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E X E C U T I V E  S UMM A R Y

• Millions of U.S. adults are physically active on a regular basis or participate 
in exercise. Pain and discomfort are common problems for active adults and 
athletes that require self-management. 

• The training cycle includes different phases from performance to recovery. 
Each phase involves different levels of challenge in terms of physical effort 
needed for optimal performance. Nutritional needs differ through the phases 
and across sports. The recovery phase is essential to reduce injury risk. 

• The endogenous cannabinoid system is a network of molecules, enzymes, 
and neural receptors. It contributes to a wide range of physiological functions, 
including inflammation and perception of pain. The endogenous cannabinoids 
anandamide and 2-AG are molecules that activate CB1 receptors in the brain 
and CB2 receptors throughout the body. 

• Phytocannabinoids are a unique set of constituents from plants belonging 
to the cannabis genus. When introduced into the body THC binds to CB1 
receptors inhibiting cognition, coordination, and other actions. CBD binds  
to neural receptors in the immune system and is recognized as playing a  
role in pain and inflammation. 

• CBD does not meet the FDA definition as a dietary supplement because  
there is no data on an optimal level in the body. However, CBD is growing  
in popularity to reduce pain and inflammation. This is particularly relevant  
to active adults and athletes.

• Because CBD full spectrum products contain a variety of Cannabis 
constituents, products made from CBD isolate are important for competitive 
athletes to lessen the chance of ingesting trace levels of THC.

• Introducing ingestible CBD into the training regimen should be done at low 
risk periods. At any phase in the training cycle topical CBD may be helpful  
for muscle and joint discomfort.  
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O V E R V I E W

Exercise is important to promote and maintain health. 
Millions of active adults experience discomfort that 
requires self-management to alleviate symptoms 
and stay active. For athletes, exercise is a way of 
life. Balancing the challenge and recovery phases of 
training is important to perform at a high level. The 
restorative phases of the training cycle are essential 
to reduce injury risk and potential burnout. A myriad 
of products are marketed to help alleviate discomfort 
associated with exercise, training and athletic 
performance. The endogenous cannabinoid system 
influences homeostasis, and likely plays a role in 
human performance by modulating pain and mediating 
inflammation. Cannabidiol, one of the major constituents 
of plants in the cannabis genus, binds to neural 
receptors in the immune system. Its role in pain and 
inflammation indicates it is a valuable tool to support 
performance and recovery. 

A C T I V E  A D U L T S  &  A T H L E T E S 

Physical activity is any movement of the body that is 
produced by muscles and that expends energy.1 This 
includes basic movements a person executes throughout 
the day. Chores around the house, yard work, and 
walking the dog all count as physical activity. Exercise, 
including participation in fitness activities (e.g. lifting 
weights, exercise class, yoga), leisure activities (hunting, 
fishing, gardening) or sports (golf, tennis, bowling), is 
considered a subset of physical activity because it is 
purposeful and planned. Together, physical activity and 
exercise maintain and improve cardiovascular health, 
muscle strength, and bone density. One-third of adults 
reported that they exercise2 because they “want to feel 
good.” Being active has health benefits and intrinsic 
rewards. Being active is a lifestyle.

Recent data found that 53.3% of U.S. adults3 met aerobic 
activity guidelines of 150 minutes of moderate to vigorous 
intensity activity per week.4 While these minutes may 
be allocated differently depending upon the associated 
activity, adults who exercise three or more days per 
week on a regular basis make exercise a priority. There 
are a myriad of choices for exercise and fitness pursuits 
ranging from classes streamed to a home computer, 
to specialty fitness studios, health clubs, and special 
interest clubs. For adults who do exercise, the most 
popular pursuits are fitness-related activities, outdoor 
sports, and individual sports.5 Health clubs in the U.S. 
reportedly serve over 70 million people.6 For adults who 
participated in group exercise, yoga is the most popular 
activity.2 Different types of activity—with varying levels 
of intensity—require the ability to push through a level of 
discomfort. They are also associated with different health 
benefits and risk of injury. 

