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1. Toxicology

Most of the evidence for possible toxicity associated with cannabis use comes from observational,
population-based studies, which are not as rigorous as the placebo-controlled, randomized—controlled
trials (RCTs) used to evaluate therapeutic efficacy. The limitations of observational, population-based
studies must be kept in mind when evaluating the possible toxicity of cannabis. Such studies are limited by
multiple confounders and an inability to produce evidence from which to unequivocally infer causation. In
addition, most of the available evidence of adverse effects involves cannabis use within an illegal,
recreational context, where the cannabis that is self-administered is of unregulated quality and is
administered by smoke inhalation. The increasing use of medicinal cannabis, particularly of regulated
cannabis products that are consumed orally, will provide future opportunities to assess whether toxic

effects of cannabis are minimized in the context of medicinal use.

1.1 Lethal dose

Cannabis is not associated with acute fatal overdoses. A recent consensus report by the National
Academies of Science, Engineering and Medicine (NASEM) concluded that there is insufficient evidence to
support or refute associations between cannabis use and increased risk of all-cause mortality and
overdose lethality in humans (1). Lethality studies in animals show the doses needed to induce mortality
are well beyond what could possibly be consumed by a human (2) - see Report 3 for specific data on lethal

doses in animals for the main psychoactive constituent of cannabis, A9-tetrahydrocannabinol (A9-THC).

1.2 Effects on the cardiovascular system

Cannabis ingestion acutely promotes transient tachycardia and increased supine blood pressure in
humans (1, 3) (also see Report 3 for the specific effects of purified A9-THC on cardiovascular function).
With repeated exposure, tolerance develops to these effects, and, in some instances, repeated cannabis

exposure lowers blood pressure and heart rate beneath the baseline (4).

There is an uncertain association between cannabis use and heart attack but any association appears at
best to be weak (1). A study of 3882 patients with acute myocardial infarction found that six of the
patients had used cannabis 1 hour prior to the myocardial infarction event, resulting in a relative risk of
3.2 (6). However, a more recent larger scale study of 2 451 933 patients with acute myocardial infarction
showed that recreational cannabis use caused only a small, yet significant increase in the risk of
myocardial infarction (odds ratio (OR) = 1.03) (7). However, cannabis use was associated with a reduced

risk of atrial fibrillation in a recent population study (OR = 0.87) (8). Smoked cannabis may decrease the
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latency to exercise-induced angina in angina pectoris patients, most likely due to carbon monoxide in the

smoke decreasing blood oxygenation and increasing cardiac ischaemia (5).

There is some limited population evidence to suggest that smoking cannabis increases the risk of
ischaemic stroke, although it is hard to disentangle the contribution of tobacco smoking in this association
(1, 9). When novel drug delivery modes other than smoking become more widely available (e.g.
vaporization, sublingual or oral administration), associations between cannabis use and cardiovascular
events may become less pronounced, or even absent. It is noteworthy that cannabis vapour contains less
carbon monoxide than cannabis smoke. It has been reported that there was almost no carbon monoxide

in cannabis vapour, whereas there was close to 5 ppm of carbon monoxide in cannabis smoke (10).

1.3 Effects on the respiratory system

Smoking has traditionally been the predominant route of cannabis administration as it enables efficient
cannabinoid uptake by the lungs and rapid distribution to the CNS. Regular cannabis users may experience
higher rates of chronic bronchitis (cough, increased sputum production, wheezy airways). This is due to
the irritant effects of smoking on the airways, rather than cannabinoids per se damaging the airways (1,
9). Cannabis smoking acutely improves airway dynamics and forced expiratory capacity due to the
bronchodilatory effects of A9-THC (also see Report 3 for the specific effects of purified A9-THC on
respiratory function) (11). The largest study to date on cannabis and respiratory function followed 5000
people over 20 years and reported a dose—response relationship: those using low levels of cannabis (3-5
joints per month) had improved respiratory function, whereas respiratory function in heavy users was
impaired (12). Increasing use of vaporizers and other non-smoking modes of delivery is likely to reduce

respiratory complications associated with cannabis as suggested by a recent study (13).

