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Abstract

Marijuana is the most commonly used illicit substance in the United States and worldwide. The smoking of
marijuana is an increasingly observed phenomenon in the adolescent population and even more common nowadays
than cigarette smoking. A special focus should therefore aim to the effects of marijuana in that particular age group.

Adolescents are particularly vulnerable to the effects of marijuana because their brain and neuro-circuits are still
developing. The exposure of marijuana to the still pruning brain causes not only short-term cognitive impairment but
also permanent, life-long reduction in their cognitive abilities. This is due to marijuana’s effect on processing speed
and a reduction in gray matter in several brain regions as well as a decrease in white matter.

Marijuana is viewed as a “gateway” drug and more so than adults, the adolescents are at higher risk to develop a
subsequent drug addiction after the exposure to marijuana. A positive correlation between the age of first exposure
to marijuana and the development for an addiction to other drugs has been shown. There is also a strong
association between the onset of other psychiatric disorders, for example bipolar disorder, psychosis, depression
and anxiety and even suicidal ideations in context with the use of marijuana.

This article is based on a review of the current scientific literature with the aim to focus on the indications,

L

outcomes, toxic effects and pathological evidence from the use of marijuana in the adolescents.

J
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Introduction

The use of marijuana as the “natural” form of cannabis goes back to
ancient years but is an increasing problem, particularly in the
adolescent population [1,2] since this is the age group when the initial
introduction to marijuana most likely occurs [3-6].

Marijuana is a mixture of dried seeds, stems, leaves, and the
flowering tops of the plant Cannabis sativa [6-8]. Marijuana is a
Schedule I controlled substance by the United States Drug
Enforcement Agency (DEA) and is therefore illegal in the US.

Substances in this class have no accepted medical use in the United
States under US Federal law [9]. The use of marijuana as a medicine is
subject to vivid discussion and a part of the US population would
prefer to be legalized as a medication instead of a drug. Unfortunately,
the discussion is often times not guided by research evidenced-based
data.

For the smoked, natural form of Marijuana with its 460 chemical
components, there is no FDA approved indication due to varying levels
of contents, toxicity and potential of addiction to the drug [6,8,9]. The
pharmacology of marijuana with the high degree of toxicity and
redistribution into the blood stream long after last use makes it a very
dangerous and unpredictable drug [3,4].

While some users have relatively benign experiences with
marijuana, others develop physical dependence and addiction [5,10].

The withdrawal from marijuana leads to the Marijuana abstinence
syndrome and consists of anxiety, depression, irritability and insomnia
[3,4].

The use of marijuana in the adolescent also becomes more
dangerous through the current trend is to breed higher potency
marijuana with a stronger content of THC. The average potency of the
delta-9-tetrahydrocannabinol (THC) increased from 3% in 1992 to
11% in 2010 [1].

The adolescents are particularly at high risk of marijuana related
toxic effects. Their neurological system is developing and more
vulnerable to the psychoactive and toxic effects of marijuana [3].

Methods

This article is based on a review of current scientific literature.
Databases used for acquiring the journal articles were PubMed, Ovid,
Cochrane Library, CINAHL Plus. Keywords used for the search were:
Marijuana, cannabis, Marijuana in adolescents, marijuana in teenagers,
Marijuana in children, drug use among adolescents, comorbidities and
marijuana, academic performance and marijuana, ADHD and
marijuana, Depression and Marijuana, crime associated with
marijuana in adolescents. Additional public databases that were
consulted to acquire information were: DEA, DSM V, NIH, White
House office of national drug control.
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Results survey” from 2012, roughly half of the high school seniors have tried

Patterns of marijuana use in the adolescent

Marijuana initiation typically occurs during the adolescence. The
majority of adolescents start experimenting with drugs in their teenage
years [11].

Given the classification as a Schedule I substance and no FDA
approval for any medical condition there is lack of evidence to treat
any medical condition with marijuana [9]. However the adolescent age
group easily gets mislead by the term “Medical Marijuana” which may
imply some “benefit” for medical conditions. The term “natural” easily
is misinterpreted with “harmless”.