T R A ININ G  &  P ERI O D I Z AT I O N
Active adults and fitness enthusiasts differ from 
competitive athletes in one key area: periodization.  
For active adults and fitness enthusiasts the demands  
of activity are consistent 52-weeks per year.  
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different times in the training cycle.11 Endurance athletes 
will increase carbohydrate intake during the preparation 
phase for a race, while body builders will protein load 
and restrict carbohydrates prior to competition. An 
overall balanced diet is considered optimal to fuel the 
demands that activity, training, and competition place 
on the body. Athletes also turn to engineered foods (e.g. 
protein powders, energy bars) as food replacements to 
complement their diet. 

Micronutrients (vitamins and minerals) do not naturally 
occur in the body so they need to be sourced from foods. 
A balanced diet with a variety of foods should provide the 
full range of micronutrients for active adults and athletes. 
Key micronutrients that are important to focus on in 
the diet include calcium and vitamin D needed for bone 
health, sodium for water metabolism,11 and B vitamins to 
build and repair muscle.10 Dietary reference intake (DRI) 
was established to help consumers recognize levels of 
micronutrients important to maintain health. Packaged 
foods are labeled with a “Nutrition Facts” panel that 
includes a percent daily value (DV) to educate consumers 
about nutrient levels per serving. Dietary supplements 
are labeled with a “Supplement Facts” panel that lists the 
amount per serving of a dietary ingredient and the DV.12 
It is important to note that in order for any product 
to qualify as a dietary supplement it must contain a 
vitamin, mineral, amino acid, herb or botanical, and 
“...supplement the diet by increasing the total dietary 
intake...” 13 Countless products are marketed to active 
adults and athletes that do not meet the criteria of 

The consistency can help to foster habits and maintain 
health but may not necessarily contribute to fitness 
improvements when the body adapts to the training 
load.7 Periodization is a training cycle that balances 
a regular routine with intervals of challenge (overload) 
and recovery.8 Where the challenge and routine phases 
contribute to gains in movement dimensions (strength, 
power, speed, agility, or endurance) or changes in body 
composition, for active adults the periods of recovery 
are important to reduce risk of fatigue or injury. 

Competitive athletes follow a training cycle that 
progresses from maintenance (training to sustain fitness 
and sports skills) through preparation (increasing training 
demands), to a competition (an event), followed by a 
transition phase into a recovery period. Participants 
in team and individual sports follow a natural cycle 
from performance through recovery because sports 
have seasonality. During the transition, recovery, 
and maintenance phases restorative approaches like 
massage, stretching, cross-training, meditation, and 
visualization are used to reduce risk of injury or psycho-
emotional burnout.9

S UP P L EMEN T S
Diet is an essential component of training. Food is 
converted into fuel to meet the energetic demands 
of activity. A mix of macronutrients (proteins, 
carbohydrates, and fats) is necessary to maintain health. 
For athletes the dietary balance of macronutrients differs 
depending upon the energy demands of activity10 and at 

FIGURE 1: THE TR AINING CYCLE
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repetitive stress injuries as well as acute injuries from 
falls or contact. Risk for type and location of injuries 
differs depending upon the exercise or activity. Runners 
are at risk for soft tissue injury to the lower extremities 
including muscle strain of the lateral or posterior thigh 
or inflammation of the plantar fascia as well as damage 
to ligaments and cartilage in the knee or ankle joints.20 
Weight lifters are at risk of muscle strains and sprains 
involving the back, shoulder, or knee.21 Muscle soreness 
is not necessarily an injury, but is a problem that active 
adults and athletes must learn to manage in order to stay 
active. Stretching can be helpful, but has not been found 
to prevent injury or reduce soreness.22,23 

Pain and inflammation are common symptoms found 
across all types of exercise and activity-related injuries. 
For many active adults and athletes, minor pain, stiffness, 
and discomfort are the price paid associated with 
their activity and therefore require self-management. 
Persistent symptoms warrant referral for assessment 
by a qualified healthcare professional. For low level 
symptoms or routine discomfort a variety of strategies 
can be used as part of a routine: icing, taping, bracing, 
stretching, self-massage, and/or use of over-the-
counter nonsteroidal anti-inflammatory drugs.19,23–26 The 
mechanisms to explain pain and chronic inflammation 
are not well understood. Recent discoveries involving 
the endocannabinoid system suggest that it is involved 
in pain modulation and mediating inflammation.27,28 
Cannabinoids are emerging as a promising treatment for 
pain and inflammation29–31 associated with a low level of 
general discomfort as well as symptoms that arise with 

U. S .  HE A LT H  C L UB S  S ER V E  O V ER  70 MIL L I O N  P E O P L E . 

5 3.3% O F  U. S .  A D ULT S  G E T  AT  L E A S T  15 0 MINU T E S  

O F  M O D ER AT E-V I G O R O U S  IN T EN S I T Y  A C T I V I T Y  P ER  W EEK . 

