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Supplemental Methods 1

Inclusion Criteria
(a) Healthy individuals aged between 18–45 years
(b) Running an average of ≥40 km·wk-1 for the last month and able to sustain moderate intensity exercise for >60 minutes
(c) No reported use of cannabis or cannabinoids within the past 3 months as confirmed by a negative urine drug screen (UDS) at the medical screening; and
(d) Proficient in English and able to provide informed consent

For the purpose of this study, “healthy” is defined as the absence of an uncontrolled, physical health condition as assessed by a medical doctor (i.e., via a verbal medical history and physical examination); specific criteria for mental health conditions are set out below.  

Exclusion Criteria
(a) Cannabis dependence or any other drug or alcohol dependence, as per the International Statistical Classification of Diseases 10th Revision (ICD)-10 criteria [1] or at a medical doctor’s discretion;
(b) A history (self-reported) of allergic reaction (e.g., rhinitis, urticaria, contact dermatitis, anaphylaxis) to cannabis, cannabis products or cannabinoids;
(c) A history (self-reported) of a clinically significant adverse response to cannabidiol (CBD); 
(d) A history of a major psychiatric disorder within the previous 12 months, as per the Diagnostic and Statistical Manual of Mental Disorders (DSM)-V criteria [2] or at the medical doctor’s discretion, except, mild to moderate depression (score <20 on the Beck Depression Inventory [BDI] [3])or mild to moderate anxiety (score <16 on the Beck Anxiety Inventory [BAI] [4]); 
(e) A history of attempted suicide or current suicide ideation as determined by a score >0 on Question 9 of the Patient Health Questionnaire (PHQ)-9 [5];
(f) A (self-reported) history of, or current, cardiovascular, respiratory, renal, neurological, gastrointestinal, or endocrinological disorders;
(g) Pregnant or lactating. All female volunteers of child-bearing potential will be required to complete a human chorionic gonadotrophin (hCG) urine screen to rule out pregnancy at the medical screening and prior to each treatment session. All females of child-bearing potential and males with female partners must agree to use a reliable form of contraception during and one month following their participation in this project 
(h) An irregular menstrual cycle (i.e. varying in length by > 7 days/cycle) or amenorrhea 
(i) A major illness or injury that interrupted training for a period of ≥3 weeks during the past 3 months; 
(j) Inability to refrain from using anti-inflammatory medications (4 days) prior to each treatment session;
(k) Inability to refrain from consuming alcohol (24 h) and caffeine (12 h) prior to each treatment session;
(l) Inability to refrain from using cannabis, cannabinoids and illicit drugs while participating in this project; 
(m) Use of medications that may influence CBD metabolism (e.g. inducers or inhibitors of the CYP450 enzyme system);
(n) Use of medications handled by transporter proteins or CYP enzymes that are inhibited by CBD, such as anticoagulants, calcium channel blockers, beta blockers, sulfonylureas and anti-convulsants; 
(o) Required to complete mandatory drug testing for cannabis (e.g., workplace testing); and
(p) Competing in a World Anti-Doping Agency (WADA) sanctioned sporting event (within 3 months).
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Data Collection Procedures 

Exercising Heart Rate (HR)
Exercising HR was collected using a chest-strap heart monitor (Polar H10 HR Sensor, Polar Electro, Finland) connected to a smartphone app (Polar Beat, Polar Electro, Finland). Data was recorded at 20 minutes intervals during RUN 1 and at each 3 min interval of RUN 2. Maximal HR was recorded upon volitional exhaustion (RUN 2).

Blood Lactate and Glucose
Capillary blood samples were collected in singlicate upon cessation of RUN 1 and RUN 2 to measure glucose (AccuCheck ® Performa, Roche, Switzerland) and lactate (Lactate Scout 4, EKF Diagnostics, United Kingdom) concentrations. Calibration checks were performed daily on the Lactate Scout 4 meter and strips using control reagents of 2mmol.L-1 and 10mmol.L-1.

Fluid Loss
Nude body mass was measured Pre- and Post RUN 1 and Post RUN 2 to estimate fluid loss. Water intake and urinary losses were measured and factored into both estimations.

Feelings Scale
Feelings Scale (FS) ratings were used to assess affective valence at 20-minute intervals during RUN 1. Participants were informed that this rating should reflect the emotional component of their experience (i.e., perceived pleasure-displeasure) only.

Ratings of Perceived Exertion and Pain Ratings
Ratings of Perceived Exertion (RPE) on the Borg Scale were collected at 20-minute intervals during RUN 1. Participants were informed that the RPE should reflect how physically demanding task was perceived to be. Pain was also assessed at 20-minute intervals during RUN 1 on a 100 mm visual analogue scale (VAS) where 0 mm represented ‘not at all’ and 100 mm, ‘extremely’. Participants were informed that the Pain VAS rating should reflect perceived whole-body pain.
 
