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ABSTRACT

Objective: Many forms of synthetic marijuana are available in the United
States for recreational use. Although the composition of these synthetic
forms is unclear, consumption has been on the rise among adolescents.

The objective of this study is to understand the usage rates and identify

the reasons and risk factors for synthetic cannabinoid use.

Methods: We recruited 637 adolescents (aged 13 to 17 years) admitted to
the Children’s Recovery Center, Norman, Oklahoma, from August 11, 2014,
to March 30, 2016, for the study. Descriptive statistics and Pearson x? test
were used to analyze the data. Logistic regression and adjusted odds ratio
(OR) were performed to determine the risk factors for synthetic marijuana
use.

Results: The mean age of synthetic cannabinoid users was 16 years.
Increased prevalence of synthetic marijuana use was observed in 16- to
17-year-old adolescent males, in the white population, and in individuals
living in urban areas. Synthetic marijuana was preferred by subjects

over the regular form, as it is less expensive, produces a better high, is
undetectable on drug tests, and is perceived as legal. Male sex (OR=2.63,
P<.0001), aged 16 to 17 years (OR=1.99, P<.0001), and residing in

an urban locality (OR=1.57, P=.05) were identified as risk factors for
consuming synthetic marijuana. Adolescents who use synthetic marijuana
are more at risk of having substance use disorder (OR=11.87, P<.0001)
than those who do not.

Conclusions: Synthetic marijuana use is increasing in the adolescent
age group and could potentially have a negative impact on the health
of teenagers. Hence, enforcing strict laws against synthetic marijuana
use and promoting awareness programs targeting adolescents would be
beneficial.
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I llicit drug abuse has become a significant public health concern
worldwide.! Marijuana is now the most abused substance after
alcohol and tobacco.? Since 2009, there has been an increased
availability of synthetic cannabinoids in the United States.?
Although synthetic marijuana is considered to be an analog of
conventional marijuana, it is man-made and contains a mixture
of unknown chemicals.* These synthetic cannabinoid products are
often marketed as designer drugs or herbal preparations.>® As of
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B Adolescent males who use synthetic marijuana have a
high risk of having a substance use disorder.

B Adolescents tend to still use synthetic marijuana despite a
perception of harm.

B (Clinicians should educate teenagers about the adverse
effects of using synthetic cannabinoid products and
screen for use.

2016, more than 170 types of synthetic marijuana products
were manufactured in the United States.” They are available
under various brand names such as AK-47, Black Magic,
Chill Out, Crazy Monkey, Diablo, Get Real, K2, Kush, Mr
Happy, Mr Nice Guy, Scooby Snax, and Spice.®!! The US
Drug Enforcement Administration categorized synthetic
marijuana under Schedule 1, as it has no indications for
medical use and has a high abuse potential and safety
concerns.'? Young individuals are at an increased risk for
using synthetic cannabinoid products, as they are relatively
inexpensive, easily available, known to produce higher
subjective effects, and difficult to detect on drug tests.!>-1¢

When compared to the conventional forms, synthetic
marijuana is known to be more potent and cause many
life-threatening complications.!” This potent effect is
attributed to its action on several different receptors like
serotonin and N-methyl-p-aspartate and interaction with
other neurotransmitters like y-aminobutyric acid, opioids,
and monoamines, along with cannabinoid receptors CB1
and CB2.!® Reported side effects due to synthetic marijuana
use are conjunctival injection, tachycardia, slurred sleep,
delirium, hallucinations, psychosis, and seizures.”!*1%-20
Intoxication from synthetic cannabinoid use can cause renal
failure, myocardial ischemia, pneumothorax, and stroke.!**!
Chronic marijuana use could lead to addiction, cognitive
impairment, and withdrawal symptoms.?>??

It can be difficult to predict the diverse adverse effects
of synthetic marijuana, as they depend on dosage, route
of intake, combination with other illicit substances,
and individual vulnerability to drugs.** Also, screening
for synthetic marijuana use can be a challenge, as the
manufacturers alter the composition of these products by
combining them with various herbal preparations and other
supplements like vitamin E, fatty acids, aminoalkylindoles,
and preservatives.”> Although specific tests such as gas
chromatography and mass spectrometry of blood and urine
samples are available, it might take several days to weeks to
receive the results. All of these factors further complicate
the early detection of drug intoxication and treatment.?® The
increasing number of people using synthetic cannabinoid
products and the availability of new formulations of these
drugs on the market might pose a serious threat to public
health.”

