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Abstract

Background: Recreational cannabis laws (RCLs) may have spillover effects on binge drinking.
Our aims were to investigate binge drinking time trends and the association between RCLs and
changes in binge drinking in the United States (U.S.)

Methods: We used restricted National Survey on Drug Use and Health data (2008-2019). We
examined trends in the prevalence of past-month binge drinking by age groups (12-20, 21-30,
31-40, 41-50, 51+). Then, we compared model-based prevalences of past-month binge drinking
before and after RCL by age group, using multi-level logistic regression with state random
intercepts, an RCL by age group interaction term, and controlling for state alcohol policies.
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Results: Binge drinking declined overall from 2008 to 2019 among people aged 12-20 (17.54%
to 11.08%), and those aged 21-30 (43.66% to 40.22%). However, binge drinking increased

among people aged 31+ (ages 31-40: 28.11% to 33.34%, ages 41-50: 25.48% to 28.32%, ages
51+: 13.28% to 16.75%). When investigating model-based prevalences after versus before RCL,
binge drinking decreased among people aged 12-20 (prevalence difference=-4.8%; adjusted odds
ratio (aOR)=0.77, [95% confidence interval (Cl) 0.70-0.85]), and increased among participants
aged 31-40 (+1.7%; 1.09[1.01-1.26]), 41-50 (+2.5; 1.15[1.05-1.26]) and 51+ (+1.8%; 1.17[1.06—
1.30]). No RCL-related changes were noted in respondents ages 21-30.

Conclusions: Implementation of RCLs was associated with increased past-month binge
drinking in adults aged 31+ and decreased past-month binge drinking in those aged < 21. As
the cannabis legislative landscape continues to change in the U.S., efforts to minimize harms
related to binge drinking are critical.

Keywords

Recreational cannabis laws (RCLSs); binge drinking; state alcohol policies; adolescence

Introduction

Binge drinking is prevalent in the United States (U.S.) and is associated with adverse
short- and long-term negative outcomes (Hingson and Zha, 2018; Jennings et al., 2015;
Sacks et al., 2015). In 2019, approximately one in four people ages 12 or older in the
U.S. reported past-month binge drinking (Lipari, 2019), defined as = 5 drinks for men

or = 4 drinks for women per drinking session (National Institute on Alcohol Abuse and
Alcoholism, NIAAA). Binge drinking is associated with acute adverse outcomes such as
motor vehicle crashes and traffic fatalities, criminal legal system exposure (Hingson and
Zha, 2018; Sacks et al., 2015), poor academic achievement (Jennings et al., 2015; Patte
etal., 2017), and emergency department visits (White et al., 2018). Further, detrimental
chronic effects of binge drinking include alcohol use disorders (AUD) (Dawson et al., 2008,
2005), alcohol-related liver disease, and death (Esser et al., 2020; White et al., 2020).

Trends in binge drinking prevalence vary by age (Lipari, 2019); thus, it is necessary to
evaluate changes in the prevalence of binge drinking separately among adolescents (Clark
Goings et al., 2019), young adults (Delker et al., 2016), middle-aged adults (Grucza et al.,
2018) and older adults (Al-Rousan et al., 2022; Han et al., 2017). For example, past-month
binge drinking declined from 11.1% to 4.7% in adolescents aged 12-17 years old from
2002 to 2016 (Clark Goings et al., 2019), while the prevalence of adult binge drinking
increased by 0.7% annually on average over 10-15 years (Grucza et al., 2018). The average
annual increases in binge drinking were higher among people ages 30-49 and over 50
years old (Grucza et al., 2018), an age group that has also experienced increases in alcohol-
related deaths and emergency department visits (Esser et al., 2020; White et al., 2020,
2018). Past-month binge drinking has increased among middle-aged and older adults from
2005 to 2019 (Al-Rousan et al., 2022; Han et al., 2017) and can contribute to a unique

set of alcohol-related problems such as insomnia, alcohol interaction with prescription
medications, unintentional injuries (e.g., falls), and worsened chronic disease management
in this age group (Breslow et al., 2017, 2015; Canham et al., 2015). Cannabis and alcohol
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policies are environmental factors that can influence binge drinking behavior by influencing
the availability and risk perception of substance use (Guttmannova et al., 2016; Kim et

al., 2021; Pacula et al., 2022; Smart and Pacula, 2019). However, these studies did not
investigate the impact of changes in cannabis policies on binge drinking prevalence while
considering modifications to alcohol policies (Al-Rousan et al., 2022; Clark Goings et al.,
2019; Grucza et al., 2018; Han et al., 2017).

