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Abstract
Since 2004, when the World Anti-Doping Agency assumed the responsi-bility for establishing and
maintaining the list of prohibited substances and methods in sport (i.e. the Prohibited List),
cannabinoids have been prohibited in all sports during competition. The basis for this prohibition
can be found in the World Anti-Doping Code, which defines the three criteria used to consider
banning a substance. In this context, we discuss the potential of can-nabis to enhance sports
performance, the risk it poses to the athlete’s health and its violation of the spirit of sport.
Although these compounds are prohibited in-competition only, we explain why the
pharmacokinetics of their main psychoactive compound, Δ9-tetrahydrocannabinol, may
complicate the results management of adverse analytical findings. Passive inhalation does not
appear to be a plausible explanation for a positive test. Although the prohibition of cannabinoids
in sports is one of the most controversial issues in anti-doping, in this review we stress the reasons
behind this prohibition, with strong emphasis on the evolving knowledge of cannabinoid
pharmacology.

1. Introduction
Since the World Anti-Doping Agency (WADA) was conceived in 1999 by the sport
movement and governments of the world to fight against doping in sport in all its forms, the
prohibition of cannabis in sport has been one of the controversial issues debated by the
scientific and political anti-doping authorities. Prior to 2004 and the establishment of the
World Anti-Doping Code (Code) by WADA, cannabinoids were prohibited only in certain
sports.[1] The decision was left to the governing international sport federation as to whether
can-nabinoids were prohibited in their discipline(s) and whether anti-doping tests were
conducted. Consequently, a limited population of athletes was tested and sanctioned for
cannabis anti-doping rule violations.

In 2004, WADA assumed responsibility for establishing the list of prohibited substances and
methods in sport (the Prohibited List). In the first Prohibited List, published under the
auspices of WADA that same year, prohibition of cannabi-noids was extended to all sports
in-competition.[2] When the Code and its related international standard publications: the
Prohibited List, Testing, Laboratories and Therapeutic Use Exemptions were presented for
discussion and adoption by the sport movement and world governments at the second World
Conference on Doping in Sport, held in Copenhagen in March 2003, extension of the
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cannabinoids ban to all sports was one of the most controversial issues. Some delegates
strongly argued that cannabinoids should not be included in sport regulations because
consumption of can-nabis is not performance enhancing in sports and therefore it should
remain a social issue; conversely, others claimed that cannabis is performance enhancing
and, because it is an illegal substance in most countries and because athletes are role models
in modern society, cannabinoids should be prohibited at all times, in- and out-of-
competition. Facing such polarized opinions, the final decision to only prohibit cannabinoids
in-competition in all sports appeared to be an acceptable compromise.

The criteria for inclusion of a substance, a class of substances, or a method in the Prohibited
List are defined in section 4 of the Code.[3] The criteria are (i) potential to enhance
performance; (ii) risk for the athletes’ health; and (iii) violation of the spirit of sport.
Although heavily debated during drafting of the Code, the 2003 Code[4] and its revised
2009[3] version clearly confirmed the equal weight of the three criteria as an essential
principle of the Prohibited List. After thorough consideration by the WADA scientific
committees, prohibition of cannabinoids across all sports in-competition was established and
this remained in force in subsequent versions of the Prohibited List. The vast majority of
sport and governmental representatives agree on the status of cannabis; however, the subject
continues to be frequently debated.

The objective of this review is to provide the scientific data to support the status of cannabis
vis-à-vis the Prohibited List, and to further explore cannabinoid pharmacokinetics and
pharmacology after acute and chronic exposure in the context of the fight against doping in
sport.

2. Literature Search Methodology
The PubMed database was initially searched for scientific articles with no time restriction
and with the following keywords: ‘cannabis’, ‘marijuana’, ‘anti-doping/antidoping’ and
‘drug testing’. Additional articles originated from references in selected manuscripts. The
article describes WADA’s position on cannabis in sport, but acknowledges different points
of view on this controversial issue. Therefore, there were no attempts to target and exclude
information contradicting WADA’s views. Data from legal cases were obtained from the
Court of Arbitration for Sport. Finally, original data collected in cannabis research
conducted by one of the authors, Prof. Marilyn A. Huestis, were also included to inform the
review.

3. Pharmacodynamic Effects of Cannabis
Cannabis contains over 400 different chemical compounds, including at least 61
cannabinoids.[5] During smoking, more than 2000 compounds may be produced by
pyrolysis. Eighteen different classes of chemicals, including nitrogenous compounds, amino
acids, hydrocarbons, sugars, ter-penes, and simple and fatty acids, contribute to the known
pharmacological and toxicological properties of cannabis. The main psychoactive drug in
cannabis is Δ9-tetrahydrocannabinol (THC) [figure 1], but other cannabinoids also
contribute to its pharmacological effects. Cannabidiol (CBD) [figure 1] lacks psychoactivity
but possesses an-xiolytic,[6–8] antipsychotic[9] and alerting[10] properties, and it is the basis
of pharmacotherapies with multiple indications. CBD content in can-nabis is believed to
modulate the effects of THC. Other cannabinoids include cannabinol, which is
approximately 10% as psychoactive as THC, and cannabigerol, cannabichromene and
multiple minor cannabinoid components.

