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Abstract

Aims.—This study estimated the likelihoods of individuals transitioning to different cannabis use 

status following recreational cannabis legalization (RCL) in the US.

Design.—Secondary analysis of a nationally representative longitudinal cohort in the US. 

We used propensity score matching to balance individual characteristics between RCL and 

comparison states and generalized mixed regressions to estimate behavioral transitions in matched 

samples.

Participants.—A longitudinal cohort of 21,863 individuals (6,925 youths and 14,938 adults) 

participating in the Population Assessment of Tobacco and Health Waves 3 and 4.

Setting.—Four RCL states that implemented RCL between Waves 3 and 4 (California, 

Massachusetts, Nevada, and Maine) and comparison states in the US.

Measurements.—Transitions in cannabis use over the two waves: 1) from nonusers to users; 

2) from nonusers to weekly users; 3) from users to nonusers. Individuals in RCL states were 

compared to matched individuals in 1) states with medical cannabis legalization (MCL), 2) states 

not legalizing cannabis (non-legalizing), and 3) MCL and non-legalizing states combined.

Findings.—Among youths, the association between RCL and greater odds of transition from 

nonusers to users was seen in comparison to non-legalizing states (OR, 95%CI: 2.18, 1.37–3.45) 

and combined states (1.73, 1.23–2.42). Evidence was lacking regarding the associations between 

RCL and transitions from nonusers to weekly users and from users to nonusers. Among adults, 

RCL was associated with greater odds of transitions from nonusers to users and nonusers to 

weekly users if RCL states were compared to non-legalizing states (1.68, 1.15–2.46; 1.82, 1.00–

3.31 respectively) or combined states (1.51, 1.11–2.07; 2.09, 1.19–3.66 respectively). RCL was 

also associated with lower odds of transition from users to nonusers if RCL states were compared 

to non-legalizing states (0.54, 0.35–0.81).
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Conclusions.—There was some evidence suggesting that RCL was associated with elevated 

odds of transition to cannabis users among both youths and adults.

Keywords

Recreational cannabis legalization; cannabis use transition; youth; adult; propensity score 
matching

INTRODUCTION

The prevalence of past-month cannabis use among individuals aged 12 or older in the US 

has increased from 7% in 2010 to 11% in 2019. (1) Meanwhile, there has been a momentum 

to expand legal access to cannabis. Since 2012, 18 states and the District of Columbia have 

removed penalties for adults’ possession of cannabis in a small amount for recreational use 

(recreational cannabis legalization or RCL). (2)

RCL may have impacts on adults’ use by reducing pecuniary and non-pecuniary costs 

of possession and consumption and forming more favorable social norms. While cannbis 

possession among youths under age 21 years is still prohibited, RCL may also shape 

favorable perceptions and attitudes among them. The opening of recreational cannabis 

markets in RCL states could further increase accessibility and availability of cannabis, 

provide products with greater variety and potency, and promote awareness and interest 

among both adults and youths. Because cannabis use for recreational purposes may have 

detrimental health effects particularly on youths, (3, 4) the potential increase in cannabis use 

following RCL has been a public health concern.

Most of the empirical research on the association between RCL and cannabis use in the 

US relied upon repeated cross-sectional data on youth population and yielded inconclusive 

findings. Compared to other states without RCL, Cerdá et al. (5) found that RCL was 

associated with an increase in cannabis use among 8th and 10th graders in the Monitoring 

the Future study in Washington but not in Colorado. Because Monitoring the Future study 

was not designed to provide state-representative estimates, it may limit the reliability and 

generalizability of the findings. (6) Dilley et al. (6) replicated the analysis in Washington 

using the state representative Washington Healthy Youth Survey and found a significant 

decline in cannabis use among 8th and 10th graders. Anderson et al. (7) suggested a decline 

in cannabis use among youths following RCL compared to states without any type of 

cannabis legalization. Bae and Kerr (8) reported that cannabis use among college students 

increased more in states with RCL than states without RCL. Kerr et al. (9) estimated that 

cannabis use increased only among heavy users of alcohol in a large public university 

following RCL in Oregon compared to six universities in other states without RCL.

