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Abstract

Background—Medical marijuana (MMJ) laws and policies have evolved rapidly over the past
decade in the United States. Public health concerns over the impact of these laws might be
influenced by the degree of MMJ participation, but little is known about changes to this population
over time. Trends in registered MMJ participation are described for 13 states in the US and
District of Columbia (DC) since 2001.

Methods—Numbers of MMJ participants were obtained from state MMJ patient registries. A
subset of states reported differences by sex and age. Prevalence of MMJ participation per 1,000
was calculated. Data from California and Washington were not available.

Results—MMJ participation was relatively low and flat from 2001-2008 (i.e., less than 5 per
1,000 adults). Participation rose sharply in Colorado, Montana, and Michigan in 2009-2010, but
not for other states. High rates can currently be found in Colorado, Oregon, and Montana (i.e., 15—
30 per 1,000) with the national average around 7.6 per 1,000 adults. Two-thirds of participants are
male, but sex differences may be decreasing over time. Less than 1% of MMJ registrants are under
18, but this segment is growing in Colorado and Oregon. Participants tend to be older (50s), but
Colorado and Arizona have larger proportions of young adult (21-30) registrants.

Conclusions—~Participation in MMJ programs varies considerably by state and within states
over time. Trends are discussed within the context of federal and state policies, and the availability
of marijuana via dispensaries.
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1. INTRODUCTION

Since 1996, 23 states in the United States (US) and the District of Columbia (DC) afford a
legal defense for the medicinal use of marijuana (i.e., cannabis) for specific qualifying
medical conditions (Hasin et al., 2015). Passage of these medical marijuana (MMJ)
provisions coincide with heightened public and scientific debate over the therapeutic
potential of marijuana and its chemical constituents (Borgelt et al., 2013; Di Marzo et al.,
2004; Rubens, 2014). However, the pace of evidence-based research into the safety and
effectiveness of smoked marijuana or its cannabinoid derivative products for the treatment of
certain medical conditions has lagged behind the pace at which these MMJ provisions have
been enacted (Hill, 2015; Whiting et al., 2015). Further, passage of MMJ provisions have
fueled concerns over the impact to the non-medical (i.e., ‘recreational’) use of marijuana and
its accompanying health risks, especially among adolescents (Anderson et al., 2014; Cerda
et al., 2012; Lynne-Landsman et al., 2013; Morris et al., 2014; Schuermeyer et al., 2014).
Public health and policy issues surrounding access to MMJ could be enhanced with an
understanding of trends in MMJ participation over time, but this information is currently
lacking.

The size of the MMJ population has been estimated previously based upon data from state
MMJ registry programs where qualifying patients are required to register in order to be
issued ID cards that exempts them from arrest or prosecution for marijuana possession, and
registration may be required in order to purchase marijuana in states that allow dispensaries
(Marijuana Policy Project, 2013). For example, Bowles (2012) briefly described the
proportion of adult state residents registered in MMJ programs in 11 US states around June,
2011, showing a relatively high level of participation in Montana (MT) and Colorado (CO;
4.1% and 3.3% of the adult population, respectively), but lower levels in Oregon (OR;
1.3%), and less than 1% for each of the remaining eight states. Sabet and Grossman (2014)
also reported the number of state MMJ registrants as recently as 2012. However, their
numbers suggest substantial increases in MMJ registration in some states (e.g., Arizona had
gained over 10,000 new MMJ participants), while others had declined (e.g., MT appeared to
have lost 5,000). Previous commentators have noted a sharp increase in the number of MMJ
registrants over a short period of time in CO from 2009 (N<5000) to 2010 (N> 100,000), but
it is unclear whether these trends also apply to other MIMJ states with mandatory registration
programs (Ghosh et al., 2015; Salomonsen-Sautel et al., 2014; Schuermeyer et al., 2014).