PACES
Enjoyment of exercise was assessed using the Physical Activity Enjoyment Scale (PACES) at Pre RUN 1, Post RUN 1 and Post RUN 2. Participants were informed that their Pre RUN 1 response should reflect their attitude to running in general, thereby serving as a baseline measure, and the Post RUN 1 and RUN 2 measures were to reflect their experience in each run.  The short-form PACES was also administered at 20-minute intervals during RUN 1 to capture the intra-exercise experience.

STAI and POMS
State anxiety and mood were measured at Baseline, Pre- and Post-RUN 1, Post-RUN 2 and 1 h Post-RUN 2 using the short-form Stat Trait Anxiety Inventory (STAI-S) [6] and short-form Profile of Moods State (POMS) [7].

Gastrointestinal (GI) Comfort
Participants rated their levels of ‘Abdominal Pain’, ‘Nausea’, ‘Heartburn’, ‘Regurgitation’, ‘Belching’, ‘Bloating’ and ‘Flatulence’ using 100 mm visual analogue scales (VAS) where 0 mm represented ‘not at all’ and 100 mm, ‘extremely’.



Seated Blood Pressure (BP) and Heart Rate (HR)
Seated BP and HR was measured at Baseline, Pre- and Post-RUN 1 and Post-RUN 2 using an automated sphygmomanometer (OMRON®, M2 Basic). Measurements were taken in duplicate or triplicate if systolic BP values differed by > 15 mmHg and averaged prior to analysis [8].

Next Day Sleep Quality and Muscle Soreness
Sleep quality (–5 = ’very poor’ to + 5 =’very good’) and muscle soreness ratings (0 = ’not at all’ to 10 = ’extremely’) were collected using Likert scales on the morning after each treatment session.

Blood Sampling 
Venous blood was collected from a cannula inserted into an antecubital forearm vein at Baseline, Pre-RUN 1, Post RUN 1, Post RUN 2, and 1h Post RUN 2. Blood was collected into 10mL pretreated EDTA and serum blood collection tubes (BD Vacutainer ®, BD, USA) and centrifuged at 2500RCF for 15 minutes (4°C) once the serum sample had clotted (approx. 15 minutes). Aliquots of supernatant were stored at − 80 °C until analysis.

Cannabinoid Analysis
Plasma was thawed and analysed using ultra-high performance liquid tandem mass spectrometry (UHPLC-MS/MS) and previously validated methods [34] to determine cannabinoid concentrations. Target analytes were CBD, 7-COOH-CBD, 7-OH-CBD, 6-OH-CBD, THC, 11-OH-THC and 11-COOH-THC. The maximum plasma CBD concentration (Cmax) and time to Cmax (Tmax) were estimated for each individual participant; specifically, Cmax was taken as the highest concentration of CBD measured in plasma and Tmax was taken as the timepoint at which Cmax occurred. 


Myoglobin (Myo), Creatine Kinase (CK) and Lipopolysaccharide (LPS) Analysis
Stored serum samples were analysed to determine circulating Myoglobin (EEL001, Invitrogen/ ThermoFisher ScientificWaltham, MA, USA), and Creatine Kinase (ab264617, Abcam, Cambridge, UK) concentrations using commercially available enzyme-linked immunosorbent assay (ELISA) kits. Circulating lipopolysaccharide (LPS) was determined using the limulus amebocyte lysate (LAL) chromogenic endpoint assay (HIT302; Hycult Biotech, Uden, The Netherlands). All assays were completed in accordance with the manufacturers’ instructions. All samples were analysed in duplicate. For each assay, all samples from a single participant were included on one assay plate to negate any inter-assay effects. The mean intra-assay coefficient of variation for sample replicates was for: Myoglobin 10.4%; CK 4.4%; and LPS 2.7%. Inter-assay coefficient of variation was for: Myoglobin 9.2%; CK 13.1 %; and LPS 12.9%.
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Post Hoc Analyses: Effects of Time

Secondary Outcomes
Descriptive statistics for all secondary outcomes are presented in the main paper (Table 2) and Supplementary Table 1, below. The results of the statistical analysis are presented in Table 3 of the main paper.

Cardiorespiratory and Metabolic Outcomes during RUN 1
Heart rate (HR), respiratory rate (RR), tidal volume (VT), minute ventilation (V̇E), rates of carbon dioxide production (V̇CO2), carbohydrate (CHOox) and fat oxidation (FATox), energy expenditure (EE), as well as the respiratory exchange ratio (RER) all demonstrated main effects of Time (all p’s < 0.001, except EE: p = 0.004).

