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Cannabis Use and Sport:
A Systematic Review

Shgufta Docter, BKin,™ Moin Khan, MD, MSc, FRCSC,* Chetan Gohal, MD,* Bheeshma Ravi,
MD, PhD, FRCSC," Mohit Bhandari, MD, PhD, FRCSC,* Rajiv Gandhi, MD, MSc, FRCSC, "
and Timothy Leroux, MD, MEd, FRCSC*'

Context: Cannabis use has increased, in large part due to decriminalization. Despite this increase in usage, it remains
unclear what proportion of athletes use cannabis and what effect it has on athletic performance and recovery.

Objective: To systematically review cannabis use among athletes, including epidemiology, effect on performance and
recovery, and regulations for use in sport.

Data Sources: PubMed, MEDLINE, and EMBASE databases were queried from database inception through November 15,
2018. A hand search of policies, official documents, and media reports was performed for relevant information.

Study Selection: All studies related to cannabis use in athletes, including impact on athletic performance or recovery,
were included.

Study Design: Systematic review.
Level of Evidence: Level 4.

Data Extraction: Demographic and descriptive data of included studies relating to epidemiology of cannabis use in
athletes were extracted and presented in weighted means or percentages where applicable.

Results: Overall, 37 studies were included, of which the majority were cross-sectional studies of elite and university
athletes. Among 11 studies reporting use among athletes (n = 46,202), approximately 23.4% of respondents reported using
cannabis in the past 12 months. Two studies found a negative impact on performance, while another 2 studies found no
impact. There was no literature on the influence of cannabis on athletic recovery. Across athletic organizations and leagues,
there is considerable variability in acceptable thresholds for urine tetrahydrocannabinol levels (>15 to 150 ng/mL) and
penalties for athletes found to be above these accepted thresholds.

Conclusion: Overall, these results suggest that approximately 1 in 4 athletes report using cannabis within the past year.
Based on the available evidence, cannabis does not appear to positively affect performance, but the literature surrounding
this is generally poor. Given the variability in regulation across different sport types and competition levels, as well as the
growing number of states legalizing recreational cannabis use, there is a need to improve our understanding of the effects
of cannabis use on the athlete and perhaps adopt a clearer and overarching policy for the use of cannabis by athletes in all
sports and at all levels.
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annabis is commonly used for recreational or medicinal | has garnered attention because of its ability to act as a partial

purposes. While there are more than 104 different agonist for CB1 and CB2 receptors, leading to the intoxicating
compounds in cannabis, tetrahydrocannabinol (THC) effects that many recreational users seek. Alternatively, CBD
and cannabidiol (CBD) are the most well-known, researched, elicits pharmacological effects devoid of psychoactivity, making

and consumed.” THC is the main psychoactive component and | it ideal for medicinal use because of its limited impact on the
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central nervous system and its reported antiepileptic, anxiolytic,
antipsychotic, anti-inflammatory, and neuroprotective effects.”*

In North America, cannabis use in adults has increased over
the past decade largely because of changing attitudes regarding
its harm, use, and acceptability.** Most recently, Canada and
many states in the United States (US) have legalized the
recreational use of cannabis, reflecting the shifting public
opinion. There is an interest in understanding how these
changes will influence sport, from the individual athlete to how
different sporting organizations will adopt regulations keeping
with or against these trends. The aim of this systematic review
was to evaluate the available literature on cannabis use in sport,
specifically (1) the epidemiology of cannabis use among
athletes, (2) the impact of cannabis use on athletic performance
and recovery, and (3) the current regulations surrounding the
use of cannabis and sport participation.

METHODS
Search Strategy

Three online databases (PubMed, EMBASE, MEDLINE) were
searched by 2 independent reviewers in duplicate for relevant
articles from data inception to November 15, 2018. Search terms
such as sports, athletes, exercise, cannabis, marijuana,
tetrahydrocannabinol, performance enbancement, and athletic
performance were utilized. Medical Subject Headings (MeSH)
for MEDLINE and EMTREE terms for EMBASE were utilized in
various combinations and supplemented with free text to
increase search sensitivity. A hand search of up-to-date policies,
official documents, and media reports was also performed on
November 15, 2018. The search strategy can be found in
Appendix 1 (available in the online version of this article).

