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Objectives. To examine changes in prevalence of cannabis use and of cannabis use disorder

symptomatology among young adults from 2014 to 2019 in Washington State, where nonmedical

(or “recreational”) cannabis was legalized in 2012 and retail stores opened in July 2014.

Methods.We used 6 years of cross-sectional data collected annually from 2014 (premarket opening) to

2019 from 12963 (�2000 per year) young adults aged 18 to 25 years residing in Washington. Logistic

regression models estimated yearly change in prevalence of cannabis use at different margins and

related outcomes.

Results. Prevalence of past-year, at least monthly, at least weekly, and daily use of cannabis increased

for young adults, although increases were driven by changes among those aged 21 to 25 years. There

was also a statistically significant increase in prevalence of endorsing at least 2 of 5 possible symptoms

associated with cannabis use disorder.

Conclusions. Among young adults in Washington, particularly those of legal age, prevalences of

cannabis use and cannabis use disorder symptomatology have increased since legalization. This trend

may require continued monitoring as the nonmedical cannabis market continues to evolve. (Am J Public

Health. 2022;112(4):638–645. https://doi.org/10.2105/AJPH.2021.306641)

Over the past 2 decades, cannabis

use prevalence has increased

among young adults in the United

States. Data from the National Survey

on Drug Use and Health (NSDUH)

showed an increase in the prevalence

of any past-year cannabis use among

young adults aged 18 to 25 years from

29.8% in 2002 to 35.4% in 2019.1 This

increase is concerning because canna-

bis use among young adults is associ-

ated with adverse short- and long-term

consequences, including cognitive defi-

cits,2 poorer academic outcomes,3–6

impaired driving,7 worse mental

health,8 and addiction.9 In 2019, 5.8%

of those aged 18 to 25 years met

diagnostic criteria for past-year canna-

bis use disorder (CUD).9

As of August 2021, 18 states and

Washington, DC, have legalized canna-

bis for nonmedical (or “recreational”)

use, and, in November 2012, Washing-

ton State was 1 of the first 2 states to

legalize it.10 Although cannabis use and

possession for people older than

21 years were permitted 30 days after

the election, the first state-licensed

retail cannabis stores did not open until

July 2014. Thus, there was a period of

19 months when use and possession

were legal, but there were no legal

means of buying or selling nonmedical

cannabis. In addition to the illicit market,

there was access through weakly regu-

lated medical dispensaries.11,12 It was

not until 2015 that strong state-level

regulation phased out the original

medical cannabis dispensaries and

incorporated the medical market into

the regulated system.13 Initially, even

after July 2014, the number of nonmedi-

cal (or “retail”) stores was small and pri-

ces could not compete with the illegal

and medical cannabis markets.14 Prices

of pretax cannabis flower in retail stores

dropped, however, from as high as $30

per gram in 2014 to less than $7 per

gram in late 2017.15 Along with drop-

ping prices, the number of retail outlets

in the state increased.13 Also, the variety

638 Research Peer Reviewed Kilmer et al.

RESEARCH & ANALYSIS
A
JP
H

A
p
ri
l2

02
2
,V

ol
11

2,
N
o.

