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Abstract

Laws regarding cannabis are rapidly changing in the USA as more states legalize nonmedical cannabis for adults aged 21
and older. Previous research has examined whether legalization has led to an increase in cannabis use as well as the use of
other substances. The current study examined changes in cannabis- and alcohol-specific risk factors following legalization
of nonmedical cannabis. We used 6 years of annual cross-sectional data (2014-2019) from 12,951 young adults age 18 to
25 who resided in Washington state. Risk factors examined include perceiving that use was common among same-age peers,
believing use was acceptable, having easy access, and low perceived physical and psychological harm from use. Logistic
regression models estimated annual rate of increase in these risk factors. All cannabis-specific risk factors increased among
those aged 214 (range of ORs for annual rate of change: 1.07-1.31) while significant increase in cannabis-related risk fac-
tors among those under age 21 was limited to perceptions of cannabis use being common (medical use: OR=1.08, 95% CI:
1.03, 1.12; nonmedical use: OR=1.13, 95% CI: 1.08, 1.18) and low perceived physical harm of occasional use (OR=1.08,
95% CI: 1.03, 1.13). Although descriptive norms for past-year use of alcohol among those aged 21+ increased (OR = 1.09,
95% CI: 1.02, 1.17), other risk factors for alcohol did not change significantly or, in the case of low perceived physical and
psychological harm, decreased among both those under age 21 and those aged 21+ (range of ORs = 0.90-0.94). Given these
findings show an increase in cannabis-specific risk factors since legalization was implemented, particularly among those
young adults aged 21+, preventive interventions correcting risk misperceptions and related risk factors among young adults
aged 214 may prove efficacious in reducing use and resultant negative consequences.

Introduction

Cannabis represents the most commonly used federally pre-
scribed substance in the USA and, according to data from
the National Survey on Drug Use and Health, cannabis is
most frequently used among young adults relative to other
age groups (Substance Use and Mental Health Administra-
tion, 2020). According to Monitoring the Future’s nationally
representative data, prevalence of past-year cannabis use
among young adults age 19-28 increased from 27.6% in 1999
to 40.1% in 2019 (Schulenberg et al., 2020). Past-year use has
remained relatively flat among young adults aged 18 (37.8% in
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1999, 35.7% in 2019) and 19 to 20 (37.9% in 1999, 39.8% in
2019) but has increased considerably among each of the age
groups 21-22 (31.5% in 1999, 45.3% in 2019), 23-24 (27.4%
in 1999, 40.8% in 2019), and 25-26 (21.8% in 1999, 28.5%
in 2019) (Schulenberg et al., 2021).

The relationship between risk factors and health-risking
behaviors is well documented and clear. Cannabis- and other
substance-specific risk factors include descriptive and injunc-
tive norms, ease of access, and perceptions of harms and
risks (e.g., Catalano et al., 2011, 2012, 2018). Social norms
surrounding substance use have a long history of association
with use both in substance use generally (Borsari & Carey,
2001; Bertholet et al., 2013; Hawkins et al., 1992) and in can-
nabis specifically (e.g., Fleming et al., 2016; Guttmannova
et al., 2019b; Neighbors et al., 2008). Perceived descriptive
norms involving the perception that cannabis use is preva-
lent among friends and same-age peers are associated with
increased frequency of use (e.g., Buckner, 2013) as is higher
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perceived prevalence of peer use (e.g., Koval et al., 2019).
Injunctive norms favorable to or accepting of cannabis use
have been found to be associated with increased cannabis use
(e.g., Wu et al., 2015). Easy access to cannabis is also posi-
tively associated with cannabis use (e.g., Turel, 2020). Low
perceptions of risk and harm are associated with increased
behaviors that can cause harm. One ready explanation for this
relationship can be found in the theory of planned behavior
(Ajzen, 1985) which states that as risk perceptions increase,
so does the cost of engaging in the behavior such that out-
come expectancies decrease and attitudes toward the behavior
decrease resulting in a decrease in the behavior. Research has
also found that low perceptions of harm and perceptions that
cannabis is easy to obtain are associated with more canna-
bis use (e.g., Fleming et al., 2016). These findings highlight
the continued importance of monitoring cannabis-specific
risk factors as salient targets of prevention and intervention
efforts.