Study Screening

All titles, abstracts, and full texts were screened in duplicate by
2 independent reviewers. Any disagreements at the title and
abstract stages were moved forward to the next round of
screening to ensure relevant articles were not missed.
Disagreements at the full-text stage were discussed among the
2 reviewers. Consensus was reached for final eligibility of all
articles.

Assessment of Study Eligibility

Inclusion and exclusion criteria for this systematic review were
determined a priori. Inclusion criteria were studies (1) in
English, (2) on humans, (3) pertaining to the use of cannabis by
athletes, and (4) pertaining to the effects of cannabis on
performance. Exclusion criteria consisted of systematic or
narrative reviews and nonclinical studies.

Data Abstraction and Statistical Analysis

Data relating to the epidemiology of cannabis use among
athletes were abstracted from the included studies. Demographic
data were also abstracted, including author, year of publication,
study type, level of sport, mean age, and percentage female.

Descriptive statistics are presented in weighted means or
percentages where applicable. A kappa (k) statistic was used to
evaluate interreviewer agreement at all screening stages.
Agreement was categorized as per the guidelines of Landis and
Koch as follows: 0.81 to 0.99, almost perfect agreement; 0.61 to
0.80, substantial agreement; 0.41 to 0.60, moderate agreement;
0.21 to 0.40, fair agreement; and 0.20 or less, slight agreement.”
Other major recurrent themes found in the literature relating to
cannabis use in athletes are summarized under various
subheadings. Important and relevant topics to be included in the
review were decided on by all authors.

RESULTS
Study Identification

The initial search yielded 974 studies, of which 37 full-text
articles met the inclusion criteria (Figure 1). There was almost
perfect agreement between reviewers at the title and abstract
(k = 0.96) and full-text screening stages (k = 0.94). Of the 37
studies, we categorized them into studies looking at
epidemiology of use, athletic performance, and recovery. In
studies looking at use, the majority were level 4 studies of high
school, elite, and university-level athletes, including 31 cross-
sectional studies and 2 longitudinal survey studies. Among the
studies examining athletic performance, 2 randomized control
trials and 2 prospective cohort studies were found. No studies
were found for the topic of cannabis use and athletic recovery.

Epidemiology of Use

Of the 33 studies evaluating the epidemiology of use, 26 studies
reported on the prevalence of self-reported cannabis use in
athletes at various levels of sport (Table 1). The majority of
studies did not specify route of administration, but among those
that did, inhaled and edible forms remain the most common. %
The age range among these studies was 13 to 48 years, and
level of sport ranged from high school to elite athletes. Eleven
studies (n = 46,202) reported on use over the past 12 months.
Among these studies, the pooled weighted frequency of
cannabis use within the past year was 23.4% (range, 2.5% to
02%). Use in past 6 months (3 studies; n = 6800) or 30 days (2
studies; n = 3248) ranged from 5% to 19% and 11.2% to 32.7%,
respectively (Table 1). There was significant variability in the
frequency of use reported between studies evaluating marijuana
use, where some considered use as 1 joint smoked in their
life*"*34%5%7  and others reported daily and weekly use,” which
could explain the wide ranges in values.

The remaining 7 studies reported on either risk factors
associated with cannabis use or cannabis frequency in urine
samples from doping labs (Table 2).

Impact on Performance and Recovery

Our search revealed 4 primary studies (n = 121) that examined
marijuana use in athletes or otherwise healthy patients and its
impact on athletic performance.******* In terms of a negative
effect on performance, Steadward and Singh* found that heart
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974 records were identified
through databases searched
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duplicates
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488 Studies

Title & »| Removed: 374

Abstract
Review

\ 4
114 Studies

Full-Text Review >

Removed: 77

(1) Not in English (n = 3)

(2) Did not relate to athletes or performance/recovery
(n=28)

(3) Did not look at marijuana (n = 13)

(4) Not on humans (n = 1)

(5) Introduction for editorial (n = 1)

(6) Letter to the editor (n=1)

(7) Reviews (n = 30)

\ 4

37 Studies included in Qualitative
Analysis

Figure 1. PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) flow diagram.

rate and blood pressure were elevated after marijuana
consumption when compared with placebo during exercise,
and work capacity decreased 25% at a heart rate of 170 bpm.
When observing maximal exercise, Renaud and Cormier”’
reported a decrease in maximal work duration as a result of leg
fatigue in patients who smoked a cigarette of THC 17 minutes
before exercising. In contrast, a recent study by Lisano et al**
comparing exercise performance in marijuana users with
nonusers found no significant between-group differences in
cardiovascular function or performance. Similarly, in a study by
Maksud and Baron® evaluating marijuana users versus control,
no significant differences were found between groups on peak
aerobic capacity or physical work capacity. No studies reported
on cannabis and the impact on recovery.