H A L F  O F  U. S .  A D ULT S  TA K E  O NE  O R  M O RE  D IE TA R Y  S UP P L EMEN T S .

dietary supplements.14 Some have no known identified 
health benefit; others are mega doses of vitamins or 
minerals that are intended to replace levels missed in 
the diet. Still others are ergogenic aids that are banned 
in competitive sports. CBD products are a new entry 
to this market, but there is no DRI for CBD. To date, 
the FDA has issued warning letters to 37 companies 
selling CBD. The majority of the letters noted that 
companies labeled products containing CBD as a dietary 
supplement even though it does not meet the criteria.15 

E X ER C I S E  A ND  D I S C O MF O R T
Exercise has numerous physical and mental benefits 
for the cardiovascular system, muscular strength and 
endurance, bone density, and stress management. 
The ability to train with intensity requires the ability 
to push past discomfort. Traditionally the ability to 
tolerate discomfort was thought to be related to 
motivation, but there is growing recognition that 
exercise has an analgesic effect that is attributed to the 
endocannabinoid system.16 Neural receptors interfere 
with the transmission of pain signals in both the central 
and peripheral nervous systems, which may provide an 
explanation for runner’s high.17,18 

Active adults and athletes constantly balance the 
demands that activity places on the body with 
potential for injury. Sport and activity-related injuries 
are complex.19 Stress induced injuries arise from 
overtraining,7 notably during the preparation phase of 
a training cycle. Biomechanical and neuromuscular 
factors are associated with injury risk,19 including 
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The Endocannabinoid system regulates 
a number of important physiological 
processes, including the following.
 

The two main types of cannabinoid 
receptors, CB1 and CB2, can be found 
in almost every tissue of the body in 
different concentrations.

serious health problems. Cannabinoids may also help 
active adults and athletes by modulating pain that occurs 
during exercise or physical activity.18 

END O G EN O U S  C A NN A B IN O ID  S Y S T EM

The endogenous cannabinoid system (ECS) was identified 
in the 1990s by researchers exploring the mechanisms 
of action for cannabis. Also called the endocannabinoid 
system, it is one of the most significant human health 
discoveries of the past century.32  The ECS is unlike 
the anatomical body systems (e.g. muscular, renal, 
or gastrointestinal) because it does not have a single 
structure or distinguishable organs. The ECS is a network 
of molecules, neural receptors, and enzymes.33 This 
network is found throughout the body which suggests 
that the ECS collaborates with multiple body systems. 

END O C A NN A B IN O ID S
The molecules of the ECS—anandamide and 
2-arachidonoylglycerol—naturally occur in the 
body. Known as endogenous cannabinoids or 

endocannabinoids, both are derived from arachidonic 
acid, an omega 3 lipid. The molecules in the ECS act 
as neurotransmitters: binding with neural receptors that 
are located throughout the body. These receptors are 
identified as cannabinoid 1 (CB1) and cannabinoid 2 
(CB2) based upon the binding molecules. CB1 receptors 
are primarily found in the brain; CB2 receptors are found 
in immune tissues.34 The dynamic interaction between 
the ECS molecules and enzymes allow a higher level 
of anandamide to circulate in the body.35 Cannabinoid 
molecules are different from other neurotransmitters 
in two key characteristics: a) they are lipids whereas 
most other neurotransmitters are derived from protein, 
and b) endocannabinoids act via retrograde signaling 
by traveling backwards across the neural synapse.36 
These unique characteristics made the ECS difficult for 
researchers to initially recognize. 

