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I
n the last decade, marijuana has gone from being totally 
illegal in the United States to legalization for medical use 
in 23 states and for recreational use in four jurisdictions 
(including Washington, DC). Even the Surgeon General 

expressed interest in what science will learn about marijua-
na, noting that review of preliminary data show its benefit 
for certain medical conditions and symptoms. Given this 
pattern, it is very likely that more states will legalize its medi-
cal and unrestricted use in coming years. 

A growing sentiment in public opinion toward marijuana, 
particularly among adolescents, is that it is a harmless sub-
stance for pleasure that should not be regulated or consid-
ered illegal. Marijuana is currently the most common “illicit” 
drug in the US, with around 12 percent of people 12 years 
of age or older reporting use in the last few years (with the 
highest rates of use in the young).1 However, a recent study 
examined the perceptions and use of marijuana among 
young people in the US between 2002 and 2013 and found 
that fewer adolescents between the ages of 12 an 14 years 
report using marijuana (six percent in 2002 and 4.5 percent 
in 2013), while more disapprove of marijuana (74 percent in 
2002 and 79 percent in 2013). Young adults (ages 18 to 25 
years) have trended in a different direction, with 41 percent 
disapproving it 2002 and 23 percent disapproving it in 2013; 
however, no increased use was noted in this age group.2 

As clinical neurologists, we must be aware of and under-
stand the neurological consequences to our patients—
young and old—in their use of this agent in both recre-
ational and medical capacities. The regular recreational use 

of marijuana as previously stated is more common in the 
younger population.1 The cognitive consequences have been 
much more studied in this population, as it appears that 
marijuana can cause havoc in those with developing brains. 
While recreational use is much less common in the elderly, 
we need to know what role medical marijuana can play in 
clinical neurology, especiallyits effects on cognitive function. 

Over the span of two articles, I will strive to distill impor-
tant clinical facts on marijuana use in all age groups. While 
I will examine the neurological disorders that may benefit 
from medical marijuana in the next article (appearing in the 
November/December 2015 issue), here I will focus on the 
impact of recreational use on the brain.

The first installment of a two-part series exploring the impact of recreational and medical marijuana 

on cognitive function and neurological disorders.
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BACKGROUND AND CHEMICAL  
INGREDIENTS OF MARIJUANA

Before we proceed with more information about mari-
juana, some comments are necessary about the human ECS 
system. This is a signaling system that includes cannabinoid 
receptors, endogenous receptor ligands and their synthesiz-
ing and degrading enzymes. The core function of the ECS 
system has been described as “relax, eat, sleep, forget, and 
protect,” which is shorthand for the diversity of processes 
involving the system. This system regulates neuronal excit-
ability, inflammation in pain circuits, and helps regulate 
movements, appetite, aversive memory extinction, immuno-
modulation, mood, awake and asleep cycle, hypothalamic-
pituitary adrenal modulation, blood pressure, bone density, 
tumor surveillance and neuroprotection. Additionally, “run-
ners high,” the effects of osteopathic manipulative therapy, 
and electro-acupuncture are mediated by the ECS.4

Although its use dates back as far as possibly 3000 BCE, 
very little was known about marijuana up until half a 
century ago. In 1963, a young organic chemist from Israel, 
Raphael Mechoulam, working at the Weitzman Institute 
in Tel Aviv, discovered the important ingredients. With 
the help of the Israeli police, he confiscated five Kilos of 
Lebanese Hashish. He had isolated an array of substances, 
which he injected separately in Rhesus Monkeys. Only one 
substance made aggressive monkeys calm and mildly sedat-
ed. Further testing revealed that the two main substances 
were Tetrahydrocannibal (THC), which is psychoactive, and 
Cannabidiol (CBD), which has other effects for medical con-
ditions but is not psychoactive. THC produces euphoria but 
it can also produce psychosis. Cannabidiol has antianxiety 
and possibly antipsychotic effects.5 Marijuana’s therapeu-
tic effects depend on the concentration of THC in a given 
formulation as well as the ratio of THC to cannabidiol, 
because of cannabidiol’s ability to mitigate the psychoactive 
effects of THC. As a result, the THC-cannabidiol ratio for 
many strains of marijuana has been engineered to achieve 
the desired effects. To make things a little more confusing, 
there are more than 60 pharmacological active cannabinoids 
besides cannabidiol.

