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Background: Marijuana is the most frequently used illicit substance in the United States. Little is known
of the role that macro-level factors, including community norms and laws related to substance use, play
in determining marijuana use, abuse and dependence. We tested the relationship between state-level
legalization of medical marijuana and marijuana use, abuse, and dependence.

Methods: We used the second wave of the National Epidemiologic Survey on Alcohol and Related Condi-
tions (NESARC), a national survey of adults aged 18+ (n=34,653). Selected analyses were replicated using
the National Survey on Drug Use and Health (NSDUH), a yearly survey of ~68,000 individuals aged 12+.
We measured past-year cannabis use and DSM-IV abuse/dependence.

Results: In NESARC, residents of states with medical marijuana laws had higher odds of marijuana use (OR:
1.92; 95% CI: 1.49-2.47) and marijuana abuse/dependence (OR: 1.81; 95% CI: 1.22-2.67) than residents of
states without such laws. Marijuana abuse/dependence was not more prevalent among marijuana users in
these states (OR: 1.03; 95% CI: 0.67-1.60), suggesting that the higher risk for marijuana abuse/dependence
in these states was accounted for by higher rates of use. In NSDUH, states that legalized medical marijuana
also had higher rates of marijuana use.

Conclusions: States that legalized medical marijuana had higher rates of marijuana use. Future research
needs to examine whether the association is causal, or is due to an underlying common cause, such as

Keywords:

Marijuana

Community norms
Medical marijuana laws
Substance use disorders
Legalization

community norms supportive of the legalization of medical marijuana and of marijuana use.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Marijuana is the most frequently usedillicit substance, and mar-
ijuana abuse and dependence are highly prevalent in the United
States (American Psychiatric Association, 2000; Compton et al.,
2007; Johnston et al., 2009, 2010; Office of Applied Studies, 2008).
Chronic, regular use is associated with DSM-IV diagnoses of mari-
juana use disorders (Grant and Pickering, 1998). Such disorders are
associated with marijuana withdrawal, unemployment, personal-
ity dysfunction, crime, respiratory problems and other psychiatric
disorders (Budney et al., 2004; Budney and Moore, 2002; Hall
and Lynskey, 2009; Haney, 2005; Hasin et al., 2008; Pedersen and
Skardhamar, 2010; Taylor et al., 2000).

* Corresponding author at: NYS Psychiatric Institute, 1051 Riverside Drive, New
York, NY 10032, United States. Tel.: +1 212 543 5035; fax: +1 212 543 5913.
E-mail addresses: mc3226@columbia.edu (M. Cerda),
hasind@nypdrat.cpmc.columbia.edu (D. Hasin).

0376-8716/$ - see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.drugalcdep.2011.06.011

Behaviors are determined, at least in part, by expectations about
the costs and benefits of one’s actions, including social approval or
disapproval (Akers et al., 1979; Bandura, 1977, 1986). However,
individual behaviors are also likely to be influenced by group-level
acceptance or approval, also known as group norms (Armitage
and Conner, 2001). Regarding marijuana, more positive beliefs
and greater likelihood of use are more likely among individuals
in communities or geographic areas with more approving norms
(Lipperman-Kreda and Grube, 2009; Lipperman-Kreda et al., 2010).

Studies of individual perceptions of norms suggest that such
norms predict marijuana use (Beyers et al., 2004; Botvin et al.,
2001; Elek et al., 2006; Hansen and Graham, 1991). These studies,
while important, do not provide information on group-level norms,
which is needed for several reasons. First, individual perceptions of
societal norms may not always be accurate. Second, societal norms
may influence behavior independently of individual beliefs. That is,
other things being equal, a given individual may be more likely to
use marijuana in an accepting than in a non-accepting society, as
we recently showed (Keyes et al., 2011). Third, policy and program
interventions focused on societal norms may have a wider impact
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than interventions focused on individuals (Chilenski et al., 2010;
Lipperman-Kreda and Grube, 2009; Lipperman-Kreda et al., 2010).
Therefore, studying the influence of societal-level norms is increas-
ingly important, especially during times such as the present when
marijuana use, abuse and dependence are increasing. However, a
difficulty in conducting this research is the scarcity of informative
societal-level data on groups with differing norms.

