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eMethods 

Participant compensation 

Participants were compensated for their time and effort during baseline ($50) and mobile 

laboratory appointments ($100).  Funds were not provided for the purchase of state legal market 

cannabis.   

Baseline Substance Use History and Mental Health Measures 

In addition to demographic questions, participants answered questions about their 

cannabis use history, current use of cannabis, use of other substances, and psychological health 

at baseline.  

Timeline Follow Back (TLFB). Participants completed a calendar-assisted, researcher 

administered TLFB1 that queried their use of alcohol, nicotine/tobacco, cannabis, prescription 

drugs, and illicit drugs over a 30-day retrospective timeframe 

Alcohol Use Disorders Identification Test (AUDIT). The AUDIT is a clinical 

screening instrument developed by the World Health Organization (WHO) to assess patterns of 

alcohol use2 and was used to characterized clinical severity of alcohol use in the sample. The 

AUDIT is comprised of 10 questions addressing alcohol frequency and dependency, as well as 

problems caused by alcohol consumption, ultimately distinguishing light drinkers from heavy 

drinkers2.  

Marijuana Dependence Scale (MDS). The MDS is an 11-item self-report assessment of 

Cannabis Use Disorder (CUD) severity3. The MDS is widely utilized in studies that assess CUD 

in a variety of populations such as adolescents and adults, proving to be a reliable measure4–6.  

Beck Depression Inventory-II (BDI-II). The BDI consists of 21 items, each describing 

a common symptom of depression and was used to characterized depression levels in the 
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sample7. Each answer is scored on a scale value of 0 (not at all) to 3 (severely). Higher total 

scores indicate more severe depression symptoms. The standard cutoffs are: 0–9 indicates 

minimal depression, 10–18 indicates mild depression, 19–29: indicates moderate depression, and 

30–63: indicates severe depression. 

Beck Anxiety Inventory (BAI). The BAI consists of 21 items, each describing a 

common symptom of anxiety and was used to measure anxiety clinical severity8. Each answer is 

scored on a scale value of 0 (not at all) to 3 (severely). Higher total scores indicate more severe 

anxiety symptoms. The standard cutoffs are: 0–7 indicates minimal anxiety, 8-15 indicates mild 

anxiety, 16-25 indicates moderate anxiety, and 26-63 indicates severe anxiety.  

Additional Detail on Neurobehavioral Primary Outcome Measures 

Cognitive Performance. Participants completed a set of four cognitive tasks in domains 

that have previously been linked to acute cannabis use9, including delayed verbal recall assessed 

by the International Shopping List Task (ISLT) and Working Memory, Picture Sequence 

Memory, and Inhibitory Control assessed by three tasks from the NIH toolbox10.   

ISLT. At each administration of the ISLT, a trained research assistant verbally 

administered a list of 12 everyday shopping items from a computer screen, at the rate of one 

word per two seconds, and responses were recorded on the ISLT software. Participants did not 

see words on the computer screen. Each time after the list was read, participants were asked to 

recall as many words as possible, in any order. The list was read 3 times in the same order, 

immediately recalled after each reading, and then recalled a final time by participants after a 30-

minute delay. The 12 items contained in each list are randomly generated from the ISLT data 

base for each assessment and did not repeat across participants or administration time points.  

The dependent variable from the ISLT is the number of errors (repetitions or incorrect words) at 
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the 30-minute delayed recall.  Performance on the ISLT measures delayed verbal recall ability, 

which is suggested in prior research to be sensitive to cannabis use11,12. 

NIH Toolbox. Three NIH Toolbox tasks were administered via iPad10, namely,  tasks of 

working memory (List Sorting Working Memory Test Age 7+ v2.1), episodic memory (Picture 

Sequence Memory Test Age 8+ v2.1, Forms A, B, and C), and inhibitory control (Flanker 

Inhibitory Control and Attention Test Age 12+ v2.1). The NIH Toolbox consists of a set of 

validated tasks, which produce age-adjusted standardized scores for each task (M = 100, SD = 

15). That is, a score of 100 represents performing at the US national average within a person’s 

age group, and a score of 85 represents performing worse than 84.1% of the US population of the 

same age. All tasks administered here have been linked to acute cannabis use9. 

Balance Task. The use of the mobile laboratory in this research design necessitated the 

use of portable technology to assess balance. Quiet standing balance was measured with a smart 

device (iPod Touch 5th generation, Apple, Inc.) under three conditions: eyes open, eyes closed, 

and eyes closed with head tilted back. Conditions were designed to assess reliance on 

proprioception in the absence of vision, to challenge postural processing by altering the afferent 

input from the vestibular apparatus13,14, and to assess these aspects after intoxication15–19. We 

expected that neuromuscular control would decline and impair postural stability after cannabis 

use and that postural stability would decline as the difficulty of the task condition increased. 

