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IMPORTANCE Historical shifts are occurring in marijuana policy. The effect of legalizing

marijuana for recreational use on rates of adolescent marijuana use is a topic of considerable
debate.
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OBJECTIVE To examine the association between the legalization of recreational marijuana use
in Washington and Colorado in 2012 and the subsequent perceived harmfulness and use of
marijuana by adolescents.
DESIGN, SETTING, AND PARTICIPANTS We used data of 253 902 students in eighth, 10th, and
12th grades from 2010 to 2015 from Monitoring the Future, a national, annual, cross-sectional
survey of students in secondary schools in the contiguous United States. Difference-indifference estimates compared changes in perceived harmfulness of marijuana use and in
past-month marijuana use in Washington and Colorado prior to recreational marijuana
legalization (2010-2012) with postlegalization (2013-2015) vs the contemporaneous trends in
other states that did not legalize recreational marijuana use in this period.
MAIN OUTCOMES AND MEASURES Perceived harmfulness of marijuana use (great or moderate
risk to health from smoking marijuana occasionally) and marijuana use (past 30 days).
RESULTS Of the 253 902 participants, 120 590 of 245 065(49.2%) were male, and the mean
(SD) age was 15.6 (1.7) years. In Washington, perceived harmfulness declined 14.2% and 16.1%
among eighth and 10th graders, respectively, while marijuana use increased 2.0% and 4.1%
from 2010-2012 to 2013-2015. In contrast, among states that did not legalize recreational
marijuana use, perceived harmfulness decreased by 4.9% and 7.2% among eighth and 10th
graders, respectively, and marijuana use decreased by 1.3% and 0.9% over the same period.
Difference-in-difference estimates comparing Washington vs states that did not legalize
recreational drug use indicated that these differences were significant for perceived
harmfulness (eighth graders: % [SD], −9.3 [3.5]; P = .01; 10th graders: % [SD], −9.0 [3.8];
P = .02) and marijuana use (eighth graders: % [SD], 5.0 [1.9]; P = .03; 10th graders: % [SD],
3.2 [1.5]; P = .007). No significant differences were found in perceived harmfulness or
marijuana use among 12th graders in Washington or for any of the 3 grades in Colorado.
CONCLUSIONS AND RELEVANCE Among eighth and 10th graders in Washington, perceived
harmfulness of marijuana use decreased and marijuana use increased following legalization of
recreational marijuana use. In contrast, Colorado did not exhibit any differential change in
perceived harmfulness or past-month adolescent marijuana use following legalization. A
cautious interpretation of the findings suggests investment in evidence-based adolescent
substance use prevention programs in any additional states that may legalize recreational
marijuana use.
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H

istorical shifts are occurring in attitudes toward
marijuana and in state marijuana policy in the
United States. The proportion of adolescents who
perceive great risk of harm in using marijuana once or twice
a week has decreased from 55% in 2007 to 44% in 2012,1
and 58% of adults now support legalization of recreational
marijuana.2 Since 1996, 28 states and Washington, DC, have
passed legislation permitting the use of marijuana for medical purposes.3 In 2012, Colorado and Washington became
the first 2 states to legalize the recreational use of marijuana
for adults. Alaska, Oregon, and Washington, DC, followed
suit in 2014, and California, Maine, Massachusetts, and
Nevada approved the legalization of recreational adult use
in the November 2016 ballots.4 The potential effect of legalization for recreational use on rates of marijuana use in the
United States is a topic of considerable debate.5-9
While legalization for recreational purposes is currently
limited to adults, potential effects on adolescent marijuana
use are of particular concern. Some adolescents who try
marijuana will go on to long-term use, with an accompanying range of adverse outcomes.10-16 However, the effect of
legalizing marijuana for adult recreational use on adolescents is unknown. Studies of the association between medical marijuana legislation (MML) and adolescent marijuana
use indicate that while states that passed MML have higher
rates of adolescent marijuana use, rates were already higher
in these states before passage of the laws and that rates did
not increase after the laws were passed.17-19 However, studies of MML cannot be generalized to laws on recreational
use, which may have much broader effects17 through such
factors as pricing,6 advertising, availability, and/or implicit
messages to teens that marijuana use is acceptable or
nonrisky.20,21 Therefore, understanding the effect of legalization for recreational purposes on adolescent marijuana
use is of critical importance.
In this study, we examine the association between legalization of recreational marijuana use for adults (ie, persons
18 years or older) in Washington and Colorado and the
change in perceived harmfulness of marijuana use and in
self-reported adolescent marijuana use before and after
legalization. Both states passed laws legalizing recreational
marijuana use on November 6, 2012. At the time of enactment, possession for personal use was legalized in both
states, and cultivation for personal use was also legalized in
Colorado. Stores that sold marijuana opened in 2014 (in
January in Colorado and July in Washington), and the first
grower licenses in Washington were issued in March 2014.
We tested whether adolescents in Washington and Colorado were less likely to perceive marijuana as harmful and
more likely to use marijuana in the 3 years following legalization (2013-2015) compared with the 3 years prior to legalization (2010-2012) and compared these findings with
trends in states that did not legalize recreational marijuana
use. While full implementation of the law did not occur
until 2014, enactment of the law could in itself have an
effect on marijuana use by increasing advertising of the
product, changing perceptions of the harmfulness of marijuana, and legalizing possession.
E2

