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2

27 ABSTRACT 

28 Introduction: The non-intoxicating plant-derived cannabinoid, cannabidiol (CBD), has 

29 demonstrated therapeutic potential in many clinical conditions, including epilepsy, anxiety 

30 and psychosis. Most successful clinical trials have utilised relatively high (≥ 300 mg) oral doses 

31 of CBD. Relatively few studies have investigated the efficacy of lower (<300 mg) oral doses, 

32 typical of those available in over-the-counter CBD products. 

33

34 Methods: We present a protocol for a randomised, double-blind, placebo-controlled, parallel-

35 group clinical trial investigating the effects of a low oral dose (150 mg) of CBD on acute 

36 psychosocial stress, situational anxiety, motion sickness and cybersickness in healthy 

37 individuals. Participants (n=74) will receive 150 mg of CBD or a matched placebo 90 minutes 

38 before completing three virtual reality (VR) challenges (tasks) designed to induce transient 

39 stress and motion sickness: (1) a 15-minute "Public Speaking" task; (2) a 5-minute "Walk the 

40 Plank" task (above a sheer drop); and (3) a 5-minute "Rollercoaster Ride" task. The primary 

41 outcomes will be self-reported stress and nausea measured on 100-mm visual analogue 

42 scales. Secondary outcomes will include salivary cortisol concentrations, skin conductance, 

43 heart rate, and vomiting episodes (if any). Statistical analyses will test the hypothesis that CBD 

44 reduces nausea and attenuates subjective, endocrine, and physiological responses to stress 

45 compared to placebo. This study will indicate whether low-dose oral CBD has positive effects 

46 in reducing acute psychosocial stress, situational anxiety, motion sickness and cybersickness.

47

48 Ethics and dissemination: The University of Sydney Human Research Ethics Committee has 

49 granted approval (2023/307, Version 1.5, 28th September 2023). Study findings will be 

50 disseminated in a peer-reviewed journal and at academic conferences.

51

52 Trial Registration Number: ACTRN12623000872639 (ANZCTR public trials registry, registered 

53 15th August 2023).

54

55 Keywords: cannabidiol (CBD), nausea, anxiety, virtual reality. 

56

57

Page 2 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

3

58 STRENGTHS AND LIMITATIONS OF THIS STUDY

59

60  This study will use a robust randomised, double-blind, placebo-controlled design to 

61 investigate the effects of a low oral dose (150 mg) of cannabidiol. 

62  Virtual reality (VR) will be used to administer safe, realistic, and precisely reproducible 

63 test paradigms that induce transient stress and nausea in healthy volunteers.

64  This study will provide novel insights into the potential efficacy of low doses of CBD to 

65 ameliorate stress and nausea, with possible relevance to clinical populations. 

66  The study only involves a single test session in a laboratory environment and may, 

67 therefore, lack ecological validity.
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89 1. INTRODUCTION 

90 Cannabidiol (CBD) is a non-intoxicating constituent of the Cannabis sativa plant [1, 2]. 

91 It has a good safety and tolerability profile [3-7] and a diverse range of pharmacological 

92 targets, including the serotonin receptors (e.g., 5-HT1A), G protein-coupled receptors (e.g., 

93 GPR55 and GPR18) and transient receptor potential ion channels (e.g. TRPA1) [8-10]. CBD has 

94 demonstrated therapeutic potential in several clinical conditions [4, 5], including 

95 anticonvulsant effects in paediatric epilepsy [11-13], anxiolytic effects in anxiety disorders 

96 [14, 15], antipsychotic effects in schizophrenia [16, 17] and "anti-addiction" effects in 

97 substance use disorders [18, 19]. These clinical benefits are typically observed at relatively 

98 high oral doses of CBD (e.g., ~300-1500mg) [4, 5]. 

99 In regions such as North America and Europe, CBD is available as both a prescription 

100 drug and a ‘nutraceutical product’ [20]. These nutraceutical or "wellness" products are 

101 typically oral formulations (e.g., oils, capsules, gummies) that contain low doses of CBD (i.e., 

102 ≤150 mg/day) and are widely available in health food stores and pharmacies [20, 21]. In 

103 Australia, regulation of “low-dose CBD products” (containing ≤150 mg/day) was recently 

104 eased to allow patients without a prescription access to registered products in pharmacies. 

105 However, registration of such products requires approval by Australia's medicines regulator 

106 based on demonstrated efficacy and safety [22]. With no products having been registered in 

107 the ~3 years since these regulatory changes were enacted (December 2020) [22], questions 

108 about whether CBD can demonstrate efficacy at these lower doses have been raised.  

109 Indeed, a recent review found little high-quality evidence to support the efficacy of 

110 CBD (in any conditions) at doses ≤200 mg. This review acknowledged, however, that such 

111 doses were under-studied [21]. Some promising results have been obtained with public 

112 speaking tasks designed to induce "psychosocial stress" in healthy volunteers when 300 mg 

113 CBD was administered [23, 24]. Therefore, further research investigating the anxiolytic effects 

114 of low to moderate oral doses of CBD is warranted. It should be noted that the oral 

115 bioavailability of CBD is limited (~13-19%) [25]; therefore, oral formulations containing 

116 constituents that enhance the oral bioavailability of CBD may allow greater efficacy at lower 

117 doses; such a formulation will be used in the current study.

118 Virtual reality (VR) technologies are increasingly being used to investigate 

119 psychosocial stress and anxiety in laboratory studies [26, 27]. This approach allows for 
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120 minimal resourcing relative to "real-world" studies, customisable and reproducible test 

121 paradigms and the accurate monitoring and recording of key outcomes [27, 28]. Furthermore, 

122 VR provides the advantage of simulating physiologically-provoking activities without real 

123 danger e.g., walking a plank over a sheer drop. However, the use of VR is often accompanied 

124 by motion sickness (a pattern of symptoms that arise from exposure to stimuli involving 

125 significant visual or physical motion) and cybersickness (a sub-type of motion sickness that 

126 arises specifically due to exposure to VR) [29-32]. Interestingly, CBD has shown anti-nausea 

127 and anti-emetic effects in preclinical studies involving laboratory animals [33-35] and in 

128 human studies when used in combination with 9-tetrahydrocannabinol to treat 

129 chemotherapy-induced nausea and vomiting [36]. Accordingly, the current study will 

130 investigate CBD's possible anti-nausea effects in participants by exposure to VR scenarios [27].

131 We have developed a series of  three unique VR challenges for the current trial. The 

132 "Public Speaking" task was adapted from studies that explored the anxiolytic effects of CBD 

133 during public speaking challenges [23, 24, 37] and will allow us to determine the effects of 

134 CBD during social threat (i.e., psychosocial stress). The 5-minutes "Walk the Plank" task has 

135 been modified from previous VR studies requiring participants to walk along a narrow virtual 

136 plank above a precipitous drop, inducing physiological markers of acute anxiety [38-40] (i.e., 

137 "situational anxiety"). Finally, the "Rollercoaster Ride" task challenges participants to 

138 complete two rounds of a virtual rollercoaster ride and has been modelled from VR 

139 rollercoaster ride paradigms that have been reliably used to induce motion sickness and 

140 cybersickness in participants [30, 41, 42]. 

141 In summary, the current protocol describes a study that aims to investigate the effects 

142 of low-dose (150 mg) CBD versus placebo on virtual reality (VR)-induced acute psychosocial 

143 stress, situational anxiety, acute motion sickness and cybersickness in healthy individuals. 

144

145 2. METHODS

146 2.1 Study design 

147 This study is a randomised, double-blind, placebo-controlled, parallel-group, clinical 

148 trial comparing the efficacy of low-dose CBD (150 mg) versus placebo. The study is known as 

149 the CAPSTAN (Cannabidiol for Acute Psychosocial Stress and Nausea) clinical trial. A crossover 
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150 design was deemed unsuitable due to the high likelihood of trial-order effects (e.g., 

151 habituation to the VR scenarios) [30]. 

152 The trial sponsor is the University of Sydney, and the trial site is the Brain and Mind 

153 Centre in Sydney, Australia. The study has been approved by the University of Sydney Human 

154 Research Ethics Committee (HREC; 2023/307, Version 1.5, 28th September 2023) and 

155 registered on the Australian New Zealand Clinical Trials Registry (ACTRN12623000872639, 

156 15th August 2023). The study is financially supported by the Lambert Initiative for 

157 Cannabinoid Therapeutics, a philanthropically funded centre for cannabinoid research at the 

158 University of Sydney. Recruitment commenced on 9th October 2023 and is anticipated to 

159 conclude in mid-2024. 

160

161 2.2 Participant Population 

162 2.2.1 Inclusion Criteria

163 We aim to recruit 74 participants who will be: (a) healthy adults aged between 18 and 

164 50 years; (b) proficient in English and able to provide informed consent;  (c) residing in the 

165 Greater Sydney region of New South Wales, Australia; and (d) willing to follow the protocol 

166 requirements. 

167

168 2.2.2 Exclusion Criteria 

169 The following exclusion criteria will apply:

170 a. Self-reported regular use (i.e., more than twice weekly) of:

171 i. Cannabinoid-containing products (e.g., cannabis or CBD) 

172 ii. Psychotropic drugs (prescriptive or illicit) (e.g., cannabis, amphetamines, 

173 cocaine, ecstasy (MDMA), LSD (acid), antidepressants, antiepileptics, opioids, 

174 benzodiazepines) 

175 iii. Medication that may affect the stress response (e.g., corticosteroids, beta-

176 blockers) 

177 b. Self-reported history of allergic reaction (e.g., urticaria or anaphylaxis) to cannabis or 

178 cannabinoid-containing products.
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179 c. Self-reported history of liver disease, renal disease, epilepsy or heart disease 

180 (excluding medically controlled high blood pressure <140/90mmHg). 

181 d. Current (i.e., within the past 2 weeks) otologic (vestibular) disease.

182 e. A history of repeated episodes of syncope. 

183 f. Pregnant, lactating, or trying to conceive.

184 g. Self-reported history of drug and/or alcohol dependence (or suspected drug and/or 

185 alcohol dependence as determined by the trial physician).

186 h. A medically diagnosed anxiety disorder (e.g., social anxiety disorder) within the past 

187 12 months.

188 i. Current suicidal ideation (i.e., a score >0 on Question 9 of the Patient Health 

189 Questionnaire) or suspected suicidal ideation as determined by the trial physician.

190 j. Current depression, anxiety, and stress scores outside the 'healthy range' on the 

191 Depression Anxiety Stress Scale-21 [43] (i.e., > moderate scores for depression (>20), 

192 anxiety (>14) and stress (>25)).

193 k. An uncontrolled chronic medical condition (mental or physical).

194 l. Self-reported high vulnerability to cybersickness or motion sickness.

195 m. Frequent (i.e., more than weekly) use of VR technologies, which tends to produce 

196 desensitisation towards cybersickness [30]. 

197 n. Self-reported intense fear of heights.

198

199 2.2.3 Recruitment and Retention

200 Participants will be recruited via social media, word of mouth, printed or online 

201 study advertisements and direct emails to individuals who have previously registered their 

202 interest in participating in clinical trials with the Lambert Initiative for Cannabinoid 

203 Therapeutics. Participation is voluntary, and participants can withdraw at any time. 

204 Participants will be reimbursed with a $200 gift voucher as compensation for time and 

205 expenses incurred as a result of study participation. 

206
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207 2.3 Treatments

208 The treatments will be purchased from Avecho Biotechnology Limited (Clayton, 

209 Victoria), manufactured (Catalent Pharma Solutions, St. Petersburg, FL), as well as packaged 

210 and labelled (Central Pharmacy Logistics, Coburg North, VIC) at GMP-licenced facilities, stored 

211 at the Brain and Mind Centre (in a secure, temperature-controlled room), and dispensed by 

212 the trial coordinator (who is also a registered pharmacist) and another blinded investigator.

213 As this trial utilises a non-clinical (healthy) population, a placebo comparator is the 

214 most suitable and ethical choice. Accordingly, an acute dose of CBD (as opposed to chronic 

215 administration) will be utilised. Indeed, the treatment of many ailments utilises an ad hoc 

216 treatment regime.

217

218 2.3.1 Intervention  

219 The investigational product (Avecho Biotechnology Limited, Victoria, Australia) is an 

220 oil-based, soft-gel capsule. Each gel capsule contains 75 mg of pure, synthetic (-)-CBD 

221 enantiomer and 75 mg of 'Tocopheryl Phosphate Mixture' (TPM®) in medium chain 

222 triglyceride (MCT) oil. TPM® is a proprietary blend of tocopherol phosphates that has been 

223 shown to increase the bioavailability of lipid-soluble substances [44, 45]. The capsules will not 

224 contain any other cannabinoids or cannabis constituents. 

225

226 2.3.1a Safety

227 CBD is generally considered to have a good safety profile [3, 4, 21, 46, 47]. In previous 

228 studies, 150 mg CBD caused a very low frequency of mild adverse events that did not differ 

229 from placebo [21]. The current study's comprehensive screening and exclusion criteria aims 

230 to reduce the likelihood of adverse events. 

231

232 2.3.1b Dose

233 A dose of 150 mg of CBD (i.e., two soft-gel capsules) will be administered orally. 

234

235 2.3.1c Control

236 The control is a matched placebo. The placebo is identical to the intervention but 

237 contains no CBD and will also be administered via oral ingestion.
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238 2.3.2 Randomisation, Allocation Concealment and Blinding 

239 Participants will be randomised to one of two possible treatments in a 1:1 ratio at the 

240 beginning of their test day. Specifically, they will be assigned a unique randomisation number 

241 that is linked to a treatment via a pre-populated randomisation schedule. The schedule will 

242 be generated in seven balanced blocks of 10 and one balanced block of four by an 

243 independent statistician using an online random number generator and stored in a password-

244 protected system inaccessible to blinded study personnel (centralised computerised 

245 randomisation). The schedule will only be available to the statistician, an independent 

246 researcher and the company that will package and label the treatments (Central Pharmacy 

247 Logistics, Coburg North, Victoria). 

248 Treatment allocation will be concealed using numbered containers (or 'sachets'). Each 

249 'dose' will be packaged in a separate, opaque, aluminium sachet labelled with a unique 

250 randomisation number. 

251 As this is a double-blind study, participants and the remainder of the research team 

252 will not be aware of the assigned treatment. In the event of an emergency, the principal 

253 investigator or trial physician may request the unblinding of a participant for medical care. 

254  

255 2.4 Eligibility Screening 

256 A Study Flowchart is presented in Figure 1. Willing volunteers will consent to and 

257 complete a comprehensive online Screening Questionnaire in REDCapTM (~20 minutes). The 

258 questionnaire will assess their eligibility to participate. Each volunteer who attempts the 

259 Screening Questionnaire will be assigned a unique screening number to anonymise their 

260 identifying information. The trial physician will review volunteers' responses and decide on 

261 their eligibility for the trial. They will document their decision by completing an Eligibility 

262 Declaration form and a prescription for the trial drug (valid only when the volunteer has been 

263 randomised). 

Page 9 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

10

264 [INSERT FIGURE 1 HERE]

265

266 Figure 1. Study flowchart summarising the screening, enrolment and randomisation of 

267 participants in the CAPSTAN trial.

268

269 2.5 Enrolment  

270 Eligible participants will be invited to complete a telehealth interview with the trial 

271 coordinator. Here, they will receive detailed information about the trial procedures and risks 

272 and be informed that their enrolment requires a negative urine drug and pregnancy screen at 

273 the start of the experimental procedures (i.e., the "Test Day"). The trial coordinator will invite 

274 the volunteer to ask questions and to discuss participation in the trial with the trial doctor, or 

275 to take additional time to consider their decision to participate. Once the trial coordinator is 

276 confident that the volunteer understands the requirements of the trial, they will request that 

277 the participant sign the informed consent form. The trial coordinator will then counter-sign 

278 the consent form, collect basic demographic information and book the participant for a Test 

279 Day.

280
281 2.6 Experimental Procedure 

282 Each participant will complete one Test Day (~3 hours) at the Brain and Mind Centre 

283 at the University of Sydney (Table 1).

284

285

286

287

288

289

290

291

292

293

294
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295 Table 1. The CAPSTAN trial experimental procedure 

Time 
(minutes) 
from start

Approximate 
Duration

Activity

0 10 min Introduction and pre-trial compliance checks

10 5 min Randomisation

15 15 min Pre-treatment measures

30 10 min CBD or placebo administration and caloric beverage 

40 50 min Rest period 1

90 15 min Virtual reality orientation

105 15 min Baseline measures

120

15 min total
(2 min)
(3 min)
(5 min)
(5 min)

Public Speaking task:
Instructions

Speech preparation
Speech delivery

Arithmetic challenge

135 10 min Rest period 2

145
5 min total

(2 min)
(3 min)

Walk the Plank task:
Instructions

Walk the Plank task

150 10 min Rest period 3

160
5 min total

(2 min)
(3 min)

Rollercoaster Ride task:
Instructions

Rollercoaster ride task

165 10 min Rest period 4

175 15 min Study Close

190 - End Of Test Day

296

297 2.6.1 Standardisation Procedures

298 Prior to each onsite Test Day, participants will be instructed to: (a) abstain from 

299 alcohol (≥24 h); (b) avoid greater than one standard serving of caffeine at least 2-hours before 

300 the Test Day; (c) ensure they are well hydrated; and (d) ensure that they are adequately fed 

301 by consuming a meal at least 2 hours before arrival to the Test Day. These factors aim to 

302 reduce the likelihood of malaise, gastrointestinal disturbances or heightened anxiety on the 

303 Test Day.

304
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305 2.6.2 Compliance Checks

306 Participants will complete a urinary drug screen (to identify any recent use of 

307 cannabis and other psychoactive substances such as cocaine, ecstasy (MDMA), 

308 amphetamines, benzodiazepines and opioids) and, if they are female, a urine pregnancy 

309 screen, on arrival at the study site. The trial coordinator will also confirm compliance with the 

310 standardisation procedures and if there have been any changes to the participant's health 

311 status or medication use since the last contact. Participants who meet these requirements 

312 will be randomised; those who do not may be invited to return at another time if suitable.

313

314 2.6.3 Experimental Procedures  

315 Following randomisation, participants will be fitted with the Equivital EQ02+ 

316 LifeMonitor belt and the VR headset (detailed below). There will then be a 10-minute 

317 collection of pre-treatment measures (see Study Outcomes below). After this, the VR headset 

318 and Equivital EQ02+ LifeMonitor belt will be temporarily removed, the treatment 

319 administered, and the participant provided with a standardised caloric beverage (i.e., 500 mL 

320 "Up & Go Liquid Breakfast", Sanitarium, Berkeley Vale NSW, Australia) to consume. This 

321 beverage aims to potentiate the absorption of CBD in the gastrointestinal tract [6, 48-50] and 

322 provide participants with sustenance during the test session. Participants will be provided 

323 with a rest period of approximately 50 minutes, during which they will be left alone in a quiet 

324 reception area and encouraged to undertake some low-stress reading; this delay is aimed at 

325 allowing CBD plasma concentrations to approach a near-maximal level [48]. Following this, 

326 participants will be provided with instructions on the three VR tasks and the functionality of 

327 the VR hardware during a 15-minute "VR Orientation" session. The VR headset and Equivital 

328 EQ02+ LifeMonitor belt will then be re-fitted for a 10-minutes collection of the pre-task 

329 measures. The devices will remain fitted to participants until the end of the experimental 

330 procedure.

331

332 2.6.4 Virtual Reality Tasks

333 The three tasks developed for this clinical trial are the "Public Speaking" task (for 

334 psychosocial stress), the "Walk the Plank" task (for situational anxiety) and the "Rollercoaster 
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335 Ride" task (for motion sickness). Although these exact VR tasks have not been previously used 

336 in clinical trials or laboratory studies, similar tasks have been reported in the broader scientific 

337 literature [27, 30, 38-40, 51].

338 The 15-minute "Public Speaking" task was modelled on previous studies that found 

339 CBD to have anxiolytic effects during public speaking challenges [23, 24, 37] and the Trier 

340 Social Stress Test (TSST) [52]. The abovementioned public speaking tasks varied in their 

341 methodology and involved either "simulated" public speaking tasks whereby participants 

342 delivered a speech in front of a video camera or real-life tasks where participants delivered 

343 speeches to a live audience [23, 24, 37]. Conversely, the TSST is a structured stress paradigm 

344 involving a 10-minute speech preparation period followed by a 10-minute test period during 

345 which participants complete a 5-minute job application speech followed by 5 minutes of 

346 mental arithmetic [53]. The TSST reliably induces psychosocial stress (i.e., stress involving the 

347 perception of one's worth, competence, or status by others) and results in an acute and 

348 reliable cortisol response in most participants [53-55]. In one study, a VR adaption of the TSST 

349 elicited similar salivary cortisol and subjective stress responses to a real-life TSST, 

350 demonstrating that the two were equivalent [27]. The current study utilises a modified VR 

351 version of the TSST involving a panel of virtual judges who withhold all feedback or affirmation 

352 (Figure 2A). 