State medical marijuana laws can be seen as one indicator of
group-level approval of marijuana use. These laws legalize mari-
juana use, when authorized by a physician, for medical purposes
such as alleviation of nausea and vomiting from chemotherapy,
wasting in AIDS patients, and chronic pain unresponsive to opi-
oids (Procon.org). Between 1996 and 2011, 16 states passed laws
legalizing marijuana use for medical purposes. Medical marijuana
laws can be used to represent state-level norms on marijuana use
because generally, a substantial relationship exists between public
opinion and policy decisions (Brooks, 2006; Burstein, 2003, 2006;
Nielsen, 2010) and specifically, because community norms regard-
ing substance use (e.g., drinking and cigarette smoking) are directly
related to policy and enforcement efforts (Lipperman-Kreda and
Grube, 2009; Lipperman-Kreda et al., 2010). For example, Khat-
apoush et al. found that among individuals aged 16-25 in California,
marijuana use did not increase in 1996 after legalization of medi-
cal marijuana, but marijuana use was higher in California than in
other 10 comparison states in 1995, 1997 and 1999 (Khatapoush
and Hallfors, 2004). This suggests that state-level norms may have
contributed to both the legalization of medical marijuana and to
higher rates of use in California in comparison to other states.

We used data from a national, population-based study to exam-
ine the relationship between state-level legalization of marijuana,
and state- and individual-level population-based rates of mari-
juana use and marijuana abuse/dependence. We addressed the
following questions: (1) did states that legalized medical mari-
juana by 2004 exhibit higher rates of past-year marijuana use and
abuse/dependence in 2004-2005 than states that did not legal-
ize it?; (2) were individuals living in states that legalized medical
marijuana at higher risk for marijuana use, abuse and dependence
in the past year than individuals who live in states that did not
legalize medical marijuana?; and (3) among marijuana users, was
residence in a state that legalized medical marijuana associated
with increased risk for meeting criteria for marijuana abuse and
dependence?

2. Methods
2.1. Primary exposure variable: state-level medical marijuana laws

Our primary exposure variable was whether a state had legalized the medical
use of marijuana by 2004. This year was chosen to coincide with the period in which
our main data source was collected. The following states were defined as “exposed”:
Alaska, California, Colorado, Hawaii, Maine, Montana, Nevada, Oregon, Vermont and
Washington (Fig. 1). The remaining 40 states were “unexposed” in 2004.

2.2. Outcome data

For our outcome variables, we analyzed data from two surveys that used dif-
ferent methods to collect data on marijuana use. The main data source was the
National Epidemiologic Survey on Alcohol and Related Conditions (NESARC), which
used face-to-face interviews (Grant et al., 2009, 2004). Using NESARC data, we exam-
ined state-level differences in rates of non-medical marijuana abuse/dependence,
and in use. As a secondary data source, we analyzed data from the National Survey
on Drug Use and Health (NSDUH). The NSDUH used respondent self-administration
procedures to collect data on marijuana use (Grucza et al., 2007; US Department
of Health and Human Services, 2011). Given the difference between interview and
self-administration methodology in the NESARC and the NSDUH, the latter survey
provides valuable replication of an important component of our study. We focus on
state legalization of medical marijuana up until 2004 because NESARC data were
collected primarily during that year.

Grey = States passing laws legalizing medical use of marijuana by 2004

Fig. 1. Map of states that legalized medical marijuana by 2004.

2.3. Primary outcome data: NESARC

Data were drawn from the 2004 to 2005 NESARC, a national survey of non-
institutionalized adults aged 18+ in the United States residing in homes or group
quarters. In 2001-2002, NESARC participants (N=43,093; response rate, 81% of
those eligible) were initially interviewed. In 2004-2005, 34,653 were re-interviewed
(86.7% of original sample; ineligible respondents included deceased, n=1403;
deported, mentally or physically impaired, n=781; or on active duty in the armed
forces, n=950). The cumulative response rate for the Wave 2 sample was there-
fore 70.2%. We used the data from Wave 2 because two additional states (Vermont
and Montana) legalized medical marijuana between 2002 and 2004. More detail on
the study methods is found elsewhere (Grant et al., 2009, 2004). The research pro-
tocol, including written informed consent procedures, received full ethical review
and approval from the U.S. Census Bureau and the U.S. Office of Management and
Budget.