Key Points
Question How did the prevalence of adolescent marijuana use
change in Washington and Colorado following legalization of
recreational marijuana use?
Findings In this difference-in-difference analysis of 253 902
adolescents in 47 states, marijuana use among eighth and 10th
graders in Washington increased 2.0% and 4.1%, respectively,
between 2010-2012 and 2013-2015; these trends were
significantly different from trends in states that did not legalize
marijuana. In Colorado, the prevalence of marijuana use
prelegalization and postlegalization did not differ.
Meaning A cautious interpretation of the findings suggests
investment in adolescent substance use prevention programs in
additional states that may legalize recreational marijuana use.

Methods
Setting, Participants, Procedures
The Monitoring the Future (MTF) study annually conducts national cross-sectional surveys of eighth, 10th, and 12th
graders.22,23 Data are collected in approximately 400 schools
in the spring in the contiguous United States via selfadministered questionnaires. We analyzed data collected from
2010 to 2015, approximately 3 years before and 3 years after
legalization of recreational marijuana use in Colorado and
Washington. The comparison group included 45 states that
had not legalized recreational marijuana use in this period.
Oregon and Washington, DC, were excluded from our analysis because they legalized recreational marijuana use in 2014;
Alaska was already excluded from the MTF study, as it is not
a contiguous state.
The study uses a multistage random sampling design.
Stages include US geographic area, schools within regions of
the country (with probability proportionate to school size), and
students within schools. Up to 350 students per grade per
school are included, with random selection of classrooms
within schools. Schools participate for 2 consecutive years.
Nonparticipating schools are replaced with others closely
matched on geographic location, size, and urbanicity. Student response for the MTF study is 81% to 91% for all years and
grades, with almost all nonresponse due to absenteeism and
less than 1% refusals. Of all selection sample units, 92% to 99%
obtained 1 or more participating schools in all study years; the
lack of a time trend in school participation rates24 suggests that
school nonresponse does not affect results. Across the 6 years
(2010-2015), 253 902 students provided data on marijuana use
(89 316 eighth graders, 85 110 tenth graders, and 79 476 twelfth
graders). In Colorado, 2982 students in 17 schools (28 school
surveys, because some schools were surveyed in more than 1
year) provided data on marijuana use between 2010 and 2015,
and in Washington, 5509 students in 30 schools (47 school surveys) provided data.
Consistency in measures and data collection procedures
was strictly maintained across years and grade levels. Students completed questionnaires in classrooms unless larger
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group administrations were required. The MTF study representatives distributed and collected questionnaires using standardized procedures, including instructions to teachers to avoid
proximity to students to maintain confidentiality.
The study was approved by the institutional review
boards at the University of Michigan and Columbia University.
Letters were sent in advance to parents to inform them about
the study and to explain that participation was voluntary and
responses were anonymous (for eighth and 10th graders) or
confidential (for 12th graders). The letters also provided parents with a means to decline their child's participation if
necessary.