353 The task involves a three-minute "speech preparation period" (i.e., "please mentally 

354 prepare a speech on what attributes and experience you have that makes you the ideal 

355 candidate for your dream role") and a 10-minute "test period" consisting of (a) five-minute 

356 speech delivery period (i.e., "please deliver your speech and aim to speak for the full five-

357 minutes") and (b) a five-minute mental arithmetic challenge (i.e., "please calculate 2703 – 13. 

358 From the result, please subtract 13 again and state your answer out loud. Repeat this process 

359 a total of five times. At the end of this process, please recall all five of your answers aloud").

360 The five-minute "Walk the Plank" task requires participants to virtually walk across a 

361 narrow virtual plank between two skyscrapers. Participants will be advised that they have 

362 become stranded on the top of the building and are required to signal for help using the safety 

363 beacon placed at the opposite end of the plank. For this task, participants will walk up and 

364 down the length of the clinic room with their movement mapped to the virtual plank and 

365 guided by virtual boundaries, signifying a safe space (Figure 2B). VR studies utilising a similar 
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366 challenge provided realistic experiences that induce physiological markers of stress that are 

367 consistent with acute anxiety (i.e., "situational anxiety") [38-40].

368 The five-minute "Rollercoaster Ride" task challenges participants to complete a virtual 

369 rollercoaster ride (Figure 2C). Participants will remain seated throughout this task and can 

370 indicate if they would like to stop the task early. Similar VR tasks have been shown to induce 

371 motion sickness in participants [30, 41, 42]. Motion sickness will be explored explicitly during 

372 the "Rollercoaster Ride" task, while cybersickness will be explored during all three VR 

373 scenarios.  

374

375 [INSERT FIGURE 2A,2B AND 2C HERE]

376

377 Figure 2. (A) The panel of virtual judges from the "Public Speaking" task; (B) The roof of the building 

378 and plank from the "Walk the Plank" task; and (C) The view from the seat of the "Rollercoaster Ride" 

379 task.

380

381 2.6.5 Post Trial Procedures 

382 After completing the final VR task, participants have a 10-minute recovery period. 

383 After this, they will be queried on any adverse events (AEs) experienced (i.e., "Have you 

384 experienced any unfavourable symptoms?"), What treatment do they think they received 

385 (i.e., CBD or placebo), and what are their confidence estimates (i.e., How sure are you of your 

386 guess on which treatment you received?"). All participants will be provided with the contact 

387 details of the research team to self-report any AEs over the next 24 hours. The trial 

388 coordinator or research assistant will record all adverse event reports using a REDCapTM AE 

389 report form and communicate to the trial physician if required. 

390 The occurrence of AEs will be discussed weekly with the trial physician. Furthermore, 

391 a blinded summary of AE reports will be emailed to the trial physician monthly, and the trial 

392 physician will indicate if the rate of AEs is unacceptably high. In the unlikely event of a severe 

393 adverse event (SAE), the trial physician and the principal investigator (PI) will be immediately 

394 notified, and all SAEs will be reported to the trial sponsor and the HREC within 72 hours.

395
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396 2.7 Data Collection 

397 A summary of the data collected during the CAPSTAN trial and time of collection is provided 

398 in Figure 3

399

400 [INSERT FIGURE 3 HERE]

401

402 Figure 3. Data collected during the CAPSTAN trial "Test Day.

403 IPS = instructions for the “Public Speaking” task, SP = speech preparation, SD = speech delivery, AC = 

404 arithmetic challenge, IWP = instructions for the “Walk the Plank” task, WPT = ”Walk the Plank” task, 

405 IRR = instructions for the “Rollercoaster Ride” task, RRT = “Rollercoaster Ride” task

406

407 2.7.1 Study Outcomes 

408 The primary outcome measures include: 

409  Self-reported stress ratings on a VAS (nervous 0-100) 

410  Self-reported nausea ratings on a VAS (nauseous 0-100)

411

412 The secondary outcome measures include:

413  Salivary Cortisol

414  Heart rate

415  Skin Conductance

416  Vomiting or near-vomiting episodes

417  Self-reported anxiety ratings on VASs include:

418 o (tense 0-100) 

419 o (calm 0-100)

420 o (excited 0-100)

421 o (bored 0-100)

422

423 The exploratory (tertiary) outcome measures are:

424  Salivary testosterone and progesterone

425  Eye-tracking data including:

426 o The frequency and duration of eye-closing 

427 o The frequency and duration of gaze at areas of interest 
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428 2.7.2 Visual Analogue Scales (VASs)

429 VASs will be used to measure the two primary outcomes: self-reported stress 

430 (nervousness) and nausea. They will also be used to measure the secondary outcome of self-

431 reported anxiety (as detailed below) (Figure 4). These measures will be recorded before drug 

432 administration (pre-treatment measurement), at baseline, prior to the delivery of instructions  

433 for each VR task, prior to the performance of the task and at completion of each VR task. All 

434 VASs will appear on the screen of the VR headset, and participants will use the VR hand 

435 controllers to click on the numerical value (0-100) that best describes their current state 

436 (Figure 4). Using such virtual scales allows seamless execution of self-report without 

437 disturbing the participant's sense of immersion within the virtual environment. 

438 For a well-rounded exploration of CBD effects on anxiety, we have utilised VASs that 

439 query participant's affect (i.e., the outward expression of an emotion) [56]. Here, we consider 

440 1) the "valence" of an emotion (i.e., its positivity or negativity) and 2) the intensity of the 

441 emotion (i.e., whether it is arousing or deactivating). This provides four self-reported anxiety 

442 rating VASs, including:

443  positively arousing (excited 0-100)

444  positively deactivating (calm 0-100)

445  negatively arousing (tense 0-100)

446  negatively deactivating (bored 0-100)

447

448 [INSERT FIGURE 4 HERE]

449

450 Figure 4. Self-reported Visual Analogue Scales (VASs) as they appear on the virtual reality 

451 headset. Values are provided by the participants by clicking on the scales using the hand 

452 controllers. 

453

454 2.7.3 Salivary Cortisol, Testosterone and Progesterone

455 During the experimental procedure, oral fluid samples will be collected from 

456 participants five times using Salivette® collection tubes (Sarstedt AG and Co., Nümbrecht 

457 Germany). These samples will be collected immediately before drug administration, before 

Page 16 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

17

458 the first VR task, and after each VR task. Participants will be advised to open the Salivette® 

459 tube, place the pad in their mouth for two minutes or until soaked with saliva, then return 

460 the pad to the tube and firmly seal it. The samples will be centrifuged for 2 minutes at 1,000 

461 x g and analysed simultaneously for cortisol (a secondary outcome) and testosterone and 

462 progesterone (exploratory outcomes) using an in-house developed mass spectrometry (MS) 

463 method [57, 58].

464

465 2.7.4 Heart Rate 

466 Heart rate will be measured for 10 minutes immediately before drug administration 

467 (baseline measurement), for 10 minutes at baseline and continuously throughout all three VR 

468 tasks using the EQ02+ LifeMonitor and belt, as described in previous studies [59, 60] (Equivital 

469 Ltd, Cambridge, United Kingdom; https://www.adinstruments.com/partners/equivital). This 

470 is a wireless, medical-grade monitoring system that records a range of physiological measures 

471 (such as electrocardiogram, breathing rate, tri-axial acceleration, galvanic skin response, skin 

472 temperature) using a wearable vest and permits live data streaming and download using the 

473 LabChart software. 

474

475 2.7.5 Skin Conductance 

476 Skin conductance will be measured for 10 minutes immediately before drug 

477 administration (baseline measurement), for 10 minutes at baseline and continuously 

478 throughout all three VR tasks.

479 Skin conductance of the forehead will be measured using the Equivital GSR Sensor 

480 connected to the EQ02+ LifeMonitor and belt (as described above). Skin conductance of the 

481 fingers will be measured using MLT117F/10 GSR finger electrodes connected to a FE116 GSR 

482 Amp with a PLCF1 front-end interface used with PowerLab C software (ADInstruments, Oxford 

483 United Kingdom), a system used in previous studies [61, 62]. Research suggests that forehead 

484 skin conductance may correlate with motion sickness, while finger skin conductance 

485 correlates with acute stress [30, 63]. Therefore, both will be measured in the current study. 

486
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487 2.7.6 Vomiting Episodes 

488 The Test Day source document will record all vomiting episodes throughout the 

489 experimental procedure. 

490
491 2.7.6 Eye-tracking 

492 Eye tracking data will be collected continuously throughout the VR tasks using the VR 

493 headset. These measures will provide highly precise, objective data by which to examine 

494 participant's compliance (frequency and duration of eye closing) and engagement and 

495 response (frequency and duration of gaze at areas of interest, that is, the panel of judges in 

496 the “Public Speaking” task or the plank in the “Walk the Plank” task ) during the VR challenges 

497 [64]. Gazing at pre-defined points of interest (e.g., the judges in the "Public Speaking" task or 

498 the plank in the "Walk the Plank" task) is based on the "Eye-Mind Hypothesis" that describes 

499 the tendency for people to direct their gaze towards what they are thinking about [64-66]. 

500 Both eye closing and gaze away from points of interest may correlate to fear or avoidance 

501 behaviours [67].  

502
503 2.9 Data Management

504 Participant information collected for this trial will be securely stored and treated as 

505 confidential. Participants' identifying information will be anonymised using unique codes: 

506 initially, a screening number and, later, a randomisation number. The key to these codes will 

507 be securely stored in password-protected files inaccessible from the internet. Clinical trial 

508 data will be collected and managed using the Research Electronic Data Capture (REDCapTM) 

509 web-based system, a secure, online program supported by the University of Sydney; access is 

510 password-protected and will only be available to approved research staff. Hard copies of 

511 patient data will be securely stored in locked filing cabinets at the study site. Only the study 

512 investigators have access to the participant data. All trial data will be stored securely for at 

513 least 15 years. The findings of this clinical trial will be disseminated via conferences, 

514 publications, and media, as applicable. Participants will be informed of the results of the study 

515 at the conclusion of the trial. No participants will be identified in any report or publication of 

516 this study or its results. 

517
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518 2.10 Data and Safety Monitoring 

519 Data monitoring will occur monthly for all new participant entries logged into the 

520 REDCap system; a designated team member will adhere to a standardised process of data 

521 review, raising queries and locking forms once the review has been completed. Safety 

522 monitoring of AEs will be managed according to sponsor and HREC requirements. As this is a 

523 small, single-centre, low risk, clinical trial utilising an acute, low-dose CBD, an independent 

524 data safety monitoring committee will not be formed. However, an independent 'Expert 

525 Group' has been formed and will be consulted by the research team and HREC in the unlikely 

526 instance of a severe adverse event. The Expert Group comprises three research physicians 

527 with extensive experience with CBD clinical trials. The decision to terminate the trial lies with 

528 the principal investigator based on safety data and recruitment targets. 

529

530 2.11 Roles and Responsibilities  

531 The study investigators have led the design of this study and are responsible for the 

532 management and conduct of this clinical trial. The study investigators will conduct the analysis 

533 and will make all publication-related decisions.

534

535 2.12 Statistical Methods

536

537 2.5.1 Sample Size Estimation 

538 The target sample size was determined a priori using power calculation software 

539 (G*Power Version 3.1.9.6, University of Kiel, Germany). In an earlier investigation, Linares et 

540 al. (2019) found that 150 mg CBD decreased subjective ratings of anxiety on the Visual 

541 Analogue Mood Scale (VAMS) during a simulated public speaking test, albeit non-significantly 

542 (Placebo: 18.6±15.9 mm, n=15; CBD: 7.6±15.5 mm; n=15; Cohen's d=0.70) [23]. 

543 Using an equivalent effect size (Cohen's d=0.70), a power (1-ß) of 0.8 and a two-sided 

544 α=0.05, we estimate that n=68 participants will be required to detect a significant effect of 

545 CBD on anxiety. Clinical trials conducted by the Lambert Initiative for Cannabinoid 

546 Therapeutics have indicated participant retention of ≥90% [48, 68]. Therefore, the n=74 

547 will be recruited to account for attrition.

548
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549 2.5.2 Statistical Analysis Plan 

550 The primary and secondary outcomes and eye-openness will be analysed using 

551 generalized linear mixed models (GLMM), while eye gaze will be analysed using a mixed-

552 effects multinomial logistic regression. Treatment, Time and the Treatment × Time interaction 

553 will be included as fixed effects, and the participant will be included as a random effect, with 

554 other covartiates included as appropriate to improve goodness of fit (e.g., Sex, Age, Time of 

555 day). To refine the models, we will use corrected Akaike Information Criterion [69]. We will 

556 calculate ∆m between models and exclude models with ∆m > 2 as having substantially less 

557 support [70].  No covariance structure will be specified (unstructured). To identify the best 

558 distribution and link for the GLMM models, the data type, residual plots, Shapiro-Wilk 

559 normality test, Levene’s test for Homogeneity of Variance, and Pearson’s dispersion test will 

560 be used. Type III Wald chi-square tests will be used to generate main effects p-values. A priori 

561 planned uncorrected pairwise comparisons will be performed to compare:

562  subjective ratings of stress on a stress VAS (nervous 0-100) across treatments at 

563 (Timepoint t=125 (SD), Figure 3)

564  subjective ratings of stress on a stress VAS (nervous 0-100) across treatments at 

565 (Timepoint t=147 (WPT), Figure 3)

566  subjective ratings of nausea on a nausea VAS (nauseous 0-100) across treatments at 

567 (Timepoint t=165, Figure 3)

568  subjective ratings of nausea on a nausea VAS (nauseous 0-100) across treatments at 

569 (Timepoint t=175, Figure 3)

570 as these are the primary outcome measures. 

571 Dunn-Šidák corrected pairwise comparisons will be performed where additional 

572 significant main and interaction effects are present. Statistical significance will be accepted as 

573 p<0.05. The statistical analysis plan will be finalised before the last participant Test Day and 

574 will be available on request. 

575

576 3. CONCLUSION

577 The focus of the current study is a non-clinical (i.e., "healthy") population confronted 

578 with acute stressors such as delivering a speech (i.e., psychosocial stress), being exposed to 
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579 heights (i.e., situational anxiety) or challenging vestibular stimulation (i.e., motion sickness 

580 and cybersickness) using VR. This is deemed noteworthy considering the popularity of over-

581 the-counter, low-dose CBD "nutraceutical" or "wellness" products in many regions [20] and 

582 the lack of clinical trials investigating the efficacy of such products. This study will provide 

583 important practical insights that may inform the optimal use of low-dose CBD products that 

584 are accessed without a prescription. Findings from this study will help illuminate the efficacy 

585 of low-dose CBD in the four indications of interest and may provide insights into clinical 

586 populations that could benefit from low-dose CBD treatment. 

587 4. STATEMENTS AND DECLARATIONS

588 Ethics and dissemination: The study has been approved by the University of Sydney Human 

589 Research Ethics Committee (HREC; 2023/307, Version 1.5, 28th September 2023). The 

590 findings of this clinical trial will be disseminated via conferences, publications, and media, as 

591 applicable. Participants will be informed of the study's results at the trial's conclusion. No 

592 participants will be identified in any report or publication of this study or its results.
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619 Patient consent for publication

620 Not applicable.

621

622 Trial Sponsor

623 The University of Sydney, Sydney NSW Australia. 

Page 22 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

23

624 5. REFERENCES
625
626 1. Kotsirilos V, McGregor IS. Medicinal cannabis: Where are we? 2021 [Available from: 
627 https://insightplus.mja.com.au/2021/7/medicinal-cannabis-where-are-we/ Accessed 12 June 
628 2023]
629 2. MacPhail SL, Bedoya-Pérez MA, Cohen R, et al. Medicinal cannabis prescribing in Australia: An 
630 analysis of trends over the first five years. Front Pharmacol. 2022;13:885655.
631 3. Chesney E, Oliver D, Green A, et al. Adverse effects of cannabidiol: A systematic review and 
632 meta-analysis of randomized clinical trials. Neuropsychopharmacology. 2020;45(11):1799-806.
633 4. Larsen C, Shahinas J. Dosage, efficacy and safety of cannabidiol administration in adults: A 
634 systematic review of human trials. J Clin Med Res. 2020;12(3):129-41.
635 5. Millar SA, Stone NL, Bellman ZD, et al. A systematic review of cannabidiol dosing in clinical 
636 populations. Br J Clin Pharmacol. 2019;85(9):1888-900.
637 6. Taylor L, Gidal B, Blakey G, et al. A phase I, randomized, double-blind, placebo-controlled, 
638 single ascending dose, multiple dose, and food effect trial of the safety, tolerability and 
639 pharmacokinetics of highly purified cannabidiol in healthy subjects. CNS Drugs. 
640 2018;32(11):1053-67.
641 7. Therapeutic Goods Administration. Safety of low dose cannabidiol ACT Australia Therapeutic 
642 Goods Administration; 2020 [Available from: 
643 https://www.tga.gov.au/sites/default/files/review-safety-low-dose-cannabidiol.pdf
644  Accessed 16.09.2023]
645 8. Bakas T, van Nieuwenhuijzen PS, Devenish SO, et al. The direct actions of cannabidiol and 2-
646 arachidonoyl glycerol at GABA(A) receptors. Pharmacol Res. 2017;119:358-70.
647 9. Bisogno T, Hanus L, De Petrocellis L, et al. Molecular targets for cannabidiol and its synthetic 
648 analogues: Effect on vanilloid VR1 receptors and on the cellular uptake and enzymatic 
649 hydrolysis of anandamide. Br J Pharmacol. 2001;134(4):845-52.
650 10. De Petrocellis L, Ligresti A, Moriello AS, et al. Effects of cannabinoids and cannabinoid-
651 enriched Cannabis extracts on TRP channels and endocannabinoid metabolic enzymes. Br J 
652 Pharmacol. 2011;163(7):1479-94.
653 11. Devinsky O, Cross JH, Laux L, et al. Trial of cannabidiol for drug-resistant seizures in the Dravet 
654 syndrome. N Engl J Med. 2017;376(21):2011-20.
655 12. Talwar A, Estes E, Aparasu R, et al. Clinical efficacy and safety of cannabidiol for pediatric 
656 refractory epilepsy indications: A systematic review and meta-analysis. Exp Neurol. 
657 2023;359:114238.
658 13. Thiele EA, Marsh ED, French JA, et al. Cannabidiol in patients with seizures associated with 
659 Lennox-Gastaut syndrome (GWPCARE4): A randomised, double-blind, placebo-controlled 
660 phase 3 trial. Lancet. 2018;391(10125):1085-96.
661 14. Berger M, Li E, Rice S, et al. Cannabidiol for treatment-resistant anxiety disorders in young 
662 people: An open-label trial. J Clin Psychiatry. 2022;83(5).
663 15. Cairns EA, Benson MJ, Bedoya-Pérez MA, et al. Medicinal cannabis for psychiatry-related 
664 conditions: An overview of current Australian prescribing. Front Pharmacol. 2023;14:1142680.
665 16. Bonaccorso S, Ricciardi A, Zangani C, et al. Cannabidiol (CBD) use in psychiatric disorders: A 
666 systematic review. Neurotoxicology. 2019;74:282-98.
667 17. McGuire P, Robson P, Cubala WJ, et al. Cannabidiol (CBD) as an adjunctive therapy in 
668 schizophrenia: A multicenter randomized controlled trial. Am J Psychiatry. 2018;175(3):225-
669 31.
670 18. Freeman TP, Hindocha C, Baio G, et al. Cannabidiol for the treatment of cannabis use disorder: 
671 A phase 2a, double-blind, placebo-controlled, randomised, adaptive Bayesian trial. Lancet 
672 Psychiatry. 2020;7(10):865-74.