Only two studies provided evidence on adult population using repeated cross-sectional data. 

Shi et al. (10) suggested that RCL alone was not associated with cannabis exposures but 

opening cannabis retail markets was associated with a substantial increase in cannabis 

exposures among adults if RCL states were compared to states with medical cannabis 

legalization or states without any type of cannabis legalization. Such increase was even 

higher among youths than adults. Cerda et al. (11), however, reported that RCL was 
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associated with increases in cannabis use disorder among both youths and adults in states 

adopting RCL compared to states that did not adopt RCL.

A common limitation in these repeated cross-sectional studies is ecological fallacy: cross-

sectional studies relied upon over-time changes in cannabis us prevalence at aggregate level 

(usually state level). Even though individual characteristics were controlled for in some 

studies, they were not able to examine behavioral changes for the same individual or identify 

heterogeneities in response to policies at individual level. (12, 13) Only a few studies in 

the US thus far estimated individual-level changes in longitudinal cohorts, all of which 

were restricted by sample size and sample representativeness. Comparing a cohort of 281 

youths to those of the same age range prior to legalization in Washington, Bailey et al. 

(14) found evidence of a higher likelihood of cannabis use after RCL. Barker et al. (15) 

reported a higher likelihood of cannabis use only among prior cannabis users in a cohort 

of 338 students in a large public university in Washington compared to a similar university 

in Wisconsin. Comparing those who transitioned from 8th to 9th grade during RCL in 

Oregon to those who made the transition prior to RCL in a cohort of 444 youths, Rusby 

et al. (16) found an increase in cannabis use frequency among existing cannabis users. 

In a non-probability-based cohort of 668 parents, Epstein et al. (17) found an increase in 

cannabis use frequency and pro-cannabis norms in both RCL and non-RCL states, but the 

increase in pro-cannabis norms was faster in RCL states.

The research question of this study was to examine the relationships between RCL and 

the likelihoods of individuals transitioning to different cannabis use status in the US. We 

contributed to the still limited literature in the following ways. First, our study used data 

from the Population Assessment of Tobacco and Health in the US, making it the first study 

to estimate individual-level changes among a nationally representative longitudinal cohort. 

Second, PATH has a much larger sample size than previous cohort studies to power the 

detection of smaller effects. Third, we examined both youths and adults.

METHODS

Data and Sample

The Population Assessment of Tobacco and Health (PATH) is a probability-based, nationally 

representative longitudinal cohort study of non-institutionalized civilians aged 12 years and 

older in the US. Although PATH primarily collects information on tobacco use and related 

health outcomes, it started to ask cannabis use questions from Wave 2. More information 

about PATH is published elsewhere. (18)

Our data were obtained from Waves 3 and 4 (Figure S1). Data in the previous two waves 

were not used because 1) cannabis use questions were not asked in Wave 1, 2) data 

collection periods in Waves 1 and 2 had overlaps, 3) out of the three states implementing 

RCL during Wave 2, only Oregon had sufficient sample size to make statistically 

meaningful estimations. Four states, including California, Massachusetts, Nevada, and 

Maine, implemented RCL right before or at the beginning of Wave 4 data collection (Figure 

S1), creating a relatively clean comparison before and after RCL using Waves 3 and 4 data.
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Of the 35,984 respondents who completed both PATH Waves 3 and 4 interviews, we 

restricted the sample to 24,061 respondents in the selected RCL and comparison states. We 

further excluded 2,198 respondents who had incomplete data on outcomes of interest or 

covariates. The final analytical sample had 21,863 respondents, including 6,925 youths who 

were younger than 21 years at Wave 4 (the legal age limit) and 14,938 adults who were 

21 years or older at Wave 4. Tables S1-S2 compare Wave 3 characteristics between Wave 

3 respondents who stayed and dropped out in Wave 4. Table S3 reports missing rates of 

Wave 3 characteristics among respondents who completed both Waves 3 and 4. Tables S4-S5 

compare Wave 3 characteristics between respondents completing both Waves 3 and 4 with 

and without missing values. Table S6 reports sample sizes by state legalization status and 

cannabis use status.