Post hoc analyses revealed lower HR at 20-minutes of exercise (EX) compared to 40EX and 60EX (p’s < 0.001) and at 40EX compared to 60EX (p = 0.001). RR was lower at 24EX compared to both 37EX and 50EX (p’s < 0.001). VT was higher at 24EX compared to both 37EX and 50EX (p’s < 0.001) and V̇E was higher at 24EX (p < 0.001) and 37EX (p = 0.005) compared to 50EX. V̇CO2 and CHOox were higher at 24EX compared to 37EX and 50EX and at 37EX compared to 50EX (p’s < 0.001). FATox was higher at 24EX compared to 37EX and 50Ex (p’s < 0.001) and at 37EX compared to 50EX (p = 0.010). EE was higher at 24EX compared to 37EX (p = 0.001) and 50Ex (p < 0.001) and at 37EX compared to 50EX (p = 0.010). RER was higher at 24EX compared to 37EX and 50EX (p’s < 0.001)

Ratings of Perceived Exertion (RPE) and Pain during RUN 1
RPE (p < 0.001) and Pain ratings (p = 0.014) demonstrated main effects of Time with post hoc analyses revealing lower RPE at 20EX compared to 40EX and 60EX (p’s < 0.001) and lower ratings of Pain at 20EX compared to 60EX (p = 0.014).

Exercise Enjoyment (Physical Activity Enjoyment Scale; PACES)
Exercise enjoyment demonstrated a significant main effect of Time (p < 0.001) with post hoc analyses revealing higher enjoyment Post RUN 1 and Post RUN 2 compared to Pre RUN 1 (p’s < 0.001).

Profile of Moods (POMS) Questionnaire
The POMS subscales of Tension (p = 0.003), Fatigue (p < 0.001), Anger (p = 0.003), Vigour (p = 0.001) and Esteem (p < 0.001) all demonstrated main effects of Time. 

Post hoc analyses revealed lower ratings of Tension at Post RUN 1 (p < 0.001), Post RUN 2 (p = 0.011) and 1h Post RUN 2 (p < 0.001) compared to Baseline, and lower ratings 1h Post RUN 2 compared to Pre RUN (p = 0.001). Fatigue ratings were higher Post RUN 1 (p = 0.038), Post RUN 2 (p < 0.001) and 1h Post RUN 2 (p = 0.006) compared to Baseline, higher Post RUN 1 (p < 0.001), Post RUN 2 and 1h Post RUN 2 (p’s < 0.001) compared to Pre RUN 1 and lower 1h Post RUN 2 compared to Post RUN 2 (p < 0.001). Anger ratings were lower Pre RUN 1 (p = 0.009) and 1h Post RUN 2 (p = 0.004) compared to Baseline. Vigour ratings were lower Pre RUN 1 compared to Baseline (p = 0.031) and Post RUN 1 (p = 0.001). Esteem ratings were higher Post RUN 1 (p = 0.035) and 1h Post RUN 2 (p = 0.011) compared to Baseline, and higher Post RUN 1 (p = 0.005), Post RUN 2 (p = 0.020) and 1h Post RUN 2 (p = 0.001) compared to Pre RUN 1.


Gastrointestinal (GI) Comfort Ratings
Belching (p < 0.001) and Nausea (p = 0.020) both demonstrated main effects of Time (p = 0.028). 

Post hoc analyses of Belching revealed higher ratings Post RUN 1 compared to Baseline and Pre RUN 1 (p’s < 0.001), Post RUN 2 compared to Baseline (p = 0.014) and Post RUN 1 (p < 0.001), and 1h Post RUN 2 compared to Post RUN 1 (p < 0.001). Post hoc analyses of Nausea revealed higher ratings Post RUN 1 (p = 0.005) and Post RUN 2 (p = 0.001) compared to Pre RUN 1, and lower ratings 1h Post RUN 2 compared to Post RUN 2 (p = 0.041).

Resting HR and Blood Pressure (BP)
Resting HR, systolic and diastolic BP all demonstrated significant main effects of Time (p’s < 0.001).

Post hoc analysis revealed higher resting HR, systolic and diastolic BP at Post RUN 1 and Post RUN 2 compared to both Baseline and Pre RUN 1 (p’s < 0.001) and higher resting HR (p = 0.014), systolic BP (p < 0.001) and diastolic BP (p = 0.004) at Post RUN 2 compared to Post RUN 1.
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Post Hoc Analyses: Effects of Sex

Secondary Outcomes
Values for all outcomes that demonstrated a main effect of Sex are presented in Supplementary Table 3.

