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Is marijuana safe for children & adolescents? 
 

With less perceived risk comes increased use, but is it safe? 
 

 



Attitudes toward marijuana are changing... 

New generations of marijuana users are growing up, and they and their 
children find it difficult to believe that marijuana is as dangerous as was 
touted. The extreme statements about the hazards of marijuana have left 
people skeptical of even the most rigorously substantiated warnings, some 
going so far in the opposite direction as to believe that marijuana not only 
has no negative consequences, but that it has medicinal properties and 
can serve as a good remedy for many ailments.   
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Parents for pot is an organization who’s mission 
is to end cannabis prohibition. It’s state mission is 
to make marijuana “available both for adults to 
use, and as a medicine for children in need.” But 
is marijuana safe for the use of children?  



…and the change is rapid.  

A Pew survey in 2013 documented that 32% of people viewed the use of 
marijuana as immoral compared to 50% in 2006. 6 out of 10 people 
viewed marijuana as a gateway drug in 1977 compared to 4 in 10 in 2013.  

3 Pew Research (2013)  

% of adults who 
believe marijuana 

use is immoral 

see marijuana as a  
gateway drug, compared 

to 6 in 10 in 1977 

  



65% of millennials support the legalization whereas only 54% of Gen X-ers do. If the 
trend continues, marijuana may become fully legal across the United States. 
Marijuana for medicinal use is already allowed in 20 states. Washington State, 
Colorado, Oregon, Alaska, and possibly the District of Columbia now allow 
recreational use as well. 
 
 
 

States where medical marijuana  
is available to minors 

% of polled Americans supporting  
legalization by generation 

Marijuana is being decriminalized as a result of 
these changing attitudes.  

4 Pew Research (2013)  



A legal cannabis growing business is already here.  

The process of legalization has allowed for an entire industry to spring forth to meet 
the demands for medicinal marijuana, and now, in some states, to supply the 
demand for recreational use. A report published by The ArcView Group cites the 
legal marijuana industry as the fastest growing industry in the United States for the 
year 2014. The findings suggested that the only limitation to this growth is the rate 
of decriminalization across the remaining prohibition states. 
 

5 The ArcView Group (2014)  

According to a report published by 
the ArcView Group, the legal 
cannabis industry was the fastest 
growing industry in the year 2014. 
At this pace the cannabis industry 
is likely to become increasingly 
influential in the years to come. 



New diverse markets for recreational use are 
forming.  
From the large-scale production of “medibles”, to pot weddings complete 
with cannabis decorations and wedding cakes containing marijuana, the 
legalization of recreational use is allowing the marijuana industry to fill 
unexpected niches, with more to come in the future. 
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Potency is also increasing!  

Marijuana today is nothing like it was in the 
past. Over the last half-century, plants have 
been consistently bred for greater amounts 
of tetrahydrocannabinol (THC), the 
psychoactive constituent in marijuana, 
spiking to 40% as of 2014. 
 
New methods of consumption, including oil, 
“badder” (70% THC), and “shatter” (80% 
THC) concentrates, are also gaining 
popularity, allowing adults and teens alike 
to consume unprecedented doses of THC. 
Some of these concentrates can be inhaled 
using vaporizer pens without leaving a trace 
of the typical marijuana scent.  
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“Shatter” is a brittle THC concentrate 
that contains up to 80% THC and 
produces an odorless vapor when 
heated that is easily inhaled and 
difficult to detect. 

Swift (2013) 



Teens reporting having used 
within the past year. 

Teens reporting daily or 
almost daily use.  

 
 
 
 
 
 
 
 
 
 
 
 
 
About 50% of high school seniors have tried marijuana sometime in their life. 
Nearly 40% of seniors have used marijuana in the past year with 7% (1 in 15) using 
marijuana daily or almost daily. With increasing decriminalization, production, and 
marketing of marijuana, this number is on the rise. In fact, in recent years, more 
teens use use marijuana than smoke cigarettes.  
 