2.3.1. NESARC outcome variables: non-medical marijuana use, abuse, and dependence.
Participants were interviewed with the Alcohol Use Disorder and Associated Disabil-
ities Interview Schedule DSM-IV version (AUDADIS-IV) (Grant et al., 2001), a fully
structured instrument designed for experienced lay interviewers. The AUDADIS cov-
ers non-medical cannabis use and also detailed questions on the criteria for DSM-IV
cannabis abuse and dependence, combined through computer algorithms (Compton
etal., 2004) to generate DSM-IV (American Psychiatric Association, 1994) diagnoses.
(While the term “cannabis” includes marijuana and other forms, e.g., hashish, we
use the term “marijuana abuse/dependence” throughout given the small proportion
of hashish relative to all cannabis used in the U.S. (~1%); Mehmedic et al., 2010).
Good to excellent reliability and validity of marijuana abuse/dependence diagnoses
(k=0.62-0.78) in the AUDADIS-IV have been extensively documented in both U.S.
and international samples, including clinical reappraisals conducted by psychiatrists
in clinical and general population samples, and in several countries as part of the
World Health Organization/National Institutes of Health International Study on Reli-
ability and Validity (Chatterji et al., 1997; Cottler et al., 1997; Grant et al., 1995; Hasin
etal., 1997; Nelson et al., 1999; Pull et al., 1997; Ustun et al., 1997; Vrasti et al., 1998).
Using the timeframe of the last 12 months, the outcome variables were defined as
marijuana use, marijuana use disorder (meeting criteria for abuse or dependence).
We then examined the outcome of marijuana abuse/dependence among the subset
of current marijuana users.

We combined abuse and dependence into one outcome, since empirical findings
indicate that it better captures the underlying prevalence of cannabis use disorders
than dependence or abuse alone. While substance use disorders were originally
conceived as a bi-axial syndrome with dependence capturing more physiologic
dimensions of addiction and abuse capturing more behavioral consequences, there
is now substantial evidence to indicate that abuse and dependence criteria, includ-
ing cannabis use disorder criteria, represent a unidimensional construct (Beseler
and Hasin, 2010; Helzer et al., 2007; Li et al., 2007; Martin et al., 2006, 2008; Saha
et al.,, 2006).

2.3.2. NESARC individual-level covariates. At the individual level, covariates
included self-reported sex, race/ethnicity (non-Hispanic White, non-Hispanic
Black, non-Hispanic Native American/Alaska Native, non-Hispanic Asian/Native
Hawaiian/Pacific Islander, Hispanic), age (20-29, 30-39, 40-49, 50+), past-
year personal income ($0-19,999, $20-34,999, $35-69,999, >$70,000), education
(some college versus high school or less), marital status (married versus sin-
gle/widowed/separated/divorced), and urbanicity (living within a metropolitan
statistical area versus not). Previous studies in these data have shown associations
between these individual-level factors and marijuana use/disorder (Compton et al.,
2004, 2005).
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Table 1

Marijuana use and marijuana abuse/dependence by state legalization of medical marijuana use up to 2004, NESARC.

Outcomes of interest State-level analyses?

Multi-level analysis®

State legal medical marijuana use up to 2004

No
% (95% CI)

Yes OR (95% CI)
% (95% CI)

Past year marijuana
abuse/dependence

Past year marijuana use

Past year marijuana
abuse/dependence among
current users

1.27(1.00,1.54)

3.57(3.10,4.03)
35.34(29.46,41.21)

2.61(1.96, 3.25) 1.81(1.22,2.67)

7.13(6.02, 8.24)
37.68 (23.70, 51.66)

1.92 (1.49, 2.47)
1.03 (0.67, 1.60)

NESARC: National Epidemiologic Survey on Alcohol and Related Conditions; 95% CI: 95% confidence interval.
2 Adjusted for state-%-youth, state-%-males, state-high-school-graduation-rates, state-%-whites.
b Adjusted for age, sex, race/ethnicity, education, income, marital status, urbanicity, state-%-youth, state-%-males, state-high-school-graduation-rates, state-%-whites.

2.4. Secondary data source: National Survey on Drug Use and Health (NSDUH)

State-level rates of marijuana use but not DSM-IV abuse/dependence are pub-
licly available from the NSDUH. The NSDUH collects information from residents aged
12 and older of households, noninstitutional group quarters, and civilians living in
military bases, using a 50-state design with an independent, multistage probability
area sample for each state. To maximize comparability with the NESARC, we com-
bined 2004 and 2005 NSDUH data and included only respondents aged 18 or older
(US Department of Health and Human Services, 2011). In 2004, the sample size was
67,760, and in 2005, 68,308 individuals responded to the survey. Each year, NSDUH
allocates the sample size equally across three age groups: persons aged 12-17, per-
sons aged 18-25, and persons aged 26 or older, yielding approximately 45,000 in
our sample of 18 and older in both years. However, since we conducted state-level
analyses with NSDUH, our effective sample size was 50 states per year.