Over the last 20 years, our knowledge of canna-binoid pharmacology has increased
tremendously. Discoveries include (i) identification of CB1 and CB2 cannabinoid receptors;
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(ii) multiple endogenous neurotransmitters (e.g. N-arachidonoyl ethanolamine
[anandamide], 2-arachidonoylgly-cerol, 2-arachidonyl glyceryl ether, N-arachidonoyl-
dopamine and virodhamine); (iii) synthetic pathways; (iv) enzymes for neurotransmitter
inactivation (fatty acid amide hydrolase and monoacylglycerol lipase); and (v) transport
across cell membranes.

CB1 receptors are primarily located in the CNS, in high density in the cerebral cortex,
hippocampus, amygdala, striatum and cerebellum and functional areas associated with the
most prominent behavioural effects of cannabinoids. The most common neurocognitive
deficit observed during acute intoxication is short-term memory impairment.[11] Deficits in
motor inhibition, decision making and inhibitory control are also prominent.[12] Less
consistent results are available for risk taking after cannabis use.[13] After chronic cannabis
exposure, it appears that cannabinoid receptors are desensitized and internalized.[14] The
distinct CB2 cannabinoid receptor, primarily located in the periphery, has a critical role in
immunomodulation.[15]

The endogenous cannabinoid system is highly conserved throughout evolution; it modulates
important functions including locomotion, emotional behaviour, cognition, cardiovascular
response, pain, feeding behaviour and drug dependence. The stimulating effects of THC on
the brain reward system are characteristic of drugs with abuse liability and are similar to
other drugs of abuse such as heroin, cocaine, methamphetamine and nicotine.[16] Cannabis
produces substantial changes in human behaviour as well as physiological and biochemical
changes.

The behavioural and subjective effects of can-nabis are highly dose-dependent and include
euphoria, enhancement of sensory perception, sedation, relaxation, altered perceptions of
time, lack of concentration, impairment of learning/ memory, mood changes, panic reaction,
paranoia and impaired psychomotor activity.[17–21] Well described physiological effects
include tachycardia, conjunctival injection, dry mouth and throat, increased appetite,
vasodilation, bronchodila-tion, increased sleep and analgesia. This spectrum of behavioural
effects is unique, preventing classification of the drug as a stimulant, sedative, tranquilizer
or hallucinogen. Subjective and physiological effects of cannabis appear after the first puff
of a THC-containing product.[22,23] Although cannabis smoking produces rapid changes in
heart rate, pronounced hypotension and dizziness is observed in approximately 25% of
individuals approximately 10 minutes after smoking.[24]

The Drug Abuse Warning Network[25] of the US National Institute on Drug Abuse reported
290 563 cannabis-related hospital emergency room visits in 2006, 9.1% of the total number
of drug-related visits, while the number of cannabis-related hospital admissions has steadily
increased in Australia between 1999 and 2005.[19] Over the last two decades, the potency of
cannabis has increased in the US as well as in some European countries,[18] leading to
higher demand for can-nabis rehabilitation treatment. Following inadvertent ingestion of
cannabis by children, serious CNS depression may be observed.[26,27] However, with
supportive care, these cases have resolved successfully with few residual health effects.
Cannabis does not produce death directly, as there are few cannabinoid receptors in the brain
stem, other than the vomiting centre, limiting cannabis’ effects on respiratory function;
however, the drug is a major contributing factor to motor vehicle and other
accidents.[18,19,28]

Additional research is needed on the development of tolerance after long-term, frequent
exposure. Around-the-clock, high-dose THC is needed to produce tolerance to the
physiological and behavioural effects of cannabinoids.[29] Controversy exists as to whether
long-term exposure produces irreversible changes in brain function. Short-term (24-hour)
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neurocognitive impairment of verbal memory, language function and processing speed
compared with controls has been reported, as well as impairment of memory, executive
function, inhibitory control and psy-chomotor speed after a 28-day abstinence in chronic
daily cannabis users.[30] Pope et al.[31] also demonstrated neurocognitive impairment at
baseline and after 7 days of abstinence in current daily cannabis users; however, results were
not significantly different from former heavy canna-bis users and controls who smoked
fewer than 50 times in their lives after 28 days of abstinence. Furthermore, the observed
impaired performance was correlated with concentrations in urine of the inactive metabolite
of THC, 11-nor-9-carboxy-THC (THCCOOH) [figure 1], on admission. This suggests that
after sustained cannabis abstinence neuropsychological performance can return to baseline.
Recently, THC was quantified in the blood and plasma of chronic cannabis users for at least
7 days,[32,33] and in their urine for up to 28 days[34] after continuously monitored
abstinence, suggesting that residual THC in the brain could be a mechanism for sustained
impairment. Abstinence may permit elimination of cannabinoids from the brain and a return
to baseline performance.

There are conflicting reports in the literature on the chronic toxic effects of cannabis.
Impaired health including lung damage, behavioural changes and reproductive,
cardiovascular and immuno-logical effects are associated with cannabis use.[35] Cannabis
smoke condensate contains potential carcinogens.[36] In a comparison of toxic components
in cannabis and tobacco smoke, ammonia was found at levels up to 20-fold greater and
hydrogen cyanide, nitrous oxide and some aromatic amines at concentrations three to five
times higher in cannabis than tobacco smoke.[37] Cannabinoids may readily cross placental
membranes and expose the developing fetus.[38] Cannabinoids affect embryo implantation,
female fertility[39] and child development[40] and may increase vulnerability to substance
abuse problems later in life.[41] Cannabinoids alter immune function and decrease host
resistance to microbial infections in experimental animal models and in vitro.[42,43]

