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Introduction
Over the past 17 years, 20 states and the District of Columbia have enacted legislation
that permits marijuana use for medical purposes.1 A number of studies have found marijuana to
have some health benefits, such as pain relief, appetite stimulation, as well as promising
treatment effects for multiple sclerosis (MS), Tourette’s syndrome, epilepsy, and glaucoma.2
While the legislation is intended to increase marijuana’s accessibility to legally authorized
patients, there is substantial concern among residents, public health and criminal justice officials,
and policymakers that these laws might result in several unintended consequences such as the
increased availability and use of marijuana, the diversion of medical marijuana to others for nonmedical purposes, as well as a change in social norms that are more accepting of marijuana use.3
Despite these concerns, available research is limited and has produced mixed findings. As a
result, the extent to which these potential unintended consequences are rhetoric or reality remains
unknown.
For example, a growing body of research has examined the impact of medical marijuana
laws on general patterns of marijuana use. On the one hand, some researchers have reported that
marijuana use among adults and juveniles is higher in states that have enacted medical marijuana
legislation.4 Alternatively, others have found no differentiation in marijuana use among high
risk populations (e.g., arrestees, emergency department patients, treatment facilities) between
states that have legislated medical marijuana use and those states that have not. One difference is
methodology: those that show increase are aggregate level and those that show no change are
individual level methods.5 Similarly, researchers are increasingly studying the impact of
medicalization laws on the social norms related to marijuana use (a.k.a. wrong message
hypothesis). For example, anecdotal evidence has reported that such legislation will increase the
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perceived benefits of medical marijuana use and potentially lead to increased abuse.6 While
these claims have been substantiated by some academic research,7 other studies have reported
that there is little relationship between the medicalization of marijuana and a change in attitudes
and perceptions of using marijuana.8 Last, an emerging body of research has begun to explore
the diversion of medical marijuana to non-authorized individuals. The emergent findings of this
nascent area of study suggest that diversion is a major issue among youth.9 However, with few
exceptions, researchers have failed to examine the implications of the medicalization of
marijuana on the adult population.10
The current study seeks to explore these issues through an examination of the prevalence
of medical marijuana use and diversion of medical marijuana among adults in an at-risk sample,
with a specific focus on identifying the factors that are related to medical marijuana use and
acquisition. We use data from a sample of recently booked adult arrestees, which allows for early
identification of substantial shifts in drug use.11 Recently booked arrestees represent a sample of
the most “disadvantaged members of the urban underclass.”12 This sample serves as an effective
source of data for identifying abrupt changes in patterns of drug use because it taps into those
who are most likely to participate in the incubation phase of changing drug markets that later
effect a larger population.13 Therefore, our sample allows us to observe issues related to medical
marijuana use in the early stages in the implementation of a new marijuana market. We first
examine the prevalence of marijuana use over a 74-month period (6.2 years), before and after
medical marijuana legislation was enacted. Next, we examine the socio-demographic and
criminogenic characteristics of non-users, authorized medical marijuana users, non-authorized
medical marijuana users and non-medical marijuana users. We then examine the relationship
between marijuana use, criminality, drug acquisition, and drug use.
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Methodology
Setting
The present study is set in Maricopa County, Arizona. Maricopa County is a fairly
prosperous county with a slightly higher than average level of unemployment (8.3%) and a
relatively similar median household income ($48,711) compared to the rest of the nation. The
county underwent a substantial amount of growth between 1990 and 2010, increasing from
3,072,149 residents in 1990 to 3,817,117 in 2010; an increase of 24.2 percent. The current
racial/ethnic composition of the county is diverse, with Caucasians making up approximately
75.9 percent of the community, African Americans, 6 percent; Asians, 4.4 percent, American
Indians, 2.8 percent, and 14.5 percent, other race. Hispanics represent about 29.6 percent of the
county’s population.
In November 2010, Arizona voters passed The Arizona Medical Marijuana Act (AMMA)
and the program went into effect on April 14, 2011. The legislation requires that patients must
be recommended by a physician who verifies that the patient meets one of 13 qualifying
conditions, which include: AIDS, ALS, Alzheimer’s, cancer, Cachexia, chronic pain, Crohn’s,
Glaucoma, Hepatitis C, HIV, muscle spasms, nausea, and seizures (Arizona Department of
Health Services, 2012). As of November 2012, the Arizona Department of Health Services had
approved 18,001 applications for medical marijuana use in Maricopa County. The AMMA
allows qualified patients to possess up to 2.5 ounces of marijuana, and to cultivate up to 12
marijuana plants if a registered medical marijuana dispensary is not operating within twenty-five
(25) miles of the patient's home (http://www.azdhs.gov/medicalmarijuana/cultivation-boundary).
Of the approved cardholders 14,760 were simultaneously approved to cultivate marijuana
(81.9%). In December 2012, the first dispensary opened in the county and today there are 15
medical marijuana dispensaries throughout the area. Some anecdotal evidence suggests that the
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rapid expansion of dispensaries and medical marijuana use might have impacted illicit drug
markets. Mexican government officials, for example, have argued that the amount of marijuana
crossing the U.S.-Mexican border will only increase due to the higher demand of marijuana
through its medicalization.14 In fact some empirical evidence suggests that marijuana use might
have increased in the county. For example, a bi-annual survey of 8th, 10th, and 12th grade
Maricopa County students showed that 30-day marijuana use among students has increased from
11.9 percent in 2008 to 14.3 percent in 2012.15 However, little information is available regarding
prevalence and use patterns among adults

