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ABSTRACT. Objective: The purpose of this study was to evaluate
changes in marijuana use prevalence and user characteristics across
the 2012 recreational legalization in Washington State. Differences in
change estimates between retrospective and contemporaneous pre-legal-
ization measures are compared and considered in relation to potential
social acceptability and illegality effects on reporting. Method: Four
representative surveys of the Washington State population 18 years and
older were conducted by telephone, two in 2014 and two in 2015, which
are combined by year for analyses (N = 3,451). Respondents reported
their current past-year use frequency and retrospective frequency of use
in 2012 before the election in which legalization was passed. They also
provided demographic information and details of alcohol use, including
simultaneous use with marijuana. Results: A small and not statistically
significant increase of 1.2 percentage points in past-year use preva-
lence, from 24.3% (22.3–26.5) to 25.6% (23.6–27.6), was found when

combining the surveys. No statistically significant change was found in
the prevalence of simultaneous use with alcohol, which decreased from
12.9% (11.3–14.7) to 12.6% (11.0–14.4). In contrast, estimates from
the National Survey on Drug Use and Health (NSDUH) indicate sub-
stantially increased prevalence, from 15.5% (13.8–17.3) in 2010–2012
to 19.1% (16.9–21.4) in 2013–2014, although this change is not statisti-
cally significant. Other findings of interest from the Washington State
surveys include new users after legalization tending to be older, White,
and moderate drinkers who do not use marijuana simultaneously with
alcohol. Conclusions: A retrospective pre-legalization measure showed
only a small increase in marijuana use prevalence in contrast to larger
changes found in prospectively assessed use in the NSDUH. Changes in
the social acceptability and legal status of marijuana after legalization
may have increased reporting of pre-legalization use compared with
concurrent assessments. (J. Stud. Alcohol Drugs, 79, 495–502, 2018)
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MARIJUANA USE PREVALENCE in the United
States rose steeply from 2005 to 2015 across all age

groups, with more than proportional increases in monthly
and weekly use frequencies (Kerr et al., 2018; Wu et al.,
2016). For younger users, this contrasts with negative trends
in the prevalence of cigarette and alcohol use among under-
age youth (Lanza et al., 2015). Especially steep increases
from very low rates in the past have been seen among those
older than 50 years of age as the baby boom generation has
moved into these ages (Han et al., 2017; Kerr et al., 2018).
Changing perceptions of marijuana with regard to riskiness
for health and social problems and social acceptability have
played a role (Keyes et al., 2016). The changing legal status
of marijuana has been important for these perceptions, with
medical marijuana now legal in more than half of the states,
decriminalization and reduced penalties in many states, and
full recreational legalization now in eight states and the Dis-
trict of Columbia (Fairman, 2016; Freisthler & Gruenewald,

2014; Pacula et al., 2015). However, marijuana remains il-
legal at the U.S. federal level and is classified as a Schedule
1 drug, the most strictly controlled. Between 1969 and 1973,
just 12%–16% of U.S. adults approved of marijuana legaliza-
tion; from 2013 onward, support has averaged 56%, and by
2016 it was 60% (Jones, 2015; Swift, 2016).

In November 2012, voters in Washington State ap-
proved Initiative 502, which legalized marijuana at the state
level as of December 6, 2012. The initiative authorized the
Washington State Liquor and Cannabis Board (formerly the
Washington State Liquor Control Board) to regulate and tax
marijuana, restricted sale to those 21 years of age and older,
and added a new threshold for driving under the influence.
The number of retail licenses was limited initially to 334
licensee applicants selected by lottery, but was increased
to 556 with additional store openings in 2016 (Washington
State Liquor and Cannabis Board, 2017). The first retail store
did not open until July 2014, and stores continued to open
through 2015 and 2016, with 361 paying taxes in March
2017. Given a local option in the law, the majority of cities
and counties passed some type of local ordinance, includ-
ing bans on retail sales and home delivery, limits on store
numbers, location restrictions, limits on hours of sale, and
restrictions on advertising (Dilley et al., 2017). The Washing-
ton State Liquor and Cannabis Board was also authorized to
regulate most aspects of marijuana production, processing,
and sales, including security, location, hours of sale, product