The unique contribution of this report is to describe and compare trends in registered MMJ
participation over time across 13 US states and DC with mandatory MMJ registration
programs. For some states, registry data has been available since 2001, but the majority of
states possess data covering the period of 2009-2015. This report has been able to include
data from MMJ registries not previously covered by prior publications (e.g., DC, Hawaii,
New Jersey, Massachusetts, Minnesota). Three states with no or only voluntary MMJ
registries are not included in the examination of trends (California, Washington, and Maine),
while no data is presently available for three states that have yet to begin accepting MMJ
participants into their registries (i.e., Maryland, New Hampshire, and New York). Trends in
MMJ participation by sex and age are examined in a subset of states that collect and report
this data.
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2. METHODS

Data for this report come from publically available statistics provided by local governmental
agencies responsible for administering their MMJ registry program. Statistics were collected
mainly from published reports on governmental websites, and in a few instances from direct
email request. Of the 23 US states and DC that as of 2015 that have passed some form of
MMJ provision, recent registry data from 16 states and DC are represented: Alaska (AK),
Arizona (AZ), Colorado (CO), Connecticut (CT), Delaware (DE), Hawaii (HI),
Massachusetts (MA), Michigan (MI), Minnesota (MN), Montana (MT), Nevada (NV), New
Jersey (NJ), New Mexico (NM), Oregon (OR), Rhode Island (RI), and Vermont (VT). Three
of these states (MA, MN, and DE) had available data at only one time point, and therefore
only 13 states and DC were examined for trends over time. Three additional states (NH,
MD, and NY) had only recently passed MMJ laws with registry provisions (2013-2014) and
have not yet begun to register participants. One state’s MMJ registry program (IL) was in its
pilot phase, and had only reported approximate numbers. Patient registries in California and
Maine have been characterized as voluntary or optional, and therefore the number of
registered MMJ participants reported here are for completeness and comparison purposes.
No numbers are available for Washington state, which has no registry as of 2015 (Marijuana
Policy Project, 2013).

The main outcome of interest was the prevalence of adult MMJ registration in each locale
calculated as the number of MMJ participants per every 1000 adult residents. The number of
adult residents (age 18 and older) in each locale was based on year-specific US Census
estimates (US Census Bureau, 2013). In order to accurately reflect the prevalence of MMJ
participation in the adult population, it was assumed that the total number of MMJ
participants reported largely reflected the number of adult MMJ participants, even if the
number contained a small proportion of minor participants under age 18 years. This was
done because minors make up a small fraction of the total number of MMJ participants
(<1%), but are large proportion of the total population (Bowles, 2012). Age-specific
prevalence of MMJ participation (per 1,000 residents) was similarly calculated by dividing
the number of MMJ participants in each age group by the size of the population within that
age group. Age categories were determined by the reporting agency, and therefore, cut-
points between states could differ. The number of minor MMJ participants were so few (i.e.,
no more than 500 in any locale), that estimates for this age group were rescaled as the
number of minor participants per 100,000 (100K) minor residents. Finally, differences by
sex were calculated as the proportion of MMJ participants that were male.

Registered MMJ participation per 1000 adult residents was plotted graphically over time for
the 13 states and DC. Variability in the US Census estimates of the state population
compared to numbers based on actual counts is low (<1%), and therefore, its contribution to
variation in the prevalence of registered MMJ participation was not reported (Cohn, 2011).
The proportion of male MMJ participants in five states and DC are presented for each year
in June (or closest available month) from 2012 to 2015. Trends for minor MMJ participation
are plotted over time for eight states from 2009 to 2015, including two states (AK and VT)
where only one time point was available. The distribution of MMJ participation by age is
presented for eight states as of their most recent available time point (2014 or 2015), and in
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terms of both the proportion (%) and age-specific prevalence of MMJ participation per 1000
residents.