Study Design
The present study examines data from the Arizona Arrestee Reporting Information
Network (AARIN), which was originally established in 1987 under the auspices of the Drug Use
Forecasting (DUF) program, and later the Arrestee Drug Abuse Monitoring Program (ADAM),
both sponsored by the National Institute of Justice (NIJ) to monitor drug use trends, treatment
needs, and at-risk behavior among recently booked arrestees. The program collected data from
recently booked arrestees in 35 sites across the United States. In 2007, after NIJ terminated the
nationwide program due to funding constraints, a few jurisdictions continued to fund the
program through the use of local funds. Maricopa County was one of those sites. The AARIN
program maintained the same methodology as the ADAM project so that trends among recently
booked arrestees could continue to be monitored over time. While the AARIN project samples
males and females from both the adult and juvenile populations, the data used in the present
study are restricted to adult arrestees.
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In order to ensure representative results for the entire population of arrestees in Maricopa
County, the AARIN project employs a systematic sampling protocol that includes the collection
of data at the County’s central intake facility, which is the fourth largest jail in the United States.
Data are collected during a two-week period each quarter. Arrestees who were cited on the street
and released, or released for other reasons, were not included in the study. During data collection
periods, for 8 hours each day, interviews are conducted with arrestees who are randomly selected
based on booking time. Consistent with the ADAM sampling strategy, a “stock” (i.e., arrested
during non-data collection hours) and “flow” (i.e., arrested during data collection hours)
selection process is employed to ensure a representative sample of arrestees.16 Arrestees who
were in custody longer than 48 hours are ineligible for participation in AARIN. As an incentive,
respondents are provided with a candy bar if they complete the survey.

Instrument and Measures
A structured survey instrument is used to generate self-report data on a variety of sociodemographic and behavioral variables. Before beginning the interview, respondents were read an
informed consent script in which verbal consent was required before data collection began.
Respondents reported their age, race/ethnicity, and educational background and then answered a
series of questions about their participation in various activities including drug use, drug
acquisition and drug market conditions. Additionally, respondents were asked about medical
marijuana use, whether they have a medical marijuana card, as well as the chronic illnesses they
have been diagnosed with that qualified them for medical marijuana.17 At the end of the
interview each respondent was asked to provide a urine sample. The urine sample is analyzed for
four different drugs: marijuana, cocaine, opiates, and methamphetamines. The urinalysis (UA) is
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calibrated to detect drugs ingested within 72 hours of the interview and to keep false positives to
no more than 2 per 100.18
Three items were used to construct the primary outcome variable for the present study:
“In the past 30 days, how many days did you use marijuana?” “Do you have a medical marijuana
card for the State of Arizona,” and “Have you used medical marijuana in the State of Arizona [in
the past 30 days].” Respondents were categorized into four groups, displayed in Exhibit 1.
Respondents who self-reported not having a medical marijuana card and had not used marijuana
in the past 30 days were categorized as “non-users.” Respondents who reported using medical
marijuana in the past 30 days and had a medical marijuana card issued by the State of Arizona
were categorized as “authorized medical marijuana users.” Those who reported not having a
medical marijuana card, reported not using medical marijuana, but who self-reported marijuana
use were coded as “non-medical marijuana users.” Those respondents who reported not having a
medical marijuana card but reported using medical marijuana were coded as “non-authorized
medical marijuana users.”19
Exhibit 1: Categories of Medical Marijuana Users

Marijuana use past 30 days
Medical marijuana card
Medical marijuana use past 30 days

Non-user

Authorized medical
marijuana user

Non-medical
marijuana user

Non-authorized medical
marijuana user

No
No
No

-Yes
Yes

Yes
No
No

-No
Yes

In addition to describing the prevalence of medical marijuana (MMJ) use, we also
examined several variables that might be linked to medical and non-medical marijuana use.
These variables include socio-demographic characteristics such as ethnicity, sex, age, education,
employment and medical insurance coverage. We also include items related to current and prior
criminal involvement and current and prior drug use to examine their relationship with medical
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marijuana use. Finally, we examine the relationship between marijuana use and several items
related to the marijuana market and the acquisition of marijuana.

Sample
Interviews were conducted within 48 hours of the participant being booked, between
October 2011 and June 2013. Of the 3,094 eligible recently booked arrestees, 87.3 percent
(n=2,702) agreed to participate in the study and completed the interview, and of these
participants, 97.6 percent provided a urine specimen (n= 2,638). Exhibit 2 provides descriptive
information about our sample. The sample was predominantly male (76%) and comprised of
white (38.1%) and Hispanic (32.6%) participants. The mean age of respondents was 32.33 years
old, and most reported either completing a high school education (34.3%) or participating in a
post high school education experience (34%) (e.g., undergraduate, masters, professional degree).
Approximately 13 percent of participants reported currently living with a spouse (n=349) and
41.6 percent (n=1,126) reported having medical insurance.
Exhibit 2. Sample demographics and background characteristics (N=2,702)
n
Percent
Sex
Male
2054
76.0
Female
648
24.0
Race
White
Black
Hispanic
Other

1028
331
879
462

38.1
12.3
32.6
17.1

Mean age (SD)

2701

32.33 (10.604)
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Exhibit 2 continued. Sample demographics and background characteristics
(N=2,702)
n
Percent
Education
No high school
848
31.6
High school
920
34.3
Post high school
912
34.0
Medical insurance

1126

41.6

Spouse

349

12.9

Employment
No employment
Part- or full-time

1268
1339

48.6
51.4

Mean income from legal sources (SD)
Mean income from illegal sources (SD)

2627
2647

$1217.26
(1567.85)
$396.37 (1471.34)

Current charge
Violent
Property
Drug-Related
Other

515
595
746
842

19.1
22.1
27.7
31.2

12 month self-reported criminal involvement
Violent
Mean number of times (SD)
Property
Mean number of times (SD)
Drug use
Mean number of times (SD)
Drug sales
Mean number of times (SD)

854
2702
572
2702
2450
2702
318
2698

31.6
9.75 (51.894)
21.2
5.86 (36.652)
90.7
14.11 (12.23)
11.8
15.40 (65.905)

30-day marijuana use
30-day medical marijuana use (acquired in Arizona)
Possess a medical marijuana card

1172
350
69

43.4
13.0
2.6

Medical marijuana use
No use, no card
Authorized medical marijuana user
Non-medical marijuana user
Non-authorized medical marijuana user