496 JOURNAL OF STUDIES ON ALCOHOL AND DRUGS / MAY 2018

labeling, and advertising. Importantly, marijuana products
cannot be used in public. Three levels of excise taxes were
initially specified: 25% of the producer price on sales to pro-
cessors, a 25% excise tax on the wholesale price to retailers,
and 25% on the retail selling price (Darnell & Bitney, 2017).
In July 2015, excise tax rates were reduced and simplified to
37% of the retail price.

Because marijuana use, sales, and other details were not
recorded in Washington State before legalization was fully
implemented, surveys are the only source of information on
use prevalence, amounts, and user characteristics. However,
illegality and social stigma could have substantial impacts
on the accuracy of reporting. Social acceptability is impor-
tant for substance use and pattern measurement, including
alcohol (Greenfield & Kerr, 2008). Yet even for legal drugs
such as alcohol, surveys typically capture only about 50% of
sales, although some of this can be attributed to the quality
of questions and interpretation of drink sizes (Kerr & Green-
field, 2007). However, survey estimates of the prevalence for
alcohol use are thought to be mostly accurate (Greenfield &
Kerr, 2008). Given concerns about legality before passage
of I-502, this is unlikely to be the case for marijuana, and
the degree of underreporting is not known because there
has been no objective source for comparison. Most drug
measurement validation studies have relied on drug tests of
arrestees and repeated youth surveys, both of which suggest
significant misreporting (Fendrich & Rosenbaum, 2003).
Biomarkers for marijuana use can also be used to validate
consumption reports and are not affected by illegality or
social desirability biases (Roulette et al., 2016; Taylor et
al., 2017). However, these rely on a willingness to provide
samples (VanDerNagel et al., 2017) and would be costly
and difficult to implement in general population telephone
surveys. Urinalysis of respondents in a validity study of the
National Survey on Drug Use and Health (NSDUH) sug-
gested that past-30-day use may have been underreported by
about 26% (Harrison et al., 2007). However, there are also
accuracy issues with urinalysis, and more than 40% of those
reporting use tested negative.

When considering the impact of legalization on marijuana
use prevalence, the mismatch between conditions of social
and legal stigma could bias comparisons of pre- (illegal
use) and post-survey (legal use) prevalence and could result
in substantial overestimation of an increase. An alternative
to this is a retrospective pre- to current post-event survey
design where use at both times is assessed in a survey occur-
ring after legalization (Hill & Betz, 2005; Pratt et al., 2000;
Sibthorp et al., 2007). This approach has the advantage that
social acceptability and legality concerns are equivalent.
This aspect of reporting must be weighed against concerns
regarding the validity of retrospective recall. For policy
evaluation, the salience of the period before a major policy
change such as legalization should increase the accuracy of
recall for the retrospective period. Studies of retrospective

measures of alcohol use have found reasonable test–retest
validity (Greenfield et al., 2014). One four-wave panel study
found higher retrospective drinking volumes compared with
volumes concurrently assessed at the earlier time point, pos-
sibly reflecting increased social acceptability (Koenig et al.,
2009).

The relationship between marijuana and alcohol use is
an important aspect of potential impacts on problems of
marijuana legalization. A recent review on substitution and
complementarity found evidence of both effects, with some
youth studies suggesting that substitution played a larger
role in more liberalized marijuana environments (Subbara-
man, 2016). Among marijuana users, the use of alcohol is
common, although most alcohol users do not use marijuana
(Subbaraman & Kerr, 2015). A U.S. study of 2005 and 2010
data found that 9.3% of men and 5.5% of women tended to
use alcohol and marijuana at the same time, and that these
simultaneous users had double the risk of both drunk driv-
ing and alcohol-related harms compared with alcohol-only
users, controlling for drinking patterns (Subbaraman & Kerr,
2015). These findings indicate the importance of considering
co-use.

