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ABSTRACT 

Flores, Victoria. Exploring sex differences in the effect of cannabidiol on physical activity, 

cognition, psychological wellbeing, and inflammatory and neural health biomarkers. 

Published Doctor of Philosophy dissertation, University of Northern Colorado, 2022.  

 

 

Cannabidiol (CBD) is believed to improve physical and mental health in recreationally 

active men and women. The purpose of this study was to investigate the biological sex-related 

differences in physical activity, health-related fitness, mental and cognitive health, and 

biomarkers of inflammation and neural health before and after an 8-week CBD intervention.  

Participants (N =49; CBD Treatment Group (CG): n =24; Placebo Treatment Group 

(PG): n = 25; Females: n = 25; Males: n = 24; Males in CBD Group (CF-M): n = 12; Females in 

CBD Group (CG-F), n = 12; Males in Placebo Group (PG-M): n =12; Females in Placebo Group 

(PG-F): n = 13) completed a total of 8 visits, separated by an 8-week intervention period of either 

50 mg of CBD or a calorie-matched placebo to consume daily. Before and after the intervention, 

participants completed a fasted blood draw, psychological and cognitive function questionnaires, 

and assessments for body composition, peak oxygen uptake, anaerobic fitness, and muscular 

strength. Isolated serum was used to determine resting concentrations of C-reactive protein 

(CRP) and brain-derived neurotrophic factor (BDNF) using enzyme-linked immunoassays. Data 

were analyzed with SPSS using independent t-tests and 2 and 3-way mixed analysis of variance 

(α = 0.05).  

An interaction (time*treatment) on anaerobic fitness was found in which PG experienced 

a 9% and 3% decline in mean peak power (p = 0.006) and relative peak power (p = 0.006) 
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compared with CG. Another interaction (treatment*sex) was found on overall CRP 

concentrations in which CG-F had 92% and 115% greater overall mean CRP concentrations than 

PG-F (p = 0.026) and CG-M (p = 0.012), respectively. Another interaction (treatment*sex) was 

also found on overall BDNF concentrations in which PG-F had 43% and 39% greater overall 

mean BDNF concentrations than CG-F (p = 0.014) and PG-M (p = 0.008), respectively. 

Results suggest that 8 weeks of CBD does not alter body composition, cardiorespiratory 

fitness, and muscular strength. However, results suggest that it may serve as a potential aid in 

preventing decreases in anaerobic fitness, and that its effect on resting concentrations of CRP 

and BDNF are different between males and females. 
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CHAPTER I 

INTRODUCTION TO THE STUDY 

Chronic inflammation is defined as inflammation lasting for prolonged periods of time 

and is correlated with many negative health outcomes, such as loss of cognitive function, 

development of fatigue and depression, and increased mortality rates (Jehn et al., 2015; Kumari 

et al., 2016). In clinical situations, the inflammatory status of an individual may be determined 

by monitoring measurements of peripheral concentrations of the inflammatory biomarkers 

interleukin-6 (IL-6) and C-reactive protein (CRP) in blood (C. H. Liu et al., 2017). Interleukin-6 

is most well-known for the regulation of local inflammation which often involves the production 

and recruitment of leukocytes and acute-phase response proteins (Murphy & Weaver, 2017). C-

reactive protein is an acute-phase protein synthesized in the liver during inflammation and assists 

in acute infection or injury by opsonizing contaminants or agents (Murphy & Weaver, 2017). 

Normal concentrations of serum and plasma IL-6 and CRP can vary depending on age (Stewart 

et al., 2007), acute infection (Thompson et al., 1999), and health and disease status (Marzolini et 

al., 2020). Typically, IL-6 concentrations are within 0.9-3 pg/mL (Herder et al., 2007; Maachi et 

al., 2004) and CRP concentrations are around 6 mg/L (Marzolini et al., 2020) in those with 

chronic inflammation such as obesity, and ≤ 1.8 pg/mL and <3 mg/L, respectively, in healthy 

individuals (Libardi et al., 2012; Ridker, 2003). 

Neuroinflammation, which is defined as inflammation in the brain and spinal cord, is 

mediated by microglia, which is an innate cytokine-producing immune cell in the central nervous 

system (CNS; Lenz & Nelson, 2018). In chronic neuroinflammatory conditions, microglia 
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release pro-inflammatory cytokines including IL-6, interleukin-1 beta (IL-1β), interferon gamma, 

and tumor necrosis factor alpha (TNF-α) which are associated with reduced neuronal plasticity 

and cognitive impairments (Lenz & Nelson, 2018; C. H. Liu et al., 2017; Mosser & Edwards, 

2008). Microglia also release anti-inflammatory cytokines including interleukin-10 (IL-10) and 

interleukin-13 (IL-13) in periods of early life development, acute growth stress, and exercise. 

These cytokines assist with tissue growth, remodeling, and repair (Lenz & Nelson, 2018; 

Littlefield et al., 2015; Lobo-Silva et al., 2016). Microglia also release brain-derived 

neurotrophic factor (BDNF), a neurotrophin that regulates neuronal development and function 

(Gomes et al., 2013; Norden et al., 2016). Murine models show that acute activation of microglia 

cause the release of the anti-inflammatory cytokines IL-10 and IL-13 which will, in turn, act to 

increase central BDNF secretion resulting in improvements in neuroprotection (Gomes et al., 

2013; Lobo-Silva et al., 2016). Conversely, chronic activation of the microglia can cause the 

release of the pro-inflammatory cytokines IL-6 and others, which can reduce central BDNF 

secretion resulting in diminished neuroprotection (Gomes et al., 2013). Central BDNF can cross 

the blood brain barrier and act through autocrine and paracrine mechanisms in peripheral tissues 

and organs (Pan et al., 1998), and peripheral BDNF can be produced from non-CNS tissues as 

well (Kerschensteiner et al., 1999; Matthews et al., 2009; Urabe et al., 2013). 

Exercise volume, duration, and body composition are factors that influence the 

relationship among IL-6, CRP, and BDNF. Although IL-6 is pro-inflammatory, its release during 

exercise has positive effects by upregulating the anti-inflammatory cytokines IL-10 and 

interleukin-1ra (IL-1ra), and inhibiting TNF-α (Petersen & Pedersen, 2005). Although an acute 

inflammatory event associated with exercise may be beneficial, chronic low-grade inflammation, 

such as persistent elevated circulating concentrations of IL-6, can be detrimental. Additionally, 
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chronic exercise training decreases both IL-6 and CRP concentrations and these decreases are 

associated with lower risk for cardiovascular disease (CVD; Smith et al., 1999) and hypertension 

(Smith et al., 1999). Regular physical activity, which is usually measured as daily step counts 

with an accelerometer, is recognized as a cost-effective and non-pharmaceutical method aimed at 

reducing IL-6 and CRP concentrations in individuals with disease. Completing more than 5,000 

steps per day reduces IL-6 and CRP concentrations in those with obesity (Renault et al., 2017; 

Zang et al., 2019), autoimmune disorders (Moy et al., 2014), and other inflammatory diseases 

(Webb et al., 2018). A single bout of exercise also transiently increases BDNF concentrations 

(Briken et al., 2016; Cabral-Santos et al., 2016; Castellano & White, 2008), but other research 

shows that chronic exercise training increases resting BDNF concentrations (Erickson et al., 

2011; Nofuji et al., 2008), or has no effect (Schiffer et al., 2009). 

Brain-derived neurotrophic factor and its relationship to inflammatory cytokines also 

appear to be sex-dependent. Preclinical studies show that female rodents display significantly 

greater microglial density and heightened microglial activation in the prefrontal cortex when 

subjected to stress compared to male rodents (Bilbo et al., 2012; Bollinger et al., 2016; L. L. Liu 

et al., 2019). Female mice also experience significant reductions in hippocampal BDNF 

messenger RNA (mRNA) expression and these reductions are positively correlated with 

depressive-like behaviors, and negatively correlated with TNF-α mRNA expression when 

compared to males (L. L. Liu et al., 2019). Additionally, female mice are thought to be more 

sensitive to stress than males (L. L. Liu et al., 2019). The relationship among sex, BDNF 

concentrations, and inflammatory cytokines is thought to be the same in humans, but the 

relationship has yet to be fully elucidated. Human females demonstrate a significantly greater IL-

6 response in stress-evoked situations than males (Lockwood et al., 2016). Neuropsychiatric 
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research also shows that BDNF concentrations are correlated with IL-6 concentrations in those 

diagnosed with depression (Patas et al., 2014) and that females are 1.5-2 times more likely to 

experience mood and anxiety disorders than males (McLean et al., 2011).  

Additionally, IL-6 is associated with increased body mass index (BMI) and fat mass as 

well as elevated abdominal adiposity (Bermudez et al., 2002; Festa et al., 2001; Lear et al., 2003; 

Rexrode et al., 2003). Greater central abdominal adiposity is significantly linked to elevated IL-6 

and CRP concentrations more so in females, even after accounting for other lifestyle factors 

including physical activity, smoking, or alcohol intake (Thorand et al., 2006). Overweight and 

obese women also have 25% higher serum BDNF concentrations compared to overweight and 

obese men (Glud et al., 2019). These findings suggest that women may experience differences in 

the degree of BDNF expression related to higher fat mass and central adiposity. However, the 

relationship between BDNF and inflammatory cytokines has not been fully explored and it is 

possible that high concentrations of systemic IL-6 and CRP can affect neural health differently in 

each sex. 

Cannabidiol (CBD), the non-psychoactive phytocannabinoid contained in Cannabis 

sativa L., has become a popular supplement marketed with claims to help control chronic 

inflammation and neuroinflammation. Cannabidiol is most recognized as a potential treatment 

for neuroinflammatory diseases and disorders including models of depression (Gáll et al., 2020; 

Maroon & Bost, 2018; Premoli et al., 2019; Sales et al., 2019, 2020; Silote et al., 2019; Solowij 

et al., 2018), anxiety (Gáll et al., 2020; Maroon & Bost, 2018; Premoli et al., 2019; Solowij et al., 

2018), Parkinson’s Disease (Peres et al., 2018), Alzheimer’s Disease (Peres et al., 2018; Premoli 

et al., 2019), and a variety of cancers (Maroon & Bost, 2018). In fact, CBD is approved by the 

United States Food and Drug Administration (FDA) for the treatment of two severe forms of 
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epilepsy (Khan et al., 2018; Maroon & Bost, 2018; Premoli et al., 2019). Cannabidiol regulates 

inflammation through mechanisms involving the endocannabinoid system (ECS) which consists 

of the cannabinoid type 1 receptors (CB1r) and cannabinoid type 2 receptors (CB2r), and the 

endocannabinoids N-arachidonoyl-ethanolamine, also known as anandamide (AEA), and 2-

arachidonoylglycerol (2-AG; Di Marzo, 2018; Fine & Rosenfeld, 2013). Cannabidiol is a 

negative allosteric modulator of human CB1r (Laprairie et al., 2015) and has a higher affinity to 

CB2r (Tham et al., 2019). The anti-inflammatory effects of CBD are recognized by its 

antagonistic effect on CB2r in various human cells (Couch et al., 2017; Muthumalage & 

Rahman, 2019; Petrosino et al., 2018). For example, CBD reduced the production of IL-6, TNF-

α, and the chemokines involved in the recruitment of macrophages in human keratinocytes 

exposed to allergens (Petrosino et al., 2018), and in macrophages and fibroblasts stimulated with 

lipopolysaccharide (LPS; Muthumalage & Rahman, 2019). Cannabidiol was found to increase 

endogenous AEA concentrations which, in turn, acted on immune cells through CB2r which 

resulted in the downregulation of leukocyte pro-inflammatory cytokine release (Petrosino et al., 

2018; Turcotte et al., 2016).  

Preclinical studies illustrate that CBD may also mediate neuroinflammation and brain 

health as measured by changes in BDNF concentrations. The evidence from animal studies is 

convincing. For example, in mice with induced brain ischemia, 3 weeks of intraperitoneal (i.p.) 

CBD injections decreased hippocampal neurodegeneration and improved hippocampal BDNF 

concentrations (Mori et al., 2017). In a separate study, which used a murine model of 

Alzheimer’s Disease, a 24-hour repeated i.p. CBD treatment reduced neuroinflammation from 

astrocytes and promoted neurogenesis in injured hippocampi (Esposito et al., 2011). Lastly, a 

single dose of i.p. CBD attenuated IL-6 and TNF-α production and also attenuated decrements in 
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hippocampal BDNF concentrations and cognitive impairment in mice that underwent bacterial 

inoculation (Barichello et al., 2012).  

Clinical studies also suggest that CBD treatment positively affects brain function and 

neuroinflammation. For example, one dose of oral CBD attenuated intravenous THC-induced 

psychosis and striatal and amygdala activation during a fearful visual stimulation task in healthy 

men (Bhattacharyya et al., 2010). In the same study, the CBD-only group also performed better 

during the verbal recall test compared to the THC and placebo-only groups (Bhattacharyya et al., 

2010). Clinical studies also demonstrate that CBD treatment improves psychotic symptoms in 

psychiatric patients (Shannon et al., 2019), anxiety in patients with post-traumatic stress disorder 

(Elms et al., 2019), and general anxiety disorder (Bergamaschi et al., 2011). Given that CBD 

improves these outcomes, CBD may mediate the control of brain function and 

neuroinflammation in healthy individuals. Although these findings are intriguing, the 

relationship among CBD, inflammatory cytokines, BDNF, and improved cognitive function is 

still not clearly understood (Fumagalli et al., 2006; Premoli et al., 2019; Silote et al., 2020).  

There is very little information about whether sex plays a role in mediating similar CBD-

induced physiological and psychological responses. There are sex-related differences in the 

inflammatory response and in the degree of muscle damage from eccentric exercise in animals 

and humans (Komulainen et al., 1999; Stupka et al., 2000), in ECS function in mice and rats 

(Dow-Edwards, 2020; Fattore & Fratta, 2010), in brain structure and function (Eggers et al., 

2014; Kaczkurkin et al., 2019), and in microglial density and stress response (Bollinger et al., 

2016). Taken together, males and females may differ in their response to CBD use. This 

difference may, in turn, affect circulating concentrations of IL-6, CRP, and BDNF as well as 

brain function and general wellbeing.  
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Cannabidiol is easily obtainable and marketed as a health supplement for everyday use 

for people who may not be experiencing neurodegenerative and neuropsychiatric disorders. 

Unfortunately, many CBD companies rely on anecdotal evidence to support their claims and 

market their product without knowledge of the full scope of CBD-related physiological and 

psychological responses. This is surprising given that a study found that 55% of 2,400 medicinal 

cannabis community members in America used CBD-only products identified as women, and 

44% of the CBD-only users identified as men (BrightfieldGroup, 2017). Additionally, no human 

research exploring the effects of CBD on measures of physical activity and exercise exists. This 

is alarming because an exercise and cannabis use survey found 70% of 605 respondents use 

cannabis before working out to make exercise feel more enjoyable (YorkWilliams et al., 2019). 

This suggests that CBD and THC may induce endorphins, activate opioid receptors, and alter 

physical activity behavior, but no studies have explored these mechanisms. There are currently 

no studies investigating sex differences related to CBD, inflammation, and BDNF, and whether 

CBD may affect cognitive function and wellbeing in physically active and healthy adults.  

In summary, healthy individuals who may or may not have inflammation and are 

recreationally active may experience alterations with CBD use in their overall wellbeing. It is 

unknown whether these alterations are associated with sex and result in any benefit or harm to 

the user. There are not enough studies involving healthy men and women to fully understand the 

relationship among inflammation, physical activity, mental and physical health, and long-term 

CBD use. This raises the following questions in CBD-related research: 

Q1 Is there a difference by sex or by treatment with respect to physical activity 

patterns, health-related fitness, measures of mental and cognitive health, and 

concentrations of CRP and BDNF?  
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Q2 Does 8 weeks of CBD affect physical activity patterns, health-related fitness, 

measures of cognitive and mental health, and resting concentrations of CRP and 

BDNF? 

 

 More research is needed to match the exponential production and consumption of CBD 

to help inform both public and health care officials about any potential effects it may have. 

Purpose and Hypotheses 

The purpose of this double blind, placebo-controlled, clinical trial with parallel group 

design was to investigate the biological sex-related differences in physical activity patterns, 

health-related fitness, mental and cognitive health before and after an 8-week CBD intervention. 

This study also aimed to explore whether 8 weeks of CBD treatment would significantly alter 

biomarkers of inflammation and neural health. The specific aims for this study were:  

 

A1 Explore potential overall differences at the pre-intervention time point, by sex or 

by treatment assignment, with respect to physical activity patterns, health-related 

fitness, measures of mental and cognitive health, and concentrations of 

inflammatory and neural health biomarkers. 

 

H1 At the pre-intervention time point, females will have lower average daily step 

counts and distance traveled, lower muscular strength, relative peak oxygen 

uptake (V̇O2 peak) values, and anaerobic fitness performance measures, higher 

percent body fat and concentrations of CRP, and similar BDNF concentrations 

and measures of cognitive function and psychological wellbeing when compared 

with males. 

 

H2 It was also hypothesized that, when the sexes were combined into treatments of 

males and females consuming CBD and males and females consuming placebo, 

those assigned placebo will not be different than those assigned CBD with respect 

to physical activity patterns, health-related fitness, measures of mental and 

cognitive health, and concentrations of inflammatory and neural health 

biomarkers at the pre-intervention time point. 

 

A2 Explore the treatment effects of an 8-week CBD intervention on physical activity 

patterns, health-related fitness, measures of mental and cognitive health, and 

concentrations of inflammatory and neural health biomarkers. 

 

H3 Both sexes consuming CBD will experience increases in average daily step counts 

and distance traveled, decreases in percent body fat, improvements in relative 



9 

 

V̇O2 peak, as well as increases in muscular strength and anaerobic fitness 

performance measures over the course of the intervention period when compared 

to those consuming placebo. Both sexes consuming CBD will also experience 

improvements in cognitive function and psychological wellbeing scores, reduced 

concentrations of CRP, and an increase in concentrations of BDNF over the 

course of the intervention period when compared to those consuming placebo. 

 

H4 It was also hypothesized that females consuming CBD will experience a greater 

increase in average daily step counts and distance traveled, greater reduction in 

percent body fat, greater improvements in V̇O2 peak, cognitive function, and 

psychological wellbeing scores, a more significant reduction in concentrations of 

CRP, and a more significant increase in concentrations of BDNF when compared 

with males consuming CBD. 
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CHAPTER II 

REVIEW OF LITERATURE 

Inflammation 

Inflammation is a necessary response elicited by the body to address tissue damage, 

infection, or injury. The process by which inflammation begins involves the activation and 

recruitment of macrophages, neutrophils, mast cells, and other leukocytes from the innate or 

adaptive immune systems. The type of coordinated response is dependent on the distress signals 

released from immune cells following recognition by pathogen-associated molecular pattern 

molecules and damage-associated molecular pattern molecules through pattern recognition 

receptors (Murphy & Weaver, 2017). As inflammation progresses, leukocytes work to repair the 

damaged area by producing more chemotactic factors that induce unidirectional leukocyte 

movement to reinforce the inflammatory signal, increase phagocytic activity, and promote 

degranulation and secretion of precursor zymogens (Murphy & Weaver, 2017). In instances that 

require a stronger immune response, immune cells will further enhance activation by releasing 

more pro-inflammatory soluble factors. Acute responses to local inflammation are accompanied 

by up to 5 main characteristics in the infected area, which include redness, pain, heat, swelling, 

and immobility, and are dependent on the severity of the inflammatory response (Murphy & 

Weaver, 2017).  

Prolonged activation and recruitment associated with the inflammatory response may 

lead to chronic inflammation which is defined as inflammation lasting for several months to 

many years. This maladaptive response results in increased cellular stress and malfunction 
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(Medzhitov, 2008). This condition is associated with many deleterious health outcomes, 

including the development and progression of cancer (Li et al., 2020), CVD (Fioranelli et al., 

2018), obesity and metabolic diseases (Ramos-Arellano et al., 2020; Zatterale et al., 2020), as 

well as neuropsychiatric disorders that impact brain function, emotion, and mood. The persistent, 

low-grade stimulation of the leukocytes and their specific signal-transduction pathways 

contributes to the phenotypic symptoms experienced in these disorders such as tumor growth (Li 

et al., 2020), vascular endothelial dysfunction (Fioranelli et al., 2018), mood disorders (M. H. 

Chen et al., 2021; Wright et al., 2005), and cognitive deficit disorders (Parbo et al., 2017).  

Biomarkers of Inflammation 

Current research related to the development of therapeutic targets has focused on the 

potential causes and subsequent signs of chronic inflammation. One of these strategies involves 

measuring peripheral biomarkers to help gauge the presence and severity of inflammation and 

determine risk for disease. Elevated circulating concentrations of the biomarker interleukin 6 

(IL-6) and its induced protein, C-reactive protein (CRP), are commonly associated with both 

acute and chronic inflammatory episodes and are used in both clinical and research environments 

(Murphy & Weaver, 2017).  

Interleukin-6 is a member of the hematopoietin superfamily of cytokines which 

stimulates the production of new monocytes and granulocytes in the bone marrow and plays a 

crucial role in inducing the acute-phase response in the liver (Murphy & Weaver, 2017). This 

biomarker is produced by a variety of cells but mostly in macrophages and monocytes in 

response to inflammation. The local effects of IL-6 include lymphocyte activation and 

maturation and increased antibody production, while the systemic effects of IL-6 include 

increased body temperature leading to fever, and induction of acute-phase proteins (Murphy & 
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Weaver, 2017). Interleukin-6 has both pro- and anti-inflammatory functions when secreted by 

other tissues. It is also known as one of the main myokines, or cytokines secreted by skeletal 

muscle, that plays an integral role in crosstalk between muscle with bone, liver, adipose, and 

other organs (Gomarasca et al., 2020; Pedersen & Febbraio, 2012; Petersen & Pedersen, 2005). 

Interleukin-6 can regulate bone resorption and formation, and stimulate metabolism through the 

promotion of glycogenolysis, gluconeogenesis, fatty acid oxidation, protein catabolism, glycerol 

release, and lipolysis (Gomarasca et al., 2020). When IL-6 is released from skeletal muscle and 

hepatic cells, it is more commonly associated with anti-inflammatory actions (Karsenty & 

Ferron, 2012; Karsenty & Mera, 2018; Pedersen & Febbraio, 2012). When IL-6 is secreted from 

adipose tissue, it tends to have a pro-inflammatory effect due to the ability of fatty acids to 

stimulate the release of IL-6 with other pro-inflammatory biomarkers including TNF-α, and 

monocyte-chemotactic proteins (He et al., 2018; Watanabe et al., 2004). These biomarkers 

activate pro-inflammatory signaling pathways such as janus kinase, a signal transducer and 

activator of transcription proteins, protein kinase B (PKB and/or AKT), and extracellular signal-

regulated kinases (ERK), that when dysregulated from persistent IL-6 release, may result in 

cancer growth and CVD (He et al., 2018; Watanabe et al., 2004).  

In clinical settings, IL-6 is measured to indicate the presence of activated and migrating 

macrophages and lymphocytes. Normal serum concentrations in healthy individuals without 

disease or chronic inflammation are usually ≤ 1.8 pg/mL (Libardi et al., 2012), and normal 

plasma concentrations are usually considered < 6.4 pg/mL in men and < 5.8 pg/mL in women 

(Fernandez-Real et al., 2001). In situations involving acute inflammation, serum IL-6 

concentrations can become elevated. For example, serum IL-6 concentrations are as high as 64 

pg/mL in those with acute respiratory syndrome coronavirus 2 (X. Chen et al., 2020). The 
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primary action of IL-6 is to control the intensity of inflammatory response; however, 

overproduction can lead to tissue damage. In chronic inflammatory states, concentrations of IL-6 

can vary. For example, serum IL-6 concentrations can range between 0.9-3 pg/mL in those with 

obesity (Herder et al., 2007; Maachi et al., 2004), 30-494 pg/mL in those with autoimmune 

disorders (Ali et al., 2019), and 2.4-3.1 pg/mL in those with major depressive disorder (Karlović 

et al., 2012).  

C-reactive protein is an important acute-phase protein that is synthesized in the liver 

during inflammation (Gabay & Kushner, 1999). Interleukin-6 is one of the main signals which 

stimulates the production of CRP. It is important to note that there are other regulatory 

inflammatory cytokines including IL-1β and TNF-α, and other acute-phase proteins involved in 

the systemic response to inflammation as well (Gabay & Kushner, 1999). C-reactive protein has 

several isoforms and is also synthesized in smooth muscle cells, macrophages, endothelial cells, 

lymphocytes, and adipocytes (Sproston & Ashworth, 2018). In the inflammatory process, the 

function of monomeric CRP is to respond to acute infection by binding to and/or coating the 

bacterium or fungal cell wall, a process known as opsonization. This action will, in turn, activate 

complement system proteins to ultimately generate a large phagocytic cell response at the site of 

infection (Murphy & Weaver, 2017). Increasing concentrations of monomeric CRP further 

activates leukocytes and increases the production of IL-6 as well as TNF-α, IL-1β, and IFN- γ 

(Gratacos et al., 1994; Schindler et al., 1990). As a result, the pro-inflammatory signaling 

pathways phosphatidylinositol-3-kinase (PI3K), AKT, and ERK are activated (Khreiss et al., 

2002). C-reactive protein also has anti-inflammatory actions which are related to its cyclic, 

pentameric structure. This structure allows CRP to regulate apoptosis by affecting the cell cycle 

kinetics of monocytes (Kim et al., 2014). Pentameric CRP is also known to regulate PI3K/AKT 
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and ERK pathways which may lead to the inhibition of apoptosis, opsonization of apoptotic 

cells, and phagocytosis of damaged neutrophils (Khreiss et al., 2002). 

In clinical settings, concentrations of CRP are monitored to measure infection, CVD risk, 

and other chronic inflammatory conditions. Normal concentrations of serum CRP in healthy 

individuals are usually around 0.8 mg/L and normal plasma concentrations are usually < 0.3 

mg/L (Fernandez-Real et al., 2001; Libardi et al., 2012; Ridker, 2003). It is important to note that 

concentrations of serum and plasma CRP can vary. C-reactive protein concentrations can 

increase 1,000-fold in acute, bacterial infections (Thompson et al., 1999) and serum CRP can 

also increase to 89 mg/L in patients with acute viral infections such as acute respiratory 

syndrome coronavirus 2 (X. Chen et al., 2020). In more chronic conditions, serum CRP is around 

6 mg/L in obese individuals, and ranges between 2.2-3.2 mg/L in those with major depressive 

disorder (Marzolini et al., 2020). It is also important to note that the definition of a healthy CRP 

concentration can vary depending on health status (Tsalik et al., 2012), thereby making it 

difficult to establish universal standards. For example, according to the CVD risk stratification 

system that uses CRP to predict the risk of CVD events, serum CRP concentrations < 1 mg/L are 

considered low risk, 1-3 mg/L are considered moderate risk, and > 3 mg/L are considered high 

risk (Lee et al., 2019; Ridker, 2003). On the other hand, the rheumatoid arthritis (RA) risk 

stratification system which measures CRP to gauge RA activity and subsequent RA episodes, 

considers serum CRP concentrations < 3.0 mg/L as normal, 3-10 mg/L as high risk, and > 10 

mg/L as the RA diagnostic indicator (Sokka & Pincus, 2009).  

Acute and Chronic Exercise and 

Inflammation 

 

While exercise is defined as planned and structured activity such as aerobic exercise or 

resistance training, physical activity is a more general term and is defined as any activity that 
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involves caloric expenditure. Both exercise and physical activity influence inflammatory 

processes in the body. A single bout of exercise increases concentrations of IL-6 (Cipryan et al., 

2015; Mendham et al., 2011). Though plasma IL-6 concentrations can increase as much as 100-

fold in the bloodstream after intense exercise of either heavy volume or duration (Fischer, 2006; 

Gomarasca et al., 2020; Hardee et al., 2018), the increases are transient, and do not remain 

elevated in the blood stream (Cipryan et al., 2015; Fischer, 2006; Mendham et al., 2011). After a 

single bout of strenuous aerobic exercise, the plasma concentration of the inflammatory 

cytokines TNF-α and IL-1β increase along with IL-6, but cytokine inhibitors IL-1ra and soluble 

tumor necrosis factor receptors 1 and 2 are also secreted which help to control the inflammatory 

response (Ostrowski et al., 1999). Furthermore, when IL-6 is infused at concentrations similar to 

those observed during strenuous exercise (140 pg/mL), there is an increase in IL-10 and IL-1ra 

production. These cytokines are also known to mitigate TNF-α and IL-1β actions (Steensberg et 

al., 2003).  