2.4.1. NSDUH outcome variable. The outcome measure of interest was the pro-
portion of respondents in each state who reported marijuana use for nonmedical
purposes in the previous year.

2.5. State-level covariates

In all NESARC and NSDUH analyses, we adjusted for a series of state-level
characteristics that might have differed between states that legalized versus those
that did not legalize medical marijuana, and that might also relate to mar-
ijuana use and abuse/dependence, including the proportion of state residents
who were male, white or other race/ethnicity, without a high school diploma,
and under 30 years of age (Subramanian and Kawachi, 2004). These covariates
were obtained for the year 2004 from the American Community Survey (ACS)
[http://factfinder.census.gov/], which provides publicly available estimates of state
populations ascertained between the decennial census excluding populations living
in institutions, college dormitories, and other group quarter facilities.

2.6. Analyses

The NESARC sample and its associated sampling weights were originally con-
structed in order to provide nationally representative estimates. Nevertheless, the
sample included individuals from all 50 states with sample sizes ranging from
69 in Vermont to 3932 in California (median sample size across states, 490 per-
sons). The use of nationally representative data to address associations at the
state-level can be accomplished through multilevel regression (Gelman, 2007; Lax
and Phillips, 2009; Park et al., 2004) where potential lack of representativeness of
samples within states is accounted for by controlling for individual-level covari-
ates in the model. To lessen concerns regarding the representativeness (or lack
thereof) of NESARC data at the state-level, an investigation was conducted to com-
pare the demographic representation of the sample at the state level. Correlations
and Bland-Altman plots (Bland and Altman, 1986, 1999) were used to compare
weighted and unweighted state-level NESARC demographic variables with the ACS
state demographics. Since correlations between NESARC demographic variables and
the ACS were higher using completely unweighted state estimates rather than the
weighted estimates, we concluded that the NESARC was representative at the state
level, and we performed the state- and multi-level NESARC analyses without the
sampling weights.

The association between our exposure variable (state-level medical marijuana
law) and marijuana outcomes was examined two ways: (1) a state-level regres-
sion and (2) a multilevel regression model of individual-level data nested within
states. Using the NESARC, we performed both types of analyses for these three
outcomes: past year marijuana use, marijuana abuse/dependence, and marijuana
abuse/dependence among current marijuana users. Using the NSDUH, we performed
a state-level analysis of past year marijuana use.

The NESARC and NSDUH state-level analyses used linear regression (SAS 9.2
Proc GLM) of state-level prevalence estimates (n=50) of the outcomes regressed

on an indicator of whether the state had a law legalizing medical marijuana use,
controlling for state-level covariates. Regression-adjusted mean prevalence and 95%
confidence intervals are presented for comparison between states with and without
medical marijuana laws.

The NESARC multilevel analyses used hierarchical logistic regression (SAS 9.2
Proc GLIMMIX) of individual marijuana outcomes (n=34,520 for marijuana use
and abuse/dependence, n=1453 for abuse/dependence among users) regressed
on individual- and state-level covariates, including state-level medical marijuana
law. The hierarchical logistic regression included a random intercept for state to
account for possible correlation of individuals within state not explained by state-
level covariates. In addition, a random effect for the primary sampling units (nested
within states) was included to account for the complex clustered NESARC sampling
design.

3. Results
3.1. State-level results

The first two columns of Table 1 present mean state-level preva-
lence of past-year marijuana use and abuse/dependence, obtained
as predicted values from our state-level linear regression mod-
els. Using NESARC, the average state-level prevalence of past-year
marijuana use differed significantly between states with (7.13%)
and without (3.57%) medical marijuana laws (P<0.0001). The aver-
age NESARC state-level prevalence of marijuana abuse/dependence
also differed significantly between states with (2.61%) and with-
out (1.27%) medical marijuana laws (P=0.0009). Using NSDUH
data (not noted in table), the average state-level prevalence
of past-year marijuana use differed significantly between states
with (12.17%) and without (9.77%) medical marijuana laws
(P=0.0006).