Page 23 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://insightplus.mja.com.au/2021/7/medicinal-cannabis-where-are-we/
https://www.tga.gov.au/sites/default/files/review-safety-low-dose-cannabidiol.pdf
http://bmjopen.bmj.com/


For peer review only

24

673 19. Hurd YL, Spriggs S, Alishayev J, et al. Cannabidiol for the reduction of cue-induced craving and 
674 anxiety in drug-abstinent individuals with heroin use disorder: A double-blind randomized 
675 placebo-controlled trial. Am J Psychiatry. 2019;176(11):911-22.
676 20. McGregor IS, Cairns EA, Abelev S, et al. Access to cannabidiol without a prescription: A cross-
677 country comparison and analysis. Int J Drug Policy. 2020;85:102935.
678 21. Arnold JC, McCartney D, Suraev A, et al. The safety and efficacy of low oral doses of 
679 cannabidiol: An evaluation of the evidence. Clin Transl Sci. 2023;16(1):10-30.
680 22. Therapeutic Goods Administration. Over-the-counter access to low dose cannabidiol ACT 
681 Australia Therapeutic Goods Administration; 2020 [Available from: 
682 https://www.tga.gov.au/news/media-releases/over-counter-access-low-dose-cannabidiol 
683 Accessed 15.09.2023]
684 23. Linares IM, Zuardi AW, Pereira LC, et al. Cannabidiol presents an inverted U-shaped dose-
685 response curve in a simulated public speaking test. Braz J Psychiatry. 2019;41(1):9-14.
686 24. Zuardi AW, Rodrigues NP, Silva AL, et al. Inverted U-shaped dose-response curve of the 
687 anxiolytic effect of cannabidiol during public speaking in real life. Front Pharmacol. 
688 2017;8:259.
689 25. Millar SA, Stone NL, Yates AS, et al. A systematic review on the pharmacokinetics of 
690 cannabidiol in humans. Front Pharmacol. 2018;9:1365.
691 26. Yeh SC, Li YY, Zhou C, et al. Effects of virtual reality and augmented reality on induced anxiety. 
692 IEEE Trans Neural Syst Rehabil Eng. 2018;26(7):1345-52.
693 27. Zimmer P, Buttlar B, Halbeisen G, et al. Virtually stressed? A refined virtual reality adaptation 
694 of the Trier Social Stress Test (TSST) induces robust endocrine responses. 
695 Psychoneuroendocrinology. 2019;101:186-92.
696 28. Martens MA, Antley A, Freeman D, et al. It feels real: Physiological responses to a stressful 
697 virtual reality environment and its impact on working memory. J Psychopharmacol. 
698 2019;33(10):1264-73.
699 29. Bles W, Bos JE, de Graaf B, et al. Motion sickness: Only one provocative conflict? Brain Res 
700 Bull. 1998;47(5):481-7.
701 30. Gavgani AM, Nesbitt KV, Blackmore KL, et al. Profiling subjective symptoms and autonomic 
702 changes associated with cybersickness. Auton Neurosci. 2017;203:41-50.
703 31. Golding JF. Motion sickness. In: Furman JM, Lempert T, editors. Handbook of Clinical 
704 Neurology. 137: Elsevier; 2016. p. 371-90 
705 32. Lackner JR. Motion sickness: More than nausea and vomiting. Exp Brain Res. 
706 2014;232(8):2493-510.
707 33. Kwiatkowska M, Parker LA, Burton P, et al. A comparative analysis of the potential of 
708 cannabinoids and ondansetron to suppress cisplatin-induced emesis in the Suncus murinus 
709 (house musk shrew). Psychopharmacology (Berl). 2004;174(2):254-9.
710 34. Parker LA, Kwiatkowska M, Burton P, et al. Effect of cannabinoids on lithium-induced vomiting 
711 in the Suncus murinus (house musk shrew). Psychopharmacology (Berl). 2004;171(2):156-61.
712 35. Parker LA, Rock EM, Limebeer CL. Regulation of nausea and vomiting by cannabinoids. Br J 
713 Pharmacol 2011;163(7):1411-22.
714 36. Grimison P, Mersiades A, Kirby A, et al. Oral THC:CBD cannabis extract for refractory 
715 chemotherapy-induced nausea and vomiting: A randomised, placebo-controlled, phase II 
716 crossover trial. Ann Oncol. 2020;31(11):1553-60.
717 37. Zuardi AW, Cosme RA, Graeff FG, et al. Effects of ipsapirone and cannabidiol on human 
718 experimental anxiety. J Psychopharmacol. 1993;7(1 Suppl):82-8.
719 38. Freeman D, Haselton P, Freeman J, et al. Automated psychological therapy using immersive 
720 virtual reality for treatment of fear of heights: A single-blind, parallel-group, randomised 
721 controlled trial. Lancet Psychiatry. 2018;5(8):625-32.
722 39. Peterson SM, Furuichi E, Ferris DP. Effects of virtual reality high heights exposure during 
723 beam-walking on physiological stress and cognitive loading. PLoS One. 2018;13(7):e0200306.

Page 24 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://www.tga.gov.au/news/media-releases/over-counter-access-low-dose-cannabidiol
http://bmjopen.bmj.com/


For peer review only

25

724 40. Seinfeld S, Bergstrom I, Pomes A, et al. Influence of music on anxiety induced by fear of 
725 heights in virtual reality. Front Psychol. 2015;6:1969.
726 41. Mazloumi Gavgani A, Walker FR, Hodgson DM, et al. A comparative study of cybersickness 
727 during exposure to virtual reality and "classic" motion sickness: Are they different? J Appl 
728 Physiol (1985). 2018;10.1152/japplphysiol.00338.2018.
729 42. Nalivaiko E, Davis SL, Blackmore KL, et al. Cybersickness provoked by head-mounted display 
730 affects cutaneous vascular tone, heart rate and reaction time. Physiol Behav. 2015;151:583-
731 90.
732 43. Lovibond PF, Lovibond SH. The structure of negative emotional states: Comparison of the 
733 Depression Anxiety Stress Scales (DASS) with the Beck Depression and Anxiety Inventories. 
734 Behav Res Ther. 1995;33(3):335-43.
735 44. Pham A, Gavin PD, Libinaki R, et al. Differential effects of TPM, a phosphorylated tocopherol 
736 mixture, and other tocopherol derivatives as excipients for enhancing the solubilization of co-
737 enzyme Q10 as a lipophilic drug during digestion of lipid- based formulations. Curr Drug Deliv. 
738 2019;16(7):628-36.
739 45. Pham AC, Gavin P, Libinaki R, et al. A new lipid excipient, phosphorylated tocopherol mixture, 
740 TPM enhances the solubilisation and oral bioavailability of poorly water soluble CoQ(10) in a 
741 lipid formulation. J Control Release. 2017;268:400-6.
742 46. Dos Santos RG, Guimarães FS, Crippa JAS, et al. Serious adverse effects of cannabidiol (CBD): A 
743 review of randomized controlled trials. Expert Opin Drug Metab Toxicol. 2020;16(6):517-26.
744 47. Iffland K, Grotenhermen F. An update on safety and side effects of cannabidiol: A review of 
745 clinical data and relevant animal studies. Cannabis Cannabinoid Res. 2017;2(1):139-54.
746 48. McCartney D, Benson MJ, Suraev AS, et al. The effect of cannabidiol on simulated car driving 
747 performance: A randomised, double-blind, placebo-controlled, crossover, dose-ranging clinical 
748 trial protocol. Hum Psychopharmacol. 2020;35(5):e2749.
749 49. Perkins D, Butler J, Ong K, et al. A phase 1, randomised, placebo-controlled, dose escalation 
750 study to investigate the safety, tolerability and pharmacokinetics of cannabidiol in fed healthy 
751 volunteers. Eur J Drug Metab Pharmacokinet. 2020;45(5):575-86.
752 50. Zgair A, Wong JC, Lee JB, et al. Dietary fats and pharmaceutical lipid excipients increase 
753 systemic exposure to orally administered cannabis and cannabis-based medicines. Am J Transl 
754 Res. 2016;8(8):3448-59.
755 51. Gromer D, Reinke M, Christner I, et al. Causal interactive links between presence and fear in 
756 virtual reality height exposure. Front Psychol. 2019;10:141.
757 52. Labuschagne I, Grace C, Rendell P, et al. An introductory guide to conducting the Trier Social 
758 Stress Test. Neurosci Biobehav Rev. 2019;107:686-95.
759 53. Goodman WK, Janson J, Wolf JM. Meta-analytical assessment of the effects of protocol 
760 variations on cortisol responses to the Trier Social Stress Test. Psychoneuroendocrinology. 
761 2017;80:26-35.
762 54. Dickerson SS, Kemeny ME. Acute stressors and cortisol responses: A theoretical integration 
763 and synthesis of laboratory research. Psychol Bull. 2004;130(3):355-91.
764 55. Kogler L, Müller VI, Chang A, et al. Psychosocial versus physiological stress - Meta-analyses on 
765 deactivations and activations of the neural correlates of stress reactions. Neuroimage. 
766 2015;119:235-51.
767 56. Ekkekakis P. The measurement of affect, mood, and emotion: A guide for health-behavioral 
768 research. New York, NY, US: Cambridge University Press; 2013. xxi, 206-xxi, p.
769 57. Bowen MT, Hari Dass SA, Booth J, et al. Active coping toward predatory stress is associated 
770 with lower corticosterone and progesterone plasma levels and decreased methylation in the 
771 medial amygdala vasopressin system. Horm Behav. 2014;66(3):561-6.
772 58. Russell J, Maguire S, Hunt GE, et al. Intranasal oxytocin in the treatment of anorexia nervosa: 
773 Randomized controlled trial during re-feeding. Psychoneuroendocrinology. 2018;87:83-92.

Page 25 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

26

774 59. A P, Kothari R, S Y, et al. Examining body fat percentage, galvanic skin response, and muscle 
775 grip strength in female hypothyroid patients. Cureus. 2023;15(7):e42023.
776 60. Hawthorne G, Greening N, Esliger D, et al. Usability of wearable multiparameter technology to 
777 continuously monitor free-living vital signs in people living with chronic obstructive pulmonary 
778 disease: Prospective observational study. JMIR Hum Factors. 2022;9(1):e30091.
779 61. Hoffmann-Hensel SM, Sijben R, Rodriguez-Raecke R, et al. Cognitive load alters neuronal 
780 processing of food fdors. Chem Senses. 2017;42(9):723-36.
781 62. Logge WB, Baillie AJ, Haber PS, et al. Baclofen modulates cardiovascular responses to 
782 appetitive cues in treatment-seeking alcohol use disorder individuals. Hum Psychopharmacol. 
783 2020;35(2):e2722.
784 63. Romano F, Caramia N, Straumann D, et al. Cross-coupling vestibular stimulation: Motion 
785 sickness and the vestibulo-sympathetic reflex. J Neurol. 2017;264(Suppl 1):96-103.
786 64. Wu C-J, Liu C-Y. Refined use of the eye-mind hypothesis for scientific argumentation using 
787 multiple representations. Instr Sci. 2022;50(4):551-69.
788 65. Clay V, König P, König S. Eye tracking in virtual reality. J Eye Mov Res. 2019;12(1).
789 66. Just MA, Carpenter PA. A theory of reading: From eye fixations to comprehension. 
790 Psychological review. 1980;87(4):329.
791 67. Lin J-HT. Fear in virtual reality (VR): Fear elements, coping reactions, immediate and next-day 
792 fright responses toward a survival horror zombie virtual reality game. Comput Hum Behav. 
793 2017;72:350-61.
794 68. Sahinovic A, Irwin C, Doohan PT, et al. Effects of cannabidiol on exercise physiology and 
795 bioenergetics: A randomised controlled pilot trial. Sports Med Open. 2022;8(1):27.
796 69. Quinn GP, Keough MJ. Experimental design and data analysis for biologists. Cambridge, UK: 
797 Cambridge University Press; 2009. 537 p.
798 70. Burnham KP, Anderson DR. Model selection and multi-model inference: A practical 
799 information-theoretic approach. 2nd ed. New York: Springer; 2002. XXVI, 488 p.
800

Page 26 of 38

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

Screening Questionnaire
Participant completes comprehensive REDCap 

Screening Questionnaire and provides contact details. 
Trial Physician reviews the screening data, contacts the 

participant for further information (if required) and 
makes final decision on participant enrolment by 

signing the Eligibility Declaration Form. 

Telehealth Trial Interview 
Trial Coordinator provides a detailed breakdown of 

the trial, discusses the risk of participation and 
provides an opportunity for questions. Participant 
provides written informed consent to participate 

in trial and is booked in for a Test Day. 

Randomisation (n=74)

On-site 
Test Day

Exclude those with positive 
drug or pregnancy screen

End of Study 

CBD 150 mg (n=37) Placebo (n=37)

Test Procedure
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Figure 2. (A) The panel of virtual judges from the "Public Speaking" task 
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Figure 2. (B) The roof of the building and plank from the "Walk the Plank" task 
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Figure 2. (C) The view from the seat of the "Rollercoaster Ride" task. 
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Figure 4. Self-reported Visual Analogue Scales (VASs) as they appear on the virtual reality headset. Values 
are provided by the participants by clicking on the scales using the hand controllers. 

451x369mm (96 x 96 DPI) 
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Background and 

rationale 

6a Description of research question and 

justification for undertaking the trial, including 

summary of relevant studies (published and 

unpublished) examining benefits and harms 

for each intervention 
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 6b Explanation for choice of comparators 8 

Objectives 7 Specific objectives or hypotheses 6 

Trial design 8 Description of trial design including type of 

trial (eg, parallel group, crossover, factorial, 

single group), allocation ratio, and framework 

(eg, superiority, equivalence, noninferiority, 

exploratory) 

5-6 

Methods: Participants, interventions, and outcomes  

Study setting 9 Description of study settings (eg, community 

clinic, academic hospital) and list of 

countries where data will be collected. 

Reference to where list of study sites can be 

obtained 
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Eligibility criteria 10 Inclusion and exclusion criteria for 

participants. If applicable, eligibility criteria 

for study centres and individuals who will 

perform the interventions (eg, surgeons, 
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Interventions 11a Interventions for each group with sufficient 
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when they will be administered 
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11b Criteria for discontinuing or modifying 

allocated interventions for a given trial 

participant (eg, drug dose change in 

response to harms, participant request, or 

improving/worsening disease) 

NA, intervention is a single acute 

dose of active or placebo with no 

ongoing involvement of participants.  

11c Strategies to improve adherence to 

intervention protocols, and any procedures 

for monitoring adherence (eg, drug tablet 

return, laboratory tests) 

NA, intervention is a single acute 

dose of active or placebo with no 

ongoing involvement of participants. 

11d Relevant concomitant care and interventions 

that are permitted or prohibited during the 

trial 
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Outcomes 12 Primary, secondary, and other outcomes, 

including the specific measurement variable 

(eg, systolic blood pressure), analysis metric 

(eg, change from baseline, final value, time 

to event), method of aggregation (eg, 

median, proportion), and time point for each 

outcome. Explanation of the clinical 

relevance of chosen efficacy and harm 

outcomes is strongly recommended 

19 

Participant 

timeline 

13 Time schedule of enrolment, interventions 

(including any run-ins and washouts), 

assessments, and visits for participants. A 

schematic diagram is highly recommended 

(see Figure) 

10 (Figure1) 

Sample size 14 Estimated number of participants needed to 

achieve study objectives and how it was 

determined, including clinical and statistical 

assumptions supporting any sample size 

calculations 

23 

Recruitment 15 Strategies for achieving adequate participant 

enrolment to reach target sample size 
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Methods: Assignment of interventions (for controlled trials)  

Allocation:    

Sequence 

generation 

16a Method of generating the allocation 

sequence (eg, computer-generated random 

numbers), and list of any factors for 

stratification. To reduce predictability of a 

random sequence, details of any planned 

restriction (eg, blocking) should be provided 

in a separate document that is unavailable to 

those who enrol participants or assign 

interventions 
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Allocation 

concealment 

mechanism 

16b Mechanism of implementing the allocation 

sequence (eg, central telephone; 

sequentially numbered, opaque, sealed 

envelopes), describing any steps to conceal 

the sequence until interventions are 

assigned 

9 

Implementation 16c Who will generate the allocation sequence, 

who will enrol participants, and who will 

assign participants to interventions 

9 
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Blinding 

(masking) 

17a Who will be blinded after assignment to 

interventions (eg, trial participants, care 

providers, outcome assessors, data 

analysts), and how 

9 

 17b If blinded, circumstances under which 

unblinding is permissible, and procedure for 

revealing a participant’s allocated 

intervention during the trial 

9 

Methods: Data collection, management, and analysis  

Data collection 

methods 

18a Plans for assessment and collection of 

outcome, baseline, and other trial data, 

including any related processes to promote 

data quality (eg, duplicate measurements, 

training of assessors) and a description of 

study instruments (eg, questionnaires, 

laboratory tests) along with their reliability 

and validity, if known. Reference to where 

data collection forms can be found, if not in 

the protocol 

22 

 18b Plans to promote participant retention and 

complete follow-up, including list of any 

outcome data to be collected for participants 

who discontinue or deviate from intervention 

protocols 

7,17 

Data 

management 

19 Plans for data entry, coding, security, and 

storage, including any related processes to 

promote data quality (eg, double data entry; 

range checks for data values). Reference to 

where details of data management 

procedures can be found, if not in the 

protocol 

22-23 

Statistical 

methods 

20a Statistical methods for analysing primary and 

secondary outcomes. Reference to where 

other details of the statistical analysis plan 

can be found, if not in the protocol 

23-24 

 20b Methods for any additional analyses (eg, 

subgroup and adjusted analyses) 

23-24 

 20c Definition of analysis population relating to 

protocol non-adherence (eg, as randomised 

analysis), and any statistical methods to 

handle missing data (eg, multiple imputation) 

23-24 

Methods: Monitoring  
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 5 

Data monitoring 21a Composition of data monitoring committee 

(DMC); summary of its role and reporting 

structure; statement of whether it is 

independent from the sponsor and 

competing interests; and reference to where 

further details about its charter can be found, 

if not in the protocol. Alternatively, an 

explanation of why a DMC is not needed 

23 

 21b Description of any interim analyses and 

stopping guidelines, including who will have 

access to these interim results and make the 

final decision to terminate the trial 

NA 

Harms 22 Plans for collecting, assessing, reporting, 

and managing solicited and spontaneously 

reported adverse events and other 

unintended effects of trial interventions or 

trial conduct 

17 

Auditing 23 Frequency and procedures for auditing trial 

conduct, if any, and whether the process will 

be independent from investigators and the 

sponsor 

22-23 

Ethics and dissemination  

Research ethics 

approval 

24 Plans for seeking research ethics 

committee/institutional review board 

(REC/IRB) approval 

2, 6, 25 

Protocol 

amendments 

25 Plans for communicating important protocol 

modifications (eg, changes to eligibility 

criteria, outcomes, analyses) to relevant 

parties (eg, investigators, REC/IRBs, trial 

participants, trial registries, journals, 

regulators) 

6 

Consent or assent 26a Who will obtain informed consent or assent 

from potential trial participants or authorised 

surrogates, and how (see Item 32) 

11 

 26b Additional consent provisions for collection 

and use of participant data and biological 

specimens in ancillary studies, if applicable 

NA 

Confidentiality 27 How personal information about potential 

and enrolled participants will be collected, 

shared, and maintained in order to protect 

confidentiality before, during, and after the 

trial 

22 
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Declaration of 

interests 

28 Financial and other competing interests for 

principal investigators for the overall trial and 

each study site 

25 

Access to data 29 Statement of who will have access to the 

final trial dataset, and disclosure of 

contractual agreements that limit such 

access for investigators 

22 

Ancillary and 

post-trial care 

30 Provisions, if any, for ancillary and post-trial 

care, and for compensation to those who 

suffer harm from trial participation 

17 

Dissemination 

policy 

31a Plans for investigators and sponsor to 

communicate trial results to participants, 

healthcare professionals, the public, and 

other relevant groups (eg, via publication, 

reporting in results databases, or other data 

sharing arrangements), including any 

publication restrictions 

22 

 31b Authorship eligibility guidelines and any 

intended use of professional writers 

23 

 31c Plans, if any, for granting public access to 

the full protocol, participant-level dataset, 

and statistical code 

23 

Appendices    

Informed consent 

materials 

32 Model consent form and other related 

documentation given to participants and 

authorised surrogates 

NA 

Biological 

specimens 

33 Plans for collection, laboratory evaluation, 

and storage of biological specimens for 

genetic or molecular analysis in the current 

trial and for future use in ancillary studies, if 

applicable 

NA 

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & 

Elaboration for important clarification on the items. Amendments to the protocol should be tracked and dated. 