The complexity of the ECS, and the scattering of 
neural receptors throughout the body, suggest that 
it plays a role in mind-body connection.37 Although 
this role and the mechanism of action are not well 
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understood, the introduction of phytocannabinoids—
including cannabidiol—into the body has an effect on 
the mind and the body. Particularly in pain modulation 
and inflammation—both of which are important to 
active adults and athletes. On a systemic level, the 
ECS contributes to homeostasis by affecting mood,38 
potentially interfering with physiological arousal that 
occurs in response to threatening stimuli—including 
pain. The ECS also plays a role in inhibiting inflammation. 
While inflammation is an important process to heal 
injury, chronic inflammation can cause damage. Anti-
inflammatory treatments and medications typically 
target particular neural receptors (on leukocytes).39–42 
Facilitating the ECS offers a new approach to treating 
inflammation through phytocannabinoids.28,43–48

P H Y T O C A NN A B IN O ID S
Like all other botanicals, plants in the cannabis genus 
have multiple constituents (chemicals that are found in 
plants.) The constituents in a plant contribute to different 
characteristics: scent (terpenoids), flavor (flavonoids), 
nutrition (amino acids, fatty acids), color (pigment) 
therapeutic properties, etc.49 Phytocannabinoids are a 
constituent unique to plants in the cannabis genus.50–53

It is estimated that there are dozens of 
phytocannabinoids, most predominant are delta 9 
THC, delta 8 THC (both of which are hallucinogenic) 
and cannabidiol (CBD), a non-hallucinogenic. Different 
varieties (strains) within each cannabis species have 
distinct scents (from dominant terpenoids) and tastes 
(from combinations of flavonoids.) Cannabis growers 
cultivate different strains for the levels of THC, CBD, 
terpenoids, and flavonoids. The results produce a 
versatile botanical with a range of possible therapeutic 
applications.54

Four species have been identified in the cannabis genus: 
cannabis sativa, cannabis indica, cannabis ruderalis, 
and cannabis kafiristanica. The two primary species are 
cannabis sativa (nicknamed hemp for its long, strong, 
flexible fibers) and cannabis indica (nicknamed marijuana,

FIGURE 3: CANNABIS CONSTITUENTS
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known for its hallucinogenic properties.) Historically 
cannabis plants were cultivated to enhance specific 
properties. Hemp was grown for rope and textiles; 
marijuana was grown as an intoxicant.55,56 Both  
species were known to have medicinal purposes.

In traditional medical systems, plants were used as 
medicines. Oils were extracted from plants for ingestion 
or topical application. Tinctures were made by soaking 
plant matter in alcohol to extract constituents. Infusions 
were made from immersing fresh or dried plant matter 
in water. Poultices were made from oils and whole plant 
matter. Plants were dried and crushed into powder 
for pills or capsules. Some plants, including cannabis, 
tobacco and peyote, were dried and smoked. In some 
indigenous cultures, plants that were known to be 
intoxicating or hallucinogenic were incorporated into 
spiritual ceremonies. They also were used to relieve pain 
and suffering. Traditional medical systems recognized a 
range of therapeutic uses for plants. 

Little has been known about phytocannabinoids until 
recently because regulations in the U.S. and most 
industrialized countries banned cultivation of cannabis. 
The bans were focused almost entirely on the informal 
drug trade of cannabis that was high in THC and dried 
for smoking.55 Medical use of cannabis by patients with 
cancer, acquired immune deficiency syndrome, and 
epilepsy57,57,58 stimulated interest in botanical research  
on cannabis plants. A symbiotic relationship between 
THC and CBD was discovered; CBD has a type of 
balancing effect on the intoxicating effects of THC.59 
Therapeutic effects of CBD without THC were recognized 
because THC and CBD bind to different neural receptors. 
THC binds to CB1 neural receptors, primarily located 
in the brain. The action of THC in the brain is inhibitory, 
which can help explain the intoxicating effects because  
it interferes with cognition, motor skills, and memory.

CBD binds to CB2 neural receptors that are located on 
immune tissues throughout the body.60–63 The primary 
functions of the immune system are to fight pathogens 

and repair damage to tissues. The inflammatory process 
delivers leukocytes (white blood cells) and removes waste 
from affected areas. When inflammation is excessive 
or chronic, the build-up of fluids can contribute to pain 
and cause damage to tissues.64 For active adults and 
athletes, this often occurs in the joints causing aches 
and pains that interfere with ability to exercise and 
train. Traditional treatments, including NSAIDs and 
corticosteroid injections have side effects. CBD is being 
recognized by active adults and athletes for its impact  
on pain and inflammation.65,66 

C A NN A B I S-D ERI V ED  P R O D U C T S
Hemp and marijuana are used in a variety of ways.  
Both can be dried and smoked. Various constituents  
can be extracted to make products for ingestion, vaping, 
topical application, or a food additive. Cannabis-derived 
products can be made from hemp (hemp-derived) which 
is more focused on CBD, or marijuana (marijuana-derived) 
which is more focused on THC combined with other 
constituents. Given the range of constituents in hemp 
and marijuana, there are many possible combinations  
that may contribute to different effects. 