Cardiorespiratory and Metabolic Outcomes during RUN 1
Absolute and relative V̇O2 (p’s <0.001), tidal volume (VT; p = 0.008) and minute ventilation (V̇E; p = 0.045) demonstrated a significant main effect of Sex, with post hoc analyses revealing lower absolute and relative V̇O2 in females compared to males.

Pain
Pain ratings during RUN 1 demonstrated a significant main effect of Sex (p = 0.014), with post hoc analyses revealing lower ratings of pain in females compared to males.

Cardiorespiratory and Metabolic Outcomes during RUN 2
Relative V̇O2peak (p = 0.046), absolute V̇O2peak and V̇CO2peak (all p’s < 0.001), peak VT (p = 0.001) and V̇E (p < 0.001) demonstrated significant main effects of Sex, with post hoc analyses revealing lower values across all outcomes in females compared to males.

Lactate
Lactate concentrations upon cessation of RUN 2 demonstrated a significant main effect of Sex (p < 0.001), with post hoc analyses revealing lower concentrations in females compared to males.

Fluid Loss
Fluid loss during RUN 1 (p = 0.020) and RUN 2 (p = 0.048) demonstrated a significant main effect of Sex, with post hoc analyses revealing lower fluid loss during both runs in females compared to males.

Systolic Blood Pressure (BP)
Systolic BP demonstrated a significant main effect of Sex (p = 0.037), with post hoc analyses revealing a lower Systolic BP in females compared to males.

Pre-Exercise Body Weight
Body weight demonstrated a significant main effect of Sex (p = 0.002), with post hoc analyses revealing a lower body weight in females compared to males.

Supplementary Table 1. Descriptive statistics for resting physiological measures and questionnaires collected during each treatment session. All other descriptive statistics are presented in the main paper (Table 3).

	
	Placebo
(Mean  SD) or Median [IQR]
	50 mg CBD
(Mean  SD) or Median [IQR]
	300 mg CBD
(Mean  SD) or Median [IQR]

	
Resting Physiological Measures

	
	
	

	Resting HR (bpm)
	
	
	

	Baseline
	56 [52 – 62]
	57 [52 – 62]
	56 [50 – 60]

	Pre RUN 1
	60 [54 – 66]
	58 [50 – 68]
	55 [52 – 62]

	Post RUN 1
	102 [92 – 110]
	100 [89 – 108]
	102 [90 – 113]

	Post RUN 2
	106 [98 – 116]
	106 [96 – 115]
	109 [100 – 118]

	Systolic BP (mmHg)
	
	
	

	Baseline
	114 [107 – 120]
	118 [106 – 123]
	113 [104 – 123]

	Pre RUN 1
	120 [108 – 128]
	122 [113 – 128]
	116 [106 – 128]

	Post RUN 1
	131 [120 – 135]
	122 [114 – 130]
	124 [116 – 134]

	Post RUN 2
	147 [136 – 164]
	149 [135 – 157]
	148 [142 – 164]

	Diastolic BP (mmHg)
	
	
	

	Baseline
	70 [68 – 74]
	72 [69 – 76]
	69 [66 – 74]

	Pre RUN 1
	71 [66 – 78]
	72 [66 – 76]
	67 [62 – 75]

	Post RUN 1
	75 [73 – 77]
	73 [70 – 76]
	74 [70 – 79]

	Post RUN 2
	78 [72 – 80]
	78 [73 – 82]
	80 [71 – 84]

	
Questionnaires
	
	
	

	Physical Activity Enjoyment Scale
	
	
	

	Total Score (Scale: 18 – 126)
	
	
	

	Pre RUN 1
	35 [27 – 54]
	36 [29 – 54]
	37 [27 – 48]

	Post RUN 1
	45 [32 – 68]
	54 [ 36 – 78]
	52 [35 – 78]

	Post RUN 2
	47 [31 – 65]
	48 [36 – 63]
	52 [36 – 63]

	State Trait Anxiety Inventory
	
	
	

	Total Score (Scale: 6 – 24)
	
	
	

	Baseline
	8 [7 – 12]
	9 [7-11]
	9 [7 – 12]

	Pre RUN 1
	8 [6 – 11]
	9 [7 – 12]
	9 [6 – 12]

	Post RUN 1
	9 [8 – 12]
	9 [6 – 11]
	10 [7 – 12]

	Post RUN 2
	10 [7 – 13]
	10 [6 – 12]
	11 [8 – 13]

	1h Post RUN 2
	8 [6 – 10]
	9 [6 – 10]
	9 [7 – 10]

	Profile of Mood States
	
	
	

	Total Mood Disturbance (Scale: -44 – 116)
	
	
	

	Baseline
	-22 [-29 – -7]
	-19 [-26 – -13]
	-19 [-31 – -10]

	Pre RUN 1
	-22 [-29 – -10]
	-17 [-26 – -10]
	-19 [-26 – -6]

