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Adverse health effects of non-medical cannabis use

Wayne Hall, Louisa Degenhardt

For over two decades, cannabis, commonly known as marijuana, has been the most widely used illicit drug by young
people in high-income countries, and has recently become popular on a global scale. Epidemiological research during
the past 10 years suggests that regular use of cannabis during adolescence and into adulthood can have adverse
effects. Epidemiological, clinical, and laboratory studies have established an association between cannabis use and
adverse outcomes. We focus on adverse health effects of greatest potential public health interest—that is, those that
are most likely to occur and to affect a large number of cannabis users. The most probable adverse effects include a
dependence syndrome, increased risk of motor vehicle crashes, impaired respiratory function, cardiovascular disease,
and adverse effects of regular use on adolescent psychosocial development and mental health.

Introduction

Psychoactive preparations of Cannabis sativa have been
used for over 4000 years for medical and religious pur-
poses.! Over the past 50 years, they have been increasingly
adopted by adolescents and young adults for recreational
use—in social settings to increase sociability and produce
euphoric and intoxicating effects. Since cannabis use was
first reported over 40 years ago by US college students, its
recreational or non-medical use has spread globally, first to
high-income countries, and recently to low-income and
middle-income countries** (figures 1 and 2).

Uncertainties exist about the number of people who
use cannabis because of lack of timely, good-quality data
in most countries. The UN Office on Drugs and Crime
has estimated that in 2006 cannabis was used by
166 million adults (3-9% of the global population aged
15-64 years).* Use was the highest in the USA, Australia,
and New Zealand, followed by Europe. These countries
reported higher rates of cannabis use than did the Middle
East and Asia.* Some African countries are also thought
to have high rates of cannabis use.* Because of their large
populations, 31%, 25%, and 24% of the world’s cannabis
users are estimated to be from Asia, Africa, and the
Americas, respectively, compared with 18% in Europe
and 2% in Oceania* (figure 1).

Pattern of cannabis use

In the USA, rates of cannabis use in young adults peaked
in 1979, which was followed by a long decline until the
early 1990s, when use increased again, before levelling
off towards the end of the decade.’ A similar rise in its
use in the early 1990s, followed by decline or stabilisation
in recent years, has been reported in Australia and
western Europe.’

Research in the USA has indicated that about 10% of
those who ever use cannabis become daily users, and
20% to 30% become weekly users.” Cannabis use in the
USA typically begins in the middle to late teenage years
and peaks in the early and middle 20s. Use declines steeply
after young people enter full-time employment, marry, and
have children.®

No reliable information exists about the concentration
of A-9-tetrahydrocannabinol and other cannabinoids
(eg, cannabidiol) in commonly used cannabis products.
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In epidemiological studies, heavy or regular cannabis
use is usually defined as every day or almost every day
use.’ This pattern, when continued over years, predicts
an increased risk of some adverse health effects.’ This
review summarises the most probable adverse health
effects of cannabis use during the years since the last
review in 1997 by WHO.

Cannabis
The effects of cannabis depend on the dose received, the
mode of administration, the user’s previous experience
with this drug, and the set and setting—ie, the user’s
expectations, attitudes towards the effects of cannabis,
the mood state, and the social setting in which it is used.’
The main reason why most young people use cannabis is
to experience a so-called high: mild euphoria, relaxation,
and perceptual alterations, including time distortion and
intensification of ordinary experiences such as eating,
watching films, listening to music, and engaging in sex.®
When used in a social context, the so-called high could be
accompanied by infectious laughter, talkativeness, and
increased sociability. These effects typically occur 30 min
after smoking and last for 1-2 h.°

The primary psychoactive constituent of cannabis
preparations is A-9-tetrahydrocannabinol (THC).” THC
produces psychological and physical effects that are
similar to those that users report after smoking cannabis,”
and drugs that block the effects of THC on brain receptors
also block the effects of cannabis in animals and human

Search strategy and selection criteria

We searched PubMed and Thompson Reuters Web of Science
citation indexes for articles published in the past 10 years on
adverse health effects of cannabis, with the search terms
“cannabis”, “marijuana abuse”, “marijuana smoking”,
“epidemiologic studies”, “adverse effects”, “substance related
disorders”, “lung diseases”, “respiration disorders”,
“cardiovascular diseases”, “coronary disease”, “traffic accidents”,
“automobile driving”, “mental disorders”, and “adolescent”.
Most selected studies were published in English since 1997.
Additional publications were identified from the ones selected

and from books, edited works, and reports in the field.
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Figure 1: Use of cannabis in 2006-07 (or latest year available)

The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the UN. Sources: UN Office on Drugs
and Crime (UNODC) annual report questionnaires data, US Department of State reports, European Monitoring Centre for Drugs and Drug Addiction (EMCDDA), Drug
Abuse Information Network for Asia and the Pacific (DAINAP), UNODC Global Assessment Programme on Drug Abuse (GAP), and Inter-American Drug Abuse Control

Commission (CICAD). Reproduced, with permission, from UNODC.*

beings.” The effects of THC can be modulated by
cannabidiol (CBD), a non-psychoactive cannabinoid
present in many cannabis products.’

THC acts on at least two types of cannabinoid receptors
(CB, and CB,) in the brain.’ The CB, receptor is widely
distributed in brain regions involved in cognition,
memory, reward, pain perception, and motor
coordination.” It also responds to a naturally occurring
(or endogenous) ligand—anandamide—which produces
effects similar to THC but is less potent and shorter
acting.” Neuroimaging studies indicate that THC
increases activity in the frontal and paralimbic regions
and in the cerebellum of the human brain.”

The THC content is highest in the flowering tops of
the female cannabis plant. Marijuana (THC content
0-5% to 5%) comprises the dried flowering tops and
leaves of the plant. Hashish (THC content 2% to 20%)
consists of dried cannabis resin, and hash oil is an
oil-based extract of hashish (THC content 15% to 50%).’
In the USA, THC content of cannabis increased from
less than 2% in 1980 to 4- 5% in 1997 and 8- 5% in 2006."
THC content also increased in the Netherlands and
probably in other countries. No data are available on
changes in CBD content.