Marijuana use is currently very common among adolescents.  

8 Monitoring the Future Study, University of Michigan (2013) 



The Problem:  Marijuana may cause harm to the developing 
brain. 

Studies suggest that teens 
may suffer a unique set of 
immediate and long-term 
effects from marijuana use, 
compared to adults.  
 
Marijuana may negatively 
impact brain maturation, 
translating to permanent 
consequences for children 
and adolescents who use. 
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The adolescent brain undergoes major developmental 
changes, making it more vulnerable to external influences. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

There are two main periods of enormous brain development after birth—the first two years of 
life and adolescence. During adolescence the brain undergoes a reduction in grey matter and 
an increase in myelination. As a result, the brain rewires and refines its connections in a 
dramatic way. These changes are largely thought to be important for enhancing 
communication between regions as well as improving the function of each region. This 
enables new capabilities  such as symbolic and abstract thinking, and increases in executive 
functioning. During this dynamic period, external influences may be able to alter the normal 
developmental trajectory with permanent consequences lasting into adulthood. 
 
 
 
 

10 Gogtay (2004) 

Images of grey 
matter volumes 
changing as a 
function of age, 
obtained through 
MRI scanning. Red 
represents regions 
of higher volume, 
blue/purple signal 
areas of less 
volume. 



Despite differences in their structures, THC, 
produced by the marijuana plant, and the brain 
chemicals anandamide and 2-AG can all activate the 
same receptor (CB1) in the brain. 
TOMMY MOORMAN 

The endocannabinoid system undergoes major 
changes in adolescence. 
This may be the reason why teens are at 
greater risk. The endocannabinoid system is 
responsible for many important regulatory 
functions in our bodies, including energy 
homeostasis, metabolism, and regulation of 
neurotransmitter systems. 
 
This system consists of endocannabinoids 
and their cannabinoid receptors in the brain. 
The numbers of endocannabinoid receptors in 
the brain changes throughout adolescence. 
Exposure to marijuana during that time  may 
alter development of this system and change 
the number of these receptors in adulthood, 
possibly with permanent consequences for 
cognition, memory, and mental health. 
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And, indeed, research demonstrates that adolescents exposed 
to marijuana may suffer lasting cognitive changes as adults. 

●  Impairments in attention, memory, executive function 

●  Lower IQ and poorer achievement 
 Average decrease of 4.1 IQ points in heavy users, and a lower level of 
 university degree attainment with increasing use. 

 

12 , Fergusson (2008), Fontes (2011), Solowij (2013), McQueeny (2011), Fried (2002) 

 
Early age of onset of marijuana use is 
associated with low Frontal Assessment 
Battery (FAB) scores. The FAB is a series of 
detailed cognitive tests that measure 
impairment in executive functions, and is 
sensitive to changes in the brain’s prefrontal 
cortex. Functions tested include 
conceptualization, mental flexibility, and 
inhibition, among others.  



Adolescents who use marijuana are also are more likely to 
suffer emotional and other psychiatric problems as adults. 

●  A lack of motivation  

●  An overall lower reported relationship and life satisfaction 

●  Negative impact on other mental health conditions 
 Early use translates to increased risk for anxiety (2x) and depression (up 
 to 5x) as an adult. 

●  Poses a clear risk to those predisposed to psychotic disorders 
 Among those diagnosed with schizophrenia, it is estimated that 8-13% 
 may have never developed symptoms had they not used cannabis as 
 adolescents. 

●  Other addictive problems 
 The earlier the age at which an individual uses marijuana, the greater the 
 chance that they will become dependent on heroin or cocaine as an adult.  

13  Fergusson (2008), Arseneault (2004), Rubino (2012), Kandel (2002) 



The cognitive and emotional deficits may be 
associated with brain abnormalities.  
Researchers have looked at the brains of both occasional and chronic 
marijuana users, and have found changes in many different regions of 
their brains. 
 