The use of Marijuana currently exceeds the tobacco smoking in
adolescents in the US [12]. According to the “Monitoring the future

marijuana, 23% are current users, and 7% use marijuana daily [13].
Males are more likely to experience opportunities to use but then there
is no gender difference regarding the continuation of the use [13].
Also, adolescents with tendencies to aggressive behaviors are more
likely to have the opportunity to use, but overall every adolescent is at
risk for the initiation of marijuana use, not limited to low socio-
economic status and low-income families.

Particularly younger users are prone to develop dependence
symptoms and addiction. The younger the age onset of the use of
marijuana, the greater the risk for the development of addiction and
dependence. The physical dependence to marijuana in the adolescents
leads to the development of withdrawal symptoms while the addiction
is defined by the compulsive use of marijuana (Chart 1).

Cannabis Use (Marijuana Use) Disorders According to DSM V

Consequence

Definition/Symptoms

A problematic pattern of cannabis use leading to clinically significant impairment or distress as manifested by
at least two of the following occurring in a 12 month period:

1. Cannabis is often taken in larger amounts over a longer period than was intended.

2. There is a persistent desire or insignificant effort to cut down or control cannabis use.

effects.

3. A great deal of time is spent in activities necessary to obtain cannabis, use cannabis, or recover from its

4. Craving or a strong desire or urge to use cannabis.

5. Recurrent cannabis use resulting in failure to fulfill major role obligations at work, school, or home.

6. Continued cannabis use despite having persistent or recurrent social or interpersonal problems caused or
exacerbated by the effects of cannabis.

Cannabis Use Disorder

7. Important social, occupational, or recreational activities are given up or reduced because of cannabis use.

8. Recurrent cannabis use in situations which is physically hazardous.

9. Cannabis use is continued despite knowledge of having persistent or recurrent physical or psychological
problems that are unlikely to have been caused or exacerbated by cannabis.

10. Tolerance, as defined by either:

a) A need for markedly increased amounts of cannabis to achieve intoxication and desired effect, or

b) A markedly diminished effect with continued use of the same amount of cannabis.

11. Withdrawal, as manifested by either:

a) The characteristic withdrawal symptoms for cannabis, or

b) A closer related substance is taken to relieve or avoid withdrawal symptoms.

Cannabis Intoxication

1.Recent use of cannabis

2. Clinically significant problematic behavior or psychological changes (e.g. impaired motor coordination,
euphoria, anxiety, sensation of slowed time, impaired judgment, social withdrawal) that develop during, or
shortly after, cannabis use

3. Two or more of the following signs or symptoms developing within two hours of cannabis use:

a) Conjunctival injection

b) Increased appetite

c) Dry mouth
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d) Tachycardia

4. The signs or symptoms are not attributable to another medical condition and are not better explained by
another mental disorder, including intoxication with another substance.

Cannabis Withdrawal

1. Cessation of cannabis use that has been heavy and prolonged (i.e., usually daily or almost daily over a
period of at least a few months)

2. Three or more of the following signs and symptoms develop within approximately one week after cessation
of heavy, prolonged use:

a) Irritability, anger or aggression

b) Nervousness or anxiety

c) Sleep difficulty (e.g. insomnia, disturbing dreams)

d) Decreased appetite or weight loss

e) Restlessness

f) Depressed mood

g) At least one of the following physical symptoms causing significant discomfort:

i) Abdominal pain,

i) Shakiness/tremors,

iii) Sweating,

iv) Fever,

v) Chills

vi) Headache

3. The signs or symptoms cause clinically significant distress or impairment in social, occupational or other
important areas of functioning.

4. The signs and symptoms are not attributable to another medical condition and are not better explained by
another mental disorder, including intoxication or withdrawal from another substance.

Chart 1: The criteria for addiction are clearly defined in the DSM V.

A study interviewed 164 students age 14-18, showed that 74% of
adolescents interviewed had used some else’s medical marijuana card

[4].