Chronic exercise training consisting of aerobic and resistance exercise reduces resting 

concentrations of IL-6 in a wide variety of special populations (Abd El-Kader & Al-Jiffri, 2019; 

Dieli-Conwright et al., 2018; Oberbach et al., 2008; Sardeli et al., 2018). In older adults with 

age-related, low-grade inflammation, higher frequency and longer duration of resistance training 

reduces resting concentrations of IL-6 (Sardeli et al., 2018). In elderly individuals, 6 months of 

aerobic exercise training significantly decreased IL-6 concentrations by 40% (Abd El-Kader & 

Al-Jiffri, 2019). Additionally, IL-6 concentrations are reduced after 9 weeks of exercise training 

in those with impaired glucose intolerance (Oberbach et al., 2008), and after a 16-week 

combined aerobic and resistance exercise intervention in cancer survivors (Dieli-Conwright et 

al., 2018). In healthy populations, some research showed that exercise training significantly 
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reduces resting IL-6 concentrations (Forti et al., 2017; Tesema et al., 2019), and other research 

did not (Stewart et al., 2007). This variation in response may be linked to the large range of 

resting IL-6 values observed in the healthy population, which often makes it difficult to detect 

statistically significant changes. 

Acute exercise does not immediately affect serum CRP concentrations (Cipryan et al., 

2015; Mendham et al., 2011). Though CRP concentrations increased to 0.68 mg/L and 0.84 

mg/L after a 40-minute bout of moderate-vigorous intensity resistance exercise and moderate-

vigorous intensity aerobic exercise, respectively, these values were not significantly different 

from basal values (Mendham et al., 2011). No differences from pre-exercise values were 

observed after a single bout of maximal exercise in 30 males (Cipryan et al., 2015), and after a 

60-minute bout of treadmill walking at personalized speeds and 8% incline in hyperglycemic 

men and women (Nygaard et al., 2017). This lack of an acute exercise-induced CRP response is 

likely because IL-6 needs time to signal for CRP synthesis in hepatocytes, resulting in a longer 

period before CRP can enter the blood stream. 

Chronic exercise decreases concentrations of CRP (Mattusch et al., 2000; Smith et al., 

1999; Stewart et al., 2007). In individuals at risk for CVD, 6 months of an individualized 

exercise program reduced CRP concentrations from 5.3 mg/L to 4.4 mg/L (Smith et al., 1999), 

and in patients with hypertension and chronic kidney disease, 16 weeks of aerobic and resistance 

training reduced CRP by 85% (Barcellos et al., 2018). These effects are not limited to the 

diseased population. Average CRP concentrations were observed to decrease by 31% in healthy 

adults after 9 months of marathon training (Mattusch et al., 2000), and by 58% in both young and 

old adults after 12 weeks of aerobic and resistance training (Stewart et al., 2007). These studies 

support the notion that exercise training affects the inflammatory process which is reflected in 
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circulating concentrations of CRP. This action may be linked to the consistent, transient 

increases in IL-6 produced by exercise, which over time, may downregulate basal CRP 

production (Beavers et al., 2010).  

Physical Activity and Inflammation 

Regular physical activity, which is typically measured using daily step counts with an 

accelerometer, is also known to affect IL-6 and CRP concentrations (Kasapis & Thompson, 

2005; Moy et al., 2014; Webb et al., 2018). These improvements have been noted in situations 

where step counts were increased or when individuals met a specific step count cut point. For 

example, in older adults with chronic obstructive pulmonary disease, adding 1000 steps/day 

resulted in a 39% decrease in CRP concentrations and a 32% decrease in IL-6 concentrations 

(Moy et al., 2014), and in women diagnosed with polycystic ovary syndrome, adding 1000 

steps/day resulted in a 13% decrease in both IL-6 and CRP concentrations (Webb et al., 2018). 

These findings are similar in those with chronic kidney disease in which walking more than 

10,000 steps/day for 3 months significantly reduced CRP and IL-6 concentrations compared to 

<5,000 and 5,000-9,999 steps per day (Zang et al., 2019). Obtaining 11,000 steps/day also 

resulted in a 21% decrease in CRP concentration in obese women (Renault et al., 2017). High 

levels of physical activity might also help reduce the potential for an exaggerated inflammatory 

response. For example, individuals who met a criterion of at least 12,500 steps per day for 14 

days had a reduced IL-6 response to 14 days of high fructose meals (Bidwell et al., 2014). 

Additionally, cancer patients who experience treatment-related inflammation benefit from 

physical activity and exercise, suggesting that muscle-derived IL-6 from physical activity and 

exercise may be a mechanism to assuage the inflammatory response (Wood et al., 2009). Taken 

together, these studies suggest that increasing physical activity as measured through steps per 
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day or trying to meet a specific step count goal can reduce chronic inflammation as measured by 

both IL-6 and CRP.  

Neuroinflammation and Brain 

Derived Neurotrophic Factor 

 

 Neuroinflammation, or inflammation of the brain and spinal cord, is mediated by local, 

resident immune cells in the brain, known as microglia (Lenz & Nelson, 2018). Microglia can 

produce cytokines and chemokines similar to M1 and M2 type macrophages, depending on the 

needs of the microglia (Lenz & Nelson, 2018). For example, microglia adopt the pro-

inflammatory M1 phenotype and release IL-6, IL-1β, interferon gamma, and TNF-α in chronic 

neurological diseases. This transition is associated with reduced neuronal plasticity and cognitive 

impairment (Lenz & Nelson, 2018; C. H. Liu et al., 2017; Mosser & Edwards, 2008). Microglia 

will adopt the anti-inflammatory M2 phenotype and regulate cell proliferation and synaptic 

patterning by releasing factors such as IL-10 and IL-13 to remodel and repair tissue in early life 

development (Lenz & Nelson, 2018; Lobo-Silva et al., 2016). In exercise, microglia take on an 

anti-inflammatory role. In a model using aged mice, voluntary wheel running inhibited 

microglial activation by preventing microglia from adopting an M1 phenotype after a 

lipopolysaccharide (LPS) challenge which resulted in decreased neuronal degeneration 

(Littlefield et al., 2015). In a murine model of Parkinson’s Disease, structured treadmill running 

alleviated dopaminergic neuronal loss by inhibiting microglial activation (Sung et al., 2012). 

Activation was inhibited through the reduction of cell surface marker CD11b expression on 

microglial cells in the striatum (Sung et al., 2012). 

Microglia can also synthesize and release brain-derived neurotrophic factor (BDNF), a 

critical protein for the maintenance of neuronal health (Brigadski & Leßmann, 2020; Gomes et 

al., 2013). Brain-derived neurotrophic factor is synthesized as pro-BDNF, which is involved with 
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pathways leading to cell death and apoptosis (pruning mechanisms), or mature-BDNF, which 

results in intracellular phosphorylation, triggering cell survival and differentiation pathways 

(Thomas & Davies, 2005). In a study evaluating the ability of inflammation to control pro- and 

mature-BDNF release from microglia in a N9 murine microglial cell line, 6 hours of LPS 

stimulation resulted in no changes in pro-BDNF production and a significant decrease in mature-

BDNF production compared with non-LPS stimulated cells (Gomes et al., 2013). This suggests 

that prolonged inflammation is deleterious to microglial survival and differentiation. 

Interestingly, overexpression of BDNF from microglia affects BDNF receptor tropomyosin 

receptor kinase B (TrkB), resulting in downstream molecular dysregulation and disease (Ding et 

al., 2020; Radin & Patel, 2017). For example, a murine microglial model of cystitis showed that 

17 days of i.p. injections of inflammatory cyclophosphamide significantly increased microglial 

release of BDNF which subsequently increased concentrations of IL-1β and TNF-α (Ding et al., 

2020). When BDNF and tropomyosin receptor kinase B (TrkB) signaling was blocked using a 

TrkB receptor antagonist, microglial activation was reduced; however, when an intrathecal 

injection of exogenous BDNF was given, BDNF further promoted the activation of microglia 

and increased release of IL-1β and TNF-α (Ding et al., 2020). 

Brain-derived neurotrophic factor can cross the blood brain barrier (Pan et al., 1998), act 

via autocrine and paracrine mechanisms, and bind to cells with TrkB receptors such as muscle, 

liver, heart, immune, and hematopoietic cells (Pan et al., 1998). It is important to note that other 

cells beyond the CNS can also produce and store BDNF. Clinical research confirms that 

activated T and B cells (Kerschensteiner et al., 1999), hematopoietic cells (Fujimura et al., 2002; 

Urabe et al., 2013), and skeletal muscle fibers (Matthews et al., 2009) can produce BDNF, and 

approximately 90% or more of peripheral BDNF is stored in platelets (Fujimura et al., 2002). 
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Studies show that platelets activated by traumatic injury assist in local repair by releasing BDNF 

to bind cells with the TrkB receptor (Fujimura et al., 2002), and skeletal muscles produce BDNF 

during muscular contractions to regulate energy homeostasis (Matthews et al., 2009; Yamamoto 

& Gurney, 1990). Human skeletal muscle BDNF regulates fatty acid metabolism through 

increases in the phosphorylation of AMP-activated protein kinase within the myocyte (Matthews 

et al., 2009), suggesting that muscle-derived BDNF functions as a myokine. Overall, BDNF can 

be synthesized in both central and peripheral tissues and has local and global effects on many 

target cells that play a role in inflammation and energy balance.  

Acute and Chronic Exercise, and 

Brain-Derived Neurotrophic 

Factor 

 

Acute and chronic exercise mitigate neuroinflammation and research suggests that BDNF 

may play a role in positive exercise-related responses in patients with neurological diseases. 

Clinical trials show that an acute bout of 10-30 minutes of moderate exercise significantly and 

transiently increased basal serum BDNF concentrations in individuals with progressive multiple 

sclerosis (MS; Briken et al., 2016; Gold et al., 2003). In healthy individuals, acute exercise also 

transiently increased concentrations of BDNF. These studies have utilized a 20-minute bout of 

treadmill exercise (Boyne et al., 2019), a 30-minute bout of moderate-intensity walking break 

between periods of long sitting (Wheeler, Green, et al., 2020), and a 20-minute bout of intense 

cycling (Skriver et al., 2014). After acute exercise, BDNF concentrations return to baseline 

levels or lower (Briken et al., 2016; Cabral-Santos et al., 2016; Castellano & White, 2008). It has 

been proposed that peripheral BDNF clearance reflects movement into the CNS for neuronal 

processing (Castellano & White, 2008) and movement into the muscle to assist in lipid oxidation 

(Rasmussen et al., 2009). 
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Chronic exercise training seems to have the same positive effect in patients with 

neurological disease. Serum BDNF concentrations significantly increased in patients with 

Parkinson’s Disease after 7 days of motor rehabilitation training (Angelucci et al., 2008), 28 days 

of aerobic exercise (Frazzitta et al., 2014), 12 weeks of high intensity interval training (HIT) 

(O'Callaghan et al., 2020), and 8 weeks of structured cycling (Zoladz et al., 2014). However, the 

effect of exercise training on BDNF concentrations in other neurological disease populations and 

in healthy individuals is conflicting. One randomized, controlled trial found that 24 weeks of 

aerobic and resistance training in patients with multiple sclerosis significantly increased BDNF 

compared with baseline and sedentary controls (Wens et al., 2016). This finding contrasts with 

another study that found that 9 weeks of endurance training did not change resting BDNF 

concentrations in patients diagnosed with multiple sclerosis (Briken et al., 2016). In healthy 

individuals, one study found that chronic exercise training and BDNF are strongly and positively 

correlated (De la Rosa et al., 2019), and that a few weeks to one year of chronic exercise training 

increases basal BDNF concentrations (Erickson et al., 2011; Nofuji et al., 2008). However, other 

studies show that habitual exercise has no effect on BDNF concentrations in healthy individuals 

(Schiffer et al., 2009).  

Relationship Among Biomarkers 

Brain-Derived Neurotrophic  

Factor, Interleukin-6, and 

C-Reactive Protein 

 

Animal and human research shows that changes in BDNF are associated with changes in 

IL-6 and CRP. Several studies exploring the underpinnings of depression revealed an inverse 

relationship between BDNF and IL-6 and CRP concentrations. Two weeks of stress-induced 

depression in rats resulted in significant increases in plasma IL-6 and CRP concentrations and 

these increases were significantly and negatively correlated with BDNF protein expression in the 
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hippocampus (Han et al., 2018). This same IL-6, CRP and BDNF relationship has been observed 

in humans. When perimenopausal women were divided into those with and without depression, 

the depressed group had significantly higher concentrations of IL-6 and CRP, and significantly 

lower concentrations of serum BDNF when compared to the non-depressed group (Guo et al., 

2018).  

This inverse relationship between inflammatory proteins and BDNF also seems present in 

exercise studies. Clinical studies show that exercise interventions simultaneously reduce IL-6 

and CRP, and increase BDNF concentrations in those with cancer (Zimmer et al., 2018), MS 

(Briken et al., 2016), mild cognitive impairment (Tsai et al., 2019), and Parkinson’s Disease 

(Landers et al., 2019). However, some studies show that long-term exercise in healthy 

individuals results in decreased BDNF concentrations with no associated changes in IL-6 

concentrations (Wagner et al., 2015). One study found that BDNF concentrations decreased in 

young, healthy males after 6 weeks of aerobic exercise, and there were no noteworthy changes or 

relationships with respect to IL-6 concentrations (Wagner et al., 2015). This lack of relationship 

suggests that there may be unknown BDNF processing mechanisms during exercise that may be 

affected by the increase in IL-6 concentrations observed during acute exercise.  

Although both BDNF and IL-6 are involved in energy homeostasis during exercise, the 

relationship among BDNF, IL-6, and CRP during exercise has yet to be fully elucidated. Like 

BDNF, muscle-derived IL-6 regulates fatty acid metabolism through AMP-activated protein 

kinase signaling during exercise (Matthews et al., 2009; Pedersen & Febbraio, 2012). High 

volume high intensity training results in increased BDNF and IL-6 concentrations compared to 

resting values in healthy men (Cabral-Santos et al., 2016). In this study, no significant 

interactions were found between BDNF and IL-6 although a significant interaction was found 
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between IL-6 and IL-10 (Cabral-Santos et al., 2016). Many other exercise studies with healthy 

individuals demonstrate this transient increase and further support the potential for anti-

inflammatory actions of both proteins (Boyne et al., 2019; Fischer, 2006; Gomarasca et al., 2020; 

Hardee et al., 2018; Skriver et al., 2014; Stewart et al., 2007; Wheeler, Green, et al., 2020). 

However, more information related to the mechanisms of exercise-induced reductions in BDNF 

is needed.  

Cannabidiol 

 Cannabidiol (CBD) is a phytocannabinoid derived from the plant Cannabis sativa L. 

There are more than 400 phytocannabinoids; and trans-delta9-tetrahydrocannabinol (THC) and 

CBD are the most well-studied (Gaoni & Mechoulam, 1964). These cannabinoids are 

biosynthesized, converted into acids, then decarboxylated into their THC and CBD forms 

(Bonini et al., 2018). The biosynthesis of THC and CBD begins with geranyl diphosphate and 

olivetolic acid which are converted into cannabigerolic acid, the common precursor for 

tetrahydrocannabonolic acid and cannabidiolic acid (Bonini et al., 2018). Although 

tetrahydrocannabonolic acid and cannabidiolic acid have the same molecular composition, 

decarboxylation results in structural changes to the molecule, resulting in a tri-cyclic structure in 

THC and a bi-cyclic structure in CBD (Bonini et al., 2018).  

Regular use of THC is associated with psychosis and may increase the risk of developing 

a psychotic illness later in life (Marconi et al., 2016; Moore et al., 2007). The 1970 Controlled 

Substances Act signed by President Nixon established cannabis as a Schedule I drug, conferring 

that there was no medical use for cannabis and that the compound had a high potential for abuse 

(Spillane & McAllister, 2003). Almost 50 years later in June 2018, overwhelming support for the 

use of CBD for treatment-resistant seizures (Devinsky et al., 2014, 2017, 2018) led to FDA 
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approval of pharmaceutical grade CBD for the treatment of rare epilepsy disorders. Six months 

later, hemp-derived cannabis, including CBD and its derivatives with less than 0.3% THC, were 

removed from the definition of marijuana in the Controlled Substance Act. These policy changes 

have led to renewed efforts to use CBD in a variety of clinical settings. 

 The function of CBD was first observed through its interactions with receptors of the 

ECS (Matsuda et al., 1990; Munro et al., 1993). The ECS is a conserved biological system 

consisting of endocannabinoids AEA and 2-AG, and their G protein-coupled receptors of the G0 

and Gi type, known as CB1r and CB2r. Anandamide and 2-AG are degraded by fatty acid amide 

hydrolase (FAAH) and monoacylglycerol lipase (MAGL), respectively (Di Marzo & De 

Petrocellis, 2012; Sugiura et al., 2002).  

Cannabinoid receptor location and concentration are reported to be species-dependent (Q. 

R. Liu et al., 2009; Zhang et al., 2014). Animal models demonstrate high levels of CB1r 

expression in the brain, peripheral neurons, and glia (Ativie et al., 2018; Chiarlone et al., 2014; 

Navarrete et al., 2020), as well as in the reproductive and endocrine organs (Navarrete et al., 

2020; Walker et al., 2019). Although CB2r was initially thought to exist primarily in the spleen 

and immune system (Turcotte et al., 2016), it is also expressed in the brain in a species 

dependent manner (Q. R. Liu et al., 2009; Stempel et al., 2016; Zhang et al., 2015, 2014). 

Humans have two isoforms, cannabidiol receptor 2a (CB2ra), which is mainly expressed in the 

testis and brain, and cannabidiol receptor 2b (CB2rb), which is expressed in the spleen and 

leukocytes (Q. R. Liu et al., 2009). Both receptors activate numerous signaling pathways 

including PI3K and mitogen-activated protein kinase, regulate cytosolic calcium via 

phospholipase C, and act to inhibit other enzymes such as adenylyl cyclase (Luchicchi & Pistis, 

2012; Munro et al., 1993; Pertwee, 1997; Turcotte et al., 2016). The regulation of these pathways 
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is the proposed mechanism used by the ECS to maintain homeostasis and is also proposed as 

potential therapeutic targets for the treatment of pain, inflammation, obesity, anxiety, and fear 

(Calignano et al., 1998; Di Marzo, 2018; Fine & Rosenfeld, 2013; Ligresti et al., 2016; Ruehle et 

al., 2012; Schulz et al., 2021).  

Cannabidiol and Inflammation 

The effect of CBD on IL-6 production in inflammatory responses is thought to involve 

interaction with ECS and non-ECS receptors (Couch et al., 2017; Muthumalage & Rahman, 

2019; Petrosino et al., 2018). Cannabidiol is recognized as a negative allosteric modulator of 

human CB1r (Laprairie et al., 2015; Tham et al., 2019), a partial agonist of CB2r (Tham et al., 

2019), and an enhancer of endogenous AEA signaling by inhibiting AEA endocytosis along with 

CB1r and CB2r and its breakdown via FAAH (Bisogno et al., 2001; Petrosino et al., 2018). In 

human keratinocytes stimulated with 100 μg/mL of polyinosinic:polycytidylic acid (poly I:C) for 

6, 12, and 24 hours, cells treated with CBD at 1, 5, 10, and 20 μM significantly inhibited the 

release of IL-6, TNF-α, and monocyte chemotactic protein 2 at the 6-hour time point compared 

to the control group (methanol) in a dose-dependent manner (Petrosino et al., 2018). The same 

study also found that the highest doses of CBD (10 and 20 μM) significantly reduced the largest 

increases in IL-6 and TNF-α at the 12- and 24-hour time points. Additionally, the study explored 

the mechanisms of CBD-induced reductions in inflammation. Cannabidiol acted through CB2r 

and transient receptor potential vanilloid type-1, and increased AEA concentration which 

subsequently reduced monocyte-chemotactic proteins 2 and IL-6 levels secreted from treated 

cells (Petrosino et al., 2018). In a separate ex vivo model, 10 μM of CBD inhibited cytokine 

production and inflammatory pathways after treatment with 10 ng/mL of interferon gamma for 8 

hours followed by 10 ng/mL of TNF-α for 16 hours in tissue explants taken from patients with 
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bowel cancer, inflammatory bowel disease, and emergency appendectomy (Couch et al., 2017). 

These results suggest that in inflammatory conditions, CBD suppresses the pro-inflammatory 

cascade in enteric glial cells. Enteric glial cells are similar to microglia in that they mediate 

inflammatory responses in the enteric nervous system of the gut (Couch et al., 2017). A second 

component of this same study found that the inhibition of inflammation is mediated by the 

interaction of CBD with receptors CB2r, transient receptor potential vanilloid type-1, 

peroxisome proliferator-activated receptor alpha and gamma, and G protein-coupled receptor 55 

(Couch et al., 2017). Given these responses, it appears that the effect of CBD on inflammation 

may involve multimodal relationships among many cellular pathways.  

Research suggests that CBD has simultaneous pro- and anti-inflammatory actions in 

various inflammatory conditions. Intranasal lipopolysaccharide (LPS; 10 µg) administration 

followed by 3 days of CBD treatment (75 mg/kg) in mice significantly increased the number of 

neutrophils at the 6 and 24-hour time points, and the number of monocytes at the 24-hour time 

point, showing that CBD enhances immune cell migration and LPS-induced pulmonary 

inflammation (Karmaus et al., 2013). The same study found no effect of CBD on LPS-induced 

TNF-α and IL-6 mRNA expression in lung tissue; however, CBD significantly enhanced TNF-α, 

IL-6, and granulocyte colony stimulating factor mRNA expression at the 24-hour post-LPS time 

point. Other murine models of acute lung injury and function show opposing results with CBD 

treatment (Ribeiro et al., 2015, 2012). After LPS was administered intranasally at 100 µg/mL, 

treatment with 10, 20, 30 and 80 mg/kg of i.p. CBD produced anti-inflammatory effects in lung 

tissue in a dose-dependent manner (Ribeiro et al., 2012). More specifically, 20, 30, and 80 mg/kg 

of i.p. CBD decreased leukocyte migration into the lungs 1 day after LPS induction, 10, 20, 30, 

and 80 mg/kg of i.p. CBD decreased TNF-α production in the bronchoalveolar lavage fluid 1 day 
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after LPS induction, and 20 mg/kg of i.p. CBD decreased neutrophil, lymphocyte, and 

macrophage migration into the lungs at 1, 2, and 4 days after LPS induction (Ribeiro et al., 

2012). In a follow-up study by the same authors, 20 and 80 mg/kg of CBD significantly 

decreased LPS-induced TNF-α and IL-6 concentrations in lung tissue, reduced lung airway 

resistance, and also increased lung elastance in a dose-dependent manner (Ribeiro et al., 2015).  

In human cells, CBD also has both pro- and anti-inflammatory effects. Human monocytes 

from pleural tissue stimulated with LPS showed that 10.6 µM of CBD treatment significantly 

reduced their production of C-C motif chemokine ligands 2 and 5, chemoattractants involved 

with inflammation processes that act through transmembrane G-coupled receptors to signal for 

migration of immune cells (Muthumalage & Rahman, 2019). The same study found that CBD 

treatment reduced nuclear factor kappa B (NF-κB) transcription factor activity and interleukin-8 

(IL-8) concentrations in the LPS stimulated human bronchial epithelial cells and lung fibroblasts. 

Additionally, the same study also observed that exposure to CBD aerosols without LPS 

stimulation significantly elevated concentrations of IL-1ra and IL-8 from the monocytes, IL-8 

from the bronchial epithelial cells, and IL-6 and IL-8 from lung fibroblasts compared to 

untreated cells. Taken together, these findings suggest that although CBD has an anti-

inflammatory effect by mitigating LPS-induced cytokines, CBD may also enhance pro-

inflammatory cytokines.  

Other research suggests that CBD may not influence overall measures of systemic 

inflammation. A rodent study investigating the effect of 5 mg/kg of i.p. CBD on induced 

myocardial ischemia found that CBD-treated mice experienced a decrease in serum IL-6 

concentrations, but no differences in serum CRP and TNF-α concentrations compared to controls 

(Durst et al., 2007). In this study, researchers demonstrated that CBD treatment 1 hour before 
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ischemia and daily for 7 days before sacrifice had in vivo cardioprotective effects associated with 

reduced IL-6 concentrations, but no other systemic cytokines were changed (Durst et al., 2007). 

Human research suggests that CBD has no effect on systemic inflammatory markers. One study 

showed that after 8 weeks of 20 mg of sublingual CBD oil per day, CRP concentrations in 

individuals with Crohn’s Disease were unchanged (Naftali et al., 2017) and 13 weeks of 200 mg 

of daily oral CBD failed to change concentrations of CRP, TNF-α, and IL-6 in subjects with type 

2 diabetes and dyslipidemia (Jadoon et al., 2016). It is important to note the difficulty in 

comparing all CBD studies due to differences in CBD dosages, administration routes, durations 

of CBD administration, as well as the models used to test the compound. In general, rodent 

models utilize intranasal application or i.p. CBD injections ranging from 1 mg/kg/day to 10 

mg/kg/day (Barichello et al., 2012; Durst et al., 2007; Esposito et al., 2011; Mori et al., 2017), 

and human neurological research uses oral CBD solutions ranging from 50 mg/day to 800 

mg/day, depending on the age range and disease type (Carlini & Cunha, 1981; Consroe et al., 

1986; Leweke et al., 2012).  

The Influence of Cannabidiol on 

Exercise and Physical Activity 

 

Research evaluating the effects of CBD in response to acute and chronic exercise is 

currently nonexistent in humans and scarce in animals (Langer et al., 2021). Only one recent 

study evaluated the effects of a single dose of CBD (100 mg/kg) 18 hours following an acute 

bout of eccentric hindlimb loading in rodents (Langer et al., 2021). When the tibialis anterior 

muscle and liver tissues were analyzed, no differences in downstream targets of mechanistic 

target of rapamycin 1were found between CBD-treated rats and controls; however, 

phosphorylation of NF-κB was significantly lower in CBD-treated rats (Langer et al., 2021). This 

suggests that CBD may have no effect on anabolic or catabolic muscle functions. However, 
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phosphorylation of NF-κB was higher in the liver of the CBD-treated rats compared to controls 

(Langer et al., 2021), suggesting that CBD may be acting in a tissue-dependent manner during 

exercise. It is unknown as to whether CBD affects molecular signaling in skeletal muscle during 

chronic aerobic and/or resistance training, and if any effect is similar in all skeletal muscle fiber 

types.  

Despite anecdotal claims made by both recreational and elite athletes, there is no 

convincing evidence supporting the use of CBD for performance enhancement. More 

specifically, the popular medical belief is that CBD has anti-inflammatory, analgesic, and 

anxiolytic effects, neuroprotective benefits, and helps with sleep disturbances, but these 

speculations are only substantiated by results from preclinical studies (McCartney et al., 2020). 

There is some literature exploring the effects of cannabis on cardiovascular measures, pulmonary 

function, grip strength, work capacity, and metabolic rate in healthy individuals (Lisano et al., 

2020, 2019; Renaud & Cormier, 1986; Steadward & Singh, 1975), but these studies do not 

separate CBD from cannabis and do not include an exercise component. Additionally, some 

suggest that cannabis use may help with chronic pain and exercise recovery, but more human 

studies with both a cannabis use group and a CBD-only group are necessary (Gillman et al., 

2015; Kennedy, 2017; Ware et al., 2018). 

There was scant human research exploring the effects of CBD on measures of physical 

activity including total exercise time and steps per day. One survey on cannabis use before and 

after exercise found that 70% of 605 respondents prefer to use cannabis before working out to 

make exercise feel more enjoyable, 79% strongly agreed cannabis enhances recovery, and 52% 

strongly agreed that cannabis increased their motivation to exercise (YorkWilliams et al., 2019). 

Interestingly, bivariate analyses revealed respondents who used cannabis with exercise were 
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younger, male, and had lower BMI than those who did not use cannabis with exercise 

(YorkWilliams et al., 2019). This survey agrees with others that found that athletes use CBD for 

perceived pain and recovery benefits (Kasper et al., 2020; Zeiger et al., 2019). These findings 

suggest that perhaps a mixture of CBD and THC induces endorphins, activates opioid receptors, 

and alters physical activity behavior; however, very little research has explored these 

mechanisms. When cannabis was used in a mouse model to explore wheel-running preference 

and running motivation, THC had no effect on exercise motivation (Hurel et al., 2021). There are 

no studies using CBD in this model. Consequently, when it comes to the effect of CBD on 

physical activity behavior, no conclusive evidence exists. 