4

https://doi.org/10.2105/AJPH.2021.306641


of cannabis products increased, with a

larger proportion of sales in the form of

edibles, tinctures, and concentrates

used in vaping.14,16

The inception and growth of the non-

medical cannabis market may have led

to increased cannabis use and related

problems, although studies comparing

states with and without legalized non-

medical cannabis have yielded mixed

results. In an examination of

2008–2018 data from a survey of

undergraduate 4-year college students,

1 study found that prevalence of both

“any” and “frequent” past-month canna-

bis use increased among students in

states with legal nonmedical cannabis

compared with use among students in

other states.17 A study using

2008–2016 NSDUH data reported that

legalization was associated with statisti-

cally significant increases in “any” and

“frequent” cannabis use and meeting

criteria for CUD among adults 26 years

and older, but not among young adults

aged 18 to 25 years.18 Differences

between young adults younger or older

than 21 years were not assessed, and

the absence of legal access for those

18 to 20 years may partially account for

the lack of evidence of increase in

those aged 18 to 25 years. Evidence on

changes in cannabis use among ado-

lescents has been mixed,18–21 including

from studies that have specifically

examined changes in adolescent can-

nabis use among Washington State

high school students.20,21

We assessed changes from 2014 to

2019 in cannabis use among young

adults in Washington State using

repeated statewide cross-sectional

data. We analyzed change across these

cohorts in past-year use, at least

monthly use, at least weekly use, and

daily use of cannabis and changes in

prevalence of 2 or more symptoms

typically associated with cannabis depen-

dence or CUD. In addition, we examined

whether trends in these cannabis-

related outcomes differed by whether

young adults were aged 21 years and

older or younger than 21 years.

METHODS

We collected data as part of the Wash-

ington Young Adult Health Survey, a

project funded by the Division of

Behavioral Health & Recovery in Wash-

ington State’s Health Care Authority, to

evaluate impacts of alcohol privatiza-

tion and cannabis legalization among

young adults in Washington. We admin-

istered 6 annual cross-sectional sur-

veys, each with approximately 2000

respondents, between 2014 and 2019.

We recruited participants from across

Washington, with all geographic regions

of the state represented. We recruited

a new sample of study participants in

each year through direct mail and

online advertising. Although we did not

separately track source of recruitment

for cohorts 1 to 3, the proportion of

participants coming from the direct

mail to known Washington residents

was similar across time (e.g., we

recruited 59.0% of participants in

cohort 4 from direct mail, 56.9% of par-

ticipants in cohort 5, and 59.4% of par-

ticipants in cohort 6).

The direct mail outreach was facili-

tated through access to Washington

State Department of Licensing contact

information, and a random sample of

licensed drivers aged 18 to 25 years

received a letter inviting their participa-

tion for each cohort. Online advertising

strategies included using social media

sites such as Facebook and Instagram,

other online sites such as Craigslist,

and a dedicated study Web site. Partici-

pants who responded to the online

advertisements completed a screening

survey to determine whether they met

inclusion criteria of age (18–25 years)

and residence in Washington State.

Participants provided digital consent

and completed an online screening sur-

vey. Study staff then verified eligibility

and identity through a follow-up tele-

phone call, after which we directed

them to the online baseline survey. In

2014, we collected data between late

April and early August, with 69.3% of

data completely collected before the

opening of the first cannabis retail out-

lets in July. Although the remaining

30.7% were completed after stores had

opened, the impact of stores opening

likely did not change how most remain-

ing participants accessed cannabis.

Only 18 retail outlets opened statewide

during July 2014, and only 31 had

opened by August. By comparison, in July

2015 there were 163 retail outlets. Field

periods in 2015 to 2019 were roughly

the same length and generally launched

in June and closed by November each

year (except 2019, which launched in

August and closed in December). The

Web-based surveys contained questions

on substance use, related risk factors,

attitudes and acceptability, perceived

norms, and health behaviors. The survey

took approximately 20 minutes to com-

plete, and participants received a $10

e-gift card as compensation.

The analytic sample consisted of

12963 individuals who completed the

survey for the first time in 2014

through 2019, provided information

on sociodemographic covariates, and

provided data on at least 1 of the prev-

alence outcomes examined. The num-

ber of participants at each survey wave

ranged from 1675 in 2015 to 2493 in

2016. Geographic distribution and soci-

odemographic characteristics of the

sample are shown in Table 1.
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Measures

Cannabis use.We adapted survey

items regarding cannabis use from the

Monitoring the Future survey and the

Drinking Norms Rating Form.22

Respondents were asked a question

about frequency of recreational canna-

bis use in the past year. Response

options ranged from 0 for never to 9

for every day. We based 4 binary meas-

ures of cannabis use prevalence on

the answer to the past-year recrea-

tional use item: any use, at least

monthly use, at least weekly use, and

daily use.