The effects of marijuana on the adolescent brain

The adolescent brain is more vulnerable to the toxic effects of
marijuana and the acute and chronic effects resulting from the use of
marijuana are a great public health concern [14].

The adolescent brain is still undergoing neurodevelopmental
changes in brain regions responsible for higher-order thinking and
executive functioning, especially in the pre-frontal and parietal cortex
[15]. Cranial pruning occurs into the mid 20’ and development of
quality and volume of white matter continues into the early 30s [15].
This on-going neuro-cognitive development makes the brain more
sensitive and vulnerable for toxic substances as marijuana is.

The use of marijuana is associated with negative outcomes in the
adolescent’s development regarding their academic performance,
cognitive as well as behavioral and psychiatric development. The use of
marijuana further leads to decreased socio-economic functioning
including higher drop off rates from schools, higher unemployment
rates and lower income.

The exposure to marijuana early in life and psychiatric
illnesses

Research documented that marijuana use in adolescents predisposes
the marijuana user to motivational, affective and psychotic disorders
[16].

Marijuana increases the likelihood of a drug addiction in adulthood
and also produces long-lasting effects on anxiety and mood and
thought disorders.

The manifestation of psychiatric illnesses occurs most frequently in
the adolescent (about 40%) and 25% in adults [17]. This makes the use
of marijuana even more dangerous and risky in terms of increasing the
vulnerability.

Depression and suicidality

Adolescent marijuana users frequently claim depression as a reason
for use and self-medication. Against that believe, studies have shown
that marijuana increases the feelings of depression. This misperception
in the user might be related to the temporary euphoria or feeling
“stoned” or “numbed” when intoxicated followed by a feeling of more
severe depression.
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In addition, marijuana increases the suicidality among adolescents.
A longitudinal study showed that adolescents who are exposed to
marijuana have an increased risk for suicidal ideations and a higher
rate of suicide attempts [18].

Some studies show contrary data and don’t confirm the negative
influence of marijuana on the adolescent’s mood. One study showed no
difference regarding the degree of adolescent’s depression, anxiety as
well as suicidal ideations or suicide age compared to the non-using
control group, but by early adulthood the adults with a history of
marijuana used had a significantly higher incidence of suicidal ideation
and suicide attempts [18]. Other studies confirmed the finding of
greater rates of depression in marijuana users versus non-users [19].

Psychosis

The use of marijuana causes psychosis as one of the toxic effects but
in addition it increases the risk of developing schizophrenia or
schizoaffective disorders in the adolescents. Adolescents who are
genetically predisposed to develop schizophrenia, the disease can
manifest earlier and more fulminant if marijuana is used [20].

Case control studies and cohort studies have shown that the odds-
ratio between the use of marijuana and the development of psychosis is
1.41 for occasional users and 2.09 for frequent users [21]. Statistically
this means that an odds-ratio above 1 means that there is an
association between the 2 variables.

Furthermore the use of marijuana in early life increases the risk to
develop schizotypal or schizophreniform personality disorder and the
adult symptomatology with this disorder [22].

Addiction

Marijuana is the most commonly used illicit substance in the United
States and worldwide (1). Because of its availability, marijuana is often
the “gateway drug” and leads to the consecutive use of other illicit
substances [23].

A cohort study performed by Kandel conducted on High school
students. Over a quarter of those students who progressed to illicit
drug use (i.e., heroin, amphetamines, and LSD) had a previous
experience with marijuana while only 2-3% of legal drug users without
marijuana experiences progressed to the use of illicit substances [24].

Another study demonstrated as well that early marijuana use in
adolescents predisposed them to the use of cocaine and alcohol over a
1 year period [25].

In a large Canadian survey of 2500 adolescents, 30% used
marijuana, and 35% of the marijuana users reported at least one
criterion for marijuana dependence, such as withdrawal (17%) or
continued use despite health problems (13%) [26].