Measures
Outcomes
The primary outcome was an individual-level binary variable:
any marijuana use within the prior 30 days.17,25 We also conducted a sensitivity analysis using a measure of marijuana use
frequency (ie, no use, 1-2 occasions, or 3 or more occasions in
the past 30 days). Self-administered forms and data collection
procedures are designed to maximize validity of substance use
reporting. Validity of MTF substance reports is supported by low
question nonresponse, high proportions consistently reporting illicit drug use, and strong construct validity.23
Perceived harmfulness of marijuana use was the second
outcome of interest. Respondents were asked, “How much do
you think people risk harming themselves (physically or in
other ways), if they smoke marijuana occasionally?” Response options included “no risk,” “slight risk,” “moderate risk,”
“great risk,” and “can’t say, drug unfamiliar.” We compared
those who perceived “no risk” or “slight risk” with those who
perceived “great risk” or “moderate risk” (“can’t say” was considered missing).
Main Exposure
The primary exposure was the state-level recreational marijuana laws (RML). The variable was used to compare changes
in perceived harmfulness and marijuana use in adolescents living in states that passed RML (Colorado and Washington each
separately) with contemporaneous changes in the other 45 contiguous states that had not passed RML. Because RML was enacted in Colorado and Washington in November 2012, 2010 to
2012 were considered pre-RML, while 2013 to 2015 were considered post-RML years. Sensitivity analyses compared changes
in Colorado and Washington with the 20 other contiguous
states (besides Colorado and Washington and excluding Oregon) that ever passed MML.
School-Level and State-Level Covariates
School-level control variables included the number of students per grade within the school (1-99, 100-199, 200-299, 300399, 400-499, 500-699, and 700 or more), public vs private
school, and urban/suburban (ie, schools located within a Metropolitan Statistical Area26) vs rural. State-level control variables included the proportion of the population in each state
that was male, white, age 10 to 24 years, and 25 years or older
without a high school education. Census values from 2010 were
used for years of the study period.
jamapediatrics.com
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Individual Covariates
Individual covariates included self-reported age, sex, race/
ethnicity (self-defined as white, black, Hispanic, Asian, multiple,
or other), and socioeconomic status, defined by highest parental education (high school not completed, high school graduate/
equivalent, some college, 4-year college degree, or higher).

Statistical Analysis
Difference-in-difference estimates and associated tests were
conducted by comparing the change in past-month marijuana use and in perceived harmfulness of marijuana use from
3 years prior to RML (2010-2012) with the 3 years after RML
(2013-2015) in Washington and Colorado (included as separate categories in the same model) vs contemporaneous
changes in the 45 contiguous states that did not pass RML. Adjusted prevalence estimates of marijuana use and of perceived harmfulness of use, 95% CIs, and tests of differencein-difference contrasts were obtained from logistic regression
models, including a dichotomous time indicator (2010-2012
vs 2013-2015), a 3-category RML exposure indicator (Colorado vs Washington vs non-RML as separate categories), the
interaction of time and the 3-category RML exposure indicator, and all individual-, school-, and state-level covariates. Logistic regression models were estimated using generalized estimating equations controlling for clustering of individuals
within schools with robust standard error estimation. The predicted marginal approach was used to test risk differences between pre-RML and post-RML within Colorado and within
Washington and then to test difference-in-difference between these differences in Colorado and in Washington vs contemporaneous differences in other non-RML states.27
SUDAAN version 11.0 (RTI International) with PREDMARG
and PRED_EFF commands within RLOGIT was used for all
analyses, and the exact code is provided in the eAppendix in
the Supplement. Because sampling was conducted separately by grade, regression models were fit stratified by grade
to provide grade-specific effects of RML.
Three sensitivity analyses were also conducted. First, we
examined frequency (ie, number of occasions) of marijuana
use in the past 30 days instead of any use vs none. Second, we
repeated regressions for marijuana use, limiting other states
to only include those that passed MML. Finally, we used a test
of trend in the 12 years prior to RML to validate the parallelpath assumption28 for difference-in-difference estimators, ie,
that trends were not already differentially increasing in Colorado and Washington prior to passage of the law.