Cannabidiol and Brain-Derived 

Neurotrophic Factor 

 

Much of the evidence exploring the effects of CBD on BDNF has originated in animal 

studies aimed at exploring the potential of CBD to provide neuroprotective effects in 

neurodegenerative conditions (Barichello et al., 2012; Esposito et al., 2011; Mori et al., 2017). In 

a murine model of transient cerebral ischemia, in which carotid arteries were occluded with 

clamps for 20 minutes, i.p. CBD (10 mg/kg) 30 minutes before and 3, 24, and 48 hours after 

ischemia significantly decreased hippocampal neurodegeneration, which was verified by lowered 

expression of apoptotic factors including caspase-9 proteins in hippocampal tissue (Mori et al., 

2017). Additionally, these same CBD-treated mice experienced decreased hippocampal 

neuroinflammation and only the CBD-treated mice increased hippocampal BDNF concentrations 

compared to the sham and vehicle groups (Mori et al., 2017). In another compelling study, CBD 

attenuated neuroinflammation through interaction with the transcription factor peroxisome 

proliferator-activated receptor gamma in both an in vitro rodent model of cultured astrocytes and 

an in vivo rodent model of Alzheimer’s Disease (Esposito et al., 2011). More specifically, 
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astrocytes treated with pathological amyloid beta peptides Aβ1−42 for 24 hours increased 

production of IL-1β and TNF-α, but treatment with CBD significantly attenuated cytokine 

production in a dose-dependent manner through peroxisome proliferator-activated receptor alpha 

and gamma activation and inhibition of NF-κB (Esposito et al., 2011). Hippocampal tissue 

collected from amyloid beta peptides Aβ1−42 injected rats showed that 15 days of i.p. CBD (10 

mg/kg) inhibited microglial reactivity, maintained neuronal integrity of the CA1 region of the 

hippocampus, and stimulated basal neurogenesis compared to the control group (Esposito et al., 

2011). Though BDNF concentrations were not directly measured in this study, the hippocampal 

CA1 region is usually included in models of brain plasticity where BDNF/TrkB is observed to 

increase neuronal density during periods of growth or cellular survival (Alonso et al., 2004). 

The duration of CBD treatment may also play a significant role in the ability of the 

compound to alter BDNF. For example, a single dose of i.p. CBD (2.5, 5, and 10 mg/kg) differed 

from extended treatments of CBD (2.5, 5, and 10 mg/kg for 9 days) with respect to TNF-α, IL-

1β, IL-6, and BDNF concentrations in rats subjected to pneumococcal meningitis (Barichello et 

al., 2012). Acute treatment of i.p. CBD (2.5, 5, and 10 mg/kg) to rats 6-hours post meningitis 

induction showed no significant reduction in TNF-α, IL-1β, and IL-6 response, nor stimulation 

of BDNF in the hippocampus and frontal cortex (Barichello et al., 2012). However, extended 

treatment reduced TNF-α and increased BDNF concentrations in the frontal cortex, but not in the 

hippocampus (Barichello et al., 2012). These results demonstrate that chronic administration of 

CBD has the potential to decrease inflammation and increase neuroplasticity in the areas most 

affected by the neuroinflammatory disease; however, these responses are time- and dose-

dependent. Therefore, there is support for the use of CBD as a medical treatment, but 

significantly more evidence related to these issues is necessary.  
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Sex Differences 

Biological sex is an important factor in structural, cellular, and molecular functions that 

affect overall health. These differences are linked to sex chromosomes and sex hormones. 

Generally, females have two X chromosomes and males have one X chromosome and one Y 

chromosome. In mammalian gonadal development, these sex chromosomes cause differentiation 

of sex organs. For example, the Sry gene, which is involved in making sex-determining region Y 

protein, is only located on the Y chromosome and the protein produced from this gene acts as a 

transcription factor in gonadal primordia to develop testes and prevent uterus and fallopian tube 

formation in males (Eggers et al., 2014). The differentiation of the testes establishes further 

developmental processes including gonadal hormone production of testosterone, estradiol, and 

progesterone (Eggers et al., 2014). The sex hormones estrogen and testosterone have permanent 

effects on body development such as in the development of the genitals or the brain. Other 

actions of these hormones are more temporary and depend on how long testosterone, estradiol, or 

progesterone are present (McEwen & Milner, 2017). Both sex chromosomes and sex hormones 

act on other organs and tissues and give rise to crucial differences in the structure and function of 

bodily systems. For example, the XX chromosome has regional effects on the brain that are 

independent of sex hormones, specifically in the growth and formation of the amygdala, 

hippocampus, and prefrontal cortex (Lentini et al., 2013). Additionally, higher levels of 

testosterone during brain development increase white-matter volume (Perrin et al., 2008). 

Sex differences are present in the ECS. In the rodent amygdala, males have greater 

concentrations of AEA and 2-AG, and females have greater concentrations of the enzymes 

FAAH and MAGL (Krebs-Kraft et al., 2010). The endocannabinoids present in female rodents 

also have lower binding affinity for CB1r in the hypothalamus and enhanced binding affinity to 
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CB1r in the amygdala compared to males (C. J. N. Riebe et al., 2010). Research suggests that 

estrogen interacts with the components of the ECS. Estrogen administration affecting FAAH 

concentrations may lead to alterations in regulation of pain, inflammation, obesity, anxiety, and 

fear (Calignano et al., 1998; Di Marzo, 2018; Fine & Rosenfeld, 2013; Ligresti et al., 2016; 

Ruehle et al., 2012; Schulz et al., 2021). The interaction between estrogen and the ECS may 

provide a mechanism for sex-related disparities observed in metabolism and pain perception 

reported in men and women (Mogil, 2012; Paller et al., 2009).  

Sex Differences in Inflammation 

Although there are many potential sex differences with respect to the inflammatory 

process, the IL-6 response is one of the most explored. In resting conditions, average IL-6 

concentrations are not significantly different between males and females (Edwards et al., 2006; 

Lockwood et al., 2016; Prather et al., 2009; Steptoe et al., 2002). However, there are sex 

differences in the IL-6 response to injury and stress. For example, male patients with acute 

injuries had 122% and 70% higher concentrations of systemic IL-6 concentrations after one day 

and two-days post trauma, respectively, compared to females (Mörs et al., 2016). Conversely, 

after an acute mental stress test, females had higher IL-6 concentrations compared to males, 

independent of age, BMI, and smoking status (Hackett et al., 2012). This study agrees with 

others supporting a more drastic and longer duration IL-6 response in females after stress-

induced situations when compared to males (Edwards et al., 2006; Lockwood et al., 2016; 

Prather et al., 2009; Steptoe et al., 2002).  

Sex differences with respect to CRP concentrations are most attributed to differences in 

adiposity and BMI (Khera et al., 2009; Rexrode et al., 2003; Thorand et al., 2006). Adipose 

tissue is a secretory organ known to contribute to low-grade systemic inflammation (Pedersen & 
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Febbraio, 2012). Women generally tend to have greater body fat percentage and fat mass when 

compared to men (Lovejoy et al., 2009; Thorand et al., 2006). In individuals (n = 1,413 males; 

n=1,166 females) ages 30-65 years old participating in the Dallas Heart study, average resting 

CRP concentrations for women and men were 3.6 mg/L and 1.9 mg/L, respectively, and CRP 

values were positively correlated to total fat mass in women (Khera et al., 2009). Interestingly, 

BMI and body fat percentage are significantly correlated with CRP concentrations in women, 

and BMI and waist to hip ratio are significantly and positively correlated to CRP concentrations 

in men (Thorand et al., 2006). However, stress-induced inflammatory responses may result in 

sex-related differences in CRP concentrations that are independent of body composition 

(Lockwood et al., 2016). For instance, after an acute mental stress test, IL-6 responses were 

positively correlated with high CRP concentrations in males, and IL-6 responses were negatively 

correlated with CRP concentrations in females (Lockwood et al., 2016). This suggests that CRP 

may be an indicator of current inflammatory status and the relationship between acute and 

chronic inflammation may be related to biological sex. 

Sex Differences in Brain-Derived 

Neurotrophic Factor 

 

Biological sex is also a major determinant of cortical and serum BDNF concentrations 

(Bus et al., 2011). Both clinical and preclinical studies suggest that the highest concentrations of 

BDNF are found in the neurons of the hippocampus, amygdala, cerebellum, and cerebral cortex 

(Hofer et al., 1990; Timmusk et al., 1993). Structural magnetic resonance imaging (MRI) studies 

demonstrate sex-related differences in both volume and tissue density of the amygdala and 

hippocampus (Kaczkurkin et al., 2019). These areas are implicated in emotional processing and 

cognitive function and have high concentrations of cannabinoid receptors (Ativie et al., 2018; 

Chiarlone et al., 2014; Navarrete et al., 2020). It is possible that BDNF concentrations may differ 
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in each brain structure according to sex, and that these differences may affect emotion and 

cognition. This regional difference hypothesis is clinically supported by sex-related disparities in 

the occurrence and diagnoses of neuropsychiatric disorders. Females are 1.5-2 times more likely 

to experience mood and anxiety disorders (McLean et al., 2011), and males are 4 times more 

likely to be diagnosed with schizophrenia and autism (Lenz & McCarthy, 2015). Low 

concentrations of BDNF are observed in patients with major depressive disorder and 

schizophrenia (Kang et al., 2015; Lang et al., 2004; Shoval & Weizman, 2005; Szuhany & Otto, 

2020) which suggests BDNF may have a crucial role in mood and anxiety disorders. 

Literature demonstrates that estrogen and testosterone affect brain structure and function 

and interact with BDNF in the CNS (Lentini et al., 2013; Lenz & Nelson, 2018; McEwen & 

Milner, 2017; Scharfman & MacLusky, 2006; Sohrabji & Lewis, 2006). Animal research on the 

effect of estrogen on neurons, glial cells, and hippocampal tissue shows that both estrogen and 

BDNF share common cellular targets and signaling pathways (Scharfman & MacLusky, 2006; 

Toran-Allerand, 2004; Warren et al., 1995). These cellular targets are located in the cerebral 

cortex, basal forebrain, hippocampus, and striatum, and involve the mitogen-activated protein 

kinase, PI3K, and phospholipase C pathways (Scharfman & MacLusky, 2006; Toran-Allerand, 

2004; Warren et al., 1995). One study showed that when exogenous estrogen (10 µg of 17β-

estradiol) was administered for 2 weeks to ovariectomized female rodents after artery occlusion 

to induce stroke-like symptoms, estrogen treatment resulted in increased hippocampal BDNF 

protein expression and reductions in depression-like symptoms (Su et al., 2016). In 

ovariectomized, young and middle-aged, female mice, estrogen (5 µg of 17β-estradiol) dorsally 

infused into the hippocampus decreased levels of histone deacetylases, increased BDNF protein, 

and increased the acetylation of BDNF gene promotors (Fortress et al., 2014). These results 
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suggest that estrogen has epigenetic effects on BDNF production. However, increased 

concentrations of estrogen can also affect BDNF regulation of synaptic transmission resulting in 

altered nerve terminal excitability which may increase seizure risk (Scharfman et al., 1999).  

Testosterone is reported to have similar effects on neurogenesis, BDNF concentrations, 

and interactions with BDNF. For example, testosterone (2 mg/kg/day) treatment for 10 days after 

cerebral ischemia in castrated male rats increased serum and brain tissue (striatum, cortex and 

subventricular zone) BDNF concentrations (Fanaei et al., 2014; Yang & Arnold, 2000), and 

testosterone and BDNF (75 µL) treatment after axotomy in castrated male rats restored androgen 

receptor expression (Yang & Arnold, 2000). These studies suggest that BDNF and testosterone 

are interdependent. Overall, estrogen and testosterone contribute to sexual dimorphism in 

specific brain structures and interact with BDNF which suggests males and females experience 

differences in information processing, memory, cognitive function, emotion and mood, and 

behavior.  

There is also evidence that stress may mediate an interaction between BDNF and 

inflammatory cytokines in a sex-dependent manner. For instance, an animal model of depression 

(exposure to 4 weeks of chronic, unpredictable mild stress) revealed sex-related differences in 

neuroinflammatory response (L. L. Liu et al., 2019). More specifically, female mice experienced 

a significant decrease in hippocampal BDNF mRNA expression and a significant increase in 

TNF-α mRNA expression compared to males. This decrease in BDNF was also positively 

corelated with depressive-like behaviors. Although both sexes experienced no differences in IL-6 

mRNA expression, there was a significant interaction between stress and biological sex on IL-6, 

indicating that female mice were more sensitive to stress than males (L. L. Liu et al., 2019). 

Along these same lines, BDNF-knockout females were more sensitive to anxiety and depression-
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like behavior after 52 days of mild stress when compared to wild type females (Autry et al., 

2009). In the same study, no significant difference in behavior was observed between BDNF-

knockout males and wild type males. Interestingly, this study also found that stress did not 

further reduce hippocampal BDNF concentrations in knockout mice (Autry et al., 2009), 

suggesting that some reduction in BDNF affects depression-related behaviors in females more 

than males.  

In humans, the relationship between BDNF concentrations and biomarkers of 

inflammation is unclear. Resting, serum BDNF and inflammatory biomarker concentrations are 

reported to be similar in men and women in good health (Lang et al., 2004; Ziegenhorn et al., 

2007). In patients with MS, biological sex does not contribute to differences in serum BDNF, IL-

6, or TNF-α concentrations compared with healthy controls (Patanella et al., 2010). However, in 

adolescents with bipolar disorder, females had 8% higher BDNF and 44% higher CRP 

concentrations compared to males, and no sex-related differences in IL-6 concentrations 

(Goldstein et al., 2011). Taken together, animal and human research suggests that, in times of 

chronic stress, females experience declines in BDNF, which may in turn, translate to a greater 

vulnerability to higher inflammation, depression, and anxiety-related behaviors than males. 

Sex Differences in Response to 

Exercise 

 

Sex differences in the inflammatory response following acute and chronic exercise have 

been demonstrated in animal and human models. Mouse models of eccentric exercise show that 

females have less myofiber swelling, necrosis, and structural protein disruption compared with 

males (Komulainen et al., 1999) and less monocyte, macrophage, and neutrophil invasion into 

myofibers than males (St. Pierre Schneider et al., 1999). Sex-related differences in the 

inflammatory response and degree of muscle damage are also observed in humans. For example, 
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women had less leukocyte invasion into vastus lateralis myofibers compared to men after 3 sets 

of eccentric unilateral leg press and extension exercises performed at 120% of concentric one 

repetition maximum, and men had significantly higher plasma granulocyte counts and B-cell 

lymphoma positive inflammatory cells than women at the 48-hour time point (Stupka et al., 

2000). In a separate study, young girls experienced significant increases in leukocyte and 

lymphocyte invasion, as well as increases in IL-6 concentrations after 60 minutes of cycling at 

70% maximal oxygen uptake (V̇O2 max) compared to young boys of the same age (Timmons, 

Tarnopolsky, et al., 2006).  

Research suggests that menstrual phase and contraceptive use may alter the female 

response to exercise. One study showed that women in the follicular and luteal phases taking oral 

contraceptives experienced fluctuations in leukocytes, neutrophils, and monocyte invasion after 

prolonged cycling and had 80% greater concentrations of IL-6 compared to women in the 

follicular phase without oral contraceptives (Timmons, Hamadeh, et al., 2005). In a similar study 

evaluating the influence of sex, age, and puberty on lymphocytes after 60 minutes of acute 

cycling, lymphocyte counts were greater in older men and women compared to younger boys 

and girls and 35% higher in prepubertal girls compared to prepubertal boys (Timmons, 

Tarnopolsky, et al., 2006).  

In contrast, several studies suggest that the inflammatory response to chronic exercise 

and training is similar in men and women (Abd El-Kader & Al-Jiffri, 2019; Abd El-Kader & Al-

Shreef, 2018; Beavers et al., 2010). After 12 months of moderate intensity exercise, IL-6, IL-8, 

and tumor necrosis factor receptor 1 concentrations were significantly decreased compared to a 

non-exercise control group and no differences were observed between men and women (Beavers 

et al., 2010). Although CRP concentrations had decreased at the 12-month time point, this 
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change failed to reach significance (Beavers et al., 2010). A similar response was observed after 

6 months of structured aerobic and resistance training in elderly adults, in which average TNF-α 

and IL-6 concentrations, and CD3, CD4, and CD8 cell counts decreased with no sex-related 

differences (Abd El-Kader & Al-Jiffri, 2019; Abd El-Kader & Al-Shreef, 2018).  

Proposed explanations for sex differences in the inflammatory response to acute exercise 

compared with chronic exercise may be linked to estrogen concentrations. Although some 

animal studies demonstrate that 17β-estradiol may help to alleviate muscle damage from exercise 

by influencing satellite cell activation and myoblast formation (Enns & Tiidus, 2008, 2010), this 

proposed explanation is not clear in human studies using exogenous estrogen treatment in 

healthy young men (MacNeil et al., 2011; Timmons, Hamadeh, & Tarnopolsky, 2006) . One 

study found that after 17β-estradiol treatment (1 mg for 2 days followed by 2 mg for 8 days) 

following a max eccentric exercise protocol (15 sets of 10 repetitions of leg extension and 

flexion), participants experienced attenuated neutrophil infiltration into rectus femoris myofibers 

and no changes in macrophage infiltration (MacNeil et al., 2011). However, another study found 

no changes in circulating neutrophil counts after 17β-estradiol treatment (2 mg/day for 8 days) 

following 90 minutes of cycling at 65% V̇O2 max (Timmons, Hamadeh & Tarnopolsky, 2006). 

Taken together, these studies suggest that there may be other mechanisms beyond estrogen 

signaling that contribute to sex differences in exercise-induced inflammation.  

Sex Differences in Response to 

Physical Activity 

 

Although research suggests a strong, negative correlation between physical activity and 

the incidence of chronic inflammation in both men and women, correlations with respect to sex-

related differences in circulating inflammatory biomarkers are inconclusive (Pischon et al., 2003; 

Reuben et al., 2003; Taaffe et al., 2000). Healthy individuals (n = 405 males; n = 454 females) 
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ages 25-75 years old who reported more vigorous physical activity such as running, playing 

tennis, and calisthenics, appear to have a strong, negative correlation between energy 

expenditure from leisure-time physical activity, expressed as metabolic equivalent hours 

(METs), and plasma concentrations of tumor necrosis factor rector 1, soluble tumor necrosis 

factor receptor 2, IL-6, and CRP (Pischon et al., 2003). When adjusted for sex, women had 

significantly higher concentrations of tumor necrosis factor receptors than men, but there were 

no differences with respect to concentrations of IL-6 and CRP (Pischon et al., 2003). In older 

individuals (n = 412 males; n = 468 females) ages 70-79 years, physical activity, measured in 

hours of moderate and strenuous activity per year, was significantly correlated with lower 

concentrations of IL-6 and CRP (Taaffe et al., 2000). Sex-adjusted IL-6 concentrations were also 

significantly higher in men; however, no differences were found in concentrations of CRP 

(Taaffe et al., 2000).  

Other large population studies consisting of older men and women also support the 

correlation between physical activity and lower concentrations of IL-6 and CRP, but these 

studies do not adjust for sex nor use accelerometers to measure average daily step counts 

(Colbert et al., 2004; Reuben et al., 2003). A cross-sectional study that measured physical 

activity using daily step counts in healthy individuals (n = 737 males; n = 1,101 females) ages 

40-69 years old found that higher step counts were significantly correlated with lower circulating 

TNF-α concentration (Nishida et al., 2014). In the same study, men reported more moderate and 

vigorous intensity physical activity than women and also had greater IL-8 and TNF-α 

concentrations than women (Nishida et al., 2014). Though these studies provide evidence for the 

beneficial effect of physical activity on markers of chronic inflammation, they do not provide 

definitive evidence that benefits are equal in men and women.  
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Sex Differences in Cannabidiol 

Use and Response 

 

 Both survey and observational studies suggest that CBD use differs between males and 

females. In fact, most CBD users in both recreational and medicinal cannabis communities 

identify as women (BrightfieldGroup, 2017). An industry report of Americans (N = 2,400) that 

use cannabis revealed that 58% of CBD-only users were female and 59% of hemp-derived CBD 

users were female (BrightfieldGroup, 2017). The largest age group of CBD users were between 

35-49 years old (33%) and the second largest age group of CBD users were between 26-34 years 

old (25%; BrightfieldGroup, 2017). When both sexes were combined, 80% of CBD-only users 

preferred vaping and 41% used CBD daily (BrightfieldGroup, 2017). These findings are similar 

to a more recently published survey with CBD-only users (n = 1,013 males; n = 1,087 females) 

which found that more females (67%, n = 729) used CBD for medical conditions compared to 

males (55%, n = 559), and that both sexes used CBD to help improve general health and 

wellbeing (Corroon & Phillips, 2018). Interestingly, the most reported medical condition 

associated with CBD use was chronic pain, but both reports did not stratify pain condition by sex 

(BrightfieldGroup, 2017). These data suggest that CBD is used as an alternative medicine for 

pain by both sexes with women using it more frequently. 

Animal models designed to explore sex differences in CBD responses, have yielded 

mixed results. Sex-related differences are present in rodent models after administering CBD for 

pain (Linher-Melville et al., 2020) and models of neuropsychiatric disorders (Osborne, Solowij, 

Babic, et al., 2017; Osborne et al., 2019; Shbiro et al., 2019). Rodents exposed to peripheral 

nerve constriction injury benefited from i.p. CBD (25 mg/ml) treatment for 14 days after the 

injury which resulted in sex-related differences in pain perception 7 weeks following CBD 

treatment (Linher-Melville et al., 2020). More specifically, males experienced an alleviation of 
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mechanical hypersensitivity, but females were more hypersensitive and responded faster to 

mechanical pain on weeks 4, 5, and 6 post-treatment (Linher-Melville et al., 2020). In a rodent 

model of schizophrenia, i.p. CBD (20 mg/kg/day) treatment for 3 weeks resulted in 

improvements in working memory and social interaction of male rats (Osborne, Solowij, Babic, 

et al., 2017), and only working memory in female rats (Osborne et al., 2019). Other rodent 

experiments found no sex-related differences when CBD was administered for pain (Britch et al., 

2020, 2017; Javadi-Paydar et al., 2018), leading researchers to hypothesize that small doses of 

THC may be needed in conjunction with CBD to have pain relieving effects. On the contrary, 

one recent rodent study that administered CBD and THC separately and combined found no sex 

differences in measures of pain and only the THC-treated rodents experienced an antinociceptive 

response (Britch et al., 2017). Very little progress has been made with respect to translating these 

studies to humans. In fact, there is a significant gap in the research related to the actions of CBD 

in men versus women. It is also necessary to recognize the importance of research related to the 

action of CBD in individuals who express different gender identities such as those who identify 

as transgender and/or transitioning as these groups may include a higher percentage of cannabis 

users (Hughto et al., 2021). 

Although men and women tend to use CBD for the same reasons, there is lack of clarity 

with respect to potential sex-related differences in how CBD acts once inside the body. In fact, 

there are currently no studies investigating whether biological sex plays a role in mediating 

CBD-induced physiological responses. Just recently, the FDA Office of Women’s Health virtual 

scientific conference “CBD & Other Cannabinoids, Sex and Gender Differences in Use and 

Responses” held November 19, 2020, from 9:00 a.m. to 4:00 p.m. Eastern Time, provided a 

platform for multiple perspectives on the issue (Food and Drug Administration, 2020). The 
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speakers and public officials represented various scientific fields including neuroscience, 

psychology, environmental health sciences, behavioral pharmacology, human behavior, 

biobehavioral sciences, pediatric and maternal health, cell biology, physiology, gynecology, 

reproductive sciences, and complementary and integrative health. Although informative, no firm 

conclusions regarding the efficacy and safety of CBD in humans without preexisting conditions 

and neurological disorders could be determined. Consequently, the FDA is now supporting 

further sex-related studies in healthy populations and agrees that more research is required to 

determine the potential benefits and risks of CBD use by both men and women. 

Cognitive Health 

Cognitive health is defined as the ability of an individual to perform mental processes 

such as memory, recall, judgement, and the ability to learn new things, and is inferred from 

behavior and response to cognitive assessments (Robbins, 2011). An assessment of cognitive 

health is frequently used as a measure of brain function in a wide variety of human populations. 

Cognitive neuroscience research has established frameworks and approaches to measure and 

compare cognition in different contexts including social and affective factors, disease states, and 

neural development (Greenwald et al., 1998; Robbins, 2011). In healthy individuals, cognitive 

function and ability are commonly inferred by responses to a neuropsychological battery of tests 

consisting of questions and tasks designed to gauge memory, recall, judgement, and the ability to 

learn new things (Borson et al., 2003; McDowell et al., 1997; Nasreddine et al., 2005). Cognitive 

impairment, which is defined as difficulty in remembering, learning new things, and 

concentrating is often included as a major outcome in cancer (Wefel et al., 2011), alcohol and 

substance abuse (Evert & Oscar-Berman, 1995), and mental health research (Stetz et al., 2007).  
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Cannabidiol and Cognitive Function 

 There is a plethora of animal research that demonstrates that CBD administration 

improves measures of cognitive impairment and mental health (Barichello et al., 2012; Campos 

et al., 2015; Mori et al., 2017; Osborne, Solowij, Babic, et al., 2017; Sales et al., 2020; Schiavon 

et al., 2016). Animal research shows i.p. CBD (10 mg/kg) treatment before and after cerebral 

ischemia result in less anxiety-like behavior in an open field test, improved memory and ability 

to recognize patterns from the spatial recognition test, and more exploration of new surroundings 

in mice (Mori et al., 2017), and 9 days i.p. CBD (10 mg/kg) treatment after inoculation with 

meningitis improves information retention and recall in a memory test in rodents (Barichello et 

al., 2012). Additionally, a rodent poly I:C model demonstrated that 3 weeks of i.p. CBD (20 

mg/kg) treatment resulted in improved learning and memory (Osborne, Solowij, Babic, et al., 

2017), and CBD-treated rats scored higher in the novel object recognition test and rewarded 

maze test compared to non-CBD treated rats (Osborne, Solowij, Babic, et al., 2017).  

Cannabidiol may also be helpful in attenuating the side effects of other drugs. For 

example, 3 days of i.p. CBD (30 mg/kg) treatment along with the anti-malaria drug Artesunate in 

mice with cerebral malaria improved scores from the novel object recognition test, the elevated 

maze, and the water maze hidden platform test compared to Artesunate-only controls (Campos et 

al., 2015). This same study also found that CBD combined with Artesunate increased BDNF 

expression in the prefrontal cortex and decreased IL-6 and TNF-α concentrations in the 

hippocampus compared to the Artesunate-only and saline control groups (Campos et al., 2015). 

These findings suggest that CBD has a neuroprotective effect against cognitive impairment. 

Although the effects of CBD on cognitive function are also reported in both clinical and 

non-clinical human populations, results are inconclusive. Clinical studies on patients with 
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schizophrenia suggest that CBD may affect cognitive function (Bhattacharyya et al., 2018; 

Boggs et al., 2018; McGuire et al., 2018; Osborne, Solowij, & Weston-Green, 2017). A 6-week 

adjunctive intervention with an oral solution of CBD (1000 mg/day) in patients with 

schizophrenia significantly improved scores on the Brief Assessment of Cognition in 

Schizophrenia test compared to the placebo group (McGuire et al., 2018). However, a similar 

study that administered oral CBD (600 mg/day) to patients with schizophrenia for 6 weeks found 

no significant changes in the Brief Assessment of Cognition in Schizophrenia test, verbal and 

visual learning tasks, and working memory tests (Boggs et al., 2018). When a single dose of 

CBD (300 and 600mg) was provided acutely in patients with schizophrenia, dosages failed to 

alter attention task performance (Hallak et al., 2010). These findings are in agreement with 

previous research that also found no changes in cognitive function after 4 weeks of CBD (150 

mg/day) treatment in patients with Parkinson’s Disease (Zuardi et al., 2009).  

In individuals without disorders, research suggests that CBD may have protective effects 

against induced psychosis (Bhattacharyya et al., 2010; Bloomfield et al., 2020) and anxiety 

(Crippa et al., 2004). An MRI study in healthy men given both THC and CBD found that a single 

dose of oral CBD (600 mg) attenuated THC-induced psychosis and retained cognitive function 

(Bhattacharyya et al., 2010). The same study also observed increased blood flow to the prefrontal 

cortex, amygdala, and hippocampus during verbal memory and response inhibition tasks 

(Bhattacharyya et al., 2010). Another study supports the findings related to CBD-induced 

changes in blood flow in healthy individuals (Bloomfield et al., 2020). In this study, a single 

dose of oral CBD (600 mg) significantly increased cerebral blood flow to the hippocampus, but 

there were no differences in memory tasks between CBD and placebo groups (Bloomfield et al., 

2020). Other neuroimaging studies provide evidence that acute oral CBD (400 mg) 
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administration increases cerebral blood flow specifically in the amygdala, hippocampus, and 

posterior cingulate gyrus of healthy men (Crippa et al., 2004). Although these studies suggest 

that CBD confers neuroprotective effects, more studies are needed to provide a consensus on the 

action of CBD in healthy individuals.  

Cannabidiol, Cognitive Function, 

and Sex Differences 

 

Animal literature suggests that there are sex differences in response to CBD with respect 

to cognitive function and behavior (Jimenez Naranjo et al., 2019; Osborne, Solowij, Babic, et al., 

2017; Osborne et al., 2019; Osborne, Solowij, & Weston-Green, 2017). In the aforementioned 

male poly I:C rat model that demonstrated CBD-treated males improved cognitive function by 

scoring higher in cognitive and behavioral tests compared to non-CBD treated males (Osborne, 

Solowij, Babic, et al., 2017), a second follow-up study by the same authors using females found 

that females exhibited deficits in recognition memory and social interaction, but not working 

memory (Osborne et al., 2019). Additionally, only recognition memory and social interaction 

were improved by CBD treatment in females (Osborne et al., 2019). In a third follow-up study 

by the same authors, analyses between males and females revealed that concentrations and 

densities of neuronal markers acetylcholine esterase and choline acetyltransferase were 

significantly correlated with the rewarded maze performance scores in CBD-treated females, and 

concentrations of choline acetyltransferase were significantly correlated with maze test 

performance scores in CBD-treated males (Jimenez Naranjo et al., 2019). 