ADVERSE EFFECTS OF  
RECREATIONAL MARIJUANA

1. Risk of Addiction. The evidence in the literature sug-
gests that long-term non-medical Marijuana use can 
lead to addiction. One in six who use marijuana as 
teenagers and 25-50 percent that smoke it daily will 
develop an addiction.6 According to the 2012 National 
Survey on Drug Use and Health, 2.7 million people 12 
years and older met criteria for marijuana dependence, 
5.1 Million met criteria for dependence on any illicit 

drug, and 8.6 million met dependence criteria for alco-
hol.7 Cannabis withdrawal syndrome has been found in 
heavy chronic users. Abrupt cessation symptoms begin 
in one to two days, reach peak in two to six days and 
resolve in a few weeks. Symptoms include irritability, 
insomnia, dysphoria, craving and anxiety, which makes 
cessation very difficult. Unlike opioid withdrawal, aches, 
pain, and muscle spasms are uncommon.8

2. Effect on the Developing Brain. The brain continues 
to develop from the prenatal period to approximately 
age 21.9 Exposure to THC during prenatal or adolescent 
stages in animals appears to recalibrate the sensitiv-
ity of the reward system to other drugs and impairs 
axonal connections between neurons.10 Adults who 
smoked marijuana as adolescents have fewer fibers in 
specific brain regions, including the Precuneus (an area 
important for alertness and self-conscious awareness) 
and the Fimbria (an area of the hippocampus impor-
tant for learning and memory). Decreased nerve fiber 
connections have also been noted in the prefrontal 
networks responsible for executive function (includes 
inhibitory control, habits, routines, and behavior).11 
Cannabis effects are mediated by two types of receptors 
designated CB1 and CB2. These receptors are part of 
the normal ECS system. The CB1 receptors are distrib-
uted in the hippocampus, prefrontal cortex, anterior 
cingulate, basal ganglia, cerebellum, association corti-
ces, spinal cord and peripheral nerves. CB1 activation 
prominently modulates cognition and memory, per-

The exact mechanism is not totally clear. 
Acetylcholine (ACH) participates in many CNS func-
tions including attention, working memory, motivation 
and reward through nicotinic and muscarinic recep-
tors. Cholinergic neurons are either projection neurons 
terminating diffusely in the brain including the hippo-
campus, prefrontal cortex, or interneurons, which are 
located in the striatum and nucleus accumbens.21  We 
know that ACH is implicated in other cognitive impaired 
disorders such as Alzheimer’s, vascular and Parkinson’s 
dementia. THC inhibits cholinergic transmission in the 
brain and impairs working memory similar to the use of 
scopolamine, a cholinergic antagonist.22 CB1 receptors as 
previously mentioned are on cholinergic terminals and 
control ACH release.23 Cannabis induced reduction of 
ACH in the hippocampus and medial prefrontal cortex 
correlated with impaired working memory.

WHAT ARE THE NEUROBIOLOGICAL MEDIATORS OF 
COGNITIVE IMPAIRMENT BY MARIJUANA?
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ception, control of motor function and analgesia.3 The 
CB2 receptors are found mainly on cells in the immune 
system, which may in part explain cannabinoids effect 
on pain and inflammation. Their activation modulates 
and inhibits pro-inflammatory cytokine production, 
leading to blockade of neutrophil and macrophage 
migration. CB2 receptor expression on CNS microglia 
may explain cannabinoid efficacy in reducing cytokine 
mediated neuroinflammation.3 Both of these receptors 
are located in the presynaptic terminals and modulate 
and inhibit release of other neurotransmitters includ-
ing GABA, dopamine, glutamate, norepinephrine, and 
acetycholine. They also indirectly affect gamma-amino-
butyric acid, n-methyl d aspartate, opioid and serotonin 
receptors. 

3. Cognitive Function in Adolescent and Young Adult 
Marijuana Users. As previously mentioned, THC is the 
most potent product in marijuana, and its concentration 
ranges from 0.5 percent to five percent. Hashish has THC 
levels a bit higher, from two percent to eight percent. In 
Hash oil the concentration of THC can be very high, from 
15 percent to 25 percent. In a landmark study, Meier et 
al. followed 1,037 individuals in New Zealand from birth 
to age 38 years.12 They ascertained information regarding 
cannabis use through interviews at ages 18, 21, 32, and 38 
years. They conducted neuropsychological testing at age 
13, before initiation of cannabis use and at age 38, after 
a pattern of persistent cannabis use had developed. In 
their study, they ruled out other important confounding 
factors, such as acute or residual cannabis intoxication, 
tobacco dependence, hard drug dependence (heroin, 
cocaine and amphetamines), alcohol dependence, and 
schizophrenia. They also controlled for years of educa-
tion and obtained ADLs from third-party informants. 
Additionally, they determined whether persistent users 
who quit or reduced cannabis use were able to restore 
their cognitive deficit. Each study member served as her 
or his own control.

The summary of the long study came to the following 
conclusions: 

1. Study members who never used cannabis had a slightly 
higher IQ. 

2. Those with cannabis dependence at the first three or 
four follow-up visits experienced significant cognitive 
decline from three to eight IQ points. This was noted in 
the persistence of cannabis users and those with can-
nabis dependence. 

3. The greatest neuropsychological impairments were in 
executive function and processing speed. When infor-
mants were given assessment sheets in regard to ADLs 

of the study patients, more impairment in attention 
and memory problems were noted in the cannabis 
dependence group. 

