 
used in survey weighting (Black, Non-Hispanic; White, Non-Hispanic; 
Other, Non-Hispanic; two or more races, Non-Hispanic; or Hispanic). 
Ethnicity was assessed by asking, “Are you of Hispanic, Latino, or 
Spanish origin?” Based on the responses to the race question, those 
responding ‘no’ to the ethnicity question were categorized as 
non-Hispanic Black, non-Hispanic White, non-Hispanic other race, or 
non-Hispanic Multiracial (i.e., respondents who chose two or more race 
responses). Non-Hispanic Other race includes American Indian or Alaska 
Native, Asian, Native Hawaiian or Pacific Islander, or a different race 
response for the race question. Individuals who self-identified as “His
panic” were classified as a separate category in the combined variable 
for all race responses.

Statistical analysis

We used SAS version 9.4 (SAS Institute, Cary, NC) for all analyses, 
which were conducted from September 2021 through September 2024. 
Two-tailed p < 0.05 was considered statistically significant.

Change in cannabis and tobacco/nicotine use during 2017–2021
We used weighted generalized estimating equations (GEE) models 

that provide population-averaged estimates to account for repeated- 
measures and correlated data in a longitudinal study. We used SAS 
PROC GLIMMIX with R-side effects and the empirical covariance esti
mators to minimize bias of potentially incorrect selection of covariance 
structure. To describe changes in cannabis and tobacco/nicotine use and 
co-use, we assessed prevalence for each outcome by year (2017, 2020, 

and 2021) and fit binomial logistic regression GEE models with time as 
the main effect. We used listwise deletion of missing values in all models 
as the percentages of missing values for cannabis, tobacco/nicotine use 
and co-use questions in each of the three years of data collection were 
small (<1.7 %, see eTable 3). We tested for changes between 2017 and 
2021, treating the year of data collection as a 3-level categorical variable 
(the year of 2017 as a reference category) in the total sample (n = 9003 
in 2017, n = 5979 in 2020, and n = 5420 in 2021) and among those who 
responded to all three years of follow-up (n = 5053)—sensitivity models. 
We also report results from all pair-wise comparisons (2021 vs. 2020 and 
2020 vs. 2017) in the supplement (eTable 4).

Cannabis legalization and associations with cannabis and tobacco/nicotine 
use and co-use

We carried out two series of weighted, binary logistic GEE models, 
including the exposure variable of interest—time-varying current 
cannabis legalization status in the state in each year (eTable 1). In the 
first series of models, cannabis legalization status was a 3-level cate
gorical variable, categorizing the states of respondents’ residence based 
on laws that had been enacted by the survey date (Carnevale Associates 
LLC, 2020; DISA, 2023) as ‘not legal’, ‘medical only’, and 
‘recreational+medical.’

Because no state enacted recreational cannabis legalization without 
first or concurrently enacting medical cannabis legalization, the second 
series of models used two independent variables for medical and rec
reational legalization. Specifically, the first variable was coded 1 if 
medical cannabis was legal (0 otherwise) and the second coded 1 if 
recreational cannabis was legal. Thus, if only medical cannabis was 
legal, the first variable was coded 1 and the second 0. If both medical 
and recreational cannabis were legal, both variables were set to 1. If 
neither was legal, both variables were 0. This coding quantifies the in
dependent effect of initial medical legalization followed by the inde
pendent additional effect of legalizing recreational cannabis above the 
effects of legalizing medical cannabis. There was no serious collinearity 
between medical and recreational legalization status variables (VIFs in 
all three models ranged 1.50–1.55).

We assessed adjusted odds ratios (AOR) and 95 % confidence in
tervals (CI) as measures of association of cannabis legalization status 
with cannabis and tobacco/nicotine use and co-use, controlling for 
socio-demographic characteristics and data collection year (as a 
continuous variable centered on 2017) to account for secular trends and 

Fig. 1. Changes in any current cannabis and tobacco/nicotine use and co-use among U.S. adults between 2017 and 2021 (n2017 = 9003; n2020 = 5979; n2021 = 5420) 
by year, comparing 2017 and 2021.
Error bars represent 95 % confidence intervals for the prevalence of use. *p < 0.05, **p < 0.01, ***p < 0.001—indicate results that remained significant after 
adjustment for multiple comparisons using Bonferroni correction.
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other events happing during that time frame.