3. RESULTS

3.1. Availability of Medical Marijuana Registry Data and Current Levels of Participation

Details on 23 US states and DC that have MMJ provisions, including date of passage,
existence of a MMJ registry, and the availability of registry statistics for this study are shown
in Table 1. Ten states and DC passed MMJ provisions within the past five years (2010-
2015), eight states passed provisions during the 2000s, and the remaining five states passed
provisions prior to 2000. All but three states have mandatory MMJ registration requirements.
Two states (CO and HI) had registry statistics dating back to 2001, while a few states (e.qg.,
AK, NV, and OR) lacked information during the early years of MMJ enactment. Some states
had month-by-month statistics (e.g., AZ, CO, MT, and NV), but others had only annual or
biennial data (e.g., MI and RI).

Sixteen states and DC had recent information on the number of registered MMJ participants
(Table 1). Four states with the largest MMJ populations were Colorado (N=114,713),
Michigan (N=96,408), Oregon (N=71,191), and Arizona (N=70,190). Adjustment for
differences in the size of the state’s adult population revealed high MMJ participation in
Colorado (29 per 1,000 adults) and Oregon (23 per 1000). Moderate levels of participation
in the range of 10 to 15 per 1,000 were found in AZ, HI, MI, MT, and RI. All other states
and DC had relatively low levels of less than 10 per 1,000. Presently, there are
approximately 441,279 registered MMJ participants currently in the US (including states
with voluntary registry programs), and an estimated 7.6 registered MMJ participants for
every 1,000 adults (excluding states with voluntary registries; data not shown in table).

3.2. Trends in Medical Marijuana Participation

Prior to 2009, MMJ participation was relatively low (i.e., less than 10 per 1,000) and flat,
therefore only trends since 2009 are depicted in Figure 1 (see Supplementary Figure 1 for
the full time trend?). In January 2009, six states (AK, CO, HI, MT, RI, and VT) had fewer
than 5 MMJ participants per 1,000 adults, while Oregon had 8 per 1,000. Participation rose
sharply beginning in early 2009, especially in Colorado and Montana, where levels reached
10-11 per 1,000 by January 2010, and then peaked at 34 and 41 per 1,000, respectively, by
mid-2011. Modest increases during this period was witnessed in Oregon and Hawaii, where
levels increased to 16 per 1,000 (OR) and 8 per 1,000 (HI). Alaska, Rhode Island, and
Vermont saw little increase, and prevalence remained less than 5 per 1,000. Michigan, the
only state that started registering MMJ participants in 2009, quickly rose to 4 per 1,000
adults by September 2010, and then 16 per 1,000 approximately one year later.

Trends since mid-2011 have differed considerably in these states and in states with MMJ
registry data since 2012. Participation declined significantly in CO and MT. In Colorado,
levels dropped 38% (21 per 1,000) by the end of 2011, but rebounded and has remained

*Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:...
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relatively stable around 27 per 1,000 since January 2013. Medical marijuana participation
declined by 73% in Montana by May 2012 (11 per 1,000), and only since 2014 have levels
increased to their present 15 per 1,000. In Michigan, the prevalence of MMJ participation
changed little in 2012, and has declined in 2013 and 2014 to 12.6 per 1,000. By contrast,
MMJ participation has increased steadily in Oregon, Hawaii, and Rhode Island. Participation
in Rhode Island increased significantly from 2013 to 2015, more than doubling from 5.8 per
1,000 to 13.6 per 1,000. A similar rate of increase was observed for Arizona, which reported
3.7 MMJ participants per 1,000 in January, 2012, but now has around 13.8 per 1,000 as of
April 2015. Gradual, steady increases were seen for New Mexico, Alaska, Nevada, and
Vermont, while there has been little increase in Connecticut and New Jersey over the past
year. In contrast, MMJ participation in DC has quickly risen over the past year, reaching 6.5
participants per 1,000.