Regulations in Sport

A hand search of up-to-date regulations for the use of cannabis
in major sporting organizations was conducted. Our findings

revealed that cannabis regulations vary widely among sporting
organizations, as delineated in Table 3. As the active substance
in cannabis, THC, is metabolized into carboxy-THC and
excreted in urine, the most common way of testing cannabis
use in athletes is through urinalysis.

DISCUSSION
Epidemiology of Use

Overall, 23.4% of athletes reported using cannabis within the past
year. Despite this higher-than-anticipated rate of use, these
findings are lower than the rate of use in the general population
among similarly aged individuals (31.9% in a cohort aged 18-25
years®). One consideration is that the current studies examining
cannabis use among athletes were all reliant on athlete self-
reporting, which could lead to underreporting for a variety of
reasons, including fear of stigma and punishment.** For instance,
in a study by Thevis et al,*® no athletes reported cannabis use, yet
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Table 2. Main findings from studies on cannabis and risk factors or doping laboratory analysis (n = 7)

Type of Participants, Age Female,
Study, Year Study n Range, y % Main Findings
Ewing, 1998%° Cross- 1458 NR 46.7 National Longitudinal Male athletes were more
sectional Youth Survey (1992) likely to have used
marijuana than non-
athletes.

Peretti-Watel Cross- 10,807 14-19 521 French national U-shaped curve was

et al, 2002* sectional school survey of all found between male
adolescents (1999) sport participation and
cannabis use.

Van Eenoo and Cross- 14,995 NR 134 Urine samples from Reports showed a
Delbeke, sectional the 10C and Flanders significant increase in
2003°" analyzed in a doping samples containing

control laboratory, cannabis over time,

Ghent, Belgium and it was detected

(1996-2000) in all types of sports
studied.

Strano Rossi Cross- 95,000 18-35 25 Athlete urine samples Marijuana (THC
and Botre, sectional taken from the metabolite) was the
2011% Italian Anti-Doping most frequently found

Laboratory over drug (0.2%-0.4% of
a 10-year period samples).
(2000-2009)
Buckman et al, Cross- 11,559 18-23 0 Male undergraduate Reports showed a
20138 sectional NCAA college higher prevalence
student-athletes of marijuana among
(2008-2009) performance-
enhancing substance
users compared with
nonusers.

Veliz et al, Cross- 21,049 13-18 50.9 American College Participation in
2016% sectional Health Association— competitive sport was

National College not associated with

Health Assessment 30-day marijuana use.

Study (2008-2012) However, odds of past
30-day use was higher
in high-contact sports.

Boyes et al, Cross- 13,817 14-15 49.3 National Canadian Team sport participation
20175 sectional adolescents from the was associated with

Health Behaviour in lower prevalence

School Age Children levels of cannabis use

data (2013-2014) and a protective effect
of cannabis use for
females.

10C, International Olympic Committee; NCAA, National Collegiate Athletic Association; NR, not reported; THC, tetrahydrocannabinol.