Prior research has shown the impact of legalizing cannabis on the perception and availability
of cannabis use (Compton et al., 2019; Hasin et al., 2017; Levy et al., 2021; Martins et

al., 2016) and in changes in alcohol use patterns, including binge drinking and alcohol

and cannabis co-use (Gongalves et al., 2022; Guttmannova et al., 2016; Kim et al., 2021;
Pacula et al., 2022; Smart and Pacula, 2019). The current literature supports two possible
hypotheses: the complementary and the substitution hypotheses. Under complementarity,
both cannabis and alcohol use may increase after cannabis legalization as individuals use
these substances together. Under substitution, alcohol use may decrease after cannabis
legalization, as individuals may use cannabis instead of alcohol when both are readily
available (Guttmannova et al., 2016; Kim et al., 2021; Pacula et al., 2022; Smart and Pacula,
2019). Evidence regarding these hypotheses remains inconclusive, especially regarding how
cannabis legalization may impact binge drinking across different age groups (Guttmannova
et al., 2016; Pacula et al., 2022; Smart and Pacula, 2019).

The impact of cannabis laws on binge drinking among different age groups remains
inconclusive. Studies examining the relationship between medical cannabis laws (MCLS)
and binge drinking among adolescents are inconsistent (Smart and Pacula, 2019). One study
showed no change in binge alcohol use among individuals ages 12—20 years (Wen et al.,
2015), while two studies showed decreases in past-month binge drinking among different
adolescent subgroups (Cerda et al., 2018; Johnson et al., 2018). More specifically, one
study found a decreased prevalence of binge drinking among 8! graders following MCL
enactment but no change in prevalence among 10t and 12t graders (Cerda et al., 2018).
These findings were consistent with another study finding MCLs were not associated with
changes in binge drinking among 9™"-12t" graders (Chapman et al., 2016). However, less
restrictive MCLs (i.e., difficulty in obtaining approval for medical cannabis, the quantity

of cannabis permitted per individual, distribution, and monitoring of cannabis supply) were
associated with lower odds of past-month binge drinking in adolescents (Johnson et al.,
2018). Similarly, the literature regarding the associations between MCLs and adult binge
drinking shows mixed results as reported in recent reviews (Guttmannova et al., 2016;
Pacula et al., 2022; Smart and Pacula, 2019), for example, Wen and colleagues (2015)
reported increases in the frequency of binge drinking after MML in the past 30 days among
adults aged 21+ (Wen et al., 2015), while another study observed decrease in the probability
of past-month binge drinking in adults (ages: 18-29 and 40-49 years) (Anderson et al.,
2013). Some potential explanations for these inconsistencies in the literature are the different
periods of MCL exposure (e.g., Wen et al. used data from 2004 to 2012, and Cerda et al.
from 1991 to 2015). Differences in the exposure period are particularly significant when
examining cannabis legislation, as it is an environment in constant change. Also, studies had
different classifications of age groups among adolescents (e.g., 12-20 [Wen et al., 2015] vs.
9th-12th graders [Chapman et al., 2016]), which could have interfered with the results.
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The current evidence regarding the association between recreational cannabis laws (RCLS)
and binge drinking remains limited to data from a few states, small study samples

(Smart and Pacula, 2019), and one prior U.S. national study using Behavioral Risk Factor
Surveillance System (BRFSS) data (Macha et al., 2022). Three studies examined changes