A frequently cited study in literature from New Zealand following a
cohort group for 25 years, confirmed the same observation that early
exposure to marijuana causes an increased risk for subsequent drug
use and dependence later in life. The group showed a positive
correlation for age and the development of an addiction to other drugs
or dependence. The earlier the exposure to marijuana in life occurs, the
higher the risk for the development of an addiction. The development
of drug use and dependence declines with increasing age of initiation
[27].

These findings have also been observed in animal studies utilizing
adolescent rats. The exposure to Marijuana increased the rate of heroin
self-administration in one model [28].

Further investigation in the pathophysiology for the development of
the marijuana dependence in this rat model showed that marijuana
and in particular the THC content increased the inhibitory G-protein
coupled signaling in the rodent midbrain which is affecting the
dopaminergic projections and enhances the mesolimbic dopamine,
which leads to an enhanced reward [29].

Cognition and attention

The exposure of marijuana in the adolescent has negative effects on
their cognition and attention. The intoxicating effects of marijuana
cause difficulties with attention, problem solving as well as impairment
in judgment, decision-making, and learning [30].

The toxic effects on cognition are leading to an acute impairment
while using which lasts for about 6 h. However the cognitive decline
and impairment might be longer lasting or even permanent in
adolescents who use marijuana regularly [31]. A prospective cohort
study of more than 1000 individuals found that those who used
marijuana regularly in their teen years had persistent cognitive decline
that did not resolve with cessation [32].

The degree of cognitive impairment resulting from marijuana use is
the more severe the earlier the use of marijuana was initiated and the
more marijuana was used [32]. Another large, long-term study from
New Zealand, following 1000 adolescents from age 13 through 38,
found a severe cognitive decline. The study showed that teenagers
smoking marijuana heavily had on average an 8-point decline in their
IQ over time [27].

A common phenomenon among the marijuana users is a
discrepancy between the subjective experienced level of functioning
and he objectively observed level of functioning. Adolescents are
frequently reporting an improved ability to concentrate in school or
college while at the same time declining in their grades [33].

Even in a population that has a high level of IQ the impairment
caused by Marijuana is frequently not accurately perceived. A study
with aircraft pilots in a flight simulator showed that the cognitive
impairment was accurately perceived during the acute marijuana
intoxication, but the impairment was not perceived after 24 h of drug
exposure even though the deficits were obviously demonstrated in the
simulator [34].

Another study enrolled 112 adolescents in a trial performing
neurocognitive batteries also confirmed that marijuana users
subjectively reporting “no memory problem” scored lower on average
than those users reporting a minor problem and their scores were not
significantly different from those reporting a “serious memory
problem” [35].

A study including 73 college age daily marijuana users studied them
in the context of use but in non-intoxicated stage. The group had above
average levels of general intellect. The study participants were tested
with a neurocognitive battery utilizing the Finger Tapping Test and the
Grooved Pegboard.

The users demonstrated many deficits regarding their memory,
problem-solving skills and motivated decision making. Marijuana
users appeared less motivated and less persistent in terms of showing
effort for completing tasks. Also the Marijuana users showed a greater
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loss of consolidation when asked to reproduce learned information
[36].

Adolescents are also particularly at risk for the negative effect of
marijuana on decision making in their role as beginner drivers on the
road and therefore also a danger to others when driving under the
influence. Marijuana intoxication leads to impaired driving and
increased the risk of collision-related morbidity and mortality by 1.5 to
3-fold [37].

The use of marijuana in adolescents also leads to impairment in
attention. A longitudinal study by Tapert et al. has demonstrated this
by following adolescent marijuana users over a period of 8 years [38].
Another study by Tait et al, also over an 8 year follow up on
adolescents using marijuana confirmed the finding of decreased
attention and also showed a decline in verbal memory [39]. Pope and
colleagues found that the use of marijuana prior to age 17 was related
to poorer performance on verbal memory and fluency tasks as well as
verbal IQ [40].

The group of Solowjj et al. demonstrated that the use of marijuana
in young adults (on average age 20) led to a delay in recall and showed
a decline in learning compared to a non-marijuana using group [41].
The observed impairment was related to the amount of marijuana
smoked in this group [41].