Little is known about changes in marijuana use across
legalization in Washington State. One pre–post legalization
study of impaired drivers in Washington State found a 25%
increase in positive tetrahydrocannabinol (THC) in blood,
suggesting an increase in use (Couper & Peterson, 2014).
Some mixed results have been found regarding use among
youth. Analyses of the Washington Health Youth Survey
found no increases among 6th-, 8th-, 10th-, or 12th-grade
students (Darnell & Bitney, 2017), whereas an analysis of
data from Monitoring the Future found increased use among
8th and 10th graders in Washington State but no change
among 12th graders nor for any grade level in Colorado
(Cerdá et al., 2017). The present analyses evaluate changes
in marijuana use prevalence across legalization using a retro-
spective (pre-initiative) and current (post-initiative) measure-
ment design. Changes in the frequency of marijuana use, use
with alcohol, and the characteristics of continuing and new
users are also addressed.

Method

Sample

The sample consists of four representative surveys of
adults (age ≥ 18 years) in Washington State, with sample
recruitment taking place separately in January–April 2014
(Wave 1, N = 1,202), August–October 2014 (Wave 2, N =
804), March–May 2015 (Wave 3, N = 823), and August–
October 2015 (Wave 4, N = 662). Participants were reached
via random-digit dial sampling of both landlines and cell
phones, with about 40% of respondents recruited from cell
phone exchanges at each wave. AAPOR2 (American As-
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sociation for Public Opinion Research, 2011) cooperation
rates—that is, complete and partial interviews as a percent-
age of identified eligible respondents (landline, cell)—were
as follows: Wave 1 (50.8%, 59.5%), Wave 2 (45.8%, 62.4%),
Wave 3 (43.7%, 61.5%), and Wave 4 (41.7%, 59.6%). These
rates were about 10 percentage points lower than those
achieved by the Behavioral Risk Factor Surveillance System
survey in Washington State (Centers for Disease Control
and Prevention, 2015). At survey completion, participants
were issued $10 gift cards. Surveys lasted about half an
hour on average. The first two waves conducted in 2014 and
the last two waves conducted in 2015 were each combined
to achieve adequate power for analyses. Protocols were ap-
proved by the Public Health Institute Institutional Review
Board (#I13-010).

For comparison, we also present marijuana use preva-
lence estimates for Washington State from two population
surveys: the NSDUH and the National Alcohol Survey
(NAS). The NSDUH provides U.S. national and state-level
data on the use of tobacco, alcohol, and illicit drugs, includ-
ing marijuana, by pooling observations from multiple years
of this clustered household-based sampling frame survey
conducted in person in both English and Spanish. In this
study, we show the past-year marijuana use prevalence for
the Washington State population age 18 years and older from
pooled 2010–2012 data (before legalization) and 2013–2014
data (after legalization) from published estimates (Substance
Abuse and Mental Health Services Administration, 2014,
2015). The NAS is a series of U.S. representative surveys
conducted for the Alcohol Research Group every 5 years
starting in 1979 (Kerr et al., 2009). In this study, we used
data from Washington State adults from the 2009–2010 NAS
and 2014–2015 NAS (Greenfield et al., 2015; Karriker-Jaffe
et al., 2017) to derive marijuana use prevalence before and
after legalization.

Measures

Current marijuana use was determined from the question:
“How often have you used marijuana, hash or pot during the
last twelve months.” Respondents were coded as dichoto-
mous current (past 12 months) users or not, and for current
users, as weekly users or not. Current marijuana users were
also asked, “In the past year, how often did you use alcohol
and marijuana products at the same time? Was it usually,
sometimes or never?” Those who answered “usually” or
“sometimes” were defined as simultaneous users.