3.3. Trends in Medical Marijuana Participation by Sex

Five states and DC had available data on sex differences in MMJ participation (AK, AZ,

CO, OR, and RI), but only four (AZ, CO, DC, and RI) had data at multiple time points
(Table 2). Arizona and Colorado had the most informative trend data, which spanned from
2012 to 2015. In both states, the proportion of male MMJ participants declined consistently
from 73% and 68%, respectively, to 67% and 65% by April 2015. From August 2014 to June
2015, sex differences also declined in RI from 70% to 69%. While no trend data was
available for Alaska and Oregon, both states had the lowest proportion of male MMJ
participants at 59%-60%. DC was the only area where the proportion of male MMJ
participants increased from 67% in June 2014 to 69% by June, 2015.

3.4. Trends in Medical Marijuana Participation by Age

Eight states (AK, AZ, CO, MT, NV, OR, RI, and VT) had registry data on the number of
children and adolescents under the age of 18 years (i.e., minors) registered as MMJ
participants (Figure 2). Most states had no more than 8 minor MMJ participants per 100K
(AK, AZ, MT, NV, RI, and VT). Prior to October 2011, Montana had a peak of 41 minor
participants per 100K, but then levels dropped substantially, and now has around 1.8 per
100K. In Colorado, MMJ participation among minors rose steadily until June 2013, when
prevalence increased from 3 per 100K to 38 per 100K by March 2015. Participation was also
relatively high and may be increasing in Oregon (26 per 100K).

The age distribution of recent MMJ participation in eight states (AK, AZ, CO, MT, NV, OR,
RI1, and VT) showed that a large proportion of participants were in their 40s and 50s (Table
3). For example, in Alaska, Montana, Nevada, Oregon, Rhode Island, and Vermont, MMJ
participants in their 50s accounted for around roughly 20%—-28% of all participants. States
also differed in their proportion of young adult MMJ participants (i.e., aged 18-29 or 30).
Young adults made up 28% and 24% of MMJ participants in Colorado and Arizona,
respectively, while Alaska (10.3%) and Vermont (10.0%) had the least. The highest
concentration of MMJ participants in any state by age group (35 per 1,000) was found
among 21-30 year olds in Colorado.
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Four states had registry data on trends in MMJ participation over time by age group (AZ,
CO, MT, and NV). Results are summarized here with accompanying figures available in
supplementary materials (see Supplemental Figures 2—52). Age-specific trends tended to
follow the shape of the state’s overall trend, and differences by age group mostly ran
parallel. A few exceptions are noted. First, MMJ participation among 61-70 year olds in
Avrizona increased from 2012 to 2015 at a faster rate than other groups, and is now has the
third largest concentration of participants behind 51-60 and 31-40 year olds (Supplemental
Figure 23). Second, during the sharp increase in MMJ participation in Montana after 2009,
participation rates rose faster for 21-30 year olds than for other groups and had the highest
concentration of participants (Supplemental Figure 4%). After mid-2011, participation in this
age group dropped the farthest, and as of 2015, only those under 18, 18-20, and over 70
years had lower rates of participation.

4. DISCUSSION

This paper sought to provide a basis for comparing trends in MMJ participation across a
heterogeneous and rapidly evolving set of laws, regulations, and social norms. The number
of registered MMJ users in the US (around 440,000) is certainly an underestimate, and we
might expect the figure closer to 650,000 assuming California and Washington are similar to
Colorado. The national prevalence of 7.6 MMJ users per every 1,000 adults is also
underestimates the true number. Nevertheless, important differences between states exist
with relatively high levels of MMJ registration in Colorado and Oregon (i.e., 21-30 per
1,000), moderate levels in Arizona, Hawaii, Michigan, Montana, and Rhode Island (i.e., 10—
20 per 1,000), and lower rates in DC and other states.