Synthetic cannabinoid agonists and antagonists at CB1 and CB2 cannabinoid receptors are
also approved or under development as pharmacotherapies. Cannabinoid agonists are
approved for the treatment of nausea and vomiting from cancer chemotherapy and as an
appetite stimulant in patients with HIV-AIDS wasting disease. Nabilone is being evaluated
for posttraumatic stress disorder, IP-751 or ajulemic acid for analgesia and inflammation,
and HU-210 (6aR)-trans-3-(1,1-Dimethylheptyl)-6a,7,10,10a–tetrahydro-1-hydroxy-6,6-
dimethyl-6H–dibenzo [b,d]pyran-9-methanol, as an antipyretic, antiinflammatory, analgesic,
antiemetic and antipsychotic agent.[44,45] Extracts from the cannabis plant also have
potential as effective treatments. Sativex® (GW Pharmaceuticals, Inc., Wiltshire, UK), a
cannabinoid medicine derived from cannabis plant extracts, contains approximately equal
quantities of THC and CBD and has been approved for the indication of neuropathic pain
and as an adjunct analgesic for cancer pain in multiple countries. Different combinations of
these two cannabinoids are being investigated for the treatment of migraine, to reduce
spasticity and incontinence, and for a wide variety of other illnesses. As we discover more
about endogenous cannabinoid synthesis and metabolism, new targets are presented that
offer the potential to develop pharmacotherapies without the psychoactive effects of
traditional cannabinoids.

4. Criteria Under the World Anti-Doping Code
Section 4 of the Code defines the three criteria used to consider if a drug, class of drugs or
method should be included in the Prohibited List; at least two of three criteria must be
fulfilled. Experts of the WADA scientific committees endeavour to utilize all published
scientific data to achieve the most objective judgement on the potential of substances or
methods to fulfil the Code’s criteria. The WADA scientific committees are organized
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hierarchically. The Health, Medical and Research Committee considers recommendations of
the four subcommittees (the List Expert Group, the Laboratory Expert Group, the
Therapeutic Use Exemption Expert Group and the Gene Doping Expert Group), all
comprised a diversity of experts in the field of sport medicine, pharmacology, toxicology,
doping, analytical chemistry, endocrinology and haematology.

Other sources of information such as testimonies from athletes who formerly doped, and
substances or paraphernalia seized during police operations, are employed to aid experts in
forging the most objective opinion on the status of drugs or methods in sports. Data on
cannabis from all sources have been scrutinized in light of the potential benefits and dangers
for athletes in the context of abuse of cannabinoids for the purpose of doping in sport.

5. Potential Health Risk
One criterion to be considered when deciding if a drug, class of drugs or method should be
included in the Prohibited List is the potential health risk. Anti-doping authorities are always
concerned about the impact of doping on athletes’ health. Before WADA, doping was
monitored and controlled by the International Olympic committee (IOC) Medical
Commission, also overseeing the well-being and health of athletes. When the Code was
drafted and adopted, the consideration of athlete health was included in section 4.3.1.2,
taking into account all “Medical or other scientific evidence, pharmacological effect or
experience that the use of the substance or method represents an actual or potential risk for
the athlete.”[3] Concern about the detrimental effects of doping on health gained substantial
governmental support because of the strong perception that doping is a public health issue,
not limited to elite athletes but affecting the general public at large.

Cannabis can alter the perception of risk, potentially leading to poor decision making and/or
risk for the athlete and their entourage. With negative influences on coordination, movement
and time estimation, cannabis can impair essential technical skills that may also increase the
probability of accidents and injuries, particularly when handling equipment or when high
velocities are involved. CB1 receptor density in the cerebellum (involved in motor control
and movement) and prefrontal cortex (involved in decision making and executive function)
is high.[46] In this regard, there is an increased risk for motor vehicle and aeroplane
accidents associated with the use of cannabis.[47,48] Although impairment is generally
believed to last approximately 8 hours, there are some reports on adverse effects for 24
hours.[49] Furthermore, new preparations of herbal products laced with multiple highly
potent cannabinoid analogues including, but not limited to, JWH-018JWH-073, JWH-250,
CP-47497 and HU-210, have demonstrated prolonged intoxication and may have greater
health risks.[50] These products are primarily sold over the Internet and in drug
paraphernalia shops under many ‘street’ names such as Spice, K2 and fake marijuana.
Athletes who smoke cannabis or Spice in-competition potentially endanger themselves and
others because of increased risk taking, slower reaction times and poor executive function or
decision making.

Acute effects of cannabis include increased heart rate, followed in many individuals by
hypotension, dizziness and disorientation,[23] increased subjective feelings of euphoria or
being ‘high’ and a state of intoxication or being ‘stoned’, and sometimes psychosis, panic
reactions and para-noia.[51] Additional effects that could harm the athlete during competition
are loss of vigilance,[52] increased reaction times[53] and short-term memory loss.

A different spectrum of effects occurs with chronic daily cannabis use. Multiple studies
report decreased cognitive performance after long-term cannabis exposure.[30,31,54–57] Other
chronic effects include pulmonary toxicity following smoking and cannabis smoke may
induce bronchial irritation, chronic cough and wheeze.[58] Cardiovascular dam-age,[59] liver
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steatosis[60] and negative reproductive effects[61] are all associated with chronic cannabis
exposure. The exacerbation of symptoms of schizophrenia and the early initiation of the
disease has been noted by several investigators.[62,63]

Chronic cannabis use may induce tolerance if high amounts are consumed around the clock.
There are increased reports of cannabis dependence and requests for drug treatment related
to cannabis use.[64] The cannabis withdrawal syndrome is characterized by psychological
rather than physical symptoms, including restlessness, anxiety, insomnia, muscle tremor and
increased aggression.[21,65–69] THC increases dopamine release in the nucleus accumbens
and prefrontal cortex similar to other reinforcing drugs of abuse such as cocaine and
amphetamines.[70–73]

Based on objective preclinical and clinical research and consequences of the effects of acute
and chronic cannabis exposure, cannabis fulfils the criterion of potential for health risks.