Cannabis use disorder symptomatol-
ogy. As we were creating the survey,

terminology associated with substance

use disorders changed from separate

diagnostic criteria for “cannabis

dependence” and “cannabis abuse” in

the Diagnostic and Statistical Manual of

Mental Disorders, Fourth Edition, Text

Revision23 to “cannabis use disorder” in

the Diagnostic and Statistical Manual of

Mental Disorders, Fifth Edition (DSM-5).24

The NSDUH assesses symptomatology

with 18 items, historically split into

12 items that address “dependence”

and 6 items that assess “abuse.”25 Par-

ticipants in this study responded to

9 items adapted from the 12 questions

associated with what was previously

“cannabis dependence.”We used the

9 items to assess the presence of

5 symptoms in the past 12 months:

1. spending considerable time

obtaining, using, or getting over

the effects of cannabis (1 item);

2. attempting to set limits on use (2

items);

3. increased tolerance (1 item);

4. affects emotional or psychological

and physical health and whether

use continued despite these

effects (3 items); and

5. wanting or trying to reduce or stop

use (2 items).

For analyses, we categorized individu-

als as having either 2 or more symp-

toms (1) or none or 1 (0). Although we

did not capture the full range of CUD

symptoms, given that DSM-5 criteria

require the presence of at least 2 of 11

symptoms, those with 2 or more symp-

toms in this study would likely have ele-

vated symptomatology, aligning with

what is considered a “mild” disorder

per DSM-5 criteria.

TABLE 1— Weighted and Unweighted Distribution of Study Participant Characteristics: Washington
State, 2014–2019

Characteristic Weighted, % or Mean 6SD Unweighted, No. (%) or Mean 6SD

Female sex 48.6 8715 (67.2)

Race/ethnicity

Non-Hispanic White 66.5 8359 (64.5)

Non-Hispanic Asian 7.7 1470 (11.3)

Non-Hispanic other race 15.0 1376 (10.6)

Hispanic, any race 10.8 1758 (13.6)

Geographic region

East 24.9 2749 (21.2)

Northwest 44.8 6718 (51.8)

Southwest 30.3 3496 (27.0)

Age, y 21.5 62.3 21.6 62.3

Attending 4-y college 30.5 4116 (31.9)

Employed full-time 36.0 4432 (34.9)

Study year

2014 . . . 2101 (16.2)

2015 . . . 1675 (12.9)

2016 . . . 2493 (19.2)

2017 . . . 2341 (18.1)

2018 . . . 2412 (18.6)

2019 . . . 1941 (15.0)

Note. The study population was n512963.
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Covariates. Demographic characteris-

tics that we used for analyses included

covariates for biological sex (05male,

15 female), age in years, region of the

state (east, northwest, southwest),

race/ethnicity (4 categories:

non-Hispanic White, non-Hispanic

Asian, Hispanic, and non-Hispanic other

[including American Indian/Alaska

Native, Native Hawaiian/Pacific Islander,

Black/African American, and multira-

cial]), whether participants were attend-

ing a 4-year college, and whether they

were employed full-time.

Analytic Plan

To examine changes in prevalence of

cannabis use and related outcomes,

which were all dichotomized, we used

logistic regression models. Models

included data from a total of 12689

participants with nonmissing covariate

or outcome data (97.9% of the total

sample). We included survey year as

the primary covariate of interest and

specified it in separate models (1) as a

linear term to assess a linear trend

from 2014 to 2019, and (2) using indi-

cator variables to test how prevalence

for a given year differed compared with

2014. All models included covariates

for biological sex, indicator variables for

race/ethnicity (White [reference], Asian,

other race, Hispanic any race), indicator

variables for geographic region (east

[reference], northwest, southwest), age,

attending 4-year college, and full-time

employment status. To examine

whether changes over time varied by

age, we used the Wald test to assess

interaction terms for survey year3 age,

where age was dichotomized as younger

than 21 years (0) or 21 years or older (1).