Cannabis is usually smoked in a joint or a water pipe
(sometimes with tobacco added) because this is the most
efficient way to achieve the desired psychoactive effects.’
The amount of THC delivered to the lungs varies between
20% and 70%, and 5% to 24% reaches the brain.” A dose
of 2-3 mg of THC will produce a high in occasional users

who typically share a single joint with others. Regular
users might smoke up to 3-5 joints of potent cannabis a
day for several reasons, including development of
tolerance and to experience stronger effects.’

Health effects of cannabis

We looked for evidence: that an association exists between
cannabis use and outcomes in case—control and
prospective studies; that reverse causation was an
implausible explanation of the association (evidence
from prospective studies that cannabis use preceded the
outcome); from prospective studies that controlled for
potential confounding variables (such as other drug use
and characteristics on which cannabis users differed
from non-users); and that a causal association was
biologically plausible.” Our focus was on adverse health
effects that are of greatest potential public health
interest—that is, those with the greatest probability of
affecting a substantial proportion of cannabis users.

Acute effects
The dose of THC that kills rodents is very high and the
estimated fatal human dose is between 15 g and 70 g,°*
which is much higher than that smoked by a heavy user.”
The most common acute adverse effects are anxiety,
panic reactions, and psychotic symptoms, all of which
are most often reported by naive users.’

In the laboratory, cannabis and THC produce dose-
related impairment® in reaction time, information
processing, perceptual-motor coordination, motor
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Figure 2: Changes in the use of cannabis in 2006 (or latest year available)

The boundaries and names shown and the designations used on this map do not imply official endorsement or acceptance by the UN. Sources: UN Office on Drugs and Crime (UNODC) annual report

questionnaires data, national household surveys submitted to UNODC, US Department of State (Bureau for International Narcotics and Law Enforcement Affairs), International Narcotics Control

Strategy Report, law enforcement reports, UNODC, meetings of Heads of Law Enforcement Agencies (HONLEA), UNODC illicit drug trends publications for various countries, Drug Abuse Information
Network for Asia and the Pacific (DAINAP), UNODC Global Assessment Programme on Drug Abuse (GAP), and UNODC Data for Africa project. Reproduced, with permission, from UNODC.*

performance, attention, and tracking behaviour.” These
effects can increase the risk of accidents if users drive
while intoxicated. Studies of the effects of cannabis upon
on-road driving found more modest impairments than
those caused by intoxicating doses of alcohol because
cannabis-affected people drive more slowly and take fewer
risks.” Nonetheless, some experimental studies have
shown diminished driving performance in response to
emergency situations.” Epidemiological studies also
suggest that cannabis users who drive while intoxicated
are at increased risk of crashes. Gerberich and colleagues®
found that cannabis users had higher rates of hospital
admission for injury from all causes than had former
cannabis users or non-users in a group of 64657 patients
from a health maintenance organisation. The risk of
motor vehicle accidents (relative risk 1-96) persisted after
statistical adjustment in men. Mura and colleagues”
showed a similar relation in a study of THC in the serum
0f' 900 individuals admitted to a French hospital for motor
vehicle injuries and 900 age-matched and sex-matched
controls. Drummer and colleagues,” who assessed THC
in the blood in 1420 Australian drivers killed in accidents,
showed that cannabis users were more likely to be culpable
than were non-users (odds ratio [OR] 2-5). Individuals
with blood THC concentrations greater than 5 pg/mL had
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a higher accident risk (OR 6-6) than those without THC.
Laumon and colleagues® compared blood THC
concentrations in 6766 culpable and 3006 non-culpable
drivers in France between October, 2001, and September,
2003. The investigators showed increased culpability in
drivers with THC concentrations of more than 1 pg/mL
(OR 2-87). A dose-response relation between THC and
culpability persisted after controlling for blood alcohol
concentration, age, and time of accident. They estimated
that 2-5% of fatal accidents in France can be attributed to
cannabis and 29% to alcohol. Driving after having taken
cannabis might increase the risk of motor vehicle crashes
2-3 times"™ compared with 6-15 times with alcohol. The
policy challenge is to specify a concentration of THC in
the blood that legally defines impaired driving.*

Reproductive effects

High doses of cannabis cause growth retardation and
malformations in animals,” but epidemiological studies
have given scarce evidence for an increased risk of birth
defects in women who use cannabis during pregnancy.
Interpretation of the few associations that have been
reported® is difficult because cannabis users are also
more likely to use tobacco, alcohol, and other illicit drugs
during pregnancy,” and less likely to seek antenatal care
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and have poorer nutrition than women who do not use
cannabis.” Zuckerman and colleagues® reported that no
increased risk of birth defects could be seen in a large
group of women who use cannabis. Cannabis use in
pregnancy has been most consistently associated with
reduced birthweight in large epidemiological studies.* A
meta-analysis®’ showed that regular cannabis smoking
during pregnancy decreased birthweight, although less
so than tobacco smoking, probably through the effects of
carbon monoxide on the developing fetus.

Mild developmental abnormalities have been reported
in children born to women who used cannabis during
pregnancy.” These include developmental delay in the
visual system shortly after birth, and increased tremor
and startle;*” however, no effects were seen at 1 month, or
on ability tests at 6 and 12 months. Behavioural effects
were subsequently reported at 36 and 48 months but not
at 60 and 72 months.*? At 12 years of age, children who
were exposed to cannabis did not differ on full-scale
intelligence quotient (IQ) scores from those not exposed,
but there were small differences in higher cognitive
processes (eg, perceptual organisation and planning).”

Other studies have given mixed results. Tennes and
colleagues® found no differences at 1 year between
children of users and those of non-users. Day and
colleagues® followed up children born to 655 women in
Pittsburgh between 1990 and 1995, and found poorer
performances on memory and verbal skills of the
Stanford-Binet intelligence scale in 3-year-old children of
cannabis users. By 10 years of age, children born to
cannabis users showed increased delinquency and
behavioural problems.*

Postnatal behavioural effects of prenatal cannabis
exposure seem modest.” The causal interpretation of any
such effects is weakened by the inability of these studies
to control for the confounding effects of other drug use
during pregnancy, poor parenting, and genetic factors.”