1504
60
828
290

56.1
2.2
30.9
10.8
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With respect to the participants’ current charge for which they were arrested, nearly a
fifth (19.1%, n=515) were arrested for a violent offense, including assault, murder, robbery, and
kidnapping. Close to 28 percent (n=746) were arrested for a drug related offense (e.g., drug
trafficking, possession), 22.1 percent (n=595) were arrested for a property crime, and 31.2
percent (n=842) were arrested for some other offense. Related, 31.6 percent of participants selfreported engaging in a violent crime over the previous 12 months (n=854), 21.2 percent selfreported engaging in property crime (n=572), 90.7 percent self-reported using drugs in the
previous 12 months (n=2,450), and 11.8 percent reported selling drugs (n=318).
Among the sample, 2.6 percent (n=69) self-reported having a medical marijuana card that
was issued by the State of Arizona. We asked participants about the illnesses related to their
acquisition of a medical marijuana card. The majority of participants (71.0%) self-reported
obtaining a medical marijuana card because of “severe and chronic pain.” Just over seven
percent reported obtaining their medical marijuana card because of chronic muscle spasms, and
4.3 percent reported it was for cancer. Participants also reported several other conditions: 2.9
percent for HIV/AIDS, 1.4 percent for glaucoma, 2.9 percent for severe nausea and none of the
respondents reported they obtained their card for reasons related to Alzheimer’s, Chron’s
disease, amyotrophic lateral sclerosis, cachexia, seizures or epilepsy, or multiple sclerosis.
Just over 56 percent of our sample was categorized as non-users; meaning that they selfreported not having a medical marijuana card and had not used marijuana in the past 30 days.
About 31 percent of our sample was categorized as a non-medical marijuana user because they
did not self-report having a medical marijuana card, reported not using medical marijuana, but
self-reported marijuana use. Approximately two percent (2.2%) were classified as authorized
medical marijuana users (i.e., had a card and had used medical marijuana). Last, 10.8 percent of
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our sample were categorized as non-authorized medical marijuana users because they selfreported not having a medical marijuana card but reported using medical marijuana.

Results
Examining the Impact of the AMMA on Marijuana Use over Time
Exhibit 3 shows the results of urinalysis tests for marijuana from April 2007 and May
2013. The results show that marijuana use among recently booked arrestees in Maricopa County
has fluctuated over the study period. For example, in April 2007 about 35 percent of respondents
tested positive for marijuana. Marijuana use, in general, then increased until the first quarter of
2011 when 44.1 percent of respondents tested positive for marijuana. Following the first quarter
of 2011 marijuana use declined through June 2013, when only 38.1 percent of respondents tested
positive for marijuana.
In order to estimate the impact of AMMA on the prevalence of marijuana use we
employed a technique similar to regression discontinuity.20 In this design, respondents are
assigned a linear calendar month based on the date of their AARIN interview, starting in April
2007 (month 0) to May of 2013 (month 74). We then coded a dichotomous variable equal to 0 if
the month preceded the AMMA (months 0-52) and equal to 1 afterwards (months 53–74). We
then fit a logistic regression predicting the log odds of the respondent testing positive for
marijuana as a function of the linear month variable and the AMMA indicator. In regression
discontinuity parlance, the month is the assignment variable and the AMMA indicator is the
treatment indicator.21 Since each data collection relied on different group of individuals,22 we
also controlled for several covariates including the quarter of the year, positive urinalysis test
results for cocaine, opiates or methamphetamine, type of offense, gender, ethnicity, and whether
they had been in jail or prison.
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In terms of the effect on the rate itself, we estimate that at the onset of the
implementation of AMMA (month 53), marijuana use declined by 4.8 percent (p = 0.023).23
Exhibit 3 shows the predicted rate by month holding at average all predictors except yearly
quarter and AMMA. In order to explore how long this effect lasted, we sequentially removed
AMMA months and tested the effect. We were not able to reject the null hypothesis until we
removed a year of data. That is, the effect was statistically significant for about a year following
the implementation of AMMA, at which time marijuana use patterns resumed to their previous
level.24
Exhibit 3: Predicted rates of positive marijuana urinalysis by month: April 2007 thru June 2013
AMMA Implementation
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00
April
2007

6

15

22

28

33

37

Months
Drug Arrest Rate

45

57

62

69

June
2013

Note: Rates assume average values on

Rate of Positive UA for Marijuana
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Examining Characteristics of Medical Marijuana User Groups
Exhibit 4 reveals a number socio-demographic and criminal involvement differences
between participants according to their use patterns. Authorized medical marijuana users were
significantly more likely to be male (93.3%) and to report post-high school education (e.g.,
college). Non-users (34.85) were significantly older than authorized medical marijuana users
(30.35), non-medical marijuana users (29.49), and non-authorized medical marijuana users
(27.74). There were no significant differences in patterns of use by ethnicity.
Authorized medical marijuana users were also significantly more likely than other groups
to report having medical insurance (61.7%) and being married (20%). Likewise, authorized
medical marijuana users were significantly more likely to be employed (55.9%) than nonmedical marijuana users (44.4%) and non-authorized medical marijuana users (49.3%).
Authorized users reported the highest mean monthly legal income ($2033.69), from $700-1,000
more per month than the other user groups. Interestingly, authorized users also reported, by far,
the highest mean monthly income from illegal sources ($1,328.29; compared to $948.02 for
unauthorized medical marijuana users, $445.23 for non-medical marijuana users, and $231.74
for non-users).
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Exhibit 4. Sample characteristics and criminal involvement by medical marijuana card possession (N=2702)
Authorized medical
Non-medical
Non-user
marijuana user
marijuana user
n
(n=1504)
n
(n=60)
n
(n=828)
Sex*
Male
1100
73.1
56
93.3
639
77.2
Female
404
26.9
4
6.7
189
22.8

n

Non-authorized
medical marijuana
user (n=290)