	Post RUN 1
	-23 [-28 – -13]
	-23 [-27 – -14]
	-22 [-29 – -7]

	Post RUN 2
	-16 [-25 – -8]
	-16 [-24 – -6]
	-15 [-24 – -5]

	1h Post RUN 2
	-20 [-29 – -11]
	-22 [-28 – -10]
	-18 [-27 – -7]

	Tension (Scale: 0 – 24)
	
	
	

	Baseline
	1 [0 – 4]
	1 [0 – 4]
	1 [0 – 4]

	Pre RUN 1
	0 [0 – 3]
	0 [0 – 5]
	1 [0 – 2]

	Post RUN 1
	0 [0 – 1]
	0 [0 – 3]
	1 [0 – 3]

	Post RUN 2
	1 [0 – 3]
	0 [0 – 1]
	1 [0 – 2]

	1h Post RUN 2
	0 [0 – 1]
	0 [0 – 2]
	0 [0 – 1]

	Depression (Scale: 0 – 24)
	
	
	

	Baseline
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 0]

	Pre RUN 1
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 0]

	Post RUN 1
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 0]

	Post RUN 2
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 0]

	1h Post RUN 2
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 0]

	Fatigue (Scale: 0 – 20)
	
	
	

	Baseline
	2 [0 – 4]
	0 [0 – 4]
	1 [0 – 4]

	Pre RUN 1
	0 [0 – 2]
	0 [0 – 3]
	1 [0 – 4]

	Post RUN 1
	2 [1 – 4]
	2 [0 – 5]
	3 [2 – 5]

	Post RUN 2
	4 [2 – 9]
	6 [1 – 9]
	6 [2 – 10]

	1h Post RUN 2
	2 [1 – 6]
	2 [0 – 6]
	4 [1 – 6]

	Confusion (Scale: 0 – 20)
	
	
	

	Baseline
	0 [0 – 2]
	0 [0 – 2]
	0 [0 – 2]

	Pre RUN 1
	0 [0 – 2]
	0 [0 – 1]
	0 [0 – 1]

	Post RUN 1
	0 [0 – 2]
	0 [0 – 1]
	0 [0 – 1]

	Post RUN 2
	1 [0 – 2]
	0 [0 – 2]
	0 [0 – 2]

	1h Post RUN 2
	0 [0 – 1]
	0 [0 – 2]
	0 [0 – 2]

	Anger (Scale: 0 – 28)
	
	
	

	Baseline
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 1]

	Pre RUN 1
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 0]

	Post RUN 1
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 0]

	Post RUN 2
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 0]

	1h Post RUN 2
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 0]

	Vigour (Scale: 0 – 24)
	
	
	

	Baseline
	8 [5 – 15]
	7 [5 – 11]
	7 [4 – 14]

	Pre RUN 1
	8 [3 – 14]
	6 [4 – 10]
	5 [3 – 11]

	Post RUN 1
	7 [4 – 16]
	10 [6 – 12]
	7 [4 – 12]

	Post RUN 2
	6 [4 – 12]
	8 [5 – 11]
	8 [3 – 12]

	1h Post RUN 2
	6 [4 – 12]
	9 [4 – 12]
	6 [4 – 11]

	Esteem (Scale: 0 – 20)
	
	
	

	Baseline
	18 [14 – 20]
	16 [13 – 20]
	16 [12 – 19]

	Pre RUN 1
	17 [13 – 20]
	16 [11 – 19]
	16 [11 – 19]

	Post RUN 1
	19 [12 – 20]
	18 [12 – 20]
	17 [12 – 21]

	Post RUN 2
	17 [14 – 20]
	17 [14 – 20]
	17 [13 – 20]

	1h Post RUN 2
	18 [14 – 20]
	17 [14 – 20]
	17 [14 – 20]

	Gastrointestinal Discomfort
	
	
	

	Abdominal Discomfort (Scale: 0-100)
	
	
	

	Baseline
	0 [0 – 5]
	0 [0 – 6]
	0 [0 – 5]

	Pre RUN 1
	0 [0 – 3]
	0 [0 – 7]
	0 [0 – 3]

	Post RUN 1
	0 [0 – 5]
	0 [0 – 9]
	0 [0 – 9]

	Post RUN 2
	0 [0 – 4]
	0 [0 – 7]
	0 [0 – 9]

	1h Post RUN 2
	0 [0 – 3]
	0 [0 – 6]
	0 [0 – 4]

	Abdominal Pain (Scale: 0-100)
	
	
	

	Baseline
	0 [0 – 3]
	0 [0 – 2]
	0 [0 – 5]

	Pre RUN 1
	0 [0 – 1]
	0 [0 – 2]
	0 [0 – 0]