Though many studies"!*!*!* have reported the side
effects and negative impact that synthetic marijuana could
have on the adolescent age group, there is a limited literature
explaining why teenagers prefer to use these products. The
objective of our study is to understand the usage rates

Table 1. Demographic and Clinical Characteristics of the
Study Participants

Participants

Variable (N=637)
Age, mean=SD,y 16.0+1.4
Sex, n (%)
Male 251(39.4)
Female 386 (60.6)
Ethnicity, n (%)
White 446 (70.0)
American Indian 70(11.0)
Hispanic/Latino 57 (9.0)
Black 48 (7.5)
Other 16 (2.5)
Location, n (%)
Urban 529 (83.0)
Rural 108 (17.0)
Facility, n (%)
Crisis center 443 (69.5)
Residential substance services 107 (16.8)
Residential services 87(13.7)
Diagnosis, n (%)
Mental health 416 (65.3)
Substance abuse 11(1.72)
Mental health and substance abuse 211 (33.1)
Mood disorder 602 (94.5)
Anxiety disorder 162 (25.4)
Impulse-control disorder 118 (18.5)
Substance use disorder 82(12.8)

and identify the reasons and risk factors for synthetic
cannabinoid use.

METHODS

Setting and Participants

A total of 654 adolescents were eligible for the study. Of
them, 637 participants aged 13 to 17 years admitted to the
Children’s Recovery Center (CRC), Norman, Oklahoma,
from August 11, 2014, to March 30, 2016, were included in
the study. The CRC is a 55-bed, inpatient, state adolescent
mental health and substance abuse treatment facility.
Following admission to CRC, patients are sent initially to
crisis services for 5 to 7 days. If further care is required,
they are transferred to residential services for mental health
problems or residential services for substance use disorders
for 2 to 3 weeks. Informed consent was obtained from
the participants and their parents or legal guardians. The
Oklahoma Department of Mental Health and Substance
Abuse Services Institutional Review Board approved this
study.

Data

All of the data were collected during the participants’
hospital admission. Demographic data comprised age, sex,
race, and locality (urban or rural classification). Other
variables included type of service the adolescents were
admitted to within the facility and their diagnosis. Diagnosis
data included 1 variable measuring the type of diagnosis,
ie, mental health and substance abuse, and 4 dichotomous
variables measuring the presence or absence of mood,
anxiety, impulse-control, and substance use disorders.
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Synthetic Cannabinoid Use in Adolescents

Table 2. Distribution of Marijuana Use Among the Study Population

Synthetic Regular Both Synthetic Adolescents
Marijuana  Marijuana and Regular Who Did Not
Users Users Marijuana Users  Use Any Marijuana

Variable (n=214) (n=429) (n=208) (n=208)
Age at first use, mean+SD, y 13.9+13 12.7+2.1 NA NA
Sex, n

Male 117 181 116 69

Female 97 248 92 139
Race, n

White 157 303 156 143

American Indian 27 54 28 24

Hispanic/Latino 17 37 13 15

Black 12 32 1 24

Other 1 3 0 2
Location, n

Urban 186 354 166 174

Rural 28 75 42 34
Facility, n

Crisis center 160 292 100 150

Residential services 26 55 23 21

Residential substance services 28 82 85 37

Abbreviation: NA=not applicable.

All of the participants were asked questions about their
synthetic marijuana lifetime use, age at first use, type, and
frequency. The survey for synthetic marijuana use evolved
over the study period. Beginning January 1, 2015, we
expanded the survey, and 455 participants responded to
the new questionnaire that included the following:

(1) Reason for synthetic marijuana use

(2) How the experiences differ between synthetic and
conventional marijuana use

(3) Source of synthetic marijuana

(4) Perception of the relative danger of synthetic and
conventional marijuana

(5) If the patient or anyone he or she knows had any
adverse reaction to synthetic marijuana use

(6) Lifetime use of any other illicit synthetic
substances.

All information obtained from the participants was
documented for analysis.