Differences in MMJ participation within states over time might be explained by variation in
marijuana policies. Several states show relatively low and flat MMJ registration before 2009.
During this period, the US Department of Justice (DOJ) actively enforced laws against
marijuana cultivators, distributors, and possessors, even when individuals complied with
state laws (Gonzales vs. Raich, 2005; Reinarman et al., 2011; Sekhon, 2009). In March,
2009, the DOJ announced to federal prosecutors that individuals complying with state MMJ
laws should no longer be high priority (Johnston and Lewis, 2009; Ogden, 2009). Following
this announcement, news outlets reported substantial increases in dispensaries opening in
Colorado, Montana, Michigan, and California (Harger, 2009; Hoffman, 2014; National
Public Radio, 2009; Osher, 2010; Scott, 2009). Findings concur with a faster rise in MMJ
registration during this time in states that did not prohibit dispensaries (e.g., CO, MT, and
MI) compared to those that did (e.g., AK, HI, OR, RI, and VT) (Pacula et al., 2013). Further,
registration in Rhode Island rose fastest from 2013-2015 - only after the state began
allowing dispensaries in 2013 (Gourlay, 2013). Nevertheless, these data cannot draw firm
causal conclusions.

Changes in federal and state policies might also explain declines in MMJ registration in
Colorado, Montana, and Michigan after mid-2011. For example, the DOJ later clarified that
individuals engaged in MMJ activities remain a possible target for prosecution (Cole, 2011;
Ingold, 2011). Colorado and Montana both enacted legislation in 2011 that restricted
dispensaries, and instituted additional requirements for recommending physicians and
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patients (Colorado Departments of Public Health and Environment, 2013; Montana
Legislature, 2011). In Michigan, MMJ registration has declined since the state supreme
court ruled dispensaries illegal in 2013 (State of Michigan vs. McQueen, 2013).
Nevertheless, state MMJ laws and policies differ in other important aspects that might
account or contribute to these trends (e.g., application fees, types of qualifying medical
conditions, and restrictions on home cultivation; Pacula et al., 2014).

Prior studies also find males are more likely to use MMJ, although findings in Colorado and
Avrizona that show women may be closing this gap over time is novel (Reinarman et al.,
2011; Zaller et al., 2015). Further, Alaska and Oregon have the smallest sex differences in
registration, and also have allowed MMJ the longest (since 1998). Only in DC has the male
excess in MMJ registration widen. This evidence suggests males may be early adopters into
MMJ programs. Males are more likely to have a chance to use marijuana, and MMJ users
tend to have prior experience using the drug (Ogborne et al., 2000; Reinarman et al., 2011;
Van Etten et al., 1997). Women might also view marijuana as more harmful and/or prefer
other alternative or complementary treatments for medical conditions (Pacek et al., 2015;
Richardson et al., 2000).

Less than 1% of MMJ registrants are minors and differences between states are apparent.
Low rates among this group may be due to the limited number of qualifying medical
conditions that apply to minors, additional restrictions to obtain and administer MMJ, and
potential social stigma related to parents administering MMJ to their children (Greenlee et
al., 2001; Johannes et al., 2010; Rizzo et al., 2004). Montana effectively eliminated
dispensaries in 2011, and thereby limited the only commercial source of marijuana-infused
preparations that can be administered to minors (Montana Legislature, 2011). This likely
explains the substantial drop in registration. These declines mirrored a later rapid increase in
minor MMJ registration in Colorado since 2013. Media reports suggest parents might be
migrating to the state to take advantages of the liberal MMJ laws there and the developed
marijuana-infused product market (Talamo et al., 2015).