195



Mar e Apr 2020

Docter et al

"sweJboid Buidoppue asay Joeus Jeu suoleziueblo o} sjqesljdde Ajuo sajni ‘sl pangiyosd Yaym au} sidopy,
"SH0dS [9A8]-In8]eWe pue -[euoissajold Jayjo apnjoul Aejy,
*fousby Buidog-nuy plom ‘YavM ‘Joulqeuuesosphyens) ‘OHL ‘anbea Aexa0H [euoieN “JHN ‘enbesT |jeqioo4

[euoleN “14N ‘uoneI20ssy 911ajyly 869109 [BUOKEN ‘YYIN ‘UONBIJ0SSY |[eqieyseq [euoneN ‘AN ‘8|qe[ieAe Jou ‘YN ‘182908 anbeaT Jolely ‘STl {lleqaseg anbea Jolely ‘gTIN ‘Juswaalby Buiurebieg aanaao) ‘vgo

ogle4I88p yluow-¢ 4ouon8dwos
qui/bu ogL< auun Bunse) wopuey Unm uoisuadsns uow-9 Ajfensn :,Aousby Buidog-nuy sn u1 payqiyo.d 810¢
, uonnaduwos .SpJepuels
w/Bu pG1< auun Bunse) wopuey | Aunqibiisur yuow-g Ajrensn :weiboid buidog-nuy uelpeue) ul payqiyoid 810¢ [euoleN
AT 13| EREENITEY
sniejs pre 0] paJinbal 18} aAnehau ‘1sensod Jeah | Joj uonedioied
[etoueuyy ‘swny Huiferd woJj playyum pue Jeak a|qibis Jo sso :Ayeuad pug
‘Buryuel ‘uonisod Jo uoSeas
qw/bu G| < auun siseq Jo Buisa) Wopuey | 8y} JO %0G 10} uonadwod wolj payyum Juspms Aeuad is| ,cPaNaIyo.d 810¢ YVON
¢,401s8Nb Ul uonadwos sy} buunp paurelqo 2,uonnadwos (vavm)
,,Jw/Bu g < auun Bunse) wopuey | SyNsal ay} Jo uoiedliienbsip 0} Spes| uone|olA ajn. Buidopiuy ul payqIyod 8102 soldwA|o
VN VN VN ¢, V80 Ul pay1oads 10N VN 910¢ SN
Jauoissiwwod Aq aundiasip :euen(uew Jo S|aAa| Bulusyealy
uoseas Jejnbai 000'GE$
Buunp Bunsay Joj asneo 0] dn saul) aAISsai60.d :weiboid Juswiealy Jo aoueldwodu)
Jw/bu g1< auun a|qeUOSEal 9ABY 1SN\ weJboid Juawiesal] :UOIRIOIA IS | ¢, PaNqIYOId 8102 a1
weiboid yyesH a|qe|ieAe
[BI0IABYDG PUR 8SNQY 92UBISANS Y THN/THN O} PaJiajal pue Ajo119nd 10U
vN N funss) wopuey pa19.1L09 Jake|d :8snqge Jo sbnup Joj sjans| ybiy Ajjewiouqy 1SI| PalqIyoid 9102 THN
uoisuadsns aweb-( | :UONB[OIA Ul
(uoseas uoisuadsns aweBh-G :uone|oIA pig
Jejnba. Jad sawn ¢ auly 000°Gg$ :uonejoIA pug
vN auun 01 dn) Bunsa) wopuey .weibo.d euenfuey,, 01Ul 89URIIUT UONBIOIA 1S| cePONaIYOId 1102 vaN
Jeaf | JoJ uoisuadsng :uone|oia Y19
198J1U09 saweb (| JoJ uoisuadsns :UONBIOIA UIG
ul paniwJad I uosess saweb ¢ 1oJ uoisuadsns :UONBIOIA Ulfy
-ur Bunse) wopuel fed aweb g Jo aul4 :UONRIOIA PIE
‘uoseasald Bunnp fed aweb ¢ Jo aul4 :uone|oIA puz
qu/Bu ge= auun 90U0 pasa) siafe|d ||y weiboid asnge aoue)sSqnS :UOHLJOIA IS | ccPauqIyoId 8102 74N