The past decade has ushered in changes to the legal sta-
tus of cannabis in the USA (Johnson & Guttmannova, 2019).
Legalization of nonmedical cannabis began with Washington
and Colorado in 2012 and, as of November 29, 2021, eight-
een states, two territories, and the District of Columbia have
legalized the sale and nonmedical use of the drug for adults
over the age of 21 (National Conference of State Legislatures
[NCSL], 2022). Although legalization represents a dramatic
shift in state policy, the effect of legalization on use may be
difficult to immediately discern as the impact might manifest
itself as a gradual process governed by such factors as regula-
tion and expansion of the retail market rather than being tied
solely to the change in legal status (Hammond et al., 2020).
Increases in the prevalence of cannabis use and in frequent use
have been observed in Washington state since legalization of
nonmedical cannabis was enacted (Kilmer et al., 2022). From
the perspective of prevention science, it is important to know
whether risk perceptions have also changed during this period
of implementation of legalized cannabis as those risk factors
are targets of intervention efforts and could signal sustained
or further elevations in cannabis use (Bachman et al., 1998;
Hall & Lynskey, 2016).

Our earlier analyses of data drawn from the same dataset
used for the current study found that, in the 5 years fol-
lowing the opening of nonmedical cannabis stores in Wash-
ington state, prevalence of cannabis use (past year, at least
monthly, at least weekly, and daily) increased (Kilmer et al.,
2022). Closer examination revealed these increases were
largely restricted to those aged 21+, suggesting that can-
nabis use among young adults age 18 to 20 may have been
less affected by the creation and growth of a retail cannabis
market. We also found that prevalence of alcohol use and
heavy episodic drinking (HED) decreased between 2014 and
2019 among young adults aged 18-20 and 21-25 (Fleming
et al., 2022). Focusing solely on use, these papers did not
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consider whether cannabis-specific or alcohol-specific risk
factors increased or decreased during this same time period.

Recent reviews have examined the impact of cannabis
policies, including legalization of nonmedical cannabis, on
other substances (e.g., Darnell, 2020; Guttmannova et al.,
2016; Smart & Pacula, 2019). These efforts largely focused
on whether liberalization of cannabis laws increased or
decreased the use of other substances, with alcohol featured
prominently among these, framing cannabis as either its
complement or substitute. Left unconsidered is whether the
easing of restrictions on cannabis affected risk factors spe-
cific to other substances, such as perception of harm from
alcohol use and the descriptive norms about use of alcohol.
Finding an increase in cannabis-specific risk factors with-
out a corresponding increase in alcohol-specific risk factors
would suggest legalization is playing an important role and
that changes do not reflect a broader change in risk percep-
tions related to substance use.

The present study is built upon our prior papers by
examining cannabis- and alcohol-specific risk factors
during implementation of legalized nonmedical canna-
bis. Using annual repeated cross-sectional survey data of
young adults from 2014 to 2019, we examined changes in
cannabis-specific risk factors before and after widespread
implementation of nonmedical cannabis legalization (i.e.,
opening of the legal cannabis retail market in July 2014)
in Washington state. In addition, this study examined risk
factors associated with alcohol use during this same time
period. Because both alcohol and cannabis are legal for
those 21 and older in Washington state, and the perceptions
of harm and other risk factors might differ for those below
and above the minimum legal use age (Guttmannova et al.,
2019a, b), we stratified our analyses by this age cut-off. We
hypothesized that implementation of legalization will be
associated with an increase in prevalence of risk factors for
cannabis use as the change in legal status and commercial
sales becomes more widely available and entrenched. We
explored whether a similar increase in risk factors for alco-
hol followed the legalization of cannabis.