in alcohol use among undergraduate students in Colorado and Oregon after RCLs, finding
increases in simultaneous alcohol and cannabis use but no change in heavy alcohol use
(Jones et al., 2018; Kerr et al., 2018, 2017). Another study examining changes following
RCLs in Washington and Oregon showed decreases in binge drinking (Dragone et al., 2019).
Although these studies provide evidence regarding the association between RCLs and binge
drinking, focusing on specific states may limit the generalizability of study findings. Finally,
one study using national BRFSS data showed positive associations between RCLs and any
alcohol use, but not binge drinking (Macha et al., 2022). However, the most recent BRFSS
survey only included information on cannabis laws for 24 states with cannabis-related
questions(Geissler et al., 2020) and focused on adults aged 18 and older. In addition, the
authors combined participants aged 18-24 in the same group (Macha et al., 2022); grouping
participants who are legally authorized to purchase these substances (age 21+) and those
who are not (under 21 years old) complicates interpretation of these results participants had
access to different cannabis supply channels (Macha et al., 2022). Furthermore, the authors
adjusted for only one domain of alcohol policies (alcohol pricing) (Macha et al., 2022) out
of the four main domains related to binge drinking patterns (Naimi et al., 2014; Silver et al.,
2019; Xuan et al., 2013). Therefore, more research is needed to understand the incremental
change in binge drinking associated with RCLs using nationally representative data across
different age groups.

This study aimed to (a) examine trends in binge drinking and (b) investigate associations
between the implementation of RCLs (defined as the presence of a legal supply mechanism
in a state) and changes in binge drinking from 2008-2019 in the U.S. We hypothesized that
following RCL implementation with a legal cannabis supply channel, prevalence of binge
drinking use would decrease in youth aged 12-20 years old, as access to cannabis in this
age group does not change after RCLs (legal age to purchase alcohol and cannabis is 21

and older), prior research suggests a decline in binge drinking among adolescents related to
more flexible cannabis laws (Cerda et al., 2018; Dragone et al., 2019; Johnson et al., 2018),
and previously-observed declines in the prevalence of binge drinking among adolescents
(Johnston et al., 2021; Keyes et al., 2020). We also hypothesized that the prevalence of binge
drinking use would increase for adults ages 21+ after RCL implementation, particularly
among those ages 51+, considering documented increases in binge drinking in the U.S.
overall (Grucza et al., 2018) and increases in past month alcohol and cannabis use after
medical and recreational cannabis policies in adults aged 50+ (Kim et al., 2021). Our

study builds on existing literature by using nationally representative data to investigate the
potential effects of the changing cannabis policy landscape in all age groups (adolescents,
young adults, middle-aged and older adults) using a comprehensive measure of state alcohol
policies to control for differences in state contexts.
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Materials and Methods

We used restricted-access data from individuals aged 12+ who participated in the 2008—
2019 National Survey on Drug Use and Health (NSDUH) (n=817,359). We included only
participants who reported their state of residence, which enabled us to determine state
RCL exposure status. The 2019 survey was the most recent survey available at the time of
analysis (June 2021 to December 2022). The NSDUH used a multistage probability design
for annual cross-sectional household surveys of the U.S. non-institutionalized population,
excluding institutionalized individuals (e.g., active military, long-term hospital residents,
prison populations, homeless not in shelters). Interviewers administered surveys with
computer-assisted personal interviewing and audio computer-assisted self-interviewing for
sensitive questions. The NSDUH provided survey weights to adjust for the probability of
selection at each sampling stage, nonresponse, and coverage. Interview response rates over
the study period varied from 64.9% to 75.6% (Substance Abuse and Mental Health Services
Administration, 2020).

Measures

Outcome.—Past-month binge drinking (yes/no) was our primary outcome variable. The
2008-2014 surveys defined binge drinking as consuming =5 standard drinks per drinking
session regardless of gender. The binge drinking question changed in 2015 to a gender-
specific threshold (=4 drinks for females and =5 drinks for males.) We allowed for this
change in definition when creating a dichotomous measure of past-month binge drinking
over the study period (Substance Abuse and Mental Health Services Administration, 2021).

Exposure.—Our primary exposure was living in a state that implemented RCL with a legal
channel for obtaining cannabis for recreational purposes (i.e., legal cannabis supply) (Burris,
2014). This definition includes the adoption of laws allowing home cannabis cultivation

or the presence of a legal retail outlet in the state, whichever came first. RCLs were
distinguished from medical cannabis laws (MCL), with RCLs and MCLs dates obtained
from multiple sources (Alcohol Policy Information System; Marijuana Policy Project, 2020;
Procon, 2022; RAND Corporation). Where discrepancies between sources were noted, we
referred to the specific text of the statute for clarification. These dates have been used

in previous work (Cerda et al., 2020; Gongalves et al., 2022; Martins et al., 2021). Also,
time-varying policies were lagged one year before participants were interviewed.