Results
Table 1 presents characteristics of the study respondents, the
schools they attended, and the states they resided in during
the pre-RML and post-RML periods examined.
Table 2 and Figure 1 present the adjusted prevalence of perceived harmfulness of marijuana use in 2010 to 2012 and 2013
to 2015 in Colorado, Washington, and non-RML states by grade.
In Washington, perceived harmfulness declined by 14.2% and
16.1% among eighth and 10th graders, respectively, in this
(Reprinted) JAMA Pediatrics Published online December 27, 2016
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Table 1. Characteristics of Monitoring the Future Study Respondents From 2010 to 2015
No. (%)
Colorado
Characteristic

Washington

2010-2012

2013-2015

2010-2012

2013-2015

Non-RML or MMLa

MML Onlyb

2010-2012

2010-2012

2013-2015

2013-2015

Sample size, No.
Schools surveyed
Students

14

14

24

23

575

549

449

434

1320

1662

2912

2597

71 313

65 421

57 729

50 948

Individual characteristics
Marijuana use

262 (19.9)

287 (17.3)

407 (13.9)

376 (14.5)

10 349 (14.5)

9012 (13.8)

9895 (17.1)

15.7 (1.9)

14.9 (1.6)

15.5 (1.8)

15.1 (1.7)

15.6 (1.7)

15.6 (1.7)

15.6 (1.7)

15.6 (1.7)

631 (49.5)

810 (50.9)

1453 (51.4)

1206 (48.4)

34 158 (49.5)

30 857 (49.1)

27 408 (48.9)

24 067 (49.1)

Black

51 (3.9)

123 (7.6)

101 (3.5)

101 (4.0)

10 607 (15.2)

10 355 (16.2)

4091 (7.3)

4105 (8.3)

White

737 (57.1)

337 (20.8)

1916 (67.2)

1383 (55.1)

42 822 (61.2)

35 574 (55.7)

29 845 (53.1)

24 752 (50.1)

Hispanic

294 (22.8)

875 (54.1)

331 (11.6)

427 (17.0)

7757 (11.1)

8775 (13.7)

11 468 (20.4)

11 177 (22.6)

55 (4.3)

39 (2.4)

176 (6.2)

188 (7.5)

1728 (2.5)

1858 (2.9)

3940 (7.0)

2939 (5.9)

124 (9.6)

214 (13.2)

236 (8.3)

314 (12.5)

5806 (8.3)

6313 (9.9)

5397 (9.6)

5392 (10.9)

29 (2.3)

29 (1.8)

91 (3.2)

96 (3.8)

1238 (1.8)

1039 (1.6)

1485 (2.6)

1064 (2.2)

<High school

114 (9.2)

481 (32.8)

242 (8.9)

309 (13.3)

5286 (8.0)

5197 (8.7)

5059 (9.5)

4768 (10.3)

High school

210 (17.0)

346 (23.6)

461 (16.9)

472 (20.3)

14 115 (21.4)

12 088 (20.2)

9771 (18.4)

8372 (18.1)

Some college

286 (23.1)

317 (21.6)

722 (26.5)

543 (23.3)

18 238 (27.6)

15 711 (26.3)

13 345 (25.1)

11 441 (24.7)

College

626 (50.7)

322 (22.0)

1299 (47.7)

1006 (43.2)

28 457 (43.1)

26 844 (44.9)

25 033 (47.1)

21 777 (47.0)

Public schools

1255 (95.1)

1662 (100)

2864 (98.4)

2444 (94.1)

65 968 (92.5)

60 739 (92.8)

49 556 (85.8)

44 853 (88.0)

Urban schools

1278 (96.8)

1579 (95.0)

2271 (78.0)

1897 (73.1)

52 901 (74.2)

48 044 (73.4)

50 399 (87.3)

45 097 (88.5)

Male

50.1 (0.0)

50.1 (0.0)

49.8 (0.0)

49.8 (0.0)

49.1 (0.4)

49.1 (0.4)

49.1 (0.6)

49.1 (0.6)

White

69.9 (0.0)

69.9 (0.0)

72.5 (0.0)

72.5 (0.0)

69.0 (13.5)

67.6 (13.7)

58.2 (15.3)