Methods
Sample and Procedures

Data for the present study were collected as part of the
Washington Young Adult Health Study (YAHS). The
YAHS surveyed young adults aged 18 to 25 living in
Washington state and included surveys of six cohorts from
2014 to 2019. Participants were recruited across all geo-
graphic regions of Washington state through a combina-
tion of direct mail and online advertising. See Kilmer et al.
(2022) for a more comprehensive description of the YAHS
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and procedures. While nonmedical or “recreational” can-
nabis was legalized through voter initiative (I-502) in
2012, the retail sales component of the initiative was first
implemented in July 2014 when commercial sale of canna-
bis commenced with the opening of the first retail stores.
The first wave of data was largely collected before retail
stores opened with 69.3% of this cohort completing data
collection before the first retail shop opened. Although the
remaining 30.7% completed the data collection after the
first retail shop opened, only 18 retail outlets opened state-
wide in July 2014 and only 13 additional stores opened
in August 2014, meaning most communities did not have
legal access to nonmedical cannabis. The analytic sample
used in this paper required nonmissing data on at least
one of the risk factors and study covariates. The 2014
cohort (n=2101) completed the baseline survey between
April and August of 2014 and additional cohorts were sur-
veyed annually in 2015 (n=1675), 2016 (n=2492), 2017
(n=2338), 2018 (n=2408), and 2019 (n=1937). Surveys
were online and included questions related to substance
use and other health risking behaviors and related risk
factors. Surveys took approximately 20 min to complete,
and participants received a $10 gift card for completing
them. All measures and procedures were reviewed and
approved by the University of Washington Institutional
Review Board.

Demographic Information The average age of participants
at baseline was 21.5 (SD = 2.26) and 67.2% of participants
were female. A description of the weighted and unweighted
sample can be found in Table 1. Consistent with our analytic

strategy to analyze those under age 21 (i.e., ages 18-20)
separately from those aged 21+ (i.e., ages 21-25), the sam-
ple description in this table is stratified into these two age
groups.

Measures
Key Outcomes

All outcomes in this paper were coded as risk factors and
were transformed into binary variables (i.e., a 1 indicated
greater risk).

Descriptive Norms Participants indicated their perceptions
of the frequency of past-year use for a typical person their
age for three different types of substances: alcohol, medi-
cal marijuana, and “recreational” marijuana. The stem item
asked “How often do you think the typical person your age
living in Washington state used the following substances (in
any form) during the past 12 months?”” and this stem was fol-
lowed by the name of a substance. Responses for each type
of substance use included a 10-item ordinal scale that ranged
from “Never” to “Every day.” Each item was recoded as a
binary variable indicating O = no or low (“once a month” or
fewer) use or 1 = higher levels of use (“2 to 3 times a month”
or greater) to create measures of perceiving that use was
common among same-age peers.

Injunctive Norms Attitudes favorable to and accepting of
cannabis use were assessed with two items. The root ques-
tion asks, “How acceptable or unacceptable is it for someone

Table 1 Weighted and unweighted distribution of study participant characteristics by age group

Under 21

Age 21+

% or mean (SD)

% or mean (SD)

N =4745 N = 8206
Weighted Unweighted Weighted Unweighted
Female sex 47.8 66.2 49.2 67.8
Race/ethnicity
White, non-Hispanic 64.1 60.9 67.9 66.5
Asian, non-Hispanic 8.3 12.7 7.4 10.6
Other race, non-Hispanic 10.3 10.8 11.1 10.5
Hispanic, any race 17.3 15.6 13.6 12.4
Geographic region
1 (East) 26.1 21.9 242 20.8
2 (Northwest) 43.8 51.1 455 52.3
3 (Southwest) 30.1 27.0 30.3 26.9
Age 19.1 (0.80) 19.0 (0.80) 23.0 23.0(1.41)
(1.41)
Attending 4-year college 47.6 51.9 20.6 20.4
Employed full-time 17.7 15.8 46.4 45.7
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your age in your community to use cannabis or marijuana in
any form...” The first item asked about the acceptability of
using cannabis “once or twice” and the second item asked
about the acceptability of using cannabis “regularly (nearly
every day).” Response options for both items included
a 4-point ordinal scale that ranged from “Totally accept-
able” to “Totally unacceptable.” Each item was recoded as
a binary variable O = totally/somewhat unacceptable and 1=
totally/somewhat acceptable.

Access Participants were asked to rate on a 5-point ordinal
scale how easy it would be to obtain cannabis and alcohol,
“How easy or difficult do you think it would be for someone
your age, in your community, to obtain from ANY source?”
Responses ranged from “Very easy” to ‘“Probably impos-
sible.” Binary variables were created by recoding responses
into 0 = “Probably impossible,” “Very difficult,” or “Fairly
difficult” and 1 = “Fairly easy” or “Very easy” to create
measures of having easy access to the given substance.