Among these changes are abnormal shapes, grey matter densities, and 
neuronal network connections. Areas affected include the hippocampus 
(memory formation), amygdala (fear and emotion), and the nucleus 
accumbens (motivation and reward), among others. 

14 Solowij (2013), Gilman (2014), Yucel (2008), Zalesky (2012) 

Long-term cannabis users are found to have 
altered connectivity, specifically in the 
hippocampus, than non-users. An 87% 
reduction is found in network density in the 
hippocampal region. Red color indicates areas 
where there is less interconnectivity than is 
normally found in non-users. 



The challenge of these experimental findings: cause 
or effect? It remains a chicken and egg problem. 
Is it possible that early marijuana use causes the problems that we see in 
adults who were chronic users as teens? Or is it that those destined to 
have poorer cognitive function, motivation, etc. as adults are more likely 
to use marijuana in adolescence? The current human studies cannot give 
us a clear answer.  
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Animal studies help us answer this question. They suggest 
that marijuana, rather than predisposition, is the culprit.   
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
Animal studies are  advantageous because they  allow us to study cause-
and-effect and to find mechanisms by which marijuana potentially harms 
the adolescent brain. The animal studies performed to date demonstrate 
that non-human primates, rats, and mice show similar deficits that humans 
are suspected to have as a result of exposure to marijuana. With further 
studies we can potentially find medications that may help protect or 
reverse the harm of early exposure.  
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Like humans, animals exposed to marijuana as adolescents 
suffer memory & learning impairments as adults. 

Adult mice that were exposed to THC during adolescence were compared 
to adult mice that were exposed to THC. In both groups the THC was 
discontinued weeks prior to testing, and the animals were drug free. The 
rodents were then tested in a memory task where they had to memorize 
the location of a sunken platform in a water tank, or to remember a new 
rodent they had just met. In both tests the rodents that were exposed to 
THC as adolescents performed poorly. They had a hard time remembering 
the location of the platform or remembering the new animal.  
 
 

17 Verico (2014), Verico (2004), Kipnis (2012) 

The Morris water maze is 
designed to test spatial learning 
and memory in rodents. THC 
intoxication is known to impair 
performance on this test, but of 
greater note is the fact that  
animals exposed to THC as 
adolescents continue to perform 
poorly, even as abstinent adults. 



THC interacts with receptors in the hippocampus, a brain 
region responsible for memory formation, and causes a 
decrease in activity of the neurotransmitter glutamate, an 
important chemical involved in learning and memory. This kind 
of interference during adolescence may be responsible for the 
long-term cognitive deficits we see in adults. 

Verico (2014), Verico (2004) 

This may be because marijuana directly interferes with the 
function of the hippocampus when it’s undergoing changes. 
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As in humans, animals exposed to THC in adolescence suffer 
from lack of motivation and/or hedonic responses   
To test motivation in mice and rats, they are trained to press a lever to obtain food 
they love when they are very hungry. The test increases the difficulty in obtaining 
the food by increasing the number of times the animal needs to press the level to 
obtain it. Rodents exposed to THC as adolescents were less motivated to press the 
lever and gave up sooner than those rodents that were exposed to THC as adults. 
 
This could be due to decreased motivation, a decreased ability to experience 
pleasure, or both. 
 
 

19 Schneider (2003) 



Animals exposed to THC in adolescence display an 
increase in emotional deficits in adulthood... 
Adolescent exposure to marijuana leads to long-term emotional changes in 
adult rodents. When adult rats who were exposed to marijuana as 
adolescents are put through tests designed to measure affect, they display 
behavior that closely mimics human anxiety and depression.  
 
The open field and elevated plus maze are two paradigms designed to test 
anxiety-like behavior in rodents. Mice and rats do not like being in open 
spaces (open field), nor do they like being very high above the ground 
(elevated plus maze). In these tests, exploratory behavior of normal 
rodents is still present but reduced. Increases or decreases in exploration 
can be obtained by administering anxiolytic or anxiogenic compounds. 
Interestingly, when adult rats are exposed to THC as adolescents, they 
exhibit much greater anxiety-like behavior in these tests than adults who 
were not exposed as adolescents.  
 