Sensitivity analyses
We conducted five sensitivity analyses. First, we repeated the ana

lyses while treating the year of data collection as a categorical variable. 
Second, we repeated the analyses limiting our sample to those who 
responded in all three years of the follow-up (n = 5053) using normal
ized 2021-year weights to account for the effective number of obser
vations. Respondents with missing data in 2020 and 2021 were 
excluded. Third, we repeated our analyses using all available data, while 
adjusting models with the current cannabis use outcome for current 
tobacco/nicotine use. Fourth, we conducted sensitivity models for all 
available data, while separately examining current cigarette smoking 
and e-cigarette use outcomes in association with cannabis legalization, 
as opposed to using a combined tobacco use outcome variable in the 
primary analysis.

The fifth sensitivity analysis examined changes in cannabis legali
zation status between 2017 and 2021 and associations with changes in 
cannabis and tobacco/nicotine use and co-use over time. During the 
study period, only 13 states had a change in legal status, and this 
involved different types of changes associated with increased cannabis 
legalization occurring at different times: from not legal to medical (n =
3), from not legal to medical + recreational (n = 1), and from medical to 
recreational (n = 9) (eTable 5). Because the “control” states, which did 
not have changes, had different legal statuses, we created a 4-level 
variable indicating four legalization groups: a combined group of 
states with increasing legalization (n = 13), states with stable non-legal 
cannabis status (n = 16), stable medical (n = 13), and stable recreational 
(n = 9) (eTable 5).

We ran weighted, binary logistic GEE models that included a variable 
indicating four legalization groups (eTable 5) and an interaction of this 
variable with time (i.e., data collection year as a continuous variable 
centered on 2017), while including the main effect of year of data 
collection and adjusting for sociodemographic characteristics. As a 
proxy for difference-in-difference analysis, this approach allowed to 
examine whether our 4-level cannabis legalization status change was 
associated with changes in cannabis, tobacco/nicotine use and co-use 
during 2017–2021. We reported estimates and their standard errors, 
Type III and estimate-specific p-values for the interactions by the three 
outcomes (cannabis, tobacco/nicotine use and co-use), and presented 
graphs showing the change in the use outcomes across the study period 
for the four legalization groups. Significant Type III p-values indicated a 
significant overall effect of the 4-level cannabis legalization status 
change*year interaction variable on changes in use over time; estimate- 
specific p-values indicated a significant simple effect of a cannabis 
legalization status change on changes in use over time, compared to the 
reference level of the interaction term.

Results

Socio-demographic characteristics

At baseline, there were 9003 respondents: 47.9 ± 17.4 (SD) years old 
and 3.2 % of young adults under the age of 21 in 2017; 52 % female; 11.9 
% Black, 15.9 % Hispanic, and 64.1 % White (Table 1). Approximately 
one third of respondents had a bachelor’s degree or higher (31.7 %, n =
3658) and an income of $30,000–$74,999 (33.2 %, n = 3172). The 
distribution of socio-demographic characteristics was consistent in the 
subsequent waves. As described elsewhere (Keyhani et al., 2018), the 
distribution of our sample was similar to national US data based on the 
National Survey on Drug Use and Health (NSDUH), except participants 
in our sample had higher income than NSDUH participants (48 % in our 
sample vs 35 % of NSDUH respondents reported annual household in
come of ≥$75,000).

Change in prevalence of cannabis and tobacco/nicotine use during 
2017–2021

Between 2017 and 2021, the prevalence of current cannabis use 
significantly increased from 8.9 % to 12.2 % (+3.3 %, p < 0.001), while 
current tobacco/nicotine use declined from 14.6 % to 12.7 % (− 1.9 %, p 
= 0.002) with no significant change in co-use of cannabis and tobacco/ 
nicotine (from 3.6 % to 3.8 %, +0.2 %, p = 0.56) (Fig. 1). Both cannabis 
and tobacco/nicotine use changed significantly from 2017 to 2020 
(+2.2 %, p < 0.0001 and − 1.4 %, p = 0.01, respectively), but not from 

Table 1 
Respondent characteristics: U.S. adults, 2017–2021.