244
46

84.1
15.9

Ethnicity
White
Black
Hispanic
Other

564
163
524
252

37.5
10.8
34.9
16.8

26
11
14
9

43.3
18.3
23.3
15.0

312
119
250
146

37.7
14.4
30.2
17.7

117
35
87
51

40.3
12.1
30.0
17.6

Education*
No high school
High school
Post high school

448
499
543

30.1
33.5
36.4

7
13
40

11.7
21.7
66.7

290
304
228

35.3
37.0
27.7

96
101
91

33.3
35.1
31.6

Medical insurance*

633

42.1

37

61.7

313

37.8

129

44.6

Spouse*

239

15.9

12

20.0

64

7.7

30

10.3

Employment*
No employment
Part- or full-time

649
808

44.5
55.5

26
33

44.1
55.9

444
354

55.6
44.4

139
135

50.7
49.3

Mean income from legal sources (SD)*
Mean income from illegal sources (SD)*

1453
1473

$1328.29 (1620.04)
$231.74 (1186.68)

59
59

$2033.69 (1855.85)
$1344.75 (2941.29)

813
815

$968.26 (1370.99)
$445.23 (1466.62)

283
280

$1193.98 (1641.01)
$948.02 (2090.66)

Mean Age (SD)*

1503

34.85 (10.934)

60

30.35 (9.100)

828

29.49 (9.341)

290

27.74 (8.858)

12 month self-reported criminal involvement
Violent*
Mean number of times (SD)*
Property*
Mean number of times (SD)*
Drug Sales*
Mean number of times (SD)*

365
1504
228
1504
96
1503

24.3
5.84 (39.777)
15.2
3.85 (30.953)
6.4
8.10 (48.496)

28
60
15
60
18
60

46.7
21.38 (76.110)
25.0
5.48 (26.841)
30.0
41.82 (104.171)

303
828
225
828
132
827

36.6
9.65 (50.171)
27.2
7.10 (40.159)
16.0
18.41 (70.485)

152
290
102
290
70
288

52.6
28.55 (89.922)
35.3
13.16 (52.239)
24.2
40.38 (104.33)

* p < .05
Note: six respondents reported recreational marijuana use but did not report illegal or medical marijuana use. Consequently, recreational use was not reported for
these respondents.
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Related, 30% of authorized medical marijuana users self-reported dealing drugs in the
past 12-months, compared to 24.2% of non-authorized medical marijuana users, 16% of nonmedical marijuana users, and 6.4% of non-users. Likewise, authorized medical marijuana users
self-reported a higher rate of drug sales (41.82) than unauthorized marijuana medical users
(40.38), non-medical marijuana users (18.41), and non-users (8.1). The higher rates of drug
selling among authorized medical marijuana users is likely tied to their elevated monthly income
from illegal sources. Non-authorized medical marijuana users, on the other hand, were
significantly more likely to self-report involvement in violent (52.6%) and property crime
(35.3%).
Exhibit 5 presents findings related to patterns of drug use by type of marijuana user.
There were no significant differences between groups regarding their use of crack or powder
cocaine. However, non-users (18.7%) and authorized medical marijuana users (13.3%) were
significantly less likely to report having used methamphetamines in the past 30 days, compared
to non-medical marijuana users (37.3%) and non-authorized medical marijuana users (36.9%).
Non-authorized medical marijuana users were also the most likely to self-report heroin or other
opiate use (14.5%), followed by authorized medical marijuana uses (11.7%), non-medical
marijuana users (11.1%), and non-users (6.3%).
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Exhibit 5. Drug use by medical marijuana card possession (N=2,702)

n

Authorized medical
marijuana user
(n=60)

n

Non-medical
marijuana user
(n=828)

n

Non-authorized
medical marijuana
user (n=290)

3.9

1

1.7

38

4.6

13

4.5

50

3.3

6

10.0

81

9.8

51

17.6

Methamphetamine*

281

18.7

8

13.3

309

37.3

107

36.9

Heroin or other opiate*

94

6.3

7

11.7

92

11.1

42

14.5

n/a

n/a

60

21.55 (11.990)

828

12.91 (11.692)

290

18.67 (11.646)

Crack cocaine*

1504

0.42 (3.00)

60

0.03 (.258)

828

0.39 (2.825)

290

0.35 (2.109)

Powder cocaine*
Methamphetamine*
Heroin or Other Opiate*

1504
1504
1503

0.16 (1.473)
2.47 (7.148)
1.26 (5.671)

60
60
60

0.95 (4.760)
2.07 (6.837)
2.38 (7.881)

828
828
828

0.32 (1.653)
5.19 (9.478)
2.01 (6.948)

290
290
290

0.99 (3.922)
5.91 (10.488)
2.59 (7.623)

Marijuana*

66

4.7

48

85.7

561

71.6

219

79.1

Cocaine

106

7.6

2

3.6

70

8.9

28

10.1

Methamphetamine*

371

26.6

13

23.2

322

41.1

99

35.7

Heroin or other Opiate*

135

9.7

10

17.9

102

13.0

48

17.3

n

Non-user
(n=1504)