Retrospective marijuana use before legalization was based
on a question asking, “Now, thinking about the year 2012,
prior to December 6, 2012, when the state legalized mari-
juana, how often did you use marijuana, hash or pot in any
form during 2012?” Similarly, marijuana users in 2012, be-
fore legalization, were asked how often they used marijuana
and alcohol at the same time.

The following demographics were included as indepen-
dent predictors of marijuana use status change: gender, age
(18–29, 30–49, ≥50), race/ethnicity (White, Black, Hispanic,
other), education (high school graduate or less, some col-
lege, college graduate or higher), household income (annual
income no more than $30,000, more than $30,000 but no
more than $60,000, more than $60,000, and missing for
income), marital status (married or not), and alcohol use
status (lifetime abstainers, ex-drinkers and never 5+ during
lifetime, ex-drinkers and had 5+ during lifetime, current
drinkers but not any 5+/4+ for men/women last month, cur-
rent drinkers and had at least one day of 5+/4+ last month).

Statistical analyses

For each cross-section wave, the data were weighted to
adjust for probability of selection introduced during the
sampling design and also to adjust the sample to match the
target population, thus to be representative of all adults (18
years of age and older) residing in the Washington State.
The weighting process takes three steps. First, base weights
were constructed for landline and cell phone samples sepa-
rately to reflect the probability of selection, the number of
phones for each household or individual, and the number of
adults living in the household. Second, the landline and cell
samples were combined to reflect the population coverage of
landline and cell sample frames. Responses were weighted
to the benchmarks (National Health Interview Survey state
estimate) based on their landline/cell usage status (Blumberg
& Luke, 2013). Last, the weighted data were calibrated to
reflect population distribution from the American Commu-
nity Survey, using a raking adjustment for sex by age, age
by race/ethnicity and education levels. All analyses were
performed in STATA Version 13 (StataCorp LP, College
Station, TX), which generates robust standard errors for
analyses applying sampling weights.

Results

Table 1 shows the prevalence of marijuana use before
and after legalization. For the data collected in 2014 (Waves
1 and 2 combined) and 2015 (Waves 3 and 4 combined), we
compare their retrospectively reported use in 2012 and cur-
rent use in the past year before the interview. For the 2014
surveys, no stores had opened by the end of Wave 1, but 31
stores had opened in the 2 months before the beginning of
Wave 2; therefore, some of these respondents had access
to retail stores for part of the year before the interview. For
the 2015 surveys, 120 stores had opened by the beginning
of Wave 3, and most of the past-year window included the
period with retail stores; furthermore, 172 stores had opened
by the beginning of Wave 4, and the full past-year window
was within the period of retail sales. From the 2014 surveys,
23.6% reported any marijuana use during the 12-month
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period before legalization, compared with 24.9% reporting
any use during the 12 months before the interview. For 2015
data, 25.1% reported any marijuana use before legalization,
whereas 26.2% reported current use. When both 2014 and
2015 data are combined, the prevalence of use was found
to have increased by 1.2 percentage points (from 24.3% to
25.6%) across legalization. None of the pre–post legalization
differences were found to be statistically significant, as shown
from the large overlapping confidence intervals in Table 1.

In addition to any marijuana use, Table 1 also presents the
prevalence of at least weekly use and less than weekly use,
and separately, whether marijuana and alcohol were used si-
multaneously by the respondent. There appears to have been
a larger increase in rates of at least weekly use compared
with less frequent use (0.9 vs. 0.4 percentage point increase
from the combined data) across legalization. No increase
was seen in the prevalence of simultaneous use of marijuana
and alcohol across legalization, whereas there was a 1.6
percentage point increase in the prevalence of marijuana
use among drinkers who use the substances separately after
legalization (11.2% before vs. 12.8% after for combined
data). Again, none of these pre–post legalization differences
were statistically significant.