Variable Wave 1 
(2017) 
(n = 9003)

Wave 2 
(2020) 
(n = 5979)

Wave 3 
(2021) 
(n = 5420)

Socio-demographic characteristics n (%)
Age (range; mean, SD) 18–94; 

47.9 (17.4)
20–96; 
49.1 (17.2)

21–98; 
49.7 (17.0)

Female 4696 
(52.0)

3020 
(51.9)

2684 
(52.0)

Race-ethnicity
Black, non-Hispanic 666 (11.9) 399 (11.8) 344 (11.5)
White, Non-Hispanic 6828 

(64.1)
4659 
(64.2)

4258 
(64.6)

Multiracial, Non-Hispanica 247 (1.3) 129 (1.4) 118 (1.7)
Other, Non-Hispanic 344 (6.8) 235 (6.8) 206 (6.6)
Hispanic 918 (15.9) 557 (15.8) 494 (15.6)

Education
Less than high school 448 (10.9) 209 (9.2) 180 (9.9)
High school 2029 

(28.8)
1242 
(28.1)

1101 
(27.1)

Some college 2868 
(28.6)

1814 
(27.8)

1622 
(29.7)

Bachelor’s degree or higher 3658 
(31.7)

2714 
(34.9)

2517 
(33.3)

Annual household income
<30,000 1775 

(19.2)
947 (16.8) 825 (15.6)

30,000–74,999 3172 
(33.2)

2094 
(32.4)

1832 
(31.8)

75,000–124,999 2341 
(25.1)

1625 
(24.9)

1499 
(25.7)

≥125,000 1715 
(22.5)

1313 
(25.8)

1264 
(26.9)

Cannabis legalization status (3-level categorical variable)
Not legal 3059 

(35.8)
1751 
(32.4)

1424 
(29.5)

Medical only 2575 
(43.4)

1703 
(40.0)

1082 
(26.9)

Medical+Recreational 3369 
(20.8)

2525 
(27.6)

2914 
(43.6)

Current cannabis, tobacco/nicotine use and co-use
Current cannabis useb 781 (8.9) 633 (11.1) 617 (12.2)
Current tobacco/nicotine usec 1132 

(14.6)
619 (13.2) 528 (12.7)

Current cigarette smokingd 988 (12.8) 502 (10.6) 426 (10.0)
Current e-cigarette usee 289 (3.9) 175 (4.0) 147 (4.3)

Current cannabis and tobacco/ 
nicotine co-usef

253 (3.6) 161 (3.6) 148 (3.8)

Numbers shown are unweighted frequencies and weighted percentages for 
categorical variables and weighted means (SD: standard deviations) for 
continuous variables.

a Respondents who chose two or more race responses and identified as non- 
Hispanic.

b Any self-reported past 30-day cannabis use: smoking, vaporing, edibles, 
concentrates, or topicals.

c Any current (“now”) tobacco/nicotine use, including smoking or e-cigarette/ 
vapor products.

d Any self-reported current (“now”) cigarette smoking.
e Any self-reported current ("now”) electronic cigarette (e-cigarette) or vapor 

products use.
f Any concurrent use of both cannabis and tobacco/nicotine on single occasion 

or simultaneously.
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2020 to 2021 (1.1 %, p = 0.08 and − 0.4 %, p = 0.49, respectively) 
(eTable 4). Sensitivity analysis using respondents with data for all three 
years of follow-up confirmed the findings for the changes between 2017 
and 2021 with the exception that the decline in tobacco/nicotine use 
was no longer statistically significant (eFig. 2).

Exposure to medical or recreational cannabis legalization were associated 
with higher odds of cannabis but not tobacco/nicotine use and co-use

US adults residing in states with medical only and medical plus 
recreational cannabis legalization status had higher odds of current 
cannabis use, compared to those residing in non-legal states (AOR =
1.27, 95 %CI = 1.03–1.56, p = 0.02 and AOR = 1.82, 95 %CI =
1.48–2.23, p < 0.001, respectively) (Table 2), controlling for data 
collection year and socio-demographic characteristics (eTable 6).