9H1-Ax0q.e9 jo
S|ana pioysaiyy

pajsal
sisfjeuy

Bunsa] Jo fouanbaiy

a|npayas aundiosiq Aaijod Aaijod uoneziuehig
JO JeBA

suoneziuebio Huiuiods Jofew ul asn sigeuued Jo suonenbay ¢ s|qe

196



vol. 12 e no. 2

SPORTS HEALTH

9.8% of urine samples from the same cohort detected THC levels
at concentrations indicative of use within the past 24 hours.
Similarly, Saugy et al* suggested that athletes who consume
cannabis typically restrict themselves to low doses and consume
outside the environment of doctors, coaches, and teammates. The
National Collegiate Athletic Association (NCAA) has conducted a
Student-Athlete Drug Use Survey every 4 years since 1985 that
enables an assessment of health and well-being of student-
athletes.* Their most recent survey found that 24.7% of athletes
reported using marijuana within the past 12 months.* On the
other hand, a study by Peretti-Watel et al® found that the use of
cannabis was 2 to 3 times lower among elite student-athletes than
their nonathlete counterparts, and Baumert et al’ found
nonathletes to be at a greater likelihood of using marijuana.
Despite this, it is clear that a number of athletes we care for may
be using cannabis. In areas where cannabis is legal, education on
safe use, in- versus out-of-season use, and information regarding
its effects on health and performance should be a priority for the
medical staff and other team personnel.

Impact on Performance and Recovery

While it is clear that a lack of strong evidence exists to make
definitive conclusions on the association between cannabis use
and athletic performance, it is worth noting that among 4
studies, there was no clearly demonstrated benefit of cannabis
use on athletic performance32’34’47’54; in fact, 2 studies’”*
demonstrated that cannabis use negatively influenced
performance on noncontact cycle ergometer exercises. This is
consistent with the pharmacological effects, which categorize it
as an ergolytic substance rather than ergogenic.”

Although there is no evidence of improvements in physical
performance, alterations in cognition and affect have been
postulated to affect performance due to the euphoric feelings
after use, which may have stress- and anxiety-relieving effects in
a competitive setting.>*> THC has anxiolytic effects at low doses,
which may lead athletes to it use for anxiety relief before,
during, and after performance. > Three studies revealed
reasons athletes used cannabis.”*" In a study using NCAA data
from 2001, Green et al® found that only 0.6% of athletes
reported using cannabis to enhance athletic performance.
Lorente et al* found that 85.7% of athletes reported that the
drug was never used to enhance performance, while Thomas
et al® found that the majority believed it would negatively affect
their performance. On the other hand, athletes also cited
psychological factors such as increased relaxation, pleasure, and
improved sleep, ™" factors that could be perceived to also affect
performance. It is important to note that these potential benefits
of cannabis are primarily from self-reports; as such, future
research should focus on better understanding how cannabis
influences the mental state of an athlete, specifically its role in
managing anxiety associated with participation in sport.

While there is no data on the role of cannabis in athletic
recovery, some have pointed to its potential role. Cannabis may
play a role in pain management after injury and training fatigue
because of its analgesic effects.* There is considerable literature

that suggests cannabinoids have a moderate positive effect in
managing neuropathic pain.” Medicinal marijuana has been
approved in many states for a number of conditions, including
severe chronic pain,” and it is well-known that many current
and former athletes suffer from chronic pain. Furthermore,
benefits may also serve Paralympic athletes, who suffer from
neuropathic pain related to spinal cord injury or muscle
spasticity.” In a study examining chronic neuropathic pain, a
single inhalation of 25 milligrams 3 times daily for 5 days
reduced pain intensity and improved sleep.65 In a narrative
review published in the Canadian Medical Association Journal,
medicinal cannabis producers are hopeful that it may serve as a
safer alternative to pharmaceutical-based pain management."
Former National Football League (NFL) players are advocating
for the legalization of cannabis, citing that it may help with the
chronic pain and opioid addiction that accompany years of
injuries sustained in the contact sport. "%

One interesting consideration in the discussion of cannabis
use among athletes is its impact on concussion recovery. The
risk of concussion has been a concerning and harrowing reality
of many contact sports. In particular, the rates of sport-related
concussions have grown significantly in youth.' The recovery
from concussion can be a long and arduous one, depending on
the severity, and may leave the athlete with a lost sense of self
and isolation."* No studies to date have tested cannabis use
and concussion recovery. In a retrospective study by Nguyen
et al," a positive correlation was found between THC use and
improved survival after traumatic brain injury, not specific to
concussion. In a narrative review by Schurman and Lichtman,”
a pharmacological analysis of endocannabinoids and their
relation to traumatic brain injury pathology suggests a
promising avenue of basic science research to explore the
neuroprotective, anti-inflammatory characteristics, which could
have potential therapeutic benefits in concussion management.