In human studies, cannabis research shows sex differences in response to cannabis use on 

cognitive function (Crane, Schuster, Fusar-Poli, et al., 2013; Crane, Schuster, & Gonzalez, 2013; 

Crane et al., 2015; Matheson et al., 2020), but very few have evaluated sex differences in 

response to CBD (Schoedel et al., 2018; Spindle et al., 2020). A within-subjects crossover design 
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evaluating the pharmacokinetics of acute oral and vaporized CBD (100 mg) found that men 

performed worse on cognitive tasks than women after both oral and vaporized CBD were 

consumed (Spindle et al., 2020). Although participants (n = 9 males; n = 9 females) were 

healthy, there were no sex differences in cognitive task performance (Spindle et al., 2020). This 

response is similar to another crossover, phase 1, single-dose study designed to assess the 

therapeutic dose and abuse potential of highly purified oral CBD (Epidiolex, 750 mg, 1500 mg, 

and 4500 mg) (Schoedel et al., 2018). No differences in cognitive and psychomotor tasks were 

observed in healthy men and women regardless of CBD dose (Schoedel et al., 2018). When CBD 

use was analyzed with sex as a covariate, there were significant differences in verbal learning 

test scores between men and women; however, the specific dose of CBD and degree of 

difference were not reported (Schoedel et al., 2018). Although other pharmacokinetic research 

investigating the safety and tolerability of acute doses of CBD includes even numbers of men 

and women, they do not report sex-related analyses of CBD on cognitive function (Arndt & de 

Wit, 2017; Babalonis et al., 2017; Haney et al., 2016). Taken together, schizophrenia rodent 

models (poly I:C) suggest that CBD affects regions of the brain related to memory and learning, 

and these effects are influenced by sex. In humans, it is possible that healthy men and women 

may also experience changes in cognitive function after acute CBD administration though it is 

difficult to draw conclusions from the studies currently available. There are currently no 

longitudinal studies which explore the potential for biological sex to play a role in mediating the 

physiological and psychological responses to CBD. 

Conclusions 

Decades of research have focused on exploring the physiological and psychological 

effects of CBD in animal models and human populations. Animal studies suggest that there are 
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sex differences in inflammatory and behavioral responses to CBD, but these studies are focused 

on neurological models of depression (Sales et al., 2019; Shbiro et al., 2019), schizophrenia 

(Osborne, Solowij, Babic, et al., 2017; Osborne et al., 2019; Osborne, Solowij, & Weston-Green, 

2017), and acute injury (Linher-Melville et al., 2020). A few human studies have come close to 

establishing a relationship between CBD and health (Arndt & de Wit, 2017; Babalonis et al., 

2017; Bhattacharyya et al., 2010; Carlini & Cunha, 1981; Consroe et al., 1986; Crane, Schuter, & 

Conzalez, 2013; Cuñetti et al., 2018; Haney et al., 2016; Laczkovics et al., 2020; Leweke et al., 

2012; Lisano et al., 2020; Martin-Santos et al., 2012; McGuire et al., 2018; Schräder et al., 2019; 

Solowij et al., 2018). However, these studies exclude females (Bhattacharyya et al., 2010; Crane, 

Schuster, & Gonzalez, 2013; Martin-Santos et al., 2012; Solowij et al., 2018), THC-free CBD 

(Crane, Schuster, & Gonzalez, 2013; Lisano et al., 2020; Solowij et al., 2018), do not analyze 

data by sex (Arndt & de Wit, 2017; Babalonis et al., 2017; Haney et al., 2016), and do not focus 

on the effects of CBD in healthy individuals (Carlini & Cunha, 1981; Consroe et al., 1986; 

Laczkovics et al., 2020; Leweke et al., 2012). Currently, there are no studies investigating the 

mechanisms associated with potential sex-related physiological responses to CBD in healthy 

individuals. There is no literature exploring the potential relationship as it relates to the 

inflammatory biomarkers IL-6 and CRP, as well as the neural health biomarker BDNF. 

Furthermore, these responses have not been linked to cognitive function and psychological 

wellbeing (PWB) in healthy and physically active adults. There are 295 CBD trials in the 

recruiting phase on clinicaltrials.gov to date where CBD is being used for various conditions 

including coronavirus, alcohol and substance use disorders, chronic pain, inflammatory bowel 

disorders and Crohn’s Disease, and various neuropsychiatric and neurological disorders. Only 31 

related clinicaltrials.gov studies using CBD are recruiting healthy participants. They are focused 
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on determining drug interactions, pharmacokinetics, bioavailability, safety, and tolerability of 

CBD, as well as potential CBD-induced changes in autonomic, emotional, and cognitive 

function.  

Although these findings are fascinating, the relationships among CBD inflammatory 

cytokines, BDNF, and cognitive function are still not clearly understood in healthy humans and 

non-stressed animal models. There is a great need for understanding the safety and efficacy of 

daily CBD treatment in healthy males and females who are not diagnosed with neuropsychiatric 

conditions. Research matching CBD use patterns is needed because observational and 

prospective studies suggest that females tend to use hemp-derived and highly purified CBD more 

than males (BrightfieldGroup, 2017; Corroon & Phillips, 2018). Consequently, these findings 

suggest that healthy physically active males and females may differ in response to CBD which 

may affect concentrations of IL-6, CRP, and BDNF, and subsequent cognitive function and 

PWB. 
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CHAPTER III 

METHODOLOGY 

Participants 

The purpose of this double blind, placebo-controlled, clinical trial with parallel group 

design was to investigate the biological sex-related differences in physical activity patterns, 

health-related fitness, mental and cognitive health before and after an 8-week cannabidiol (CBD) 

intervention. This study also aimed to explore whether 8 weeks of CBD treatment would 

significantly alter biomarkers of inflammation and neural health. 

Adult males and females were recruited into two groups, a CBD intervention group (CG) 

and a placebo group (PG) through flyers and word of mouth at the University of Northern 

Colorado and nearby communities. Individuals met eligibility requirements including an age 

range of 18 to 50 years, 6 weeks of abstinence from cannabis (either tetrahydrocannabinol (THC) 

and/or CBD), a body mass index (BMI) of ≤ 29.9 kg/m2, and additional inclusion criteria 

requirements outlined in Table 1. Eligible participants were also free from significant 

cardiovascular disorders, neurological and severe mood and anxiety disorders, chronic alcohol 

and/or drug use, and no head trauma with loss of consciousness for more than 30 minutes. 
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Table 1 

 

Inclusion and Exclusion Criteria 

 

Inclusion Criteria Exclusion Criteria 

18-50 years old 

BMI ≤ 29.9 kg/m2. 

Significant cardiovascular disorders including but not 

limited to serious arrythmias, cardiomyopathy, 

congestive heart failure, stroke, or transient ischemic 

attacks, peripheral vascular disease with intermittent 

claudication, acute, chronic, or recurrent 

thrombophlebitis. 

Abstained from THC and/or CBD 

for 6 weeks. 

Diagnosed neurological disorders including but not 

limited to brain tumors, brain injuries, Alzheimer’s 

Disease, Parkinson’s Disease, multiple sclerosis, 

epilepsy, and seizures. 

Able and willing to commit to an  

8-week intervention schedule. 

Regular use of drugs that significantly alter brain 

activity such as selective serotonin reuptake inhibitors, 

benzodiazepines, and others used to treat anxiety, 

panic, stress, sleep disorders, or increases the risk of 

sedation and drowsiness. 

Note. BMI = body mass index, THC = delta-9-tetrahydrocannabinol, CBD = cannabidiol. 

 

 

Study Overview 

Participants completed a total of 8 visits consisting of 4 pre- and 4 post-intervention visits 

separated by an 8-week intervention period (Figure 1). During the first pre-intervention visit, 

participants were asked to review and sign the informed consent form approved by the 

University of Northern Colorado Institution Review Board. Participants reviewed the risks and 

benefits of participation as described on the form, and a copy was provided for them to keep. 

Participants were given an activity tracker (Fitbit, San Francisco, CA) to wear for 7 days before 

the 8-week intervention. Then, they completed an 8-hr fasted blood draw, cognitive function and 

psychological wellbeing (PWB) scales, and body size and composition assessments. During the 

pre-intervention Visits 2-4, participants completed a cardiorespiratory fitness assessment 
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measuring their relative peak oxygen uptake assessment (V̇O2 peak), the Wingate anaerobic 

fitness assessment measuring their anaerobic power outputs including peak power (PP), mean 

power (MP), relative peak power (RPP), relative mean power (RMP), and anaerobic fatigue 

(AF), and a muscular strength assessment measuring their bench press one repetition maximum 

(BP 1RM) and back squat one repetition maximum (BS 1RM). During the 8-wk intervention, 

participants received two, 7-day pill boxes with each slot containing either one liquid gel of 50 

mg of purified, hemp-derived CBD (Six Degrees Wellness, Boulder, CO), to consume per day, 

or one capsule of 225 mg of medium-chain triglyceride (MCT; Nutiva, Point Richmond, CA) as 

a calorie-matched placebo. Participants were instructed to consume the one capsule of either the 

CBD or the MCT nightly, after dinner and before bed. Participants were asked to meet every 2 

weeks with the investigator to refill the pill boxes, report any sickness and/or injury, and to 

report any changes in exercise routine. During week 7, participants were asked to wear their 

activity trackers for one final week. They then completed post-intervention Visits 5-8 consisting 

of the same measures as the pre-intervention visits. Study participants were not offered monetary 

compensation for their time and effort.  
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Figure 1 

 

Study Overview 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. V̇O2 = oxygen uptake; 1RM = one repetition maximum.  

 

 

Visit 1 and Visit 5: Informed Consent, Blood Draw, 

Body Size and Composition Assessment, Surveys, 

and Physical Activity Measures 

 

Blood Samples 

After participants reviewed and signed the informed consent form in Visit 1, an 8-hr 

fasted blood sample was collected, and again at the beginning of Visit 5. Blood was collected 

into serum separator tubes (SST; Beckton Dickinson, East Rutherford, NJ, USA) by a certified 

phlebotomist through venipuncture of the antecubital vein of the forearm. Prior to blood 

collection in Visit 1, participants were asked to record their diets for the previous 24 hours and 

were asked to follow the same diet prior to the post-intervention Visit 5 blood sample. Whole 

blood collected in the SST tubes were positioned vertically in a tube rack and allowed to clot for 

at least 30 minutes and no more than 1 hour at room temperature. The SST tube was centrifuged 
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at 2000 g for 15 minutes at room temperature and serum was pipetted into 1.5 mL Eppendorf 

tubes (Eppendorf AG, Hamburg, Germany) and immediately stored in a -80°C freezer.  

Serum concentrations of the inflammatory biomarker C-reactive protein (CRP) and 

peripheral concentrations of serum brain-derived neurotrophic factor (BDNF) were determined 

with commercially available enzyme-linked immunosorbent assay kits (ELISA; CRP, (ALPCO 

Diagnostics, Salem, NH, USA); BDNF (RayBiotech, Norcross, GA, USA)) for each respective 

biomarker. Manufacturer inter- and intra-assay coefficient of variabilities (CV) for serum 

concentrations of CRP were <6.7% and <9.9%, respectively, and for serum concentrations of 

BDNF were < 12% and <10%, respectively. These CVs were used to compare precision and 

repeatability of immunoassay test results. Microplates were read with a ELx800 BioTek 

microplate reader at the recommended wavelength of 450 nm (BioTek Instruments, Inc., 

Winooski, VT, USA).  

Body Size and Composition Analysis 

Participants were instructed to remove their shoes, socks, and excess clothing during 

height and weight measurements. Height was measured using a stadiometer (SECA 220, Chino, 

CA, USA) and weight was measured using a digital scale (Detecto, Webb City, MO, USA). 

Height, body mass (BM), lean body mass (LBM) and body fat percentage (BF%), were 

evaluated with air displacement plethysmography using a calibrated BodPod and predicted 

thoracic gas volumes (Cosmed Inc., Concord, CA, USA; Dempster & Aitkens, 1995). 

Cognitive Function Scale 

Subjective cognitive function was evaluated by using the National Institute of Health 

Patient-Reported Outcomes Measurement Information System (NIH PROMIS) Cognitive 

Function–Abilities–Short Form 8a. The 8-item survey indicated perceived level of functional 
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ability regarding concentration and memory (Valentine et al., 2019). Objective cognitive 

function was measured with the NIH PROMIS Cognitive Function–Short Form 8a, and assessed 

mental acuity, concentration, memory, and attention in 8 items (Valentine et al., 2019). Raw 

scores from both short forms were reported as T scores using the NIH PROMIS grading tool 

(Rothrock et al., 2020).  

Psychological Wellbeing Scale 

The psychological wellbeing (PWB) scale, also known as the Mental Health Continuum-

Short Form (Jovanović, 2015), is an 18-item, 6-minute scale that measures six aspects of 

wellbeing and happiness: autonomy, environmental mastery, personal growth, positive relation 

with others, purpose in life, and self-acceptance (Ryff & Keyes, 1995). Participants rated how 

strongly they agreed or disagreed with each subscale on a 7-point Likert scale, and scores were 

determined by summing all items with each subscale. Higher scores indicated greater wellbeing.  

Pre- and Post-Intervention Physical 

Activity 

 

Participants were given an activity tracker (Fitbit Inspire Heart Rate Fitness Tracker, 

Fitbit, San Francisco, CA) to wear on their non-dominant wrist with notifications to move 

purposefully turned off, and black tape covering the face of the tracker. Participants were 

instructed to wear the tracker at all hours during the pre-intervention week (identified as Week 

00 in Figure 1), and during week 7 of the 8-week intervention (Week 7 in Figure 1) to capture 

the potential effects of supplement consumption on physical activity measures. To offer an in-

depth examination of physical activity and movement behavior, average daily steps and average 

distance traveled were recorded from the activity tracker. In both activity tracking time periods, 

subjects were asked to maintain their normal exercise routines.  
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Visit 2 and Visit 6: Cardiorespiratory Fitness Testing 

To ensure participants were well hydrated prior to the cardiorespiratory fitness test, 

hydration was assessed with a urine specific gravity refractometer (Atago, Tokyo, Japan). If the 

urine sample had a urine specific gravity ≥ 1.020 mg/dL, participants were instructed to drink 

water and retest. If participants remained dehydrated, cardiorespiratory fitness testing was 

rescheduled.  

Peak oxygen uptake (V̇O2 peak) was evaluated with a customized protocol using the 

Parvomedics TrueOne metabolic cart (Parvomedics, Sandy, UT, USA). The assessment was 

performed on a treadmill (Trackmaster, Full Vision Inc., Newton, KS, USA) with participants 

wearing a heart rate monitor (Polar Electro Inc., Bethpage, NY, USA) and fitted gas collection 

mask connected to the metabolic cart. Participants completed a customized protocol based on the 

directives provided by the American College of Sports Medicine Guidelines (ACSM) for 

multistage exercise testing including an initial warm-up period at low workload followed by 

progressive graded exercise with increasing loads, and with 2-minute stages (Pescatello et al., 

2014). A customized protocol was chosen due to the large increments in workload (treadmill 

incline) between stages in the standard Bruce protocol. The customized protocol for testing V̇O2 

peak was selected based of the modified Åstrand test, which compares favorably to the Bruce, 

Balke, and Ellestad protocols (Beltz et al., 2016; Pollock et al., 1976). The protocol consists of a 

5-minute warmup at 3.5 mph with 0% incline, a 2-minute self-selected pace for a 5 km run at 0% 

incline, and 2-minute stages consisting of variations in treadmill speed and incline until 

volitional fatigue has been reached (Table 2). Heart rate, blood pressure, blood lactate, and rate 

of perceived exertion were measured at the end of each 2-minute stage (Borg, 1982).  
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Table 2  

 

Customized Peak Oxygen Uptake Protocol 

 

Stage Speed (mph) Grade (%) Time (mins) 

Warm Up 3.5 0 5 

1 SS 0 2 

2 SS + 1 0 2 

3 (SS + 1) +1 0 2 

4 Stage 3 speed 2 2 

5 Stage 3 speed 4 2 

6 Stage 3 speed 6 2 

7 Stage 3 speed 8 2 

Note. Mph = miles per hour, SS = self-selected pace in mph, mins = minutes.  

 

 

Visit 3 and Visit 7: Anaerobic Fitness Testing 

Peak power, mean power, and anaerobic fatigue were assessed with the 30-second 

Wingate test (Bar-Or, 1987) on a cycle ergometer (Monark, Varberg, Sweden). Participants 

began with a 5-minute warmup by cycling between 60-75 revolutions per minute at a self-

selected resistance. After the warmup, the resistance was removed, 7.5% of the participant’s 

body weight was added to the weight basket of the cycle ergometer, and the participant was 

instructed to pedal as fast as they could. Once participants reached max pedal cadence, the 

weight basket was released, and the test began. Participants cycled for a total of 30 seconds as 

hard and as fast as possible. After the 30 second test, participants completed a 5-minute 

cooldown for with a self-selected resistance. 
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Visit 4 and Visit 8: Muscular Strength Testing 

Muscular strength was assessed with a one repetition maximum (1RM) test for the bench 

press (BP) followed by the back squat (BS) exercise to measure upper and lower body muscular 

strength. Strength testing guidelines set forth by the National Strength and Conditioning 

Association (NSCA) were used to conduct 1RM testing (Baechle & Earle, 2008). Briefly, the 

warm-up consisted of an unloaded barbell (1 set of 8-10 reps), followed by a warm-up consisting 

of 40-60% of the body weight added to the bar (1 set of 3-5 reps), and a final warm-up of 90-

95% of body weight added to the bar (1 set of 1-2 reps). Participants were asked to rest for at 

least 2 minutes and no more than 4 minutes in between 1RM attempts. Participants were required 

to squat to parallel which is defined as the position where the top of the thighs are parallel to the 

floor. Rate of perceived exertion was asked to assist in deciding how much weight to add to the 

bar within 5–20-pound increments. Weight was only added to achieve 100% of each 

participant’s 1RM. If the participant successfully completed the lift at this weight, additional 

weight was added in a conservative fashion until the participant failed to lift the weight. To 

ensure safety during all 1RM testing, participants were spotted by a trained exercise professional 

in accordance with NSCA spotting techniques, and with additional spot bars implemented in the 

lifting cage.  

Cannabidiol Intervention Period 

After completing all baseline and physiological characteristic measurements in the week 

prior to supplementation, participants were randomly assigned to the CBD (CG) or placebo (PG) 

intervention groups to ensure an even number of 12 males and 12 females per group: males 

consuming CBD (CG-M), females consuming CBD (CG-F), males consuming placebo (PG-M), 

and females consuming placebo (PG-F). Both participants and investigators were blinded to the 
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intervention groups. Participants were given two, 7-day pill boxes which supplied 14 capsules of 

either 50 mg of CBD or a calorie-matched placebo. These pill boxes were refilled biweekly 

throughout the 8-week intervention period. Participants were instructed to consume one pill once 

per day after dinner and before bed. Randomization was conducted by the principal investigator 

in a parallel design to determine superiority or equivalence to reduce systematic error bias and 

assessment bias by the experimenters. The principal investigator was also chosen to ensure 

blinding between research participants and the experimenters who will administer the treatment, 

collect the data, and analyze the outcomes.  

Statistical Analyses 

This study addressed the following research questions:  

Q1 Is there a difference by sex or by treatment with respect to physical activity 

patterns, health-related fitness, measures of mental and cognitive health, and 

concentrations of CRP and BDNF?  

 

Q2 Does 8 weeks of CBD affect physical activity patterns, health-related fitness, 

measures of cognitive and mental health, and resting concentrations of CRP and 

BDNF? 

 

To address the first research question, an independent-samples t-test was used to compare 

means of each outcome by biological sex and treatment at the pre-intervention time point. The 

independent t-test was chosen over the paired-samples t-test because both sexes and treatments 

were independent of each other (participants in the male and female groups, and in CG and PG 

were separate individuals). The first independent samples t-test included one independent, 

categorical variable (sex) with two levels (males and females), and the second independent 

samples t-test included one, independent, categorical variable (treatment) with two levels (CG 

and PG). The multiple, continuous, dependent variables consisted of health-related fitness 
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measures, physical activity patterns, mental health, cognitive function, and resting concentrations 

of CRP and BDNF. 

More specifically, these variables included the following: physical characteristics and 

resting heart rate and blood pressure (age, resting systolic blood pressure (RSBP), resting 

diastolic blood pressure (RDBP), and resting heart rate (RHR)), physical activity patterns 

(average steps and distance per day), body size and composition measurements (height, BM, 

BMI, LBM, and BF%), cardiorespiratory fitness (relative V̇O2peak), muscular strength (BP 1RM 

and BS 1RM), mental health (PWB scores in the autonomy, environmental mastery, personal 

growth, positive relation with others, purpose in life, and self-acceptance aspects), cognitive 

health (NIH PROMIS cognitive function T scores and cognitive function abilities T scores), 

absolute and relative anaerobic capacity (PP, MP, RPP, and RMP, and AF) and resting 

concentrations of CRP and BDNF.  

Data were assessed for normality and outliers by the Shapiro-Wilks test (p > 0.05), 

boxplot inspection, and Q-Q plots. No more than 10% of data were removed if significant 

outliers were detected (± 2.5 standard deviations from the mean). Independent t-tests were run on 

the data with a 95% confidence interval for the mean difference with significance set to p < 0.05. 

All statistical analyses were performed using SPSS 25 (IBM, Corp., Chicago, IL). Effect sizes 

(Cohen’s d) were used to assess the magnitude of change for the independent samples t-tests, and 

values of 0.2, 0.5 and 0.8 were considered small, medium, and large effects, respectively. Effect 

sizes (partial eta squared “η2”) were also used to assess the magnitude of change in the 2-way 

analysis of variance (ANOVA), and values of 0.01, 0.06 and 0.14 were considered small, 

medium, and large effects, respectively. 
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To address the second research question, a 3-way ANOVA consisting of one categorical 

within-subjects factor (time: pre-/post-intervention) and two categorical between-subjects factors 

(sex: male/female; treatment: CBD/placebo) was used to understand if there were interactions 

(time * treatment * sex) on multiple continuous, dependent variables over time. A 3-way mixed 

ANOVA was chosen over a 2-way repeated measures ANOVA because there were three 

categorical factors: one within-subjects factor (two different time points) and two  

between-subjects factors (sex and treatment), whereas a 2-way repeated measures ANOVA 

required two categorical, within-subject factors (such as more than two time points or more than 

two genders). The 3-way mixed ANOVA model was built using a General Linear Model 

“Repeated Measures” and inputting “Time” as the within-subjects factor with 2 levels, and sex 

and treatment as between-subject factors (Figure 2).  

Data were assessed for outliers by boxplot inspection and Q-Q plots and were removed if 

significant outliers were detected (± 2.5 standard deviations from the mean). Normality was 

assessed by the Shapiro-Wilk’s test (p > 0.05), homogeneity by Levene’s test for equality of 

variances (p > 0.05), and sphericity by Mauchly’s test of sphericity (p > 0.05). Pairwise 

comparisons were performed with the Bonferroni post hoc test where significant interactions 

were detected. The Bonferroni corrected p value was calculated by dividing the original p value 

by the number of comparisons being performed. Partial eta squared was also used to assess the 

magnitude of change in mixed ANOVA model. 
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Figure 2 

 

3-Way Mixed Analysis of Variance Model 

 

 

Note. Mixed ANOVA model. The creation of the model in SPSS using body mass (Wt), body 

mass index (BMI), and lean body mass (LBM) measures as an example for the body size and 

composition analysis.  

 

 

To avoid Type I error and achieve a desired level of 0.80 power with an α = 0.05, an a 

priori analysis (G*Power, Dusseldorf, Germany) showed that a total sample size of 36 was 

needed. Means and standard deviations of between pre- and post-exercise intervention CRP 

concentrations in healthy young adults were used for computational analyses (Stewart et al., 

2007). The total number of study participants was increased to 48 to maximize potential 

detection in differences. Each group was divided as follows: males consuming CBD (CG-M), n = 

12; females consuming CBD (CG-F), n = 12; males consuming placebo (PG-M), n = 12; and 

females consuming placebo (PG-F), n = 13.  
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CHAPTER IV 

RESULTS 

The purpose of this double blind, placebo-controlled, clinical trial with parallel group 

design was to investigate the biological sex-related differences in physical activity patterns, 

health-related fitness, mental and cognitive health before and after an 8-week cannabidiol (CBD) 

intervention. This study also aimed to explore whether 8 weeks of CBD treatment would 

significantly alter biomarkers of inflammation and neural health. 

Participants 

Age and Ethnicity 

A total of 64 individuals from campus and nearby communities were recruited but a total 

of 49 participants completed the study. Twenty-four participants were in the CBD group (CG) 

and 25 were in the placebo group (PG). Overall, there were 12 in the CBD male group (CG-M), 

12 in the placebo male group (PG-M), 12 in the CBD female group (CG-F), and 13 in the 

placebo female group (PG-F). Overall mean age was 25.5 ± 5.7 years and ranged from 18 to 42 

years. Mean age for CG was 24.3 ± 4.5 years and ranged from 18 to 36 years while the mean age 

for PG was 26.6 ± 6.6 years and ranged 20 to 42 years. There were no significant differences 

between treatment assignment groups t(47) = -1.409, p = 0.165, d = -0.403. Overall mean age for 

females and males was 25.4 ± 6.7 and 25.5 ± 4.5 years, respectively, and there were no 

significant differences between groups t(47) = 0.011, p = 0.991, d = 0.003. When age was 

analyzed by a 2-way analysis of variance (ANOVA; (treatment assignment * sex), there were no 

significant interactions F(1, 45) = 1.497, p = 0.228, η2 = 0.032. 
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Most participants identified as Caucasian (61%; n = 30) with others identifying as 

Hispanic (12%; n = 6), Latino (4%; n = 2), Asian Pacific Islander (2%; n = 1), Native American 

(2%; n = 1), “other” (2%; n = 1), and “more than one race/ethnicity” (12%; n = 6). These 

individuals identified as African American and Caucasian, Asian Pacific Island and Caucasian, 

Hispanic and Latino, Hispanic and Caucasian, Asian and Caucasian, and Hispanic and Latina.  