 

20 Biscala (2003), Rubino (2009) 



…they also display behaviors that approximate 
psychotic symptoms in animals.  
In prepulse inhibition (PPI) animals are tested to see how well they can phase out 
an external sound. Animals that are not able to do this effectively and are easily 
startled by repeated sounds are thought to be mirroring symptoms of psychosis. 
This is because psychotic patients show an inability to mute out external stimuli 
and often times over-interpret them as meaningful, leading to hallucinations and 
delusions. Rats who are exposed to THC as adolescents show this decreased ability 
in PPI compared to those only exposed as adults. 
 

21 Renard (2014), Meyer and Quenzer (2013) 

In humans, a decrease in prepulse inhibition is 
strongly correlated with the presence of schizophrenia 
and other psychotic disorders. 



Females are more sensitive to the cognitive and emotional 
deficits associated with adolescent THC exposure. 

Following THC exposure, female rats suffer greater anxiety and more 
pronounced immediate impairments in working memory and spatial 
learning than their male counterparts.  
 
Long-term deficits in working memory, spatial learning, and motivation, and 
an increase in depressive behavior also disproportionately affect adult 
females who were exposed to marijuana as adolescents. This change in 
response to marijuana may also be due to the strong estrogenic effects of 
THC.  
 

22 Rubino (2009), Chadwik (2011), O’Shea (2004), Cha (2007) 
 



Exposure to marijuana may have consequences for future 
generations. 

Pregnant rats who were exposed to THC give birth to offspring with fewer 
dopamine receptors in the brain, altered neuronal development, and an 
increased sensitivity to the rewarding effects of opiates; in addition to 
learning and memory impairments, and increased anxiety-like behaviors.  
 
Human epidemiological studies link prenatal marijuana exposure with 
poorer cognitive abilities and impaired mental health. However, whether 
marijuana is the cause of these deficits and epigenetic changes in 
humans, or is simply a correlate of these changes, is unknown. 
 
Additionally, marijuana use has been shown in animals to cause epigenetic 
changes, that is, modifications to DNA that do not alter the actual genetic 
code, that can be passed on to future generations. Whether marijuana can 
cause epigenetic changes in humans is unknown.  
 

23 Calvigioni (2014), DiNieri (2011), Day (2014), Cha (2014), Vassoler (2014) 
 



Can marijuana be helpful?  

Does marijuana have a therapeutic value? Some parents are 
treating their children for seizure disorders and anecdotally 
report that it helps. Scientists have begun to collect and 
publish these reports, though no research has been 
conducted yet to test the validity of their claims. 
 
The answer is that marijuana does have medicinal benefits, 
but it’s not as simple as some advocates are suggesting. It 
turns out that it is not THC that carries most of the medicinal 
value in marijuana.  
 

24 Porter (2013) 



The best known constituent of marijuana is tetrahydrocannabinol (THC), a 
cannabinoid receptor agonist (activator). THC is the substance that gives 
marijuana its psychoactive effects and some of its therapeutic effects, but 
its not the only component of marijuana that has effects on the body.  
 

Marijuana is not a single drug. 
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Another constituent of marijuana 
with immense therapeutic potential 
is cannabidiol (CBD). Unlike THC, 
CBD is a cannabinoid antagonist 
(deactivator) and can often lessen 
some of the effects of THC, 
including the ‘high’. Because of 
this, breeders have historically 
worked to create strains as high in 
THC and low in CBD as possible. 
 

Cannabidiol (CBD) is the second most abundant 
bioactive molecule in the marijuana plant, with 
effects that often counteract those of THC. 