Cannabis Use Outcomes

Cannabis use was determined by the question “have you ever used cannabis, hash, THC, 

grass, pot or weed in the past 30 days?” in PATH Waves 3 and 4. Among cannabis 

users, those who reported using cannabis weekly were classified as weekly users. Based 

on participants’ responses in both Waves, three binary indicators were generated to define 

transitions in cannabis use status, including 1) transition from nonusers at Wave 3 to users at 

Wave 4, 2) transition from nonusers at Wave 3 to weekly users at Wave 4, and 3) transition 

from users at Wave 3 to nonusers at Wave 4.

Policy Exposure

The policy exposure of interest was the implementation of RCL. Four states implemented 

RCL right before or at the very beginning of Wave 4 (Figure S1). They were considered 

treatment states in this study.

Covariates for Matching and Regressions

We included the following individual-level covariates in both matching and regressions in 

youth and adult samples: age, sex, race/ethnicity, urbanicity, household income, past-month 

cigarette use, and past-month binge drinking (having five or more drinks in a row at least 

once in the past month). Matching and regressions in adult sample also included marital 

status, educational attainment, and current employment status. All of these covariates were 

obtained from Wave 3 except for urbanicity which was only available in Wave 1. We 

also included the following state-level covariates as controls in regressions after matching: 

poverty rate, percentage of non-Hispanic whites, and unemployment rate. These state-level 

covariates were 2017 data from the US Census Bureau or Bureau of Labor Statistics.

Statistical Analysis

The three transitions from Wave 3 to Wave 4 were evaluated separately: 1) from nonusers 

to users (Analysis 1), 2) from nonusers to weekly users (Analysis 2), and 3) from users to 

nonusers (Analysis 3). Analyses 1–2 were restricted to Wave 3 nonusers and Analysis 3 was 

restricted to Wave 3 users. Youth and adult samples were analyzed separately in these three 

analyses.
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Treatment states were compared to comparison states in each analysis and sample. The 

treatment states included four RCL states (California, Massachusetts, Nevada, and Maine). 

Five jurisdictions implemented RCL before Wave 3 and five states implemented medical 

cannabis legalization (MCL) between Wave 3 and Wave 4, so they were excluded from 

this study. Following previous research, (10, 19) three groups of comparison states were 

constructed to account for the heterogeneity of cannabis legality in the 28 states without 

RCL.1 The list of states is reported in Table S7. Comparison A compared RCL states 

to 11 states that implemented MCL before Wave 3 but had not implemented RCL when 

Wave 4 data collection ended. Because all the RCL states already implemented MCL before 

RCL, this comparison estimated the independent association between RCL and behavioral 

outcomes beyond the effects of MCL. Comparison B compared RCL states to 17 states 

that had not implemented recreational or medical cannabis legalization (non-legalizing) 

when Wave 4 data collection ended. This comparison estimated the association between 

RCL and behavioral outcomes relative to the absence of any type of cannabis legalization. 

Comparison C compared RCL states to 28 states (11 states in Comparison A + 17 states in 

Comparison B) that had not implemented RCL when Wave 4 data collection ended. This 

comparison estimated the association between RCL and behavioral outcomes regardless of 

legalization status in comparison states.

Statistically, four models were used to estimate the associations. Model 1 used multivariate 

logistic regressions to estimate the odds of cannabis use transitions in RCL states compared 

to comparison states in unmatched full samples without controlling for covariates. Model 2 

extended Model 1 by including individual- and state-level covariates in multivariate logistic 

regressions. Models 1 and 2 had limitations as confounders may not adequately overlap 

between the samples in treatment and comparison states. (20) Accordingly, the validity of 

comparisons can be compromised. (21)