Crack cocaine

58

Powder cocaine

Percent self-Reported 30-Day Use

Mean Number of Days Used in Past 30Days (SD)
Marijuana*

Positive Urine Test

* p < .05
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Our findings with respect to the urinalysis data were fairly similar to those obtained
through the self-report data. For example, marijuana rates were high for all groups (from 7186%), and there were no group differences with regard to cocaine use. Methamphetamine rates
were highest for non-medical marijuana users and non-authorized medical marijuana users.
There is one notable exception, however. Unlike the self-report findings, the urinalysis results
indicate that authorized medical marijuana users had the highest rates of heroin or opiate use
(17.9%).
Last, we examined correlates of market and acquisition patterns by type of user. Exhibit
6 shows that authorized medical marijuana users (91.5%) and non-authorized medical marijuana
users (91.4%) were the most likely to report obtaining marijuana in the past 30 days, followed by
non-medical marijuana users (76.4%), and non-users (3.4%). Similarly, authorized medical
marijuana users (13.43 days) and non-authorized medical marijuana users (12.83 days) reported
obtaining marijuana more frequently in the past 30 days. Authorized medical marijuana users
self-reported spending about $492 in the past 30 days on marijuana, compared to about $268 for
non-authorized medical marijuana users, about $224 for non-users, and about $101 for nonmedical marijuana users. Interestingly, the non-users reported acquiring about 2,420 grams of
marijuana in the past 30 days, compared to 810 grams of marijuana for authorized medical
marijuana users, 428 grams of marijuana for non-medical marijuana users, and 349 grams for
non-authorized medical marijuana users (this large amount is explained by several respondents
who were outliers). About 35 percent of authorized medical marijuana users self-reported selling
marijuana, a rate that is substantially higher than the other groups. Acquisition methods varied
significantly across groups. Authorized medical marijuana users, non-authorized medical
marijuana users, and non-medical marijuana users all reported that more than half the time they
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purchased their marijuana. While the other user groups rarely reporting growing their marijuana,
authorized medical marijuana users reported that about 15 percent of the marijuana they acquire
is “home-grown.” With regard to source, authorized medical marijuana users self-reported that
about 40 percent of their marijuana is from a legal dispensary, compared to about 1 percent or
less for other types of users. Likewise, about 15 percent of authorized medical marijuana users
marijuana is obtain by growing their own compared to about 3 percent for non-users, and less
than 1 percent for unauthorized medical marijuana users and non-users. The other user groups
were much more likely to report obtaining marijuana from a friend.
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Exhibit 6. Marijuana market and acquisition by medical marijuana card possession (N=2702)

n

Nonmedical
marijuana
user
(n=828)

n

Nonauthorized
medical
marijuana
user
(n=290)

n

Non-user
(n=1504)

n

Authorized
medical
marijuana
user
(n=60)

Obtained any marijuana in the past
30 days*

51

3.4

54

91.5

633

76.4

265

91.4

Average number of days any
marijuana was obtained (SD)*

51

3.69
(6.038)

54

13.43
(11.882)

631

9.25
(10.078)

265

12.83
(11.069)

Average amount spent on any
marijuana (SD)*

49

$223.61
(1,017.57)

53

$491.89
(1,105.86)

626

$101.49
(492.83)

260

$267.57
(858.42)

Average quantity of any marijuana
acquired in grams (SD)*

48

2419.57
(13,146.08)

54

809.99
(1,885.31)

610

428.49
(2,522.81)

260

349.09
(1,692.10)

Sold any marijuana*

10

1.2

20

34.5

79

10.8

65

23.4

Acquisition of Marijuana
Method - Mean (SD)
% bought*

51

% grown*

51

% traded

51

% free*

51

% other
Source - Mean (SD)

51

% legal dispensary in Arizona*
% legal dispensary in another
state*

51
51

% friend*

51

% through a friend

51

% dealer

51

% grew their own*

51

% other

51

* p < .05

40.86
(47.301)
3.73
(16.366)
1.96
(14.003)
53.43
(49.097)
0.02
(.140)
0.00
(.000)
0.00
(.000)
64.90
(47.175)
18.63
(38.679)
11.76
(32.540)
2.75
(14.977)
1.96
(14.003)

54
54
54
54
54

53
53
53
53
53
53
53

66.85
(43.299)
14.54
(33.453)
3.33
(15.141)
13.06
(31.314)
1.85
(13.608)
32.45
(43.508)
8.11
(26.096)
23.30
(39.173)
8.21
(24.280)
7.55
(26.668)
14.72
(33.733)
5.66
(23.330)

625
625
625
625
624

615
615
616
615
615
615
615

52.69
(45.668)
0.68
(7.714)
2.01
(11.857)
42.86
(45.495)
2.13
(14.225)
0.54
(7.095)
0.57
(7.027)
53.60
(48.624)
23.40
(41.339)
15.63
(35.641)
0.77
(8.519)
5.55
(22.566)