Benefits and Side-Effects: CBD vs. THC 
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Tetrahydrocannabinol (THC) Cannabidiol (CBD) 

Memory Impairs memory and learning Rescues memory and learning impairments 

Seizures Some anti-convulsant activity Greater anti-convulsant activity 

Pain Relief Greater pain relief Some pain relief 

Anxiety Decreases, then increases w/ withdrawal Decreases without any withdrawal 

Psychosis Increases symptoms Decreases symptoms 

Migraine Equally beneficial Equally beneficial 

Heart Rate Increases Decreases 

Blood Pressure Increases Decreases 

Appetite Increases Decreases 

Russo (2005), Bhattacharyya (2013), Klein (2011)  

While CBD often has effects that counteract the effects of THC, consuming CBD and THC together 
can often exacerbate/enhance THC-related symptoms/therapeutic action, as CBD can inhibit THC 
metabolism and keep THC circulating in the blood stream for much longer. This is important for 
those seeking treatment for certain ailments – a CBD nasal spray will do little for neuropathic 
pain, and yet a THC:CDB mixture may be more harmful to the adolescent brain than a THC spray 
alone. 



Ingestion is a very different experience. 

Unlike smoking, where the effect is almost instantaneous, 
when marijuana is ingested there is a 20-30 minute lag time 
before intoxication ensues. This makes it hard to gauge the 
amount used and inexperienced people end up consuming 
higher doses, with possible long-term consequences.  
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Medibles are often packaged with the warning to 
“consume in small amounts”, but this does nothing to 
prevent overconsumption when children accidentally 
ingest, or when inexperienced teens and adults 
unintentionally eat too much in the absence of true 
measured guidelines to follow. 



Driving while intoxicated. 

Driving while intoxicated with THC means driving with impaired 
reflexes, and a diminished ability to make on-the-spot 
decisions (“Should I brake or swerve?”). Epidemiological 
studies suggest that driving after consuming marijuana can 
lead up to a fourfold increase in the odds of a motor vehicle 
crash, especially for a fatal collision. 
 
Unlike alcohol, marijuana intoxication is not as readily 
detectable, making driving under the influence of cannabis 
(DUIC) more difficult to detect, prosecute, and deter. This also 
makes information on the rates of DUICs more difficult to 
obtain. 
 
 
 

28 Asbridge (2014), Asbridge (2012), O’Malley & Johnston (2003), Richer and Bergeron (2009) 



The immediate effects of marijuana use are 
different for adolescents and adults. 
Adolescents seem to experience fewer immediate negative responses to 
marijuana compared to adults. Both adolescent humans and animals 
seem to be able to tolerate much larger, and more frequent doses of THC 
than adults can without becoming averse to the drug. Marijuana is also 
more anxiogenic (anxiety-provoking) to adults, possibly related to the fact 
that adolescents seem to experience less severe and fewer withdrawal 
symptoms overall. 
 
However, as far as learning is concerned, marijuana may cause greater 
acute impairments in adolescents compared to adults. Studies show that 
THC impairs spatial learning and non-spatial learning significantly more in 
adolescent rats compared to adult rats, and repeated THC exposure 
causes greater and longer lasting memory impairments, in parallel with 
more dramatic alterations to the hippocampus. 
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Adolescents are at a greater risk for marijuana 
dependence: Cannabis Use Disorder. 
The fact that teens experience much less aversive responses to marijuana 
may be why adolescents are more likely than adults to develop 
dependence, termed Cannabis Use Disorder by the DSM-5. In fact, the 
earlier that an individual begins to use marijuana, the greater the 
likelihood they will become dependent. A positive first experience, larger 
doses, and more frequent use are also signifiers of increased risk for 
dependence.  

 
One in ten adolescent marijuana users develop dependence, yet only 10% 
will ever receive treatment. Few evidence-based treatments for adolescent 
marijuana dependence have been established, and those that exist suffer 
from poor availability and accessibility.  
 