Anecdotally, different experiences of smoking marijuana 
are attributed to an entourage effect. This refers primarily 
to the interaction between THC and CBD that contributes 
to the level of intoxication from marijuana. However, it 
is also attributed to terpenoids—the scent constituents. 
Although there is no research evidence to support 
the assumption that terpenoids interact, if something 
smells—or tastes—better it is more likely to be enjoyed 
and contribute to a positive effect. Three terpenoids 
popular in marijuana strains have been found to have 
therapeutic properties when isolated: eucalyptol67 as  
a sedative, linalool68 as an antibacterial, and myrcene69 
as an anti-inflammatory. While this is not necessarily 
applicable when marijuana is smoked, it is recognized 
in development of consumer products. Eucalyptus with 
high concentrations of eucalyptol is used for coughs and 
colds. Lavender with high concentrations of linalool is 
popular in cleaning products. Bergamot and rosemary 
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with moderate concentrations of myrcene are used in 
beauty products. Marijuana dispensaries use terpene 
labeling for various strains to help customers make 
selections that may enhance enjoyment.

The concept of an entourage effect for hemp-derived 
products is more complicated. Hemp-derived products 
are sold under three labels: CBD isolate (only CBD), full 
spectrum (CBD with other constituents including trace 
amounts of THC), and broad spectrum (CBD with other 
constituents and no THC.) The primary therapeutic 
constituent from hemp is CBD. There is evidence that 
CBD by itself has anti-inflammatory, neuroprotective, 
anxiolytic, and nociceptive properties.70–74 There is no 
evidence that CBD interacts with other constituents in  
a beneficial way. 

Differences in CBD product contents have been 
noted.75–78 This affects quality and potential therapeutic 
effects. To promote transparency, third-party verification 
is used to analyze batches of hemp products through 
an independent laboratory. A certificate of analysis is 
provided that gives a breakdown of constituents in the 
product. Because hemp is not cultivated in different 
strains like marijuana, there are differences in constituents 
among batches. That means that there will be variation in 
presence or levels of terpenes, flavonoids, and potentially 
the amount of CBD in products—even those sold under 

the same brand label. An entourage effect that would 
be the same with every use of a full spectrum or broad 
spectrum product is unlikely and there is no evidence to 
support that it occurs for CBD.

C B D  IN  A C T I O N

Preclinical research in laboratories and on animals 
indicates that CBD can have an impact on measures 
relevant to exercise, particularly pain72 and 
inflammation.46,79 Preclinical research also suggests the 
potential for CBD to alleviate anxiety80,81 which could 
have application to competition-related anxiousness as 
well as a recovery tool. While there has been growth 
in the number of clinical research studies in human 
subjects, the majority are exploratory research. Because 
of historical limits on research involving plants in the 
cannabis genus, there is a lack of clinical research 
evidence substantiating the effects of CBD and other 
phytocannabinoids. This is not unusual for botanicals, 
but presents a problem for companies in the burgeoning 
CBD market. The U.S. Food and Drug Administration has 
three categories for active ingredients in over the counter 
drugs. To date they have not made a determination for 
CBD citing lack of clinical research on human subjects. 
Athletes recognize the potential for CBD to help on 
multiple levels,82–84 including use as a substitute for  
drugs with known side effects. 
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AT HL E T I C  P ERF O RM A N C E  A ND  RE C O V ER Y
CBD can be helpful for athletes in two fundamental ways. 
When used topically, it may act to alleviate joint pain and 
stiffness by acting as a localized anti-inflammatory. At any 
point in the training cycle, this is important for athletes 
who seek strategies to work despite discomfort. When 
used systemically (ingested or inhaled) it may improve 
mood and reduce overall inflammation throughout the 
body. This is particularly applicable during the transition 
and recovery phase of the training cycle when athletes 
need ways to heal from effort and exertion associated 
with competition. 