Chronic effects
With no data for THC and other cannabinoids, chronic
cannabis use has usually been defined as almost daily use
over a period of years. Epidemiological studies cited below
have reported associations between this pattern of
cannabis use during adolescence and various adverse
health outcomes. The major challenge in the interpretation
of these studies is to rule out alternative explanations of
the associations. Cannabis use is highly correlated with
use of alcohol, tobacco, and other illicit drugs, all of which
adversely affect health.* Regular cannabis users also differ
from non-users before they use cannabis in ways that
could affect their risk of some outcomes, especially
behavioural ones.’ Statistical control of confounding has
been used to assess these relations but some
epidemiologists doubt the success of this strategy.®
Cannabis dependence is characterised by impaired
control over cannabis use and difficulty in ceasing use
despite its harms. In Australia, Canada, and the USA,

cannabis dependence is the most common type of drug
dependence after that on alcohol and tobacco.’” It has
affected 1-2% of adults in the past year, and 4-8% of
adults during their lifetime.”” The lifetime risk of
dependence in cannabis users has been estimated at
about 9%,” rising to one in six in those who initiate use in
adolescence.” The equivalent lifetime risks are 32% for
nicotine, 23% for heroin, 17% for cocaine, 15% for alcohol,
and 11% for stimulant users.” Those at highest risk of
cannabis dependence have a history of poor academic
achievement, deviant behaviour in childhood and
adolescence, rebelliousness, poor parental relationships,
or a parental history of drug and alcohol problems.”
Animals and human beings develop tolerance to many
of the effects of THC.® The cannabinoid antagonist
SR141716A causes a withdrawal syndrome in rats, mice,
and dogs that is reversed by THC.” Cannabis users
seeking help to stop report withdrawal symptoms that
include anxiety, insomnia, appetite disturbance, and
depression.® Over the past 20 years, increasing numbers
of people have sought help in the USA, Europe, and
Australia to stop using cannabis.” Some of this escalation
might be explained by increased treatment of users as a
legal requirement; however, a rise has also occurred in
the Netherlands where cannabis use has been
decriminalised.” Cognitive-behavioural therapy reduces
cannabis use and cannabis-related issues, but only 15% of
people remain abstinent 6-12 months after treatment.’
Effects of long-term cannabis smoking on respiratory
function are less clear.” Regular cannabis smokers report
more symptoms of chronic bronchitis (wheeze, sputum
production, and chronic coughs) than do non-smokers.*?
The immunological competence of the respiratory system
in cannabis-only smokers is also impaired, increasing
their health service use for respiratory infections.® A
longitudinal study of 1037 young people in New Zealand
followed until the age of 26 years* found impaired
respiratory function in cannabis-dependent users, but
this finding was not replicated in longer-term follow-up
of US users.* Chronic cannabis smoking did not increase
the risk of emphysema in follow-up studies over 8 years
in cannabis-only smokers in the USA* and New Zealand.*
Cannabis smoke contains many of the same carcinogens
as does tobacco smoke, with some in higher concen-
trations.” It is also mutagenic and carcinogenic in the
mouse skin test, and chronic cannabis smokers show
pathological changes in lung cells that precede the
development of lung cancer in tobacco smokers.*
Epidemiological studies have not consistently reported
increased risks of upper respiratory tract cancers. Sidney
and colleagues® studied cancer incidence in an 8-6-year
follow-up of 64855 members of the Kaiser Permanente
Medical Care Program. They showed no increased risk of
respiratory cancer in current or former cannabis users.
Zhang and colleagues™ reported an increased risk (OR 2)
of squamous cell carcinoma of the head and neck in
cannabis users in 173 cases and 176 controls that persisted
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after adjusting for cigarette smoking, alcohol use, and
other risk factors. Three other case—control studies of these
cancers, however, have failed to find any such association.”

Case—control studies of lung cancer have produced
more consistent associations with cannabis use but their
interpretation is uncertain because of confounding by
cigarette smoking.” A Tunisian case—control study of
110 cases of hospital-diagnosed lung cancer and
110 community controls indicated an association of lung
cancer with cannabis use (OR 8-2) that persisted after
adjustment for cigarette smoking.” A pooled analysis of
three Moroccan case—control studies also showed an
increased risk of lung cancer in cannabis smokers, all of
whom also smoked tobacco.” A New Zealand case—control
study* of lung cancer in 79 adults under the age of
55 years and 324 community controls found a
dose-response relation between frequency of cannabis
use and lung cancer risk. A US case—control study showed
a simple association between cannabis smoking and head
and neck and lung cancers, but these associations were
not significant after controlling for tobacco use.” Larger
cohort and better designed case—control studies are
needed to clarify whether any such risks from chronic
cannabis smoking exist.”

Evidence exists to support the adverse cardiovascular
effects of cannabis use. Cannabis and THC increase
heart rate in a dose-dependent way. These drugs
marginally affect healthy young adults who quickly
develop tolerance,** but concern exists about adults with
cardiovascular disease.”*” A case-crossover study by
Mittleman and colleagues® of 3882 patients who had had
a myocardial infarction showed that cannabis use can
increase the risk of myocardial infarction 4-8 times in
the hour after use. A prospective study of 1913 of these
individuals reported a dose-response relation between
cannabis use and mortality over 3-8 years.” Risk
increased 2-5 times for those who used cannabis less
than once a week to 4- 2 times in those who used cannabis
more than once a week. These findings are supported by
laboratory studies that indicate that smoking cannabis
provokes angina in patients with heart disease.®

CNS effects
Poor cognitive functioning is a risk factor for regular
cannabis use; however, whether chronic cannabis use
impairs cognitive performance is not clear.” Studies that
matched users and non-users on estimated intellectual
function before cannabis use” or on cognitive performance
assessed before cannabis use have found subtle cognitive
impairments in frequent and long-term cannabis users.”
Deficits in verbal learning, memory, and attention are
most consistently reported in heavy cannabis users, but
these have been variously related to duration and
frequency of use, and cumulative dose of THC.® Debate
continues about whether these deficits are caused by
acute drug effects, residual drug effects, or the effects of
cumulative THC exposure.” Whether cognitive function
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recovers after cessation of cannabis use is also unclear.
Solowij” showed partial recovery after 2 years of
abstinence but brain event-related potential measures
still showed impaired information processing that was
correlated with years of use. Bolla and colleagues® found
indications of persistent dose-related impairment in
neurocognitive performance after 28 days of abstinence
in heavy young users (5 years of use) but Pope and
colleagues® reported recovery after 28 days’ abstinence.