59.0 (15.9)

Age, mean (SD), y
Male

8056 (15.8)

Race/ethnicity

Asian
Multiple
Other
Parental socioeconomic
status

School characteristics

State characteristics,
mean (SD)

Abbreviations: MML, medical marijuana laws; RML, recreational marijuana laws.
a

States that had not enacted RML or MML.

b

States that had enacted MML but not RML.

period. In contrast, among states that did not legalize recreational marijuana use, perceived harmfulness decreased by
4.9% and 7.2% among eighth and 10th graders, respectively,
over the same period. These differences in trends between
Washington and non-RML states were significant (eighth graders: % [SD], −9.3 [3.5]; P = .01; 10th graders: % [SD], −9.0 [3.8];
P = .02). No difference was found among 12th graders in Washington or among students in any grade in Colorado compared
with non-RML states.
Table 3 and Figure 2 present the adjusted prevalence of pastmonth marijuana use in 2010 to 2012 and 2013 to 2015 in Colorado, Washington, and non-RML states. In Washington, marijuana use among eighth and 10th graders increased by 2.0% and
4.1%, respectively, during this time. In contrast, marijuana use
prevalence among eighth and 10th graders in states with no RML
decreased by 1.3% and 0.9%, respectively, over the same period. While the increase in marijuana use among eighth graders in Washington was not significantly greater than zero, the
significant decrease in use among eighth graders in non-RML
states suggests that if there had been no legalization in Washington, then marijuana use among eighth graders in this state
E4

would decrease rather than remain stable, as it did. Differencein-difference tests indicated that these differences between
Washington and non-RML state trends were significant (eighth
graders: % [SD], 5.0 [1.9]; P = .03; 10th graders: % [SD], 3.2 [1.5];
P = .007). The change in marijuana use was concentrated among
nonusers (whose prevalence decreased) and regular (ie, 3 or
more times in the past 30 days) users (whose prevalence increased) (eTable 1 in the Supplement).
No difference was found in the prevalence of marijuana
use among 12th graders in Washington or in Colorado in any
grade. Results were nearly identical when the reference states
were recoded as the other 20 MML states (eTable 2 in the
Supplement). No significant increasing trend in marijuana use
was found from 2001 to 2012 in Colorado or Washington compared with other states (eTable 3 in the Supplement).

Discussion
We assessed whether the perceived harmfulness of marijuana
use and prevalence of marijuana use changed in adolescents
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Table 2. Difference-in-Difference Tests of Past-Month Prevalence of Perceived Great or Moderate Risk of Marijuana Use Before and After
RML by Grade
Risk, % (95% CI)
State

Before RML (2010-2012)

After RML (2013-2015)

Difference Before
vs After RML, % (SE)

P Value

8th Grade
Colorado

65.5 (58.1 to 72.1)

62.8 (55.1 to 69.9)

−2.7 (5.0)

.59

Washington

74.9 (71.2 to 78.2)

60.7 (54.4 to 66.6)

−14.2 (3.4)

<.001

Non-RML

74.7 (73.8 to 75.6)

69.8 (68.8 to 70.8)

−4.9 (0.6)

<.001

Difference-in-difference Colorado
vs non-RML

NA

NA

2.2 (5.0)

.65

Difference-in-difference Washington
vs non-RML

NA

NA

−9.3 (3.5)

.01

10th Grade
Colorado

57.5 (53.9 to 60.9)

46.6 (42.2 to 51.1)

−10.9 (2.0)

<.001

Washington

62.8 (57.6 to 67.6)

46.6 (40.4 to 53.0)

−16.1 (3.7)

<.001

Non-RML

59.7 (58.6 to 60.8)

52.5 (51.4 to 53.6)

−7.2 (0.8)

<.001

Difference-in-difference Colorado
vs non-RML

NA

NA

−3.7 (2.2)

.09

Difference-in-difference Washington
vs non-RML

NA

NA

−9.0 (3.8)

.02

12th Grade
Colorado

46.7 (37.7 to 55.8)

44.5 (40.2 to 48.9)

−2.2 (4.8)

.65

Washington

46.0 (40.4 to 51.6)

43.2 (35.4 to 51.3)

−2.8 (4.7)

.55

Non-RML

48.9 (47.5 to 50.3)

40.3 (39.1 to 41.5)

−8.6 (0.9)

<.001

Difference-in-difference Colorado
vs non-RML

NA

NA

6.4 (4.9)

.19

Difference-in-difference Washington
vs non-RML

NA

NA

5.8 (4.8)

.22

Abbreviations: NA, not applicable; RML, recreational marijuana laws.