Enactment of recreational cannabis legalization either concurrently 
or following medical legalization was associated with increased odds of 
current cannabis use among US adults (AOR = 1.43, 95 %CI =
1.18–1.73, p < 0.001) compared to medical legalization alone, con
trolling for data collection year and socio-demographic characteristics 

(eTable 7). Because medical legalization always occurred before or 
concurrently with recreational legalization, as before, medical legali
zation alone was significantly associated with increased odds of current 
cannabis use compared to no legalization (AOR = 1.27, 95 %CI =
1.03–1.56, p = 0.02).

Neither medical nor recreational cannabis legalization was signifi
cantly associated with tobacco/nicotine use or co-use of cannabis and 
tobacco/nicotine (Table 2 and eTable 7).

Sensitivity analyses
The first sensitivity analysis, where we treated the year covariate as a 

categorical variable, provided identical results for the effects of cannabis 
legalization in both models for all respondents with available data 
(eTable 8).

The second sensitivity analysis, where we limited our sample to re
spondents who completed all three surveys (n = 5053), provided similar 
results of the primary analysis and confirmed positive associations of 
recreational cannabis legalization with current cannabis use. Associa
tions with medical cannabis legalization were also positive as in the 
primary analysis but not statistically significant. Sensitivity models were 
also consistent in not finding associations of medical or recreational 
cannabis legalization with tobacco/nicotine use or co-use of cannabis 
and tobacco/nicotine (eTables 9 and 10).

The third sensitivity analysis confirmed that medical and recrea
tional cannabis legalization were associated with higher odds for current 
cannabis use with and without adjustments for current tobacco/nicotine 
use (eTable 11).

The fourth sensitivity analysis revealed no significant associations of 
either medical or recreational cannabis legalization with current e- 
cigarette use and no associations for medical cannabis legalization and 
cigarette smoking, confirming the findings of the primary analysis with a 
combined current tobacco/nicotine use outcome (eTable 11). Recrea
tional cannabis legalization was associated with lower odds of current 
cigarette smoking (eTable 11).

The fifth sensitivity analysis revealed that the effect of cannabis 
legalization change between 2017 and 2021 on use did not vary over the 
time (see Type III p-values in eTable 12). States that remained recrea
tional had the highest and constantly increasing prevalence of cannabis 
use for all three years of the survey (eFig. 3). In 2017, the second highest 
prevalence of cannabis use was in states that remained medical, fol
lowed by the group of states that had changed their legalization status 
between 2017 and 2021; however, in 2021, cannabis use was higher in 
states that had increased legalization during our study time compared to 
states that remained medical (eFig. 3). There was a significant decrease 
in tobacco/nicotine use in states, where cannabis remained medically 
legal during the study period (b = − 0.44 ± 0.15, p = 0.004, eTable 12), 
but this single significant result may be an artifact of doing 18 tests for 
interaction.

Discussion

The current study using national longitudinal data revealed statisti
cally significant increases in current cannabis use among US adults be
tween 2017 and 2021, decreases in current tobacco/nicotine use and no 
statistically significant changes in co-use of cannabis and tobacco/ 
nicotine. After adjusting for year of data collection and socio- 
demographic characteristics, medical cannabis legalization was inde
pendently associated with higher odds of current cannabis use compared 
to no legalization. There was a significant independent additional effect 
of recreational cannabis legalization above the effect of legalizing 
medical cannabis. Specifically, medical cannabis legalization increased 
the odds of current cannabis use by a factor of 1.27 compared to no legal 
use; legalization of recreational cannabis in addition to medical legali
zation increased the odds of current use by an additional factor of 1.43, 
bringing the odds of current cannabis use to 1.82 compared to no 
legalization of medical or recreational use.

Table 2 
Association of cannabis legalization status with cannabis and tobacco/nicotine 
use and co-use in U.S. adults during 2017–2021 in the total sample (n2017 =

9003; n2020 = 5979; n2021 = 5420) and for those who completed all 3 years of 
follow-up (n = 5053).