30 Schramm-Sapyta (2007), Quinn (2008), Vandry (2005) 



Treatments for adolescent dependence lags behind 
treatments for adults. 
The most effective treatment for problematic adolescent use of marijuana 
is cognitive behavioral therapy, either through individual treatment, group-
therapy, or a combination of both. Family-based interventions can be 
helpful as well. It is sometimes also necessary to treat a co-morbid 
psychiatric disorder, as many adolescents use marijuana to self-medicate 
symptoms of anxiety or depression. Inpatient rehabilitation programs exist 
for adolescents with marijuana dependence, but they’re fewer in number 
than programs for adults, with unique challenges like maintaining 
continuity of education. 
 
No pharmacological treatments have been approved for the treatment of 
cannabis use disorders in adolescence. One supplement, called N-
acetylcysteine, shows some promise in reducing relapse in treatment-
seeking adolescents, though more research is needed to be certain of its 
efficacy. 
 
 31 Gray (2013), Gray (2012), Belenduik (2014)  



Cannabis withdrawal is a new diagnosis. 
Until recently, there was not enough evidence to describe a recurrent set of symptoms that 
occur when people who use marijuana heavily experience when they stop using. Due to more 
rigorous research, marijuana withdrawal symptoms are now well characterized. 
 
Cannabis withdrawal involves experiencing at least two psychological and one physiological 
symptom (at least three symptoms total) after stopping heavy and prolonged marijuana use 
(e.g., daily or almost daily use for the past several months). 
 
Some psychological symptoms a person may experience following cannabis abstinence 
include: irritability, anxiety, depressed mood, restlessness, changes in sleeping (e.g., 
insomnia, fatigue), changes in eating (e.g., reduced appetite/weight loss).  
 
Physical symptoms include: abdominal pain, sweatiness, shakiness, fever, chills, headache. 
 
The amount, duration, and frequency of cannabis smoking that is required to produce an 
associated withdrawal disorder during a quit attempt is unknown. Most symptoms have their 
onset within the first 24–72 hours of cessation, peaking within the first week, and lasting 
approximately 1–2 weeks. Sleep difficulties may last more than 30 days. 
 
Understanding more about cannabis withdrawal can help us design better treatments to help 
people quit.  
 

 
32 DSM-V (2013)  



In summary, it does seem like THC may have a 
negative long-term impact on the adolescent brain.  
But many unanswered questions remain: 
 
•  What is the mechanism by which marijuana affects 

adolescent brain development? 
•  Other substances, such as alcohol and nicotine are also 

harmful to the adolescent brain. Is there a common 
mechanism?  

•  What are some effective interventions for prevention? 
•  How can we effectively  treat adolescents with substance 

use disorders?   
•  How can we treat those who may already have the long-

term emotional and cognitive deficits?   
 
 
 

33 "Teenagers in Moscow" by Alagich Katya 
Licensed under CC BY 2.0 



Opportunities to right developmental trajectories 
in youth with problem marijuana use. 

A diagram describing the various approaches and strategies that can be used to improve the developmental  
trajectory of adolescents who are marijuana  problem users.  



Understanding the mechanisms by which marijuana and other 
drugs alter adolescent brain development will enable us to 
find interventions and treatment to stop and reverse the harm. 
 
Before allowing the wave of legalization and a sprouting new 
industry to bring about potential harm to an entire generation, 
we need more research to understand if, and how, marijuana 
may harm younger populations. Rigorous scientific 
understanding is absolutely necessary to enable us to enact 
the most effective, evidence-based health policies and take 
the best care of our children. 
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Looking ahead. 



Supporting this important research. 

Funding for research in the United States becoming more and more scarce.  

•  Instead on increasing the support for science, the amount of funding allocated 
to the NIH for the support of new research is down by nearly a full quarter 
since 2003!  

•  The National Institute on Drug Abuse has lost $36,000,000 of its annual 
budget since 2012! 

If you would like to support this important research, please contact us.  

Levine Lab for Developmental Neuroscience 
Columbia University Medical Center 

1051 Riverside Drive 
New York, NY 10032 

(646) 481-2566 
ama146@columbia.edu 

 
 
 
 
 
 

36 NIH Categorical Spending (2015), The Anatomy of Medical Research (2015). 
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