It is worth noting that cannabis legislation is complex, involving multiple policy decisions,
including regulations of supply chain and operation: government monopoly, retail sales,
legal home cultivation, advertisement, types of products distributed, prices, and taxes
(Kilmer et al., 2019), and each state may have different policies when regulating recreational
cannabis use. For example, among the states classified as RCL, eight allowed home
cultivation and retail sales (i.e., Alaska, California, Colorado, Nevada, Massachusetts,
Vermont [up to 6 plants], Oregon [up to 4 plants per residence], Washington [only with

a permit]), and the District of Columbia permitted only home cultivation (up to 6 plants)
(Alcohol Policy Information System; Marijuana Policy Project, 2020; Procon, 2022).
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In descriptive analyses, state-level cannabis laws were categorized as a time-invariant three-
level variable (No MCL nor RCL, MCL only, MCL and RCL) based on their legal status

in 2019. In regression models, we utilized a time-varying indicator of state cannabis law
status based on the date of the respondent interview relative to the legal cannabis supply
date. As all states with RCLs previously implemented MCLs, we analyzed the predicted
prevalence of binge drinking among five groups: (1) never MCL and RCL, (2) before MCL,
(3) after MCL/never RCL, (4) after MCL/before RCL, (5) after MCL/after RCL (Gongalves
et al., 2022). Because our primary interest was to examine changes in binge drinking in
response to RCL, our contrast of interest was, therefore, after MCL/after RCL versus after
MCL/before RCL.

Individual covariates included age, categorized as 12-20, 21-30, 31-40, 41-50, and 51+
years old. The rationale for this categorization was to classify individuals in each life
decade and to separate participants under age 21 (i.e., the legal age for purchasing alcohol/
cannabis). Other individual-level covariates included: gender (male, female); racial and
ethnic group (non-Hispanic white, non-Hispanic Black, Hispanic, Other [Native American,
Pacific Islander, Asian and more than one race]); education (less than high school, high
school graduate, some college, college graduate); family income (<$20,000; $20,000—
49,999; $50,000-74,999; $75,000+); and urbanicity (small, large, non-metropolitan).

State-level covariates were based on 2010 U.S. Census data, including the proportion of
each state’s population that was white, male, aged 10-24, aged 25+ with at least a high
school education, state unemployment rates, and state median household income. Additional
state-level covariates consisted of state alcohol policies. Prior research has suggested that
alcohol use, especially binge drinking patterns, can be influenced by alcohol policies (Naimi
et al., 2014; Silver et al., 2019; Xuan et al., 2013). For example, higher scores on alcohol
scales (i.e., presence of more state alcohol policies) are associated with lower levels on binge
drinking (Naimi et al., 2014; Silver et al., 2019). The State Alcohol Policy Score (SAPS)
(Silver et al., 2022, 2019) is composed of 18 categories within four main domains: alcohol
pricing (e.g., wholesale pricing practices, retail price restrictions, total beer tax), sales and
retailer restrictions (e.g., Sunday sales ban, hours during which alcohol cannot be sold);
driving-related laws (e.g., driving under the influence [DUI] penalties, open container laws);
and underage alcohol furnishing and possession laws (e.g., underage purchasing, underage
alcohol possession laws, false 1.D. penalties, and laws prohibiting the furnishing of alcohol
to minors). SAPS has shown that states vary considerably in the number of alcohol policies
and that higher SAPS scores are negatively associated with binge drinking (Silver et al.,
2022, 2019). Therefore, in our analyses we used SAPS from 2008-2019 to account for
potential changes in the alcohol environment that might affect binge drinking. Finally, it

is important to note that time-varying alcohol and cannabis policies were lagged one year
before participants were interviewed.

2.2. Statistical Analysis

We initially described binge drinking prevalence and examined differences by
sociodemographic characteristics, grouping respondents by state RCL exposure status at
the end of the observation period, 2019 (No MCL nor RCL, MCL only, MCL and RCL).