It has also been scientifically proven in clinical studies that
marijuana-related cognitive deficits include a reduction in the
processing speed in addition to the attention impairment. These
observations were made in adolescents using marijuana without any
psychiatric co-morbidity [42]. The decline in processing speed,
reduction in verbal memory, sustained attention and sequencing ability
were found even a month after recovery [43].

Structural and neuro-anatomical changes related to
marijuana in the brain

Several neuroimaging studies have been conducted to determine the
pathophysiology of these disorders in adolescents related to marijuana
use.

Marijuana exposure in adolescent years causes changes in the gray
as well as the white matter. Marijuana furthermore has been shown to

be toxic to the cortical vascular function as well as neurons and
microglia.

These morphological changes have been shown in the adult
population as well as the adolescents. Some studies have pointed out
that female adolescents might be at increased risk to develop
marijuana induced structural and neuro-anatomical changes [43,44].

Gray matter

The grey matter is a major component of the central nervous
system, consisting of neuronal cell bodies, glial cells, synapses and
capillaries. The use of marijuana causes structural changes in the gray
matter in various brain regions.

Lopez-Larson et al measured the cortical thickness in marijuana
users and compared them to non-users. The group found a decrease in
thickness in the right caudal middle frontal, bilateral insula and
bilateral superior frontal cortices with increased thickness in lingual,
temporal, inferior parietal and paracentral areas in the cannabis users.
These findings are linked to the decreased executive functioning [45].

Other studies showed that marijuana use causes structural changes
in the hippocampus, which is linked to depression. Other affected
areas of the brain by marijuana are the amygdala, a brain region that is
central to addictions and affective disorders [46].

A more novel technique is the measurement of the gray matter
architecture per gyrification, which is formed by horizontal cortical
development and increased tension in the white matter [47].

Another pathological finding was the discovery that the complexity
in the prefrontal cortex is reduced, showing a decreased cortical
curvature in young adults using marijuana [48].

White matter

The white matter, which is made up of densely-packed bundles of
myelinated axons (nerve fibres) and is responsible for efficient
connectivity between brain regions. In case of white mater damage,
this function is diminished [43] (Table 1).

Depression Anxiety Psychosis

ADHD

Cognitive decline

Structural brain damage COPD Heart disease

Cancer

Addiction

Fertility Birth defects Suicidality

Decline in socio-economic functioning

Immuno-suppression

Table 1: Marijuana is a schedule I substance with an extensive list of toxic effects.

The exposure to marijuana leads to a reduction in the white matter
with demyelination as well as axon degeneration and therefore a
decrease in slower processing speed, which is particularly harmful in
the still developing adolescent brain [43]. Another significant factor in
the reduction of cognitive processing are the cannabinoid receptors
that are primarily located on neurons but also found on myelinating
glial cells [49].

A study from the UK, with a sample size of 99 cannabis users,
assessed their brain matter using MRI scans of a specific type known as
Diffusion Tensor Imaging (DTT). This advanced technique measures in
3D the rate of diffusion of water molecules through tissues of the body,
and allows users to analyze specific tissues and structures with

astonishing precision and detail. The group particularly looked at the
corpus callosum and found that the mean-diffusivity (MD), which is
the main rate that which water molecules diffuse through tissue was
significantly elevated, meaning that there is structural damage in the
myelin sheath of the neurons [49].

A longitudinal study over a 18 month follow up period
demonstrated poorer white matter integrity in the bilateral superior
longitudinal fasciculus, bilateral thalamic fibers, right superior
temporal gyrus, right inferior longitudinal fasciculus, and left posterior
corona radiate [50].
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Perfusion/neurotransmitters

The use of marijuana is associated with a reduced cerebral blood
flow in the PFC, insular, and temporal regions [51]. Functional

neuroimaging studies have demonstrated a lower blood flow in adult
users while using or abstinent. The affected brain regions were the
prefrontal cortex cerebellum and striatum (Chart 2).