Acute and chronic cannabis use is associated with
changes in brain function that can be detected by cerebral
blood flow, positron emission tomography (PET), and
electroencephalography (EEG). Block and colleagues,® for
example, showed that, after 26 h of abstinence, regular
users had lower resting brain blood flow than had controls
in the posterior cerebellum and prefrontal cortex.
Functional imaging studies® have shown less activity in
brain regions involved in memory and attention in chronic
cannabis users than in non-users, even after 28 days of
abstinence.” Changes in cannabinoid receptor activity in
the hippocampus, prefrontal cortex, and cerebellum have
been seen in chronic cannabis users. Yiicel and colleagues®”
reported reduced volumes of the hippocampus and the
amygdala in 15 long-term users who had smoked five or
more joints a day for 10 or more years. These reductions
increased with the duration of use. More functional brain
imaging studies on larger samples of long-term users are
needed to see if cognitive impairments in long-term users
are correlated with structural changes in brain areas
implicated in memory and emotion.

Psychosocial effects

Cannabis use is associated with poor educational
attainment.® However, whether cannabis use is a
contributory cause of poor school performance, is a
consequence of poor educational attainment, or poor
educational attainment is the result of common factors is
unclear.®® The first two possibilities could both be true if
poor school performance increased cannabis use, which
further impaired school performance.

Longitudinal studies have shown a relation between
cannabis use in young individuals before the age of
15 years and early school leaving that has persisted after
adjustment for confounders.” The most plausible
hypothesis is that impaired educational outcomes are
attributable to a combination of higher pre-existing risk,
effects of regular cannabis use on cognitive performance,
increased affiliation with peers who reject school, and a
strong desire to make an early transition into adulthood.®*
Adolescent cannabis users who leave school early are
more likely to be unemployed and depend on social
welfare, and are less satisfied with their lives and their
relationships than are peers in their late 20s.”

Other illicit drug use
In the USA, Australia, and New Zealand, regular cannabis
users were most likely to later use heroin and cocaine, and
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Panel 1: Acute and chronic adverse effects of cannabis use

Acute adverse effects

Anxiety and panic, especially in naive users
Psychotic symptoms (at high doses)
Road crashes if a person drives while intoxicated

Chronic adverse effects

1388

Cannabis dependence syndrome (in around one in ten users)

Chronic bronchitis and impaired respiratory function in regular smokers

Psychotic symptoms and disorders in heavy users, especially those with a history of
psychotic symptoms or a family history of these disorders

Impaired educational attainment in adolescents who are reqular users

Subtle cognitive impairment in those who are daily users for 10 years or more

Panel 2: Possible adverse effects of regular cannabis use
with unknown causal relation

+ Respiratory cancers

« Behavioural disorders in children whose mothers used
cannabis while pregnant

« Depressive disorders, mania, and suicide

« Use of otherillicit drugs by adolescents

the earlier the age at which a young person uses cannabis,
the more likely they are to use heroin and cocaine.” Three
explanations have been given for these patterns of drug
involvement: cannabis users have more opportunities to
use other illicit drugs because cannabis is supplied by the
same black market; those who are early cannabis users are
more likely to use other illicit drugs for reasons that are
unrelated to their cannabis use; and pharmacological
effects of cannabis increase the propensity to use other
illicit drugs.” Young people in the USA who have used
cannabis report more opportunities to use cocaine at an
early age.” Socially deviant young people (who are more
likely to use cocaine and heroin) start using cannabis at an
earlier age than do their peers.” A simulation study” has
shown that the second (common cause) hypothesis, if
true, would reproduce all the associations between
cannabis and other illicit drug use.

The common causal hypothesis has been assessed in
longitudinal studies to see whether cannabis users are
more likely to report heroin and cocaine use after
statistically controlling for confounders.” Adjustment for
confounders  (including unmeasured ones with
fixed-effects regression)” has weakened but not eliminated
the associations between regular cannabis use and the use
of other illicit drugs.” Studies of discordant twins have
tested the hypothesis that the association is explained by a
shared genetic vulnerability to use cannabis and other
illicit drugs. Lynskey and colleagues™ assessed the
association between cannabis and other illicit drug use in
136 monozygotic and 175 dizygotic twin pairs in which
one twin had used cannabis before the age of 17 years, and
the other had not. The twin who had used cannabis was

more likely to have used other illicit drugs than was their
co-twin who had not, and the association persisted after
controlling for non-shared environmental factors.

Animal studies suggest some ways in which the effects
of cannabis could predispose cannabis users to use other
illicit drugs." First, cannabis, cocaine, and heroin all act
on the brain reward centre in the nucleus accumbens.”
Second, the cannabinoid and opioid systems in the brain
interact with each other.®

Cannabis and mental health

Cannabis use has been associated with increased risk
of psychiatric disorders. A 15-year follow-up of
50465 Swedish male conscripts reported that those who
had tried cannabis by age 18 years were 2-4 times more
likely to be diagnosed with schizophrenia than those who
had not.* Risk increased with the frequency of cannabis
use and remained significant after statistical adjustment
for a few confounding variables. Those who had used
cannabis ten or more times by 18 years of age were
2-3 times more likely to be diagnosed with schizophrenia
than those who had not. Zammit and colleagues®
reported a 27-year follow-up of the same cohort. These
investigators also showed a dose-response relation
between frequency of cannabis use in individuals aged
18 years and risk of schizophrenia during the follow-up,
and this association persisted after controlling for the
effects of other confounding factors. They estimated that
13% of schizophrenia cases could be averted if cannabis
use was prevented. These findings have been supported
by longitudinal studies in the Netherlands,® Germany,*
and New Zealand,®* all of which indicated that the
association persisted after adjustment for confounders.