To address this concern, we adopted Propensity Score Matching (PSM) to improve the 

balance in covariates between the samples in RCL and comparison states. As a technique 

widely used in observational studies to alleviate the effects of confounding, (22, 23) PSM 

enables a study to mimic a randomized controlled trial by reducing any observed differences 

that exist between the two groups. (24) Based on PSM guidelines, (21) we first fitted 

logistic regressions with individual-level covariates that yielded a propensity score for each 

respondent. (25) We then matched individuals in RCL states to individuals in comparison 

states using the nearest-neighbor 1:1 matching without replacement. The nearest-neighbor 

matching algorithm is the most common implementation of PSM helping minimize the bias 

in subsequent estimations. (26) We computed standardized differences in individual-level 

covariates between the matched samples in RCL states and comparison states before and 

after PSM (Technical Note S1) and conducted χ2 tests to assess the improvement of 

balance. (25) A standardized difference of no more than 10% is suggested an indicator of 

balance. (27)

1Nine states were further excluded from the analysis because respondents in those states had incomplete information on outcomes of 
interest or covariates.
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Following PSM, generalized linear mixed regressions (Binomial family) were employed 

to estimate the associations, accounting for the pairing between matched samples. Model 

3 estimated the odds of cannabis use transitions in RCL states relative to comparison 

states in matched samples without controlling for covariates. Model 4 extended Model 3 in 

matched samples by including individual- and state-level covariates in multivariate logistic 

regressions.

We tested the robustness of results to PSM matching algorithms. In addition to nearest-

neighbor 1:1 matching without replacement in the main analysis, we repeated Models 3 

and 4 with five alternative matching algorithms, including nearest-neighbor 1:1 matching 

with replacement, nearest-neighbor 1:2 matching with replacement, and nearest-neighbor 

matching without replacement adding caliper 0.0005, 0.001 and 0.002 respectively.

Statistical analyses were conducted with STATA 16.1 (StataCorp LP, College Station, TX, 

USA). The study was not pre-registered and the results should be considered exploratory. 

The use of restricted PATH data was approved by the University of California San Diego 

Human Research Protection Program.

RESULTS

Propensity Score Matching

Tables S8–S9 report descriptive statistics of individual-level covariates in RCL and 

comparison states in youth and adult samples, respectively.

Figures 1–2 show the standardized differences in individual-level covariates between RCL 

and comparison states before and after PSM in youth and adult samples, respectively 

(detailed statistics in Table S10 for youths and Table S11 for adults). In general, PSM 

reduced much of the differences in covariates in matched samples. Most of the standardized 

differences were less than 10% after matching.

Association Estimation in Matched Samples

Figure 3 reports Models 3 and 4 results in matched youth sample after PSM (detailed results 

in Table S12). In Model 4 regressions controlling for covariates, RCL was associated with 

a higher odds of transition from nonusers to users when RCL states were compared to non-

legalizing states (OR, 95%CI: 2.18, 1.37–3.45, p<0.001) and MCL and non-legalizing states 

combined (1.73, 1.23–2.42, p=0.001). We did not find evidence that RCL was associated 

with transition from nonusers to users when RCL states were compared to MCL states alone. 

We also did not find evidence that RCL was associated with transition from nonusers to 

weekly users or from users to nonusers in any comparisons. Model 3 without controlling for 

covariates yielded results similar to Model 4.

Figure 4 reports Models 3 and 4 results in matched adult sample after PSM (detailed 

results in Table S13). In Model 4 regressions controlling for covariates, RCL was associated 

with a higher odds of transition from nonusers to users when RCL states were compared 

to non-legalizing states (1.68, 1.15–2.46, p=0.007) and MCL and non-legalizing states 

combined (1.51, 1.11–2.07 p=0.010). RCL was associated with a higher odds of transition 
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from nonusers to weekly users when RCL states were compared to non-legalizing states 

(1.82, 1.00–3.31, p=0.048) and MCL and non-legalizing states combined (2.09, 1.19–3.66, 

p=0.010). RCL was also associated with a lower odds of transition from users to nonusers 

when RCL states were compared to non-legalizing states (0.54, 0.35–0.81, p=0.003). We did 

not find evidence that RCL was associated with any type of transitions when RCL states 

were compared to MCL states alone. The associations found in Model 4 were consistent 

with results from Model 3, but Model 3 also suggested that RCL was associated with a 

higher odds of transitions from nonusers to users and from nonusers to weekly users when 

RCL states were compared to MCL states.