The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons “Attribution-

NonCommercial-NoDerivs 3.0 Unported” license. 
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27 ABSTRACT 

28 Introduction: The non-intoxicating plant-derived cannabinoid, cannabidiol (CBD), has 

29 demonstrated therapeutic potential in a number of clinical conditions. Most successful clinical 

30 trials have utilised relatively high (≥ 300 mg) oral doses of CBD. Relatively few studies have 

31 investigated the efficacy of lower (<300 mg) oral doses, typical of those available in over-the-

32 counter CBD products. 

33

34 Methods: We present a protocol for a randomised, double-blind, placebo-controlled, parallel-

35 group clinical trial investigating the effects of a low oral dose (150 mg) of CBD on acute 

36 psychosocial stress, situational anxiety, motion sickness and cybersickness in healthy 

37 individuals. Participants (n=74) will receive 150 mg of CBD or a matched placebo 90 minutes 

38 before completing three virtual reality (VR) challenges (tasks) designed to induce transient 

39 stress and motion sickness: (1) a 15-minute "Public Speaking" task; (2) a 5-minute "Walk the 

40 Plank" task (above a sheer drop); and (3) a 5-minute "Rollercoaster Ride" task. The primary 

41 outcomes will be self-reported stress and nausea measured on 100-mm visual analogue 

42 scales. Secondary outcomes will include salivary cortisol concentrations, skin conductance, 

43 heart rate, and vomiting episodes (if any). Statistical analyses will test the hypothesis that CBD 

44 reduces nausea and attenuates subjective, endocrine, and physiological responses to stress 

45 compared to placebo. This study will indicate whether low-dose oral CBD has positive effects 

46 in reducing acute psychosocial stress, situational anxiety, motion sickness and cybersickness.

47

48 Ethics and dissemination: The University of Sydney Human Research Ethics Committee has 

49 granted approval (2023/307, Version 1.6, 16th February 2024). Study findings will be 

50 disseminated in a peer-reviewed journal and at academic conferences.

51

52 Trial Registration Number: ACTRN12623000872639 (ANZCTR public trials registry, registered 

53 15th August 2023).

54

55 Keywords: cannabidiol (CBD), nausea, anxiety, virtual reality. 

56

Page 2 of 39

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

3

57 STRENGTHS AND LIMITATIONS OF THIS STUDY

58

59  This study will use a rigorous randomised, double-blind, placebo-controlled design to 

60 investigate the effects of a low oral dose (150 mg) of cannabidiol.

61  The dose of cannabidiol provided (i.e., 150 mg) will be comparable to those available 

62 over-the-counter in many countries.

63  Virtual reality (VR) will be used to administer safe, realistic, and precisely reproducible 

64 test paradigms that induce transient stress and nausea in volunteers.

65  Blood samples will not be obtained to verify plasma cannabidiol concentrations as 

66 venepuncture has the potential to induce extraneous stress.

67
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87 1. INTRODUCTION 

88 Cannabidiol (CBD) is a non-intoxicating constituent of the Cannabis sativa plant [1, 2]. 

89 It has a good safety and tolerability profile [3-7] and a diverse range of pharmacological 

90 targets, including the serotonin receptors (e.g., 5-HT1A), G protein-coupled receptors (e.g., 

91 GPR55 and GPR18) and transient receptor potential ion channels (e.g. TRPA1) [8-10]. CBD has 

92 demonstrated therapeutic potential in several clinical conditions [4, 5], including 

93 anticonvulsant effects in paediatric epilepsy [11-13], anxiolytic effects in anxiety disorders 

94 [14, 15], antipsychotic effects in schizophrenia [16, 17] and "anti-addiction" effects in 

95 substance use disorders [18, 19]. These clinical benefits are typically observed at relatively 

96 high oral doses of CBD (e.g., ~300-1500mg) [4, 5]. 

97 In regions such as North America and Europe, CBD is available as both a prescription 

98 drug and a ‘nutraceutical product’ [20]. These nutraceutical or "wellness" products are 

99 typically oral formulations (e.g., oils, capsules, gummies) that contain low doses of CBD (i.e., 

100 ≤150 mg/day) and are widely available in health food stores and pharmacies [20, 21]. In 

101 Australia, regulation of “low-dose CBD products” (containing ≤150 mg/day) was recently 

102 eased to allow patients without a prescription access to registered products in pharmacies. 

103 However, registration of such products requires approval by Australia's medicines regulator 

104 based on demonstrated efficacy and safety [22]. With no products having been registered in 

105 the ~3 years since these regulatory changes were enacted (December 2020) [22], questions 

106 about whether CBD can demonstrate efficacy at these lower doses have been raised.  

107 Indeed, a recent review found little high-quality evidence to support the efficacy of 

108 CBD (in any conditions) at doses ≤200 mg. This review acknowledged, however, that such 

109 doses were under-studied [21]. Some promising results have been obtained with public 

110 speaking tasks designed to induce "psychosocial stress" in healthy volunteers when 300 mg 

111 CBD was administered [23, 24]. Therefore, further research investigating the anxiolytic effects 

112 of low to moderate oral doses of CBD is warranted. It should be noted that the oral 

113 bioavailability of CBD is limited (~13-19%) but may be enhanced by certain lipid-rich 

114 formulations or by administration with fatty foods [6, 25]. The current study will utilise a 

115 proprietary blend of tocopherol phosphates (so called 'Tocopheryl Phosphate Mixture' 

116 (TPM®)), which has been shown to increase the bioavailability of lipid-soluble substances [26, 

117 27].
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118 Virtual reality (VR) technologies are increasingly being used to investigate 

119 psychosocial stress and anxiety in laboratory studies [28, 29]. This approach allows for 

120 minimal resourcing relative to "real-world" studies, customisable and reproducible test 

121 paradigms and the accurate monitoring and recording of key outcomes [29, 30]. Furthermore, 

122 VR provides the advantage of simulating physiologically-provoking activities without real 

123 danger e.g., walking a plank over a sheer drop. However, the use of VR is often accompanied 

124 by motion sickness (a pattern of symptoms that arise from exposure to stimuli involving 

125 significant visual or physical motion) and cybersickness (a sub-type of motion sickness that 

126 arises specifically due to exposure to VR) [31-34]. CBD has shown anti-nausea and anti-emetic 

127 effects in preclinical studies involving laboratory animals [35-37]. Interestingly, two of these 

128 studies demonstrated that CBD administered intraperitoneally at low doses (2.5 - 10 mg/kg) 

129 but not higher doses (25 and 40 mg/kg) reduced toxin-induced vomiting in house musk shrews  

130 [35, 36]. CBD also reduced vomiting in human studies when used in combination with 9-

131 tetrahydrocannabinol to treat chemotherapy-induced nausea and vomiting [38]. Accordingly, 

132 the current study will investigate CBD's possible anti-nausea effects in participants by 

133 exposure to VR scenarios [29].

134 We have developed a series of  three unique VR challenges for the current trial. The 

135 "Public Speaking" task was adapted from studies that explored the anxiolytic effects of CBD 

136 during public speaking challenges [23, 24, 39] and will allow us to determine the effects of 

137 CBD during social threat (i.e., psychosocial stress). The 5-minutes "Walk the Plank" task has 

138 been modified from previous VR studies requiring participants to walk along a narrow virtual 

139 plank above a precipitous drop, inducing physiological markers of acute anxiety [40-42] (i.e., 

140 "situational anxiety"). Finally, the "Rollercoaster Ride" task challenges participants to 

141 complete two rounds of a virtual rollercoaster ride and has been modelled from VR 

142 rollercoaster ride paradigms that have been reliably used to induce motion sickness and 

143 cybersickness in participants [32, 43, 44]. 

144 In summary, the current protocol describes a study that aims to investigate the effects 

145 of low-dose (150 mg) CBD versus placebo on virtual reality (VR)-induced acute psychosocial 

146 stress, situational anxiety, acute motion sickness and cybersickness in healthy individuals. 

147
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148 2. METHODS

149 2.1 Study design 

150 This study is a randomised, double-blind, placebo-controlled, parallel-group, clinical 

151 trial comparing the efficacy of low-dose CBD (150 mg) versus placebo. The study is known as 

152 the CAPSTAN (Cannabidiol for Acute Psychosocial Stress and Nausea) clinical trial. A crossover 

153 design was deemed unsuitable due to the high likelihood of trial-order effects (e.g., 

154 habituation to the VR scenarios) [32]. 

155 The trial sponsor is the University of Sydney, and the trial site is the Brain and Mind 

156 Centre in Sydney, Australia. The study has been approved by the University of Sydney Human 

157 Research Ethics Committee (HREC; 2023/307, Version 1.6, 16th February 2024) and registered 

158 on the Australian New Zealand Clinical Trials Registry (ACTRN12623000872639, 15th August 

159 2023). The study is financially supported by the Lambert Initiative for Cannabinoid 

160 Therapeutics, a philanthropically funded centre for cannabinoid research at the University of 

161 Sydney. Recruitment commenced on 9th October 2023 and is anticipated to conclude in mid-

162 2024. 

163

164 2.2 Participant Population 

165 2.2.1 Inclusion Criteria

166 We aim to recruit 74 participants who will be: (a) healthy adults aged between 18 and 

167 50 years; (b) proficient in English and able to provide informed consent;  (c) residing in the 

168 Greater Sydney region of New South Wales, Australia; and (d) willing to follow the protocol 

169 requirements. 

170

171 2.2.2 Exclusion Criteria  

172 The following exclusion criteria will apply:

173 a. Self-reported regular use (i.e., more than twice weekly) of:

174 i. Cannabinoid-containing products (e.g., cannabis or CBD) 
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175 ii. Psychotropic drugs (prescriptive or illicit) (e.g., cannabis, amphetamines, 

176 cocaine, ecstasy (MDMA), LSD (acid), antidepressants, antiepileptics, opioids, 

177 benzodiazepines) 

178 iii. Medication that may affect the stress response (e.g., corticosteroids, beta-

179 blockers) 

180 b. Self-reported history of allergic reaction (e.g., urticaria or anaphylaxis) to cannabis or 

181 cannabinoid-containing products.

182 c. Self-reported history of liver disease, renal disease, epilepsy or heart disease 

183 (medically controlled high blood pressure <140/90mmHg is acceptable). 

184 d. Current (i.e., within the past 2 weeks) otologic (vestibular) disease.

185 e. A history of repeated episodes of syncope. 

186 f. Pregnant, lactating, or trying to conceive.

187 g. Self-reported history of drug and/or alcohol dependence (or suspected drug and/or 

188 alcohol dependence as determined by the trial physician).

189 h. A medically diagnosed anxiety disorder (e.g., social anxiety disorder) within the past 

190 12 months.

191 i. Current suicidal ideation (i.e., a score >0 on Question 9 of the Patient Health 

192 Questionnaire) or suspected suicidal ideation as determined by the trial physician.

193 j. Current depression, anxiety, and stress scores outside the 'healthy range' on the 

194 Depression Anxiety Stress Scale-21 [45] (i.e., > moderate scores for depression (>20), 

195 anxiety (>14) and stress (>25)). 

196 k. A chronic medical condition (mental or physical) that is uncontrolled i.e., has been 

197 either newly diagnosed, or previously diagnosed and remains symptomatic.

198 l. Self-reported high vulnerability to cybersickness or motion sickness.

199 m. Frequent (i.e., more than weekly) use of VR technologies, which tends to produce 

200 desensitisation towards cybersickness [32]. 

201 n. Self-reported intense fear of heights.

202

203 2.2.3 Recruitment and Retention

204 Participants will be recruited via social media, word of mouth, printed or online 

205 study advertisements and direct emails to individuals who have previously registered their 
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206 interest in participating in clinical trials with the Lambert Initiative for Cannabinoid 

207 Therapeutics. Participation is voluntary, and participants can withdraw at any time. 

208 Participants will be reimbursed with a $200 gift voucher as compensation for time and 

209 expenses incurred as a result of study participation. 

210

211 2.3 Treatments

212 The treatments will be purchased from Avecho Biotechnology Limited (Clayton, 

213 Victoria), manufactured (Catalent Pharma Solutions, St. Petersburg, FL), as well as packaged 

214 and labelled (Central Pharmacy Logistics, Coburg North, VIC) at GMP-licenced facilities, stored 

215 at the Brain and Mind Centre (in a secure, temperature-controlled room), and dispensed by 

216 the trial coordinator (who is also a registered pharmacist) and another blinded investigator.

217 As this trial utilises a non-clinical (healthy) population, a placebo comparator is the 

218 most suitable and ethical choice. Accordingly, an acute dose of CBD (as opposed to chronic 

219 administration) will be utilised. Indeed, the treatment of many ailments utilises an ad hoc 

220 treatment regime.

221

222 2.3.1 Intervention  

223 The investigational product (Avecho Biotechnology Limited, Victoria, Australia) is an 

224 oil-based, soft-gel capsule. Each gel capsule contains 75 mg of pure, synthetic (-)-CBD 

225 enantiomer and 75 mg of TPM® in medium chain triglyceride (MCT) oil. The capsules do not 

226 contain any other cannabinoids or cannabis constituents. 

227

228 2.3.1a Safety

229 CBD is generally considered to have a good safety profile [3, 4, 21, 46, 47]. In previous 

230 studies, 150 mg CBD caused a very low frequency of mild adverse events that did not differ 

231 from placebo [21]. The current study's comprehensive screening and exclusion criteria aims 

232 to reduce the likelihood of adverse events. 

233

234 2.3.1b Dose

235 A dose of 150 mg of CBD (i.e., two soft-gel capsules) will be administered orally. 

236
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237 2.3.1c Control

238 The control is a matched placebo. The placebo is identical to the intervention but 

239 contains no CBD and will also be administered via oral ingestion.

240

241 2.3.2 Randomisation, Allocation Concealment and Blinding 

242 Participants will be randomised to one of two possible treatments in a 1:1 ratio at the 

243 beginning of their test day. Specifically, they will be assigned a unique randomisation number 

244 that is linked to a treatment via a pre-populated randomisation schedule. The schedule will 

245 be generated in seven balanced blocks of 10 and one balanced block of four by an 

246 independent statistician using an online random number generator and stored in a password-

247 protected system inaccessible to blinded study personnel (centralised computerised 

248 randomisation). The schedule will only be available to the statistician, an independent 

249 researcher and the company that will package and label the treatments (Central Pharmacy 

250 Logistics, Coburg North, Victoria). 

251 Treatment allocation will be concealed using numbered containers (or 'sachets'). Each 

252 'dose' will be packaged in a separate, opaque, aluminium sachet labelled with a unique 

253 randomisation number. 

254 As this is a double-blind study, participants and the remainder of the research team 

255 will not be aware of the assigned treatment. In the event of an emergency, the principal 

256 investigator or trial physician may request the unblinding of a participant for medical care. 

257  

258 2.4 Eligibility Screening 

259 A Study Flowchart is presented in Figure 1. Willing volunteers will complete a 

260 comprehensive online Screening Questionnaire using the ‘Research Electronic Data Capture’ 

261 (REDCapTM) web-based system  (~20 minutes). Volunteers are required to complete a 

262 compulsory online declaration tick-box at the start of the questionnaire consenting to the 

263 use of the information they provide to evaluate their eligibility. The questionnaire will 

264 assess their eligibility to participate. Each volunteer who attempts the Screening 

265 Questionnaire will be assigned a unique screening number to anonymise their identifying 

266 information. The trial physician will review volunteers' responses and decide on their 

267 eligibility for the trial. They will document their decision by completing an Eligibility 
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268 Declaration form and a prescription for the trial drug (valid only when the volunteer has been 

269 randomised). 
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270 [INSERT FIGURE 1 HERE]

271

272 Figure 1. Study flowchart summarising the screening, enrolment and randomisation of 

273 participants in the CAPSTAN trial.

274

275 2.5 Enrolment  

276 Eligible participants will be invited to complete a telehealth interview with the trial 

277 coordinator. Here, they will receive detailed information about the trial procedures and risks 

278 and be informed that their enrolment requires a negative urine drug and pregnancy screen at 

279 the start of the experimental procedures (i.e., the "Test Day"). The trial coordinator will invite 

280 the volunteer to ask questions and to discuss participation in the trial with the trial doctor, or 

281 to take additional time to consider their decision to participate. Once the trial coordinator is 

282 confident that the volunteer understands the requirements of the trial, they will request that 

283 the participant sign the informed consent form (please see Supplementary file). The trial 

284 coordinator will then counter-sign the consent form, collect basic demographic information 

285 and book the participant for a Test Day.

286
287 2.6 Experimental Procedure 

288 Each participant will complete one Test Day (~3 hours) at the Brain and Mind Centre 

289 at the University of Sydney (Table 1).

290

291

292

293

294

295

296

297

298

299

300
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301 Table 1. The CAPSTAN trial experimental procedure 

Time 
(minutes) 
from start

Approximate 
Duration

Activity

0 10 min Introduction and pre-trial compliance checks

10 5 min Randomisation

15 15 min Pre-treatment measures

30 10 min CBD or placebo administration and caloric beverage 

40 50 min Rest period 1

90 15 min Virtual reality orientation

105 15 min Baseline measures

120

15 min total
(2 min)
(3 min)
(5 min)
(5 min)

Public Speaking task:
Instructions

Speech preparation
Speech delivery

Arithmetic challenge

135 10 min Rest period 2

145
5 min total

(2 min)
(3 min)

Walk the Plank task:
Instructions

Walk the Plank task

150 10 min Rest period 3

160
5 min total

(2 min)
(3 min)

Rollercoaster Ride task:
Instructions

Rollercoaster ride task

165 10 min Rest period 4

175 15 min Study Close

190 - End Of Test Day

302

303 2.6.1 Standardisation Procedures

304 Prior to each onsite Test Day, participants will be instructed to: (a) abstain from 

305 alcohol (≥24 h); (b) avoid greater than one standard serving of caffeine at least 2-hours before 

306 the Test Day; (c) ensure they are well hydrated; and (d) ensure that they are adequately fed 

307 by consuming a meal at least 2 hours before arrival to the Test Day. These factors aim to 

308 reduce the likelihood of malaise, gastrointestinal disturbances or heightened anxiety on the 

309 Test Day.

310

Page 12 of 39

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

13

311 2.6.2 Compliance Checks

312 Participants will complete a urinary drug screen (to identify any recent use of 

313 cannabis and other psychoactive substances such as cocaine, ecstasy (MDMA), 

314 amphetamines, benzodiazepines and opioids) and, if they are female, a urine pregnancy 

315 screen, on arrival at the study site. The trial coordinator will also confirm compliance with the 

316 standardisation procedures and if there have been any changes to the participant's health 

317 status or medication use since the last contact. Participants who meet these requirements 

318 will be randomised; those who do not may be invited to return at another time if suitable.

319

320 2.6.3 Experimental Procedures  

321 Following randomisation, participants will be fitted with the Equivital EQ02+ 

322 LifeMonitor belt and the VR headset (detailed below). There will then be a 10-minute 

323 collection of pre-treatment measures (see Study Outcomes below). After this, the VR headset 

324 and Equivital EQ02+ LifeMonitor belt will be temporarily removed, the treatment 

325 administered, and the participant given a compulsory standardised caloric beverage to 

326 consume; specifically, 500 mL of "Up & Go Liquid Breakfast" (Sanitarium, Berkeley Vale NSW, 

327 Australia) containing approximately 1,640 kilojoules, 16.8g of protein, 8.6g of fat and 57g of 

328 carbohydrates. For consistency, all participants are required to consume this beverage in its 

329 entirety, which aims to potentiate the absorption of CBD in the gastrointestinal tract [6, 48-

330 50] and provide participants with sustenance during the test session. Participants will be 

331 provided with a rest period of approximately 50 minutes, during which they will be left alone 

332 in a quiet reception area and encouraged to undertake some low-stress reading; this delay is 

333 aimed at allowing CBD plasma concentrations to approach a near-maximal level [48]. 

334 Following this, participants will be provided with instructions on the three VR tasks and the 

335 functionality of the VR hardware during a 15-minute "VR Orientation" session. The VR headset 

336 and Equivital EQ02+ LifeMonitor belt will then be re-fitted for a 10-minutes collection of the 

337 pre-task measures. The devices will remain fitted to participants until the end of the 

338 experimental procedure.

339
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340 2.6.4 Virtual Reality Tasks

341 The three tasks developed for this clinical trial are the "Public Speaking" task (for 

342 psychosocial stress), the "Walk the Plank" task (for situational anxiety) and the "Rollercoaster 

343 Ride" task (for motion sickness). Although these exact VR tasks have not been previously used 

344 in clinical trials or laboratory studies, similar tasks have been reported in the broader scientific 

345 literature [29, 32, 40-42, 51].