Figure 1. Perceived Harmfulness of Marijuana Use Before and After
Legalization in Colorado, Washington, and States Without
Recreational Marijuana Laws (RML)

Perceived Moderate or Great Risk
of Marijuana Use, %

80

70

60

50

40

Washington
Colorado
Non-RML states

30
2010-2012 2013-2015

8th Grade

2010-2012 2013-2015

10th Grade

2010-2012 2013-2015

12th Grade

The solid lines indicate the adjusted prevalence of perceived harmfulness
of marijuana use before and after RML in Colorado, Washington, and non-RML
states by grade. Error bars indicate 95% CIs.

in Colorado and Washington after legalization of adult recreational marijuana use in 2012 in comparison with other states
that did not pass such legislation. Within Washington, the rate
of perceived harmfulness of marijuana use decreased and the
rate of past-month use increased among eighth and 10th graders following passage of RML, while there was no significant
jamapediatrics.com

change among 12th graders. Specifically, the prevalence of
regular users of marijuana increased and the prevalence of
nonusers decreased; no change was observed among occasional users. In contrast, Colorado did not exhibit any change
in perceived harmfulness or past-month adolescent marijuana use following RML enactment. These findings remained
when the comparison states were limited to the 20 states that
have passed MML, indicating that the effects we found are
specific to legislation permitting recreational use.
To our knowledge, this is the first national empirical test
of a change in adolescent perceived harmfulness of marijuana and marijuana use associated with RML enactment.
The only other study that addressed these issues compared
marijuana use among 2 different cohorts of eighth graders in
Tacoma, Washington: one surveyed before RML and the
other immediately following RML. 29 That study found
higher marijuana use in the second cohort, although the difference was not significant.29 The lack of a comparison group
limited inference about whether these findings were related
to RML.
The post-RML increase in adolescent marijuana use in
Washington could have several explanations. First, our findings suggest that legalization of recreational marijuana use in
2012 reduced stigma and perceptions of risk associated with
marijuana use.20,21 A shift in social norms regarding marijuana use may have, in turn, increased marijuana use among
adolescents in Washington. Second, legalization may have increased availability, increasing adolescent access to marijuana indirectly through third-party purchases. Third, legal(Reprinted) JAMA Pediatrics Published online December 27, 2016
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Table 3. Difference-in-Difference Tests of Past-Month Prevalence of Marijuana Use Before and After RML by Grade
Used Marijuana in Past Month, % (95% CI)
Before RML (2010-2012)

State

After RML (2013-2015)

Difference Before
vs After, % (SE)

P Value
>.99

8th grade
Colorado

8.9 (4.2 to 17.6)

8.9 (7.1 to 11.0)

−0.01 (3.3)

Washington

6.2 (4.4 to 8.7)

8.2 (6.3 to 10.7)

2.0 (1.4)

.16

Non-RML

7.6 (7.1 to 8.1)

6.3 (5.9 to 6.8)

−1.3 (0.3)

<.001

Difference-in-difference Colorado
vs non-RML

NA

NA

1.3 (3.3)

.72

Difference-in-difference Washington
vs non-RML

NA

NA

3.2 (1.5)

.03

10th grade
Colorado

17.0 (14.8 to 19.4)

13.5 (9.5 to 18.8)

−3.5 (2.4)

.14

Washington

16.2 (14.0 to 18.6)

20.3 (16.9 to 24.1)

4.1 (1.8)

.02

Non-RML

17.3 (16.5 to 18.0)

16.4 (15.6 to 17.2)

−0.9 (0.5)

.07

Difference-in-difference Colorado
vs non-RML

NA

NA

−2.6 (2.4)

.30

Difference-in-difference Washington
vs non-RML

NA

NA

5.0 (1.9)