Tables S12–13 also report results from Models 1 and 2 before PSM. All the results were 

similar to Models 3 and 4 in youth sample. Models 1 and 2 results were also similar 

to Models 3 and 4 in adult sample except that RCL was also associated with a lower 

odds of transition from users to nonusers when RCL states were compared to MCL and 

non-legalizing states combined in Models 1 and 2.

Sensitivity Analysis

We replicated Model 4 analysis with alternative PSM matching algorithms (Table S14 for 

youths and Table S15 for adults). The associations found in the main analysis were generally 

robust to alternative matching algorithms.

DISCUSSION

This study contributes to the literature by using data on a large nationally representative 

longitudinal cohort in the US. The distinguishing feature of the current study alleviated the 

concern of ecological fallacy, which plagued most of the previous research using repeated 

cross-sectional data to evaluate aggregate-level changes over time. Overall, our findings 

provided some evidence on elevated odds of transition from cannabis nonusers to users 

among both youths and adults following RCL in four US states.

Our results suggested associations between RCL and cannabis use transitions if we 

compared RCL states to states without any type of cannabis legalization. Youths may have 

a higher odds of transitioning from cannabis nonusers to users if they were exposed to 

RCL during the transition. This finding was consistent with some repeated cross-sectional 

studies (5, 8, 11) and small-scale longitudinal cohort studies (14). Adult cannabis nonusers 

may have higher odds of transitioning to users as well as transitioning to frequent users, 

corroborating a repeated cross-sectional study on adult population. (11) In addition, adult 

cannabis users may have a lower odds of transitioning to nonusers. We encourage future 

research to validate our findings with alternative data sources.

We summarized our study findings as “some evidence” on the associations, because these 

associations were almost all manifested in comparisons to non-legalizing states and MCL 

and non-legalizing states combined. The associations in comparison between RCL and 

MCL states were not evident. This implies that RCL possibly had no independent impacts 

on top of MCL. If non-legalizing states pass MCL and RCL at the same time or pass 

RCL without MCL, cannabis use will be likely increased as indicated in our study. This 
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scenario, however, is less likely to happen in the current legal and social contexts of the 

US. Meanwhile, it is worth noting that most of the previous research used MCL and 

non-legalizing states combined as comparison states (5, 8, 9, 11) and interpreted observed 

associations as evidence for the impacts of RCL. We could also adopt this interpretation but 

would like to leave the discretion to readers.

If past-month cannabis use is a steady status, we could roughly consider transition from 

nonusers to users/weekly users as cannabis initiation and transition from users to nonusers 

as cannabis cessation. In this case, we provided support that RCL may be associated with 

cannabis initiation but found less evidence on the association between RCL and cannabis 

cessation. This interpretation should be taken with caution, because individuals who used 

cannabis in the past month may include those using cannabis only occasionally, especially 

among youths who were in experiencing stage and have not established long-term behaviors. 

This interpretation may be more valid for adults but less so for youths.

This study is not without limitations. First, we reduced observed heterogeneities by PSM, 

but we were unable to account for unobserved confounding factors. Our findings hence 

should not be interpreted as causality. Second, cannabis use outcomes were self-reported and 

subject to reporting bias. Particularly, RCL may impact the willingness of a respondent to 

disclose cannabis use. We were also not able to control for the history of cannabis use prior 

to Wave 3. Further, cannabis use questions in PATH are very general. As vaping and edibles 

become increasingly popular following RCL, detailed cannabis use measures are required to 

evaluate the impacts on administration methods and product types.

Third, three out of the four RCL states implemented RCL one to two months after PATH 

Wave 4 data collection began. As a result, a very small portion of respondents in Wave 4 

were not yet exposed to RCL when Wave 4 data were collected. Unfortunately, we were 

not able to identify this small group because exact survey dates in PATH were not publicly 

available. The incorrect assignment of policy exposure in this small group may attenuate the 

association estimation towards null. Fourth, each PATH wave was nationally representative 

as a whole, but it was not designed to be representative at state level. The nonrandom 

attrition between Wave 3 and Wave 4 may also slightly reduce the generalizability of the 

findings.