To illustrate comparisons with prevalence estimates from
repeated cross-sectional surveys, Table 2 shows 12-month
marijuana use prevalence estimates for Washington State be-
fore and after legalization from two national cross-sectional
surveys. The pooled 2013–2014 NSDUH reports 19.1% of
Washington State adults had used marijuana at least once
during the last 12 months and the 2014–2015 NSDUH esti-
mate indicates a prevalence of 17.7%. Both estimates show

an increase from the 15.3% prevalence before legalization
using the pooled 2011–2012 surveys, although overlapping
95% confidence intervals indicate that these differences may
not be statistically significant. Combining the postlegaliza-
tion estimates in consideration of sample variation suggests
an increase of about 20% in the prevalence of past-year
marijuana use across legalization. Estimates of past-month
use for the same period show a similar pattern of change (not
shown). Earlier estimates from 2009–2010 and 2010–2011
indicate that reported marijuana use was slowly rising in
the pre-legalization period. The 12-month prevalence of
marijuana use was 28.6% for the 2014–2015 NAS, com-
pared with 19.5% for the 2009–2010 NAS. The sample size
of the NAS from Washington State was quite small (114 for
2014–2015 and 120 for 2009–2010 data), resulting in much
larger confidence intervals than those from the NSDUH.
However, the survey mode and questions used for the NAS
were very similar to the Washington State surveys, and both
used the same fieldwork organization (ICF, Inc.).

Using retrospective questions to evaluate pre- and post-
legalization marijuana use not only provides marginal
prevalence estimates but also allows us to examine the char-
acteristics of those who changed use status. Only a small
proportion of respondents became users from nonusers (new
users) or changed to nonusers from users (quitters). For the
combined 2014 and 2015 data, only 5.8% were new users
(4.9% for 2014 and 6.8% for 2015 data) and 4.4% were
quitters (3.5% for 2014 and 5.3% for 2015 data). In contrast,
70.1% were nonusers both before and after legalization and
19.7% were users during both periods.

Table 3 shows the demographic and drinking character-

TABLE 1. Percentage of past-year marijuana use for the Washington State population aged 18 and older before and after marijuana legalization from
surveys conducted in 2014 and 2015

Not use with
Any last year ≥Weekly <Weekly Use with alcohol alcohol

Variable [95% CI] [95% CI] [95% CI] [95% CI] [95% CI]

Use in 2012 23.6% 12.4% 11.2% 12.2% 11.3%
(retrospective from 2014 data) [21.0%, 26.4%] [10.2%, 14.9%] [9.4%, 13.2%] [10.1%, 14.6%] [9.5%, 13.4%]

Current use in 2014 24.9% 13.6% 11.3% 12.1% 12.6%
[22.3%, 27.7%] [11.4%, 16.2%] [9.6%, 13.3%] [10.0%, 14.6%] [10.7%, 14.7%]

Difference 1.3% 1.2% 0.1% -0.1% 1.3%

Use in 2012 25.1% 14.1% 11.0% 13.6% 11.2%
(retrospective from 2015 data) [22.1%, 28.3%] [11.7%, 16.9%] [9.0%, 13.4%] [11.2%, 16.4%] [9.1%, 13.6%]

Current use in 2015 26.2% 14.6% 11.6% 13.1% 13.0%
[23.3%, 29.3%] [12.2%, 17.4%] [9.7%, 13.8%] [10.8%, 15.7%] [11.0%, 15.4%]

Difference 1.1% 0.5% 0.6% -0.5% 1.8%

Use before legalization 24.3% 13.2% 11.1% 12.9% 11.2%
(retrospective from [22.3%, 26.5%] [11.6%, 15.1%] [9.7%, 12.6%] [11.3%, 14.7%] [9.8%, 12.8%]

combined 2014 & 2015 data)
Use after legalization 25.6% 14.1% 11.5% 12.6% 12.8%

(current use from [23.6%, 27.6%] [12.4%, 16.0%] [10.2%, 12.9%] [11.0%, 14.4%] [11.4%, 14.4%]
combined 2014 & 2015 data)