Int J Drug Policy. Author manuscript; available in PMC 2024 August 01.
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In order to investigate associations between RCLs and binge drinking, we then utilized a
two-stage process to test associations between RCLs and binge drinking. First, we generated
adjusted predicted prevalences of binge drinking by RCL exposure status group across
different age groups. Next, to examine changes in the prevalence of binge drinking after
versus before RCL implementation (i.e., after MCL/after RCL vs. after MCL/before RCL),
we contrasted the model-based marginal predictions computed from adjusted odds ratios
(aOR) and their 95% confidence intervals (95% CI). In the first step, we used the /me4 R
package to fit a multilevel logistic regression, including an interaction between the RCL
exposure group variable and age group. Models included state random intercepts to account
for the clustering of individuals within states. We also included categorical year fixed
effects to account for secular trends in binge drinking that would affect all states over the
observation period. We further controlled for the individual-level and state-level covariates
listed above. Similar to prior research (Cerda et al., 2020; Martins et al., 2021; Segura et al.,
2019), we did not apply survey weights; instead we included the individual-level indicators
(listed above) that are related to the NSDUH sampling design (Little, 2004). In the second
step of the process, we used the emmeans R package to compute the contrast of interest,
after versus before RCL, as odds ratios and obtained model-based prevalence estimates.

In addition, we conducted a sensitivity analysis using e-values to evaluate the potential
impact of unmeasured time-varying confounding (Haneuse et al., 2019; Segura et al., 2019;
VanderWeele and Ding, 2017) on our results. Small e-values close to 1.0 suggest that

little unmeasured confounding accounts for observed associations, whereas larger e-values
indicate results that are increasingly robust to unmeasured confounding. We obtained e-
values for the estimated aOR and lower level of the 95%CI (LL95%CI) using the EValue
package in R software (Haneuse et al., 2019; Segura et al., 2019; VanderWeele and Ding,
2017).

All analyses were conducted at the New York Federal Statistical Research Data Center, a
Census Bureau administered facility providing secure access to restricted-access NSDUH
microdata. Statistical output was reviewed by Substance Abuse and Mental Health Services
Administration (SAMSHA) staff and conformed to SAMSHA disclosure requirements

to ensure confidentiality, including sample size rounding (to the nearest hundred) and
suppression of values less than 100 or with large standard errors. This manuscript was
prepared according to STROBE guidelines for cross-sectional studies (EIm et al., 2007)
and approved by the Columbia University Institutional Review Board (approval number
AAAS4624).

3. Results

Demographic characteristics were similar when comparing people in states by cannabis
legalization status as of 2019 (Table 1). Overall, fifty-one percent of the participants were
female, 14.0-15.0% were ages 12—20 years, 15.6-16.7% ages 21-30 years, 14.9-16.0%
ages 31-40 years, 15.7-15.9% ages 41-50 years, and 36.8-39.9% ages 51+ years. In

states where RCLs were implemented (i.e., Colorado, Washington, Alaska, Oregon, Nevada,
California, Massachusetts, Vermont and District of Columbia), we observed higher family
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income and levels of urbanicity than in states that did not implement MCLs/RCLs or MCLs
only.

3.1. Trends in past-month binge drinking by age group and state cannabis policy

Figure 1 shows the prevalence of binge drinking by age group, according to state RCL status
at the end of the observation period in 2019 (i.e., No MCL nor RCL, MCL only, MCL and
RCL). Overall, states that never enacted cannabis laws (i.e., No MCL nor RCL) showed
consistently lower rates of binge drinking over time among all age groups. Additionally,
when examining binge drinking trends in all U.S. states, the most substantial declines in
binge drinking were observed among people ages 12—-20 (from 17.5% [95% CI, 16.9-18.2]
in 2008 to 11.1% [10.4-11.8] in 2019), followed by respondents ages 21-30 (from 43.7%
[95% CI, 42.4-44.9] to 40.2% [39.1-41.1] in 2019). However, we observed overall increases
in binge drinking in all states regardless of cannabis laws among individuals ages 31+. The
most extensive increases were noted among people ages 31— 40 (from 28.1% [95% ClI,
26.6-29.6] to 33.3% [32.1-34.6]), followed by participants ages 51+ (from 13.3% [95% ClI,
12.2-14.4] to 16.8% [15.8-17.7]), and those ages 41-50 (25.5% [95% Cl, 24.1-26.9] to
28.3% [27.1-29.6]).