Outcome Cannabis 
legalization 
status

Prevalence 
(%)

AOR (95 % 
CI)

P value

Total sample: n2017 = 9003; n2020 = 5979; n2021 = 5420

Current cannabis 
usea

Not legal 6.5 Ref. ​
Medical only 8.1 1.27 

(1.03–1.56)
0.02

Recreational +
medical

11.1 1.82 
(1.48–2.23)

<0.001

Current tobacco/ 
nicotine useb

Not legal 12.9 Ref. ​
Medical only 13.0 1.01 

(0.84–1.20)
0.93

Recreational +
medical

11.5 0.88 
(0.72–1.08)

0.21

Current cannabis 
and tobacco/ 
nicotine co-usec

Not legal 2.1 Ref. ​
Medical only 2.6 1.25 

(0.90–1.72)
0.18

Recreational +
medical

2.7 1.26 
(0.87–1.84)

0.22

People who completed all 3 years of follow-up: n = 5053

Current cannabis 
usea

Not legal 6.7 Ref. ​
Medical only 7.5 1.14 

(0.86–1.51)
0.37

Recreational +
medical

10.8 1.69 
(1.28–2.23)

<0.001

Current tobacco/ 
nicotine useb

Not legal 12.1 Ref. ​
Medical only 11.3 0.92 

(0.72–1.19)
0.53

Recreational +
medical

10.5 0.86 
(0.65–1.12)

0.26

Current cannabis 
and tobacco/ 
nicotine co-usec

Not legal 1.8 Ref. ​
Medical only 2.2 1.23 

(0.77–1.96)
0.40

Recreational +
medical

2.5 1.38 
(0.83–2.31)

0.21

All models included year of data collection (continuous year variable, centered 
at baseline of 2017) and socio-demographic characteristics including age, sex, 
education, income, and race-ethnicity.

a Any self-reported past 30-day use of cannabis (smoking, vaporing, edibles, 
concentrates, or topicals).

b Any self-reported current (“now”) tobacco/nicotine use (smoking or e- 
cigarette/vapor products use).

c Any concurrent use of both cannabis and tobacco/nicotine on single occa
sion or simultaneously. 

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval.
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This is a novel finding; previous analyses focused solely on medical 
cannabis legalization (Hasin et al., 2017; Martins et al., 2021; Wen et al., 
2015) or examined the combined effect of recreational and medical 
cannabis legalization on adult use (Bae & Kerr, 2020; Cerdá et al., 2020; 
Zellers et al., 2023). Recreational cannabis legalization increases the 
availability of cannabis products and its social acceptance beyond 
medical cannabis legalization (Baumbusch & Sloan Yip, 2022), likely 
because medical provider recommendations are not required for recre
ational cannabis access, and because commercialization of recreational 
cannabis leads to more sophisticated cannabis products and marketing 
(Bowling et al., 2020; Lipperman-Kreda & Grube, 2018). A higher 
density of cannabis dispensaries and delivery services have been asso
ciated with greater cannabis demand (Morrison et al., 2014), frequency 
and increased current cannabis use (Freisthler & Gruenewald, 2014). 
This, in turn, may change perceived social norms and beliefs about 
cannabis use, increasing social tolerance and decreasing risk perception.