	Post RUN 1
	0 [0 – 0]
	0 [0 – 2]
	0 [0 – 5]

	Post RUN 2
	0 [0 – 1]
	0 [0 – 2]
	0 [0 – 5]

	1h Post RUN 2
	0 [0 – 0]
	0 [0 – 2]
	0 [0 – 2]

	Belching (Scale: 0-100)
	
	
	

	Baseline
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 1]

	Pre RUN 1
	0 [0 – 1]
	0 [0 – 2]
	0 [0 – 2]

	Post RUN 1
	0 [0 – 4]
	0 [0 – 9]
	0 [0 – 6]

	Post RUN 2
	0 [0 – 1]
	0 [0 – 0]
	0 [0 – 2]

	1h Post RUN 2
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 1]

	Bloating (Scale: 0-100)
	
	
	

	Baseline
	0 [0 – 5]
	0 [0 – 10]
	0 [0 – 5]

	Pre RUN 1
	0 [0 – 7]
	0 [0 – 8]
	0 [0 – 10]

	Post RUN 1
	0 [0 – 5]
	0 [0 – 8]
	0 [0 – 9]

	Post RUN 2
	0 [0 – 5]
	0 [0 – 10]
	0 [0 – 5]

	1h Post RUN 2
	0 [0 – 3]
	0 [0 – 7]
	0 [0 – 3]

	Flatulence (Scale: 0-100)
	
	
	

	Baseline
	0 [0 – 2]
	0 [0 – 7]
	0 [0 – 2]

	Pre RUN 1
	0 [0 – 1]
	0 [0 – 5]
	0 [0 – 2]

	Post RUN 1
	0 [0 – 5]
	0 [0 – 9]
	0 [0 – 6]

	Post RUN 2
	0 [0 – 1]
	0 [0 – 5]
	0 [0 – 3]

	1h Post RUN 2
	0 [0 – 0]
	0 [0 – 4]
	0 [0 – 2]

	Nausea (Scale: 0-100)
	
	
	

	Baseline
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 3]

	Pre RUN 1
	0 [0 – 1]
	0 [0 – 0]
	0 [0 – 1]

	Post RUN 1
	0 [0 – 3]
	0 [0 – 3]
	0 [0 – 5]

	Post RUN 2
	0 [0 – 2]
	0 [0 – 3]
	1 [0 – 5]

	1h Post RUN 2
	0 [0 – 0]
	0 [0 – 2]
	0 [0 – 4]

	Regurgitation (Scale: 0-100)
	
	
	

	Baseline
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 0]

	Pre RUN 1
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 0]

	Post RUN 1
	0 [0 – 0]
	0 [0 – 1]
	0 [0 – 1]

	Post RUN 2
	0 [0 – 1]
	0 [0 – 1]
	0 [0 – 1]

	1h Post RUN 2
	0 [0 – 0]
	0 [0 – 0]
	0 [0 – 1]


Values are mean  SD or median [IQR], as appropriate (i.e., where the data are normal and non-normal, respectively). SD: Standard Deviation; IQR: Interquartile Range. BP: Blood pressure; HR: Heart rate.

Supplementary Table 2. Descriptive statistics for plasma cannabidiol and metabolite concentrations during each treatment session

	
	Placebo
(Mean  SD) or Median [IQR]
	50 mg CBD
(Mean  SD) or Median [IQR]
	300 mg CBD
(Mean  SD) or Median [IQR]

	
	
	
	

	Cannabinoids

	CBD (ngmL-1)
	
	
	

	Baseline
	0.0 [0.0 – 0.00]
	0.00 [0.00 – 0.00]
	0.00 [0.00 – 0.00]

	Pre RUN 1
	0.0 [0.0 – 0.00]
	0.00 [0.00 – 0.00]
	0.00 [0.00 – 8.67]

	Post RUN 1
	0.0 [0.0 – 0.00]
	7.17 [4.14 – 9.94]
	87.34 [54.51 – 129.19]

	Post RUN 2
	0.0 [0.0 – 0.00]
	11.73 [6.22 – 15.28]
	129.88 [86.18 – 187.43]

	1h Post RUN 2
	0.0 [0.0 – 0.00]
	7.35 [2.77 – 8.56]
	80.11 [51.92 – 117.42]

	6-OH-CBD (ngmL-1)
	
	
	

	Baseline
	0.0 [0.0 – 0.00]
	0.00 [0.00 – 0.00]
	0.00 [0.00 – 0.00]

	Pre RUN 1
	0.0 [0.0 – 0.00]
	0.00 [0.00 – 0.00]
	0.00 [0.00 – 0.00]

	Post RUN 1
	0.0 [0.0 – 0.00]
	0.00 [0.00 – 0.00]
	1.60 [1.09 – 3.23]