Self-Reported Physical Activity 

 Results from the International Physical Activity Questionnaire (IPAQ) revealed that there 

was a sex-related difference in which males reported 44% more time spent engaged in vigorous 

physical activity than females (p = 0.043), and females reported 24% more days walking than 

males (p = 0.001) at the pre-intervention time point (Table 3). There were no other significant 

sex differences with respect to days engaged in vigorous physical activity, days and time spent 

engaged in moderate physical activity, and time spent walking and sitting between males and 

females at the pre-intervention time point. There was a significant treatment difference in which 

PG reported 19% more days walking than CG (p < 0.001) at the pre-intervention time point 

(Table 4). There were no other significant treatment differences with respect to days and time 

spent engaged in moderate and vigorous physical activity, and time spent walking and sitting 

between CG and PG at the pre-intervention time point. When IPAQ responses were analyzed 

with a 2-way ANOVA (treatment assignment * sex), there were no significant interactions 

(Table 5). However, there was a main effect of sex in which females spent an overall of 44% 

more days walking than males at the pre-intervention time point (p = 0.043).  
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Table 3 

 

Self-Reported Physical Activity Within the Last 7 Days by Sex 

 

Pre-Physical Activity 

Males 

± SD (n) 

Females 

± SD (n) 

Overall 

± SD (N) p Cohen’s d 

Vigorous (days) 4.1 ± 1.6 

(24) 

3 ± 2.3 

(24) 

3.5 ± 2 

(48) 

0.063 0.551 

Time spent in 

vigorous (mins) 

74 ± 47.5 

(24) 

47.8 ± 38.4 

(23) 

61.2 ± 44.8 

(47) 

0.043 a 0.606 

Moderate (days) 4.4 ± 2 

(23) 

3.5 ± 2.5 

(24) 

3.9 ± 2.3 

(47) 

0.165 0.411 

Time spent in 

moderate (mins) 

59.1 ± 34.7 

(22) 

47.9 ± 37.2 

(24) 

53.3 ± 36.1 

(46) 

0.299 0.310 

Walking (days) 5.5 ± 2 

(23) 

7 ± 0 

(20) 

6.1 ± 1.6 

(43) 

0.001 b -1.078 

Time spent walking 

(mins) 

82.1 ± 75.4 

(21) 

100.6 ± 106.4 

(24) 

92.1 ± 91.7 

(45) 

0.507 -0.196 

Time spent sitting 

(hours) 

5.1 ± 2 

(20) 

6.5 ± 3.6 

(24) 

5.8 ± 3 

(44) 

0.110 -0.494 

a Denotes mean time spent in vigorous physical activity was significantly greater in males compared with females 

and b Denotes mean days spent walking was significantly greater in females than in males.  
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Table 4 

 

Self-Reported Physical Activity Within the Last 7 Days by Treatment 

 

Pre-Physical Activity 

Cannabidiol 

Group (CG) 

± SD (n) 

Placebo 

Group (PG) 

± SD (n) 

Overall 

± SD (N) p Cohen’s d 

Vigorous (days) 3.7 ± 1.9 

(23) 

3.4 ± 2.2 

(25) 

3.5 ± 2 

(48) 

0.618 0.145 

Time spent in 

vigorous (mins) 

64.6 ± 48.8 

(23) 

57.9 ± 41.3 

(24) 

61.2 ± 44.8 

(47) 

0.616 0.0147 

Moderate (days) 3.9 ± 2.3 

(22) 

3.9 ± 2.4 

(25) 

3.9 ± 2.3 

(47) 

0.987 -0.005 

Time spent in 

moderate (mins) 

51.6 ± 33.5 

(22) 

54.8 ± 38.9 

(24) 

53.3 ± 36.1 

(46) 

0.767 -0.088 

Walking (days) 5.8 ± 1.5 

(23) 

7 ± 0 

(20) 

6.3 ± 1.3 

(43) 

< 0.001 a -1.103 

Time spent walking 

(mins) 

80.5 ± 83 

(21) 

107.3 ± 118.9 

(23) 

84.7 ± 78.9 

(44) 

0.392 -0.259 

Time spent sitting 

(hours) 

5.3 ± 2.2 

(21) 

5.8 ± 2.8 

(22) 

5. ± 3.3 

(44) 

0.981 0.007 

Note. There were no treatment differences and a Denotes mean days spent walking was significantly greater in PG 

than in CG.  
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Table 5 

 

Self-Reported Physical Activity Within the Last 7 Days by Treatment and Sex 

 

 ± SD 

Pre-Physical Activity 

Cannabidiol 

Group-Male 

(CG-M) 

(n = 8) 

Cannabidiol 

Group-Female 

(CG-F) 

(n = 11) 

Placebo 

Group-Male 

(PG-M) 

(n = 10) 

Placebo 

Group-Female 

(PG-F) 

(n = 10) 

Overall 

(N = 39) 

Vigorous (days) 3.7 ± 2 3.5 ± 2 3.3 ± 1.9 3.4 ± 2.3 3.5 ± 2 

Time spent in vigorous 

(mins) 

63.8 ± 33.8 40 ± 26.7 67 ± 46.4 54 ± 41.6 55.4 ± 37.9 

Moderate (days) 2.9 ± 2.5 4.5 ± 2 3.3 ± 2.3 4.4 ± 2.6 3.8 ± 2.3 

Time spent in 

moderate (mins) 

40 ± 32.5 54.1 ± 28.9 57.5 ± 45.8 45.5 ± 34.4 49.9 ± 35.2 

Walking (days) 5.8 ± 1.1 6.2 ± 1.2 a 5.2 ± 2.2 7 ± 0 a 6 ± 1.5 

Time spent walking 

(mins) 

42.5 ± 33.7 113.6 ± 102 131 ± 160.9 84.5 ± 70.2 96 ± 106.3 

Time spent sitting 

(hours) 

7.3 ± 4.3 4.9 ± 2.7 6.1 ± 3 6 ± 2.9 6 ± 3.2 

a Denotes mean days spent walking was significantly greater in females than in males (p = 0.043). 

 

 

Medication, Surgeries, and Medical 

History 

 

Almost all participants were not consuming any prescribed therapeutic medications over 

the duration of the study (98%; n = 48). Only one male participant was currently taking 

medication at the pre-intervention time point (Zoloft, 50 mg/day) and later discontinued its use 

during the intervention period. Fifteen of the 25 female participants (60%; n = 15) were using a 

birth control method consisting of either an intrauterine device (n = 3) or oral contraceptive (n = 

12) during the time of the study. Thirteen of the 25 female participants, (52%, CG-F: n = 6;  

PG-F: n = 7) began pre-intervention testing during their follicular phase in the menstrual cycle 

which was estimated from their disclosed ovulation cycle and last menses start date.  
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Approximately half of the participants (49%; n = 24) had at least one surgery with the 

remainder having more than one surgery (15%; n = 9), and no prior surgeries (33%, n = 16). 

Previous surgeries within a 29-year time frame included knee surgery (n = 4), wisdom tooth 

extraction (n = 3), tonsillectomy (n = 3), appendectomy (n = 3), Cesarean section (n =3 ), 

cholecystectomy (n = 2), lasik (n = 2), ankle surgery (n = 2), hip surgery (n = 2), hand and/or 

wrist surgery (n = 2), anterior cruciate ligament reconstruction (n = 2), labrum repair (n = 1), 

pilonidal cyst removal (n = 1), augmentation mammoplasty (n = 1), rhinoplasty (n = 1), 

tympanostomy (n = 1), facial surgery (n = 1), adenoidectomy (n = 1), sinus reconstruction (n = 

1), and elbow surgery (n = 1). The most recent surgery was lasik (year 2020) and the oldest was 

tympanostomy (year 1996). Participants did not report any long-term discomforts or 

complications from previous surgery and were able to complete all study visits. 

Medical history included presence of any past medical conditions such as disease, illness, 

diagnosis, therapy, and allergy. More than half the participants (57%; n = 28) had no previous 

medical history, less than half (29%; n = 14) had at least one previous medical condition, and a 

few (14%; n = 7) had more than one previous medical condition. Medical history included 

asthma (n = 7), diagnosis and treatment of depression (n = 6), streptococcal pharyngitis (n = 3), 

high blood cholesterol and/or triglycerides (n = 3), high blood pressure (n = 2), irritable bowel 

syndrome (n = 2), concussion (n = 1), kidney failure (n = 1), gestational diabetes (n = 1), herpes 

type 1 (n = 1), typhoid fever (n = 1), back pain (n = 1), and acid reflux (n = 1). The most recent 

medical conditions were occasional depression and sporadic irritable bowel syndrome (year 

2021), and the oldest was acid reflux (year 1993). Participants with high blood cholesterol and/or 

triglycerides and high blood pressure reported no current diagnoses at the start of the study. 
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Participants also reported no conflicts from previous medical conditions and were able to 

compete all study visits.  

Retention and Attrition Rates 

Overall retention rate, calculated as the number of participants who completed the study 

divided by the number of participants that were recruited at the beginning of the study, times 100 

((49/64) *100), was 77% for a 17-month period. Overall attrition rate, calculated as the number 

of participants that left divided by the number of participants that started, times 100 [(15/49) 

*100], was 32%. Eleven of the 15 individuals who dropped out (73% of dropouts) did not 

complete the pre-intervention visits for the following reasons: having no time to complete visits 

(n = 2), experiencing an eating disorder trigger (n = 2), no reason and/or communication (n = 2), 

mental health issues (n = 1), formation of a medically induced ulcer (n = 1), pain in foot (n = 1), 

and knee pain (n = 1). Two individuals (13% of dropouts) left during the 8-week intervention 

period due to having no time to complete the rest of the study (n = 1) and no 

reason/communication (n = 1). Four individuals (27% of dropouts) completed the intervention 

but did not return for post-intervention testing due to having no time. Pre-intervention measures 

were completed for all participants except #56 (CG-M) who was unable to complete the 

anaerobic Wingate test before starting the supplement intervention due to a busy work schedule. 

Post-intervention measures were completed for all participants except for participants #32  

(PG-M) and #48 (CG-M) who were unable to complete cognitive function and PWB scales, 

participants #54 (CG-M) and #64 (PG-M) who were unable to complete cardiorespiratory fitness 

testing due to time constraints, and #59 (PG-M) who refused to have blood drawn due to extreme 

anxiety.  
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Adverse Events 

One male participant (#55 of CG-M) reported experiencing uncomfortable skin rashes on 

arms and legs during the first week of the intervention period. The participant was given the 

option to discontinue and seek medical treatment if serious; however, the rashes subsided by 

week 2 and the participant decided to continue with the study. Another male participant (#59 of 

PG-M) experienced a vasovagal reaction during the Visit 5 blood draw in which he had 

temporary dizziness, light sweating, and paleness. The blood draw was immediately ended which 

resulted in no post-intervention blood sample and the participant was given water and snacks and 

monitored until the vasovagal reaction subsided. Two male participants (#1 of CG-M and #48 of 

CG-M) experienced emesis after completing the pre-intervention anaerobic Wingate test (#48) 

and post-intervention anaerobic Wingate test (#1 and #48). In each situation, participants were 

encouraged to complete a 10–20-minute cool down on the treadmill while having their heart rate 

and blood pressure monitored and given water and light snacks before leaving the testing center. 

There were no life-threatening incidents, hospitalizations, or other serious medical events 

through the duration of this study. 

Resting Heart Rate and Blood Pressure 

Pre-Intervention Comparisons 

Mean resting heart rate (RHR), resting systolic blood pressure (RSBP), and resting 

diastolic blood pressure (RDBP) by sex and by treatment at the pre-intervention time point are 

presented in Tables 6 and 7, respectively. Overall RHR ranged from 42 to 98 bpm, RSBP ranged 

from 98 to 152 mmHg, and RDBP ranged from 58 to 100 mmHg when all groups were 

combined at the pre-intervention time point. There were significant sex-related differences with 

respect to RSBP and RDBP in which males had 6% higher RSBP and 7% higher RDBP than 
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females at the pre-intervention time point (p = 0.025 and p = 0.034, respectively). There were no 

significant differences between males and females with respect to RHR, and there were also no 

significant differences between CG and PG treatments at the pre-intervention time point. When 

these outcomes were analyzed with a 2-way ANOVA (treatment assignment * sex), no 

interactions were found on RHR F(1, 44) = 0.875, p = 0.355, η2 = 0.020, RSBP F(1, 43) = 0.046, 

p = 0.831, η2 = 0.001, and RDBP F(1, 43) = 0.105, p = 0.748, η2 = 0.002 (Table 8). A main effect 

of sex was found with respect to RSBP and RDBP in which male RSBP and RDBP were 6% and 

7% higher than mean female RSBP and RDBP (p = 0.034 and p = 0.048, respectively). 

 

Table 6 

 

Pre-Intervention Resting Heart Rate and Blood Pressure by Sex 

 

Pre-Intervention 

Variable 

Males 

± SD (n) 

Females 

± SD (n) 

Overall  

± SD (N) p Cohen’s d 

Resting heart rate 

(RHR) (bpm) 

69.0 ± 9.6 

(23) 

65.9 ± 9.8 

(25) 

67.4 ± 9.6 

(48) 

0.266 0.326 

Resting systolic 

blood pressure 

(RSBP) (mmHg) 

121.5 ± 9.5 

(22) 

114.9 ± 10.1 

(25) 

118.0 ± 10.3 

(47) 

0.025 a 0.675 

Resting diastolic 

blood pressure 

(RDBP) (mmHg) 

77.7 ± 6.9 

(22) 

72.8 ± 8.2 

(25) 

75.1 ± 8.0 

(47) 

0.034 b 0.640 

a Denotes mean male RSBP was significantly greater than mean female RSBP and b Denotes mean male RDBP 

was significantly greater than mean female RDBP. 
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Table 7 

 

Pre-Intervention Resting Heart Rate and Blood Pressure by Treatment 

 

Pre-Intervention 

Variable 

Cannabidiol 

Group (CG) 

± SD (n) 

Placebo 

Group (PG) 

± SD (n) 

Overall  

± SD (N) p Cohen’s d 

Resting heart rate 

(RHR) (bpm) 

68.8 ± 7.7 

(23) 

66.2 ± 11.1 

(25) 

67.5 ± 9.6 

(48) 

0.366 0.264 

Resting systolic 

blood pressure 

(RSBP) (mmHg) 

118.13 ± 9.4 

(23) 

118 ± 11.4 

(24) 

118 ± 10.3 

(47) 

0.955 0.016 

Resting diastolic 

blood pressure 

(RDBP) (mmHg) 

75.7 ± 8.8 

(23) 

74.6 ± 7.3 

(24) 

75.1 ± 8 

(47) 

0.652 0.132 

Note. There were no significant treatment differences.  

 

 

Table 8 

 

Pre-Intervention Resting Heart Rate and Blood Pressure by Treatment 

 

Pre-Intervention 

Variable 

Cannabidiol 

Group-Male 

(CG-M) 

± SD (n) 

Cannabidiol 

Group-Female 

(CG-F) 

± SD (n) 

Placebo 

Group-Male 

(PG-M) 

± SD (n) 

Placebo 

Group-Female 

(PG-F) 

± SD (n) 

Overall 

± SD (N) 

Resting heart rate 

(RHR) (bpm) 

68.7 ± 7.6 

(10) 

68.5 ± 8.4 

(12) 

69.3 ± 11.7 

(10) 

63.3 ± 11.2 

(12) 

67.3 ± 9.9 

(44) 

Resting systolic 

blood pressure 

(RSBP) (mmHg) 

120.4 ± 6.6 

(10) a 

113 ± 7.9 

(11) 

122.3 ± 12.4 

(10) a 

114.6 ± 10.1 

(13) 

117.2 ± 9.9 

(44) 

Resting diastolic 

blood pressure 

(RDBP) (mmHg) 

79.4 ± 4.2 

(10) b 

73.6 ± 10.3 

(12) 

77.6 ± 8.0 

(10) b 

72.0 ± 6.1 

(13) 

75.3 ± 7.9 

(45) 

a Denotes mean male RSBP was significantly higher than mean female RSBP (p = 0.034) and b Denotes mean 

male RDBP was significantly higher than mean female RDBP (p = 0.048). 
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Intervention-Related Outcomes 

Mean RHR, RSBP, and RDBP by time point, treatment, and sex are presented in Table 9. 

There were no significant 3-way interactions (time * treatment * sex) with respect to RHR, 

RSBP, and RDBP. A significant 2-way interaction (time * treatment) was found with respect to 

RSBP (p = 0.047); however, the Bonferroni post hoc test did not detect significant between-

group differences. There were no other significant 2-way interactions (time * treatment or time * 

sex) with respect to RHR and RDBP. There was a main effect of sex with respect to RSBP where 

males had 7% higher overall RSBP than females (p < 0.001). There was also a main effect of sex 

with respect to RDBP where males had 9% higher overall RDBP than females (p < 0.001). There 

were no other main effects of time or treatment with respect to RHR, RSBP, and RDBP. 

Physical Activity Patterns 

Pre-Intervention Comparisons 

Mean 7-day steps per day and distance traveled by sex and by treatment at the pre-

intervention time point are presented in Tables 10 and 11, respectively. Overall mean 7-day steps 

per day ranged from 6,272 to 24,971 and distance traveled ranged from 2.5 to 11 miles when all 

groups were combined at the pre-intervention time point. There were no significant sex-related 

differences with respect to each physical activity measure and there were no significant 

differences between CG and PG treatment at the pre-intervention time point. When average steps 

per day and distance traveled were analyzed by a 2-way ANOVA (treatment assignment * sex), 

no interactions or main effects were found with respect to steps per day F(1, 45) = 1.256, p = 

0.268, η2 = 0.027 and distance traveled F(1, 45) = 2.062, p = 0.158, η2 = 0.044 (Table 12). 
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Table 9 

 

Resting Heart Rate and Blood Pressure by Time, Treatment, and Sex 

 

Variable 

Pre-Intervention Post-Intervention 

Cannabidiol 

Group-Male 

(CG-M) 

± SD (n) 

Cannabidiol 

Group-Female 

(CG-F) 

± SD (n) 

Placebo 

Group-Male 

(PG-M) 

± SD (n) 

Placebo 

Group-Female 

(PG-F) 

± SD (n) 

Cannabidiol 

Group-Male 

(CG-M) 

± SD (n) 

Cannabidiol 

Group-Female 

(CG-F) 

± SD (n) 

Placebo 

Group-Male 

(PG-M) 

± SD (n) 

Placebo 

Group-Female 

(PG-F) 

± SD (n) 

Resting heart rate 

(RHR) (bpm) 

68.7 ± 7.6 

(10) 

68.5 ± 8.4 

(12) 

69.3 ± 11.7 

(10) 

63.3 ± 11.2 

(12) 

68.3 ± 8.7 

(10) 

71.1 ± 10.6 

(12) 

71.1 ± 9.9 

(10) 

64.0 ± 6.3 

(12) 

Resting systolic 

blood pressure 

(RSBP) (mmHg) 

120.4 ± 6.6 

(10) a 

113 ± 7.9 

(11) 

122.3 ± 12.4 

(10) a 

114.6 ± 10.1 

(13) 

127.4 ± 8.8 

(10) a 

113 ± 9.9  

11) 

120.4 ± 10.4 

(10) a 

111.6 ± 8.9 

(13) 

Resting diastolic 

blood pressure 

(RDBP) (mmHg) 

68.3 ± 8.7 

(10) b 

71.1 ± 10.6 

(12) 

71.1 ± 9.9 

(10) b 

64.0 ± 6.3 

(12) 

81.2 ± 10 

(10) b 

74.8 ± 9.6 

(12) 

76.6 ± 8.6 

(10) b 

68.0 ± 7.5 

(13) 

a Denotes mean male RSBP was significantly greater than mean female RSBP (p < 0.001) and b Denotes mean male RDBP was significantly greater than mean 

female RDBP (p < 0.001).  
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Table 10 

 

Pre-Intervention Steps Per Day and Distance by Sex 

 

 ± SD   

Pre-Intervention 

Variable 

Males 

(n = 24) 

Females 

(n = 25) 

Overall 

(N = 47) p Cohen’s d 

Steps per day 11,028.1 ±3,893.4 11,581.7 ± 4,545 11,495 ± 4,193 0.650 -0.131 

Distance (mi) 4.8 ± 1.7 4.9 ± 2.0 4.9 ± 1.9 0.886 -0.041 

Note. Values represent a 7-day average of both steps per day and total distance traveled. There were no 

significant sex differences.  

 

 

 

Table 11 

 

Pre-Intervention Steps Per Day and Distance by Treatment 

 

 ± SD   

Pre-Intervention 

Variable 

CG 

(n = 24) 

PG 

(n = 25) 

Overall 

(N = 49) p Cohen’s d 

Steps per day 11,613.9 ± 4,186.3 11,019.4 ± 4,286.3 11,310.6 ± 4,204 0.626 0.140 

Distance (mi) 4.9 ± 1.9 4.8 ± 2  4.9 ± 1.9 0.856 0.052 

Note. Values represent a 7-day average of both steps per day and total distance traveled. There were no 

significant sex differences.  
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Table 12 

 

Pre-Intervention Steps Per Day and Distance by Treatment and Sex 

 

 ± SD 

Pre-Intervention 

Variable 

Cannabidiol 

Group-Male 

(CG-M) 

(n = 11) 

Cannabidiol 

Group-Female 

(CG-F) 

(n = 12) 

Placebo 

Group-Male 

(PG-M) 

(n = 11) 

Placebo 

Group-Female 

(PG-F) 

(n = 13) 

Overall 

(N = 47) 

Steps per day 12,526.4 ± 

4,681.4 

11,200.6 ± 

3,654.7 

10,266.5 ± 

2,553.3 

11,933.6 ± 

5,366.8 

11,495 ± 4,193 

Distance (mi) 5.5 ± 2.1 4.5 ± 1.4 4.4 ± 1.0 5.2 ± 2.5 4.9 ± 1.9 

Note. Values represent a 7-day average of both steps per day and total distance traveled. There were no 

significant interactions or main effects. 

 

 

Intervention-Related Outcomes 

Mean steps per day and distance traveled by time point, treatment, and sex are presented 

in Table 13. There were no significant 3-way interactions (time * treatment * sex), 2-way 

interactions (time * sex, time * treatment, and treatment * sex), and main effects (time, 

treatment, or sex) on mean 7-day steps per day and distance traveled.  
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Table 13 

 

Pre-Intervention Steps Per Day and Distance by Time, Treatment, and Sex 

 

 

 

Steps Per Day Distance (mi) 

Variable n ± SD ± SD 

Pre-Intervention    

 Males in the cannabidiol group (CG-M) 11 12,526.4 ± 4,681.4 5.5 ± 2.1 

 Females in the cannabidiol group (CG-F) 12 11,200.6 ± 3,654.7 4.5 ± 1.4 

 Males in the placebo group PG-M 11 10,266.5 ± 2,553.3 4.4 ± 1.0 

 Females in the placebo group (PG-F) 13 11,933.6 ± 5,366.8 5.2 ± 2.5 

Post-Intervention    

 Males in the cannabidiol group (CG-M) 11 12,172.7 ± 2,956.5 5.2 ± 1.3 

 Females in the cannabidiol group (CG-F) 12 9,527.7 ± 3,881.9 4.1 ± 1.8 

 Males in the placebo group PG-M 11 10,043.7 ± 2,406.2 4.4 ± 1.1 

 Females in the placebo group (PG-F) 13 11,416.1 ± 4,991.1 5.2 ± 2.0 

Note. Values represent a 7-day average of both steps per day and total distance. There were no significant 

interactions or main effects. 
 

 

Body Size and Composition Measures 

Pre-Intervention Comparisons 

Mean height ranged from 152 to 195 cm, body mass ranged from 49.48 to 106.41 kg, 

body mass index (BMI) ranged from 19.60 to 33.00 kg/m2, lean body mass (LBM) ranged from 

36.89 to 83.50 kg, and body fat percentage (BF%) ranged from 8.2 to 51.4% when all groups 

were combined at the pre-intervention time point. There were significant sex-related differences 

(Table 14). Males were 7.6% taller than females (p = < 0.001) and 16.5% heavier than females (p 

< 0.001). Lean body mass was 32% greater in males when compared to females (p < 0.001), and 

females had 53% more BF% than males (p = < 0.001). There were no significant sex-related 
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differences with respect to BMI (p = 0.258), and no significant treatment differences (Table 15). 

When body size and composition were analyzed by a 2-way ANOVA (treatment assignment * 

sex), there were no interactions with respect to height F(1, 49) = 0.011, p = 0.918, η2 = 0.000, 

BM F(1, 45) = .111, p = 0.740, η2 = 0.002, BMI F(1, 44) = 1.333, p = 0.254, η2 = 0.029, LBM 

F(1, 45) = 0.232, p = 0.632, η2 = 0.005, and BF% F(1, 45) = 0.007, p = 0.932, η2 = 0.000 at the 

pre-intervention time point (Table 16). The 2-way ANOVA showed a main effect of sex was 

found with respect to height, BM, LBM, and BF% where males were 7.6% taller, 16.5% heavier, 

had 32% more LBM and 53% less BF than females (p < 0.001, p < 0.001, p < 0.001, and p < 

0.001, respectively).  

 

Table 14 

 

Pre-Intervention Body Size and Composition Measures by Sex 

 

Pre-Intervention Variable 

Males 

± SD (n) 

Females 

± SD (n) 

Overall  

± SD (N) p Cohen’s d 

Height (cm) 177 ± 7.0 

(24) 

164.4 ± 7.4 

(25) 

170.6 ± 9.6 

(49) 

<0.001 a 1.746 

Body mass 

(BM) (kg) 

79.8 ± 12.5 

(24) 

67.5 ± 12.3 

(25) 

73.5 ± 13.7 

(49) 

0.001 b 0.984 

Body mass index 

(BMI) (kg/m2) 

25.4 ± 3.4 

(24) 

24.3 ± 3.0 

(24) 

24.8 ± 3.2 

(48) 

0.258 0.33 

Lean body mass 

(LBM) (kg) 

66.4 ± 7.9 

(24) 

48.1 ± 5.4 

(25) 

57.2 ± 11.5 

(49) 

<0.001 c 2.711 

Body fat percentage 

(BF) (%) 

15.9 ± 6.4 

(24) 

27.6 ± 8.5 

(25) 

21.2 ± 8.6 

(49) 

<0.001 d -1.528 

a Denotes males were significantly taller than females, b Denotes males had significantly more body mass than 

females, c Denotes males had significantly more lean body mass than females, and d Denotes females had 

significantly more body fat than males.  
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Table 15 

 

Pre-Intervention Body Size and Composition Measures by Treatment 

 

Pre-Intervention 

Variable 

Cannabidiol 

Group (CG) 

± SD (n) 

Placebo 

Group (PG) 

± SD (n) 

Overall  

± SD (N) p Cohen’s d 

Height (cm) 170.1 ± 9.7 

(24) 

171.2 ± 9.8 

(25) 

170.7 ± 9.7 

(49) 

0.700 -0.111 

Body mass 

(BM) (kg) 

73.9 ± 16.7 

(24) 

73.3 ± 10.6 

(25) 

73.6 ± 13.7 

(49) 

0.884 0.042 

Body mass index 

(BMI) (kg/m2) 

24.7 ± 3.7 

(23) 

25 ± 2.8 

(25) 

24.9 ± 3.2 

(48) 

0.806 -0.071 

Lean body mass 

(LBM) (kg) 

56.8 ± 12.2 

(24) 

57.4 ± 10.9 

(25) 

57.1 ± 11.4 

(49) 

0.865 -0.049 

Body fat percentage 

(BF) (%) 

22.2 ± 10.2 

(24) 

21.6 ± 9.1 

(25) 

21.9 ± 9.6 

(49) 

0.825 0.063 

Note. There were no significant treatment differences.  
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Table 16 

 

Pre-Intervention Body Size and Composition Measures by Treatment and Sex 

 

 ± SD 

Pre-Intervention 

Variable 

Cannabidiol 

Group-Male 

(CG-M) 

(n = 12) 

Cannabidiol 

Group-Female 

(CG-F) 

(n = 11) 

Placebo 

Group-Male 

(PG-M) 

(n = 12) 

Placebo 

Group-Female 

(PG-F) 

(n = 13) 

Overall 

(N = 48) 

Height (cm) 176.4 ± 5.7 a 164.1 ± 9.3 178 ± 8.4 a 165 ± 6.3 170.9 ± 7.6 

Body mass 

(BM) (kg) 

80.6 ± 15.4 b 63.6 ± 10.3 79 ± 9.5 b 68 ± 8.8 72.9 ± 13.1 

Body mass index 

(BMI) (kg/m2) 

25.8 ± 4 23.6 ± 3.1 25 ± 2.8 25 ± 3 24.9 ± 3.2 

Lean body mass 

(LBM) (kg) 

66.5 ± 9 c 46.8 ± 5.3 66.5 ± 7.1 c 49 ± 5.6 57.2 ± 11.5 

Body fat percentage 

(BF) (%) 

16.5 ± 7.9 25.8 ± 5.8 d 15.5 ± 4.9 27.3 ± 8.4 d 21.3 ± 8.6 

a Denotes males were significantly taller than females (p < 0.001), b Denotes males had 

significantly more body mass than females (p < 0.001), c Denotes males had significantly more 

lean body mass than females (p < 0.001), and d Denotes females had significantly more body 

fat than males (p < 0.001).  