A meta-analysis of these longitudinal studies reported a
pooled OR of 1-4 (95% CI 1-20-1-65) of psychotic
symptoms or psychotic disorders in those who had ever
used cannabis.” Risk of psychotic symptoms or disorders
was higher in regular users than in non-users (OR 2-09,
95% CI 1-54-2-84). Reverse causation was addressed in
most of these studies by exclusion of cases reporting
psychotic symptoms at baseline or by statistically adjusting
for pre-existing psychotic symptoms. The common causal
hypothesis was difficult to exclude because the association
between cannabis use and psychosis was attenuated after
statistical adjustment for potential confounders, and no
study assessed all major confounders.

Evidence is conflicting on whether incidence of schizo-
phrenia increases as cannabis use increases in young
adults, as would be expected if the association was causal.
An Australian study*® did not show clear evidence of
increased psychosis incidence despite steep increases in
cannabis use during the 1980s and 1990s. A similar study®
suggested that it was too early to see any increased inci-
dence in England and Wales in the 1990s. A British* and a
Swiss study” reported increases in the incidence of
psychoses in recent birth cohorts but another British study
failed to do so.”
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Non-consistent and weak associations have been reported
between cannabis use and depression. Fergusson and
Horwood,” for example, found a dose-response relation
between frequency of cannabis use in individuals
aged 16 years and depressive disorder, but the association
was not significant after adjusting for confounders. A
meta-analysis of these studies” reported an association
between cannabis use and depressive disorders (OR 1-49,
95% CI 1-15-1-94). The investigators argued, however, that
these studies had not controlled for confounders and had
not convincingly excluded the possibility that depressed
young people are more likely to use cannabis.

Several case—control studies have shown a relation
between cannabis use and suicide in adolescents, but
whether this is causal is unclear. For example, a New
Zealand case—control study” of serious suicide attempts
resulting in hospitalisation found that 16% of the
302 people attempting suicide met criteria for cannabis
dependence or abuse compared with 2% of the
1028 community controls. Controlling for social disadvan-
tage, depression, and alcohol dependence substantially
reduced, but did not eliminate, the association (OR 2).

The evidence from prospective studies is mixed.
Fergusson and Horwood,” for example, found a dose—
response relation between frequency of cannabis use in
individuals aged 16 years and a self-reported suicide
attempt, but the association did not persist after
controlling for confounders. Patton and colleagues”
reported that cannabis was associated with self-harmful
behaviour in women but not in men, after controlling for
depression and alcohol use. A meta-analysis¥ reported
that these studies were too heterogeneous to estimate
risk, and few had excluded reverse causation or properly
controlled for confounding.

Increased THC content in cannabis products
Concerns have been expressed over the past 20 years
about putative increases in the potency of cannabis
products,” which recent studies suggest may have
occurred during the late 1990s.* It is unclear whether
increased THC content has been accompanied by any
changes in CBD content. Any health effects of increased
potency depend on whether users are able and willing to
titrate their dose of THC, and might also vary with the
experience of users. A high THC content can increase
anxiety, depression, and psychotic symptoms in naive
users, while increasing the risk of dependence and
psychotic symptoms if regular users do not titrate their
dose. Adverse effects on respiratory and cardiovascular
systems could be reduced if regular users titrate the dose
of THC and reduce the amount they smoke. Increased
potency could also increase the risk of road traffic crashes
if users drive while heavily intoxicated.’

Conclusions

Acute adverse effects of cannabis use include anxiety and
panic in naive users, and a probable increased risk of
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accidents if users drive while intoxicated (panel 1). Use
during pregnancy could reduce birthweight, but does not
seem to cause birth defects. Whether cannabis contributes
to behavioural disorders in the offspring of women who
smoked cannabis during pregnancy is uncertain.

Chronic cannabis use can produce a dependence
syndrome in as many as one in ten users. Regular users
have a higher risk of chronic bronchitis and impaired
respiratory function, and psychotic symptoms and
disorders, most probably if they have a history of psychotic
symptoms or a family history of these disorders. The
most probable adverse psychosocial effect in adolescents
who become regular users is impaired educational
attainment. Adolescent regular cannabis users are more
likely to use other illicit drugs, although the explanation
of this association remains contested. Regular cannabis
use in adolescence might also adversely affect mental
health in young adults, with the strongest evidence for an
increased risk of psychotic symptoms and disorders.

Some other adverse effects are associated with regular
cannabis use (panel 2), but whether they are causal is not
known because of the possible confounding effects of
other drugs (tobacco for respiratory cancers; tobacco,
alcohol, and other drugs for behavioural disorders in
children whose mothers smoked cannabis during
pregnancy). In the case of depressive disorders and
suicide, the association with cannabis is uncertain. For
cognitive performance, the size and reversibility of the
impairment remain unclear. The focus of epidemiological
and clinical research should be on clarifying the causative
role of cannabis for these adverse health effects.

The public health burden of cannabis use is probably
modest compared with that of alcohol, tobacco, and other
illicit drugs. A recent Australian study” estimated that
cannabis use caused 0-2% of total disease burden in
Australia—a country with one of the highest reported
rates of cannabis use. Cannabis accounted for 10% of the
burden attributable to all illicit drugs (including heroin,
cocaine, and amphetamines). It also accounted for around
10% of the proportion of disease burden attributed to
alcohol (2-3%), but only 2-5% of that attributable to
tobacco (7-8%).

Contributors

Wayne Hall and Louisa Degenhardt identified key publications, and
jointly wrote and revised the review.

Conflicts of interest
We declare that we have no conflicts of interest.

Acknowledgments

We thank Sarah Yeates for assistance in searching publications and
preparing this report; Bianca Calabria for her assistance in identifying
publications on the adverse health effects of cannabis and her comments
on an early draft; Amanda Feilding for suggesting an update of the
review of the adverse health effects and for comments on the report; and
Robin Room for his contributions to the report that was undertaken for
the Beckley Foundation. This report is the updated version of a review
originally funded by the Commonwealth Department of Health and
Ageing in Australia in 1994, subsequently updated in 2001 and 2003.
Funding for this report was provided by the Beckley Foundation (WH),
an NHMRC Australia Fellowship (WH), the National Drug and Alcohol

1389



Review

1390

Research Centre, University of New South Wales (LD), and WHO as part
of a study of the contribution of illicit drug use to the global burden of
disease (LD and WH). The views expressed are solely those of the
authors. None of the funding bodies influenced the decision to publish
or had any editorial control over the content of the report.