3.2. Individual-level results

The third column of Table 1 presents the individual odds
of past-year marijuana use and abuse/dependence, obtained as
odds ratio estimates from our multi-level regression models.
Using NESARC, the individual odds of past-year marijuana use
differed between respondents who lived in states with and
without medical marijuana laws. The odds of marijuana use in
the past year were 1.92 times higher (95% confidence interval
(95% CI): 1.49, 2.47; P<0.0001) among residents of states with
rather than without medical marijuana laws. The individual odds
of marijuana abuse/dependence also differed between respon-
dents who lived in states with and without medical marijuana
laws. The odds of marijuana abuse/dependence were 1.81 times
higher (95% CI: 1.22, 2.67; P=0.0040) among residents of states
that had legalized medical marijuana. However, when marijuana
abuse/dependence was examined among marijuana users, the
prevalence was very similar in states with and without medical
marijuana laws, and the odds of abuse/dependence did not differ
significantly.
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4. Discussion

This study indicates that states that legalized marijuana use
for medical purposes have significantly higher rates of marijuana
use and of marijuana abuse and dependence. The results for mari-
juana use were found at the state level in two national datasets, the
NESARC and the NSDUH, and at the individual level in the NESARC.
In addition, in the NESARC, respondents living in states with medi-
cal marijuanalaws had significantly higher prevalence of marijuana
use disorders (abuse/dependence) as defined by DSM-IV. However,
in the NESARC, among those who were using marijuana, there was
no increase in odds of abuse or dependence, suggesting that any
relationship detected between state medical marijuana laws and
marijuana abuse/dependence is explained by differences in mari-
juana use.

Our findings do not necessarily indicate a causal effect of
legalization of medical marijuana on marijuana use or marijuana
abuse/dependence; that would require a different study design.
However, the findings do raise the need to consider possible expla-
nations or mechanisms for the relationships we found, all of which
could serve as the basis for further studies. We consider four poten-
tial mechanisms.

First, state-level community norms more supportive of mari-
juana use may contribute to the legalization of medical marijuana
and to higher rates of marijuana use. Prior studies on drinking and
smoking suggest a direct link between community approval of use
and policy change (Lipperman-Kreda and Grube, 2009; Lipperman-
Kreda et al., 2010). Regarding marijuana, passage of state medical
marijuana laws may reflect underlying state-level community
norms, especially when such legislation is passed by voter ref-
erenda. In addition, the medical marijuana laws that passed in
state legislatures by wide margins of votes appear to reflect an
underlying high level of support for such legislation prior to their
enactment, as well as the absence of a strong and vocal minority
opposition (Mikos, 2009; Scott, 2000).

Second, the enactment of medical marijuana laws could lead to
a change in community attitudes on both medical and non-medical
marijuana use, including reduced disapproval and perceived riski-
ness of use, which could subsequently influence marijuana use and
abuse/dependence. Prior work has shown a relationship between
formal behavioral sanctions and the subsequent creation of infor-
mal social norms and regulation of behavior (Scott, 2000). However,
the scarce existing evidence on the link between marijuana laws,
attitudes and marijuana use raises questions about the validity of
this type of causal link. Khatapoush et al., for example, found that
while perceived harm of marijuana decreased after legalization of
medical marijuana in California, approval of recreational use and
actual recreational use did not change with the change in the laws
(Khatapoush and Hallfors, 2004).

The position that community norms supportive of marijuana
use may be an underlying mechanism explaining the higher rates of
marijuana use and abuse/dependence in states that legalized medi-
cal marijuana (either as a “common cause” of changes in legislation
and marijuana use or as a mediator linking legislation to mari-
juana use) is supported by the broader literature on group norms,
which has demonstrated that group norms shape individual behav-
ior and mental health (Asch, 1951, 1952; Cullen, 1983; Durkheim,
1938) and that social pressures to conform to the group norms
influence the decision to engage in behaviors once norms are inter-
nalized. In the area of substance use, parallels can be established
with alcohol use and cigarette smoking. For example, “cultures”
of drinking (Skog, 1985) in the neighborhood (Ahern et al., 2008)
and workplace (Barrientos-Gutierrez et al., 2007) have been linked
with risk for binge drinking. Further, perceived disapproval of
adolescent alcohol use is associated with less prevalent under-
age drinking (Kumar et al., 2002; Lipperman-Kreda et al., 2010).

Permissive neighborhood smoking norms have also been associ-
ated with increased prevalence of smoking (Ahern et al., 2009).

A third potential mechanism underlying the association
between medical marijuana laws and marijuana use and
abuse/dependence is medical endorsement of its use for medical
purposes. However, no consensus exists at this time on the effec-
tiveness of marijuana as a treatment for symptoms of pain, nausea,
vomiting and other problems caused by illnesses or treatment (Joy
et al., 1999; MacCoun and Reuter, 2001a; Martin-Sanchez et al.,
2009). The lack of medical consensus means that both pro and con
proponents of medical marijuana laws can find research support
for their positions, and the medical community has not delivered a
clear message to the public.