 

 

Intervention-Related Outcomes 

Mean BM, BMI, LBM, and BF by time point, treatment, and sex are presented in Table 

17. There were no significant 3-way (time * treatment * sex) and 2-way (time * sex, time * 

treatment, and treatment * sex) interactions on body size and composition measures. However, 

there was a main effect of sex with respect to BM where males had 18% higher overall BM than 

females (p = 0.001), LBM where males had 28% higher overall LBM than females (p < 0.001), 

and overall BF% where females had 55% more body fat than males (p < 0.001).
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Table 17 

 

Mean Body Size and Composition Measures by Time, Treatment, and Sex 

 

Variable 

Pre-Intervention Post-Intervention 

Cannabidiol 

Group-Male 

(CG-M) 

± SD (n) 

Cannabidiol 

Group-Female 

(CG-F) 

± SD (n) 

Placebo 

Group-Male 

(PG-M) 

± SD (n) 

Placebo 

Group-Female 

(PG-F) 

± SD (n) 

Cannabidiol 

Group-Male 

(CG-M) 

± SD (n) 

Cannabidiol 

Group-Female 

(CG-F) 

± SD (n) 

Placebo 

Group-Male 

(PG-M) 

± SD (n) 

Placebo 

Group-Female 

(PG-F) 

± SD (n) 

Body mass 

(BM) (kg) 

80.6 ± 15.3 

(12) a 

67.1 ± 15.7 

(12) 

79.0 ± 9.5 

(12) a 

67.9 ± 8.7 

(13) 

80.8 ± 15.3 

(12) a 

67.2 ± 15.8 

(12) 

79.4 ± 9.3 

(12) a 

67.8 ± 8.7 

(13) 

Body mass index 

(BMI) (kg/m2) 

25.8 ± 4.0 

(12) 

23.6 ± 3.0 

(11) 

25.0 ± 2.7 

(12) 

24.9 ± 2.9 

(13) 

26 ± 4.1 (12) 23.6 ± 3.1 

(11) 

25.1 ± 2.7 

(12) 

24.9 ± 2.9 

(13) 

Lean body mass 

(LBM) (kg) 

66.5 ± 9.0 

(12) b 

47.1 ± 5.2 

(12) 

66.4 ± 7.0 

(12) b 

49.0 ± 5.6 

(13) 

66.7 ± 8.8 

(12) b 

50.3 ± 9.7 

(12) 

66.2 ± 7.4 

(12) b 

50.8 ± 10.5 

(13) 

Body fat 

percentage 

(BF) (%) 

16.4 ± 7.9 

(12) 

27.9 ± 9.1 

(12) c 

15.4 ± 4.8 

(12) 

27.3 ± 8.3 

(13) c 

16.5 ± 7.9 

(12) 

28 ± 9.1 

(12) c 

16.4 ± 4.9 

(12) 

28.1 ± 8.3 

(13) c 

a Denotes mean male BM was significantly greater than mean female BM (p < 0.001), b Denotes mean male LBM was significantly 

greater than mean female LBM (p < 0.001), and c Denotes mean female BF was significantly greater than mean male BF (p < 

0.001). 
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Cardiorespiratory Fitness and Muscular Strength 

Measures 

 

Pre-Intervention Comparisons 

Mean relative peak oxygen uptake (V̇O2 peak) and one repetition maximum (1RM) 

measures by sex and by treatment at the pre-intervention time point are presented in Tables 18 

and 19, respectively. Overall relative V̇O2 peak ranged from 20 to 62.3 ml/kg/min, bench press 

(BP) 1RM ranged from 25 to 161 kg, and back squat (BS) 1RM ranged from 27 to 166 kg when 

all groups were combined at the pre-intervention time point. There were significant sex-related 

differences. The mean, relative V̇O2 peak in males was 14.7% higher when compared to the 

mean, relative V̇O2 peak in females (p = 0.006). Mean BP 1RM in males was 80% greater when 

compared to the mean BP 1RM in females (p < 0.001) and the mean BS 1RM in males was 

46.4% greater when compared to the mean BS 1RM in females (p < 0.001). A 2-way ANOVA 

(treatment assignment * sex) revealed no significant interactions with respect to relative V̇O2 

peak F(1, 45) = 1.047, p = 0.312, η2 = 0.023, BP 1RM F(1, 44) = 1.924, p = 0.940, η2 = 0.000, 

and BS 1RM F(1, 44) = 0.059, p = 0.809, η2 = 0.001 (Table 20). There was a main effect of sex 

with respect to mean, relative V̇O2 peak, and BP and BS 1RM. Mean male relative V̇O2 peak, BP 

1RM, and BS 1RM were 16%, 80%, and 46% greater than mean female relative V̇O2 peak, BP 

1RM, and BS 1RM (p = 0.011, p < 0.001, and p < 0.001, respectively).  
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Table 18 

 

Pre-Intervention Peak Oxygen Uptake, Bench Press One Repetition Maximum, and Back Squat 

One Repetition Maximum by Sex 

 

Pre-Intervention Variable 

Males 

± SD (n) 

Females 

± SD (n) 

Overall  

± SD (N) p Cohen’s d 

Peak oxygen uptake 

(V̇O2 peak) (ml/min/kg) 

47.4 ± 8.3 

(24) 

40.9 ± 7.6 

(25) 

44.1 ± 8.5 

(49) 

0.006 a 0.818 

Bench press 

(1 repetition maximum) 

(BP 1RM) (kg) 

93.4 ± 24.4 

(23) 

40.3 ± 8.6 

(25) 

65.7 ± 32.2 

(48) 

< 0.001 b 1.766 

Bench squat 

(1 repetition maximum) 

(BS 1RM) (kg) 

112.8 ± 25.1 

(23) 

70.2 ± 23.0 

(25) 

90.6 ± 32.1 

(48) 

< 0.001 c 2.942 

a Denotes mean, relative V̇O2 peak was significantly greater in males than females, b Denotes 

mean bench press 1RM was significantly greater in males than females, and c Denotes mean 

back squat 1RM was significantly greater in males than females. 

 

 

Table 19 

 

Pre-Intervention Peak Oxygen Uptake, Bench Press One Repetition Maximum, and Back Squat 

One Repetition Maximum by Treatment 

 

Pre-Intervention Variable 

Cannabidiol 

Group (CG) 

± SD (n) 

Placebo 

Group (PG) 

± SD (n) 

Overall  

± SD (N) p Cohen’s d 

Peak oxygen uptake 

(V̇O2 peak) (ml/min/kg) 

68.8 ± 7.7 

(23) 

66.2 ± 11.1 

(25) 

67.5 ± 9.6 

(48) 

0.366 0.264 

Bench press 

(1 repetition maximum) 

(BP 1RM) (kg) 

118.13 ± 9.4 

(23) 

118 ± 11.4 

(24) 

118 ± 10.3 

(47) 

0.955 0.016 

Bench squat 

(1 repetition maximum) 

(BS 1RM) (kg) 

75.7 ± 8.8 

(23) 

74.6 ± 7.3 

(24) 

75.1 ± 8 

(47) 

0.652 0.132 

Note. There were no significant treatment differences. 
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Table 20 

 

Pre-Intervention Peak Oxygen Uptake, Bench Press One Repetition Maximum, and Back Squat 

One Repetition Maximum by Treatment and Sex 

 

 ± SD 

Pre-Intervention 

Variable 

Cannabidiol 

Group-Male 

(CG-M) 

(n=11) 

Cannabidiol 

Group-Female 

(CG-F) 

(n=12) 

Placebo 

Group-Male 

(PG-M) 

(n=12) 

Placebo 

Group-Female 

(PG-F) 

(n=13) 

Overall 

(N=48) 

Peak oxygen uptake 

(V̇O2 peak) (ml/min/kg) 

48.5 ± 9.4 a 40.4 ± 8 45.6 ± 7 a 41.4 ± 7.6 43.9 ± 8.4 

Bench press 

(1 repetition maximum) 

(BP 1RM) (kg) 

91.9 ± 22.3 b 39.2 ± 8.7 94.9 ± 27.3 b 41.4 ± 8.9 65.8 ± 32.2 

Bench squat 

(1 repetition maximum) 

(BS 1RM) (kg) 

113 ± 21.7 c 72.2 ± 27 112.7 ± 29 c 68.5 ± 19.8 90.7 ± 32.1 

a Denotes mean, relative V̇O2 peak was significantly greater in males than females (p = 0.006), b Denotes mean 

bench press 1RM was significantly greater in males than females (p < 0.001), and c Denotes mean back squat 

1RM was significantly greater in males than females (p < 0.001).  

 

 

Intervention-Related Outcomes 

Mean, relative V̇O2 peak, and BP and BS 1RM values by time point, treatment, and sex 

are presented in Table 21. There were no significant 3-way (time * treatment * sex) and 2-way 

(time * sex, time * treatment, and treatment * sex) interactions with respect to mean, relative 

V̇O2 peak and BP and BS 1RM values. A main effect of time was found with respect to mean, 

relative V̇O2 peak and BS 1RM values. Overall mean, relative V̇O2 peak values decreased by 4% 

(p = 0.035) and BS 1RM values increased by 5.4% (p = 0.027) by the end of intervention. A 

main effect of sex was also found in which males had 18% higher overall mean, relative V̇O2 

peak values, 80% higher overall mean BP 1RM values, and 45% higher overall mean BS 1RM 

values than females (p = 0.003, < 0.001, and < 0.001, respectively). 
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Table 21 

 

Mean Relative Peak Oxygen Uptake, Bench Press One Repetition Maximum, and Back Squat One Repetition Maximum by Time, 

Treatment, and Sex 

 

Variable 

Pre-Intervention Post-Intervention 

Cannabidiol 

Group-Male 

(CG-M) 

± SD (n) 

Cannabidiol 

Group-Female 

(CG-F) 

± SD (n) 

Placebo 

Group-Male 

(PG-M) 

± SD (n) 

Placebo 

Group-Female 

(PG-F) 

± SD (n) 

Cannabidiol 

Group-Male 

(CG-M) 

± SD (n) 

Cannabidiol 

Group-Female 

(CG-F) 

± SD (n) 

Placebo 

Group-Male 

(PG-M) 

± SD (n) 

Placebo 

Group-Female 

(PG-F) 

± SD (n) 

Peak oxygen uptake 

(V̇O2 peak) 

(ml/min/kg) 

49.3 ± 9.3 

(12) a 

40.4 ± 7.9 

(12) 

45.2 ± 7.6 

(13) a 

41.4 ± 7.5 

(13) 

47.8 ± 8.2 

(12) a, d 

38.9 ± 7.4 

(12) d 

46.2 ± 7.1 

(10) a, d 

39.8 ± 6.1 

(13) d 

Bench press 

(1 repetition 

maximum) 

(BP 1RM) (kg) 

91.9 ± 22.2 

(11) b 

39.2 ± 8.7 

(12) 

94.8 ± 27.2 

(12) b 
41.3 ± 8.8 

(13) 

92.9 ± 21.8 

(11) b 

40.0 ± 9.2 

(12) 

96.7 ± 26.3 

(12) b 

40.8 ± 8.3 

(13) 

Bench squat 

(1 repetition 

maximum) 

(BS 1RM) (kg) 

113 ± 21.6 

(11) c 

72.2 ± 26.9 

± (12) 

112.7 ± 29 

(12) c 

68.4 ±19.7 

(13) 

116.4 ±22.8 

(11) c, e 

78.1 ± 24 

(12) e 

119.2 ± 22.6 

(12) c, e 

71.7 ± 19.6 

(12) e 

a Denotes mean, relative V̇O2 peak was significantly greater in males than females (p = 0.003), b Denotes mean bench press 1RM 

was significantly greater in males than females (p < 0.001), c Denotes mean back squat 1RM was significantly greater in males than 

females (p < 0.001), d Denotes post-intervention mean, relative V̇O2 peak values were significantly lower than pre-intervention 

values (p = 0.035), and e Denotes post-intervention mean back squat 1RM values were significantly greater than pre-intervention 

values (p = 0.027). 
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Anaerobic Fitness Measures 

Pre-Intervention Comparisons 

Mean peak power (PP), mean power (MP), relative peak power (RPP), and relative mean 

power (RMP) by sex and by treatment at the pre-intervention time point are presented in Tables 

22 and 23, respectively. Overall mean PP ranged from 372.19 to 1147.73 W, MP ranged from 

287.82 to 803.91 W, RPP ranged from 3.71 to 12.66 W/kg, RMP ranged from 2.85 to 8.37 W/kg, 

and AF ranged from 54.40 to 71.35% when all groups were combined at the pre-intervention 

time point. There was a significant sex-related difference in which males had 36% greater mean 

PP (p < 0.001), 39% greater mean MP (p < 0.001), 21% greater mean RPP (p < 0.001), and 20% 

greater mean RMP than females (p < 0.001). There were no significant sex-related differences 

with respect to AF. When mean PP, MP, RPP, RMP, and AF were analyzed with a 2-way 

ANOVA (treatment assignment * sex), no significant interactions were found on PP F(1, 44) = 

1.067, p = 0.307, η2 = 0.024, MP F(1, 44) = 0.280, p = 0.600, η2 = 0.006, RPP F(1, 44) = 0.353, p 

= 0.555, η2 = 0.008, RMP F(1, 44) = 0.001, p = 0.979, η2 = 0.000, and AF F(1, 44) = 0.574, p = 

0.453, η2 = 0.013 (Table 24). There was a main effect of sex with respect to mean PP, MP, RPP, 

and RMP where males had 39%, 39%, 22%, and 20% greater values than females (p < 0.001, p 

<0.001, p <0.001, and p < 0.001, respectively). 
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Table 22 

 

Pre-Intervention Anaerobic Fitness Measures by Sex 

 

 ± SD   

Pre-Intervention Variable 

Males 

(n = 23) 

Females 

(n = 25) 

Overall  

(N = 48) p Cohen’s d 

Peak power (PP) (W) 811.2 ± 135.1 549.4 ± 104.3 674.8 ± 177.7 < 0.001 a 2.180 

Mean power (MP) (W) 573.2 ± 107.4 388.2 ± 63 476.8 ± 127.1 < 0.001 b 2.123 

Relative peak power 

(W/kg) 

10.1 ± 1.3 8.2 ± 1.5 9.1 ± 1.7 < 0.001 c 1.294 

Relative mean power (W/kg) 7.1 ± 1 5.8 ± 0.9 6.4 ± 1.2 < 0.001 d 1.275 

Anaerobic fatigue (AF) (%) 54.4 ± 12.9 55.9 ± 6.9 55.2 ± 10.1 0.621 -0.144 

a Denotes mean PP was significantly greater in males than females, b Denotes mean MP was 

significantly greater in males than females, c Denotes mean RPP was significantly greater in 

males than females, and d Denotes mean RMP was significantly greater in males than females.  
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Table 23 

 

Pre-Intervention Anaerobic Fitness Measures by Treatment 

 

 ± SD   

Pre-Intervention Variable 

Cannabidiol 

Group (CG) 

(n = 23) 

Placebo 

Group (PG) 

(n = 25) 

Overall  

(N = 48) p Cohen’s d 

Peak power (PP) (W) 672.4 ± 188.1 677.1 ± 171.5 675 ± 177 0.929 -0.026 

Mean power (MP) (W) 477.1 ± 130.6 476.7 ± 126.6 476.9 ± 127.1 0.992 0.003 

Relative peak power (RPP) 

(W/kg) 

9.1 ± 1.9 9.1 ± 1.7 9.2 ± 1.7 0.873 -0.046 

Relative mean power 

(RMP) (W/kg) 

6.5 ± 1.3 6.4 ± 1.2 6.5 ± 1.2 0.937 0.023 

Anaerobic fatigue (AF) (%) 56.6 ± 8.2 56 ± 5.9 56.3 ± 7.1 0.758 0.089 

Note. There were no significant treatment differences. 
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Table 24 

 

Pre-Intervention Anaerobic Fitness Measures by Treatment and Sex 

 

 ± SD 

Pre-Intervention 

Variable 

Cannabidiol 

Group-Male 

(CG-M) 

(n = 11) 

Cannabidiol 

Group-Female 

(CG-F) 

(n =12) 

Placebo 

Group-Male 

(PG-M) 

(n = 12) 

Placebo 

Group-

Female 

(PG-F) 

(n = 13) 

Overall 

(N = 48) 

Peak power (PP) (W) 828.7 ± 111.4 a 529.2 ± 112.5 795.2 ± 157 a 568.1 ± 96.9 674.9 ± 177.7 

Mean power (MP) (W) 580 ± 102.2 b 381.8 ± 62.5 566.1 ± 116.1 b 394.1 ± 65.4 476.9 ± 127.1 

Relative peak power 

(RPP) (W/kg) 

10.2 ± 1.4 c 8.1 ± 1.6 10.1 ± 1.4 c 8.4 ± 1.5 9.2 ± 1.7 

Relative mean power 

(RMP) (W/kg) 

7.1 ± 1.2 d 5.8 ± 1 7.1 ± 1 d 5.8 ± 0.9 6.5 ± 1.2 

Anaerobic fatigue (AF) 

(%) 

57 ± 8.4 56.3 ± 8.4 56.3 ± 6.6 55.6 ± 5.5 56.3 ± 7.1 

a Denotes mean PP was significantly greater in males than females (p < 0.001), b Denotes mean MP was 

significantly greater in male than females (p < 0.001), c Denotes mean RPP was significantly greater in males 

than females (p < 0.001), and d Denotes mean RMP was significantly greater in males than females (p < 0.001).  

 

 

 



90 

 

Intervention-Related Outcomes 

Mean PP, RPP, MP, RMP, and AF by time point, treatment, and sex are presented in 

Table 25. There were no significant 3-way interactions (time * treatment * sex) with respect to 

PP, RPP, MP, RMP, and AF. A significant 2-way interaction (time * treatment) was found with 

respect to mean PP (p = 0.013) and RPP (p = 0.006). A follow-up Bonferroni multiple 

comparison confirmed that PG experienced a 9% decrease in mean PP (p = 0.006) and 3% 

decrease in mean RPP compared to CG (p = 0.006) and CG experienced no changes in mean PP 

and RPP after the 8-week intervention (Figures 3 and 4, respectively). A significant 2-way 

interaction (time * sex) was also found with respect to mean MP and RMP (p = 0.017 and p = 

0.036, respectively). Bonferroni post hoc testing confirmed that females experienced a 4.5% 

decrease in mean MP (p = 0.021) and a 3.5% decrease in mean RMP compared to males (p = 

0.018) while males experienced no changes in mean MP and RMP after the 8-week intervention 

(Figures 5 and 6, respectively). A main effect of sex was found with respect to overall mean PP 

and RPP in which males had 40% and 22% higher overall mean PP and RPP than females (p = 

<0.001 and p = < 0.001, respectively). A main effect of sex was also found on overall MP and 

RMP in which males had 41% and 22% higher overall mean MP and RMP than females (p = 

<0.001 and p = < 0.001, respectively). 
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Table 25 

 

Mean Anaerobic Fitness Measures by Time, Treatment, and Sex 

 

Variable 

Pre-Intervention Post-Intervention 

± SD ± SD 

Cannabidiol 

Group- 

Male 

(CG-M) 

(n = 11) 

Cannabidiol 

Group- 

Female 

(CG-F) 

(n = 12) 

Placebo 

Group- 

Male 

(PG-M) 

(n = 12) 

Placebo 

Group- 

Female 

(PG-F) 

(n = 13) 

Cannabidiol 

Group- 

Male 

(CG-M) 

(n = 11) 

Cannabidiol 

Group- 

Female 

(CG-F) 

(n = 12) 

Placebo 

Group- 

Male 

(PG-M) 

(n = 12) 

Placebo 

Group- 

Female 

(PG-F) 

(n = 13) 

Peak power (PP) 

(W) 

828.7 ± 111.4 e 529.1 ± 112.5 795.1 ± 157 a, e 568.1 ± 96.8 a 852.4 ± 119.9 e 540.9 ± 107.8 724.6 ± 

272.7 a, e 

512.9 ±  

133.6 a 

Mean power (MP) 

(W) 

10.2 ± 1.4 f 8 ± 1.6 10 ± 1.4 b, f 8.3 ± 1.51 b 10.4 ± 1.4 f 8.2 ± 1.8 9.5 ± 1.5 b, f 7.8 ± 1.4 b 

Relative peak 

power (RPP) 

(W/kg) 

580.9 ± 102.1 g 381.8 ± 62.5 c 566.7 ± 116.1 g 396.1 ± 54.4 c 593.1 ± 84.7 g 396.9 ± 65.5 c 571.3 ± 

120.1 g 

371.1 ± 73.9 c 

Relative mean 

power (RMP) 

(W/kg) 

7.1 ± 1.1 h 5.8 ± 1 d 7.1 ± 1 h 5.8 ± 0.9 d 7.2 ± 0.9 h 5.7 ± 1.2 d 7.1 ± 0.9 h 5.4 ± 0.9 d 

Anaerobic fatigue 

(AF) (%) 

52.4 ± 17.6 56.3 ± 8.4 56.3 ± 6.5 55.6 ± 5.5 58.3 ± 7.34 61.3 ± 8.8 55.3 ± 8.6 60.2 ± 9.2 

a Denotes post-intervention mean PP was significantly lower in PG than CG (p = 0.013; Bonferroni: p = 0.006), b Denotes post-intervention mean RPP was 

significantly lower in PG than CG (p = 0.006; Bonferroni: p = 0.006), c Denotes post-intervention mean MP was significantly lower in females than males (p = 

0.017; Bonferroni: p = 0.021), d Denotes post-intervention mean RMP was significantly lower in females than males (p = 0.036; Bonferroni: p = 0.018), e 

Denotes overall mean PP was significantly greater in males than females (p < 0.001), f Denotes overall mean RPP was significantly greater in males than 

females (p < 0.001), g Denotes overall mean MP was significantly greater in males than females (p < 0.001), and h Denotes overall mean RMP was 

significantly greater in males than in females (p < 0.001). 
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Figure 3 

 

Pre- and Post-Intervention Peak Power by Treatment  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Denotes mean peak power at the post-intervention time point was significantly lower than the 

pre-intervention time point for PG (p = 0.006). 
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Figure 4 

 

Pre- and Post-Intervention Relative Peak Power by Treatment  

 

* Denotes relative mean peak power at the post-intervention time point was significantly lower 

than the pre-intervention time point for PG (p = 0.006). 
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Figure 5 

 

Pre- and Post-Intervention Mean Power by Sex  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Denotes relative mean power at the post-intervention time point was significantly lower than 

the pre-intervention time point for females (p = 0.021). 
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Figure 6 

 

Pre- and Post-Intervention Relative Mean Power by Sex  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Denotes relative mean power at the post-intervention time point was significantly lower than 

the pre-intervention time point for females (p = 0.018). 

 

 

Psychological Wellbeing 

Pre-Intervention Comparisons 

Mean psychological wellbeing (PWB) scores for each of the 6 aspects (autonomy, 
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acceptance) by sex and by treatment at the pre-intervention time point are presented in Tables 26 

and 27, respectively. Overall autonomy scores ranged from 8 to 21, environmental mastery 

scores ranged from 7 to 21, personal growth scores ranged from 15 to 21, positive relation with 

other scores ranged from 10 to 21, purpose in life scores ranged from 11 to 21, and self-

acceptance scores ranged from 8 to 21. There was a significant sex-related difference with 

respect to purpose in life scores in which females had 7.7% higher scores than males (p = 0.041). 
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mastery, personal growth, positive relation with others, and self-acceptance. There were also no 

significant treatment differences for and no 2-way (treatment assignment * sex) interactions or 

main effects for all PWB aspects (F(1, 45) = 1.976, p = 0.167, η2 = 042, F(1, 45) = 0.303, p = 

0.585, η2 = 0.007, F(1, 45) = 0.255, p = 0.616, η2 = 0.006, F(1, 45) = 0.151, p = 0.699, η2 = 

0.003, F(1, 45) = 0.166, p = 0.686, η2 = 0.004, F(1, 45) = 0.237, p = 0.628, η2 = 0.005, 

respectively; Table 28).  

 

Table 26 

 

Pre-Intervention Psychological Wellbeing by Sex 

 

Pre-Intervention 

Variable 

Males 

± SD (n) 

Females 

± SD (n) 

Overall  

± SD (N) p Cohen’s d 

Autonomy 17 ± 3.1 

(24) 

16 ± 3 

(25) 

16.5 ± 3 

(49) 

0.273 0.317 

Environmental 

Mastery 

15.5 ± 3.1 

(25) 

15.7 ± 3.4 

(25) 

15.6 ± 3.3 

(50) 

0.849 -0.055 

Personal Growth 20 ± 1.6  

(24) 

20.4 ± 0.9 

(25) 

20.2 ± 1.3 

(49) 

0.336 -0.280 

Positive Relation 

with Others 

17.5 ± 3 

(24) 

17.9 ± 3 

(25) 

17.7 ± 3 

(49) 

0.694 -0.113 

Purpose in Life 16.9 ± 2.2 

(24) 

18.2 ± 2.2 

(25) 

17.6 ± 2.4 

(49) 

0.041 a -0.600 

Self-Acceptance 17.5 ± 3.2 

(24) 

17.9 ± 3.1 

(25) 

17.7 ± 3.1 

(49) 

0.612 -0.146 

Note. Values represent participant scores for each aspect from a 7-point Likert scale of the Psychological 

Wellbeing Scale.  

a Denotes mean purpose in life scores were significantly higher in females than males (p = 0.041). 
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Table 27 

 

Pre-Intervention Psychological Wellbeing by Treatment 

 

 ± SD   

Pre-Intervention 

Variable 

Cannabidiol 

Group (CG) 

(n = 24) 

Placebo 

Group (PG) 

(n = 25) 

Overall  

(N = 49) p Cohen’s d 

Autonomy 17 ± 3 16 ± 3.1 16.5 ± 3 0.273 0.317 

Environmental 

Mastery 

16.1 ± 2.8 15 ± 3.6 15.6 ± 3.3 0.307 0.295 

Personal Growth 20.2 ± 1.2 20.2 ± 1.4 20.2 ± 1.3 0.929 -0.26 

Positive Relation 

with Others 

17.3 ± 3.1 18.1 ± 2.8 17.7 ± 3 0.384 -0.251 

Purpose in Life 17.5 ± 2.6 17.8 ± 2.1 17.6 ± 2.4 0.658 -0.127 

Self-Acceptance 17.6 ± 2.7 17.8 ± 3.6 17.7 ± 3.1 0.812 -0.060 

Note. Values represent participant scores for each aspect from a 7-point Likert scale of the Psychological 

Wellbeing Scale. There were no significant treatment differences. 
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Table 28 

 

Pre-Intervention Psychological Wellbeing by Treatment and Sex 

 

 ± SD 

Pre-Intervention 

Variable 

Cannabidiol 

Group-Male 

(CG-M) 

(n = 12) 

Cannabidiol 

Group-Female 

(CG-F) 

(n = 12) 

Placebo 

Group-Male 

(PG-M) 

(n = 12) 

Placebo 

Group-Female 

(PG-F) 

(n = 13) 

Overall 

(N = 49) 

Autonomy 18.1 ± 3 16 ± 2.7 16 ± 2.8 16.2 ± 3.4 16.5 ± 3 

Environmental 

Mastery 
16.3 ± 2.5 16.9 ± 3.2 14.8 ± 3.6 15.5 ± 3.8 15.6 ± 3.3 

Personal Growth 20.1 ± 1.4 20.3 ± 0.9 20 ± 1.8 10.5 ± 0.9 20.2 ± 1.2 

Positive Relation 

with Others 
17 ± 3.5 17.7 ± 2.9 18.1 ± 2.5 18.1 ± 3.2 17.7 ± 2.9 

Purpose in Life 16.9 ± 2.5 18 ± 2.7 16.9 ± 2.1 18.5 ± 1.9 17.6 ± 2.4 

Self-Acceptance 17.6 ± 2.7 17.5 ± 2.7 17.3 ± 3.7 18.2 ± 3.6 17.7 ± 3.1 

Note. Values represent participant scores for each aspect from a 7-point Likert scale of the Psychological 

Wellbeing Scale. There were no significant interactions or main effects.  

 

 

Intervention-Related Outcomes 

Mean PWB scores for each aspect by each time point, treatment, and sex are presented in 

Table 29. There were no significant 3-way (time * treatment * sex) and 2-way (time * sex, time * 

treatment, and treatment * sex) interactions on mean PWB scores for each aspect. There was 

main effect of time on mean personal growth, positive relation with others, purpose in life scores 

in which each significantly decreased by 5%, 7%, and 7% by the end of the intervention (p < 

0.001, p = 0.017, and p = 0.016, respectively). A main effect of sex was also found with respect 

to mean purpose in life scores in which females had 11.7% scores than males (p = 0.008).  
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Cognitive Function 

Pre-Intervention Comparisons 

Mean cognitive function T scores and cognitive function abilities T scores by sex and by 

treatment at the pre-intervention time point are presented in Tables 30 and 31, respectively. 

Overall cognitive function T scores ranged from 29.8 to 63.9 and cognitive function ability T 

scores ranged from 36.9 to 67.1. There were no significant sex or treatment differences with 

respect to cognitive function and cognitive function abilities T scores. When these outcomes 

were analyzed by a 2-way ANOVA (treatment assignment * sex), there were no interactions or 

main effects were with respect to cognitive function T score F(1, 45) = 0.923, p = 0.342, η2 = 

0.020 and cognitive function abilities T scores F(1, 45) = 0.412, p = 0.542, η2 = 0.009 (Table 32).  
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Table 29 

 

Psychological Wellbeing by Time, Treatment, and Sex 

 

Variable 

Pre-Intervention Post-Intervention 

± SD ± SD 

Cannabidiol 

Group-Male 

(CG-M) 

(n = 11) 

Cannabidiol 

Group-Female 

(CG-F) 

(n = 12) 

Placebo 

Group-Male 

(PG-M) 

(n = 11) 

Placebo 

Group-Female 

(PG-F) 

(n = 13) 

Cannabidiol 

Group-Male 

(CG-M) 

(n = 11) 

Cannabidiol 

Group-Female 

(CG-F) 

(n = 12) 

Placebo 

Group-Male 

(PG-M) 

(n = 11) 

Placebo 

Group-Female 

(PG-F) 

(n = 13) 

Autonomy 17.8 ± 3 15.9 ± 2.7 16.1 ± 2.9 16.1 ± 3.3 17.6 ± 2.3 15.7 ± 2.8 15.6 ± 3.6 15.9 ± 3.7 

Environmental 

Mastery 

16.3 ± 2.6 

15.9 ± 3.2 15 ± 3.7 15.5 ± 3.8 15 ± 4.5 15.3 ± 3.1 14.9 ± 2.2 16 ± 4.5 

Personal Growth 20 ± 1.4 20.2 ± 0.9 20.1 ± 1.8 20.5 ± 0.8 18.7 ± 2.8 a 19.3 ± 1.5 a 18.6 ± 3 a 20.1 ± 1.3 a 

Positive Relation 

with Others 

16.8 ± 3.6 17.7 ± 2.9 18.3 ± 2.5 18.1 ± 3.2 15.6 ± 3 b 17.9 ± 3 b 16 ± 3.1 b 17.5 ± 3 b 

Purpose in Life 16.6 ± 2.4 18 ± 2.7 d 16.7 ± 2.1 18.5 ± 1.9 d 15.3 ± 3 c 17.3 ± 2.9 c, d 15.1 ± 4.3 c 17.9 ± 3.2 c, d 

Self-Acceptance 17.4 ± 2.7 17.6 ± 2.7 17.5 ± 3.9 18.2 ± 3.6 17.5 ± 2.6 16.8 ± 2.3 16.9 ± 4.1 17.5 ± 3.2 

Note. Values represent participant scores for each aspect from a 7-point Likert scale of the Psychological Wellbeing Scale. 

 a Denotes post-intervention mean personal growth scores were significantly lower than pre-intervention scores (p < 0.001), b Denotes post-intervention mean 

positive relation with other scores were significantly lower than pre-intervention scores (p = 0.017), c Denotes post-intervention mean purpose in life scores 

were significantly lower than pre-intervention scores (p = 0.016), and d Denotes mean purpose in life scores were significantly higher in females than males (p 

= 0.008). 
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Table 30 

 

Pre-Intervention Cognitive Function T Scores by Sex 

 

 ± SD   

Pre-Intervention 

Variable 

Males 

(n = 24) 

Females 

(n = 25) 

Overall  

(N = 49) p Cohen’s d 

Cognitive Function 

T Scores 

49.8 ± 7.4 48.5 ± 8.8 49.1 ± 8.1 0.588 0.156 

Cognitive Abilities 

T Scores 

52.3 ± 8.6 51.1 ± 7.1 51.7 ± 7.8 0.616 0.144 

Note. Values represent participant scores calculated from the 5-point Likert scale of each of the NIH PROMIS 

Cognitive Function Questionnaires. There were no significant sex differences.  