4. Adolescent onset users under 18 years of age tended to 
become more persistent users and showed more cog-
nitive impairment than the adult onset users (ages 25 
and greater). This older group had much less cognitive 
decline at the end of the study. 

5. Adolescent cannabis users regardless of dependence 
or used infrequently, at time of cessation for a year 
showed continued cognitive decline. This was not 
noted in the adults who stopped using cannabis. 

6. Cognitive decline in adolescence was not based on can-
nabis users completing less education.  

7. Strong suggestion that cannabis use in adolescence is 
toxic to a developing brain. 

8. Major educational effort should be directed toward 
delaying cannabis use by young people.

There are a number of limitations in this extensive study. 
For instance, the use of cannabis is based on the history from 
individuals not on a biologic marker and underreporting is a 
possibility. Additionally, it did not account for the potency of 
cannabis, however, one study revealed that cannabis seized by 
police in New Zealand appears to be similar to the US.13

COGNITIVE DECLINE AND ATTENTION LOSS
The notion of cognitive decline in users of cannabis was 

the driving factor in another study in which investigators did 
an extensive evidence based review of the acute and long 
term effects of cannabis use on executive cognitive func-
tion (attention, concentration, decision making, impulsivity, 
working memory and verbal fluency).14

The acute effects noted during the first six hours after use 
in chronic light cannabis users (2.5% THC cigarettes) showed 
significant impairment in attention and concentration. 
However, chronic heavy cannabis users who were abstinent 
showed impaired information processing and attention that 
normalized after acutely smoking cannabis. This suggested 
that abstinence following chronic cannabis use may result 
in a deficit in information processing which normalizes after 

“While it is clear that cannabis has 

an impact on cognitive function for 

young people, no pertinent studies 

have been conducted investigating 

cognitive function in mid-adult and 

elderly recreational users.” 
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acute use. Along the same lines, there is some evidence that 
acute cannabis use has observable deficits in planning and 
decision making as relates to response speed and accuracy 
and impulsive behavior.15 Other studies have also shown 
impairment in working memory—worse the higher the THC 
dose. There is no evidence that verbal fluency was impaired 
in acute users.16

In light of these studies, impairing effects of cannabis 
intoxication on attention and concentration is stronger 
in less experienced cannabis users than those established 
with drug tolerance. Attention and concentration in those 
with established drug tolerance is disrupted more by acute 
abstinence than acute cannabis administration due to 
adaption to chronic heavy cannabis use.

The residual effects of Cannabis use on executive func-
tion have been studied in various capacities, from seven 
hours after use to 20 days after use.14 Three out of four 
studies showed impaired attention, longer reaction times, 
and time to complete tasks compared to controls. In one 
study, investigators examined focus and attention capaci-
ties in cannabis users right before work and immediately 
after work at the beginning and the end of a work week.17 

Compared to controls, cannabis users had impaired atten-
tion and information processing both at the beginning 
and end of the workweek, correlating with duration of 
cannabis use. This confirms that even with abstinence, 
some deficits remain. In the category of decision-making 
and impulsivity, studies only with 12-hour abstinence were 
done which showed impairment.

One study found no abnormalities in working memory 
or verbal fluency after 19 hours abstinence in light and 
heavy cannabis users.18

These studies suggest that attention and concentration 
are impaired in cannabis users, but not enough studies have 
been done to evaluate executive function in light and heavy 
cannabis users after abstinence of roughly three weeks.  

Reviewing the long-term effects of Cannabis on execu-
tive function, several studies found no attention of con-
centration impairment in patients who remained abstinent 
between 28 days and one year.19,20 Two studies found 
impairment in attention but the reviewing authors stated 
that this could have been secondary to basic information 
processing rather than higher level of attention. It is worth 
noting that information processing has not been studied 
in long-term cannabis abstinence.

One study with 25 days of abstinence of cannabis found 
impaired decision making and risk taking compared to 
controls. Inhibition and impulsivity was not shown to be 
impaired. Only one study analyzed working memory and it 
didn’t show any abnormalities. Verbal fluency was studied 
after 28 days of cannabis abstinence, and early onset of 

cannabis users (under age 17) had significant impairment 
in verbal fluency compared to controls.

Although this is an area deserving of more investiga-
tion, these studies indicate that cannabis appears to cause 
some impaired executive function after three weeks of 
abstinence and beyond. The most enduring and detectable 
deficits are seen in decision making, concept formation, 
and planning. Those subjects with chronic heavy canna-
bis use especially beginning before age 17 show the most 
enduring effects. 

CONCLUSION
While it is clear that cannabis has an impact on cognitive 

function for young people, no pertinent studies have been 
conducted investigating cognitive function in mid-adult and 
elderly recreational users. However, the next segment in this 
article series will explore the larger number of studies evalu-
ating the potential benefits of medical marijuana for various 
conditions. n
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