Among adults, MMJ participants tend to be in their 40s and 50s. The age distributions found
here are mostly consistent with studies of clinical samples (llgen et al., 2013; Reinarman et
al., 2011; Zaller et al., 2015). In several states, individuals in their 50s represented the largest
age group of participants. These adults belong to the same cohort having the highest
marijuana incidence since the 1960s, and therefore may be more open to using marijuana
medicinally (Gfroerer et al., 2002). By contrast, Colorado and Arizona are notable for
having larger proportions of young adult MMJ participants. Young adults perceive marijuana
to be less harmful, which could encourage medicinal use (Pacek et al., 2015). Younger
participants might also be more likely to engage in diversion or use MMJ registration to
circumvent laws regarding recreational use, although the magnitude of this is uncertain
(Kondrad and Reid, 2013; Thurstone et al., 2011; Ware et al., 2003). If true on a large scale,
one might then expect MMJ registration to decline given legal access to recreational
marijuana. However, no significant drop in registration has occurred in Colorado following
marijuana legalization in November 2012, or after initiation of retail sales in January 2014.
Nevertheless, lower taxes imposed on MMJ purchases could provide a strong economic
incentive for individuals to remain in the program.
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These findings are not without limitations. The validity of the numbers reported by MMJ
registries used for estimating rates of participation is unclear. These numbers may
underestimate to the degree there are un-registered MMJ users, and may overestimate to the
degree there are registered, recreational-only users. Even among states with mandatory
registry requirements, states can vary in what legal protections remain to un-registered users,
which might affect rates of registration (Pacula et al., 2014). Errors in data entry (e.g.,
duplicate registrations) and reporting by state agencies also cannot be ruled out. A recent
performance audit by the CO Department of Public Health and Environment suggests the
rate of missing or conflicting data is low (Colorado Departments of Public Health and
Environment, 2013). States also varied in the number of time points of data available, and
therefore trends in states with annual or biennial data may be more poorly characterized.

Despite these limitations, there is currently no data substitute available to estimate the size
and trends of the MMJ population in the US. Estimates of MMJ use from large, nationally
representative US surveys, such as the National Survey on Drug Use and Health, may
eventually provide a means of validating these estimates. Until such time, MMJ registries
may be the best source of data on this subject, and are being relied upon by public health
agencies and legislatures to inform marijuana policies. Therefore, comparing these data
across states is necessary in order to attempt to draw conclusions that will help inform both
public policy and identify future research needs.

To conclude, findings from this study suggest a number of applications for research on the
impact of MMJ laws. Although only superficially discussed, a detailed analysis of specific
state-level marijuana policies associated with changes in MMJ registration could help
identify policies that have the most impact and who is most affected by them (e.g., by
demographics and qualifying medical condition). This may help states better plan and
provide medical care for specific groups of MMJ patients. These trends may also provide
important insights into the impact of MMJ laws on nonmedical marijuana use and other
related outcomes (e.g., impaired driving and the use of prescription pain medication).
Whether the size and trend in the MMJ population directly or indirectly influences access,
attitudes, and use of marijuana should be carefully evaluated and may need to be accounted
for in future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
Trends in medical marijuana (MMJ) use has increased greatly since 2009.
Male-dominated sex differences may be decreasing over time.

MMJ users mostly in 50s, but large proportion of young adults in CO and AZ.
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Figure 1.
Number of registered medical marijuana participants per 1,000 adult state residents over

time in 13 US states and the District of Columbia from January 2009 to April 2015
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Figure 2.
Number of registered medical marijuana minor participants per 100,000 residents under 18
years.
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Table 2

Proportion (%) of registered medical marijuana (MMJ) participants that are male in five US states and District
of Columbia.
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Year

State 2012 2013 2014 2015
Alaska

Month-Year Jun-15

No Data Available

% Male 59%
Arizona

Month-Year Jun-12 Jun-13  Jun-14  Apr-15

% Male 73% 2% 69% 67%
Colorado

Month-Year Jun-12 Jun-13  Jun-14  Apr-15

% Male 68% 67% 66% 65%
District of Columbia

Month-Year Jun-14  Jun-15

No Data Available

% Male 67% 69%
Rhode Island

Month-Year Aug-14  Jun-15

No Data Available

% Male 70% 69%
Oregon

Month-Year Apr-15

No Data Available
% Male 60%
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