6. Potential to Enhance Performance
Judgement of the performance-enhancing effects of a substance is based on article 4.3.1.1 of
the Code. This article stipulates that a substance shall be considered to be performance
enhancing when “Medical or other scientific evidence, pharmacological effect or experience
that the substance or method, alone or in combination with other substances or methods, has
the potential to enhance or enhances sport performance.”[3]

Cannabis is often portrayed as a substance that has detrimental effects on performance.
Cannabis decreases coordination, distorts spatial perception and alters perception and
awareness of the passage of time.[74–77] Steadward and Singh[78] found that cannabis
smoking did not increase vital capacity or grip strength, and Renaud and Cormier[79] found
maximal exercise performance in 12 cyclists reduced from 16 to 15 minutes at 10 minutes
after smoking a THC 1.7% cigarette. However, in this study vasodilation and
bronchodilation were increased, suggesting that cannabis could also improve oxygenation to
the tissues. Furthermore, hotlines developed in support of doped athletes report
performance-enhancing capabilities (WADA, unpublished observations). Cannabis is
presented as a drug that has significant positive effects in sports, such as improvement of
vision for goalkeepers and muscle relaxation.

Smoked cannabis can decrease anxiety, fear, depression and tension.[75] THC is anxiolytic at
low doses,[80] the doses reportedly consumed by athletes.[81] Animal studies also addressed
can-nabinoid effects on aversive responses. Interfering with the hydrolysis or uptake of
endocannabinoids reduced anxiety-like behaviours without motor impairment in
rodents,[82–84] and CB1 knockout mice exhibited increased anxiety-like behaviour.[85] In
human volunteers, THC and cannabis also increased impulsive responses leading to more
risk-taking behaviour but without affecting decision making.[86,87] In this regard, and from a
sports perspective, Martinez[88] suggested that cannabis smoking reduces anxiety, allowing
athletes to better perform under pressure and to alleviate stress experienced before and
during competition.[88] Furthermore, cannabinoids play a major role in the extinction of fear
memories by interfering with learned aversive behaviours.[89–91] Athletes who experienced
traumatic events in their sports career could benefit from such an effect. For these reasons,
Wagner[92] described cannabis as ergogenic. The endocannabinoid system is also involved
in the modulation of mood. Animal studies demonstrate antidepressant-like effects in
models based on inescapable or chronic stress.[83,93,94] In adolescents and young adults,
cannabis also helps in coping with negative mood and emotional distress.[95–97]

Catlin and Murray[98] indicated that cannabis could be performance enhancing in sports that
require greater concentration. Iven[99] noted that athletes use cannabis for relief of anxiety
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and stress, and perhaps to reduce muscle spasm. Saugy et al.[81] suggested that athletes were
mainly motivated to use cannabis due to its effects on relaxation and well-being, promoting
better sleep.

In France, in 2002, 25% of IOC positive tests were for cannabis, prompting Lorente et
al.[100] to conduct a survey in France of 1152 sport university students on their use of
cannabis. Based on the students’ survey responses, the relaxing properties of cannabis were
frequently used to enhance sports performance. Surprisingly, the higher the students’ level
of competition, the more cannabis was employed to enhance performance. The percentage
was higher in males than in females and, interestingly, it was more prevalent in sliding
sports. A similar trend was observed in adolescents, where cannabis consumption was found
to be highest among athletes seeking the high risk and excitement of competing in extreme
sports.[101] In this regard, skateboarders Bob Burnquist and Jen O’Brien admitted that
cannabis helps them relieve the pressure associated with their sport.[102]

Anecdotal evidence from blogs and drug hotlines also indicates that athletes abuse cannabi-
noids to enhance sport performance. Athletes under the influence of cannabis indicate that
their thoughts flow more easily and their decision making and creativity is enhanced; others
claim that cannabis improves their concentration or reduces pain. Health professionals have
encountered athletes including gymnasts, divers, football players and basketball players who
claim smoking cannabis before play helps them to focus better.[102]

Much additional research is needed to determine the effects of cannabis on athletic
performance. The endocannabinoid system was discovered in the 1980s, and each year since
this discovery we learn more about cannabinoid pharmacology. Clearly, cannabis induces
euphoria, improves self-confidence, induces relaxation and steadiness and relieves the stress
of competition. Cannabis improves sleep and recovery after an event, reduces anxiety and
fear and aids the forgetting of negative events such as bad falls and so forth. Cannabis
increases risk taking and this perhaps improves training and performance, yielding a
competitive edge. Cannabis increases appetite, yielding increased caloric intake and body
mass. Cannabis enhances sensory perception, decreases respiratory rate and increases heart
rate; increased bronchodilation may improve oxygenation of the tissues. Finally, cannabis is
an analgesic that could permit athletes to work through injuries and pain induced by training
fatigue.

In conclusion, although much more scientific information is needed, based on current animal
and human studies as well as on interviews with athletes and information from the field,
cannabis can be performance enhancing for some athletes and sports disciplines.