	Post RUN 2
	0.0 [0.0 – 0.00]
	0.00 [0.00 – 0.00]
	1.58 [0.25 – 2.24]

	1h Post RUN 2
	0.0 [0.0 – 0.00]
	0.00 [0.00 – 0.00]
	0.25 [0.25 – 1.40]

	7-OH-CBD (ngmL-1)
	
	
	

	Baseline
	0.00 [0.00 – 0.00]
	0.00 [0.00 – 0.00]
	0.00 [0.00 – 0.00]

	Pre RUN 1
	0.00 [0.00 – 0.00]
	0.00 [0.00 – 0.00]
	0.00 [0.00 – 1.32]

	Post RUN 1
	0.00 [0.00 – 0.00]
	0.25 [0.00 – 1.93]
	19.86 [6.01 – 24.34]

	Post RUN 2
	0.00 [0.00 – 0.00]
	0.25 [0.00 – 1.65]
	13.90 [6.66 – 17.82]

	1h Post RUN 2
	0.00 [0.00 – 0.00]
	0.00 [0.00 – 0.25]
	7.71 [5.77 – 13.12]

	7-COOH-CBD (ngmL-1)
	
	
	

	Baseline
	0.00 [0.00 – 0.25]
	0.00 [0.00 – 1.77]
	0.00 [0.00 – 0.00]

	Pre RUN 1
	0.00 [0.00 – 0.25]
	1.47 [0.00 – 2.90]
	2.41 [0.25 – 60.35]

	Post RUN 1
	0.00 [0.00 – 0.25]
	48.36 [30.97 – 70.72]
	546.79 [357.04 – 677.43]

	Post RUN 2
	0.00 [0.00 – 0.25]
	65.37 [44.28 – 89.91]
	651.15 [516.77 – 887.41]

	1h Post RUN 2
	0.00 [0.00 – 0.25]
	59.91 [41.40 – 102.87]
	708.61 [517.43 – 835.47]

	
	
	
	


Values are mean  SD or median [IQR], as appropriate (i.e., where the data are normal and non-normal, respectively). SD: Standard Deviation; IQR: Interquartile Range.

Supplementary Table 3. Descriptive statistics for outcomes that demonstrated significant main effects of Sex.

	
	Male (N = 16)
(Mean  SD) or Median [IQR]
	Female (N = 9)
(Mean  SD) or Median [IQR]

	
	
	

	RUN 1

	
	

	Relative V̇O2 (mLkgmin-1)
	
	

	24EX
	37.5 [35.0 – 39.2]  
	34.0 [32.3 – 35.9]

	37EX
	36.9 [33.9 – 39.0]
	34.2 [32.5 – 35.8]

	50EX
	36.3 [33.7 – 38.6]
	33.6 [32.4 – 35.7]

	Absolute V̇O2 (mLmin-1)
	
	

	24EX
	2572 [2482 – 2856]
	1982 [1860 – 2096]

	37EX
	2551 [2432 – 2923]
	1991 [1854 – 2096]

	50EX
	2527 [2419 – 2852]
	1984 [1826 – 2078]

	V̇CO2 (mLmin-1)
	
	

	24EX
	2568 [2281 – 2742]
	1875 [1714 – 1982]

	37EX
	2392 [2181 – 2736]
	1863 [1642 – 1959]

	50EX
	2347 [2156 – 2623]
	1818 [1607 – 1915]

	CHO Oxidation (gmin-1)
	
	

	[bookmark: _Hlk201311407]24EX
	3.1 [2.5 – 3.4]
	2.1 [1.8 – 2.4]

	37EX
	2.8 [2.3 – 3.2]
	2.04 [1.6 – 2.2]

	50EX
	2.6 [2.1 – 3.0]
	1.81 [1.5 – 2.2]

	Energy Expenditure (kJmin-1)
	
	

	24EX
	59.0 [52.7 – 61.8]
	43.1 [39.3 – 45.3]

	37EX
	54.3 [51.5 – 63.2]
	43.0 [38.6 – 44.9]

	50EX
	53.7 [51.1 – 60.8]
	42.1 [37.9 – 44.6]

	Tidal Volume (mL)
	
	

	24EX
	1902 [1706 – 2213]
	1401 [1289 – 1504]

	37EX
	1797 [1507 – 1957]
	1308 [1244 – 1446]

	50EX
	1729 [1523 – 1909]
	1307 [1206 – 1452]

	Minute Ventilation (Lmin-1)
	
	

	24EX
	67.6 [63.9 – 75.4]
	54.6 [51.9 – 61.5]

	37EX
	67.0 [64.6 – 73.8]
	55.1 [52.0 – 61.5]