Because of overrepresentation in the

study sample of women, those of non-

Hispanic Asian and Hispanic race/

ethnicity, and those living in the north-

west region of the state (where the

Seattle metropolitan region is located)

relative to the general young adult pop-

ulation in Washington State, we created

poststratification weights that we

applied to all analyses. We created

strata according to sex, geographic

region, and race/ethnicity. We derived

weights by dividing the proportion of

young adults in Washington State in

that stratum according to 2010 US Cen-

sus data by the proportion of young

adults in the study sample in that stra-

tum. Thus, we gave less weight to strata

that were overrepresented in this sam-

ple relative to the general population

and more weight to strata that were

underrepresented. We used R version

3.6 (R Foundation for Statistical Com-

puting, Vienna, Austria) for analyses

using the survey package for applying

poststratification weights26 and the

ggplot2 package for data

visualization.27

RESULTS

Table 1 shows weighted and

unweighted demographic characteris-

tics of the study sample. When examin-

ing the changes in prevalence of any

past-year, at least monthly, at least

weekly, and daily cannabis use, we

observed a statistically significant

increasing linear trend from 2014 to

2019 for each category of cannabis use

frequency (all Ps# .021 for linear trend

for study year; Figure 1). Based on

models including indicator variables for

year, the model-predicted prevalence

of any past-year use of cannabis

increased from 39.8% in 2014 to 43.3%

in 2019, and prevalence of at least

monthly use increased from 19.3% to

22.0%. Model-based odds ratios (ORs)

for yearly change in the odds for each

outcome and unadjusted weighted

prevalence estimates by year are avail-

able in Tables A–C (available as a sup-

plement to the online version of this

article at http://www.ajph.org). We

observed a statistically significant

cohort3 age interaction for any past-

year (F1,1268855.48; P5 .019) and at

least monthly (F1,1268854.71; P5 .030)

use, such that the increasing trend was

restricted to those aged 21 years or

older (Figure 2).

The prevalence of endorsing at least

2 of 5 possible CUD symptoms also

increased over time (Figure 3; Tables

A–C present the ORs). The model-

predicted prevalence estimates of

endorsing at least 2 disorder symp-

toms were 5.7% in 2014 and 8.6% in

2019. There was no statistically signifi-

cant cohort3 age interaction

(F1,1263351.54; P5 .22).

DISCUSSION

We have provided an initial examina-

tion of trends in cannabis use preva-

lence among young adults aged 18 to

25 years following legalization of non-

medical cannabis use for adults aged

21 years or older in Washington State.

Five years of data after retail outlets

opened showed that the prevalence of

any past-year, at least monthly, at least

weekly, and daily cannabis use has

increased among young adults aged

18 to 25 years. Unlike national data, the

data showing this trend showed no

signs of plateauing during the study

period (2014–2019). A significant

cohort3 age interaction suggested

that the increase was primarily driven

by those older than 21 years.

These findings highlight the potential

importance of prevention efforts accom-

panying changes to the legal status of

cannabis. For example, our results
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suggest that cannabis use among young

adults older than 21 years has increased

after legalization, so prevention and

intervention efforts could be needed in

this changing legal climate. Furthermore,

future studies could explore community-

level influences on prevalence of use,

such as the increasing presence of can-

nabis retail outlets as well as the eco-

nomic shifts (e.g., the decreasing prices

of legal cannabis products) and changes

in illegal markets over time.

Generally, we saw less change in can-

nabis use among younger adults (i.e.,

those aged 18–20 years), who may

have been less affected by the expan-

sion and evolution of the retail market

after 2014 because of the inability to

legally purchase nonmedical cannabis

in stores. In fact, with the clear regula-

tions of the medical market that arrived

in 2015 and that included a state-

regulated system of medical cannabis

patients,11 access to medical cannabis

became more challenging for people

younger than 21 years. Among high

school seniors who participated in

Washington’s Healthy Youth Survey,28,29

the percentage who said cannabis would

be “very easy” to get declined from 2012

(42.2%) to 2018 (37.8%), which may have

been related to the shutdown of Wash-

ington’s previously poorly regulated med-

ical market in 2016.11

Additionally, after the legalization of

nonmedical cannabis (i.e., Initiative

502) was enacted, coalitions (e.g., the

Washington Healthy Youth Coalition),

prevention professionals, and state

organizations (e.g., Office of Superinten-

dent of Public Instruction) implemented

or supported implementation of pre-

vention programs that intended to

reduce youth cannabis use. Moreover,

many college campuses incorporated

cannabis prevention content with

incoming first-year students, and can-

nabis prevention was the focus of many

presentations and trainings statewide.

Although we did not assess the impact

of these prevention efforts, it is possible

that the absence of an increase by

those younger than 21 years could

have been the result of these intensive

(and intentional) prevention efforts.