7. The Spirit of Sport
Of the three criteria to consider a substance or a method as prohibited in sport, the most
difficult to define is probably the spirit of sport. Contrary to health risk and performance
enhancement, the spirit of sport criterion does not rely on established scientific facts; rather,
it relies more on ethical and societal considerations encompassing a wider view of sport
beyond physical achievements and health. Therefore, the fundamental rationale for this
aspect of the Code does not include a strict definition of the spirit of sport, but instead
provides a collection of essential values to be shared in sport. The values included are ethics,
fair play and honesty, health, excellence in performance, character and education, fun and
joy, teamwork, dedication and commitment, respect for rules and laws, respect for self and
other participants, courage, community and solidarity. These values are in essence contrary
to doping. Such essential principles guide WADA scientists and ethicists when determining
whether a substance or a method violates values embedded in the spirit of sport.
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Cannabis is classified as an illegal substance in most of the world, with penalties ranging
from no action to long-term incarceration. The consumption of cannabis and other illegal
drugs contradicts fundamental aspects of the spirit of sport criterion. The international anti-
doping community believes that the role model of athletes in modern society is intrinsically
incompatible with use or abuse of cannabis. Although some anti-doping officials proposed
also banning can-nabis for out-of-competition testing, this appeared beyond the anti-doping
mandate and it was believed to violate athletes’ privacy. For these reasons, cannabis use is
prohibited only in-competition. Use of illicit drugs that are harmful to health and that may
have performance-enhancing properties is not consistent with the athlete as a role model for
young people around the world. For example, a recent case involving a high-profile athlete
smoking cannabis out-of-competition triggered negative reactions by the public, sponsors
and the media, even if no anti-doping rule violation was committed. The national sport
federation imposed a suspension on the athlete under its code of conduct and sponsorship
support was lost.[103,104]

Banning a substance only in-competition creates challenges in differentiating new cannabis
smoking during competition from evidence of prior out-of-competition cannabis use.

8. Identification of Cannabis Use In-Competition
In urine, the presence of THCCOOH equal to or greater than the threshold value of 15 ng/
mL is reported by WADA-accredited laboratories as an adverse analytical finding
(AAF).[105] For athletes, clinicians, coaches and sport federations to understand what this
means in terms of detection of THCCOOH, it is necessary to turn to the scientific literature
on cannabinoid pharmaco-kinetics.

9. Cannabinoid Pharmacokinetics
9.1 Absorption and Metabolism

THC, the primary psychoactive component of cannabis, is rapidly absorbed into the
bloodstream following inhalation and is extensively metabolized in the liver into multiple
metabolites. The equipotent metabolite 11-hydroxy-THC (11-OH-THC) of THC is further
oxidized to THCCOOH and THCCOOH-glucuronide and sulphate.[106,107] THC is
extensively metabolized to multiple other alcohols and acids, but THCCOOH was selected
as the analyte monitored in urine for virtually all drug-testing programmes, including
workplace, military, criminal justice and drug treatment programmes. After alkaline
hydrolysis of urine to free THCCOOH from its conjugates, THCCOOH is the most
abundant urinary marker of cannabis use.

9.2 Distribution and Excretion in Urine
THC is distributed initially to the highly perfused organs including the brain, heart, liver and
kidneys, with secondary distribution into adipose tissue, because of its high lipophilicity.
With chronic daily THC exposure, the THC body burden in fat is large; the rate-limiting
step in THC elimination is the slow release of stored drug from the tissues.[29,108]

Cannabinoid concentrations in body fluids depend upon the cannabis potency, smoking
topography, frequency of cannabis use and time since last use. In plasma, for example, THC
was detected for 6–27 hours after smoking a single cannabis joint containing approximately
THC 34mg (gas chromatography/mass spectrometry [GCMS] limit of quantification [LOQ]
0.5 ng/mL) in individuals who smoked less frequently than daily.[22,23] Mean (range) peak
plasma THC concentrations were 162 (76–267) ng/mL. The mean detection time for
THCCOOH in plasma was longer, from 3 to 7 days at the same LOQ. Recently, nondaily
cannabis users smoked THC 69.4mg and achieved similar mean peak serum THC
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concentrations of 190 ± 106 ng/mL, despite twice the available dose.[109] This is consistent
with other reports of cannabis smokers who titrate their dose to the desired level of
intoxication and tolerable cardiovascular response.

Mean peak urinary THCCOOH concentrations were 89.8 ± 31.9 ng/mL and 153 ± 49 ng/mL
approximately 8 and 14 hours after smoking cigarettes containing THC 16mg and 34mg,
respectively.[107–110] All urine specimens were collected and individually analysed.
THCCOOH was detected in urine at a concentration ≥15 ng/mL for 33.7 ± 9.2 hours (range
8–68.5 hours) and 88.6 ± 9.5 hours (range 57.0–122 hours) after these doses.[111] Similar
values were reported by Niedbala et al.[112] when subjects smoked a cannabis cigarette
containing THC 20–25mg; mean detection time for the last positive urine specimen was 58
± 6 hours (range 16–72 hours). Thus, in cannabis users smoking less frequently than daily, a
positive urine cannabinoid test would likely be positive for <4 days. However, when an
individual smokes cannabis daily for an extended period, it is possible to have a positive
urine specimen for at least 4 weeks.