US adults have lower risk perceptions of cannabis vs. tobacco 
smoking (Chambers et al., 2023; Nguyen et al., 2023), including in our 
sample (Chambers et al., 2023). Because our data were collected be
tween 2017 and 2021, increased public awareness of respiratory harms 
and perceived risks associated with tobacco use and COVID-19 mortality 
during the pandemic (Benowitz et al., 2022; Gaiha et al., 2020; Yang 
et al., 2021) could have contributed to the observed shifts in use, 
potentially resulting in declines in tobacco use. Interestingly, previous 
analysis of our sample in 2020 revealed mixed findings when partici
pants were asked about changes in cannabis use due to the COVID-19 
pandemic: 16.1 % of respondents reported an increase, 14.8 % re
ported a decrease, and the majority (65.1 %) reported no changes in use 
(Nguyen et al., 2022). Simultaneous use of cannabis with tobacco was 
associated with increased cannabis use during COVID-19, while there 
were no differences by cannabis legalization status (Nguyen et al., 
2022). Furthermore, the impact of the EVALI outbreak that also 
happened during the time of our study remains unclear. Public concerns 
about the risk of the lung injury associated with any e-cigarettes and 
then emerging evidence linking EVALI to vitamin E acetate found in 
cannabis e-cigarettes (Blount et al., 2020; LeBouf et al., 2021; Moritz 
et al., 2019) could have contributed to decreases in use not only of 
cannabis but non-cannabis e-cigarettes as well. However, the impact was 
likely short-term considering the rapid response and development of 
safety guidance and educational campaigns to inform the public about 
lung injury risks associated with e-cigarette use.

Although tobacco/nicotine use remains more prevalent than 
cannabis in all states (Substance Abuse and Mental Health Services 
Administration, 2022), findings of our study are consistent with past 
research (Compton et al., 2023; Cornelius et al., 2023; Hasin et al., 2017; 
Mennis et al., 2021) that indicate falling tobacco use concurrent with 
increasing rates of cannabis use among US adults. The decline in the 
overall prevalence of tobacco/nicotine use (smoking or e-cigarette use) 
observed in our study, however, may not be the result of increasing 
cannabis legalization. Our analyses revealed mixed findings indicating 
no significant associations of medical and recreational cannabis legali
zation with any current tobacco/nicotine use or e-cigarette use, while 
we observed a significant decrease in tobacco/nicotine use in states with 
a stable medical cannabis legal status between 2017 and 2021 and saw 
that legalization of recreational cannabis was associated with lower 
odds for current cigarette smoking in the sensitivity models. Some may 
hypothesize that people are substituting cannabis for tobacco due to 
lower perceived harms of cannabis versus tobacco, especially following 
the legalization of recreational cannabis (Lucas et al., 2019; McClure 
et al., 2019), but the effect of recreational cannabis laws on such sub
stitution remains unclear. Our study was designed to test overall trends 
but not formally test the substitution hypothesis. This and the mixed 
nature of our findings warrant future investigation to parse out the 
impact of cannabis legalization on substitution of tobacco/nicotine 
products with cannabis.

Multiple studies have demonstrated that people increasingly view 

cannabis as safe, especially compared to tobacco (Chambers et al., 2023; 
Han et al., 2021; Keyhani et al., 2018; Nguyen et al., 2023) and me
dicinal cannabis can be beneficial for management of neuropathic pain 
Allan et al. (2018); Fisher et al. (2021), nausea and vomiting in cancer 
patients (Allan et al., 2018), and refractory epilepsy of childhood (de 
Carvalho Reis et al., 2020; Talwar et al., 2023). However, cannabis also 
has harmful effects, including on cardiovascular (Bailly et al., 2010; 
Jeffers et al., 2024; Jouanjus et al., 2017; Qiu et al., 2023; X. Wang et al., 
2016; Varughese et al., 2024) and respiratory systems (Ghasemiesfe 
et al., 2018) and neuropsychiatric disorders, especially in young people 
(Andréasson et al., 1987; Arseneault et al., 2002, 2004; Renard et al., 
2014). Frequent cannabis use is associated with cannabis use disorder 
(Robinson et al., 2022). Therefore, researchers and public health offi
cials have called for legalization of cannabis based on best practices from 
tobacco control (Barry & Glantz, 2018; Orenstein & Glantz, 2018, 2020), 
including educational campaigns similar to those used in tobacco to 
reduce increases in smoking and vaping of cannabis.