Difference 1.2% 0.9% 0.4% -0.3% 1.6%
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istics by marijuana use status before and after legalization
for the 2014 and 2015 data combined. The total sample was
classified into four mutually exclusive groups: nonusers
both before and after legalization (n = 2,658), users during
both periods (n = 509), new users (n = 183), and quitters
(n = 101). Comparisons were made between the first two
groups (nonusers at both periods and users at both periods)
and the last two groups (new users and quitters), using both
differences in prevalence estimates and multinomial logistic
regressions predicting one status versus another. Recognizing
that movement between use and non-use occurs for many

reasons, we focused on differences between new users and
quitters to identify characteristics of those who may have
been influenced to initiate use because of legalization. Com-
paring consistent users and nonusers, descriptive prevalence
comparisons showed that users during both periods were
more likely to be male, be younger than 30 years of age, be
non-White, have lower education and income levels, and be
current heavy drinkers than nonusers during both periods.
These characteristics differentiating users and nonusers are
not reflected among new users and quitters. As shown in the
fourth and fifth data columns of Table 3, new users, com-
pared with quitters, were more likely to be age 50 years or
older and current non–heavy drinkers and less likely to be
Black and former drinkers. In the multinomial logistic re-
gression, those age 50 years and older compared with those
younger than 30 years were more likely to be new users
rather than quitters, whereas Blacks compared with Whites
and ex-drinkers compared with moderate drinkers were more
likely to be quitters rather than new users.

Discussion

An increased prevalence of past-year marijuana use from
before legalization in 2012 to 2014 and 2015 was found

TABLE 2. Prevalence [95% CI] of any past-year marijuana use before and
after legalization from National Survey on Drug Use and Health (NSDUH)
and National Alcohol Survey (NAS)

NSDUH, Washington State
2009–2010 combined 13.8% [12.0%, 16.0%]
2010–2011 combined 14.9% [12.9%, 17.1%]
2011–2012 combined 15.3% [13.3%, 17.5%]

December 6, 2012, recreational legalization
2013–2014 combined 19.1% [16.9%, 21.4%]
2014–2015 combined 17.7% [15.5%, 19.9%]

NAS, Washington State
2009–2010 survey 19.5% [11.5%, 31.1%]
2014–2015 survey 28.6% [18.7%, 41.2%]

TABLE 3. Differences in demographic and drinking characteristics across groups of marijuana use status change and multinomial logistic regression
results predicting marijuana use status change

Relative risk ratiosa Relative risk ratiosa

Nonusers Users compare users both Change to Change to compare change to
both periods both periods periods to nonusers new users quitters new users with

Variable (n = 2,658) (n = 509) both periods (n = 183) (n = 101) change to quitters

Male 46.50% 56.5%** 1.32 [1.02, 1.73]* 55.80% 55.90% 1.13 [0.61, 2.09]
Age

18–29 16.90% 34.1%*** ref. 32.10% 38.90% ref.
30–49 32.90% 36.90% 0.64 [0.44, 0.94]* 33.00% 39.20% 1.13 [0.51, 2.48]
≥50 50.20% 29.0%*** 0.43 [0.30, 0.61]*** 34.90% 22.0%* 2.41 [1.14, 5.11]*

Race/ethnicity
White 76.80% 69.9%* ref. 80.40% 67.20% ref.
Black 4.00% 6.30% 1.96 [1.04, 3.68]* 0.70% 6.3%** 0.10 [0.02, 0.57]*
Hispanics 8.90% 10.70% 0.81 [0.45, 1.44] 10.20% 11.80% 0.86 [0.25, 2.96]
Others 10.40% 13.20% 1.19 [0.75, 1.88] 8.80% 14.70% 0.52 [0.18, 1.52]

Education
≤HS grad 31.40% 45.0%*** ref. 30.30% 42.10% ref.
Some college 33.90% 33.60% 0.71 [0.51, 0.98]* 41.30% 38.20% 1.35 [0.64, 2.85]
College grad 34.60% 21.5%*** 0.50 [0.36, 0.71]*** 28.40% 19.70% 1.77 [0.78, 4.01]