346 The 15-minute "Public Speaking" task was modelled on previous studies that found 

347 CBD to have anxiolytic effects during public speaking challenges [23, 24, 39] and the Trier 

348 Social Stress Test (TSST) [52]. The abovementioned public speaking tasks varied in their 

349 methodology and involved either "simulated" public speaking tasks whereby participants 

350 delivered a speech in front of a video camera or real-life tasks where participants delivered 

351 speeches to a live audience [23, 24, 39]. Conversely, the TSST is a structured stress paradigm 

352 involving a 10-minute speech preparation period followed by a 10-minute test period during 

353 which participants complete a 5-minute job application speech followed by 5 minutes of 

354 mental arithmetic [53]. The TSST reliably induces psychosocial stress (i.e., stress involving the 

355 perception of one's worth, competence, or status by others) and results in an acute and 

356 reliable cortisol response in most participants [53-55]. In one study, a VR adaption of the TSST 

357 elicited similar salivary cortisol and subjective stress responses to a real-life TSST, 

358 demonstrating that the two were equivalent [29]. The current study utilises a modified VR 

359 version of the TSST involving a panel of virtual judges who withhold all feedback or affirmation 

360 (Figure 2A). 

361 The task involves a three-minute "speech preparation period" (i.e., "please mentally 

362 prepare a speech on what attributes and experience you have that makes you the ideal 

363 candidate for your dream role") and a 10-minute "test period" consisting of (a) five-minute 

364 speech delivery period (i.e., "please deliver your speech and aim to speak for the full five-

365 minutes") and (b) a five-minute mental arithmetic challenge (i.e., "please calculate 2703 – 13. 

366 From the result, please subtract 13 again and state your answer out loud. Repeat this process 

367 a total of five times. At the end of this process, please recall all five of your answers aloud").

368 The five-minute "Walk the Plank" task requires participants to virtually walk across a 

369 narrow virtual plank between two skyscrapers. Participants will be advised that they have 

370 become stranded on the top of the building and are required to signal for help using the safety 
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371 beacon placed at the opposite end of the plank. For this task, participants will walk up and 

372 down the length of the clinic room with their movement mapped to the virtual plank and 

373 guided by virtual boundaries, signifying a safe space (Figure 2B). VR studies utilising a similar 

374 challenge provided realistic experiences that induce physiological markers of stress that are 

375 consistent with acute anxiety (i.e., "situational anxiety") [40-42].

376 The five-minute "Rollercoaster Ride" task challenges participants to complete a virtual 

377 rollercoaster ride (Figure 2C). Participants will remain seated throughout this task and can 

378 indicate if they would like to stop the task early. Similar VR tasks have been shown to induce 

379 motion sickness in participants [32, 43, 44]. Motion sickness will be explored explicitly during 

380 the "Rollercoaster Ride" task, while cybersickness will be explored during all three VR 

381 scenarios.  

382

383 [INSERT FIGURE 2A,2B AND 2C HERE]

384

385 Figure 2. (A) The panel of virtual judges from the "Public Speaking" task; (B) The roof of the building 

386 and plank from the "Walk the Plank" task; and (C) The view from the seat of the "Rollercoaster Ride" 

387 task.

388

389 2.6.5 Post Trial Procedures 

390 After completing the final VR task, participants have a 10-minute recovery period. 

391 After this, they will be queried on any adverse events (AEs) experienced (i.e., "Have you 

392 experienced any unfavourable symptoms?"), What treatment do they think they received 

393 (i.e., CBD or placebo), and what are their confidence estimates (i.e., How sure are you of your 

394 guess on which treatment you received?"). All participants will be provided with the contact 

395 details of the research team to self-report any AEs over the next 24 hours. The trial 

396 coordinator or research assistant will record all adverse event reports using a REDCapTM AE 

397 report form and communicate to the trial physician if required. 

398 The occurrence of AEs will be discussed weekly with the trial physician. Furthermore, 

399 a blinded summary of AE reports will be emailed to the trial physician monthly, and the trial 

400 physician will indicate if the rate of AEs is unacceptably high. In the unlikely event of a severe 
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401 adverse event (SAE), the trial physician and the principal investigator (PI) will be immediately 

402 notified, and all SAEs will be reported to the trial sponsor and the HREC within 72 hours.

403

404 2.7 Data Collection 

405 A summary of the data collected during the CAPSTAN trial and time of collection is provided 

406 in Figure 3

407

408 [INSERT FIGURE 3 HERE]

409

410 Figure 3. Data collected during the CAPSTAN trial "Test Day.

411 IPS = instructions for the “Public Speaking” task, SP = speech preparation, SD = speech delivery, AC = 

412 arithmetic challenge, IWP = instructions for the “Walk the Plank” task, WPT = ”Walk the Plank” task, 

413 IRR = instructions for the “Rollercoaster Ride” task, RRT = “Rollercoaster Ride” task

414

415 2.7.1 Study Outcomes 

416 The primary outcome measures include: 

417  Self-reported stress ratings on a VAS (nervous 0-100) 

418  Self-reported nausea ratings on a VAS (nauseous 0-100)

419

420 The secondary outcome measures include:

421  Salivary Cortisol

422  Heart rate

423  Skin Conductance

424  Vomiting or near-vomiting episodes

425  Self-reported anxiety ratings on VASs include:

426 o (tense 0-100) 

427 o (calm 0-100)

428 o (excited 0-100)

429 o (bored 0-100)

430

431 The exploratory (tertiary) outcome measures are:

432  Salivary testosterone and progesterone
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433  Eye-tracking data including:

434 o The frequency and duration of eye-closing 

435 o The frequency and duration of gaze at areas of interest 

436

437 2.7.2 Visual Analogue Scales (VASs)

438 VASs will be used to measure the two primary outcomes: self-reported stress 

439 (nervousness) and nausea. They will also be used to measure the secondary outcome of self-

440 reported anxiety (as detailed below) (Figure 4). These measures will be recorded before drug 

441 administration (pre-treatment measurement), at baseline, prior to the commencement of 

442 each VR task, at the completion of each VR task and at the study close. VAS measures will also 

443 be recorded prior to the performance of the speech during the “Public Speaking” task 

444 (Timepoint “SD” Figure 3) and prior to the performance of the walk during the “Walk the 

445 Plank” (Timepoint “WPT” Figure 3) task. These measures aim to capture “anticipatory 

446 anxiety” reported prior to anxiety-inducing tasks in previous studies [23, 24]. As nausea is the 

447 main interest during the Rollercoaster Ride task, no VAS measures for anticipatory anxiety 

448 will be taken for this task.  All VASs will appear on the screen of the VR headset, and 

449 participants will use the VR hand controllers to click on the numerical value (0-100) that best 

450 describes their current state (Figure 4). Using such virtual scales allows seamless execution of 

451 self-report without disturbing the participant's sense of immersion within the virtual 

452 environment. 

453 For a well-rounded exploration of CBD effects on anxiety, we have utilised VASs that 

454 query participant's affect (i.e., the outward expression of an emotion) [56]. Here, we consider 

455 1) the "valence" of an emotion (i.e., its positivity or negativity) and 2) the intensity of the 

456 emotion (i.e., whether it is arousing or deactivating). This provides four self-reported anxiety 

457 rating VASs, including:

458  positively arousing (excited 0-100)

459  positively deactivating (calm 0-100)

460  negatively arousing (tense 0-100)

461  negatively deactivating (bored 0-100)

462

463 [INSERT FIGURE 4 HERE]
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464

465 Figure 4. Self-reported Visual Analogue Scales (VASs) as they appear on the virtual reality 

466 headset. Values are provided by the participants by clicking on the scales using the hand 

467 controllers. 

468

469 2.7.3 Salivary Cortisol, Testosterone and Progesterone

470 During the experimental procedure, oral fluid samples will be collected from 

471 participants five times using Salivette® collection tubes (Sarstedt AG and Co., Nümbrecht 

472 Germany). These samples will be collected immediately before drug administration, before 

473 the first VR task, and after each VR task. Participants will be advised to open the Salivette® 

474 tube, place the pad in their mouth for two minutes or until soaked with saliva, then return 

475 the pad to the tube and firmly seal it. The samples will be centrifuged for 2 minutes at 1,000 

476 x g and analysed simultaneously for cortisol (a secondary outcome) and testosterone and 

477 progesterone (exploratory outcomes) using an in-house developed mass spectrometry (MS) 

478 method [57, 58].

479

480 2.7.4 Heart Rate 

481 Heart rate will be measured for 10 minutes immediately before drug administration 

482 (baseline measurement), for 10 minutes at baseline and continuously throughout all three VR 

483 tasks using the EQ02+ LifeMonitor and belt, as described in previous studies [59, 60] (Equivital 

484 Ltd, Cambridge, United Kingdom; https://www.adinstruments.com/partners/equivital). This 

485 is a wireless, medical-grade monitoring system that records a range of physiological measures 

486 (such as electrocardiogram, breathing rate, tri-axial acceleration, galvanic skin response, skin 

487 temperature) using a wearable vest and permits live data streaming and download using the 

488 LabChart software. 

489

490 2.7.5 Skin Conductance 

491 Skin conductance will be measured for 10 minutes immediately before drug 

492 administration (baseline measurement), for 10 minutes at baseline and continuously 

493 throughout all three VR tasks.
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494 Skin conductance of the forehead will be measured using the Equivital GSR Sensor 

495 connected to the EQ02+ LifeMonitor and belt (as described above). Skin conductance of the 

496 fingers will be measured using MLT117F/10 GSR finger electrodes connected to a FE116 GSR 

497 Amp with a PLCF1 front-end interface used with PowerLab C software (ADInstruments, Oxford 

498 United Kingdom), a system used in previous studies [61, 62]. Research suggests that forehead 

499 skin conductance may correlate with motion sickness, while finger skin conductance 

500 correlates with acute stress [32, 63]. Therefore, both will be measured in the current study. 

501

502 2.7.6 Vomiting Episodes 

503 The Test Day source document will record all vomiting episodes throughout the 

504 experimental procedure. 

505
506 2.7.6 Eye-tracking 

507 Eye tracking data will be collected continuously throughout the VR tasks using the VR 

508 headset. These measures will provide highly precise, objective data by which to examine 

509 participant's compliance (frequency and duration of eye closing) and engagement and 

510 response (frequency and duration of gaze at areas of interest, that is, the panel of judges in 

511 the “Public Speaking” task or the plank in the “Walk the Plank” task ) during the VR challenges 

512 [64]. Gazing at pre-defined points of interest (e.g., the judges in the "Public Speaking" task or 

513 the plank in the "Walk the Plank" task) is based on the "Eye-Mind Hypothesis" that describes 

514 the tendency for people to direct their gaze towards what they are thinking about [64-66]. 

515 Both eye closing and gaze away from points of interest may correlate to fear or avoidance 

516 behaviours [67].  

517
518 2.9 Data Management

519 Participant information collected for this trial will be securely stored and treated as 

520 confidential. Participants' identifying information will be anonymised using unique codes: 

521 initially, a screening number and, later, a randomisation number. The key to these codes will 

522 be securely stored in password-protected files inaccessible from the internet. Clinical trial 

523 data will be collected and managed using REDCapTM, a secure, online program supported by 

524 the University of Sydney; access is password-protected and will only be available to approved 
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525 research staff. Hard copies of patient data will be securely stored in locked filing cabinets at 

526 the study site. Only the study investigators have access to the participant data. All trial data 

527 will be stored securely for at least 15 years. The findings of this clinical trial will be 

528 disseminated via conferences, publications, and media, as applicable. Participants will be 

529 informed of the results of the study at the conclusion of the trial. No participants will be 

530 identified in any report or publication of this study or its results. 

531

532 2.10 Data and Safety Monitoring 

533 Data monitoring will occur monthly for all new participant entries logged into the 

534 REDCap system; a designated team member will adhere to a standardised process of data 

535 review, raising queries and locking forms once the review has been completed. Safety 

536 monitoring of AEs will be managed according to sponsor and HREC requirements. As this is a 

537 small, single-centre, low risk, clinical trial utilising an acute, low-dose CBD, an independent 

538 data safety monitoring committee will not be formed. However, an independent 'Expert 

539 Group' has been formed and will be consulted by the research team and HREC in the unlikely 

540 instance of a severe adverse event. The Expert Group comprises three research physicians 

541 with extensive experience with CBD clinical trials. The decision to terminate the trial lies with 

542 the principal investigator based on safety data and recruitment targets. 

543

544 2.11 Roles and Responsibilities  

545 The study investigators have led the design of this study and are responsible for the 

546 management and conduct of this clinical trial. The study investigators will conduct the analysis 

547 and will make all publication-related decisions.

548

549 2.12 Statistical Methods

550

551 2.5.1 Sample Size Estimation 

552 The target sample size was determined a priori using power calculation software 

553 (G*Power Version 3.1.9.6, University of Kiel, Germany). In an earlier investigation, Linares et 

554 al. (2019) found that 150 mg CBD decreased subjective ratings of anxiety on the Visual 
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555 Analogue Mood Scale (VAMS) during a simulated public speaking test, albeit non-significantly 

556 (Placebo: 18.6±15.9 mm, n=15; CBD: 7.6±15.5 mm; n=15; Cohen's d=0.70) [23]. 

557 Using an equivalent effect size (Cohen's d=0.70), a power (1-ß) of 0.8 and a two-sided 

558 α=0.05, we estimate that n=68 participants will be required to detect a significant effect of 

559 CBD on anxiety. Clinical trials conducted by the Lambert Initiative for Cannabinoid 

560 Therapeutics have indicated participant retention of ≥90% [48, 68]. Therefore, the n=74 

561 will be recruited to account for attrition.

562

563 2.5.2 Statistical Analysis Plan 

564 The primary and secondary outcomes and eye-openness will be analysed using 

565 generalized linear mixed models (GLMM), while eye gaze will be analysed using a mixed-

566 effects multinomial logistic regression. Treatment, Time and the Treatment × Time interaction 

567 will be included as fixed effects, and the participant will be included as a random effect, with 

568 other covartiates included as appropriate to improve goodness of fit (e.g., Sex, Age, Time of 

569 day). To refine the models, we will use corrected Akaike Information Criterion [69]. We will 

570 calculate ∆m between models and exclude models with ∆m > 2 as having substantially less 

571 support [70].  No covariance structure will be specified (unstructured). To identify the best 

572 distribution and link for the GLMM models, the data type, residual plots, Shapiro-Wilk 

573 normality test, Levene’s test for Homogeneity of Variance, and Pearson’s dispersion test will 

574 be used. Type III Wald chi-square tests will be used to generate main effects p-values. A priori 

575 planned uncorrected pairwise comparisons will be performed to compare:

576  subjective ratings of stress on a stress VAS (nervous 0-100) across treatments at 

577 (Timepoint t=125 (SD), Figure 3)

578  subjective ratings of stress on a stress VAS (nervous 0-100) across treatments at 

579 (Timepoint t=147 (WPT), Figure 3)

580  subjective ratings of nausea on a nausea VAS (nauseous 0-100) across treatments at 

581 (Timepoint t=165, Figure 3)

582  subjective ratings of nausea on a nausea VAS (nauseous 0-100) across treatments at 

583 (Timepoint t=175, Figure 3)

584 as these are the primary outcome measures. 
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585 Dunn-Šidák corrected pairwise comparisons will be performed where additional 

586 significant main and interaction effects are present. Statistical significance will be accepted as 

587 p<0.05. The statistical analysis plan will be finalised before the last participant Test Day and 

588 will be available on request. 

589

590 3. STATEMENTS AND DECLARATIONS

591 Ethics and dissemination: The study has been approved by the University of Sydney Human 

592 Research Ethics Committee (HREC; 2023/307, Version 1.6, 16th February 2024). The findings 

593 of this clinical trial will be disseminated via conferences, publications, and media, as 

594 applicable. Participants will be informed of the study's results at the trial's conclusion. No 

595 participants will be identified in any report or publication of this study or its results.

596
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Screening Questionnaire
Participant completes comprehensive REDCap 

Screening Questionnaire and provides contact details. 
Trial Physician reviews the screening data, contacts the 

participant for further information (if required) and 
makes final decision on participant enrolment by 

signing the Eligibility Declaration Form. 

Telehealth Trial Interview 
Trial Coordinator provides a detailed breakdown of 

the trial, discusses the risk of participation and 
provides an opportunity for questions. Participant 
provides written informed consent to participate 

in trial and is booked in for a Test Day. 

Randomisation (n=74)

On-site 
Test Day

Exclude those with positive 
drug or pregnancy screen

End of Study 

CBD 150 mg (n=37) Placebo (n=37)

Test Procedure
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Figure 4. Self-reported Visual Analogue Scales (VASs) as they appear on the virtual reality headset. Values 
are provided by the participants by clicking on the scales using the hand controllers. 
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 1 Version 1.3, 1 December 2023 
 

  

The Cannabidiol for Acute Psychosocial Stress and Nausea (CAPSTAN) Trial 
ENROLMENT CONSENT FORM (HREC Approval No.: 2023/307) 

 
1. I have read and understood the Participant Information Sheet and agree to take part in the CAPSTAN 

trial.  
 
2. I have had the project, so far as it affects me, and the potential risks and burdens fully explained to 

my satisfaction by the research team. I have had the opportunity to ask any questions I may have 
about the project and my participation. My consent is given freely.  

 
3. I have no history of allergy or other adverse reactions to the drug, cannabidiol. 
 
4. Although I understand the purpose of the research project is to improve the quality of health/medical 

care, it has also been explained to me that my involvement may not be of any benefit to me. 
 
5. I realise my participation in this study is voluntary and that I have the right to withdraw from the study 

at any stage without prejudice. I also understand that the research team has the right to terminate 
the study at any stage before completion, without jeopardising my medical care, if they believe this is 
in my best interests, for non-compliance with study procedures or for other legitimate reasons. If I 
decide to withdraw from the study, I agree that information collected about me up to the point when 
I withdraw may continue to be processed.  

 
6. I understand that all information will remain confidential and while the information gained during the 

study may be published in journal articles, conferences, presentations etc, I will not be identified in 
any way. I agree to my non-identifiable information being used for future research purposes limited 
to the work of the University of Sydney.  

 
7. My information will only be used for the purposes of this research, and it will only be disclosed 

according to the consent provided, except where disclosure is required by law.  
 
8. I understand that access may be required to my medical records for the purpose of this study as well 

as for quality assurance, auditing and in the event of a serious adverse event and I consent to this 
access.  

 
9. I am aware that I should keep a copy of this Consent Form, when completed, and a copy of the Patient 

Information Sheet.  
 

 
 
 

  
 

 

 ABN 15 211 513 464 
 

 CHIEF INVESTIGATOR NAME 
 Professor Iain McGregor  
  

Level 6, 94 Mallett Street 
The University of Sydney  

NSW 2050 AUSTRALIA 

Telephone: +61 2 9351 0883 

                     Email: iain.mcgregor@sydney.edu.au  
Web: http://www.sydney.edu.au/  
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10. I agree to have my General Practitioner informed of my participation in this study if required for my 
medical care and that he/she may divulge details of my past medical history, as he/she sees relevant, 
to the Investigator. 

 
11. I am aware that I should keep a copy of the completed Consent Form and the attached Participant 

Information Sheet.  
 
12. I am 18 years of age or over.  

 

This consent form relates to Participant Information Statement Version 1.6_1 December 2023 
 

Participant to complete: 

 
I consent to participate in the CASTAN trial screening procedure and if eligible, I consent to 
participate in the CASTAN trial. 
 
 
Name: ________________________Signature: ______________________Date: ______________ 
 

 

Trial Coordinator to complete: 

 
 

I have described the nature of the research to __________________________________________ 

and in my opinion, she/he understood the explanation.  

 

 
 
Name: ______________________Signature: ________________________Date: ______________ 
 

 

 

print name of participant 
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SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related 

documents* 

 

Section/item Item 
No 

Description Manuscript Page and Notes 

Administrative information  

Title 1 Descriptive title identifying the study design, 

population, interventions, and, if applicable, 

trial acronym 

1 

Trial registration 2a Trial identifier and registry name. If not yet 

registered, name of intended registry 

2 

2b All items from the World Health Organization 

Trial Registration Data Set 

Yes, ANZCTR public trials registry, 

ACTRN12623000872639. 

Registered 15 August 2023. 