Statistical Analysis

Data were analyzed using SPSS version 23 software (IBM,
Armonk, New York). The descriptive statistical analysis was
performed for most variables. Demographic characteristics
such as age, sex, race, and urban or rural classification were
considered to analyze the rates of synthetic marijuana use.
Pearson x* test was used to compare marijuana users with
nonusers. Logistic regression analysis and adjusted odds
ratio (OR) were performed to identify the potential risk
factors for synthetic marijuana use. A P value <.05 was
considered statistically significant.

RESULTS

The demographic characteristics for the entire study
population are summarized in Table 1.

Marijuana Use Among the Study Population

Of 637 adolescents, 429 (67.3%) reported using
marijuana at least once in their lifetime. The mean age at
first use of marijuana was 13 years, and the mean age for
synthetic marijuana users was 16 years. The distribution
of marijuana use in the study population is tabulated in
Table 2.

Synthetic Marijuana Use Among the Study
Population

Among 429 adolescents using marijuana, 214 (49.8%)
admitted using synthetic marijuana. Of them, 71 (33.1%)
reported using at least once, and 48 (22.4%) were daily
users. The demographic characteristics of adolescents
using synthetic marijuana are included in Table 3.

Rates of synthetic cannabinoid use. We used age,
sex, race, and location to calculate rates of synthetic
cannabinoid use (Table 4). Increased prevalence of synthetic
cannabinoid consumption was observed in 16- to 17-year-
old adolescent white males from urban communities. The
types of synthetic cannabinoid products used by the study
population include K2: 84 (39.2%), Diablo: 15 (7%), Mr
Nice Guy: 7 (3.2%), Get Real: 5 (2.3%), Spice: 4 (1.8%),
Fake Bake: 3 (1.4%), and unknown: 9 (4.2%).

Source of synthetic marijuana. Among 214 adolescents,
151 (70.5%) reported their source of synthetic cannabinoid
products as convenience stores: 40 (26.4%), smoke or head
shops: 38 (25.1%), friends: 31 (20.5%), drug dealers: 6
(3.9%), and random people on the street: 3 (1.9%) (Figure
1).

Perception of danger among adolescents regarding
synthetic marijuana use. Of 455 study participants, 376
(82.6%) reported that they perceive synthetic marijuana
to be more dangerous than regular marijuana. A total of
216 (47.4%) of 455 adolescents described experiencing or
witnessing an adverse reaction due to synthetic cannabinoid
use. Of them, 19 (8.8%) reported having seizures, while 27
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Table 3. Demographic and Clinical Characteristics of
Synthetic Marijuana Users (n=214)

Figure 1. Reported Source of Syntheti¢ Marijuana by
Adolescents

Synthetic
Marijuana
Variable Users
Frequency of use?
1 time 71
3 times 22
Every day 48
Ethnicity, n
White 157
American Indian 27
Hispanic/Latino 17
Black 12
Other 1
Location, n
Urban 186
Rural 28
Facility, n
Crisis center 160
Residential substance services 28
Residential services 26
Diagnosis, n
Mental health 89
Substance abuse 7
Mental health and substance abuse 118
Mood disorder 59
Anxiety disorder 8
Impulse-control disorder 20
Substance use disorder 123

30
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Figure 2. Adverse Effects Experienced by Adolescents Due to
Synthetic Marijuana Use

20f 214 synthetic marijuana users, 141 participants responded about
frequency of use.

Table 4. Rates of Synthetic Marijuana Use (n=214)

Synthetic
Marijuana
Variable Users, n Rate of Use, %
Age,y
13to 15 65 304
16to 17 149 69.6
Sex
Male 117 54.7
Female 97 453
Race
White 157 734
American Indian 27 12,6
Hispanic/Latino 17 7.9
Black 12 5.6
Other 1 0.5
Location
Urban 186 86.9
Rural 28 13.1
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Figure 3. Reasons for Use Among Synthetic and Regular
Marijuana Users
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Reasons for Use

(12.5%) stated that they witnessed their friends or a family
member having a seizure. Thirty-two (14.8%) indicated
having hallucinations, 13 (6%) experienced a bad “trip,” and
4 (1.8%) vomited after the use of synthetic marijuana (Figure
2). Seven (3.2%) participants reported that they were aware
of the harmful side effects caused by synthetic marijuana
products.