1.4 Effects on the immune system

There is a wealth of data from studies on cells and animals supporting the notion that cannabinoids have
immunosuppressant and anti-inflammatory effects (14). However, there are only limited data from
studies in humans, although these studies do support anti-inflammatory effects (1). For example, one
study of 20 cannabis users showed that they had lower CD4+ T-cell concentrations of interleukin (IL)-17 (a
pro-inflammatory cytokine) and an increase in IL-10 (an anti-inflammatory cytokine) relative to controls
(15). Studies assessing the effects of cannabis in immunocompromised HIV patients have not
demonstrated any clinically meaningful adverse effects on immune function and susceptibility to

infection, although the data are limited (1).



lllicit and unregulated cannabis may sometimes be contaminated with various microbes including
Staphylococcus aureus, Escherichia coli and Aspergillus. Aspergillus is a fungus that can cause pulmonary
aspergillosis, which is potentially lethal to immunocompromised patients (16). Many cases of aspergillosis
have been documented in cannabis users (16, 17). In countries such as the Netherlands, where there is a
government-regulated cannabis supply, the cannabis flower products are treated (often with gamma
irradiation) to remove microbial contamination to a pharmaceutically acceptable level, obviating this issue

(18).

1.5 Mutagenicity and cancer

A wealth of preclinical literature demonstrates that cannabinoids reduce cancer cell proliferation,
inducing apoptosis in these cells, as well as inhibiting cancer cell migration and angiogenesis in numerous
cancer cell types (19). There is moderately strong epidemiological evidence that cannabis use does not
increase the risk of cancers of the lung, head and neck (reviewed in (1)). A systematic review of six case—
control studies on 2159 lung cancer patients and 2985 controls found a statistically nonsignificant trend
towards cannabis smoking (> 1 joint per day) increasing lung cancer risk (20). A systematic review and
meta-analysis of nine case—control studies comparing 5732 patients with head and neck cancer with 8199
controls found cannabis use did not increase the risk of head and neck cancers (including upper head and
neck squamous cell carcinoma, and upper digestive tract, nasopharyngeal and oral cavity cancers) (21).
Cannabis smoking has been reported to increase the risk of testicular cancer 2.5-fold (22-24). Any
association between cannabis use and cancer reported in epidemiological studies is confounded by the
act of smoking, as pyrolysed plant material typically contains carcinogens. Again, the development of safer
cannabis drug delivery technologies may well mitigate cancer risks by avoiding smoke inhalation during

delivery.

1.6 Fertility and teratogenesis

There is strong population-based evidence that illicit cannabis smoking during pregnancy reduces the
birthweight of offspring (1). A recent systematic review and meta-analysis showed that maternal cannabis
users gave birth to babies with birthweights on average 109 g lower than non-cannabis-using mothers
(25). Whether the lower birthweights can be specifically attributed to cannabinoids is unclear. It might be
explained by the ingestion of carbon monoxide in cannabis smoke (1). Animal studies confirm that
maternal exposure to A9-THC reduces birthweights, albeit only at very high doses (see Report 3 on A9-
THC). There is limited evidence that cannabis use increases pregnancy complications such as stillbirth,

spontaneous abortion and fetal distress (reviewed in (1)). One study examining 13 859 cases and 6556



controls found an association between cannabis use (for 1 month prior to pregnancy through to the third
trimester) and birth defects. There was a significantly increased risk of: anencephaly (OR = 2.2),
oesophageal atresia (OR = 1.4), diaphragmatic hernia (OR = 1.4) and gastroschisis (OR = 1.2) (26). At
present, there is insufficient evidence to determine whether in exposure to cannabis in utero is associated
with impaired cognitive development or propensity to substance abuse, although some preclinical

research with A9-THC suggests this (1).

1.7 Effects on cognitive function

Acute cannabis use impairs certain types of cognitive function and can interfere with attention, learning
and memory (reviewed in (1)). A modest proportion of people who start using cannabis in adolescence
and consume the drug for decades, show reductions in IQ (as much as an 8-point reduction in those who
started as early as 13 years and had used it to the age of 38 years) (29). However, those who had
commenced cannabis use in early adulthood and had been abstinent for a year did not display any

reduction in 1Q, suggesting a lack of residual effects.

A recent systematic review and meta-analysis of 69 cross-sectional studies with 2152 cannabis users and
6575 controls found only a small effect size for reduced cognitive functioning in frequent or heavy
cannabis users (30). Given the small effect size, the study’s authors questioned the clinical significance of
such cognitive impairments for the majority of cannabis users. No relationship could be found between
the age of onset of cannabis use and cognitive function. Furthermore, no association between cannabis
use and reduced cognitive function could be found in studies with a greater than 72-hour abstinence
period, suggesting that the effects of cannabis use on cognition were reversible. Reductions in the odds of
completing high school have been associated with adolescent cannabis use, but the evidence is
contentious due to numerous confounders (gender, socioeconomic status, education, polydrug abuse) (1,

31).