3.2. Changes in binge drinking by age after RCL implementation (Table 2)

Table 2 displays the model-based prevalences of binge drinking comparing after versus
before RCL. Binge drinking decreased among people ages 12-20 (—4.8% [before RCL
27.2%. after RCL 22.32%]; adjusted odds ratio [aOR]= 0.77, 95%CI 0.70-0.85) and
increased among adults ages 31-40 (+1.8% [before RCL 27.66%. after RCL 29.45%;
aOR=1.09 [95%CI = 1.01-1.26]), 41-50 (+2.5 [before RCL 21.96%. after RCL 24.43%];
1.15[1.05-1.26]) and 51+ (+1.8% [before RCL 12.43%. after RCL 14.27%]; 1.17[1.06—
1.30]). No policy-related changes were noted in young adults ages 21-30 following RCLs.

In sensitivity analyses, e-value results suggested that a moderate degree of unmeasured
confounding would be required to explain the observed results if no relationship existed
between RCLs and binge drinking. For example, the observed adjusted odds ratio for the
31-40-year-old group could be explained by an unmeasured confounder that was associated
with both the RCL exposure and the binge drinking outcome by a risk ratio of 1.41 (e-value
95%CI lower limit=1.08) above the measured confounders, but weaker confounding could
not do so. E-value results among those ages 12—-20 were the most robust to potential
unmeasured confounding (e-value 95%CI lower limit=1.62).

4. Discussion

Drawing on data from a nationally representative survey of the U.S. population, this study
aimed to investigate changes in the prevalence of past-month binge drinking before and after
RCL implementation permitting a legal supply channel across different age groups. Binge
drinking declined in individuals younger than 21 years and increased in individuals aged
31+ years after RCL implementation. This is one of the first studies to report associations
between binge drinking and RCLs in adolescents and adults at a national level, adjusting for
state alcohol policies within four different domains.
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Our findings of a 4.8% decline in binge drinking among individuals younger than 21 after
RCLs are consistent with prior evidence on long-term trends (Clark Goings et al., 2019;
Johnston et al., 2021; Keyes et al., 2020) and the association between more flexible cannabis
laws (i.e., state cannabis laws allowing any medical and/or recreational cannabis use) and
binge drinking in U.S. national surveys (Cerda et al., 2018; Johnson et al., 2018; Pacula et
al., 2022). Declines in adolescent binge drinking may be beneficial, as binge drinking in
adolescence is associated with poor academic performance, sexual risk, and injury in the
short-term (Delker et al., 2016; Hingson and Zha, 2018; Jennings et al., 2015; Jennison,
2004; Patte et al., 2017), and with development of AUD and academic disengagement in
the long-term (Jennison, 2004; Patrick and Schulenberg, 2014). One possible explanation
for our findings in adolescents could be that binge drinking declines co-occurred with
increased cannabis use among adolescents living in RCL states (Guttmannova et al., 2016,
Pacula et al., 2022), supporting the substitution hypothesis. However, most literature does
not show increased cannabis use in adolescents related to flexible cannabis laws (Coley

et al., 2021; Johnson and Guttmannova, 2019), including a meta-analysis (Sarvet et al.,
2018a) suggesting that substituting cannabis for alcohol may not fully explain findings.
Yet, prior studies have observed changes in cannabis use risk perception (Sarvet et al.,
2018b) and frequency of cannabis use after more flexible cannabis laws (Ladegard and
Bhatia, 2023), suggesting further research is needed to examine the relationship between
the substitution hypothesis and RCLs among adolescents. Finally, we observed a moderate
level of unmeasured confounding in our sensitivity analyses; therefore, future studies should
examine the relationship of other environmental and individual factors (e.g., perceived

risk, disapproval, availability, peer drinking, alcohol expectancy) among binge drinking and
RCLs in this age group.