Lifetime use of any other synthetic substances. Of 455
adolescents, 27 (5.9%) admitted using other synthetic
substances. The most commonly reported are bath salts
(33.3%), Ecstasy (14.8%), N-Bomb (7.4%), bird eggs (3.7%),
and Krokodil (3.7%).

Synthetic Versus Regular Marijuana

Reasons for synthetic marijuana use. After expanding
the questionnaire, 455 adolescents completed the survey.
The determining factors for adolescents using synthetic
over regular marijuana are shown in Figure 3. Adolescents
preferred synthetic marijuana, as it is a cheaper alternative
to conventional marijuana, produces a better high, is
undetectable on drug testing, and is perceived as legal.

Subjective effects of synthetic marijuana use compared
to conventional marijuana. Of 214 synthetic cannabinoid
users, 151 (70.5%) adolescents described experiencing a
high in a shorter period of time, longer lasting effects, more
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trips, hallucinatiens, and paranoia with synthetic marijuana
compared to regular marijuana (Table 5).

Comparison Between
Synthetic Marijuana Users and Nonusers

To compare synthetic marijuana use, we divided our
study population into 2 groups (Table 6). The first group
included adolescents who used synthetic marijuana versus
those who did not use marijuana, and the second group
comprised adolescents who used synthetic marijuana versus
those who used regular marijuana. The mean age for all of
the participants was 16 years.

Synthetic marijuana users versus marijuana nonusers.
More adolescents using synthetic marijuana were male
(54.7%) than female, whereas the group that did not use
marijuana comprised more females (68.6%, P<.001). In
both groups, more adolescents were aged 16 to 17 years
(69.6% vs 53.4%, P<.001). Both the synthetic marijuana

Table 5. Subjective Effects of Synthetic Marijuana Compared
to Conventional Marijuana (n=151)

Synthetic

Marijuana
Effect Users, n (%)
More intense high 51(33.7)
Shorter time to get high 10 (6.6)
Causes more of a “trip” 22 (14.5)
Hallucinations 20(13.2)
Paranoia 3(1.9)
Longer period of being high 3(1.9)
Same effect/no difference 3(1.9)

Synthetic Cannabinoid Use in Adolescents

users and marijuana nonusers were mainly living'in urban
areas (86.9% vs 80.9%, P=.05). Additionally, the prevalence
of substance use disorder was higher in the adolescents
using synthetic marijuana compared to marijuana nonusers
(58.6% vs 10.5%, P <.001).

Synthetic marijuana users versus regular marijuana
users. When synthetic and regular marijuana users were
compared, more adolescents were aged 16 to 17 years in
both groups (69.6% vs 63.4%, P<.001). More males were
synthetic marijuana users (54.7%), and more females were
using regular marijuana (57.8%, P<.001). Both synthetic
and regular marijuana users were from urban areas (86.5%
vs 82.5%, P=.05). Regular marijuana users were having
more mental health problems than synthetic marijuana users
(61.3% vs 41.6%, P<.001), whereas synthetic marijuana users
had more diagnoses of substance use disorder compared to
regular marijuana users (58.6% vs 38.2%, P<.001).

Risk Factors Associated With Synthetic Marijuana Use
To identify the risk factors for synthetic marijuana
use, we considered age, sex, race, locality, type of service
the adolescents were admitted to within CRC, and their
diagnosis. We performed binary logistic regression, and
the outcomes are included in Table 7. When subjects who
used synthetic marijuana were compared with those who
did not use marijuana, 16- to 17-year-old adolescents were
found to be more at risk of using synthetic marijuana, and
for every 1-year increase in age, the risk increased by 99%
(OR=1.99; 95% CI, 1.41-2.83; P <.001). The odds of using
synthetic marijuana were 2.63 times higher for males than