Perceived Risk of Harm Participants were asked separately
to rate risk of physical harm and psychological (including
emotional or cognitive) harm on a 4-point ordinal scale from
“No risk” to “Great risk” for each of the following forms of
substance use: daily alcohol use (“one or two drinks nearly
every day”); heavy episodic drinking (“5 or more drinks of
alcohol once or twice each weekend”); regular marijuana
use (“use marijuana or cannabis regularly”); and occasional
marijuana use (“use cannabis or marijuana in any form...
just once or twice”). Responses ranged from “No risk” to
“Great risk.” Binary variables were created for each item
by recoding responses into 0 = moderate/great risk and 1
= no/slight risk.

Covariates

Covariates accounted for in models were biological sex at
birth (O=male, 1=female), indicators for a four-category
race/ethnicity variable (White [reference], Asian, Hispanic
any race, and Other race), indicator variables for state region
(East [reference], Northwest, Southwest), age, 4-year college
status (0= not currently attending, 1= currently attending),
and full-time work status (O= not currently employed full
time, 1= currently employed full time).

Data Analysis

Changes in risk factors were examined using logistic regres-
sion models. The primary predictor of interest in these mod-
els was study year, and this was assessed as a linear term
with year coded O to 5. Sensitivity analyses were also run
with study years coded as indicator variables with 2014
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coded as the reference (results for these models are presented
in two supplemental tables). Prevalence estimates reported
in the text below for 2014 and 2019 were based on linear
trend models and the average predicted probabilities at these
time points across the distribution of other covariates in the
sample. Owing to the fact that the change in Washington
state’s cannabis law explicitly applies to adults aged 21+ and
previously reported results that indicated change in cannabis
use was largely restricted to young adults aged 21+ (see
Kilmer et al., 2022), the analyses in this study were stratified
by the age 21 cutoff (i.e., models were estimated separately
for participants who were under the age of 21 [n=4747] and
for those who were aged 21 and older [n=8206]).

Weighting Although efforts were taken to collect data on a
representative sample of young adults, the sample distribu-
tion differed somewhat from the young adult population in
Washington state. Specifically, females were overrepresented
in our sample as were Asian Americans and participants
from the Northwest region of the state. Therefore, post-
stratification weights were developed based on the 2010 US
Census such that individuals in sex X region X race strata
that were over-represented in this sample relative to the gen-
eral population were given less weight and individuals in
under-represented strata were given greater weight. Post-
stratification weighting by sex at birth, geographic region,
and race/ethnicity was used for all analyses to better ensure
that the sample was representative of the young adult popu-
lation in Washington state.

Results

Table 2 provides estimates of linear changes in risk factors
from 2014 to 2019, and the odds ratios represent the yearly
change in odds of the given risk factor. Linear trends are
also depicted in terms of model-predicted prevalence across
years in Figures 1-3. As shown in the figures, estimates
from linear trend models provided a good fit to estimates
based on models with an indicator coding of year (see also
Supplemental Tables 1 and 2).

Descriptive Norms

Perceptions of common past-year use for both medical and
nonmedical cannabis increased significantly over time for
both young adults under age 21 and those aged 21+ (Table 2
and Figure 1). For example, for those under age 21, the
odds ratio for the effect of year on the likelihood of perceiv-
ing that a typical person their age used medical cannabis
more than once per month during the past year indicates an
8% increase in odds per year (Table 2), while the model-
predicted prevalence (Figure 1) indicates this risk factor
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Table 2 Odds ratios for yearly change in risk factors in 5 years since legalization of nonmedical cannabis was implemented by age group
Under 21 Age 21+
OR 95% C1 OR 95% CI

Descriptive norms: perception of common use

Medical cannabis 1.08%%* 1.03,1.12 1.15%%* 1.12,1.19

Nonmedical cannabis 1.13%%* 1.08, 1.18 1.27%%* 1.23,1.32

Alcohol 1.01 0.97, 1.06 1.09* 1.02,1.17
Injunctive norms: perceived acceptability of use