 

 

 

 

Table 31 

 

Pre-Intervention Cognitive Function T Scores by Treatment 

 

 ± SD   

Pre-Intervention 

Variable 

Cannabidiol 

Group (CG) 

(n = 24) 

Placebo 

Group (PG) 

(n = 25) 

Overall  

(N = 49) p Cohen’s d 

Cognitive Function 

T Scores 

50.1 ± 6.6 48.2 ± 9.4 49.1 ± 8.1 0.102 0.220 

Cognitive Abilities 

T Scores 

51.8 ± 7.1 51.6 ± 8.7 51.7 ± 7.8 0.394 0.035 

Note. Values represent participant scores calculated from the 5-point Likert scale of each of the NIH PROMIS 

Cognitive Function Questionnaires. There were no significant treatment differences. 
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Table 32 

 

Pre-Intervention Cognitive Function T Scores by Treatment and Sex 

 

 ± SD 

Pre-Intervention 

Variable 

Cannabidiol 

Group-Male 

(CG-M) 

(n = 11) 

Cannabidiol 

Group-Female 

(CG-F) 

(n = 12) 

Placebo 

Group-Male 

(PG-M) 

(n = 11) 

Placebo 

Group-Female 

(PG-F) 

(n = 13) 

Overall 

(N = 47) 

Cognitive Function 

T Scores 
51.7 ± 7.2 48.3 ± 6.0 47.9 ± 8.0 48.7 ± 11.1 4.0 ± 8.1 

Cognitive Abilities 

T Scores 
53.0 ± 9.1 50.5 ± 5.1 51.3 ± 9.2 51.7 ± 8.8 51.6 ± 8.0 

Note. Values represent participant scores calculated from the 5-point Likert scale of each of the NIH PROMIS 

Cognitive Function Questionnaires. There were no significant group differences. 

 

 

Intervention-Related Outcomes  

Mean cognitive function T scores and cognitive function abilities T scores by each time 

point, treatment, and sex are presented in Table 33. There were no significant 3-way interactions 

(time * treatment * sex), 2-way interactions (time * sex, time * treatment, and treatment * sex), 

and main effects (time, treatment, and sex) with respect to both cognitive function T scores and 

cognitive function abilities T scores.  
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Table 33 

 

Mean Cognitive Function T Scores by Time, Treatment, and Sex 

 

Variable 

Pre-Intervention Post-Intervention 

± SD ± SD 

Cannabidiol 

Group-Male 

(CG-M) 

(n = 11) 

Cannabidiol 

Group-Female 

(CG-F) 

(n = 12) 

Placebo 

Group-Male 

(PG-M) 

(n = 11) 

Placebo 

Group-Female 

(PG-F) 

(n = 13) 

Cannabidiol 

Group-Male 

(CG-M) 

(n = 11) 

Cannabidiol 

Group-Female 

(CG-F) 

(n = 12) 

Placebo 

Group-Male 

(PG-M) 

(n = 11) 

Placebo 

Group-Female 

(PG-F) 

(n = 13) 

Cognitive Function 

T Scores 

51.7 ± 7.2 48.3 ± 6.0 47.9 ± 8.0 48.7 ± 11.1 49.8 ± 6.5 48.4 ± 7.2 49.6 ± 9.7 46.2 ± 13.4 

Cognitive Abilities 

T Scores 

53.0 ± 9.1 50.5 ± 5.1 51.3 ± 9.2 51.7 ± 8.8 51.1 ± 8.8 52.7 ± 8.0 52.7 ± 9.1 50.0 ± 14.5 

Note. Values represent participant scores calculated from the 5-point Likert scale of each of the NIH PROMIS Cognitive Function Questionnaires. There were 

no significant interactions or main effects. 
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Resting Concentrations of C-Reactive Protein 

Pre-Intervention Comparisons 

Mean concentrations of C-reactive protein (CRP) by sex and by treatment at the pre-

intervention time point are presented in Tables 34 and 35, respectively. Overall concentrations of 

CRP ranged from 0.1 to 8.8 mg/L when all groups were combined at the pre-intervention time 

point and there were no significant differences between sex and treatment. A 2-way ANOVA 

(treatment assignment * sex) found no interactions or main effects with respect to concentrations 

of CRP at the pre-intervention time point; however, a medium effect size was detected F(1, 42) = 

4.089, p = 0.050, η2 = 0.089 showing that CG-F had 81% higher concentrations of CRP than PG-

F (Table 36). The inter- and intra-assay CVs for serum concentrations of CRP were 11.78% and 

3.5%, respectively, and both were within manufacturer ranges. 

Intervention-Related Outcomes 

Mean concentrations of CRP at the pre- and post-intervention time points are presented in 

Figure 7. Mean concentrations of CRP by time point, treatment, and sex are presented in Table 

37. There were no significant 3-way interactions (time * treatment * sex) with respect to CRP. A 

significant 2-way interaction (treatment * sex) was found with respect to resting concentrations 

of CRP (p = 0.006). Bonferroni post hoc testing showed that CG-F had 92% higher 

concentrations of CRP than PG-F (p = 0.026), and CG-F had 115% higher concentrations of 

CRP than CG-M (p = 0.012; Figure 8).  

 

 

 

  



105 

 

Table 34 

 

Pre-Intervention Resting Concentrations of C-Reactive Protein by Sex 

 

Pre-Intervention 

Variable 

Males 

± SD (n) 

Females 

± SD (n) 

Overall  

± SD (N) p Cohen’s d 

C-reactive protein (CRP) 

(mg/L) 

1.1 ± 1.5 

(22) 

1.9 ± 2.1 

(24) 

1.5 ± 1.9 

(46) 

0.150 -0.432 

Note. There were no significant sex differences. 

 

 

Table 35 

 

Pre-Intervention Resting Concentrations of C-Reactive Protein by Treatment 

 

Pre-Intervention 

Variable 

Cannabidiol 

Group (CG) 

± SD (n) 

Placebo 

Group (PG) 

± SD (n) 

Overall  

± SD (N) p Cohen’s d 

C-reactive protein (CRP) 

(mg/L) 

1.7 ± 2.1 

(23) 

1.3 ± 1.6 

(23) 

1.5 ± 1.8 

(46) 

0.494 0.204 

Note. There were no significant treatment differences. 

 

 

Table 36 

 

Pre-Intervention Resting Concentrations of C-Reactive Protein by Treatment and Sex 

 

Pre-Intervention 

Variable 

Cannabidiol 

Group-Male 

(CG-M) 

± SD (n) 

Cannabidiol 

Group-Female 

(CG-F) 

± SD (n) 

Placebo 

Group-Male 

(PG-M) 

± SD (n) 

Placebo 

Group-Female 

(PG-F) 

± SD (n) 

Overall 

± SD (N) 

C-reactive protein (CRP) 

(mg/L) 

0.73 ± 0.7 

(11) 

2.6 ± 2.6 

(12) 

1.5 ± 2 

(11) 

1.2 ± 1.2 

(12) 

1.5 ± 1.9 

(46) 

Note. There were no significant interactions or main effects. 
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Pre- and Post-Intervention Concentrations of C-Reactive Protein  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. P = participant number.  
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Table 37 

 

Resting Concentrations of C-Reactive Protein by Time, Treatment, and Sex 

 

Variable 

Pre-Intervention Post-Intervention 

Cannabidiol 

Group-Male 

(CG-M) 

± SD (n) 

Cannabidiol 

Group-Female 

(CG-F) 

± SD (n) 

Placebo 

Group-Male 

(PG-M) 

± SD (n) 

Placebo 

Group-Female 

(PG-F) 

± SD (n) 

Cannabidiol 

Group-Male 

(CG-M) 

± SD (n) 

Cannabidiol 

Group-Female 

(CG-F) 

± SD (n) 

Placebo 

Group-Male 

(PG-M) 

± SD (n) 

Placebo 

Group-Female 

(PG-F) 

± SD (n) 

C-reactive protein 

(CRP) (mg/L) 

0.7 ± 0.7 

(11) 

2.6 ± 2.6 

(12) a, b 

1.5 ± 2 

(11) 

1.2 ± 1.2 

(12 

0.6 ± 0.7 

(11) 

2.5 ± 2.7 

(12) a, b 

2.6 ± 2.7 

(11) 

0.6 ± 0.5 

(12) 

Note. a Denotes overall mean CRP concentrations were significantly greater in CG-F than PG-F (p = 0.026) and b Denotes overall mean CRP concentrations 

were significantly greater in CG-F than CG-M (p = 0.012).  
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Figure 8 

 

Mean C-Reactive Protein Concentrations by Treatment and Sex 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. Data are presented as mean ± standard error (SE). CG-M = CBD male group, CG-F = CBD 

female group, PG-M = placebo male group, PG-F = placebo female group. 

 
 # Denotes overall mean CRP concentrations were significantly greater in CG-F than CG-M (p = 

0.012) and * Denotes overall mean CRP concentrations were significantly greater in CG-F than 

PG-F (p = 0.026).  
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effects with respect to concentrations of BDNF at the pre-intervention time point. However, a 

medium effect size was detected in treatment F(1, 34) = 3.504, p = 0.070, η2 = 0.093 showing 

that PG had 43% higher concentrations of BDNF than CG, and in sex F(1, 34) = 3.366, p = 

0.075, η2 = 0.090 showing that females had 28% higher concentrations of BDNF than males 

(Table 40). The inter- and intra-assay CVs for serum concentrations of BDNF were 2.5% and 

5%, respectively, and both were within manufacturer ranges. 

Intervention-Related Outcomes 

Mean concentrations of CRP at the pre- and post-intervention time points are presented in 

Figure 9. Mean concentrations of BDNF by time point, treatment, and sex are presented in Table 

41. There were no significant 3-way interactions (time * treatment * sex) with respect to BDNF 

concentrations. A significant 2-way interaction (treatment * sex) was found with respect to 

overall resting concentrations of BDNF (p = 0.009). Bonferroni post hoc testing showed  

overall mean BDNF concentrations in PG-F were 43% greater than CG-F (p = 0.014) and 39% 

greater than PG-M (p = 0.008; Figure 10).  

 

Table 38 

 

Pre-Intervention Resting Concentrations of Brain-Derived Neurotrophic Factor by Sex 

 

Pre-Intervention Variable 

Males 

± SD (n) 

Females 

± SD (n) 

Overall  

± SD (N) p Cohen’s d 

Brain-derived neurotrophic 

factor (BDNF) (ng/mL) 

28.5 ± 10 

(15) 

41.4 ± 20 

(22) 

36 ± 1.7 

(37) 

0.025 a -0.787 

Note. a Denotes mean BDNF concentrations in females were significantly greater than males. 
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Table 39 

 

Pre-Intervention Resting Concentrations of Brain-Derived Neurotrophic Factor by Treatment 

 

Pre-Intervention Variable 

Cannabidiol 

Group (CG) 

± SD (n) 

Placebo 

Group (PG) 

± SD (n) 

Overall  

± SD (N) p Cohen’s d 

Brain-derived neurotrophic 

factor (BDNF) (ng/mL) 

31.4 ± 11 

(19) 

41.2 ± 22 

(19) 

3 ± 17.4 

(38) 

0.089 -0.575 

Note. There were no significant treatment differences. 

 

 

 

Table 40 

 

Pre-Intervention Resting Concentrations of Brain-Derived Neurotrophic Factor by Treatment 

and Sex 

 

Pre-Intervention Variable 

Cannabidiol 

Group-Male 

(CG-M) 

± SD (n) 

Cannabidiol 

Group-Female 

(CG-F) 

± SD (n) 

Placebo 

Group-Male 

(PG-M) 

± SD (n) 

Placebo 

Group-Female 

(PG-F) 

± SD (n) 

Overall 

± SD (N) 

Brain-derived neurotrophic 

factor (BDNF) (ng/mL) 

30 ± 1.3 

(8) 

33 ± 0.9 

(11) 

33 ± 1.7 

(8) 

50 ± 2.4 

(11) 

37 ± 1.8 

(38) 

Note. There were no significant interactions or main effects. 
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Figure 9 

 

Pre- and Post-Intervention Concentrations of Brain-Derived Neurotrophic Factor  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. P = participant number. 
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Table 41 

 

Resting Brain-Derived Neurotrophic Factor by Time, Treatment, and Sex 

 

Variable 

Pre-Intervention Post-Intervention 

Cannabidiol 

Group-Male 

(CG-M) 

± SD (n) 

Cannabidiol 

Group-Female 

(CG-F) 

± SD (n) 

Placebo 

Group-Male 

(PG-M) 

± SD (n) 

Placebo 

Group-Female 

(PG-F) 

± SD (n) 

Cannabidiol 

Group-Male 

(CG-M) 

± SD (n) 

Cannabidiol 

Group-Female 

(CG-F) 

± SD (n) 

Placebo 

Group-Male 

(PG-M) 

± SD (n) 

Placebo 

Group-Female 

(PG-F) 

± SD (n) 

Brain-derived 

neurotrophic factor 

(BDNF) (ng/mL) 

33 ± 9.7 

(7) 

32.8 ± 9.2 

(11) 

27 ± 3.6 

(7) 

46.3 ± 21.4 

(10) a, b 

41.8 ± 14.2 

(7) 

30.2 ± 9.8 

(10) 

29.7 ± 9.2 

(7) 

42.5 ± 19.2 

(10) a, b 

Note. a Denotes overall mean BDNF concentrations in PG-F were significantly greater than CG-F (p = 0.014) and b Denotes overall mean BDNF 

concentrations in PG-F were significantly greater than PG-M (p = 0.008).  
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Figure 10 

 

Mean Brain-Derived Neurotrophic Factor Concentrations by Treatment and Sex 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. Data are presented as mean ± SE. BDNF = Brain-derived neurotrophic factor, CG-M = 

CBD male group, CG-F = CBD female group, PG-M = placebo male group, PG-F = placebo 

female group.  

 
# Denotes overall mean BDNF concentrations in PG-F were significantly greater than CG-F (p = 

0.014) and * Denotes overall mean BDNF concentrations in PG-F were significantly greater than 

PG-M (p = 0.008).  
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CHAPTER V 

DISCUSSION 

There is a great need to clarify and understand the potential health effects of long-term 

cannabidiol (CBD) use given false medical claims and increasing accessibility of the product to 

consumers. Previous research shows inconclusive results due to lack of healthy volunteers, 

length of CBD administration (acute vs chronic administration), imbalanced samples (unequal 

numbers of men and women, exclusion of women; Bhattacharyya et al., 2010; Crane, Schuster, 

& Gonzalez, 2013; Martin-Santos et al., 2012; Solowij et al., 2018), contamination of CBD 

products (presence of THC and/or heavy metals, lack of CBD purity testing; Crane, Schuster, & 

Gonzalez, 2013; Lisano et al., 2020; Solowij et al., 2018), and the variability of testing protocols 

used for determining health-related fitness (Arndt & de Wit, 2017; Babalonis et al., 2017; Haney 

et al., 2016). The current study was the first randomized placebo-controlled clinical trial with 

parallel design to explore the effects of 50 mg of daily CBD for 8 weeks in a population of 

healthy males and females. The main objectives of this study were to investigate overall sex or 

treatment assignment differences with respect to physical activity patterns, health-related fitness, 

mental and cognitive health before an 8-week CBD intervention and to explore whether CBD 

will significantly affect these outcomes. Furthermore, this study sought to explore whether CBD 

will significantly alter concentrations of C-reactive protein (CRP) and brain-derived neurotrophic 

factor (BDNF).  

The first aim examined overall differences, by sex, treatment, and treatment by sex in all 

physical and mental health outcomes at the pre-intervention time point. With respect to sex 
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differences, it was specifically hypothesized that females would have lower average daily step 

counts and distance traveled, lower muscular strength, relative peak oxygen uptake (V̇O2 peak) 

values, and anaerobic fitness test scores, higher body fat percentage (BF%) and resting 

concentrations of CRP, and similar resting concentrations of BDNF, measures of psychological 

wellbeing (PWB), and cognitive function when compared with males at the pre-intervention time 

point. In the present study, there were sex differences in self-reported time spent engaged in 

vigorous physical activity, mean resting systolic blood pressure (RSBP) and resting diastolic 

blood pressure (RDBP), height, body mass (BM), lean body mass (LBM), BF%, relative V̇O2 

peak values, bench press and back squat one repetition maximum (BP 1RM and BS 1RM, 

respectively) performance, absolute and relative peak and mean anaerobic power output, the 

purpose in life aspect of the PWB, and resting concentrations of BDNF at the pre-intervention 

time point. However, there were no sex differences in average daily step counts and distance 

traveled, cognitive function, and CRP concentrations at the pre-intervention time point.  

With respect to treatment, it was specifically hypothesized that there would be no 

differences between males and females consuming CBD and males and females consuming 

placebo in all physical and mental health outcomes at the pre-intervention time point. In the 

present study, there was one treatment difference with respect to days spent walking in which 

placebo group (PG) reported 19% more days walking than CBD group (CG) at the pre-

intervention time point. There were no other treatment differences in all other physical and 

mental health outcomes, and there were no treatment by sex interactions in all of the physical 

and mental health outcomes at the pre-intervention time. However, there was a main effect of sex 

with respect to self-reported physical activity in days spent walking, height, BM, LBM, BF%, 

relative V̇O2 peak values, BP and BS 1RM performance, absolute and relative peak and mean 
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anaerobic power output, the purpose of life aspect in PWB, and resting BDNF concentrations at 

the pre-intervention time point. Overall, there were sex differences with respect to self-reported 

physical activity, body size and composition, measures of cardiorespiratory fitness, muscular 

strength, and anaerobic fitness, PWB, and resting concentrations of BDNF, but no sex 

differences in average daily steps and distance traveled, cognitive function, and resting 

concentrations of CRP. 

The final aim examined whether 8 weeks of CBD affected all physical and mental health 

outcomes in those consuming CBD with a hypothesis specifically stating that both males and 

females consuming CBD would experience increases in average daily step counts and distance 

traveled, improvements in relative V̇O2 peak, bench press and back squat 1RM performance, 

absolute and relative peak and mean power outputs, measures of cognitive function and PWB, 

reduced CRP concentrations, and increased BDNF concentrations over the course of the 

intervention period when compared with males and females consuming placebo. In the present 

study, the analyses revealed no treatment differences with respect to all physical and mental 

health outcomes over the course of the intervention. However, there was a significant time by 

treatment interaction with respect to absolute and relative peak power in which PG experienced a 

9% and 3% decline in absolute and relative peak power compared with CG, which experienced 

no changes in either absolute or relative peak power, over the course of the intervention.  

It was also hypothesized that females in the CBD group (CG-F) would experience a 

greater increase in average daily step counts and distance traveled, greater improvements in 

BF%, relative V̇O2 peak, measures of cognitive function and PWB, a greater reduction in CRP 

concentrations, and a greater increase in BDNF concentrations when compared with males in the 

CBD group (CG-M) over the course of the intervention. In the present study, the analyses 
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revealed no differences between CG-M and CG-F with respect to these physical and mental 

health outcomes. However, there was a significant time by sex interaction with respect to 

absolute and relative mean power in which females experienced a 4.5% and 3.5% decline in 

absolute and relative mean power compared with males, which experienced no changes in either 

absolute or relative mean power, over the course of the intervention. There was a main effect of 

sex in which males had 7% higher overall mean RSBP, 9 % higher overall mean RDBP, 18% 

higher overall BM, 28% higher overall LBM, 55% lower overall BF%, 40% and 22% higher 

overall mean peak and relative peak power (PP and RPP, respectively), and 41% and 22% higher 

overall mean and relative mean power (MP and RMP, respectively) than females. Interestingly, 

there was significant treatment by sex interaction for overall CRP concentrations in which 

overall mean CRP concentrations in CG-F were 92% and 115% greater than overall mean CRP 

concentrations in females in the placebo group (PG-F) and CG-M, respectively. Another 

treatment by sex interaction was also found for overall BDNF concentrations in which overall 

mean BDNF concentrations in PG-F were 43% and 39% greater than overall mean BDNF 

concentrations in CG-F and males in the placebo group (PG-M), respectively. Overall, 8 weeks 

of CBD supplementation did not affect physical and mental health and biomarkers of 

inflammation and neural health over the course of the intervention. 

Resting Heart Rate and Blood Pressure 

At the pre-intervention time point, mean RHR, RSBP, and RDBP were all within normal 

ranges when all groups were combined (N = 47; RHR: 67.4 ± 9.6 bpm, RSBP: 118 ± 10.3 

mmHg, RDBP: 75.1 ± 8). There were no sex differences in RHR which was somewhat surprising 

as females typically have smaller hearts and left ventricular size which are often linked to higher 

heart rates when compared with males (Wingate, 1997). At the pre-intervention time point and 
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when all males were grouped together, their average blood pressure (RSBP: 121.5 ± 9.5 mmHg; 

RDBP: 77.7 ± 6.9 mmHg) placed them in the elevated risk category (120-129 mmHg and less 

than 80 mmHg) as defined by the American Heart Association (Vaduganathan et al., 2018). 

When all females were grouped together, their average blood pressure (RSBP: 114.9 ± 10.1 

mmHg; RDBP: 72.8 ± 8.2 mmHg) placed them in the normal category (less than 120 SBP and 

less than 80 mmHg DBP; Vaduganathan et al., 2018). Although these sex differences in RSBP 

and RDBP were observed at the pre-intervention time point, no differences were found as a 

result of the intervention. There was a significant time by treatment interaction (p = 0.047), but 

the multiple comparisons failed to identify which time points and treatments were different. 

When RHR, RSBP, and RDBP were compared between treatments, there were no differences 

between CG and PG. Overall, these findings suggest that 8 weeks of daily, low dose CBD does 

not have long-term effects on RHR, RSBP, and RDBP in males and females.  

The lack of a CBD-mediated change in RHR, RSBP, and RDBP is supported by a few 

other related studies using healthy volunteers. One study found no differences between oral CBD 

(600 mg) and placebo with respect to RHR after three, separate administrations over the course 

of a one-month time frame in healthy men. This study concluded that oral CBD was not 

associated with an increase in RHR (Martin-Santos et al., 2012). Another study revealed no 

changes in RHR, RSBP, and RDBP after 7 days of vaporized CBD inhalation (13.75 mg) in 

cannabis-using (using < 2 times per week) males (n = 21) and females (n = 19; Arkell et al., 

2022). In one randomized placebo-controlled, double blind study with parallel design exploring 

the effects of oral CBD (600 mg) on hemodynamics in healthy males (n = 13), CBD acutely 

reduced resting mean arterial pressure (-2 mmHg), but did not alter RSBP and RDBP after 7 

consecutive days of consumption (Sultan et al., 2020). However, when both groups completed a 
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3-minute isometric handgrip exercise on day 1 and 7, oral CBD attenuated increases in RSBP (-6 

to -5.7 mmHg) within 2-3 minutes of acute CBD ingestion on day 1, and repeated oral CBD 

attenuated increases in RSBP (-8mmHg) within 1 minute of finishing the handgrip exercise on 

day 7, suggesting that CBD may only act on RSBP in response to acute stress (Sultan et al., 

2020). These results are fascinating because mean arterial pressure is calculated as the sum of 

systolic blood pressure and 2 times diastolic blood pressure, and in the current study, there were 

no significant group differences with respect to RDBP although a medium effect size (p = 0.070, 

η2 = 0.078) was observed at a confidence interval of 95% [-.32, 7.77]. It is important to note that 

the results of the present study and those of the aforementioned projects provide a glimpse into 

the potential effects of cannabis compounds and CBD on RHR, RSBP, RDBP, but this area is 

still largely unexplored.  

Physical Activity Patterns 

Self-reported physical activity within the last 7 days revealed that participants were 

below the recommendations set forth by the American College of Sports Medicine (ACSM) and 

the American Heart Association for physical activity guidelines for moderate intensity aerobic 

physical activity which is at least 30 minutes for 5 days per week (150 minutes per week) 

(Haskell et al., 2007). However, mean responses placed participants within guidelines for 

vigorous intensity aerobic physical activity which is at least 20 minutes for 3 days per week (60 

mins per week; Haskell et al., 2007). Compared to these guidelines, participants engaged in 92% 

less and 2% more moderate and vigorous intensity aerobic physical activity (53.3 ± 36.1 

minutes, 61.2 ± 44.8 minutes), respectively. Though participants did not meet the moderate 

intensity aerobic physical activity guidelines, they fit within the national average in which 53.3% 
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of adults ages 18 years and older meet the total physical activity guidelines (Centers for Disease 

Control, 2022).  

When comparing sex, time spent engaged in moderate physical activity was not different 

between males and females; however, males engaged in 45% more vigorous physical activity (74 

± 47.5 minutes) than females (47.8 ± 38.4 minutes; p = 0.044), and females spent 24% more days 

walking than males (p = 0.001). These findings are similar to a study evaluating gender 

differences in physical activity and sedentary behavior using the IPAQ from 2002 to 2009 which 

found that males engaged in more vigorous physical activity than females from 2002-2009 (p < 

0.05), males had significantly higher moderate physical activity than females in 2003-2004 (p = 

0.001) and females had higher moderate physical activity than males in 2005-2006 (p = 0.03), 

and females spent significantly more time walking than males in 2002, and 2005-2006 (p < 0.001 

and p = 0.005, respectively; Dagmar et al., 2011). It is important to note that self-reported 

physical activity was collected only at the pre-intervention time point to determine subject health 

status and whether the subject had the potential to exercise safely.  

The Fitbit wrist accelerometer was used at both pre– and post-intervention time points to 

provide a more objective measure of physical activity. It is well established that individuals tend 

to underestimate sedentary time (time spent sitting) and overestimate moderate to vigorous 

physical activity (MVPA). In one study that compared IPAQ responses to Actigraph 

accelerometry data collected in 1,751 adults ages 19 years and older, results showed that males 

underestimated sedentary time (131 minutes lower) and overestimated MVPA when compared 

with accelerometer data (Dyrstad et al., 2014), and that this overestimation of MVPA resulted in 

incorrect sex differences of MVPA which suggested males engaged in 47% more MVPA when 

compared with females (Dyrstad et al., 2014). However, researchers concluded that IPAQ 
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responses may not accurately reflect physical activity and that more objective measures of 

physical activity should be used (Dyrstad et al., 2014). Although participants in the current study 

may have incorrectly reported moderate aerobic physical activity on the IPAQ, they compared 

favorably to national averages of accelerometry data. Mean steps per day was 9,676 in a sample 

of 3,744 Americans ages 20 years and older (Tudor-Locke et al., 2009) which is 17% lower than 

the 7-day average from participants in the present study (11,495 ± 4,193 steps per day), placing 

them in the active category (10,000 to 12,499 steps per day; Tudor-Locke & Bassett, 2004). 

Additionally, one study determined that an average of 8,000 steps per day translated to an 

average of 30 minutes of MVPA per day in a sample of 3,523 healthy adult males (n = 1,782) 

and females (n = 1,742) ages 20 and older who wore an Actigraph accelerometer for one full day 

(Tudor-Locke et al., 2011). By this definition, the participants in the present study met the 150-

minute requirement of moderate aerobic physical activity due to their 7-day average of mean 

steps per day. 