264
264
264
264
264

260
260
260
260
260
260
260

59.94
(41.757)
1.16
(7.950)
4.05
(15.467)
33.47
(40.719)
1.38
(10.266)
1.15
(9.516)
0.83
(8.776)
50.44
(48.222)
22.23
(40.363)
19.29
(37.297)
0.94
(7.747)
4.73
(20.579)
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Discussion
Over the past several years, policymakers and researchers have discussed the potential
impact of the medicalization of marijuana on patterns of use. Some have maintained that the
implementation of medical marijuana laws will result in unintended consequences such as
increased availability of marijuana through its diversion from authorized patients to unauthorized
users, or use will increase demand through changes in social norms about marijuana use. The
findings from the present study, however, suggest that the implementation of the AMMA was
associated with a temporary decrease (5%) in marijuana use among our at-risk sample.
We explored one plausible explanation in which there might have been a shift in law
enforcement behavior immediately following implementation. After we controlled for the type of
offense for which the respondent was arrested the results indicated that for a brief period of time
police arrested fewer people for drug related offenses; individuals who in the past have been
found to be significantly more likely to test positive for marijuana.25 Therefore, we believe that
one explanation for the temporary drop in the proportion of respondents testing positive for
marijuana is that the police changed their behavior for a short period of time and arrested fewer
people for drug related offenses, which led to fewer persons who use marijuana being arrested
and included in our sample. However, we also believe that it is plausible that the announcement
and implementation of the law resulted in a temporary “shock” to the marijuana market that
impacted use and/or distribution. The causal mechanisms for how such a change might disrupt
the market, however, is unclear. It might be that following AMMA implementation some users
and/or buyers lost confidence in the market, which reduced demand and/or supply. Over time,
the market began to stabilize and slowly return to normal. Anecdotal evidence suggests that both
of these issues were at play during this period of time.
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The study results also suggest that authorized medical marijuana use among our high-risk
sample is similar (about 2%) to initial findings derived through (self-report) samples from the
general population. Prior research has shown that, among at-risk samples such as emergency
room admissions and recently booked arrestees, prescribed medication use is higher than the
general population, often because of higher rates of mental and physical illness26 . Additionally,
we might expect that among a high-risk sample of arrestees, a group that self-reports
substantially higher rates of criminality in general and marijuana use and sales specifically,
authorized medical marijuana use would be higher than the general population because of their
higher level of recreational use. In fact, a large number of law enforcement associations have
voiced substantial concern about the medicalization of marijuana fearing that criminals, addicts,
and others will frequently falsify symptoms and documents to obtain medical grade marijuana
for use and sales.27 Our findings suggest, however, that those in the offender population are no
more likely to obtain marijuana legally than the general population.
With the above said, authorized medical marijuana users displayed a number of
characteristics that were unique and distinguished them from unauthorized medical marijuana
users, non-medical marijuana users, and non-users. On the one hand, these individuals tended to
more frequently be male, better educated, employed, and have healthcare insurance. They were
also found to report significantly higher rates of acquisition, consumption, and expenditures for
marijuana. These individuals reported the highest rate of acquisition of marijuana through
dispensaries and self-cultivation concomitant with the lowest rates of marijuana acquisition from
dealers and/or friends. In this respect, our findings are consistent with prior research.28
On the other hand, authorized medical marijuana users more frequently reported selling
marijuana, being involved in violent crime, and having a history of drug related charges. Their
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urinalysis results also indicated higher rates opiate use. While greater involvement in drug sales
might be a result of access to medical marijuana, assuming that those with access to use medical
marijuana may have, by extension, an increased opportunity to sell marijuana, their
disproportionate involvement in violent crime suggests that a deeper involvement in a criminal
lifestyle than suggested by prior research (only non-authorized medical marijuana users had a
higher rate of involvement in violent crime). This issue is discussed further below. Their high
use of marijuana and opiates (and low use of cocaine and methamphetamines), coupled with
higher rates of prior drug arrests, however, might also suggest that these individuals have been
self-medicating health problems prior to the implementation of AMMA. Prior research has
found that those suffering from chronic illnesses are more likely to use opiates to reduce pain,29
and it is possible that these same individuals used illicit marijuana to relieve their pain. In fact,
71 percent of authorized medical marijuana users self-reported that they were prescribed medical
marijuana for severe pain. This would necessarily result in a higher risk of arrest for drug
offenses prior to AMMA; and following AMMA, their inclination to use marijuana to relieve
pain might result in their seeking authorization to legally use marijuana. It could, however, also
suggest that for some individuals the motivation behind the acquisition of a medical marijuana
card is to reduce their risk of future involvement in the criminal justice system. Acquiring legal
authorization to use marijuana would reduce their legal risks associated with frequent marijuana
use, an issue that in the past led to their arrest. While our findings provide some initial insight on
these issues, future research is needed to understand motivations related to authorized medical
marijuana acquisition and use.
We also found that medical marijuana diversion is prevalent and is likely higher than for
other types of medication. While this body of research is still in its infancy, prior research
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suggests that, for adults in the general population, the non-medical to medical use ratio is .61 for
sleep medication, .85 for anxiety medication, .38 for pain medication, and 2.45 for stimulant
medication for ADHD.30 Similar trends have been observed in samples of at-risk individuals
examining the ratio of non-medical to medical opioid use.31 However, the present study suggests
that for every one authorized medical marijuana user about five unauthorized persons use
medical marijuana (ratio of 4.9 to 1). Further, about 25 percent of all marijuana users reported
non-authorized use of medical marijuana. These findings suggest that although the
implementation on AMMA is relatively new, diversion of medical marijuana to non-authorized
users has already begun and is more prevalent than other types of medication.
These findings have important policy implications for the prevention of unauthorized
medical marijuana diversion. First, and most notably, these data provide preliminary evidence of
the integrity of the AMMA legislation. With rare exception, only those reporting possession of a
medical marijuana card reported acquisition through a dispensary, operating either in Arizona or
in another state. These same individuals also displayed the highest reported rates of selfcultivation, concomitant with the lowest rates of dealer or friend acquisition. For these users of
marijuana, their acquisition patterns through black-market and illicit networks appear to have
been disrupted and replaced by a growing reliance upon legal acquisition means of dispensaries
and self-cultivation.
Second, our analysis indicated that almost three quarters of authorized medical marijuana
users self-reported that they were proscribed medical marijuana for severe pain. This suggests
that there may be issues related to falsifying documentation as has been found in past research on
opiates. The medical profession has long tried to differentiate patients with chronic
nonmalignant pain from those who are seeking misuse or are addicted to opiates by observing
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certain patient behaviors. Over the last several years a number of attempts have been made to
develop clinician-based instruments that can be used to determine whether a patient is using
opiates inappropriately.32 Given the rapid spread of the medicalization of marijuana clinicians
should begin to discuss the development of an assessment instrument that helps practitioners
reliably diagnose those who are reporting false symptoms in order to misuse medical marijuana.
Third, and related, we found that more than one-third of authorized medical marijuana
users sell marijuana. This suggests that a major source of diversion may be the result of
authorized users selling their marijuana to non-authorized users. In fact, our analysis showed that
authorized medical marijuana users on average earned $1,345 a month from illicit sources, which
is 1.4 times as much as unauthorized medical marijuana users ($948), three times as much as
non-medical marijuana users ($445), and almost six times as much as non-users ($232). While
more detailed data collection would be necessary to further understand this source of diversion, it
is consistent with prior research on the diversion of pain medication (i.e., where individuals
obtain medication legally, and sell it to their friends and others for additional income).33
These results, coupled with our finding that more than 70 percent of unauthorized
medical marijuana users acquire their marijuana through friends or friendship networks, further
confirms public health and law enforcement officials’ speculation that “sponsored” medical
marijuana diversion is occurring through authorized users. By its very nature this type of
diversion is in some ways very difficult to contain. Prior research on exchange networks has
revealed that following repeated successful transactions trust among individuals increases,
particularly when the transactions involve risk.34 Our findings suggest that most non-authorized
medical marijuana users obtain it from individuals whom they already trust. Traditional law
enforcement strategies are largely insufficient for addressing these types of issues and a
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regulatory approach similar to that of pharmacy monitoring systems might be an appropriate
strategy for further understanding the scope and nature of this problem and determining
appropriate responses.