Occasional cannabis 0.99 0.94, 1.04 1.15%%:* 1.09, 1.21

Regular cannabis 1.03 0.99, 1.07 1.14%%* 1.10, 1.18
Access: easy to obtain

Cannabis 0.99 0.93, 1.05 1.31 %% 1.19,1.43

Alcohol 1.01 0.94, 1.08 0.90 0.77, 1.04
Low perceived physical harm

Occasional cannabis 1.08%*** 1.03, 1.13 1.07%%* 1.03, 1.11

Regular cannabis 1.01 0.97, 1.05 1.09%*:* 1.06, 1.13

Regular alcohol 0.927%** 0.88, 0.96 0.94#54:% 0.92, 0.97

HED 0.98 0.93, 1.03 0.99 0.96, 1.03
Low perceived psychological harm

Occasional cannabis 1.04 1.00, 1.08 1.08%** 1.04, 1.11

Regular cannabis 1.04 1.00, 1.08 1.08%** 1.04, 1.11

Regular alcohol 0.907%** 0.96, 0.94 0.93#:4:* 0.90, 0.96

HED 0.96 0.91, 1.01 0.99 0.95,1.03

Bold indicates p <0.05. Models included student age, gender, geographic region of residence, race/ethnicity, 4-year college status, and full-time
employment status as covariates. Under 21 includes young adults age 18 to 20, Age 21+ includes young adults aged 21 to 25

*p <0.05; **¥p <0.001

increased by 26.5% between 2014 and 2019, from 27.5 to
34.8%. The proportion of young adults under age 21 that
perceived that monthly nonmedical cannabis was common
increased by 16.1% during the study period. Among young
adults aged 214, perceptions of common past-year use for
both medical and nonmedical cannabis increased by 48.8%
and 31.2%, respectively. Perceptions of common past-year
use of alcohol among young adults under age 21 changed lit-
tle over time, with the effect of year in the linear model indi-
cating a 1% change in odds per year. Among those aged 21+,
an increase in perceptions of common past-year alcohol use
was statistically significant, with this measure having a high
prevalence in 2014 of 94.0% that increased to 96.1% in 2019.

Injunctive Norms

Perceived acceptability of both occasional and regular cannabis
use remained stable across years among young adults under age
21 (see Figure 1). At both margins, change in perceived accept-
ability was not significant (Table 2). In contrast, for young
adults aged 21+, this risk factor significantly increased with
respect to both occasional use (from 84.2% in 2014 to 91.3% in
2019) and regular use (from 53.1% in 2014 to 68.5% in 2019).

Access

There was no statistically significant change in perceptions
that cannabis was easy to obtain among young adults under
age 21 (Table 2), with the prevalence changing by less than
one percentage point during the study period (Figure 2). Per-
ceptions that it was easy to obtain alcohol in this age group
were similarly stable over time. Among individuals aged
21+, ease of obtaining cannabis increased significantly from
91.7% in 2014 to 97.6% in 2019. Nearly all participants aged
21+ in 2014 (98.5%) reported that they perceived alcohol to
be easy to obtain, and this changed little across years.

Perceived Risk of Physical Harm

Among young adults under age 21, estimates of change
in low perceived physical harm from occasional cannabis
use were positive and statistically significant with a prev-
alence of 72.3% in the 2014 increasing to 79.0% in 2019
(see Figure 3). Low risk of harm for regular cannabis use
was relatively unchanged from 2014 to 2019, and the linear
trend over time was nonsignificant. Among young adults
aged 21+, the perception of low risk of physical harm for
occasional cannabis use increased significantly from 75.7%
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Fig. 1 Perceptions that cannabis use is common and acceptable from
2014 to 2019 in Washington state by age group. Notes: Observed
prevalence for risk factors (points) and model-predicted prevalence
estimated from logistic regression models (line) each include confi-

in 2014 to 81.2% in 2019. Similarly, among young adults
aged 21+, the linear trend for low risk of physical harm
from regular cannabis use was positive and significant, with
prevalence increasing from 43.4 to 54.1%.

Low risk of physical harm for regular alcohol use
decreased significantly both for young adults under age 21
and those aged 21+. These trends indicate that a decreasing
proportion of young adults was perceiving regular alcohol
use to be without serious risk to physical health. For both
age groups, the proportion of young adults who perceived
that HED posed low risk of physical harm changed little over
the study period.