We observed increases (between +1.8% and 2.5%) in binge drinking associated with RCLs
in adults ages 31-50 and middle-aged and older adults (51+ years), which aligns with prior
research on MCLs (Wen et al., 2015). Our findings differ from Macha et al. (2022) who
only found increases in binge drinking among men following RCL, but this discrepancy
may be due to the number of states with cannabis use data in the BRFSS and lack of
adjustment for multiple alcohol policies. Increases in binge drinking after RCLs in older
adults are especially concerning because of the physiological effects of aging (i.e., declines
in metabolism) and alcohol-medication interactions due to the presence of chronic health
conditions (Al-Rousan et al., 2022; Breslow et al., 2017, 2015; Ferreira and Weems, 2008).
Our findings support calls to reinforce healthcare providers’ discussions about alcohol use
with older adults (Mauro et al., 2021), particularly in RCL states. Moreover, our results
support the complementary hypothesis, which is further corroborated by prior research
suggesting a rise in co-use of cannabis and alcohol among adults after the implementation
of RCLs (Cerda et al., 2020; Gongalves et al., 2022; Kim et al., 2021). Our findings are
also consistent with research highlighting a high prevalence of binge drinking among those
with cannabis use, including older adults (Kepner et al., 2022; Vijapur et al., 2021). Future
research should investigate relationships among the implementation of RCLs, changes in
cannabis use, and its association with binge drinking.

We note several limitations in this study. First, alcohol-related measures, including binge
drinking, were self-reported, which may introduce recall bias and underreporting due to
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social desirability. However, NSDUH collects sensitive information, such as alcohol and
substance use, using computer-assisted self-interviewing, which should reduce differential
measurement error. Further, NSDUH binge drinking measures did not adjust for sex
differences from 2008 to 2014, which may result in underreporting of binge drinking in
females before 2015. Additionally, our analyses investigated all RCL states as a single
category without examining cannabis policy provisions (e.g., products permitted, cultivation
restrictions, pricing control, the tax imposed, and consumption restrictions). We defined
RCL states using cannabis supply dates (e.g., presence of a legal dispensary or home
cultivation) instead of effective dates of recreational cannabis legislation, which limits
comparisons with prior research (Gongalves et al., 2022; Kilmer, 2019; Kilmer and Pacula,
2017). However, we believe that using supply dates better captures information on actual
changes in cannabis availability, which provides a better measure of the construct of
interest and helps account for the time variation between enactment and implementation
of RCLs. Nonetheless, our study has significant strengths, such as using data from all U.S.
states, including adolescents and adults, and adjusting for state alcohol policies using a
multidomain scale (Silver et al., 2022, 2019).

5. Conclusion

Implementation of RCLs was associated with increased past-month binge drinking in
individuals aged 31+ and decreased binge drinking in youth aged 12—-20. Our study
contributes to understanding age group differences in binge drinking after legalizing
adult cannabis use in the U.S.. In addition, this study contributes to the ongoing debate

on the effects of RCL implementation and alcohol-related outcomes, providing valuable
information to policymakers, clinicians, and researchers. Intervention strategies, such as
brief interventions and digital interventions (Kaner et al., 2018, 2017), may be needed to
reduce harms related to binge drinking in adults aged 31+, especially in states with RCLs.
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Highlights
. Decreases in binge drinking in youth <21 after Recreational Cannabis Laws
(RCLs)
. Increases in binge drinking in adults 31+ were noted after RCLs.
. There was no association between binge drinking and RCLs in adults aged
21-30 years.
. Findings support complementary hypotheses in adults after RCLs.
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Figure 1.
Trends in prevalences of past month binge drinking by status of cannabis law

implementation during 2008-2019.

Note: State-level cannabis law status was classified by 2019 and categorized as a time-
invariant the following three-level variable: (1) No MCL nor RCL - refers to states that have
never implemented medical cannabis laws or recreational cannabis laws (e.g., Alabama,
Georgia, Idaho, Indiana, lowa, Kansas, Kentucky, Louisiana, Mississippi, Nebraska, North
Carolina, South Carolina, South Dakota, Tennessee, Texas, Utah, Virginia, Wisconsin,
Wyoming); (2) MCL only — refers to states that only implemented medical cannabis

laws (e.g., Arizona [2011], Arkansas [2019], Connecticut [2015], Delaware [2015], Florida
[2017], Hawaii [2000], Illinois [2016], Maine [1999], Maryland [2018], Michigan [2009],
Minnesota [2016], Missouri [2019], Montana [2004], New Hampshire [2016], New Jersey
[2013], New Mexico [2008], New York [2016], North Dakota [2019], Ohio [2019],
Oklahoma [2019], Pennsylvania [2018], Rhode Island [2006], and West Virginia [2019]);
and (3) MCL and RCL - refers to states implemented Recreational Cannabis Laws (e.g.,
Alaska [2015], California [2017], Colorado [2013], Massachusetts [2017], Nevada [2017],
Oregon [2016], Vermont [2019], Washington [2013] and District of Columbia [2015]).
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Table 1.