When cannabis is smoked daily, the body burden of cannabinoids is high. Recently, Huestis
and collaborators.[113] reported cannabinoid excretion data based on creatinine-normalized
urine concentrations from 60 cannabis smokers who resided on a closed research unit under
24-hour monitoring for up to 30 days. All urine specimens were collected and individually
analysed for THCCOOH. When urinary cannabinoid excretion data are normalized to
urinary creatinine, the individual’s state of hydration is taken into account and the excretion
curve is smoothed. Cannabinoid excretion data were divided into three groups based on the
initial cannabinoid to creatinine ratio in ng/mg. The three groups were ≤50 ng/mg, 51–150
ng/mg and >150 ng/mg. In the ≤50 ng/mg group, normalized cannabinoid/creatinine
concentrations on admission ranged from 0 to 47.3 ng/mg. These individuals reported
smoking cannabis from 2 to 30 days per month for up to 25 years. The first negative urine
specimen (≤50 ng/mL by immunoassay screen) in this group occurred from 0 to 2.2 days
after admission, and the last positive specimen (immunoassay screen ≥50 ng/mL and
THCCOOH GCMS ≥2.5 ng/mL) occurred up to 8.6 days after admission, except for one
individual who was positive 21.8 days later. The latter individual reported smoking daily for
5 years. In the >150 ng/mg group, normalized cannabinoid/ creatinine concentrations on
admission ranged from 155 to 1165 ng/mg. These individuals reported cannabis use from 12
to 30 days per month for up to 28 years. There were statistically significant correlations
between groups and number of days until first negative and last positive urine specimens;
mean number of days were 0.6 and 4.3, 3.2 and 9.7, and 4.7 and 15.4 days, respectively, for
the three groups (table I). In individuals generally smoking cannabis on a daily basis,
creatinine-normalized urine specimens would on average be negative after 15.4 days;
however, the urine specimens of many cannabis smokers remained positive for up to 30 days
after long-term use. Thus, for athletes who are occasional cannabis smokers, abstinence for
1 week prior to competition should result in negative cannabinoid urine tests and no AAFs,
while chronic cannabis use would require abstinence of 1 month or longer. Based on the
documented cognitive impairment and toxicity that occurs following chronic use, it is not
expected that a significant number of elite athletes would be chronic daily cannabis smokers.

9.3 Differentiating New Cannabis Use from Residual Cannabinoid Excretion
When chronic cannabis users test positive, it is not possible to differentiate new cannabis use
from residual cannabinoid excretion from a single urine specimen. Models were developed
to predict whether new cannabis use has occurred between two urine specimens collected up
to 21 days apart from cannabis users smoking less frequently than daily.[114] These models
require the creatinine-normalized cannabinoid concentrations and the time between
specimen collections. Minimum, median and maximum ratios between the later urine
specimen normalized concentration to that of the first specimen are provided to guide
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interpretation of whether or not new can-nabis use has occurred between the two urine
collection dates. For the first time, models were recently published for chronic daily
cannabis smokers taking into account the creatinine-normalized concentrations and the time
between the two specimen collections.[115]

Others suggested that measurement of the psychoactive components of cannabis, THC and/
or 11-OH-THC, in urine could also indicate recent cannabis use, even in chronic cannabis
smokers.[116,117] Kemp et al.[116] indicated that following Escherichia coli β-glucuronidase
hydrolysis of urine, THC and 11-OH-THC could be found for up to 8 hours after cannabis
smoking. We evaluated cannabinoid excretion in blood, plasma and urine from the heaviest
chronic daily cannabis users encountered in more than 15 years of research. Cannabis
smokers resided in a closed research unit for up to 30 days of continuously monitored
abstinence. Surprisingly, THC was quantified in blood[32] and plasma[33] from some chronic
users for at least 7 days and in the urine for up to 24 days[34] after initiation of abstinence
with LOQs of 0.25, 0.25 and 2.5 ng/mL, respectively. Interestingly, 11-OH-THC was
present in urine for as long as THCCOOH was throughout the 30-day monitoring period.
Thus, neither THC nor 11-OH-THC in urine identify recent cannabis smoking.

Considerable effort has been expended in identifying a better marker of recent cannabis
smoking. Δ9-Tetrahydrocannabivarin (THCV) was suggested as a marker of recent cannabis
smoking; the 11-nor-9-carboxy metabolite of THCV was shown to be present in the urine of
a cannabis smoker.[118] However, recently Levin et al.[119] showed that because of the
variability of THCV content in different cannabis sources, 50% of urine specimens from
cannabis smokers did not contain detectable THCV. Furthermore, the excretion pattern and
window of drug detection in urine for THCV is not yet known.

Δ9-Tetrahydrocannabinolic acid-A (THCA-A) is a precursor to THC in the cannabis plant.
Upon heating, much of the THCA-A is decar-boxylated to form THC. Jung et al.[120]

demonstrated that THCA-A could be found in human urine and serum. THCA-A has also
been suggested as a better urinary marker of recent cannabis smoking, but human
pharmacokinetic data after controlled cannabis administration have not yet been collected.
Interestingly, rats were dosed orally with THCA-A 15mg/kg and urinary metabolites were
identified.[121] THCA-A underwent a similar metabolism as THC in humans, producing 11-
OH-THCA-A and 11-nor-9-car-boxy-THCA-A. Together, these data suggest that these
metabolites may be useful markers of recent smoked cannabis, but much additional research
is needed to determine if these markers solely reflect recent use or whether they also have a
long window of detection after chronic cannabis smoking. The window of THCA-A
detection in human urine is unknown.