A fourth potential mechanism relates to marijuana availability:
legalization of medical marijuana may lead to greater commer-
cial promotion and availability of the substance for recreational
purposes, which may contribute to greater illicit use of marijuana.
Pacula et al. examined state temporal variation in the adoption of
active medical marijuana policies, and found that policies aimed at
users (e.g., provisions for physicians to recommend marijuana or
allowances for a medical necessity defense for those who use mar-
ijuana for medical purposes) led to changes in prices of marijuana
in local markets, in a fashion that was consistent with anticipated
increases in demand (Pacula et al., 2010). Yet related research indi-
cates that decriminalizing marijuana in other countries (and thus
increasing its commercial availability) did not lead to increased
use (MacCoun and Reuter, 1997, 2001b; McGeorge and Aitken,
1997; Simons-Morton et al., 2010; Single, 1989), although one
study in the Netherlands suggested that shifting from depenaliza-
tion to active commercialization of marijuana was associated with
increased marijuana use (MacCoun and Reuter, 2001b).

State legalization of medical marijuana may also be associated
with potential health, economic, and social gains that we do not
consider in this paper. Benefits of legalization may include relief of
pain and nausea for cancer and HIV/AIDS patients, tax revenue from
marijuana sales, control of crime, decreased costs of the criminal
justice system, and reduction in the disproportionate incarceration
of minorities for possession of small quantities of marijuana (Levine
and Reinarman, 1991; van den Brink, 2008; Wodak, 2002). While
we recognize such potential benefits, our study cannot make any
statements on such aspects of legalization of medical marijuana.

We note study limitations. First, we relied on cross-sectional
data, and thus we cannot demonstrate a causal relationship
between enactment of state medical marijuana laws and individual
risk forillicit marijuana use. Future studies should use large-sample
survey data collected in years prior to and after enactment of mar-
ijuana laws in states with and without such laws, to compare
prevalences and trends. The fact that only two states changed their
medical marijuana laws between the two NESARC study waves
made this type of design difficult to implement with NESARC data.
Second, the NESARC reported lower rates of marijuana use than
the NSDUH, possibly due to NESARC use of interviewer—rather
than self-administered questions on marijuana use. However, this
concern is offset by two factors: (a) the NESARC measure of mari-
juana abuse/dependence is highly sensitive among users compared
to other measures, including the NSDUH (Grucza et al., 2007) and
(b) most importantly for the present purpose, we found the same
relationship between medical marijuana laws and marijuana use in
both the NESARC and the NSDUH. Third, the NESARC only released
information regarding state of residence at Wave 1. While move-
ment between waves could have led to misclassification of a subset
of respondents, related research finding a significant relationship
between minimum drinking age laws based on the state of birth
and current substance use disorders indicates that misclassifica-
tion may not be differential by state legalization status (Norberg
et al., 2009). Fourth, we examined the relationship between state
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legalization by 2004 and marijuana abuse/dependence, and thus
excluded four states that have legalized medical marijuana since
2004. To determine whether this affected our results, we re-did
the NSDUH analysis using 2007-2008 data, adding the 2 states
(Rhode Island and New Mexico) that legalized medical marijuana
between 2004 and 2007. The results were not significantly different
from those produced from the 2004 to 2005 data (P> 0.05) and are
available upon request. Finally, we compared states by legalization
status. Future studies need to assess the variation in marijuana use
related to heterogeneity of the laws across states, since allowances
vary between states in factors such as home production permits,
role of the doctor in determining access to marijuana, and the types
of illnesses and conditions for which it is legal to access marijuana.

This study highlights the key role that macro-level factors, such
as policy changes and community norms about substance use, play
in shaping marijuana use and abuse/dependence. Future studies are
also needed on the consequences of increased marijuana use, such
as accidents, aggression, school drop out, psychosis, HIV and sex-
ually transmitted disease rates (Fergusson et al., 2003a,b; Hall and
Degenhardt, 2009) as well as on the particular impact of medical
marijuana legalization on youth, who bear a disproportionate bur-
den of marijuana-related disorders (Budney and Moore, 2002), and
are vulnerable to the advertising effects of other substances such as
tobacco (Hanewinkel et al.,2011). In particular, future studies in the
United States and elsewhere can build on our findings by comparing
trends in community norms, marijuana use and abuse/dependence
before and after the legalization of marijuana, to understand the
relative contribution of medical marijuana legalization and com-
munity norms on changes in marijuana use and abuse/dependence.
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