Introducing CBD into the overall regimen for competitive 
athletes should be done at low risk periods in the training 
cycle. This can help to recognize effects of CBD and 
identify suitable serving level. Athletes should explore 
timing for CBD consumption in relation to meals and 
activity. For topical application, scheduling the use of a 
CBD product around workouts is needed to understand 
impact on performance. Care should be taken when 
using CBD during the preparation phase, particularly 
topical application, because the anti-inflammatory anti-
nociceptive properties may mask risk for injury. 

Several analyses have revealed discrepancies between 
CBD labels and product contents.75,77,78 Because 
extracts from any plant in the cannabis genus has 
potential to contain trace amounts of THC, isolation 
of CBD from other cannabis constituents is important. 
Particularly for competitive athletes who undergo drug 
testing. Various agencies and organizations monitor 
substance abuse in sports. The overarching aim is to 
promote clean competition. This also protects the health 
and well-being of athletes who may feel pressured to 
take ergogenic aids to improve performance. Both the 
Worldwide Anti-doping Agency (WADA) and the U.S. 
Anti-doping Agency (USADA) removed CBD from the list 
of banned substances but list “natural cannabinoids, e.g. 
cannabis, hashish and marijuana” as prohibited.85,86  
For athletes this is good news. 

Using CBD isolate is essential for competitive 
athletes because those products do not contain other 
cannabinoids which may be banned substances. 
Reviewing the certificate of analysis for any product 
is very important to reveal even trace amounts of 
THC (a banned substance.) This should be done prior 
to purchase of any product—including subsequent 
purchases of the same brand or label because 
differences in constituents and levels may be present. 

A C T I V E  L IF E S T Y L E
CBD can be helpful for active adults and fitness 
enthusiasts in the much the same way as competitive 
athletes: managing pain and occasional inflammation. 
Active adults, fitness enthusiasts, and recreational 
sports participants all use strategies during training, 
participation in activities, and to promote recovery. They 
seek strategies to manage pain and discomfort, reduce 
risk of injury, and alleviate inflammation so they can  
keep moving. 

Participants in team or individual sports have a natural 
periodization approach to their activity. Like competitive 
athletes, CBD can be helpful during the transition and 
recovery phases. A fitness enthusiast who exercises 52 
weeks per year does not have a natural periodization to 
activity. They may need ways to minimize routine aches 
and soreness. CBD can be introduced into the routine  
at any time. 

Because there is a trickle-down effect from athlete-
influencers, fans and followers try training and recovery 
strategies used by professional athletes--as well as 
brands. Unlike athletes, active adults are not limited to 
THC-free CBD products. But using commercial products 
that provide a certificate of analysis is important to 
ensure quality. 
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C O N C L U S I O N S

Exercise and physical activity are important to 
maintain health. For professional athletes, training and 
performance are their livelihood. Active adults train 
year round, or seasonally. Athletes follow a training 
cycle to prepare for—and recover from—competition. 
Everyone who is active is at risk for discomfort, pain and 
inflammation. These symptoms can interfere with training 
and performance. The role of the ECS in the human body 
is not well understood, but it influences the mind-body 
relationship and plays a role in inflammation. There is 
evidence to suggest that CBD alleviates pain  
and inflammation. 

Documented variation in the contents and quality of CBD 
products dictate that consumers carefully assess CBD 
products. The therapeutic effects of CBD are distinct 
from other cannabinoids, including THC. Products 
derived from hemp that contain CBD along with other 
constituents have not been found to have any enhanced 
effects compared to CBD isolate. Because full spectrum 
products may contain trace amounts of THC, this 
introduces a risk that is an important consideration for 
competitive athletes in sports with anti-doping regulations 
and banned substance lists. 

Although CBD does not meet criteria to be considered 
a dietary supplement, it has therapeutic potential to 
support athletes and active adults. For the millions of 
adults who exercise regularly in any capacity, pain and 
discomfort are a common problem that requires self-
management. CBD offers a lower risk addition to the 
routine when needed compared to NSAIDs because it 
does not have similar side effects. For athletes, CBD can 
be an effective addition to the training cycle. Periodization 
is important to consider for effective use of CBD. It is 
particularly promising for the transition and recovery 
phases.  Introducing CBD into the routine should be  
done at low risk times in the training cycle to assess 
effects and identify appropriate serving levels.
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