Protocol version 3 Date and version identifier 2, 6 and 25 

Funding 4 Sources and types of financial, material, and 

other support 

6, 25 

Roles and 

responsibilities 

5a Names, affiliations, and roles of protocol 

contributors 

1,25 

5b Name and contact information for the trial 

sponsor 

6 

 5c Role of study sponsor and funders, if any, in 

study design; collection, management, 

analysis, and interpretation of data; writing of 

the report; and the decision to submit the 

report for publication, including whether they 

will have ultimate authority over any of these 

activities 

25 

 5d Composition, roles, and responsibilities of 

the coordinating centre, steering committee, 

endpoint adjudication committee, data 

management team, and other individuals or 

groups overseeing the trial, if applicable (see 

Item 21a for data monitoring committee) 

23 

Introduction    
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 2 

Background and 

rationale 

6a Description of research question and 

justification for undertaking the trial, including 

summary of relevant studies (published and 

unpublished) examining benefits and harms 

for each intervention 

4-5 

 6b Explanation for choice of comparators 8 

Objectives 7 Specific objectives or hypotheses 6 

Trial design 8 Description of trial design including type of 

trial (eg, parallel group, crossover, factorial, 

single group), allocation ratio, and framework 

(eg, superiority, equivalence, noninferiority, 

exploratory) 

5-6 

Methods: Participants, interventions, and outcomes  

Study setting 9 Description of study settings (eg, community 

clinic, academic hospital) and list of 

countries where data will be collected. 

Reference to where list of study sites can be 

obtained 

6 

Eligibility criteria 10 Inclusion and exclusion criteria for 

participants. If applicable, eligibility criteria 

for study centres and individuals who will 

perform the interventions (eg, surgeons, 

psychotherapists) 

6-7 

Interventions 11a Interventions for each group with sufficient 

detail to allow replication, including how and 

when they will be administered 

8 

11b Criteria for discontinuing or modifying 

allocated interventions for a given trial 

participant (eg, drug dose change in 

response to harms, participant request, or 

improving/worsening disease) 

NA, intervention is a single acute 

dose of active or placebo with no 

ongoing involvement of participants.  

11c Strategies to improve adherence to 

intervention protocols, and any procedures 

for monitoring adherence (eg, drug tablet 

return, laboratory tests) 

NA, intervention is a single acute 

dose of active or placebo with no 

ongoing involvement of participants. 

11d Relevant concomitant care and interventions 

that are permitted or prohibited during the 

trial 

12-13 
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 3 

Outcomes 12 Primary, secondary, and other outcomes, 

including the specific measurement variable 

(eg, systolic blood pressure), analysis metric 

(eg, change from baseline, final value, time 

to event), method of aggregation (eg, 

median, proportion), and time point for each 

outcome. Explanation of the clinical 

relevance of chosen efficacy and harm 

outcomes is strongly recommended 

19 

Participant 

timeline 

13 Time schedule of enrolment, interventions 

(including any run-ins and washouts), 

assessments, and visits for participants. A 

schematic diagram is highly recommended 

(see Figure) 

10 (Figure1) 

Sample size 14 Estimated number of participants needed to 

achieve study objectives and how it was 

determined, including clinical and statistical 

assumptions supporting any sample size 

calculations 

23 

Recruitment 15 Strategies for achieving adequate participant 

enrolment to reach target sample size 

7 

Methods: Assignment of interventions (for controlled trials)  

Allocation:    

Sequence 

generation 

16a Method of generating the allocation 

sequence (eg, computer-generated random 

numbers), and list of any factors for 

stratification. To reduce predictability of a 

random sequence, details of any planned 

restriction (eg, blocking) should be provided 

in a separate document that is unavailable to 

those who enrol participants or assign 

interventions 

9 

Allocation 

concealment 

mechanism 

16b Mechanism of implementing the allocation 

sequence (eg, central telephone; 

sequentially numbered, opaque, sealed 

envelopes), describing any steps to conceal 

the sequence until interventions are 

assigned 

9 

Implementation 16c Who will generate the allocation sequence, 

who will enrol participants, and who will 

assign participants to interventions 

9 
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 4 

Blinding 

(masking) 

17a Who will be blinded after assignment to 

interventions (eg, trial participants, care 

providers, outcome assessors, data 

analysts), and how 

9 

 17b If blinded, circumstances under which 

unblinding is permissible, and procedure for 

revealing a participant’s allocated 

intervention during the trial 

9 

Methods: Data collection, management, and analysis  

Data collection 

methods 

18a Plans for assessment and collection of 

outcome, baseline, and other trial data, 

including any related processes to promote 

data quality (eg, duplicate measurements, 

training of assessors) and a description of 

study instruments (eg, questionnaires, 

laboratory tests) along with their reliability 

and validity, if known. Reference to where 

data collection forms can be found, if not in 

the protocol 

22 

 18b Plans to promote participant retention and 

complete follow-up, including list of any 

outcome data to be collected for participants 

who discontinue or deviate from intervention 

protocols 

7,17 

Data 

management 

19 Plans for data entry, coding, security, and 

storage, including any related processes to 

promote data quality (eg, double data entry; 

range checks for data values). Reference to 

where details of data management 

procedures can be found, if not in the 

protocol 

22-23 

Statistical 

methods 

20a Statistical methods for analysing primary and 

secondary outcomes. Reference to where 

other details of the statistical analysis plan 

can be found, if not in the protocol 

23-24 

 20b Methods for any additional analyses (eg, 

subgroup and adjusted analyses) 

23-24 

 20c Definition of analysis population relating to 

protocol non-adherence (eg, as randomised 

analysis), and any statistical methods to 

handle missing data (eg, multiple imputation) 

23-24 

Methods: Monitoring  
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 5 

Data monitoring 21a Composition of data monitoring committee 

(DMC); summary of its role and reporting 

structure; statement of whether it is 

independent from the sponsor and 

competing interests; and reference to where 

further details about its charter can be found, 

if not in the protocol. Alternatively, an 

explanation of why a DMC is not needed 

23 

 21b Description of any interim analyses and 

stopping guidelines, including who will have 

access to these interim results and make the 

final decision to terminate the trial 

NA 

Harms 22 Plans for collecting, assessing, reporting, 

and managing solicited and spontaneously 

reported adverse events and other 

unintended effects of trial interventions or 

trial conduct 

17 

Auditing 23 Frequency and procedures for auditing trial 

conduct, if any, and whether the process will 

be independent from investigators and the 

sponsor 

22-23 

Ethics and dissemination  

Research ethics 

approval 

24 Plans for seeking research ethics 

committee/institutional review board 

(REC/IRB) approval 

2, 6, 25 

Protocol 

amendments 

25 Plans for communicating important protocol 

modifications (eg, changes to eligibility 

criteria, outcomes, analyses) to relevant 

parties (eg, investigators, REC/IRBs, trial 

participants, trial registries, journals, 

regulators) 

6 

Consent or assent 26a Who will obtain informed consent or assent 

from potential trial participants or authorised 

surrogates, and how (see Item 32) 

11 

 26b Additional consent provisions for collection 

and use of participant data and biological 

specimens in ancillary studies, if applicable 

NA 

Confidentiality 27 How personal information about potential 

and enrolled participants will be collected, 

shared, and maintained in order to protect 

confidentiality before, during, and after the 

trial 

22 
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 6 

Declaration of 

interests 

28 Financial and other competing interests for 

principal investigators for the overall trial and 

each study site 

25 

Access to data 29 Statement of who will have access to the 

final trial dataset, and disclosure of 

contractual agreements that limit such 

access for investigators 

22 

Ancillary and 

post-trial care 

30 Provisions, if any, for ancillary and post-trial 

care, and for compensation to those who 

suffer harm from trial participation 

17 

Dissemination 

policy 

31a Plans for investigators and sponsor to 

communicate trial results to participants, 

healthcare professionals, the public, and 

other relevant groups (eg, via publication, 

reporting in results databases, or other data 

sharing arrangements), including any 

publication restrictions 

22 

 31b Authorship eligibility guidelines and any 

intended use of professional writers 

23 

 31c Plans, if any, for granting public access to 

the full protocol, participant-level dataset, 

and statistical code 

23 

Appendices    

Informed consent 

materials 

32 Model consent form and other related 

documentation given to participants and 

authorised surrogates 

NA 

Biological 

specimens 

33 Plans for collection, laboratory evaluation, 

and storage of biological specimens for 

genetic or molecular analysis in the current 

trial and for future use in ancillary studies, if 

applicable 

NA 

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & 

Elaboration for important clarification on the items. Amendments to the protocol should be tracked and dated. 

The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons “Attribution-

NonCommercial-NoDerivs 3.0 Unported” license. 

 

Page 39 of 39

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://www.creativecommons.org/licenses/by-nc-nd/3.0/
http://www.creativecommons.org/licenses/by-nc-nd/3.0/
http://bmjopen.bmj.com/


For peer review only
The effects of cannabidiol on psychosocial stress, 
situational anxiety and nausea in a virtual reality 

environment: A protocol for a single-centre randomised 
clinical trial

Journal: BMJ Open

Manuscript ID bmjopen-2023-082927.R2

Article Type: Protocol

Date Submitted by the 
Author: 12-Mar-2024

Complete List of Authors: Bawa, Zeeta; The University of Sydney Lambert Initiative for 
Cannabinoid Therapeutics; The University of Sydney Brain and Mind 
Centre
McCartney, Danielle; The University of Sydney Lambert Initiative for 
Cannabinoid Therapeutics; The University of Sydney Brain and Mind 
Centre
Bedoya-Pérez, Miguel; The University of Sydney Lambert Initiative for 
Cannabinoid Therapeutics, School of Psychology, The University of 
Sydney, Sydney, New South Wales, Australia; The University of Sydney 
Brain and Mind Centre
Lau, Namson; The Boden Initiative, Charles Perkins Centre, The 
University of Sydney, NSW, Sydney, Australia
Fox, Richard; Yellow Dog Man Studios s.r.o, Ostrava-jih-Zábřeh, Czechia
MacDougall, Hamish; RPA Institute of Academic Surgery, Sydney Local 
Health District
McGregor, Iain; The University of Sydney Lambert Initiative for 
Cannabinoid Therapeutics

<b>Primary Subject 
Heading</b>: Pharmacology and therapeutics

Secondary Subject Heading: General practice / Family practice

Keywords: Stress, Psychological, Stress, Physiological, Clinical Trial

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

1

1 The effects of cannabidiol on psychosocial stress, situational anxiety and nausea in a 

2 virtual reality environment: A protocol for a single-centre randomised clinical trial

3

4

5

6 Zeeta Bawa1-3, Danielle McCartney1,2,4, Miguel Bedoya-Pérez1,2,4, Namson S. Lau5, Richard 

7 Fox6, Hamish MacDougall7 and Iain S. McGregor1,2,4

8

9 1The Lambert Initiative for Cannabinoid Therapeutics, The University of Sydney, Sydney, New South 

10 Wales, Australia

11 2The Brain and Mind Centre, The University of Sydney NSW, Sydney, Australia 

12 3Sydney Pharmacy School, The University of Sydney, Sydney, NSW, Australia 

13 4School of Psychology, The University of Sydney, Sydney, New South Wales, Australia

14 5The Boden Initiative, Charles Perkins Centre, The University of Sydney, NSW, Sydney, Australia

15 6Yellow Dog Man Studios s.r.o, Ostrava-jih-Zábřeh, Czechia

16 7RPA Institute of Academic Surgery, Sydney Local Health District, Sydney, New South Wales, Australia

17

18

19 *Correspondence: Professor Iain S. McGregor. The Lambert Initiative for Cannabinoid Therapeutics, 

20 University of Sydney, Brain and Mind Centre, 94 Mallett Street, Camperdown NSW 2050 Australia. 

21 Tel: +61 2 9351 3571 Email: iain.mcgregor@sydney.edu.au 

22

23

24

25

26

Page 1 of 39

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

mailto:iain.mcgregor@sydney.edu.au
http://bmjopen.bmj.com/


For peer review only

2

27 ABSTRACT 

28 Introduction: The non-intoxicating plant-derived cannabinoid, cannabidiol (CBD), has 

29 demonstrated therapeutic potential in a number of clinical conditions. Most successful clinical 

30 trials have utilised relatively high (≥ 300 mg) oral doses of CBD. Relatively few studies have 

31 investigated the efficacy of lower (<300 mg) oral doses, typical of those available in over-the-

32 counter CBD products. 

33

34 Methods: We present a protocol for a randomised, double-blind, placebo-controlled, parallel-

35 group clinical trial investigating the effects of a low oral dose (150 mg) of CBD on acute 

36 psychosocial stress, situational anxiety, motion sickness and cybersickness in healthy 

37 individuals. Participants (n=74) will receive 150 mg of CBD or a matched placebo 90 minutes 

38 before completing three virtual reality (VR) challenges (tasks) designed to induce transient 

39 stress and motion sickness: (1) a 15-minute "Public Speaking" task; (2) a 5-minute "Walk the 

40 Plank" task (above a sheer drop); and (3) a 5-minute "Rollercoaster Ride" task. The primary 

41 outcomes will be self-reported stress and nausea measured on 100-mm visual analogue 

42 scales. Secondary outcomes will include salivary cortisol concentrations, skin conductance, 

43 heart rate, and vomiting episodes (if any). Statistical analyses will test the hypothesis that CBD 

44 reduces nausea and attenuates subjective, endocrine, and physiological responses to stress 

45 compared to placebo. This study will indicate whether low-dose oral CBD has positive effects 

46 in reducing acute psychosocial stress, situational anxiety, motion sickness and cybersickness.

47

48 Ethics and dissemination: The University of Sydney Human Research Ethics Committee has 

49 granted approval (2023/307, Version 1.6, 16th February 2024). Study findings will be 

50 disseminated in a peer-reviewed journal and at academic conferences.

51

52 Trial Registration Number: ACTRN12623000872639 (ANZCTR public trials registry, registered 

53 15th August 2023).

54

55 Keywords: cannabidiol (CBD), nausea, anxiety, virtual reality. 

56
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57 STRENGTHS AND LIMITATIONS OF THIS STUDY

58

59  This study will use a rigorous randomised, double-blind, placebo-controlled design to 

60 investigate the effects of a low oral dose (150 mg) of cannabidiol.

61  The dose of cannabidiol provided (i.e., 150 mg) will be comparable to those available 

62 over-the-counter in many countries.

63  Virtual reality (VR) will be used to administer safe, realistic, and precisely reproducible 

64 test paradigms that induce transient stress and nausea in volunteers.

65  Blood samples will not be obtained to verify plasma cannabidiol concentrations as 

66 venepuncture has the potential to induce extraneous stress.

67
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87 1. INTRODUCTION 

88 Cannabidiol (CBD) is a non-intoxicating constituent of the Cannabis sativa plant [1, 2]. 

89 It has a good safety and tolerability profile [3-7] and a diverse range of pharmacological 

90 targets, including the serotonin receptors (e.g., 5-HT1A), G protein-coupled receptors (e.g., 

91 GPR55 and GPR18) and transient receptor potential ion channels (e.g. TRPA1) [8-10]. CBD has 

92 demonstrated therapeutic potential in several clinical conditions [4, 5], including 

93 anticonvulsant effects in paediatric epilepsy [11-13], anxiolytic effects in anxiety disorders 

94 [14, 15], antipsychotic effects in schizophrenia [16, 17] and "anti-addiction" effects in 

95 substance use disorders [18, 19]. These clinical benefits are typically observed at relatively 

96 high oral doses of CBD (e.g., ~300-1500mg) [4, 5]. 

97 In regions such as North America and Europe, CBD is available as both a prescription 

98 drug and a ‘nutraceutical product’ [20]. These nutraceutical or "wellness" products are 

99 typically oral formulations (e.g., oils, capsules, gummies) that contain low doses of CBD (i.e., 

100 ≤150 mg/day) and are widely available in health food stores and pharmacies [20, 21]. In 

101 Australia, regulation of “low-dose CBD products” (containing ≤150 mg/day) was recently 

102 eased to allow patients without a prescription access to registered products in pharmacies. 

103 However, registration of such products requires approval by Australia's medicines regulator 

104 based on demonstrated efficacy and safety [22]. With no products having been registered in 

105 the ~3 years since these regulatory changes were enacted (December 2020) [22], questions 

106 about whether CBD can demonstrate efficacy at these lower doses have been raised.  

107 Indeed, a recent review found little high-quality evidence to support the efficacy of 

108 CBD (in any conditions) at doses ≤200 mg. This review acknowledged, however, that such 

109 doses were under-studied [21]. Some promising results have been obtained with public 

110 speaking tasks designed to induce "psychosocial stress" in healthy volunteers when 300 mg 

111 CBD was administered [23, 24]. Therefore, further research investigating the anxiolytic effects 

112 of low to moderate oral doses of CBD is warranted. It should be noted that the oral 

113 bioavailability of CBD is limited (~13-19%) but may be enhanced by certain lipid-rich 

114 formulations or by administration with fatty foods [6, 25]. The current study will utilise a 

115 proprietary blend of tocopherol phosphates (so called 'Tocopheryl Phosphate Mixture' 

116 (TPM®)), which has been shown to increase the bioavailability of lipid-soluble substances [26, 

117 27].
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118 Virtual reality (VR) technologies are increasingly being used to investigate 

119 psychosocial stress and anxiety in laboratory studies [28, 29]. This approach allows for 

120 minimal resourcing relative to "real-world" studies, customisable and reproducible test 

121 paradigms and the accurate monitoring and recording of key outcomes [29, 30]. Furthermore, 

122 VR provides the advantage of simulating physiologically-provoking activities without real 

123 danger e.g., walking a plank over a sheer drop. However, the use of VR is often accompanied 

124 by motion sickness (a pattern of symptoms that arise from exposure to stimuli involving 

125 significant visual or physical motion) and cybersickness (a sub-type of motion sickness that 

126 arises specifically due to exposure to VR) [31-34]. CBD has shown anti-nausea and anti-emetic 

127 effects in preclinical studies involving laboratory animals [35-37]. Interestingly, two of these 

128 studies demonstrated that CBD administered intraperitoneally at low doses (2.5 - 10 mg/kg) 

129 but not higher doses (25 and 40 mg/kg) reduced toxin-induced vomiting in house musk shrews  

130 [35, 36]. CBD also reduced vomiting in human studies when used in combination with 9-

131 tetrahydrocannabinol to treat chemotherapy-induced nausea and vomiting [38]. Accordingly, 

132 the current study will investigate CBD's possible anti-nausea effects in participants by 

133 exposure to VR scenarios [29].

134 We have developed a series of  three unique VR challenges for the current trial. The 

135 "Public Speaking" task was adapted from studies that explored the anxiolytic effects of CBD 

136 during public speaking challenges [23, 24, 39] and will allow us to determine the effects of 

137 CBD during social threat (i.e., psychosocial stress). The 5-minutes "Walk the Plank" task has 

138 been modified from previous VR studies requiring participants to walk along a narrow virtual 

139 plank above a precipitous drop, inducing physiological markers of acute anxiety [40-42] (i.e., 

140 "situational anxiety"). Finally, the "Rollercoaster Ride" task challenges participants to 

141 complete two rounds of a virtual rollercoaster ride and has been modelled from VR 

142 rollercoaster ride paradigms that have been reliably used to induce motion sickness and 

143 cybersickness in participants [32, 43, 44]. 

144 In summary, the current protocol describes a study that aims to investigate the effects 

145 of low-dose (150 mg) CBD versus placebo on virtual reality (VR)-induced acute psychosocial 

146 stress, situational anxiety, acute motion sickness and cybersickness in healthy individuals. 

147
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148 2. METHODS

149 2.1 Study design 

150 This study is a randomised, double-blind, placebo-controlled, parallel-group, clinical 

151 trial comparing the efficacy of low-dose CBD (150 mg) versus placebo. The study is known as 

152 the CAPSTAN (Cannabidiol for Acute Psychosocial Stress and Nausea) clinical trial. A crossover 

153 design was deemed unsuitable due to the high likelihood of trial-order effects (e.g., 

154 habituation to the VR scenarios) [32]. 

155 The trial sponsor is the University of Sydney, and the trial site is the Brain and Mind 

156 Centre in Sydney, Australia. The study has been approved by the University of Sydney Human 

157 Research Ethics Committee (HREC; 2023/307, Version 1.6, 16th February 2024) and registered 

158 on the Australian New Zealand Clinical Trials Registry (ACTRN12623000872639, 15th August 

159 2023). The study is financially supported by the Lambert Initiative for Cannabinoid 

160 Therapeutics, a philanthropically funded centre for cannabinoid research at the University of 

161 Sydney. Recruitment commenced on 9th October 2023 and is anticipated to conclude in mid-

162 2024. 