Another approach to identifying recent can-nabis smoking is to monitor drug biomarkers in
an alternative matrix other than urine. Oral fluid (saliva) testing offers a simple, fully
observed specimen collection method, thereby reducing the potential for adulteration, and it
does not require clinical personnel or same-sex doping control officers. THC appears
immediately in oral fluids in high concentrations after cannabis smoking, because of the
exposure of the oral mucosa to the drug in the cannabis smoke. Niedbala et al.[112] found
that approximately 30–45 minutes after the end of smoking, THC concentrations in oral
fluid decreased considerably, correlating temporally with blood concentrations. In 18
subjects administered smoked cannabis 20–25 mg, oral fluid specimens were positive on
average 31 hours (range 2–72 hours), while the mean time to the last positive urine
specimen from the same participants was 42 hours. Therefore, oral fluid testing would not
unequivocally resolve the problem of in- and out-of-competition cannabis use. To date, there
are no data on the window of THC detection in oral fluid after chronic cannabis smoking,
and oral fluid is not an approved matrix for anti-doping testing. The WADA International
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Standard for Laboratories (ISL) specifically states that results obtained from another
biological material such as oral fluid cannot counter an AAF from urine.[122] If future
research supports the value of oral fluid testing, consideration should be given to revise the
relevant ISL provisions.

10. Can Positive 11-Nor-9-Carboxy-Δ9-Tetrahydrocannabinol Urine
Specimens be Produced from Passive Inhalation of Cannabis Smoke?

It has been argued that passive inhalation of cannabinoids can yield urinary THCCOOH
concentrations ≥15 ng/mL. Under realistic exposure conditions, passive inhalation of
cannabis or hashish smoke does not produce detectable levels of urinary cannabinoids;[123]

however, under extreme conditions in laboratory settings with high cannabis smoke
concentrations, measurable THCCOOH is possible.[124–130] Thus, passive inhalation is used
as a line of defence following positive drug tests in the workplace.[131] Similarly, this
argument could be used to refute an AAF of urinary cannabinoids following an anti-doping
test, despite the principle of strict liability that does not question how the substance entered
the body. Scientific data document that THCCOOH concentrations following passive THC
inhalation under less than extreme experimental conditions do not exceed the threshold
value of THCCOOH 15 ng/mL by GCMS.

A pioneer study by Perez-Reyes et al.[130] showed the presence of cannabinoids in urinary
samples of two individuals passively exposed to the smoke of four cannabis cigarettes for 1
hour in small confined environments (approximately 3500 L and 15 500 L). However, in 80
specimens collected over a 24-hour period, only one quantified at THCCOOH 3.9 ng/mL
was far below the 15 ng/mL threshold. In another study, four individuals passively inhaled
the smoke of six cannabis cigarettes for 3 hours in a small office (27 900 L). Urinary
samples collected for 6 hours contained cannabinoid concentrations of <7 ng/mL as
determined by radioimmunoassay (RIA).[128] In addition, three subjects passively inhaling
the smoke of four simultaneously burning cannabis cigarettes in a room mimicking “realistic
… conditions” for 1 hour had <6 ng/mL urinary concentrations of cannabinoids as assayed
by RIA.[123]

A series of studies by Cone and collaborators[125–127] determined urinary concentrations of
cannabinoids following passive inhalation of different air concentrations of THC and
different lengths of exposure. Five to seven subjects were exposed to the smoke of up to 16
cannabis cigarettes for 1 hour during 6 consecutive days in a small, unventilated room
(2.1m×2.5m×2.4m, approximately 12 500 L). Urinary concentrations after a single exposure
to four cigarettes, which generated moderate smoke in the room, yielded GCMS values well
below the threshold of 15 ng/mL, ranging from THCCOOH 0 to 6 ng/mL, the maximum
being 12 ng/mL after multiple exposures. When 16 cannabis cigarettes were simultaneously
burned, the smoke was so dense that goggles were required.[127] Under these extreme
experimental conditions, only one of seven individuals produced urine specimens with
THCCOOH concentrations >15 ng/mL by GCMS after a single exposure, while other
subjects required multiple exposures to these high THC room air concentrations to surpass
this threshold.[127] Furthermore, following the second 1-hour exposure to the smoke of 16
cigarettes, positive psychoactive effects were experienced by the passive inhalers, effects
that were absent during passive inhalation of smoke produced by four cannabis
cigarettes.[125]

More recently, another experiment proved the low probability of detecting THCCOOH in
the urine of subjects exposed to passive inhalation. Ten active and two passive smokers with
no history of cannabis consumption were kept in an unventilated room (6m×6m×3.5m), with
a window opened occasionally to relieve the accumulated smoke. Although each active
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smoker had a cannabis cigarette containing THC 20–25mg, none of the passive smokers
produced a positive urinary sample (THCCOOH ≥15 ng/mL by GCMS) up to 72 hours
following exposure.[112]

The scientific evidence on passive inhalation was recently reviewed by Westin and
Slørdal,[124] who noted that only when the air volume was extremely low and the THC
smoke amount unrealistically high, bordering on intolerable discomfort, was it possible to
detect the presence of cannabinoids in the urine of participants smoking passively for more
than 24 hours. Based on their review of all published articles on the topic, they concluded
that ignorant passive cannabis smoking can be excluded with high certitude as a cause of
positive samples.