Table 6. Comparison of Marijuana Users and Nonusers

Synthetic Synthetic Regular
Marijuana Marijuana P Marijuana  Marijuana P
Variable Users, % Nonusers,%  Value Users, % Users, % Value
Age
13t0 15 304 46.6 <.001* 304 36.6 <.001*
16to 17 69.6 534 69.6 63.4
Sex
Female 453 68.6 <.001* 453 57.8 <.001*
Male 54.7 314 54.7 422
Locality
Rural 131 19.1 05%* 13.1 17.5 .05%
Urban 86.9 80.9 86.9 825
Ethnicity
White 734 68.3 31 734 70.6 31
Hispanic/Latino 79 83 7.9 8.6
Black 56 104 5.6 75
American Indian 12.6 121 12.6 12.6
Other 0.5 0.9 0.5 0.7
Facility
Crisis center 784 66.7 03* 784 68.1 .03*
Residential services 12.1 11.8 121 12.8
Residential substance services 13.1 21.5 13.1 19.1
Diagnosis
Mental health 41.6 89.8 <.001* 41.6 61.3 <.001*
Substance abuse 33 0.9 33 2.6
Mental health and substance abuse 55.1 9.2 55.1 36.1
Mood disorder 28.1 59.6 28.1 87.2
Anxiety disorder 38 9.7 <.001* 3.8 12.8 <.001*
Impulse-control disorder 9.5 20.2 9.5 17.7
Substance use disorder 58.6 10.5 58.6 38.2

*P value <.05 is considered significant.
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Table 7. Logistic Regression Comparing Synthetic Marijuana Use Among Adolescents

Synthetic Marijuana Users
Versus Nonusers

Synthetic Versus

Regular Marijuana Users

Variable Odds Ratio 95% Cl PValue Odds Ratio 95% Cl PValue
Age,y

13t0 15 Referent Referent

16to 17 1.99 1.41-2.83 <.001* 0.57 0.38-0.85 <.006*
Sex

Female Referent Referent

Male 2.63 1.87-3.68 <.001* 0.35 0.35-0.23  <.001*
Locality

Rural Referent Referent

Urban 1.57 0.98-2.50 .05% 0.53 0.32-0.89 01%
Ethnicity

White 1.27 0.08-1.84 .19 0.79 0.52-1.20 27

Hispanic/Latino 0.95 0.52-1.75 .88 1.15 0.59-2.27 .66
Facility

Crisis Referent Referent

Residential services 0.91 0.54-1.52 73 2.31 1.38-3.84 01%*

Residential substance services 0.54 0.34-0.86 .10 0.54 0.34-0.84 .10
Diagnosis

Mental health Referent Referent

Substance abuse 0.77 0.50-0.11 <.001* 0.166 0.10-0.25 <.001*

Mental health and substance abuse 0.57 0.16-2.08 40 0.57 0.16-2.08 40

Mood disorder Referent Referent

Anxiety disorder 0.83 0.36-1.86 .65 0.17 0.11-0.28  <.001*

Impulse-control disorder 1.00 0.56-1.76 .99 0.15 0.63-0.38  <.001*

Substance use disorder 11.87 7.58-1860 <.001* 0.18 0.09-0.36  <.001*

*P value <.05 is considered significant.

females (OR=2.63; 95% CI, 1.87-3.68; P <.001). Also, for
each study participant living in an urban area, the odds of
using synthetic marijuana increased by 57% (OR =1.57; 95%
CI, 0.98-2.50; P=.05). Synthetic marijuana users were also
11.8 times more at risk of having substance use disorder
than those who did not use marijuana (OR=11.87;95% CI,
7.58-18.60; P <.001).

When we compared the demographic variables for
synthetic and regular marijuana users, there was a minimal
difference between both groups. Adolescents who consume
synthetic marijuana have a 2.3 times higher risk of being
admitted to long-term residential services within CRC than
regular marijuana users (OR=2.31; 95% CI, 1.38-3.84;
P=.01).

DISCUSSION

Our study provides insight into synthetic marijuana use
by adolescents admitted to our treatment facility. Although
there are studies!%!>142122 oy synthetic marijuana use by
adolescents, to our knowledge, this is the first to report the
reasons, source, perception of use, and adverse effects with
regard to consumption among this age group. The strength
of our study also lies in using the comparison groups and
analyzing the differences between the demographic and
clinical characteristics of synthetic marijuana users versus
marijuana nonusers and synthetic and regular marijuana
users.