Perceived Risk of Psychological Harm

For adults under age 21, perceptions of low psychologi-
cal harm from both occasional and regular cannabis use
increased slightly during the study period, but these
increases were not statistically significant. Increases in these
risk factor measures were larger and statistically significant
among young adults aged 21+, increasing from 66.0 to
73.7% for occasional use and 32.0 to 40.2% for regular use.
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2019

Perceptions of Common Past-Year Nonmedical Cannabis Use

2014 2015 2016 2017 2018 2019

Year

Perceptions of Common Past-Year Medical Cannabis Use

------- - Regular Cannabis Use Perceived as Acceptable

dence bands representing 95% confidence intervals. Among those
under age 21, the linear trend for descriptive norms was positive and
significant (p <0.001). All linear trends were positive and significant
among those aged 21+ (p <0.001)

For both age groups, the proportion of young adults per-
ceiving low psychological risk from regular alcohol use
decreased significantly, from 31.2 to 24.4% for those under
age 21 and 43.7 to 34.1% for those aged 21+. With respect to
HED, neither age group changed significantly in its percep-
tion of low psychological harm.

Discussion

Years of research have shown a robust, positive associa-
tion between risk factors and actual substance use (e.g.,
Guttmannova et al., 2019a, b; Koval et al., 2019; Perkins
et al., 1999; Turel, 2020). With legalization of cannabis for
nonmedical purposes in Washington state, those over 21
years of age saw dramatic changes in access to substances
in a relatively short time. The current study demonstrated
that, in the years following the opening of retail canna-
bis stores in Washington state, perceptions of medical and
nonmedical cannabis use increased significantly over time
among young adults, for both those under age 21 and those
aged 21+ with legal access to cannabis retail stores. Our
results found that for those over 21, perceptions of more
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Fig.2 Perceptions that cannabis is easy to obtain from 2014 to 2019
in Washington state by age group. Notes: Observed prevalence of
easy access to cannabis (points) and model-predicted prevalence esti-

than monthly alcohol use by peers also increased over time.
Because descriptive norms, or the perceptions of what oth-
ers do, are strongly related to people’s own behavior related
to substance use (Kilmer et al., 2006), these perceptions
can be associated with initiating use and/or accelerating
whatever use is already occurring. It is possible that as
visible retail outlet density increased and advertisements
(especially for cannabis) entered the market for the first
time, this had an impact on perceived norms (Scribner
et al., 2011).

Among young adults under age 21, perceived ease of
obtaining cannabis did not change over time as it was con-
sistently viewed as easy to obtain. However, it is important
to note that part of the justification for legalization was that it
would reduce or eliminate the illicit market, reducing avail-
ability to those under age 21 (e.g., Darnell et al., 2019), and
this purpose was not supported by these data, at least with
regard to perceptions of access. Not surprisingly, among
those young adults aged 21+, for whom legal purchases of
cannabis could now be made, perceived ease of obtaining
cannabis did significantly increase over time.

While perceptions of alcohol use among young adults
aged 21 and older increased, ease of access did not, likely

2017 2018 2019

Year

mated from logistic regression models (line) each include confidence
bands representing 95% confidence intervals. The linear trend for
those aged 21+ increased significantly (p <0.001)

because for this age group, ease of access started excep-
tionally high (98.5% in 2014 reporting alcohol is easy to
get) and did not change across cohorts. However, there
were changes to how alcohol was sold in Washington that
could have contributed to higher normative perceptions for
those over 21 years of age during this study’s time frame.
Specifically, in 2011, Washington voters approved Initia-
tive 1183, which privatized alcohol sales in Washington
that were enacted on June 1, 2012, resulting in a shift from
329 retail establishments selling liquor pre-privatization to
1406 retail liquor stores within 2 years (Office of Financial
Management, 2015). Scribner et al. (2011) suggested that
in addition to outlet density, signs, advertising, and direct
observation of alcohol use can heighten perceived norms for
alcohol, and as Initiative 1183 continues to see amendments
and addendums expanding where alcohol can be sold, this
could contribute to increasing perceived norms of use by
peers. Future research could examine the degree to which
exposure to various points of sale, advertisements, and set-
tings in which alcohol is offered relates to potential changes
in normative perceptions for this age group.

Perceived psychological harm as well as perceived physi-
cal harm associated with the use of cannabis and alcohol
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Fig.3 Perceptions that cannabis use causes low harms from 2014 to
2019 in Washington state by age group. Notes: Observed prevalence
for risk factors (points) and model-predicted prevalence estimated
from logistic regression models (line) each include confidence bands

were also assessed, and it is clear that substances were
viewed differently over time. Among those young adults
under age 21, occasional cannabis use was perceived as less
physically harmful over time. Conversely, regular alcohol
use was seen as more harmful both physically and psycho-
logically over time. Among those over age 21, for whom
access to cannabis is legal, there were significant reductions
in perceived harm over time for all cannabis-related vari-
ables (i.e., physical and psychological harm of occasional
and regular cannabis use). Much like with young adults
under age 21, perceived harm of regular alcohol use was
increasingly seen as more risky both physically and emo-
tionally/psychologically. However, there were no changes
in perceived physical or psychological harm associated with
heavy episodic drinking. The findings about perceived harm
associated with cannabis use are concerning given the body
of research suggesting that as perceptions of harms go down,
use increases.