Limitations and strengths

First, cannabis use was defined as use in any form (e.g., smoking, e- 
cigarette, dabbing, edibles) and we did not account for the specific mode 
of use. Second, we do not have detailed information on cannabis po
tency. Third, tobacco was defined as smoking cigarettes and/or using e- 
cigarettes/vapor products (the most prevalent forms of tobacco/nicotine 
use among US adults Cornelius et al. (2023)); our sample does not 
include data on other forms of tobacco use. Fourth, these self-reported 
data of cannabis use measures are subject to social-desirability bias 
and could have varied pre- versus post-legalization. Fifth, state classi
fication was based on the laws’ effective dates, and it could take time to 
develop functioning legal cannabis marketplaces, which likely biased 
our findings toward the null. Future research is needed to evaluate 
whether recreational cannabis commercialization leads to higher social 
acceptance of cannabis and, subsequently, to higher rates of cannabis 
experimentation, initiation, and use.

Sixth, the lack of behavioral data before we launched our survey in 
2017 did not allow us to formally test the impact of pre- to post- 
legalization of medical and recreational cannabis on trends in use as 
many states (n = 22) had enacted cannabis legalization policies before 
our baseline. As an alternative, we ran sensitivity models to examine the 
impact of increased cannabis legalization (either from not legal to 
medical/recreational or from medical to recreational) on changes in use 
between 2017 and 2021, while accounting for those states where 
cannabis legalization status remained unchanged. Our findings sug
gested that there was an impact of legalization on increased cannabis use 
over time; however, our study was underpowered to detect the signifi
cant effect given that nine out of 13 states that had a change between 
2017 and 2021, increased cannabis legalization status from medical to 
recreational, and behavioral data pre-legalization were not available 
before 2017. Furthermore, many states that changed cannabis legali
zation status during our study time, did so in 2020, providing us only a 
year of behavioral data post-legalization. Future studies with a longer 
follow-up time or available data on both pre- and post-legalization are 
recommended to address this limitation.

Seventh, our study included respondents 18 years and older, which is 
important to note because the legal age of medicinal cannabis use and 
possession in most states is 18, and the legal age for recreational 
cannabis use and possession is 21. However, the percentages of re
spondents <21 was small (3.2 % in 2017, 0.4 % in 2020, and 0 % in 
2021), so including these participants would create minimal or no bias 
in our estimates. Eighth, there were non-respondents in follow up sur
veys; however, our response rate was high relative to other longitudinal 
surveys and comparisons of respondents versus non-respondents 
revealed small effect sizes for the differences in respondent character
istics. In addition, we used survey weights to address non-response and 
the results from regression analysis using all available data were similar 
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to sensitivity models limited to those respondents who participated in all 
three years of the follow-up. Despite the limitations, the strength of our 
study is its prospective longitudinal design and the use of a large, na
tionally representative sample.

Conclusions

This longitudinal survey study of US adults revealed significant in
creases in current cannabis use between 2017 and 2021 concurrent with 
declines in tobacco/nicotine use. We did not observe statistically sig
nificant changes in co-use of cannabis and tobacco/nicotine. Legaliza
tion of medical cannabis was independently associated with increased 
current cannabis use and legalizing recreational cannabis was associated 
with a significant additional increase in the odds of current cannabis use 
beyond medical legalization alone. The odds of tobacco/nicotine use 
and co-use with cannabis were not associated with cannabis legaliza
tion. While decriminalization of cannabis for possession may have social 
justice benefits in terms of incarceration, the increasing prevalence of 
cannabis use increases disease risk. Cannabis legalization legislation 
should incorporate best practices from tobacco control, including mar
ket structure and licensing, restrictions on retail cannabis stores, 
advertising, price and tax measures and protection of nonusers by 
including inhaled cannabis use in smokefree laws (Barry & Glantz, 2016, 
2018; Orenstein & Glantz, 2018, 2020) as well as educational campaigns 
to increase public awareness on the health risks of cannabis.
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Hasin, D. S., Sarvet, A. L., Cerdá, M., Keyes, K. M., Stohl, M., Galea, S., & Wall, M. M. 
(2017). US adult illicit cannabis use, cannabis use disorder, and medical marijuana 
laws: 1991–1992 to 2012–2013. JAMA Psychiatry, 74(6), 579–588. https://doi.org/ 
10.1001/jamapsychiatry.2017.0724

Hasin, D. S., Wall, M. M., Choi, C. J., Alschuler, D. M., Malte, C., Olfson, M., Keyes, K. M., 
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