References

1 Abel EL. Marihuana: the first twelve thousand years. New York:
Plenum Press, 1980.

2 Hall WD, Degenhardt L. Prevalence and correlates of cannabis use
in developed and developing countries. Curr Opin Psychiatry 2007;
20: 393-97.

3 UNODC. World drug report 2006. Volume 1: analysis. Vienna:
United Nations Office on Drugs and Crime, 2006.

4 UNODC. World drug report 2008. Vienna: United Nations Office on
Drugs and Crime, 2007,

5  Hall WD, Pacula RL. Cannabis use and dependence: public health
and public policy. Cambridge, UK: Cambridge University Press, 2003.

6 Bachman JG, Wadsworth KN, O’Malley PM, Johnston LD,
Schulenberg J. Smoking, drinking, and drug use in young
adulthood: the impacts of new freedoms and new responsibilities.
Mahwah, NJ: Lawrence Erlbaum, 1997.

7 WHO Programme on Substance Abuse. Cannabis: a health
perspective and research agenda. Geneva: Division of Mental
Health and Prevention of Substance Abuse, World Health
Organization, 1997 http://whqlibdoc.who.int/hq/1997/WHO_MSA_
PSA_974.pdf (accessed June 26, 2008).

8  Green B, Kavanagh D, Young R. Being stoned: a review of
self-reported cannabis effects. Drug Alcohol Rev 2003; 22: 453—60.

9  Iversen L. The science of marijuana. 2nd edn. Oxford: Oxford
University Press, 2008.

10 Wachtel SR, ElSohly MA, Ross SA, Ambre |, de Wit H.
Comparison of the subjective effects of
Delta(9)-tetrahydrocannabinol and marijuana in humans.
Psychopharmacology (Berl) 2002; 161: 331-39.

11 Murray RM, Morrison PD, Henquet C, Di Forti M. Cannabis, the
mind and society: the hash realities. Nat Rev Neurosci 2007;

8: 885-95.

12 Chang L, Chronicle EP. Functional imaging studies in cannabis
users. Neuroscientist 2007; 13: 422-32.

13 ElSohly MA. Quarterly report: December 16, 2007 thru March 15,
2008. University, MS: National Center for Natural Products
Research, University of Mississippi, 2008. Potency Monitoring
Project Report 100.

14 McLaren J, Swift W, Dillon P, Allsop S. Cannabis potency and
contamination: a review of the literature. Addiction 2008;

103: 1100-09.

15  Gable RS. Comparison of acute lethal toxicity of commonly abused
psychoactive substances. Addiction 2004; 99: 686-96.

16 Ramaekers JG, Berghaus G, van Laar M, Drummer OH. Dose
related risk of motor vehicle crashes after cannabis use.

Drug Alcohol Depend 2004; 73: 109-19.

17 Solowij N. Cannabis and cognitive functioning. Cambridge, UK:
Cambridge University Press, 1998.

18  Smiley A. Marijuana: on road and driving simulator studies. In:
Kalant H, Corrigall W, Hall WD, Smart R, eds. The health effects of
cannabis. Toronto: Centre for Addiction and Mental Health, 1999:
171-91.

19 Robbe HW]. Influence of marijuana on driving. PhD thesis,
Maastricht: Institute for Human Psychopharmacology, University
of Limberg, 1994.

20 Gerberich SG, Sidney S, Braun BL, Tekawa IS, Tolan KK,
Quesenberry CP. Marijuana use and injury events resulting in
hospitalization. Ann Epidemiol 2003; 13: 230-37.

21 Mura P, Kintz P, Ludes B, et al. Comparison of the prevalence of
alcohol, cannabis and other drugs between 900 injured drivers and
900 control subjects: results of a French collaborative study.
Forensic Sci Int 2003; 133: 79-85.

22 Drummer OH, Gerostamoulos ], Batziris H, et al. The involvement
of drugs in drivers of motor vehicles killed in Australian road traffic
crashes. Accid Anal Prev 2004; 36: 239-48.

23 Laumon B, Gadegbeku B, Martin JL, Biecheler MB. Cannabis
intoxication and fatal road crashes in France: population based
case-control study. BMJ 2005; 331: 1371.

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

43

45

47

Grotenhermen F, Leson G, Berghaus G, et al. Developing limits for
driving under cannabis. Addiction 2007; 102: 1910-17.

Bloch E. Effects of marijuana and cannabinoids on reproduction,
endocrine function, development, and chromosomes. In: Fehr K,
Kalant H, eds. Cannabis and health hazards. Toronto: Addiction
Research Foundation, 1983: 355-432.

Forrester MB, Merz RD. Risk of selected birth defects with prenatal
illicit drug use, Hawaii, 1986-2002. J Toxicol Environ Health A 2007;
70:7-18.

Eyler FD, Behnke M. Early development of infants exposed to drugs
prenatally. Clin Perinatol 1999; 26: 107-50.

Tennes K, Aritable N, Blackard C, et al. Marihuana: prenatal and
postnatal exposure in the human. In: Pinkert T, ed. Current
research on the consequences of maternal drug abuse. Rockville,
MD: US Department of Health and Human Services, 1985: 48-60.
Zuckerman B, Frank DA, Hingson R, et al. Effects of maternal
marijuana and cocaine use on fetal growth. N Engl | Med 1989;

320: 762—68.

Fergusson DM, Horwood L], Northstone K. Maternal use of cannabis
and pregnancy outcome. Br J Obstet Gynaecol 2002; 109: 21-27.
English D, Hulse G, Milne E, Holman C, Bower C. Maternal
cannabis use and birth weight: a meta-analysis. Addiction 1997;

92: 1553-60.

Fried PA, Smith AR. A literature review of the consequences of
prenatal marihuana exposure: an emerging theme of a deficiency in
aspects of executive function. Neurotoxicol Teratol 2001; 23: 1-11.
Day NL, Richardson GA, Goldschmidt L, et al. Effect of prenatal
marijuana exposure on the cognitive development of offspring at
age three. Neurotoxicol Teratol 1994; 16: 169-75.

Goldschmidt L, Day NL, Richardson GA. Effects of prenatal
marijuana exposure on child behavior problems at age 10.
Neurotoxicol Teratol 2000; 22: 325-36.