Fifth, the sample size in some analyses in youth sample was small despite comparable or 

larger than previous cohort studies. (14, 15). Insufficient statistical power may explain the 

lack of evidence in youth sample. Sixth, we evaluated outcomes within one year of RCL 

implementation, which may not be long enough to observe long-term behavioral transitions 

especially after the retail markets were fully open.

Finally, we grouped four RCL states into one treatment group due to sample size 

consideration, but we acknowledged that the provisions of RCL vary by state. Recent 

research highlighted the importance of accounting for cannabis law heterogeneity. (28, 29) 

We hope future research could explore the differential associations with law provisions. Law 

heterogeneity may also limit the generalizability of our findings to early adopters such as 
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Colorado and Washington and most recent adopters such as Connecticut, New Mexico, and 

New York.

The results should be interpreted with caution, but we believe that they still provide useful 

information to policymakers and public health practitioners interested in understanding the 

consequences of RCL. We showed that changes in behaviors at individual level may be 

indeed associated with changes in cannabis legal status at state level, providing support 

to previous studies reporting changes in use prevalence at state level. The increase in 

cannabis use may happen not only among adults, but also among youths who bear health 

and economic consequences in adolescence and adulthood. (3, 4) Prevention strategies are 

particularly meaningful as the evidence on the association between RCL and transition from 

nonusers to users was stronger than the association between RCL and transition from users 

to nonusers.

CONCLUSION

Using data on a large nationally representative longitudinal cohort in the US, we found some 

evidence suggesting that RCL was associated with elevated odds of transition from cannabis 

nonusers to users among both youths and adults. Future research is warranted to assess 

long-term, detailed outcomes and generalizability to other jurisdictions.
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WHAT THIS RESEARCH ADDS

• This study added new evidence to the relationship between recreational 

cannabis legalization and cannabis use by estimating the likelihoods of 

individuals transitioning to different cannabis use status following the 

legalization in the US.

• It is the first study to estimate individual-level changes among a representative 

longitudinal cohort.

• There was some evidence suggesting that recreational cannabis legalization 

was associated with elevated odds of transition to cannabis users among both 

youths and adults.
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Figure 1. Standardized Differences between RCL States and Comparison States Before and 
After Propensity Score Matching, PATH Youth Sample
Notes:

1) The yellow dots represent standardized differences in percentage points before matching, 

and the black dots represent standardized differences in percentage points after matching.

2) The exact numbers in this Figure are reported in Table S10.
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Figure 2. Standardized Differences between RCL States and Comparison States Before and 
After Propensity Score Matching, PATH Adult Sample
Notes:

1) The yellow dots represent standardized differences in percentage points before matching, 

and the black dots represent standardized differences in percentage points after matching.

2) The exact numbers in this Figure are reported in Table S11.
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Figure 3. The Association between Recreational Cannabis Legalization and Cannabis Use 
Transitions, PATH Youth Sample
Notes:

1) **p<.01, ***p<.001.

2) Dots and lines represent odds ratios and associated 95% confidence intervals, 

respectively.

3) Crude results from Model 3 report estimated odds ratios in matched samples without 

further statistical adjustment.

4) Regression results from Model 4 report estimated odds ratios in matched samples 

adjusting for individual and state covariates.

5) Detailed results are reported in Table S12.
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Figure 4. The Association between Recreational Cannabis Legalization and Cannabis Use 
Transitions, PATH Adult Sample
Notes:

1) *p<.05, **p<.01, ***p<.001.

2) Dots and lines represent odds ratios and associated 95% confidence intervals, 

respectively.

3) Crude results from Model 3 report estimated odds ratios in matched samples without 

further statistical adjustment.

4) Regression results from Model 4 report estimated odds ratios in matched samples 

adjusting for individual and state covariates.

5) Detailed results are reported in Table S13.
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