Study Limitations
Several potential limitations should be noted and serve as context for interpretation of the
results. First, the findings should not necessarily be generalized to other communities. A number
of prior studies have shown that community drug problems are often unique and might vary from
one community to the next.35 Second, the present study relied on a cross-sectional research
design using measures that have been found to be related to drug use; however, the results should
not be interpreted as implying causality. Third, the present study largely relied on self-report data
to determine medical and non-medical marijuana use, and the human subjects protections
protocol developed for the project did not permit us to obtain official data on participant’s
acquisition of a medical marijuana card. While prior research has determined that self-reported
behavior is a robust method of measuring various concepts related to prescription medications36
and illegal substances,37 we are unaware of any research examining the validity of self-reported
medical marijuana use. Last, the present study relied on a sample of recently booked adult
arrestees. Our findings should not be generalized to the larger population because little is known
about medical marijuana use and diversion among non-criminal justice involved persons.

Conclusions
We found that after controlling for arrest charge, the proportion of our sample which
tested positive for marijuana did not significantly change over the course of the study period. In
other words, introduction of the AMMA did not affect marijuana use rates among this at-risk
population. Additionally, we found that a small proportion of our sample acquired a medical
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marijuana card. These individuals possessed greater social capital than other types of users but
were also more likely to be involved in violent crime and drug sales. These individuals may also
be serving as a substantial source for others to acquire medical marijuana. For every authorized
medical marijuana user, another five non-authorized persons used medical marijuana. In the
future researchers should further examine medical marijuana diversion and the extent to which
different types of diversion take place.38 Prior research has shown that there are several
mechanisms for diverting other forms of medication (e.g., pain medication) for unauthorized
purposes. 39Our findings suggest that much more work is needed to understand the mechanisms
associated with the diversion of medical marijuana.

26

Tim Gaynor. “For first time, most Americans favor legalizing marijuana: Poll, Reuters, Found on
October 22, 2013 at http://news.yahoo.com/first-time-most-americans-favor-legalizing-marijuana-poll222023157--sector.html.
1

2

Amar, 2006; Leung, 2011

3

Harris, Debra, et al. "Self-reported marijuana effects and characteristics of 100 San Francisco medical
marijuana club members." Journal of Addictive Diseases 19.3 (2000): 89-103.; Pedersen, Willy, and
Sveinung Sandberg. "The medicalisation of revolt: a sociological analysis of medical cannabis users."
Sociology of health & illness (2012).; Khatapoush, Shereen, and Denise Hallfors. "“Sending the Wrong
Message”: Did Medical Marijuana Legalization in California Change Attitudes about and use of
Marijuana?." Journal of Drug Issues 34.4 (2004): 751-770.
4

Cerdá, Magdalena, et al. "Medical marijuana laws in 50 states: Investigating the relationship between
state legalization of medical marijuana and marijuana use, abuse and dependence." Drug and alcohol
dependence 120.1 (2012): 22-27.; Wall, Melanie M., et al. "Adolescent marijuana use from 2002 to 2008:
higher in states with medical marijuana laws, cause still unclear." Annals of epidemiology 21.9 (2011):
714-716.; Joffe, Alain, and W. Samuel Yancy. "Legalization of marijuana: potential impact on youth."
Pediatrics 113.6 (2004): e632-e638.; Salomonsen-Sautel, Stacy, et al. "Medical marijuana use among
adolescents in substance abuse treatment." Journal of the American Academy of Child & Adolescent
Psychiatry 51.7 (2012): 694-702.
5

Gorman, Dennis M., and Charles Huber Jr. "Do medical cannabis laws encourage cannabis use?."
International Journal of Drug Policy 18.3 (2007): 160-167.

6

Institute of Medicine, 1999: 101

7

Pedersen, Willy, and Sveinung Sandberg. "The medicalisation of revolt: a sociological analysis of
medical cannabis users." Sociology of health & illness (2012).

8

Harper, Sam, Erin C. Strumpf, and Jay S. Kaufman. "Do medical marijuana laws increase marijuana
use? Replication study and extension." Annals of epidemiology 22.3 (2012): 207-212.

9

Thurstone, Christian, Shane A. Lieberman, and Sarah J. Schmiege. "Medical marijuana diversion and
associated problems in adolescent substance treatment." Drug and alcohol dependence 118.2 (2011): 489492.

10

Cerdá, Magdalena, et al. "Medical marijuana laws in 50 states: Investigating the relationship between
state legalization of medical marijuana and marijuana use, abuse and dependence." Drug and alcohol
dependence 120.1 (2012): 22-27.
11

Wish, E. D. (1997). The Crack Epidemic Of The 1980s and the Birth of a New Drug Monitoring
System In The United States. Paper presented at The Crack Decade: Research Perspectives and Lessons
Learned, Baltimore, MD.

12

Michael Tonry, Malign Neglect. Oxford: Oxford University Press, 1995: p. 104.

27

Andrew Golub and Bruce Johnson, Crack’s Decline: Some Surprises Across U.S. Cities, National
Institute of Justice: 1997; Andrew Golub and Bruce Johnson. A recent decline in cocaine use among
youthful arrestees in Manhattan, American Journal of Public Health, 84 (8) 1250-1254.

13

Fisher, Howard. “Son. governor: Legalizing pot in Arizona a mistake”
June 08, 2012 http://www.yumasun.com/articles/padres-79577-border-arizona.html#ixzz2jKlhgFRt
14

15

Arizona Criminal Justice Commission. “2012 Arizona Youth Survey” (2012).

16

Zhang, Zhiwei. "Modeling nonresponse and underreporting in response in surveys of arrestees."
Proceedings of the Joint Statistical Meetings, Section on Survey Research Methods. 2009.

17

Much prior research has examined the reliability and validity of self-reported data obtained from
recently booked arrestees by examining the correspondence between self-reported drug use and
urinalysis. This body of work has shown that data collected from recently booked arrestees in general, and
recently booked arrestees who participated in the DUF, ADAM, and AARIN programs specifically are
reliable and valid (Katz et al., 1997; Webb et al., 2006; White, 2009, 2010).
Visher, Christine. “A comparison of urinalysis technologies for drug testing in criminal justice.
Washington DC: National Institute of Justice.