Huizink AC, Mulder E]J. Maternal smoking, drinking or cannabis use
during pregnancy and neurobehavioral and cognitive functioning in
human offspring. Neurosci Biobehav Rev 2006; 30: 24-41.

Macleod J, Oakes R, Copello A, et al. Psychological and social
sequelae of cannabis and other illicit drug use by young people:

a systematic review of longitudinal, general population studies.
Lancet 2004; 363: 1579-88.

Anthony JC. The epidemiology of cannabis dependence. In:
Roffman RA, Stephens RS, eds. Cannabis dependence: its nature,
consequences and treatment. Cambridge, UK: Cambridge
University Press, 2006: 58-105.

Anthony JC, Warner L, Kessler R. Comparative epidemiology

of dependence on tobacco, alcohol, controlled substances and
inhalants: basic findings from the National Comorbidity Survey.
Exp Clin Psychopharmacol 1994; 2: 244-68.

Lichtman AH, Martin BR. Cannabinoid tolerance and dependence.
Handb Exp Pharmacol 2005; 168: 691-717.

Budney AJ, Hughes JR. The cannabis withdrawal syndrome.

Curr Opin Psychiatry 2006; 19: 233-38.

Dutch National Alcohol and Drug Information System. Treatment
demand of cannabis clients in outpatient addiction care in the
Netherlands (1994-2001). LADIS Bulletin 2004.

Tetrault JM, Crothers K, Moore BA, Mehra R, Concato J, Fiellin DA.
Effects of marijuana smoking on pulmonary function and
respiratory complications: a systematic review. Arch Intern Med
2007; 167: 221-28.

Tashkin DP, Baldwin GC, Sarafian T, Dubinett S, Roth MD.
Respiratory and immunologic consequences of marijuana smoking.
J Clin Pharmacol 2002; 42: 71S-81S.

Taylor DR, Fergusson DM, Milne BJ, et al. A longitudinal study of
the effects of tobacco and cannabis exposure on lung function in
young adults. Addiction 2002; 97: 1055-61.

Tashkin DP. Smoked marijuana as a cause of lung injury.

Monaldi Arch Chest Dis 2005; 63: 93-100.

Aldington S, Williams M, Nowitz M, et al. Effects of cannabis on
pulmonary structure, function and symptoms. Thorax 2007;

62: 1058-63.

Moir D, Rickert WS, Levasseur G, et al. A comparison of
mainstream and sidestream marijuana and tobacco cigarette smoke
produced under two machine smoking conditions. Chem Res Toxicol
2008; 21: 494-502.

www.thelancet.com Vol 374 October 17,2009



Review

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Tashkin DP. Effects of cannabis on the respiratory system. In:
Kalant H, Corrigall W, Hall WD, Smart R, eds. The health effects of
cannabis. Toronto: Centre for Addiction and Mental Health, 1999:
311-45.

Sidney S, Quesenberry CP, Jr, Friedman GD, Tekawa IS. Marijuana
use and cancer incidence (California, United States).

Cancer Causes Control 1997; 8: 722-28.

Zhang ZF, Morgenstern H, Spitz MR, et al. Marijuana use and
increased risk of squamous cell carcinoma of the head and neck.
Cancer Epidemiol Biomarkers Prev 1999; 8: 1071-78.

Hashibe M, Straif K, Tashkin DP, Morgenstern H, Greenland S,
Zhang ZF. Epidemiologic review of marijuana use and cancer risk.
Alcohol 2005; 35: 265-75.

Mehra R, Moore BA, Crothers K, Tetrault ], Fiellin DA. The
association between marijuana smoking and lung cancer:

a systematic review. Arch Intern Med 2006; 166: 1359-67.

Berthiller J, Straif K, Boniol M, et al. Cannabis smoking and risk of
lung cancer in men: a pooled analysis of three studies in Maghreb.
J Thorac Oncol 2008; 3: 1398-403.

Aldington S, Harwood M, Cox B, et al. Cannabis use and risk of
lung cancer: a case-control study. Eur Respir ] 2008; 31: 280-86.
Hashibe M, Morgenstern H, Cui Y, et al. Marijuana use and the risk
of lung and upper aerodigestive tract cancers: results of a
population-based case-control study. Cancer Epidemiol

Biomarkers Prev 2006; 15: 1829-34.

Jones RT. Cardiovascular system effects of marijuana.

] Clin Pharmacol 2002; 42: 585-63S.

Sidney S. Cardiovascular consequences of marijuana use.

J Clin Pharmacol 2002; 42: 64S-70S.

Mittleman MA, Lewis RA, Maclure M, Sherwood ]B, Muller JE.
Triggering myocardial infarction by marijuana. Circulation 2001;
103: 2805-09.

Mukamal K], Maclure M, Muller JE, Mittleman MA. An exploratory
prospective study of marijuana use and mortality following acute
myocardial infarction. Am Heart J 2008; 155: 465-70.

Gottschalk L, Aronow W, Prakash R. Effect of marijuana and
placebo-marijuana smoking on psychological state and on
psychophysiological and cardiovascular functioning in angina
patients. Biol Psychiatry 1977; 12: 255-66.

Block RI, O’Leary DS, Hichwa RD, et al. Effects of frequent
marijuana use on memory-related regional cerebral blood flow.
Pharmacol Biochem Behav 2002; 72: 237-50.

Solowij N, Stephens RS, Roffman RA, et al. Cognitive functioning
of long-term heavy cannabis users seeking treatment. JAMA 2002;
287: 1123-31.

Bolla KI, Brown K, Eldreth D, Tate K, Cadet JL. Dose-related
neurocognitive effects of marijuana use. Neurology 2002; 59: 1337-43.
Pope HG, Gruber AJ, Hudson JI, Huestis MA, Yurgelun-Todd D.
Neuropsychological performance in long-term cannabis users.
Arch Gen Psychiatry 2001; 58: 909-15.

Block RI, O’Leary DS, Hichwa RD, et al. Cerebellar hypoactivity in
frequent marijuana users. Neuroreport 2000; 11: 749-53.

Quickfall J, Crockford D. Brain neuroimaging in cannabis use:

a review. | Neuropsychiatry Clin Neurosci 2006; 18: 318-32.