Most studies on passive inhalation of cannabis smoke were conducted more than 20 years
ago. THC cannabis content increased from 2.8% to as high as 40% in some preparations
sold in Dutch coffee shops.[132] It could, therefore, be argued that since THC content is
higher, there is a greater chance of testing positive if passively exposed to high-content
cannabis. However, the average THC content in most street cannabis is 6–7%[132] and the
passive exposure conditions required to produce positive urine tests are unrealistic. In
addition, under these conditions participants would most likely feel effects, as was observed
in previous controlled studies.[125] Furthermore, the cannabis included in a study by Law et
al.[128] contained 9.8% THC, with no subjects’ urine exceeding THCCOOH 15 ng/mL.
Since an AAF is reported if a concentration is THCCOOH >15 ng/mL in an athlete’s urine
in-competition, such a threshold appears to be fair in an anti-doping context based upon the
available literature. Similar rules apply for workplace and military drug testing programmes.
Based on the studies described, this limit was established to distinguish between active
cannabis smokers and athletes who may have been passively exposed to canna-bis smoke. In
four cases adjudicated by the Court of Arbitration for Sport in the last 8 years, four athletes
admitted active consumption of cannabis. Their urinary THCCOOH concentrations ranged
from 35 to 318 ng/mL (WADA, unpublished observations).

11. Oral Δ9-Tetrahydrocannabinol or Cannabis Administration
Although most cannabis users smoke the drug, rapidly delivering drug to the brain and
producing the typical pharmacodynamic responses of euphoria and tachycardia, cannabis
can also be taken orally. When ingested, peak concentrations are much lower and peak later
than after smoking. Less euphoria is experienced and exposure to the more toxic ingredients
produced from burning cannabis is avoided. There are multiple therapeutic uses for oral
synthetic THC, including as an appetite stimulant in patients with HIV-AIDS wasting
disease and as an adjunct analgesic with opioids during cancer chemotherapy. Sativex® is
approved in Canada for neuropathic pain and in Britain for spasticity associated with
multiple sclerosis. The effects of THC on memory, loss of vigilance, fear reduction and so
forth can be induced through any route of cannabis administration (oral, rectal, sublingual,
transdermal), albeit based on dose, frequency of dosing and duration of treatment.

12. Cannabis Use in Sports
Cannabinoids accounted for 12.5–13.9% of all AAFs reported by the IOC between 1998 and
2003 (table II). Since the enforcement of the 2004 WADA Code, when cannabinoids were
prohibited in all sports, a significant decrease in cannabinoid-related AAFs from 15.7% to
7.7% was observed (table I). These percentages place cannabinoids as the third most
reported prohibited substance in 4 of the last 7 years of compiled WADA laboratory
statistics (2003–9) and the second most reported in 2008–9 following anabolic agents. In a
social context, cannabis is the most prevalent illicit drug abused in many countries.[133,134]

The use of cannabinoids peaks during the late teens to early twenties, decreasing thereafter
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to half peak prevalence by age 30.[135] Based on these statistics, cannabis in sport would
appear to reflect levels of recreational use reported in many countries, as elite athletes are in
general young adults.

Sanctions for a first positive result for canna-binoids range from a warning to a 2-year ban,
with positive results on repeated occasions leading to a potential lifetime ban. In recent
positive cannabinoid cases, there were serious consequences for the athlete’s image and
sponsorship endorsement, even if the elite athlete stated the use was out-of-competition.

Based on WADA statistics, some sports report higher percentages of cannabis use than
others, but there does not appear to be a pattern of abuse related to the degree of risk
inherent in the sport, the abilities required for each type of sport or the psychological
pressure related to exposure to the public. A specific culture of a sport and/or the athlete’s
personal decision appears to be the primary motivation for using cannabis in sport. The
significant decrease in AAFs for cannabinoids in-competition also stresses the importance of
implementing such a tight anti-doping regulation in sport.

13. Conclusion
Recent advances in understanding the endogenous cannabinoid system demonstrate its
important role in many critical functions that could positively affect sports performance.
This fact, together with the detrimental health effects of cannabis and its violation of the
spirit of sport, supports the prohibition of cannabis and its analogues.
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Fig. 1.
Chemical structure of different cannabinoids. CBD = cannabidiol; THC = Δ9-
tetrahydrocannabinol; 11-OH-THC = 11-hydroxy-Δ9-tetrahydrocannabinol; THCCOOH =
11-nor-9-carboxy-Δ9-tetrahydrocannabinol.
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Table I

Cannabinoid excretion data based on creatinine-normalized urine concentrationsa

Variable Groups according to cannabinoid to creatinine ratio (ng/mg)

≤50 51–150 >150

Smoking frequency (d/mo) 2–30 6–30 12–30

History of cannabis smoking (y) ≤25 ≤22 ≤24

Mean time until first negative specimen (d) 0.6 3.2 4.7

Mean time until last positive specimen (d) 4.3 9.7 15.4

a
Sixty cannabis smokers resided on a closed research unit under 24-h monitoring for up to 30 d. All urine specimens were collected and

individually analysed for 11-nor-9-carboxy-Δ9-tetrahydrocannabinol.

Sports Med. Author manuscript; available in PMC 2013 July 21.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Huestis et al. Page 22

Table II

Adverse analytical findings (AAFs) for cannabinoids from 1998 to 2009 from the International Olympic
Committee (1998–2002) and the World Anti-Doping Agency (2003–9)

Year Specimens (n) Total AAFs (n) AAFs for cannabinoids (n) AAFs for cannabinoids (%)

2009 277 771 4567 352 7.7

2008 274 615 5523 496 9.0

2007 223 888 4850 576 11.9

2006 198 143 4332 553 12.8

2005 183 337 4298 503 11.7

2004 169 187 3305 518 15.7

2003 151 210 2716 378 13.9

2002 131 373 2371 347 14.6

2001 125 701 2075 298 14.3

2000 117 314 2228 295 13.2

1999 118 259 2341 312 13.3

1998 105 250 1926 233 12.1
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