18

19

Four individuals met the criteria for a fifth category; those who reported having a medical marijuana
card but reported not using any marijuana use in the past 30 days. Because of the low number we
eliminated these individuals from all analysis.

20

Shadish, William R., Thomas D. Cook, and Donald Thomas Campbell. "Experimental and quasiexperimental designs for generalized causal inference." (2002).

21

In order to validate our findings, we ran several simulations on hypothetical data, simulating the
temporal trend and average rate of substance use. We found that this estimator is consistent in estimating
the correct effect on the log-odds of substance use. Other methods would be to employ a count model on
data where each month is an observation, with a variable for incidents and another variable for exposure.
We found that this produced the same results. In this study, however, we choose to use the logistic model
as it allowed for individual level controls.

22

While it is possible that an individual arrested and interviewed during one period, is arrested and
interviewed in another period it is very rare.

23

Our model produced a time trend of 0.003 (p = 0.079) log-odds increase by month and an AMMA
coefficient of -0.206 log-odds (p = 0.022), equivalent to an odds ratio of 0.81, or a 19 percent reduction in
the log-odds of testing positive.

24

To contextualize our results that AMMA led to a temporary decrease in marijuana use, we also ran a
longitudinal multinomial logistic regression predicting the offense for which the respondent was arrested
(i.e., violence, property, drug related or other). The model included the same set of covariates to
standardize the predictions. We then plotted the standardized predictions of the rate of respondents who
were arrested for a drug-related offense with the plot of respondents who tested positive for marijuana.
We found that the pattern of positive urinalyses tests for marijuana was also reflected in the rates for
respondents being arrested for a drug offense.

28

25

Katz, Charles M., et al. "The validity of self-reported marijuana and cocaine use." Journal of Criminal
Justice 25.1 (1997): 31-41.

26

Swendsen, J., Conway, K. P., Degenhardt, L., Glantz, M., Jin, R., Merikangas, K. R., Sampson, N. and
Kessler, R. C. (2010), Mental disorders as risk factors for substance use, abuse and dependence: results
from the 10-year follow-up of the National Comorbidity Survey. Addiction, 105: 1117–1128. doi:
10.1111/j.1360-0443.2010.02902.
Rainey, Jane, and Glenn Rainey. "CACTUS: Engaging Students Through a Campus Citizens’
Assembly." Available at SSRN 2207198 (2013).

27

28

Reiman et al.

29

Foley, Kathleen M. "The treatment of cancer pain." Palliative Care: Transforming the Care of Serious
Illness 33 (2011): 251.

30

McCabe, Sean Esteban, Christian J. Teter, and Carol J. Boyd. "Medical use, illicit use, and diversion of
abusable prescription drugs." Journal of American College Health 54.5 (2006): 269-278.; McCabe, Sean
Esteban, et al. "Non‐medical use of prescription stimulants among US college students: prevalence and
correlates from a national survey." Addiction 100.1 (2005): 96-106.

31

Zacny, James, et al. "College on Problems of Drug Dependence taskforce on prescription opioid nonmedical use and abuse: position statement." Drug and alcohol dependence 69.3 (2003): 215-232.

32

Wu, Stephen M., et al. "The addiction behaviors checklist: validation of a new clinician-based measure
of inappropriate opioid use in chronic pain." Journal of pain and symptom management 32.4 (2006): 342351.
33

Rigg, Khary K., Samantha J. March, and James A. Inciardi. "Prescription drug abuse & diversion: Role
of the pain clinic." Journal of drug issues 40.3 (2010): 681.

34

Molm, L. D. (2003), Theoretical Comparisons of Forms of Exchange. Sociological Theory, 21: 1–17.
doi: 10.1111/1467-9558.00171.
35

Wilcox, Pamela. "An ecological approach to understanding youth smoking trajectories: problems and
prospects." Addiction 98.s1 (2003): 57-77.

36

West, Suzanne L., et al. "Recall accuracy for prescription medications: self-report compared with
database information." American journal of epidemiology 142.10 (1995): 1103-1112.

37

O'malley, Patrick M., Jerald G. Bachman, and Lloyd D. Johnston. "Reliability and consistency in selfreports of drug use." Substance Use & Misuse 18.6 (1983): 805-824.

38

Inciardi, James A., et al. "Prescription opioid abuse and diversion in an urban community: the results of
an ultrarapid assessment." Pain Medicine 10.3 (2009): 537-548.

39

Rigg, Khary K., Samantha J. March, and James A. Inciardi. "Prescription drug abuse & diversion: Role
of the pain clinic." Journal of drug issues 40.3 (2010): 681.

About the Center for Violence Prevention & Community Safety
Arizona State University, in order to deepen its commitment to the communities of Arizona and to society
as a whole, has set a new standard for research universities, as modeled by the New American University.
Accordingly, ASU is measured not by whom we exclude, but by whom we include.
The University is pursuing research that considers the public good and is assuming a greater responsibility to
our communities for economic, social, and cultural vitality. Social embeddedness – university-wide, interactive,
and mutually-supportive partnerships with Arizona communities – is at the core of our development as a New
American University.
Toward the goal of social embeddedness, in response to the growing need of our communities to improve
the public’s safety and well-being, in July 2005 ASU established the Center for Violence Prevention and
Community Safety. The Center’s mission is to generate, share, and apply quality research and knowledge to
create “best practice” standards.
Specifically, the Center evaluates policies and programs; analyzes and evaluates patterns and causes of
violence; develops strategies and programs; develops a clearinghouse of research reports and “best practice”
models; educates, trains, and provides technical assistance; and facilitates the development and construction
of databases.
For more information about the Center for Violence Prevention and Community Safety, please contact us using
the information provided below.

MAILING ADDRESS

Center for Violence Prevention and Community Safety
College of Public Programs
Arizona State University
Mail Code 3120
500 N. 3rd Street, Suite 200
Phoenix, Arizona 85004-2135

PHONE

602.496.1470

WEB SITE

http://cvpcs.asu.edu