To date, there are no studies examining the effect of daily CBD use and physical activity 

using accelerometry. In the current study, no differences between CG and PG with respect to 

accelerometer-based steps per day and distance traveled at both the pre- and post-intervention 

time points were observed. However, the IPAQ revealed that PG reported spending 19% more 

days walking than CG (p <0.0001) at the pre-intervention time point. It is possible that the 

variability in days spent walking between groups may be due to poor subjective perceptions of 

physical activity which is a highlighted limitation of the IPAQ (Sember et al., 2020). There are 

also no studies which have explored the potential for CBD-related sex differences in physical 

activity. One recent cross-sectional study of 387 CBD-using adult males (n = 150) and females 

(n = 237) found that most users were female (61%). Additionally, the same study found that a 
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disproportionate number of users consumed CBD for post-workout muscle soreness (14% males, 

7% females), general health and wellbeing (47% males, 31% females), and self-perceived 

anxiety (48% females, 34% males; Moltke & Hindocha, 2021). These results imply that in a 

sample of CBD users, only some individuals may be physically active and may be taking CBD 

as a post-workout recovery aid. Despite these findings and other cross-sectional studies 

describing CBD users (Corroon & Phillips, 2018; Fedorova et al., 2021; Wheeler, Merten, et al., 

2020), it is surprising that there are no longitudinal studies to date which explore physical 

activity in CBD users with accelerometry.  

Body Size and Composition Measures 

At the pre-intervention time point, there were sex differences with respect to height, BM, 

LBM, and BF%, but no sex differences in BMI. Males were 7.6% taller than females (p = 

<0.001), 16.5% heavier than females (p < 0.001), had 32% more LBM than females (p = 

<0.001), and had 53% less BF% than females (p < 0.001). Although males and females did not 

differ with respect to BMI at the pre-intervention time point, overall mean BMI of participants 

was 24.8 kg/m2 and categorized participants in the upper tier of “normal or healthy” (18.5 to 24.9 

kg/m2) according to ACSM BMI standards (D. Riebe et al., 2018). Overall male and female BMI 

ranged from 20 to 33 kg/m2 and 19.6 to 30 kg/m2, respectively, which reveals a large variance 

within both sexes (11 and 9, respectively). In total, 14 individuals were in the “overweight” 

category (25 to 29.9 kg/m2), and 4 individuals were in the “obese” category (greater than 30 

kg/m2). However, it is important to note that BMI does not account for age, sex, bone structure, 

fat distribution and LBM. When comparing mean BF% at the pre-intervention time point to 

ACSM body composition norms, males in the current study were within the 50th to 40th 

percentiles, categorizing them as “average” and “slightly below average,” and females were 
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within the 30th to 20th percentiles for BF%, categorizing them as “below average.” There were no 

treatment-related differences observed with respect to any of the outcome variables in this study.  

There were no time by treatment by sex interactions with respect to all body size and 

composition outcomes. However, a main effect of sex showed that similar sex differences in 

BM, LBM, and BF% were still present at the end of the intervention. This suggests that 8 weeks 

of daily, low dose CBD may not alter body composition, regardless of sex, in an otherwise 

healthy, non-clinical population. The lack of CBD-related change in mean LBM is supported by 

one randomized, placebo-controlled, double blind study with parallel design in overweight males 

(n = 65) in which 6 weeks of 60 mg/d of CBD hemp oil extract (15 mg of hemp-derived CBD) 

resulted in no changes in LBM and fat free mass when compared with the placebo group (Lopez 

et al., 2020). However, another randomized study with a crossover design investigating CBD 

pharmacokinetics found that the time it took for CBD (30 mg) to reach maximum concentration 

after of acute ingestion in healthy men (n = 9) and women (n = 6) was significantly dependent on 

fat free mass (Williams et al., 2021). These studies suggested that, although CBD may not alter 

LBM, its absorption was affected by LBM and it was possible that larger doses of CBD were 

needed in order to observe an effect on LBM.  

Interestingly, no changes in BF% were observed after 8 weeks of CBD. Other preclinical 

and cell culture studies suggested that CBD increased BF% through increased feeding patterns 

(Farrimond et al., 2012) and may decrease BF% through increasing metabolism in white 

adipocytes (Parray & Yun, 2016). However, these findings were not confirmed in clinical trials. 

In fact, the closest human studies were survey based. Results from 2 national surveys in adults 18 

and over (n = 50,000) revealed that prevalence of obesity was 14% to 17% lower in cannabis 

users who used cannabis at least 3 days per week compared to 22% to 25% of nonusers (Le Strat 
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& Le Foll, 2011) suggesting that cannabinoids and their derivatives may affect body 

composition. It is important to note that the CBD content of the products that these individuals 

used was not specified. This made it difficult to determine whether changes in BF% were 

associated with tetrahydrocannabinol (THC), CBD, or a combination of both. 

Cardiorespiratory Fitness 

At the pre-intervention point, there were sex differences, but no treatment differences 

with respect to any of the outcome variables in the present study. Overall, males had higher 

mean, relative V̇O2 peak values than females. According to ACSM V̇O2 max standards, mean, 

relative V̇O2 peak values placed males in the “good” category (44.3 to 48.2 ml/kg/min) for men 

20 to 29 years old and mean, relative V̇O2 peak values placed females in the “good” category 

(36.8 to 41.0 ml/kg/min) for women 20 to 29 years old (D. Riebe et al., 2018). Mean, relative 

V̇O2 peak values are not the same as true V̇O2 max due to the specific criteria that must be met; 

however, these values provide a good evaluation of the cardiorespiratory fitness in all study 

participants. It is important to note that V̇O2 peak was reported because all study participants did 

not reach the appropriate criteria for a V̇O2 max. More specifically, because this study was 

focused on capturing the effects of CBD in a healthy, non-elite, recreationally active population, 

and one that is representative of surveyed CBD users, the need to use the term V̇O2 peak, instead 

of V̇O2 max, was not unexpected (BrightfieldGroup, 2017; Corroon & Phillips, 2018; Fedorova 

et al., 2021; Wheeler, Merten, et al., 2020). 

There were no V̇O2 peak-related time by treatment by sex interactions in this study. 

However, there was a main effect of time where overall relative V̇O2 peak values decreased by 

4% (p = 0.035) over the course of the intervention. This decrease in V̇O2 peak may be attributed 

to the fact that data were collected during the COVID pandemic and participants were more 
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stressed and may have been more likely to change their dietary habits. Also, there were no 

significant differences in V̇O2 peak between treatments to suggest that CG was significantly 

different than PG. Currently, no other study has evaluated effects of longer term, low dose, CBD 

on V̇O2 in similar populations. However, the findings from the present study are contrary to one 

recent randomized, double-blind pilot study that evaluated the effects of an acute oral CBD (300 

mg) dose on aerobic performance in endurance-trained men (n = 9) on two, separate occasions 

(Sahinovic et al., 2022). Researchers found that acute administration of CBD increased V̇O2 max 

(+ 0.1 ± 0.2 L/min) without increasing heart rate or rate of perceived exertion, leading the 

authors to speculate that a high dose of CBD taken just before aerobic activity may increase 

tissue vasodilation (Sahinovic et al., 2022). Although the aforementioned pilot study assessed the 

acute effects of a high dose, it also suggests that CBD may enhance aerobic performance. Other 

similar studies are more focused on exploring chronic cannabis consumption on V̇O2 max 

performance (Lisano et al., 2018, 2019), and cannabis administration before a V̇O2 test (Avakian 

et al., 1979; Renaud & Cormier, 1986). Despite these intriguing findings, more research which 

addresses the effects of both acute and long-term CBD treatments on V̇O2 max and 

cardiorespiratory fitness are needed in the future.  

Muscular Strength Measures 

At the pre-intervention time point, there were sex differences in BP and BS 1RM and no 

treatment differences. Generally, males had higher BP and BS 1RM values when compared to 

females. When considering relative strength, males lifted, on average, 1.2-times their bodyweight 

for BP and 1.4-times their bodyweight for BS, while females lifted, on average, 0.6-times their 

bodyweight for BP and 1-times their bodyweight for BS. Compared to other healthy and 

recreationally-trained males (n = 15) and females (n = 15; Seo et al., 2012), the males in the 
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present study had 3% lower BP 1RM values and 2.5% higher BS 1RM values, and the females in 

the present study had 5% higher BP 1RM values and 30% higher BS 1RM values. Given these 

findings, it was clear that the males and females in this study were similar and, even slightly 

stronger than other recreationally active males and the females.  

No differences were found with respect to measures of muscular strength between CG 

and PG as the result of the intervention, and there was no time by treatment by sex interaction. 

The findings of the present study are in agreement with a recent randomized, placebo-controlled, 

double-blind study with crossover design that found no effect of acute oral CBD (150 mg) on 

maximal voluntary isomeric contraction after a damaging eccentric protocol in the elbow flexors 

of untrained males (n = 13; Cochrane-Snyman et al., 2021). While the findings from the present 

study are interesting, this general area of inquiry is confounded by the type of strength measure, 

acute vs. chronic CBD administration, and a lack of female study participants.  

In the current study, CG-M and CG-F did not experience significant changes in both 

bench press and back squat 1RMs. Though these increases were not statistically significant, CG-

M experienced a 1% and 2.6% increase in bench press and back squat 1RM values, respectively 

and CG-F experienced a 2.5% and 8% increase in bench press and back squat 1RM values, 

respectively. Given these responses, it is plausible that CBD may be acting on downstream 

targets in a manner that preserves skeletal muscle with chronic resistance training. This idea was 

observed in one preclinical study (Langer et al., 2021), and is supported by one human study 

examining changes in concentrations of creatine kinase and myoglobin (Isenmann et al., 2021). 

However, it is important to note that biological sex may play a role in this response. In the 

current study, PG-M experienced a 2% and 5% increase in both BP and BS 1RM, respectively, 

and PG-F experienced a 1.2% decrease in bench press 1RM and 4% increase in back squat 1RM, 
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and these changes were not significantly different from CG-M and CG-F. A main effect of time 

was also observed in which back squat 1RM values for all groups increased by 5.4% by the post-

intervention time point. Thus, it is unknown whether molecular targets of CBD are only 

stimulated during strenuous training sessions and whether biological sex plays a role in this 

response.  

It is also unknown whether the CBD response, if any, to strenuous resistance training is 

similar in all skeletal muscle fiber types in both sexes. The current study found a main effect of 

sex on both strength measures, but no time by treatment by sex interactions, suggesting that sex 

influences upper and lower body strength measures regardless of long-term CBD use. Sex 

differences are documented in animal studies. One study showed that after an acute bout of 

eccentric exercise, female rats had less pronounced skeletal muscle fiber damage compared with 

male rats (Komulainen et al., 1999), and after a unilateral hindlimb muscle injury exercise, 

female mice experienced less leukocyte activation into damaged myofibers compared with males 

(St. Pierre Schneider et al., 1999). Human research also shows less leukocyte invasion after acute 

damaging eccentric exercise in females compared with males (Stupka et al., 2000). Thus, more 

research focused on understanding how CBD might influence the sex-related differences in 

strength measures and muscle physiology are necessary.  

Anaerobic Fitness Measures 

At the pre-intervention time point, all anerobic power outputs except anaerobic fatigue 

(AF) were significantly different between males and females and no differences in treatment 

were found. Sex differences in anaerobic fitness are typical in previous and current normative 

data (Borgert-Poepping et al., 2008; Maud & Shultz, 1986). Compared to previous normative 

data, male and female mean PP placed both groups in the 85-90th percentile (Above Average), 
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MP in the 60-70th percentile (Average), RPP placed both in the 60-70th percentile (Average), 

RMP placed males in the 60-80th percentile (Average) and females in the 5-10th percentile (Well 

Below Average), and AF placed both groups in the 5-10th percentile (Well Below Average; 

Maud & Shultz, 1986) Compared with updated normative data from other college-age 

individuals (unspecified number of participants per sex), males and females in the current study 

had 5% lower PP and 7.8% higher PP, respectively (Borgert-Poepping et al., 2008). Compared 

with 18–25-year-old intercollegiate athletes, males and females in the current study had 16% and 

9% lower PP, 18% and 14% lower MP, 15% and 16% lower RPP, and 17% and 21% lower 

RMP, respectively (Zupan et al., 2009). This classified male mean PP as “below average,” MP as 

“below average,” RPP as “below average” and RMP as “poor” (Zupan et al., 2009). This also 

classified female mean PP as “below average,” MP as “below average,” RPP as “below 

average,” and RMP as “poor” (Zupan et al., 2009). The AF for the males and females in the 

present study placed them in the 5th percentile (Well Below Average; Maud & Shultz, 1986).  

Mean PP, RPP, MP, RMP, and AF in CG and PG did not significantly change over the 

course of the intervention period, and there were no time by treatment by sex interactions. 

However, a time by treatment effect was found in which PG experienced a 9% decrease in mean 

PP (p = 0.006) and a 3% decrease in mean RPP compared to CG (p = 0.006). After 8 weeks, CG 

experienced a 2.5% increase in mean PP whereas PG experienced a 9% decrease in mean PP. 

These translated to a 2% and 2.5% increase in mean RPP for CG-M and CG-F, but a 9% and 

10% decrease in mean RPP for PG-M and PG-F, respectively. Participants were instructed to 

maintain their physical activity and the accelerometry data from this study supports this claim. 

These results suggest that it is possible for long-term CBD supplementation to attenuate 

decreases in peak anaerobic power over time.  
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A time by sex effect was also found in which females experienced a 4.5% decrease in 

mean MP (p = 0.021) and a 3.5% decrease in mean RMP compared to males (p = 0.018). With 

respect to mean MP, CG and PG experienced a 0.2% and 10% decrease in MP over the course of 

the intervention, respectively; however, these changes were not significant. Within CG, mean 

MP changes over time were different for males and females. In fact, CG-M and CG-F 

experienced a 2% and 4% increase in mean MP, respectively, and these increases translated to a 

1.4% increase in mean RMP for CG-M, but a 12% decrease in mean RMP for CG-F over the 

course of the intervention. Within PG, PG-M experienced a 1% increase in mean MP and PG-F 

experienced a 7% decrease in mean MP and these changes translated to no change in mean RMP 

for PG-M, but a 7% decrease in mean RMP for PG-F, respectively. In summary, females 

experienced a significant decrease in MP by the end of the study, regardless of CBD use. 

Additionally, a medium effect size of time for AF% was observed (p = 0.067, η2 = 0.078) at 95% 

[-1, .09], but no other large, main effects of time were found.  

The intervention suggests that the effect of CBD on mean PP and the influence of sex on 

mean MP may depend on the duration of the intervention. It is plausible that long-term CBD 

supplementation may not impair anaerobic power output but rather, act to maintain anaerobic 

power output during times of stress. These results also suggest that males and females may 

respond differently to anaerobic testing over time and this response may be influenced by long-

term CBD supplementation. This is the first study to explore the effect of chronic, low dose CBD 

over the course of 8 weeks on anerobic power output and there is currently no literature to use 

for comparison.  
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Mental Health and Cognition Surveys 

Given the gender gap in mental health (Green et al., 2019; Riecher-Rössler, 2017; 

Terlizzi & Norris, 2021) and the potential of CBD to affect mental health and wellbeing, scores 

were obtained at both pre-intervention and post-intervention time points to determine mental 

health status with a specific focus on eudaimonic wellbeing which refers to self-recognition as 

the full functioning of the person (Di Fabio & Palazzeschi, 2015). At the pre-intervention time 

point, there were no treatment differences. However, sex differences were observed in one of the 

6 aspects of PWB at the pre-intervention time point in which females had higher scores in 

purpose for life aspect when compared with males. No significant differences were found with 

respect to all other aspects of the PWB scale at the pre-intervention time point. These findings 

are similar to one study that found gender differences in Filipino, college-age males (n = 110) 

and females (n = 478) in which females had a significantly higher purpose in life scores than 

males (p < 0.001; Perez, 2012). The findings in the current study are also similar to another 

investigation of Westernized college-age males (n = 40) and females (n = 91) and found that 

females also had significantly higher purpose in life scores score than males (p = 0.002; Ludban 

& Gitimu, 2015). 

No sex or treatment differences with respect to cognitive function and cognitive function 

abilities T scores were found at the pre-intervention time point. These findings are similar to 

others that have compared cognitive function in normal, general populations. The mean cognitive 

function T score categorizes participants from the current study as typical (T score range from 

25-75), with males 3% below the male T score mean, and females 1% above the female mean in 

a sample of healthy males (n = 493) and females (n = 516) without neuropsychiatric disorders 

(Iverson et al., 2021). Cognitive function abilities T scores were similar to another study that 
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found no gender differences in healthy controls that were compared with a medical outpatient 

population (Saffer et al., 2015). Mean cognitive function abilities T scores from participants in 

this study were 1.8% and 2% lower than those healthy, non-depressed adult controls (n = 134) 

and non-anxious adult controls (n = 130; Saffer et al., 2015).  

No time by treatment by sex interactions were found for all 6 aspects of the PWB aspects 

and both cognitive scale T scores. However, there was main effect of time on three of the six 

PWB aspects. Mean personal growth, positive relation with others, purpose in life scores in 

significantly decreased by 5%, 7%, and 7% over the course of the intervention (p < 0.001, p = 

0.017, and p = 0.016, respectively). A main effect of sex was also found with respect to mean 

purpose in life scores in which females had 11.7% overall higher scores than males (p = 0.008). 

This finding could be attributed to timing of data collection which began January 2021 and 

ended March 2022. Decreased PWB and potentially overall retention and attrition rates may have 

been impacted by local (campus and community) and global events during this 17-month period 

of data collection. These events included economic and financial consequences from the 

coronavirus-19 pandemic, and major social and cultural events such as a controversial 

presidential election, the Tokyo Summer Olympics, and the Russia-Ukraine War. Other 

researchers agree that these types of disruptions significantly altered mental health and wellbeing 

(Moreno et al., 2020; Pfefferbaum & North, 2020). 

It was hypothesized that positive changes in PWB and cognition would be observed from 

long-term CBD use in this study due to evidence highlighting its protective effects against 

induced psychosis (Bhattacharyya et al., 2010; Bloomfield et al., 2020) and anxiety (Crippa et 

al., 2004). Compared to these previous acute CBD models in healthy men completing MRI 

analyses and cognitive function tasks, the current study results suggest that CBD may not 
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provide improvements or a resistance to decrements in cognition. Animal research already 

demonstrates that acute and chronic CBD administration improves measures of cognitive 

function and mental health (Barichello et al., 2012; Campos et al., 2015; Mori et al., 2017; 

Osborne, Solowij, Babic, et al., 2017; Sales et al., 2020; Schiavon et al., 2016). This finding has 

yet to be consistently shown in the literature. It is also necessary to include females in these 

studies. In fact, other studies have found that men and women perform cognitive tasks differently 

after consuming acute oral and vaporized CBD (Schoedel et al., 2018; Spindle et al., 2020).  

Biomarkers of Inflammation and Neural Health 

There were no sex differences in concentrations of CRP at the pre-intervention time 

point, and no interactions or main effects of time, treatment, or sex in the 3-way mixed ANOVA. 

Mean concentrations of CRP for total participants were 18% lower than concentrations of CRP 

of other healthy and active individuals (males: n = 405, females: n = 454) ages 25-75 years old 

(Pischon et al., 2003). When biological sex was taken into account, males and females in the 

current study had 53% and 9% lower concentrations of CRP compared to healthy men and 

women, respectively (Pischon et al., 2003). According to the CVD risk stratification literature 

(Lee et al., 2019; Ridker, 2003), individual CRP concentrations at the pre-intervention time point 

placed half of the participants in the present study (50%; males: n = 16, females: n = 12) in the 

low-risk category (serum CRP < 1 mg/L) for cardiovascular disease (CVD), while individual 

CRP values placed almost 24% of participants in the present study (22% males: n = 4 , females: 

n = 7) in the moderate-risk category for CVD (serum CRP 1-3 mg/L). Only a few (15%, males: n 

= 2, females: n = 5) CRP values placed individuals into the high-risk for CVD category (serum 

CRP >3 mg/L). Prior research shows that sex differences in concentrations of CRP are most 

attributed to differences in adiposity and BMI (Khera et al., 2009; Rexrode et al., 2003; Thorand 
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et al., 2006). An additional bivariate correlational analysis confirmed this association in the 

present study; concentrations of CRP were directly correlated with BF% (r = 0.571, p = 0.004), 

BMI (r = 0.448, p = 0.018), and BM (r = 0.649, p < 0.001) in females, but not in males. 

Additionally, concentrations of CRP were also inversely correlated with relative V̇O2 peak (r =  

-0.493, p = 0.014) only in females at the pre-intervention time point.  

The relationship of adiposity and CRP may also explain why a treatment by sex 

interaction was found with respect to total concentrations of CRP in which CG-F had greater 

mean concentrations of serum CRP when compared to both CG-M and PG-F. It is important to 

note that these values are the average concentrations of CRP from both pre- and post-

intervention time points and comparisons reflect the interaction of between-group factors as there 

were no main effect or interactions of time. Therefore, this finding suggests that the effect of 8 

weeks of CBD on concentrations of serum CRP depends on whether the user is male or female. 

This finding complements the aforementioned CBD survey-based studies which identified 

females as common CBD users who may not be meeting in ACSM physical activity 

recommendations (BrightfieldGroup, 2017; Corroon & Phillips, 2018; Fedorova et al., 2021; 

Wheeler, Merten, et al., 2020). The body size and composition measurements of the females in 

the present study are correlated with CRP concentrations and their IPAQ responses match this 

profile of typical CBD users. Interestingly, two interactions (time * sex and time * treatment * 

sex) were observed to have a medium effect size at a 95% confidence interval (time * sex: p = 

0.086, η2 = 0.069; time * treatment * sex: p = 0.086, η2 = 0.068); however, these interactions did 

not reach significance. This presents a fascinating finding and highlights the need for more 

research exploring chronic CBD administration on serum concentrations in CRP in males and 

females, as well as exploring the molecular underpinnings related to this change.  
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In the present study, mean concentrations of BDNF in males and females at the  

pre-intervention time point were all within normal ranges of reported serum concentrations of 

BDNF for healthy adults (8 to 46 ng/mL and 18 to 26 ng/mL; Dong et al., 2021; Elsner et al., 

2020; Kallies et al., 2019; Lisano et al., 2020; Szuhany & Otto, 2020; Toll et al., 2020; 

Trajkovska et al., 2007). A significant sex difference was found with respect to concentrations of 

BDNF in which females were 38% higher than males at the pre-intervention time point (p = 

0.025). This sex difference is supported in a large body of research that shows that circulating 

concentrations of BDNF are higher in women than in men (Collins et al., 2021; Glud et al., 

2019), with others suggesting that age, body composition, and mental and cognitive health affect 

the degree of change between males and females (Bus et al., 2011; Dong et al., 2021; Ihara et al., 

2016). However, a bivariate correlational analysis revealed that there were no significant 

relationships between resting concentrations of BDNF and age, BM, LBM, BF%, PWB aspects, 

and cognitive function scale T scores in the present study, at the pre-intervention time point, for 

both males and females. Overall, participants had normal, healthy ranges of resting 

concentrations of peripheral, serum BDNF. There were no additional treatment or treatment by 

sex interactions and main effects at the pre-intervention time point. 

Interestingly, there was a significant treatment by sex interaction in which overall mean 

concentrations of BDNF in PG-F were 43% greater than CG-F (p = 0.014) and 39% greater than 

PG-M (p = 0.008). It is important to note that overall BDNF concentrations are the total of both 

pre- and post-intervention time points. Thus, this suggests that the effect of CBD may be more 

pronounced in females compared with males. This is an interesting finding because mean 

concentrations of BDNF were 28% higher in males and 13% lower in females over the course of 

the intervention, but these were not significant, suggesting that CBD may not maintain or 
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attenuate losses in concentrations of BDNF in females. However, clinical studies with 

psychiatric populations suggest that CBD may have therapeutic effects in females that is 

correlated with improvements in concentrations of BDNF (Campos et al., 2016, 2017). It is 

possible that during times of stress, CBD has protective properties that may be more pronounced 

in females. This is demonstrated in animal models showing the agonistic effects of CBD on the 

inhibitory G-protein coupled receptor known as 5-beta hydroxytryptamine receptor 1, resulting 

in antiepileptic, antidepressant, and anti-anxiolytic effects (Campos et al., 2016; Sartim et al., 

2016). Although this suggests that females may experience positive changes in concentrations of 

BDNF with acute CBD, the current study did not observe this phenomenon and this underlying 

CBD mechanism is not confirmed in healthy, human females. It is possible that the 

concentrations of BDNF in CG-F reflect some degree of stress or mental health condition. 

However, there were no positive relationships with PWB aspects and concentrations of BDNF 

when bivariate correlational analyses were carried out by treatment and sex, and there were no 

indications of current psychiatric stress from the medical health questionnaire. Overall, the 

difference in total concentrations of BDNF between CG-F, PG-F, and PG-M present another 

fascinating finding which suggests that CBD may affect this neural health biomarker in both 

sexes differently.  

Limitations and Advantages 

The results of this study should be interpreted with caution due to several limitations. 

First and foremost, as this analysis was exploratory in nature, sample sizes were specifically 

powered by concentrations of CRP in individuals who underwent an exercise intervention. It was 

not specifically powered to detect sex differences nor differences in any other outcome. The 

resulting smaller sample size limits the generalizability of the study to other similar populations.  
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A second limitation is linked to the CBD intervention duration. This study involved 8 

weeks of daily CBD ingestion in healthy individuals and is similar to other long-term studies 

investigating CBD responses for 4 to 6 weeks in patients with schizophrenia (200 to 1,000 mg/d; 

Boggs et al., 2018; Leweke et al., 2012; McGuire et al., 2018), 13 weeks in patients with type 2 

diabetes and dyslipidemia (200 mg/d; Jadoon et al., 2016), 8 weeks in patients with Crohn’s 

disease (20 mg/d; Naftali et al., 2017), and for 10 weeks in patients with ulcerative colitis (50 to 

250 mg/d; Irving et al., 2018). Although the present study was similar in length to these clinical 

populations, it is unknown whether non-clinical populations respond in the same way. 

Neuropsychiatric populations also show improvements after 6-8 weeks, but with a possible need 

to combine additional cannabinoids for treatment of some neuropsychiatric disorders (Boggs et 

al., 2018; Leweke et al., 2012; McGuire et al., 2018). It is possible that the individuals in the 

current study adjusted to the 50 mg of CBD within the 8 weeks, and as a result, may have 

become desensitized or may have needed additional supplement compounds to experience 

changes in physical or mental health outcomes. It is also possible that the time was not long 

enough for CBD to be influential in the system due to low potency from low absorption rate; 

however, the current study had participants consume CBD (which was combined with MCT oil) 

after dinner to increase its bioavailability. Future plans to explore intervention lengths in healthy 

individuals should include assessing outcomes at more than two time points.  

The final limitation to this study was CBD dose, which may have been too small to 

observe a change in all physical and mental health outcomes. A CBD dose of 50 mg was chosen 

as it more closely resembles products available to (and used by) the general population. There is 

a wide range of doses used in other studies depending on neurological condition with an average 

CBD dose ranging anywhere from 1-5 mg/kg/d to 20 mg/kg/d (Silva et al., 2020). For example, 
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when considering a 67 kg female and 80 kg male (mean BM of both sexes in the current study), a 

CBD dose of 15 mg/kg/d, which is 5 mg/kg/d less than an experimental trial of CBD in Dravet 

Syndrome (Devinsky et al., 2017), would be equivalent to 1,005 mg (67 kg * 15 mg/kg/d) and 

1,200 mg (80 kg * 15 mg/kg/d) of CBD for each, respectively. Additionally, the BM of 

participants in the current study ranged from 49 to 106 kg, which would have resulted in uneven 

dosages from 750 mg to 1,250 mg, dosing similar to clinical trials in children and young adults 

that showed 20 mg/kg/d significantly reduced seizures (Devinsky et al., 2014, 2017, 2018). 

Although CBD has not demonstrated a potential for abuse and is well tolerated (Huestis et al., 

2019; Schoedel et al., 2018), there is limited information and inconclusive findings from human 

pharmacokinetic studies of healthy and patient populations, males and females, and cannabis 

naïve participants (Cooper & Craft, 2018; Nadulski et al., 2005; Williams et al., 2021). Thus, 

more dose-response trials are needed in healthy, non-clinical populations to better provide 

support for CBD doses. 

This study has a few strengths that should be noted. The results of this study add to the 

limited knowledge from randomized controlled trials in CBD-related research in recreationally 

active adult males and females. This study also provides critical knowledge for public health 

officials and healthcare professionals regarding the effects of CBD and its potential sex-related 

differences on anaerobic fitness and resting concentrations of CRP and BDNF. Lastly, this study 

also provides information on the effects of CBD on females, which is an important addition as 

many current CBD surveys show CBD users are predominantly female (Fedorova et al., 2021; 

Moltke & Hindocha, 2021; Wheeler, Merten, et al., 2020). 
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Conclusions and Future Directions 

 This study suggests that 8 weeks of CBD consumption does not alter body composition, 

cardiovascular measures, cardiorespiratory fitness, and muscular strength. However, results from 

this study suggest it may serve as a potential aid in preventing decreases in anerobic power 

output with respect to mean PP and MP, and that its effect on resting concentrations of CRP and 

BDNF are different between males and females.  

 Given the wide variety of CBD compounds, modes of delivery, and the very little that is 

known about the effects of CBD on the mental and physical status of otherwise healthy people, 

there is room for future high quality randomized, controlled clinical trials. Additionally, there is 

very little information about the potential for sex to influence the effects of CBD. This area of 

research is growing, and future funding may help support studies which expand our knowledge 

in the area.  
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