House income
≤$30k 25.10% 48.5%*** ref. 33.00% 30.60% ref.
$30–$60k 22.70% 24.40% 0.55 [0.38, 0.79]** 21.70% 22.60% 0.71 [0.30, 1.66]
>$60k 38.70% 23.2%*** 0.36 [0.24, 0.53]*** 36.60% 34.50% 0.60 [0.25, 1.43]
Missing 13.50% 4.0%*** 0.15 [0.08, 0.29]*** 8.80% 12.30% 0.65 [0.21, 2.00]

Married 58.30% 47.4%*** 1.00 [0.74, 1.35] 44.60% 40.90% 0.96 [0.51, 1.79]
Alcohol use

Life abstainer 10.00% 1.1%*** 0.09 [0.04, 0.23]*** 3.90% 7.20% 0.52 [0.11, 2.44]
Ex-never 5+ 15.50% 4.6%*** 0.29 [0.17, 0.51]*** 4.50% 18.7%** 0.15 [0.05, 0.47]**
Ex-any 5+ 10.00% 9.40% 0.91 [0.58, 1.42] 6.20% 12.80% 0.25 [0.10, 0.66]**
Nonheavy 55.30% 48.3%* ref. 58.60% 36.7%** ref.
5+/4+ lst 30 days 9.20% 36.5%*** 3.70 [2.61, 5.22]*** 26.80% 24.60% 0.77 [0.37, 1.61]

Notes: ref. = reference; HS = high school; grad = graduate; k = 1,000. aRelative risk ratios [95% confidence intervals] from multinomial logistic
regression predicting the four-category marijuana change status variable shown. The two sets of RRR estimates are obtained from the same model
by changing the reference outcome category.
*p < .05; **p < .01; ***p < .001.
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in our analysis of current and retrospective use from four
general population surveys of Washington State. However,
the magnitude of increased use was much smaller than the
substantial increases found in the repeated cross-sectional
waves of the NSDUH and NAS. It should be noted that the
NSDUH used household sampling methods and in-person
interviews with self-administered drug use questions and
also had a Spanish version; therefore, there are differences in
sampling and reporting compared with the Washington State
surveys. In the Washington State surveys, an increase of only
1.2 percentage points in past-year use, from 24.3% before
to 25.6% after, was seen. This might be attributed to more
accurate reporting of pre-legalization use due to reduced
social stigma and concerns about legality after legalization.
Similar conclusions were drawn from a study of changes in
self-reported quality of life, in which the retrospective to
current assessment was found to have a stronger association
with changes in clinical indicators of health status (Nieu-
wkerk et al., 2007). Quality-of-life measures depend on a
reference value that can change with circumstances, and the
retrospective measure avoids this bias. A similar situation
with potentially large bias from social desirability and legal
status suggests that evaluations of drug legalization might
be improved by including retrospective pre-legalization to
current post-legalization designs, in addition to currently
assessed pre–post designs, and the use of routine data that
would not be subject to the same biases. The current results
indicate that the legalization of marijuana in Washington
State did not result in a substantial increase in marijuana
prevalence, frequency, or use with alcohol through 2015;
however, this period included no or limited retail availability.
Therefore, continued tracking is warranted.

Importantly, changes in user characteristics after legaliza-
tion show that new users tended to be older, White, moderate
drinkers and potentially more educated than those who quit
use over the same period. Although the increase in use was
small, results show that use weekly or more frequently in-
creased more than less frequent use, indicating a shift toward
more intensive use in the legal environment. Another im-
portant aspect of changing use is that the increase occurred
in the prevalence of use without alcohol, and there was no
change in use with alcohol. If this is confirmed in further
studies it would suggest that although marijuana users tend
to be heavier drinkers, legalization in Washington State did
not increase the prevalence of simultaneous use of alcohol
and marijuana. Simultaneous use has been found to increase
the risk for alcohol-related problems both in the general
population (Midanik et al., 2007; Subbaraman & Kerr, 2015)
and among adolescents, who are particularly vulnerable
(Terry-McElrath et al., 2013, 2014). Results from laboratory
studies further support that the combined use of alcohol and
marijuana increases both subjective (e.g., “feeling sedated”)
and objective (e.g., heart rate) measurements of impairment
(Downey et al., 2013; Ronen et al., 2010).