This study analysis showed that about 67% of the
adolescents used marijuana at least once. Among them, 50%
used synthetic marijuana. Our results support evidence from
previous studies?® that the prevalence of synthetic marijuana

consumption is higher in adolescent males. As per our study
results, adolescent perception of synthetic cannabinoid
products compared to regular marijuana included gives
better high, perceive them as legal, less expensive, and cannot
be detected on drug tests. Adolescent males aged 16 to 17
years living in urban areas are more at risk of consuming
synthetic marijuana and having substance use disorder
compared to those who use regular marijuana.

Additionally, this study revealed that most of the
teenagers obtained synthetic marijuana from convenience
stores and smoke shops, followed by friends, drug dealers,
and street vendors. Approximately 82.6% of adolescents
reported that synthetic marijuana is more dangerous than
conventional marijuana. Of those, 47.4% mentioned having
or witnessing a seizure, hallucinations, bad trip, and vomiting
after synthetic marijuana consumption. About 70.5% of the
adolescents reported experiencing a high in a shorter time
that lasted for a longer duration, more trips, hallucinations,
and paranoia with synthetic marijuana than with regular
marijuana.

Since the last decade, several studies>? have focused on
adolescents’ risk perception for substance use. The National
Survey on Drug Use and Health?® reported that among
adolescents, the perception of risk was high for drugs like
cocaine, heroin, and lysergic acid diethylamide (LSD) but
varies for cannabis. For instance, in a study® conducted from
2012 to 2014, teenagers reported that consuming synthetic
marijuana is dangerous, and a subsequent decline was
noticed in the rate of use. However, another study? revealed
that youngsters who use synthetic marijuana do not perceive
it to be dangerous and believe that they can quit using
the drug at any time. Contrarily, our study indicates that
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despite the perception of harm'and significant rates of either
experiencing or witnessing an adverse event, adolescents still
used synthetic cannabinoid products.

Synthetic marijuana use could potentially increase the risk
of acute inpatient care and the length of stay in the hospital,
causing a health care burden.?® A study®! revealed that
synthetic marijuana was the cause of death when patients
were investigated for a drug overdose, driving under the
influence, suicide, or homicide. As new forms of synthetic
marijuana continue to become available with different
formulations, it may be beneficial to screen all patients,
especially adolescents, for intoxication and withdrawal
symptoms and develop innovative procedures to detect
these drugs.**? Clinical trials*® have emphasized that along
with pharmacologic treatment, psychosocial interventions
involving cognitive-behavioral therapy, motivational
enhancement therapy, or a combination of both for cannabis
use disorder might be effective.

Our study has a few limitations. As we expanded
our survey during the study, we were unable to obtain
information from all our participants regarding synthetic
marijuana use. Since our research comprised only a high-risk

Synthetic Cannabinoid Use in Adolescents

population, we cannot extrapolate these results'to the general
population. From the researcher’s clinical experiences,
it was also evidenced that working with this population
historically had a “canary in the coal mine” effect, which
might increase the new substance trends and rate spikes in
the general population and also the Substance Abuse and
Mental Health Services Administration data by 1 or 2 years.
Hence, further research is required to identify the rates of
synthetic cannabinoid use in the general population.

CONCLUSION

As synthetic marijuana use among adolescents is
increasing, educating teenagers at school regarding the
adverse effects caused by consuming the drug could create
awareness to an extent. A collaborative approach involving
health care workers, research scientists, jurisdictive bodies,
and citizens at all levels of society to enforce firm regulations
and implement new policies against synthetic marijuana
use would be beneficial. Further research is also needed to
identify the potential consequences that could occur with
long-term synthetic marijuana use.
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POSTTEST

To obtain credit, go to http://www.cmeinstitute.com/activities/Pages/PCC.aspx
to complete the Posttest and Evaluation.

1. The majority of adolescents in the study perceived synthetic marijuana to be more
dangerous than regular marijuana.

a. True
b. False
2. Adolescents reported all of the following characteristics of synthetic marijuana,
compared with regular marijuana, except ___:
a. Produces a better high
b. Perceived as legal
c. Not detected on drug screening tests
d. More expensive
3. A 15-year-old boy presents to the emergency department with recent onset of auditory

hallucinations. Upon further evaluation, the patient admits to recent use of synthetic
marijuana. What would be the best next step in care for this patient?

a. Treatment with an antidepressant
b. Evaluation for substance use disorders
c. Discharge to home with no further evaluation

d. Perform magnetic resonance imaging to rule out brain etiology
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