.01

12th grade
Colorado

27.4 (22.2 to 33.3)

25.5 (22.1 to 29.1)

−1.9 (2.9)

.52

Washington

21.2 (17.4 to 25.6)

21.8 (18.0 to 26.1)

0.6 (2.7)

.83

Non-RML

22.3 (21.4 to 23.2)

22.1 (21.2 to 23.0)

−0.2 (0.6)

.79

Difference-in-difference Colorado
vs non-RML

NA

NA

−1.7 (3.0)

.57

Difference-in-difference Washington
vs non-RML

NA

NA

0.8 (2.8)

.79

Abbreviations: NA, not applicable; RML, recreational marijuana laws.

Figure 2. Marijuana Use Before and After Legalization in Colorado,
Washington, and States Without Recreational Marijuana Laws (RML)

Estimated Marijuana Use in Past Month, %

40

30

Washington
Colorado
Non-RML states
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0
2010-2012 2013-2015

8th Grade

2010-2012 2013-2015

10th Grade

2010-2012 2013-2015

12th Grade

The solid lines indicate the adjusted prevalence of past-month marijuana use
before and after RML in Colorado, Washington, and non-RML states by grade.
Error bars indicate 95% CIs.

ization could have decreased the price of marijuana in the black
market,6,30 particularly after the first grower licenses in Washington were issued in March 2014 and the first stores opened
in July 2014. The latter 2 mechanisms are less likely explanations for the change in marijuana use observed in this study,
as grower licenses and stores did not start until 2014 and our
study ended in 2015. Fourth, the increase in marijuana use observed in Washington could be due to other changes occurE6

ring at the same time as RML rather than to RML itself. For example, each school participates in the MTF for only 2
consecutive years, suggesting that changes in marijuana use
might be partly because of school variation over the years. However, we controlled for school characteristics and censusbased state-level demographic characteristics, and our use of
pre-post difference-in-difference tests provides the basis for
appropriate conclusions about changes in marijuana use, assuming that trends in non-RML states reflect what would have
happened in Colorado and Washington if they had not passed
RML. Future studies should examine the effects of specific
implementation procedures and other possible mechanisms
as explanations for the observed increase in Washington after additional post-RML years in Washington accumulate.31
The post-RML change in perceived harmfulness and marijuana use in Washington was focused among eighth and 10th
graders. The lack of change in perceived harmfulness among
12th graders suggests that one potential explanation for the lack
of change in marijuana use observed among 12th graders is that
they already had formed attitudes and beliefs related to marijuana use prior to the enactment of RML. Hence, their marijuana use was less likely to change following RML. The reasons behind an age-specific effect of RML on perceived
harmfulness and marijuana use should be further investigated in future research.
We found no comparable change in perceived harmfulness or marijuana use in Colorado. This difference may be related to the different degree of commercialization of marijuana prior to legalization in Washington and Colorado.
Colorado had a very developed medical marijuana dispensary
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system prior to legalization, with substantial advertising, to
which youth were already exposed.32 Washington, on the other
hand, did not provide legal protection to medical marijuana
stores. Therefore, the degree of commercialization and advertising of these collectives was substantially lower than in Colorado. In addition, rates of perceived harmfulness in Colorado
were already lower and rates of marijuana use were already
higher than rates in Washington and non-RML states prior to
legalization. Preexisting low levels of perceived harmfulness
and high levels of use may have constrained further shortterm increases following RML enactment. The longer-term effect of RML implementation on adolescent marijuana use in
Colorado is still to be determined. Further, approximately half
as many schools were included in the Colorado sample (17
schools) compared with the Washington sample (30 schools),
which may have limited power to detect an effect in Colorado,
particularly if the schools were located far away from marijuana dispensaries.

Limitations
Our study has several limitations. First, marijuana use was selfreported, leading to potential response bias associated with the
legalization of marijuana. However, the data collection method
has been validated in previous methodological studies, and the
assessment was conducted in confidential settings. Second,
MTF selects schools within regions of the country (with probability proportional to school size) rather than within states.
In the present study, students in 17 schools (28 school surveys) in Colorado and 30 schools (47 school surveys) in Wash-
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