1. Has smoking pot stopped being fun?

2. Do you ever get high alone?

3. Is it hard for you to imagine a life without marijuana?

4. Do you find that your friends are determined by your marijuana use?

5. Do you use marijuana to avoid dealing with your problems?

6. Do you smoke pot to cope with your feelings?

7. Does your marijuana use let you live in a privately defined world?

8. Have you ever failed to keep promises you made about cutting down or controlling your use of marijuana?

9. Has your use of marijuana caused problems with memory, concentration, or motivation?

10. When your stash is nearly empty, do you feel anxious or worried about how to get more?

11. Do you plan your life around your marijuana use?

12. Have friends or relatives ever complained that your using is damaging your relationship with them?

Chart 2: Example for screening questions for marijuana addiction in the adolescent.

Cannabinoid receptors are growing in number in adolescents and
are distributed widely throughout the brain. Through the cannabinoid
receptors, Marijuana causes changes in inhibitory as well as exitatory
neuro-transmitter release. In particular alterations in dopamine,
glutamate and GABA release have been shown [52]. Studies utilizing
magnetic resonance spectroscopy showed alterations in glutamate, N-
acetyl aspartate, creatinine and myo-nositol in the anterior cingulate
[53]. Also, myo-inositol/creatine ratios were demonstrated in
subcortical area as well as a reduction of myo-inositol in the white
matter [52].

Physical toxic effects in the adolescent

Marijuana has systemic toxic effects in the user independently if
adolescent or adult. The toxic effects range from increased risk for
ischemic incidents due to vasoconstriction and tar deposits to
increased risk for COPD or cancers. Those effects may not present in
the adolescent right away but manifest later in their life. The use of
marijuana negatively affects the fertility due to changes in the
hormones FSH and LH. When consumed during pregnancy it puts the
fetus at increased risk for birth defects. Pregnancies in teenage years
are declining but still a problem in this age group. The impairment in
judgment through the marijuana use bears an increased risk for the
pregnancy in the teenage-user.

Marijuana is also discussed to have an immunosuppressive effect in
the users, especially problematic when consumed in AIDS patients due
to the increased incidents of opportunistic infections and therefore
mortality.

Conclusion

The use of marijuana in the adolescent population is a severe
problem in the current US society and this article is intended to draw
more attention to this problem and encourage for further research
studies to be conducted. The natural form of cannabis, marijuana, is

often times the gateway drug for adolescents and believed to be
harmless and non-toxic. Marijuana in its natural form is still not
entirely known in its pharmacological ingredients with more than 421
components and more than 60 pharmacologically active cannabinoids.

The current public demand to legalize marijuana in several states for
“medical purposes” requires more investigation and research regarding
the long term toxic effects of marijuana in adolescents as well as adults
for it to be called “SAFE”. Further research studies need to be done to
analyse the discrepancy of the subjective reported cognitive
improvement but worse performance on cognitive tests. Current
studies are warning and alerting that the use of marijuana in the
adolescent might be related with life-long, permanent cognitive
impairment [32].

Looking at the table listing the toxic effects of marijuana, the risks of
the use of marijuana outweigh the benefits by far and make the use
harmful to the adolescent.

The negative effect of marijuana on the adolescent’s mood and
thoughts increase the risk of early onset or more severe form of
psychiatric conditions: Bipolar disorder, Psychosis, Schizophrenia and
even personality disorders.

More attention should be drawn to the screening for substance and
in particular marijuana use in the adolescents. The screening should
not be limited to the Psychiatrist only. The pediatricians should receive
more training to particularly screen their patients for substance use
and in particular marijuana use. The assessment of the amount and
frequency of marijuana use is important to initiate treatment to reduce
the use and to reduce marijuana related harms. Adolescents using
marijuana often times have impaired academic performance, poor
work performance and low social functioning. Physicians should be
able to perform motivational interviewing techniques to counsel the
adolescent and refer those to a specialist who are unable to reduce their
use or who are experiencing severe toxic consequences from marijuana
use.
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More studies are needed to show long-term effects of the use of
marijuana in the adolescents. Current Studies are often limited in
number and follow up period.
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