Demographic characteristics, self-reported alcohol and cannabis use, and state-level covariates among states
that differ by cannabis law status. National Survey on Drug use and Health (NSDUH), 2008-2019.

No MCL nor RCL MCL only MCL and RCL
weighted n’s % Weighted weighted n’s % Weighted weighted n’s % Weighted

Characteristics

Gender
Male 42154400 48.40 54353500 48.29 31136700 48.98
Female 44947500 51.60 58197600 51.71 32428800 51.02
Age
12-20 13075500 15.01 15694800 13.95 9265600 14.58
21-30 14284500 16.40 17594900 15.63 10594200 16.67
31-40 13666400 15.69 16753300 14.89 10167700 15.99
41-50 13782100 15.82 17618400 15.65 10124000 15.93
51+ 32293500 37.08 44889800 39.88 23414100 36.83
Race/Ethnicity
Non-Hispanic white 58044500 66.64 75550200 67.12 36538800 57.48
Non-Hispanic Black 13098600 15.04 14119800 12.55 4207800 6.62
Hispanic 11806700 13.55 14989900 13.32 14781500 23.25
Non-Hispanic Other 4152100 4.77 7891200 7.01 8037400 12.64
Education
Less than HS 12100900 15.42 13077200 12.78 7750200 13.45
HS graduate 22654300 28.87 29339200 28.68 14002200 24.31
Some college 22405200 28.56 28288500 27.65 16673400 28.94
College graduate 21298000 27.15 31609400 30.89 19182000 33.30
Family Income
<$20,000 16244500 18.65 19159700 17.02 10233900 16.10
$20,000-$49,999 28511900 32.73 34186800 30.37 18745100 29.49
$50,000-$74,999 14935800 17.15 18576000 16.51 10114100 15.91
$75,000+ 27409700 31.47 40628600 36.10 24472400 38.50
Urbanicity
Large Metro 36841000 42.30 67020800 59.55 41904300 65.92
Small Metro 31497100 36.16 31250300 27.76 16836400 26.49
Nonmetro 18763900 21.54 14279900 12.69 4824800 7.59
Binge drinking, past month 19695200 22.61 27398800 24.34 15171000 23.87

Note: State-level cannabis laws were categorized as a time-invariant three-level variable (No MCL nor RCL, MCL only, MCL and RCL) in 2019.

All these results are weighted and rounded conforming to SAMSHA disclosure requirements to ensure confidentiality.
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Past month binge drinking after versus before RCL implementation among US individuals among different
age groups between 2008-2019

% who reported binge drinking

Age group
12-20
21-30
31-40
41-50

51+

After MCL/Before RCL.  After MCL/After RCL

27.2

39.69
27.66
21.96
12.43

22.32
38.56
29.45
24.43
14.27

AOR (95% CI)
0.77 (0.70, 0.85)
0.95 (0.90, 1.02)
1.09 (1.01, 1.19)
1.15 (1.05, 1.26)
1.17 (1.06, 1.30)

Note: For point estimates with corresponding lower limit 95% confidence interval (LL95%CI) greater than 1, we estimated e-values to quantify the
minimum strength of the relationship between an unmeasured/uncontrolled confounder and both our exposure (RCL) and outcome (binge drinking)
needed to reduce the aOR and the lower limit of the 95% confidence interval (LL95%CI) to the null. For age group 12-20 years these were:
ae-value for aOR =1.92 & LL95%CI = 1.62, age group 31-40 years these were: ae-value for aOR = 1.41 & LL95%CI = 1.08, age group 41-50

years these were: ae-value for aOR = 1.56 & LL95%CI = 1.26, age group 51+ these were: ae-value for aOR = 1.62 & LL95%CI = 1.31

Individual and state-level predictors: state random effects, year fixed effects, gender, race/ethnicity, family income, and urbanicity, % white, %
male, % ages 10-24, % of adults (<25) with at least a high school education, unemployment, and state’s median household income, State Alcohol
Policy Score (SAPS).
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