Some studies, involving small numbers of participants, have reported structural abnormalities in brain
regions important to cognitive function, mood and reward (32-34). However, such effects appear to be
absent in larger studies that controlled for confounders such as alcohol use, tobacco use, gender, age and

other variables (35, 36).



1.8 Mental health

A frequently cited adverse effect of cannabis use is increased risk of psychosis, where the user
experiences disordered thinking, hallucinations and delusions. There are frequent reports of acute
cannabis intoxication precipitating a short-lasting psychotic state that reverses once the effects of the
drug have abated (37). Human population studies have linked cannabis use to schizophrenia, which is
characterized by hallucinations, delusions and cognitive dysfunction, with cannabis increasing the risk of
developing the disorder by around 2-fold (1, 37). The relationship between cannabis use and risk of
schizophrenia appears to be dose-dependent: heavier cannabis use increases the risk of developing
schizophrenia (1). There is also some evidence that cannabis use during adolescence may bring forward
the age of schizophrenia onset (38). It has been argued that reducing the incidence of cannabis-induced
schizophrenia would be difficult, because it has been estimated that 4700 young people would need to be

dissuaded from cannabis use to prevent a single case of schizophrenia (42).

The argument that cannabis causes schizophrenia is contentious, however, as some have observed that
sharp increases in global cannabis use in recent decades has not increased the incidence of schizophrenia
(39). However, other studies have linked increased prevalence of cannabis use in specific localities with

increased incidence of schizophrenia (40, 41).

Importantly, most of the evidence that cannabis causes schizophrenia comes from studies of during-
adolescence users, and adolescence is the period of highest risk for developing schizophrenia. The rates of
cannabis-induced psychosis may be lower in patients who commence cannabis use in adulthood. The vast
majority of people who use cannabis will never develop a psychotic disorder, and those who do are likely

to have some genetic vulnerability to cannabis-induced psychosis (43).

The NASEM report on cannabis noted moderate evidence that cannabis use increases manic symptoms in
bipolar disorder patients; the risk of developing depression (albeit a small increased risk); suicidal
ideation, suicide attempts and completions in heavy users; and, the development of social anxiety

disorders (1).

1.9 Driving under the influence of drugs

There is an array of evidence to support the idea that people driving under the influence of cannabis are
more likely to be involved in a car accident (reviewed in (1)), although the level of risk is generally not as
great as with alcohol (31). A large systematic review that incorporated results for 239 739 participants

from 21 case—control and culpability studies in 13 countries, showed that cannabis use caused a low-to-
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moderate (20-30%) increase of being in an accident (1, 44). The relatively low risk may be due to cannabis
users overestimating their level of impairment and recruiting strategies to compensate for the effects of
cannabis on their driving performance (45). By contrast, alcohol-intoxicated individuals underestimate
their level of impairment. Laboratory studies show that cannabis acutely impairs certain types of cognitive
function and psychomotor skills and can diminish driving performance under certain conditions (46, 47).
These cognitive and performance deficits are less apparent in experienced cannabis users due to
tolerance, and may even be absent (48). Some studies suggest that drivers under the influence of
cannabis drive more slowly, make fewer attempts to overtake, and leave greater distances between
themselves and the vehicle in front (49). However, other studies have shown that cannabis use impairs
reaction time, lane control, speedometer monitoring, hand and body steadiness and braking time as well

as promoting inappropriate responses in an emergency scenario (50-53).
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2. Adverse reactions in humans

Cannabis consumption causes euphoria, laughter and talkativeness. It is an appetite stimulant, and may
promote dry mouth and dizziness as well as increasing visual, olfactory and auditory perceptions (1, 54,
55). Conjunctival reddening occurs, due to vasodilation of blood vessels in the eyes. Time perception may
be altered and some users may experience anxiety and panic reactions (56). Cannabis intoxication can
impair attention and short-term memory function (57) and can precipitate psychotic reactions in
vulnerable individuals (58). The pharmacological effects of cannabis are subject to tolerance following
repeated exposure and therefore many of the marked reactions observed in naive users are diminished in

frequent users.

Young children may be particularly vulnerable to the effects of cannabis. There are several recent case
reports of young children accidentally ingesting cannabis and experiencing respiratory depression,
tachycardia and temporary coma (1, 59-61). This increasing risk of overdose and related adverse effects in

paediatric populations may be greater in US states that have legalized cannabis use (1).
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