Notably, the increase in perception of cannabis as pre-
senting a low risk of harm is not consistent with emerging
research on the risks associated with cannabis, particu-
larly high potency cannabis (which dominates the retail
market in Washington state). Over 97% of the Washington
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Low Physical Harm — Occasional Cannabis Use

Low Psychological Harm — Occasional Cannabis Use

Low Physical Harm — Regular Cannabis Use

Low Psychological Harm — Regular Cannabis Use

representing 95% confidence intervals. Among those under age 21,
only the linear trend for low physical harm from occasional canna-
bis use was positive and significant (p <0.001). All linear trends were
positive and significant among those aged 21+ (p < 0.001)

nonmedical retail market consists of high potency prod-
ucts with THC levels above 10% (Cash et al., 2020), and
young people are particularly vulnerable to negative
impacts of cannabis use (Carlini et al., 2020), especially
with use of high potency cannabis. Prevention messages
about substance use often focus on identifying poten-
tial harms of alcohol misuse yet there is less messag-
ing around potential harms resulting from cannabis use.
The challenge, of course, is that with alcohol, decades
of research (starting with Hanson, 1982) shows that pro-
viding information tends to increase knowledge without
changing behavior; thus, future studies could explore
ways to disseminate findings related to harms and risks
associated with cannabis use in a way that could translate
to behavior change or, at the very least, to increased per-
ceptions of potential harms.

Limitations

One potential limitation of this study is that the time frame
studied is limited to the period following legalization, and all
changes that occurred were during the period of implemen-
tation rather than reflecting changes prior to legalization and
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leading up to implementation. The lack of data from years
prior to legalization reduces the certainty that changes are
due to implementation of legalization. For example, an alter-
nate possibility is that these results simply reflect a trend that
began prior to legalization. It is possible that these trends
are due not to legalization but to a broader increase in tol-
erance toward and acceptance of cannabis use. Given this
limitation, caution should be exercised in concluding that
the increase in cannabis-specific risk factors is attributable
to legalization. Similarly, data were limited solely to a state
implementing legalization. The lack of comparison in trends
to a state without legalization leaves open the possibility that
trends in risk factors may not be limited to states legalizing
cannabis. Future research comparing trends in risk percep-
tion in states that have not legalized cannabis would be help-
ful in examining whether these perceptions behaved simi-
larly. Finally, while efforts were made to ensure that young
adults were recruited throughout the state, participants were
not a random sample (e.g., women were overrepresented in
our sample) and this may limit generalizability to the general
young adult population. This concern was ameliorated by
post-stratification weighting along key demographic vari-
ables to improve representativeness of the sample.

Conclusions

Cannabis-specific risk factors have increased, particularly
among those young adults aged 21 and older, during the
implementation of legalization of nonmedical cannabis.
A similar increase in alcohol-specific risk factors was not
observed during the same time. This study suggests that
legalization may have contributed to an increase in cannabis-
specific risk factors. If young adults are equating “legal”
with “safe,” then prevention efforts need to focus on high-
lighting the harms associated with cannabis use. In reality,
research indicates that there is not a “safe” level of cannabis
use, rather all cannabis use necessarily incurs some risk and
harms (Fischer et al., 2021). In addition, given research has
demonstrated risks associated with increasingly potent can-
nabis use, a gap may be growing between young adult risk
perceptions and realities that may be exacerbated by legali-
zation. This presents an opportunity for intervention wherein
misperceptions around risks are corrected. This could be
accomplished through personalized normative feedback like
those that have proven efficacious with alcohol use (e.g.,
Dotson et al., 2015) or through other means that provide
young adults with accurate and up-to-date information about
actual risks and harms associated with cannabis use. Future
research examining the pathways between reductions in per-
ceived harm and any potential increases in actual use could
be helpful in informing interventions.
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