163

164 2.2 Participant Population 

165 2.2.1 Inclusion Criteria

166 We aim to recruit 74 participants who will be: (a) healthy adults aged between 18 and 

167 50 years; (b) proficient in English and able to provide informed consent;  (c) residing in the 

168 Greater Sydney region of New South Wales, Australia; and (d) willing to follow the protocol 

169 requirements. 

170

171 2.2.2 Exclusion Criteria  

172 The following exclusion criteria will apply:

173 a. Self-reported regular use (i.e., more than twice weekly) in the past two weeks of:

174 i. Cannabinoid-containing products (e.g., cannabis or CBD) 
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175 ii. Psychotropic drugs (prescriptive or illicit) (e.g., cannabis, amphetamines, 

176 cocaine, ecstasy (MDMA), LSD (acid), antidepressants, antiepileptics, opioids, 

177 benzodiazepines) 

178 iii. Medication that may affect the stress response (e.g., corticosteroids, beta-

179 blockers) 

180 b. Self-reported history of allergic reaction (e.g., urticaria or anaphylaxis) to cannabis or 

181 cannabinoid-containing products.

182 c. Self-reported history of liver disease, renal disease, epilepsy or heart disease 

183 (medically controlled high blood pressure <140/90mmHg is acceptable). 

184 d. Current (i.e., within the past 2 weeks) otologic (vestibular) disease.

185 e. A history of repeated episodes of syncope. 

186 f. Pregnant, lactating, or trying to conceive.

187 g. Self-reported history of drug and/or alcohol dependence (or suspected drug and/or 

188 alcohol dependence as determined by the trial physician).

189 h. A medically diagnosed anxiety disorder (e.g., social anxiety disorder) within the past 

190 12 months.

191 i. Current suicidal ideation (i.e., a score >0 on Question 9 of the Patient Health 

192 Questionnaire) or suspected suicidal ideation as determined by the trial physician.

193 j. Current depression, anxiety, and stress scores outside the 'healthy range' on the 

194 Depression Anxiety Stress Scale-21 [45] (i.e., > moderate scores for depression (>20), 

195 anxiety (>14) and stress (>25)). 

196 k. A chronic medical condition (mental or physical) that is uncontrolled i.e., has been 

197 either newly diagnosed, or previously diagnosed and remains symptomatic.

198 l. Self-reported high vulnerability to cybersickness or motion sickness.

199 m. Frequent (i.e., more than weekly) use of VR technologies, which tends to produce 

200 desensitisation towards cybersickness [32]. 

201 n. Self-reported intense fear of heights.

202

203 2.2.3 Recruitment and Retention

204 Participants will be recruited via social media, word of mouth, printed or online 

205 study advertisements and direct emails to individuals who have previously registered their 
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206 interest in participating in clinical trials with the Lambert Initiative for Cannabinoid 

207 Therapeutics. Participation is voluntary, and participants can withdraw at any time. 

208 Participants will be reimbursed with a $200 gift voucher as compensation for time and 

209 expenses incurred as a result of study participation. 

210

211 2.3 Treatments

212 The treatments will be purchased from Avecho Biotechnology Limited (Clayton, 

213 Victoria), manufactured (Catalent Pharma Solutions, St. Petersburg, FL), as well as packaged 

214 and labelled (Central Pharmacy Logistics, Coburg North, VIC) at GMP-licenced facilities, stored 

215 at the Brain and Mind Centre (in a secure, temperature-controlled room), and dispensed by 

216 the trial coordinator (who is also a registered pharmacist) and another blinded investigator.

217 As this trial utilises a non-clinical (healthy) population, a placebo comparator is the 

218 most suitable and ethical choice. Accordingly, an acute dose of CBD (as opposed to chronic 

219 administration) will be utilised. Indeed, the treatment of many ailments utilises an ad hoc 

220 treatment regime.

221

222 2.3.1 Intervention  

223 The investigational product (Avecho Biotechnology Limited, Victoria, Australia) is an 

224 oil-based, soft-gel capsule. Each gel capsule contains 75 mg of pure, synthetic (-)-CBD 

225 enantiomer and 75 mg of TPM® in medium chain triglyceride (MCT) oil. The capsules do not 

226 contain any other cannabinoids or cannabis constituents. 

227

228 2.3.1a Safety

229 CBD is generally considered to have a good safety profile [3, 4, 21, 46, 47]. In previous 

230 studies, 150 mg CBD caused a very low frequency of mild adverse events that did not differ 

231 from placebo [21]. The current study's comprehensive screening and exclusion criteria aims 

232 to reduce the likelihood of adverse events. 

233

234 2.3.1b Dose

235 A dose of 150 mg of CBD (i.e., two soft-gel capsules) will be administered orally. 

236
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237 2.3.1c Control

238 The control is a matched placebo. The placebo is identical to the intervention but 

239 contains no CBD and will also be administered via oral ingestion.

240

241 2.3.2 Randomisation, Allocation Concealment and Blinding 

242 Participants will be randomised to one of two possible treatments in a 1:1 ratio at the 

243 beginning of their test day. Specifically, they will be assigned a unique randomisation number 

244 that is linked to a treatment via a pre-populated randomisation schedule. The schedule will 

245 be generated in seven balanced blocks of 10 and one balanced block of four by an 

246 independent statistician using an online random number generator and stored in a password-

247 protected system inaccessible to blinded study personnel (centralised computerised 

248 randomisation). The schedule will only be available to the statistician, an independent 

249 researcher and the company that will package and label the treatments (Central Pharmacy 

250 Logistics, Coburg North, Victoria). 

251 Treatment allocation will be concealed using numbered containers (or 'sachets'). Each 

252 'dose' will be packaged in a separate, opaque, aluminium sachet labelled with a unique 

253 randomisation number. 

254 As this is a double-blind study, participants and the remainder of the research team 

255 will not be aware of the assigned treatment. In the event of an emergency, the principal 

256 investigator or trial physician may request the unblinding of a participant for medical care. 

257  

258 2.4 Eligibility Screening 

259 A Study Flowchart is presented in Figure 1. Willing volunteers will complete a 

260 comprehensive online Screening Questionnaire using the ‘Research Electronic Data Capture’ 

261 (REDCapTM) web-based system  (~20 minutes). Volunteers are required to complete a 

262 compulsory online declaration tick-box at the start of the questionnaire consenting to the 

263 use of the information they provide to evaluate their eligibility. The questionnaire will 

264 assess their eligibility to participate. Each volunteer who attempts the Screening 

265 Questionnaire will be assigned a unique screening number to anonymise their identifying 

266 information. The trial physician will review volunteers' responses and decide on their 

267 eligibility for the trial. They will document their decision by completing an Eligibility 
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268 Declaration form and a prescription for the trial drug (valid only when the volunteer has been 

269 randomised). 
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270 [INSERT FIGURE 1 HERE]

271

272 Figure 1. Study flowchart summarising the screening, enrolment and randomisation of 

273 participants in the CAPSTAN trial.

274

275 2.5 Enrolment  

276 Eligible participants will be invited to complete a telehealth interview with the trial 

277 coordinator. Here, they will receive detailed information about the trial procedures and risks 

278 and be informed that their enrolment requires a negative urine drug and pregnancy screen at 

279 the start of the experimental procedures (i.e., the "Test Day"). The trial coordinator will invite 

280 the volunteer to ask questions and to discuss participation in the trial with the trial doctor, or 

281 to take additional time to consider their decision to participate. Once the trial coordinator is 

282 confident that the volunteer understands the requirements of the trial, they will request that 

283 the participant sign the informed consent form (please see Supplementary file). The trial 

284 coordinator will then counter-sign the consent form, collect basic demographic information 

285 and book the participant for a Test Day.

286
287 2.6 Experimental Procedure 

288 Each participant will complete one Test Day (~3 hours) at the Brain and Mind Centre 

289 at the University of Sydney (Table 1).

290

291

292

293

294

295

296

297

298

299

300
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301 Table 1. The CAPSTAN trial experimental procedure 

Time 
(minutes) 
from start

Approximate 
Duration

Activity

0 10 min Introduction and pre-trial compliance checks

10 5 min Randomisation

15 15 min Pre-treatment measures

30 10 min CBD or placebo administration and caloric beverage 

40 50 min Rest period 1

90 15 min Virtual reality orientation

105 15 min Baseline measures

120

15 min total
(2 min)
(3 min)
(5 min)
(5 min)

Public Speaking task:
Instructions

Speech preparation
Speech delivery

Arithmetic challenge

135 10 min Rest period 2

145
5 min total

(2 min)
(3 min)

Walk the Plank task:
Instructions

Walk the Plank task

150 10 min Rest period 3

160
5 min total

(2 min)
(3 min)

Rollercoaster Ride task:
Instructions

Rollercoaster ride task

165 10 min Rest period 4

175 15 min Study Close

190 - End Of Test Day

302

303 2.6.1 Standardisation Procedures

304 Prior to each onsite Test Day, participants will be instructed to: (a) abstain from 

305 alcohol (≥24 h); (b) avoid greater than one standard serving of caffeine at least 2-hours before 

306 the Test Day; (c) ensure they are well hydrated; and (d) ensure that they are adequately fed 

307 by consuming a meal at least 2 hours before arrival to the Test Day. These factors aim to 

308 reduce the likelihood of malaise, gastrointestinal disturbances or heightened anxiety on the 

309 Test Day.

310
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311 2.6.2 Compliance Checks

312 Participants will complete a urinary drug screen (to identify any recent use of 

313 cannabis and other psychoactive substances such as cocaine, ecstasy (MDMA), 

314 amphetamines, benzodiazepines and opioids) and, if they are female, a urine pregnancy 

315 screen, on arrival at the study site. The trial coordinator will also confirm compliance with the 

316 standardisation procedures and if there have been any changes to the participant's health 

317 status or medication use since the last contact. Participants who meet these requirements 

318 will be randomised; those who do not may be invited to return at another time if suitable.

319

320 2.6.3 Experimental Procedures  

321 Following randomisation, participants will be fitted with the Equivital EQ02+ 

322 LifeMonitor belt and the VR headset (detailed below). There will then be a 10-minute 

323 collection of pre-treatment measures (see Study Outcomes below). After this, the VR headset 

324 and Equivital EQ02+ LifeMonitor belt will be temporarily removed, the treatment 

325 administered, and the participant given a compulsory standardised caloric beverage to 

326 consume; specifically, 500 mL of "Up & Go Liquid Breakfast" (Sanitarium, Berkeley Vale NSW, 

327 Australia) containing approximately 1,640 kilojoules, 16.8g of protein, 8.6g of fat and 57g of 

328 carbohydrates. For consistency, all participants are required to consume this beverage in its 

329 entirety, which aims to potentiate the absorption of CBD in the gastrointestinal tract [6, 48-

330 50] and provide participants with sustenance during the test session. Participants will be 

331 provided with a rest period of approximately 50 minutes, during which they will be left alone 

332 in a quiet reception area and encouraged to undertake some low-stress reading; this delay is 

333 aimed at allowing CBD plasma concentrations to approach a near-maximal level [48]. 

334 Following this, participants will be provided with instructions on the three VR tasks and the 

335 functionality of the VR hardware during a 15-minute "VR Orientation" session. The VR headset 

336 and Equivital EQ02+ LifeMonitor belt will then be re-fitted for a 10-minutes collection of the 

337 pre-task measures. The devices will remain fitted to participants until the end of the 

338 experimental procedure.

339
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340 2.6.4 Virtual Reality Tasks

341 The three tasks developed for this clinical trial are the "Public Speaking" task (for 

342 psychosocial stress), the "Walk the Plank" task (for situational anxiety) and the "Rollercoaster 

343 Ride" task (for motion sickness). Although these exact VR tasks have not been previously used 

344 in clinical trials or laboratory studies, similar tasks have been reported in the broader scientific 

345 literature [29, 32, 40-42, 51].

346 The 15-minute "Public Speaking" task was modelled on previous studies that found 

347 CBD to have anxiolytic effects during public speaking challenges [23, 24, 39] and the Trier 

348 Social Stress Test (TSST) [52]. The abovementioned public speaking tasks varied in their 

349 methodology and involved either "simulated" public speaking tasks whereby participants 

350 delivered a speech in front of a video camera or real-life tasks where participants delivered 

351 speeches to a live audience [23, 24, 39]. Conversely, the TSST is a structured stress paradigm 

352 involving a 10-minute speech preparation period followed by a 10-minute test period during 

353 which participants complete a 5-minute job application speech followed by 5 minutes of 

354 mental arithmetic [53]. The TSST reliably induces psychosocial stress (i.e., stress involving the 

355 perception of one's worth, competence, or status by others) and results in an acute and 

356 reliable cortisol response in most participants [53-55]. In one study, a VR adaption of the TSST 

357 elicited similar salivary cortisol and subjective stress responses to a real-life TSST, 

358 demonstrating that the two were equivalent [29]. The current study utilises a modified VR 

359 version of the TSST involving a panel of virtual judges who withhold all feedback or affirmation 

360 (Figure 2A). 

361 The task involves a three-minute "speech preparation period" (i.e., "please mentally 

362 prepare a speech on what attributes and experience you have that makes you the ideal 

363 candidate for your dream role") and a 10-minute "test period" consisting of (a) five-minute 

364 speech delivery period (i.e., "please deliver your speech and aim to speak for the full five-

365 minutes") and (b) a five-minute mental arithmetic challenge (i.e., "please calculate 2703 – 13. 

366 From the result, please subtract 13 again and state your answer out loud. Repeat this process 

367 a total of five times. At the end of this process, please recall all five of your answers aloud").

368 The five-minute "Walk the Plank" task requires participants to virtually walk across a 

369 narrow virtual plank between two skyscrapers. Participants will be advised that they have 

370 become stranded on the top of the building and are required to signal for help using the safety 
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371 beacon placed at the opposite end of the plank. For this task, participants will walk up and 

372 down the length of the clinic room with their movement mapped to the virtual plank and 

373 guided by virtual boundaries, signifying a safe space (Figure 2B). VR studies utilising a similar 

374 challenge provided realistic experiences that induce physiological markers of stress that are 

375 consistent with acute anxiety (i.e., "situational anxiety") [40-42].

376 The five-minute "Rollercoaster Ride" task challenges participants to complete a virtual 

377 rollercoaster ride (Figure 2C). Participants will remain seated throughout this task and can 

378 indicate if they would like to stop the task early. Similar VR tasks have been shown to induce 

379 motion sickness in participants [32, 43, 44]. Motion sickness will be explored explicitly during 

380 the "Rollercoaster Ride" task, while cybersickness will be explored during all three VR 

381 scenarios.  

382

383 [INSERT FIGURE 2A,2B AND 2C HERE]

384

385 Figure 2. (A) The panel of virtual judges from the "Public Speaking" task; (B) The roof of the building 

386 and plank from the "Walk the Plank" task; and (C) The view from the seat of the "Rollercoaster Ride" 

387 task.

388

389 2.6.5 Post Trial Procedures 

390 After completing the final VR task, participants have a 10-minute recovery period. 

391 After this, they will be queried on any adverse events (AEs) experienced (i.e., "Have you 

392 experienced any unfavourable symptoms?"), What treatment do they think they received 

393 (i.e., CBD or placebo), and what are their confidence estimates (i.e., How sure are you of your 

394 guess on which treatment you received?"). All participants will be provided with the contact 

395 details of the research team to self-report any AEs over the next 24 hours. The trial 

396 coordinator or research assistant will record all adverse event reports using a REDCapTM AE 

397 report form and communicate to the trial physician if required. 

398 The occurrence of AEs will be discussed weekly with the trial physician. Furthermore, 

399 a blinded summary of AE reports will be emailed to the trial physician monthly, and the trial 

400 physician will indicate if the rate of AEs is unacceptably high. In the unlikely event of a severe 
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401 adverse event (SAE), the trial physician and the principal investigator (PI) will be immediately 

402 notified, and all SAEs will be reported to the trial sponsor and the HREC within 72 hours.

403

404 2.7 Data Collection 

405 A summary of the data collected during the CAPSTAN trial and time of collection is provided 

406 in Figure 3

407

408 [INSERT FIGURE 3 HERE]

409

410 Figure 3. Data collected during the CAPSTAN trial "Test Day.

411 IPS = instructions for the “Public Speaking” task, SP = speech preparation, SD = speech delivery, AC = 

412 arithmetic challenge, IWP = instructions for the “Walk the Plank” task, WPT = ”Walk the Plank” task, 

413 IRR = instructions for the “Rollercoaster Ride” task, RRT = “Rollercoaster Ride” task

414

415 2.7.1 Study Outcomes 

416 The primary outcome measures include: 

417  Self-reported stress ratings on a VAS (nervous 0-100) 

418  Self-reported nausea ratings on a VAS (nauseous 0-100)

419

420 The secondary outcome measures include:

421  Salivary Cortisol

422  Heart rate

423  Skin Conductance

424  Vomiting or near-vomiting episodes

425  Self-reported anxiety ratings on VASs include:

426 o (tense 0-100) 

427 o (calm 0-100)

428 o (excited 0-100)

429 o (bored 0-100)

430

431 The exploratory (tertiary) outcome measures are:

432  Salivary testosterone and progesterone
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433  Eye-tracking data including:

434 o The frequency and duration of eye-closing 

435 o The frequency and duration of gaze at areas of interest 

436

437 2.7.2 Visual Analogue Scales (VASs)

438 VASs will be used to measure the two primary outcomes: self-reported stress 

439 (nervousness) and nausea. They will also be used to measure the secondary outcome of self-

440 reported anxiety (as detailed below) (Figure 4). These measures will be recorded before drug 

441 administration (pre-treatment measurement), at baseline, prior to the commencement of 

442 each VR task, at the completion of each VR task and at the study close. VAS measures will also 

443 be recorded prior to the performance of the speech during the “Public Speaking” task 

444 (Timepoint “SD” Figure 3) and prior to the performance of the walk during the “Walk the 

445 Plank” (Timepoint “WPT” Figure 3) task. These measures aim to capture “anticipatory 

446 anxiety” reported prior to anxiety-inducing tasks in previous studies [23, 24]. As nausea is the 

447 main interest during the Rollercoaster Ride task, no VAS measures for anticipatory anxiety 

448 will be taken for this task.  All VASs will appear on the screen of the VR headset, and 

449 participants will use the VR hand controllers to click on the numerical value (0-100) that best 

450 describes their current state (Figure 4). Using such virtual scales allows seamless execution of 

451 self-report without disturbing the participant's sense of immersion within the virtual 

452 environment. 

453 For a well-rounded exploration of CBD effects on anxiety, we have utilised VASs that 

454 query participant's affect (i.e., the outward expression of an emotion) [56]. Here, we consider 

455 1) the "valence" of an emotion (i.e., its positivity or negativity) and 2) the intensity of the 

456 emotion (i.e., whether it is arousing or deactivating). This provides four self-reported anxiety 

457 rating VASs, including:

458  positively arousing (excited 0-100)

459  positively deactivating (calm 0-100)

460  negatively arousing (tense 0-100)

461  negatively deactivating (bored 0-100)

462

463 [INSERT FIGURE 4 HERE]
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464

465 Figure 4. Self-reported Visual Analogue Scales (VASs) as they appear on the virtual reality 

466 headset. Values are provided by the participants by clicking on the scales using the hand 

467 controllers. 

468

469 2.7.3 Salivary Cortisol, Testosterone and Progesterone

470 During the experimental procedure, oral fluid samples will be collected from 

471 participants five times using Salivette® collection tubes (Sarstedt AG and Co., Nümbrecht 

472 Germany). These samples will be collected immediately before drug administration, before 

473 the first VR task, and after each VR task. Participants will be advised to open the Salivette® 

474 tube, place the pad in their mouth for two minutes or until soaked with saliva, then return 

475 the pad to the tube and firmly seal it. The samples will be centrifuged for 2 minutes at 1,000 

476 x g and analysed simultaneously for cortisol (a secondary outcome) and testosterone and 

477 progesterone (exploratory outcomes) using an in-house developed mass spectrometry (MS) 

478 method [57, 58].