The high prevalence of marijuana use in Washington State
before legalization may have been affected by the availability
of medical marijuana in 2012. Although the medicinal use of
marijuana was legalized in 1998, dispensaries did not open
until 2007. The number of dispensaries expanded after the
2009 Ogden memo from the U.S. Justice Department and
more than 300 were open in 2015 (Cambron et al., 2017).
Neither the number of patients nor dispensaries is known for
2012, but Washington State allows marijuana recommenda-
tions for common conditions including anxiety and chronic
pain, increasing the potential for wider use of medical
marijuana. The privatization of the Washington State liquor
monopoly in July 2012 and the substantial reduction in the
beer tax in July 2013 are also potentially relevant to changes
in marijuana use during this period. Analyses of alcohol use
do not indicate major changes in overall use but do show a
shift from distilled spirits to beer in response to increased
prices for distilled spirits and reduced beer prices (Kerr et
al., 2015; Ye & Kerr, 2016).

Analyses of opinions regarding legalization and support
for Initiative 502 in the 2014 surveys of Washington State
found increased support for the initiative in the years fol-
lowing legalization (Subbaraman & Kerr, 2016a). This is
consistent with the current study’s findings that marijuana
use did not rise steeply following legalization, a key concern
of voters. Analyses of support for legalization using surveys
from 2014 through 2016 have found continued increases
from 64% in 2014 to 78% in 2016 (Subbaraman & Kerr,
2017). This increase in support contrasts with findings of
reduced support for Initiative 1183 that privatized sales of
distilled spirits in Washington State in 2012 (Subbaraman &
Kerr, 2016b).

Study limitations include the use of self-reports and ret-
rospective recall in establishing use prevalence. Although
these would generally be expected to bias estimates down-
ward, it is possible that new users could misremember their
prior status, inflating retrospective estimates. There were
also changes in marijuana regulations and distribution in
Washington State during the 2014 and 2015 survey period
that may have affected use between the survey waves. The
opening of retail stores began just before Wave 2, with the
majority of stores opening in 2015 between Waves 2 and
3 and Waves 3 and 4. The reduction in marijuana tax rates
noted in the introduction occurred between survey Waves 3
and 4. Further, although we included household income in
the estimated models, this measure could not be adjusted for
household size, which may affect the comparability across
family circumstances. It is also important to note that the
high prevalence of marijuana use in Washington State com-
pared with other U.S. states may reduce the generalizability
of these results.

These analyses provide a new perspective on the evalua-
tion of changing marijuana use across recreational legaliza-
tion, suggesting that the currently assessed pre–post design
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may overestimate changes in this situation because of
differential underreporting. Results based on the retrospec-
tive pre- and current post-legalization design indicate only
a small increase in use among those who tend to be older,
White, more educated, and moderate drinkers. This group
may have had less access or perceived access to marijuana
under the illegal and medical distribution systems than other
groups. A small shift toward more frequent use of marijuana
was found after recreational legalization, indicating a change
in intensity. Importantly, an increased prevalence of use with
alcohol was not found, suggesting that these substances are
not complementary in this situation. Certainly more research
is needed on details of potentially important aspects of use
not captured by prevalence, including frequency, amounts,
and routes of administration and on the potential conse-
quences of marijuana use, including dependence, impaired
driving, and other health and social problems in Washington
State and the other states where legal recreational marijuana
is now available. The effects of legalization on use may
also take more time to appear, and ongoing monitoring is
recommended.
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