	50EX
	66.5 [63.9 – 72.5]
	54.6 [50.9 – 61.4]

	Pain (Scale: 0 – 100)
	
	

	20EX
	15 [10 – 26]
	5 [0 – 10]

	40EX
	15 [10 – 31]
	5 [0 – 10]

	60EX
	15 [10 – 36]
	5 [0 – 10]

	Fluid Loss (L)
	1.1 [1.0 – 1.2]
	0.8 [0.7 – 1.0]

	
	
	

	
RUN 2

	
	

	Relative V̇O2peak (mLkgmin-1)
	54.0 ± 7.7
	48.3 ± 6.2

	Absolute V̇O2peak (mLmin-1)
	3962 [3196 – 4263]
	2881 [2653 – 2944]

	V̇CO2peak (mLmin-1)
	4402 [3533 – 4791]
	3107 [2897 – 3221]

	Peak Tidal Volume (mL)
	2391 [2260 – 2769]
	1950 [1753 – 2150]

	Peak Minute Ventilation (Lmin-1)
	128.6 [107.8 – 143.4]
	94.0 [89.1 – 103.0]

	Fluid Loss (L)

	0.5 [0.3 – 0.6]
	0.3 [0.2 – 0.3]

	Other
	
	

	Systolic BP (mmHg)
	
	

	Baseline
	121 [113 – 126]
	105 [98 – 109]

	Pre RUN 1
	126 [120 – 133]
	107 [102 – 115]

	Post RUN 1
	131 [122 – 136]
	118 [112 – 124]

	Post RUN 2
	150 [138 – 173]
	147 [135 – 158]

	Body Weight (kg)
	71.1 ± 6.5
	59.3 ± 10.4




Values are mean  SD or median [IQR], as appropriate (i.e., where the data are normal and non-normal, respectively). SD: Standard Deviation; IQR: Interquartile Range. BP: blood pressure; bpm: beats per minute; V̇CO2: Rate of carbon dioxide production; V̇O2: Rate of oxygen consumption; EX: minutes of exercise. 

	
Supplemental Figures
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Fig S1 Other respiratory parameters collected during RUN 2. a. Absolute V̇O2peak; b. Absolute V̇CO2peak; c. Peak Respiratory Rate; d. Peak Tidal Volume; e. Peak Minute Ventilation. CBD50: 50mg CBD; CBD300: 300mg CBD; V̇O2peak: peak rate of oxygen consumption; V̇CO2peak: peak rate of carbon dioxide production. Individual shapes represent individual participants; bars represent mean values.
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Fig S2 Fluid loss during RUN 1 (a) and RUN 2 (b). CBD50: 50mg CBD; CBD300: 300mg CBD. Individual shapes represent individual participants; bars represent mean values. 
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Fig S3 State Anxiety (a) and Mood Disturbance (b) Scores. CBD50: 50mg CBD; CBD300: 300mg CBD; BSL: Baseline; PRE: Pre RUN 1; POST: 1h Post RUN 2; POMS: Profile of Mood States; STAI-S: Short-form State Trait Anxiety Inventory; TMD: Total Mood Disturbance. Higher STAI-S scores indicate higher levels of anxiety. Higher POMS TMD scores indicate higher negative mood disturbance. Values are Mean ± SD.


[image: ]
Fig S4 Profile of Moods State (POMS) Subscale Scores. a. Tension, b.  Depression, c.  Fatigue, d. Confusion, e. Anger, f. Vigour, g. Esteem. CBD50: 50mg CBD; CBD300: 300mg CBD; BSL: Baseline; PRE: Pre RUN 1; POST: 1h Post RUN 2. Values are Mean ± SD. a: differs from Baseline, b: differs from Pre RUN 1, c: differs from Post RUN 1, d: differs from Post RUN 2 (p’s <0.05).
 
[image: ]
Fig S5 Gastrointestinal comfort ratings on 100 mm VASs. a. Abdominal Discomfort, b.  Abdominal Pain, c.  Belching, d. Bloating, e. Flatulence, f. Nausea, g. Regurgitation. CBD50: 50mg CBD; CBD300: 300mg CBD; BSL: Baseline; PRE: Pre RUN 1; POST: 1h Post RUN 2; VAS: Visual Analogue Scale. Values are Mean ± SD. a: differs from Baseline, b: differs from Pre RUN 1, c: differs from Post RUN 1, d: differs from Post RUN 2, *: CBD300 differs from Placebo (p’s <0.05); **: CBD50 differs from Placebo (p’s <0.05).
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Fig S6 Next day ratings of muscle soreness (a) and sleep quality (b). CBD50: 50mg CBD; CBD300: 300mg CBD; ‘+’ represents the mean value.
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