Importantly, the prevalence of CUD

symptomatology has also increased since

legalization was implemented. Given the

association between CUD-related symp-

toms and increased frequency of use,2

the increases in prevalence of CUD

symptomatology that we saw are not sur-

prising when examined alongside the

increased prevalence of frequent use.

Indeed, it should be noted that the prev-

alence of frequent use (daily or weekly)

was high among both age groups at all

time points, and the prevalence of daily

use among those aged 21 years or older

had risen from 6.3% in 2014 to 10.2% in

2019.

Another explanatory factor could be

the increasing THC (tetrahydrocannabi-

nol, the main psychoactive compound

in cannabis) potency of cannabis prod-

ucts sold in the legal market,16,30

including increasing market share of

manufactured cannabis products such
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FIGURE 1— Model-Predicted Prevalence of Cannabis UseWith Linear Trend Lines at Different Margins Among Young
Adults: Washington State, 2014–2019
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as concentrates, edibles, and vaping

products, which are often higher in

THC.14 In addition, the potency of can-

nabis flower (the product that still

accounts for the majority of sales) has

increased over time nationwide,31 and

even more so in Washington State,30

and more than 92% of all flower sales

are of strains with more than 15%

THC.16 Greater THC potency may

increase the risk of CUD symptoms

beyond the frequency of use, and

this could be examined in future

studies.9

Furthermore, the “approachability”

of more novel dab pens and vape

pens could provide more convenient

ways to use cannabis, and future

studies could explore the degree to

which these products play a part in

changes in cannabis use. Collectively,

the increased availability, lower price,

and greater potency of cannabis may

have led to increased cannabis use

and related problems, and future

studies can continue to explore the

possible relationships among these

variables.

Limitations of this study include

examining trends in only 1 state where

cannabis has been legalized for non-

medical use. We were unable to make

comparisons with cannabis use trends

in states where cannabis has not been

legalized. Some of the general trends

we see in our data are similar to trends

in national data reviewed earlier and

may have less to do with legalization

and implementation of the retail canna-

bis market and more to do with national

trends rooted in greater tolerance of

cannabis use. Another limitation is that
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FIGURE 2— Model-Predicted Linear Trend in (a) Any Past-Year Cannabis Use, and (b) at Least Monthly Use by Age:
Washington State, 2014–2019

RESEARCH & ANALYSIS

Research Peer Reviewed Kilmer et al. 643

A
JP
H

A
p
ril2022,Vo

l112,N
o
.
4



although recruitment strategies were

similar across years, our recruitment

approach may not have yielded a repre-

sentative sample relative to Washington

State. For example, women were over-

represented in this study. However, our

analyses applied poststratification

weighting to make distribution of key

demographic characteristics similar to

the general young adult population in

Washington.

Because the survey’s space con-

straints meant we could not use many

full measures, we adapted the assess-

ment of symptomatology associated

with CUD from the items of the NSDUH,

and future studies could use a more

thorough assessment that addresses

all potential criteria associated with

CUD. Additionally, it would have been

helpful to have data from 2012 (when

Initiative 502 was being considered)

and 2013 (when legalization had

been enacted but stores had not yet

opened), and it is a limitation that con-

clusions are constrained to the window

following 2014. Finally, although many

of our items are self-reports of past-

year behavior, the length and timing of

the assessment periods across cohorts

were not constant over time.

Despite limitations, our findings point

to an increasing prevalence of cannabis

use, including daily use, among young

adults older than 21 years following the

legalization of cannabis. For many young

adults, this was not solely an increase in

frequency, given the increase in endors-

ing symptomatology that can be associ-

ated with CUD. Based on these findings,

we encourage continued monitoring of

cannabis use and misuse, prevention

efforts to reduce harmful misuse of can-

nabis, and making treatment readily

available for young adults whose canna-

bis use reaches the point of a substance

use disorder. Screening could be 1 strat-

egy to identify high-risk or hazardous

use in this age group, and brief interven-

tions have been shown to reduce use,

time spent high, and consequences.32

Particularly if referral to treatment is war-

ranted or even requested, this could

have an impact on young adults who

may be struggling with cannabis use and

any unwanted effects.
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