Yiicel M, Solowij N, Respondek C, et al. Regional brain
abnormalities associated with long-term heavy cannabis use.

Arch Gen Psychiatry 2008; 65: 694-701.

Lynskey MT, Hall WD. The effects of adolescent cannabis use on
educational attainment: a review. Addiction 2000; 96: 433-43.
Ellickson P, Bui K, Bell R, McGuigan KA. Does early drug use
increase the risk of dropping out of high school? ] Drug Issues 1998;
28: 357-80.

Fergusson DM, Boden JM. Cannabis use and later life outcomes.
Addiction 2008; 103: 969-76; discussion 77-78.

Kandel DB. Stages and pathways of drug involvement: examining the
gateway hypothesis. New York: Cambridge University Press, 2002.
Wagner FA, Anthony JC. Into the world of illegal drug use: exposure
opportunity and other mechanisms linking the use of alcohol,
tobacco, marijuana, and cocaine. Am J Epidemiol 2002; 155: 918-25.
Fergusson DM, Boden JM, Horwood L]. The developmental
antecedents of illicit drug use: evidence from a 25-year longitudinal
study. Drug Alcohol Depend 2008; 96: 165-77.

www.thelancet.com Vol 374 October 17,2009

74

75

76

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

Morral AR, McCaffrey DF, Paddock SM. Reassessing the marijuana
gateway effect. Addiction 2002; 97: 1493-504.

Lessem JM, Hopfer CJ, Haberstick BC, et al. Relationship between
adolescent marijuana use and young adult illicit drug use.

Behav Genet 2006; 36: 498-506.

Fergusson DM, Boden JM, Horwood L]. Cannabis use and other
illicit drug use: testing the cannabis gateway hypothesis. Addiction
2006; 101: 556—69.

Hall WD, Lynskey MT. Is cannabis a gateway drug? Testing
hypotheses about the relationship between cannabis use and the
use of other illicit drugs. Drug Alcohol Rev 2005; 24: 39-48.

Lynskey MT, Heath AC, Bucholz KK, Slutske WS. Escalation of
drug use in early-onset cannabis users vs co-twin controls. JAMA
2003; 289: 427-33.

Gardner E. Cannabinoid interaction with brain reward systems. In:
Nahas GG, Sutin K, Harvey D, Agurell S, eds. Marihuana and
medicine. Towa, NJ: Humana Press, 1999: 187-205.

Manzanares J, Corchero J, Romero J, Fernandez-Ruiz JJ,

Ramos JA, Fuentes JA. Pharmacological and biochemical
interactions between opioids and cannabinoids. Trends Pharmacol
Sci 1999; 20: 287-94.

Andréasson S, Engstrom A, Allebeck P, Rydberg U. Cannabis and
schizophrenia: a longitudinal study of Swedish conscripts. Lancet
1987; 2: 1483-86.

Zammit S, Allebeck P, Andréasson S, Lundberg I, Lewis G. Self
reported cannabis use as a risk factor for schizophrenia in
Swedish conscripts of 1969: historical cohort study. BM] 2002;
325: 1199-201.

van Os ], Bak M, Hanssen M, Bijl RV, de Graaf R, Verdoux H.
Cannabis use and psychosis: a longitudinal population-based study.
Am ] Epidemiol 2002; 156: 319-27.

Henquet C, Krabbendam L, Spauwen J, et al. Prospective cohort
study of cannabis use, predisposition for psychosis, and psychotic
symptoms in young people. BMJ 2004; 330: 11.

Arseneault L, Cannon M, Poulton R, Murray R, Caspi A, Moffitt TE.
Cannabis use in adolescence and risk for adult psychosis:
longitudinal prospective study. BMJ 2002; 325: 1212-13.

Fergusson DM, Horwood L], Swain-Campbell NR. Cannabis
dependence and psychotic symptoms in young people. Psychol Med
2003; 33: 15-21.

Moore TH, Zammit S, Lingford-Hughes A, et al. Cannabis use and
risk of psychotic or affective mental health outcomes: a systematic
review. Lancet 2007; 370: 319-28.

Degenhardt L, Hall WD, Lynskey MT. Testing hypotheses about the
relationship between cannabis use and psychosis.

Drug Alcohol Depend 2003; 71: 37-48.

Hickman M, Vickerman P, Macleod ], Kirkbride J, Jones PB.
Cannabis and schizophrenia: model projections of the impact of
the rise in cannabis use on historical and future trends in
schizophrenia in England and Wales. Addiction 2007;

102: 597-606.

Boydell ], van Os ], Caspi A, et al. Trends in cannabis use prior to
first presentation with schizophrenia, in South-East London
between 1965 and 1999. Psychol Med 2006; 36: 1441-46.
Ajdacic-Gross V, Lauber C, Warnke I, Haker H, Murray RM,
Rossler W. Changing incidence of psychotic disorders among the
young in Zurich. Schizophr Res 2007; 95: 9-18.

Advisory Council on the Misuse of Drugs. Cannabis: classification
and public health. London: Home Office, 2008. http://drugs.
homeoffice.gov.uk/ (accessed June 26, 2008).

Fergusson DM, Horwood LJ. Early onset cannabis use and
psychosocial adjustment in young adults. Addiction 1997;

92: 279-96.

Beautrais AL, Joyce PR, Mulder RT. Cannabis abuse and serious
suicide attempts. Addiction 1999; 94: 1155-64.

Patton GC, Harris JB, Schwartz M, Bowes G. Adolescent suicidal
behaviors: a population-based study of risk. Psychol Med 1997;
27:715-24.

Begg S, Vos T, Barker B, Stanley L, Lopez AD. The burden of
disease and injury in Australia 2003. Canberra: Australian Institute
of Health and Welfare, 2007, http://www.aihw.gov.
au/publications/index.cfm/title/10317 (accessed June 26, 2008).

1391



	Adverse health effects of non-medical cannabis use
	Introduction
	Pattern of cannabis use
	Cannabis
	Health effects of cannabis
	Acute effects
	Reproductive effects
	Chronic effects
	CNS effects
	Psychosocial effects

	Other illicit drug use
	Cannabis and mental health
	Increased THC content in cannabis products
	Conclusions
	Acknowledgments
	References