Regulation in Sport

There is clear variability across different sports and competition
levels with regard to the acceptability of cannabis use in and
outside of competition. While some have discernibly defined
sanctions on THC-positive athletes, such as the NFL and National
Basketball Association, others like the National Hockey League
(NHL) have little discipline for athletes who use THC.* There is
also notable variability in the acceptable level of THC at the time
of testing, whereby the NCAA appears the harshest (where the
urine threshold levels of THC exceed >15 ng/mL),” yet a much
larger >150 ng/mL threshold is held by the World Anti-Doping
Agency (WADA), which regulates the Olympics, the Canadian
Anti-Doping Policy, and the US Anti-Doping Agency.”" Another
noteworthy finding is that the WADA only prohibits cannabis use
“in competition,” which means athletes may be using outside of
competition time without penalty from their sporting
organization.zs‘46 Furthermore, in the NCAA, for example, the
testing and penalties for marijuana may vary greatly between
colleges given that the majority also conduct their own
institutional drug testing independent of the NCAA and are then
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responsible for applicable penalties.% In contrast, in professional
organizations such as the Major League Baseball, the NHL, the
NFL, and Major League Soccer, leagues oversee and enact
punishments. At the national level, it is the choice of individual
sporting organizations to adopt standards such as the Canadian
Anti-Doping Program or US Anti-Doping Agency, who then
provide code-compliant antidoping services." Last, it is
important to note that regulations in sport largely focus on the
consumption of THC, while CBD appears to be widely accepted.
For example, the WADA permits the use of CBD.” Despite this,
athletes should recognize the inherent risk in consuming what is
perceived to be pure hemp-derived CBD (legally considered to
have THC levels <0.3%).” Literature suggests that there is wide
variability in the purity of CBD products, and consumers have
little quality guarantees when it comes to the numerous oils on
the market.”? Given this variability, it is possible that THC levels
in reportedly pure CBD products can reach a level that may
result in a positive urine test depending on the threshold for the
sport and competition level that the athlete is participating in.

Despite all the variability in regulations surrounding cannabis
use in sport, the debate of whether cannabis is considered
“doping” remains. In a commentary by Bergamaschi and Crippa,*
they detail the 3 inclusion criteria for a substance to be included
in the prohibited list by the WADA: (1) potential to enhance
performance, (2) imposes health risks, and (3) violates the spirit
of sport. Whether cannabis meets these criteria and how remain
in question with the changing landscape of sport and available
evidence. With the decriminalization in Canada and some US
states, athletes and league administrators may be deliberating the
presence of cannabis on prohibited substance lists.

Strengths and Limitations

This systematic review is the first to outline and summarize the
available literature on cannabis use in athletes, providing an
overview of both the epidemiology of use and the impact
cannabis has on athletic performance and recovery. It identifies
numerous voids in the available literature and areas where
further research can aid in our understanding of the effect of
cannabis on athletes. Our review is limited to the strength of
evidence available on this topic, which was primarily level 4
and 5 evidence. Another limitation is that pooled analysis on
usage may be under- or overestimated because of the wide
variability among studies on factors including level and type of
sport, athlete age, and year of study. Some other considerations
we did not detail include dosage and potency of marijuana and
how the alterations in dose may influence performance. Last,
“cannabis use” is a common umbrella term that encapsulates
both THC and CBD, though the studies in this review and
others have historically focused on THC use. The legalization of
cannabis has given rise to CBD-related product use, and we
suspect that CBD use among athletes has also risen
exponentially. Given our findings on the growing use of
cannabis overall, it is worthwhile to relay the dire need to
researchers to study the prevalence of use and effects of CBD in
the athletic population.

CONCLUSION

Overall, approximately 1 in 4 athletes reported using cannabis
in the past year, but this may be underreported. Cannabis use is
thought to either have no benefit or to impair athletic
performance, as indicated in the available low-level evidence;
moreover, there is no evidence evaluating the impact of
cannabis on recovery. Current regulations in sport show that
most organizations have prohibited cannabis, but discipline
schedules and THC urine levels vary by organization. As the
legal landscape and acceptability of cannabis use is changing,
further research is needed to delineate its true effects on
performance and recovery and to guide its regulation in sport.
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