479

480 2.7.4 Heart Rate 

481 Heart rate will be measured for 10 minutes immediately before drug administration 

482 (baseline measurement), for 10 minutes at baseline and continuously throughout all three VR 

483 tasks using the EQ02+ LifeMonitor and belt, as described in previous studies [59, 60] (Equivital 

484 Ltd, Cambridge, United Kingdom; https://www.adinstruments.com/partners/equivital). This 

485 is a wireless, medical-grade monitoring system that records a range of physiological measures 

486 (such as electrocardiogram, breathing rate, tri-axial acceleration, galvanic skin response, skin 

487 temperature) using a wearable vest and permits live data streaming and download using the 

488 LabChart software. 

489

490 2.7.5 Skin Conductance 

491 Skin conductance will be measured for 10 minutes immediately before drug 

492 administration (baseline measurement), for 10 minutes at baseline and continuously 

493 throughout all three VR tasks.
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494 Skin conductance of the forehead will be measured using the Equivital GSR Sensor 

495 connected to the EQ02+ LifeMonitor and belt (as described above). Skin conductance of the 

496 fingers will be measured using MLT117F/10 GSR finger electrodes connected to a FE116 GSR 

497 Amp with a PLCF1 front-end interface used with PowerLab C software (ADInstruments, Oxford 

498 United Kingdom), a system used in previous studies [61, 62]. Research suggests that forehead 

499 skin conductance may correlate with motion sickness, while finger skin conductance 

500 correlates with acute stress [32, 63]. Therefore, both will be measured in the current study. 

501

502 2.7.6 Vomiting Episodes 

503 The Test Day source document will record all vomiting episodes throughout the 

504 experimental procedure. 

505
506 2.7.6 Eye-tracking 

507 Eye tracking data will be collected continuously throughout the VR tasks using the VR 

508 headset. These measures will provide highly precise, objective data by which to examine 

509 participant's compliance (frequency and duration of eye closing) and engagement and 

510 response (frequency and duration of gaze at areas of interest, that is, the panel of judges in 

511 the “Public Speaking” task or the plank in the “Walk the Plank” task ) during the VR challenges 

512 [64]. Gazing at pre-defined points of interest (e.g., the judges in the "Public Speaking" task or 

513 the plank in the "Walk the Plank" task) is based on the "Eye-Mind Hypothesis" that describes 

514 the tendency for people to direct their gaze towards what they are thinking about [64-66]. 

515 Both eye closing and gaze away from points of interest may correlate to fear or avoidance 

516 behaviours [67].  

517
518 2.9 Data Management

519 Participant information collected for this trial will be securely stored and treated as 

520 confidential. Participants' identifying information will be anonymised using unique codes: 

521 initially, a screening number and, later, a randomisation number. The key to these codes will 

522 be securely stored in password-protected files inaccessible from the internet. Clinical trial 

523 data will be collected and managed using REDCapTM, a secure, online program supported by 

524 the University of Sydney; access is password-protected and will only be available to approved 

Page 19 of 39

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

20

525 research staff. Hard copies of patient data will be securely stored in locked filing cabinets at 

526 the study site. Only the study investigators have access to the participant data. All trial data 

527 will be stored securely for at least 15 years. The findings of this clinical trial will be 

528 disseminated via conferences, publications, and media, as applicable. Participants will be 

529 informed of the results of the study at the conclusion of the trial. No participants will be 

530 identified in any report or publication of this study or its results. 

531

532 2.10 Data and Safety Monitoring 

533 Data monitoring will occur monthly for all new participant entries logged into the 

534 REDCap system; a designated team member will adhere to a standardised process of data 

535 review, raising queries and locking forms once the review has been completed. Safety 

536 monitoring of AEs will be managed according to sponsor and HREC requirements. As this is a 

537 small, single-centre, low risk, clinical trial utilising an acute, low-dose CBD, an independent 

538 data safety monitoring committee will not be formed. However, an independent 'Expert 

539 Group' has been formed and will be consulted by the research team and HREC in the unlikely 

540 instance of a severe adverse event. The Expert Group comprises three research physicians 

541 with extensive experience with CBD clinical trials. The decision to terminate the trial lies with 

542 the principal investigator based on safety data and recruitment targets. 

543

544 2.11 Roles and Responsibilities  

545 The study investigators have led the design of this study and are responsible for the 

546 management and conduct of this clinical trial. The study investigators will conduct the analysis 

547 and will make all publication-related decisions.

548

549 2.12 Statistical Methods

550

551 2.5.1 Sample Size Estimation 

552 The target sample size was determined a priori using power calculation software 

553 (G*Power Version 3.1.9.6, University of Kiel, Germany). In an earlier investigation, Linares et 

554 al. (2019) found that 150 mg CBD decreased subjective ratings of anxiety on the Visual 
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555 Analogue Mood Scale (VAMS) during a simulated public speaking test, albeit non-significantly 

556 (Placebo: 18.6±15.9 mm, n=15; CBD: 7.6±15.5 mm; n=15; Cohen's d=0.70) [23]. 

557 Using an equivalent effect size (Cohen's d=0.70), a power (1-ß) of 0.8 and a two-sided 

558 α=0.05, we estimate that n=68 participants will be required to detect a significant effect of 

559 CBD on anxiety. Clinical trials conducted by the Lambert Initiative for Cannabinoid 

560 Therapeutics have indicated participant retention of ≥90% [48, 68]. Therefore, the n=74 

561 will be recruited to account for attrition.

562

563 2.5.2 Statistical Analysis Plan 

564 The primary and secondary outcomes and eye-openness will be analysed using 

565 generalized linear mixed models (GLMM), while eye gaze will be analysed using a mixed-

566 effects multinomial logistic regression. Treatment, Time and the Treatment × Time interaction 

567 will be included as fixed effects, and the participant will be included as a random effect, with 

568 other covartiates included as appropriate to improve goodness of fit (e.g., Sex, Age, Time of 

569 day). To refine the models, we will use corrected Akaike Information Criterion [69]. We will 

570 calculate ∆m between models and exclude models with ∆m > 2 as having substantially less 

571 support [70].  No covariance structure will be specified (unstructured). To identify the best 

572 distribution and link for the GLMM models, the data type, residual plots, Shapiro-Wilk 

573 normality test, Levene’s test for Homogeneity of Variance, and Pearson’s dispersion test will 

574 be used. Type III Wald chi-square tests will be used to generate main effects p-values. A priori 

575 planned uncorrected pairwise comparisons will be performed to compare:

576  subjective ratings of stress on a stress VAS (nervous 0-100) across treatments at 

577 (Timepoint t=125 (SD), Figure 3)

578  subjective ratings of stress on a stress VAS (nervous 0-100) across treatments at 

579 (Timepoint t=147 (WPT), Figure 3)

580  subjective ratings of nausea on a nausea VAS (nauseous 0-100) across treatments at 

581 (Timepoint t=165, Figure 3)

582  subjective ratings of nausea on a nausea VAS (nauseous 0-100) across treatments at 

583 (Timepoint t=175, Figure 3)

584 as these are the primary outcome measures. 
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585 Dunn-Šidák corrected pairwise comparisons will be performed where additional 

586 significant main and interaction effects are present. Statistical significance will be accepted as 

587 p<0.05. The statistical analysis plan will be finalised before the last participant Test Day and 

588 will be available on request. 

589

590 3. STATEMENTS AND DECLARATIONS

591 Ethics and dissemination: The study has been approved by the University of Sydney Human 

592 Research Ethics Committee (HREC; 2023/307, Version 1.6, 16th February 2024). The findings 

593 of this clinical trial will be disseminated via conferences, publications, and media, as 

594 applicable. Participants will be informed of the study's results at the trial's conclusion. No 

595 participants will be identified in any report or publication of this study or its results.

596
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616 MCIA. Z.B, H.M N.S.L, R.F and M.B.P have no disclosures to report.

617

618 Patient and public involvement
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Screening Questionnaire
Participant completes comprehensive REDCap 

Screening Questionnaire and provides contact details. 
Trial Physician reviews the screening data, contacts the 

participant for further information (if required) and 
makes final decision on participant enrolment by 

signing the Eligibility Declaration Form. 

Telehealth Trial Interview 
Trial Coordinator provides a detailed breakdown of 

the trial, discusses the risk of participation and 
provides an opportunity for questions. Participant 
provides written informed consent to participate 

in trial and is booked in for a Test Day. 

Randomisation (n=74)

On-site 
Test Day

Exclude those with positive 
drug or pregnancy screen

End of Study 

CBD 150 mg (n=37) Placebo (n=37)

Test Procedure
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Figure 4. Self-reported Visual Analogue Scales (VASs) as they appear on the virtual reality headset. Values 
are provided by the participants by clicking on the scales using the hand controllers. 
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The Cannabidiol for Acute Psychosocial Stress and Nausea (CAPSTAN) Trial 
ENROLMENT CONSENT FORM (HREC Approval No.: 2023/307) 

 
1. I have read and understood the Participant Information Sheet and agree to take part in the CAPSTAN 

trial.  
 
2. I have had the project, so far as it affects me, and the potential risks and burdens fully explained to 

my satisfaction by the research team. I have had the opportunity to ask any questions I may have 
about the project and my participation. My consent is given freely.  

 
3. I have no history of allergy or other adverse reactions to the drug, cannabidiol. 
 
4. Although I understand the purpose of the research project is to improve the quality of health/medical 

care, it has also been explained to me that my involvement may not be of any benefit to me. 
 
5. I realise my participation in this study is voluntary and that I have the right to withdraw from the study 

at any stage without prejudice. I also understand that the research team has the right to terminate 
the study at any stage before completion, without jeopardising my medical care, if they believe this is 
in my best interests, for non-compliance with study procedures or for other legitimate reasons. If I 
decide to withdraw from the study, I agree that information collected about me up to the point when 
I withdraw may continue to be processed.  

 
6. I understand that all information will remain confidential and while the information gained during the 

study may be published in journal articles, conferences, presentations etc, I will not be identified in 
any way. I agree to my non-identifiable information being used for future research purposes limited 
to the work of the University of Sydney.  

 
7. My information will only be used for the purposes of this research, and it will only be disclosed 

according to the consent provided, except where disclosure is required by law.  
 
8. I understand that access may be required to my medical records for the purpose of this study as well 

as for quality assurance, auditing and in the event of a serious adverse event and I consent to this 
access.  

 
9. I am aware that I should keep a copy of this Consent Form, when completed, and a copy of the Patient 

Information Sheet.  
 

 
 
 

  
 

 

 ABN 15 211 513 464 
 

 CHIEF INVESTIGATOR NAME 
 Professor Iain McGregor  
  

Level 6, 94 Mallett Street 
The University of Sydney  

NSW 2050 AUSTRALIA 

Telephone: +61 2 9351 0883 

                     Email: iain.mcgregor@sydney.edu.au  
Web: http://www.sydney.edu.au/  
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10. I agree to have my General Practitioner informed of my participation in this study if required for my 
medical care and that he/she may divulge details of my past medical history, as he/she sees relevant, 
to the Investigator. 

 
11. I am aware that I should keep a copy of the completed Consent Form and the attached Participant 

Information Sheet.  
 
12. I am 18 years of age or over.  

 

This consent form relates to Participant Information Statement Version 1.6_1 December 2023 
 

Participant to complete: 

 
I consent to participate in the CASTAN trial screening procedure and if eligible, I consent to 
participate in the CASTAN trial. 
 
 
Name: ________________________Signature: ______________________Date: ______________ 
 

 

Trial Coordinator to complete: 

 
 

I have described the nature of the research to __________________________________________ 

and in my opinion, she/he understood the explanation.  

 

 
 
Name: ______________________Signature: ________________________Date: ______________ 
 

 

 

print name of participant 
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SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related 

documents* 

 

Section/item Item 
No 

Description Manuscript Page and Notes 

Administrative information  

Title 1 Descriptive title identifying the study design, 

population, interventions, and, if applicable, 

trial acronym 

1 

Trial registration 2a Trial identifier and registry name. If not yet 

registered, name of intended registry 

2 

2b All items from the World Health Organization 

Trial Registration Data Set 

Yes, ANZCTR public trials registry, 

ACTRN12623000872639. 

Registered 15 August 2023. 

Protocol version 3 Date and version identifier 2, 6 and 25 

Funding 4 Sources and types of financial, material, and 

other support 

6, 25 

Roles and 

responsibilities 

5a Names, affiliations, and roles of protocol 

contributors 

1,25 

5b Name and contact information for the trial 

sponsor 

6 

 5c Role of study sponsor and funders, if any, in 

study design; collection, management, 

analysis, and interpretation of data; writing of 

the report; and the decision to submit the 

report for publication, including whether they 

will have ultimate authority over any of these 

activities 

25 

 5d Composition, roles, and responsibilities of 

the coordinating centre, steering committee, 

endpoint adjudication committee, data 

management team, and other individuals or 

groups overseeing the trial, if applicable (see 

Item 21a for data monitoring committee) 

23 

Introduction    
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 2 

Background and 

rationale 

6a Description of research question and 

justification for undertaking the trial, including 

summary of relevant studies (published and 

unpublished) examining benefits and harms 

for each intervention 

4-5 

 6b Explanation for choice of comparators 8 

Objectives 7 Specific objectives or hypotheses 6 

Trial design 8 Description of trial design including type of 

trial (eg, parallel group, crossover, factorial, 

single group), allocation ratio, and framework 

(eg, superiority, equivalence, noninferiority, 

exploratory) 

5-6 

Methods: Participants, interventions, and outcomes  

Study setting 9 Description of study settings (eg, community 

clinic, academic hospital) and list of 

countries where data will be collected. 

Reference to where list of study sites can be 

obtained 

6 

Eligibility criteria 10 Inclusion and exclusion criteria for 

participants. If applicable, eligibility criteria 

for study centres and individuals who will 

perform the interventions (eg, surgeons, 

psychotherapists) 

6-7 

Interventions 11a Interventions for each group with sufficient 

detail to allow replication, including how and 

when they will be administered 

8 

11b Criteria for discontinuing or modifying 

allocated interventions for a given trial 

participant (eg, drug dose change in 

response to harms, participant request, or 

improving/worsening disease) 

NA, intervention is a single acute 

dose of active or placebo with no 

ongoing involvement of participants.  

11c Strategies to improve adherence to 

intervention protocols, and any procedures 

for monitoring adherence (eg, drug tablet 

return, laboratory tests) 

NA, intervention is a single acute 

dose of active or placebo with no 

ongoing involvement of participants. 

11d Relevant concomitant care and interventions 

that are permitted or prohibited during the 

trial 

12-13 
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 3 

Outcomes 12 Primary, secondary, and other outcomes, 

including the specific measurement variable 

(eg, systolic blood pressure), analysis metric 

(eg, change from baseline, final value, time 

to event), method of aggregation (eg, 

median, proportion), and time point for each 

outcome. Explanation of the clinical 

relevance of chosen efficacy and harm 

outcomes is strongly recommended 

19 

Participant 

timeline 

13 Time schedule of enrolment, interventions 

(including any run-ins and washouts), 

assessments, and visits for participants. A 

schematic diagram is highly recommended 

(see Figure) 

10 (Figure1) 

Sample size 14 Estimated number of participants needed to 

achieve study objectives and how it was 

determined, including clinical and statistical 

assumptions supporting any sample size 

calculations 

23 

Recruitment 15 Strategies for achieving adequate participant 

enrolment to reach target sample size 

7 

Methods: Assignment of interventions (for controlled trials)  

Allocation:    

Sequence 

generation 

16a Method of generating the allocation 

sequence (eg, computer-generated random 

numbers), and list of any factors for 

stratification. To reduce predictability of a 

random sequence, details of any planned 

restriction (eg, blocking) should be provided 

in a separate document that is unavailable to 

those who enrol participants or assign 

interventions 

9 

Allocation 

concealment 

mechanism 

16b Mechanism of implementing the allocation 

sequence (eg, central telephone; 

sequentially numbered, opaque, sealed 

envelopes), describing any steps to conceal 

the sequence until interventions are 

assigned 

9 

Implementation 16c Who will generate the allocation sequence, 

who will enrol participants, and who will 

assign participants to interventions 

9 
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 4 

Blinding 

(masking) 

17a Who will be blinded after assignment to 

interventions (eg, trial participants, care 

providers, outcome assessors, data 

analysts), and how 

9 

 17b If blinded, circumstances under which 

unblinding is permissible, and procedure for 

revealing a participant’s allocated 

intervention during the trial 

9 

Methods: Data collection, management, and analysis  

Data collection 

methods 

18a Plans for assessment and collection of 

outcome, baseline, and other trial data, 

including any related processes to promote 

data quality (eg, duplicate measurements, 

training of assessors) and a description of 

study instruments (eg, questionnaires, 

laboratory tests) along with their reliability 

and validity, if known. Reference to where 

data collection forms can be found, if not in 

the protocol 

22 

 18b Plans to promote participant retention and 

complete follow-up, including list of any 

outcome data to be collected for participants 

who discontinue or deviate from intervention 

protocols 

7,17 

Data 

management 

19 Plans for data entry, coding, security, and 

storage, including any related processes to 

promote data quality (eg, double data entry; 

range checks for data values). Reference to 

where details of data management 

procedures can be found, if not in the 

protocol 

22-23 

Statistical 

methods 

20a Statistical methods for analysing primary and 

secondary outcomes. Reference to where 

other details of the statistical analysis plan 

can be found, if not in the protocol 

23-24 

 20b Methods for any additional analyses (eg, 

subgroup and adjusted analyses) 

23-24 

 20c Definition of analysis population relating to 

protocol non-adherence (eg, as randomised 

analysis), and any statistical methods to 

handle missing data (eg, multiple imputation) 

23-24 

Methods: Monitoring  

Page 37 of 39

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 8, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
25 M

arch
 2024. 

10.1136/b
m

jo
p

en
-2023-082927 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

 5 

Data monitoring 21a Composition of data monitoring committee 

(DMC); summary of its role and reporting 

structure; statement of whether it is 

independent from the sponsor and 

competing interests; and reference to where 

further details about its charter can be found, 

if not in the protocol. Alternatively, an 

explanation of why a DMC is not needed 

23 

 21b Description of any interim analyses and 

stopping guidelines, including who will have 

access to these interim results and make the 

final decision to terminate the trial 

NA 

Harms 22 Plans for collecting, assessing, reporting, 

and managing solicited and spontaneously 

reported adverse events and other 

unintended effects of trial interventions or 

trial conduct 

17 

Auditing 23 Frequency and procedures for auditing trial 

conduct, if any, and whether the process will 

be independent from investigators and the 

sponsor 

22-23 

Ethics and dissemination  

Research ethics 

approval 

24 Plans for seeking research ethics 

committee/institutional review board 

(REC/IRB) approval 

2, 6, 25 

Protocol 

amendments 

25 Plans for communicating important protocol 

modifications (eg, changes to eligibility 

criteria, outcomes, analyses) to relevant 

parties (eg, investigators, REC/IRBs, trial 

participants, trial registries, journals, 

regulators) 

6 

Consent or assent 26a Who will obtain informed consent or assent 

from potential trial participants or authorised 

surrogates, and how (see Item 32) 

11 

 26b Additional consent provisions for collection 

and use of participant data and biological 

specimens in ancillary studies, if applicable 

NA 

Confidentiality 27 How personal information about potential 

and enrolled participants will be collected, 

shared, and maintained in order to protect 

confidentiality before, during, and after the 

trial 

22 
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 6 

Declaration of 

interests 

28 Financial and other competing interests for 

principal investigators for the overall trial and 

each study site 

25 

Access to data 29 Statement of who will have access to the 

final trial dataset, and disclosure of 

contractual agreements that limit such 

access for investigators 

22 

Ancillary and 

post-trial care 

30 Provisions, if any, for ancillary and post-trial 

care, and for compensation to those who 

suffer harm from trial participation 

17 

Dissemination 

policy 

31a Plans for investigators and sponsor to 

communicate trial results to participants, 

healthcare professionals, the public, and 

other relevant groups (eg, via publication, 

reporting in results databases, or other data 

sharing arrangements), including any 

publication restrictions 

22 

 31b Authorship eligibility guidelines and any 

intended use of professional writers 

23 

 31c Plans, if any, for granting public access to 

the full protocol, participant-level dataset, 

and statistical code 

23 

Appendices    

Informed consent 

materials 

32 Model consent form and other related 

documentation given to participants and 

authorised surrogates 

NA 

Biological 

specimens 

33 Plans for collection, laboratory evaluation, 

and storage of biological specimens for 

genetic or molecular analysis in the current 

trial and for future use in ancillary studies, if 

applicable 

NA 

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & 

Elaboration for important clarification on the items. Amendments to the protocol should be tracked and dated. 

The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative Commons “Attribution-

NonCommercial-NoDerivs 3.0 Unported” license. 
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