Consistent with this, when all three balance tasks were modeled in a MANOVA, sway increased 

in a linear manner with eyes opened, eyes closed, and eyes closed with head titled back 

(F(1,212)=189.31, p < .001). 

Experimental Setup. Continuous tri-axial acceleration signals (X, Y and Z axes) were 

recorded from the internal microelectromechanical systems (MEMS) accelerometer in the smart 
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device (iPod Touch 5th generation, iOS 12.11, Apple Inc., CA) via the Sensor Data application 

(Wavefront Labs, Apple Store). The sensors in the smart device platform have been validated 

against sophisticated lab-based kinematic systems20. A wide, Velcro-compatible elastic belt (0.1 

x 40.5 x 8 inches) was wrapped tightly around the hips, centered over the greater femoral 

trochanters. The back of the iPod was covered in adhesive Velcro and was firmly attached to the 

belt over the right trochanter (home button oriented downward), with the screen face in the 

sagittal plane. The iPod was further secured with two smaller strips of Velcro (0.1 x 6 x 0.5 

inches). Ten percent of the subject’s height was calculated to standardize the heel-to-heel 

distance and the medial-lateral base of support (e.g., 1.83m tall subject, 18.3 cm heel-to-heel 

distance). Research assistants ensured consistent foot placement across trials and time points 

with small pieces of tape on the floor. Another piece of tape at eye level on a plain wall in front 

of the subject was used as a focal point for the eyes open condition. 

Experimental Protocol. After positioning and orientation to the task, subjects were 

directed to “stand as still as possible for 30 seconds with your eyes open, followed by 30 seconds 

with your eyes closed, followed by a final 30 seconds with your eyes closed and your head tilted 

slightly backwards, about 45°.” Research assistants demonstrated each condition briefly and 

assured participants of constant instruction during the task. The hands were clasped in front of 

the chest. The device was lightly tapped at the beginning and end of each condition to introduce 

a clear mechanical artifact into the acceleration signal and ensure accuracy of trial identification 

during the subsequent analysis. Each task was completed twice, with a rest period of 30 s 

between trials.  

Data Analysis. The acceleration signals were digitized and recorded at a 100Hz sampling 

rate and saved as a text file on the device. Subsequently, the files were transferred via a web 
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URL to a lab computer and imported into the Spike 2 data analysis program (Spike 2, ver. 7.14, 

Cambridge Electronic Design, Cambridge, UK). Prior to analysis, very low frequency content 

(long term drift, < 0.1Hz) in the signal was removed with DC Remove function (5 sec time 

constant). For each condition/segment, the standard deviation (SD) of acceleration was 

calculated as a measure of the variability of the signal (body movement/sway) in the X (anterior-

posterior (AP)) and Y (medial-lateral (ML)) directions and summed (AP + ML directions) to 

produce an outcome variable that represented the total SD of acceleration (sway) during each 30 

second trial. Trials 1 and 2 for each condition were averaged for statistical analysis.   
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eResults 

Are there interaction effects of potency by linear/quadratic change across specific forms of 

cannabis (flower and concentrates)? 

eTables 1 and 2 display results of potency-by-change over time interactions for flower 

and concentrates users, respectively. None of the interaction effects were significant, suggesting 

that potency does not have an effect on cannabinoid levels, cognitive functioning, subjective 

effects, or balance among either flower or concentrates users. It should be noted, however, that 

effects for cannabinoid effects among flower users approached the .01 significance threshold 

used in the current study, suggesting that THC potency may have a small effect on THC and 

THC-11-OH among flower users.  
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eTable 1. Results from repeated measures ANOVAs testing the product potency x change over 
time interactions before and after using cannabis, among flower users.  
Measure Potency x Linear Potency x Quadratic 
Cannabinoids 

  

THC F (1, 101) = 0.00, p = .97 F (1, 101) = 6.35, p = .01 
11-OH-THC F (1, 101) = 2.71, p = .10 F (1, 101) = 5.42, p = .02 

Subjective Drug Effects 
  

ARCI-Marijuana Effects Scale F (1, 104) = 0.23, p = .63 F (1, 104) = 0.00, p = .96 
Tension  F (1, 101) = 0.44, p = .51 F (1, 101) = 0.10, p = .75 
Vigor  F (1, 96)   = 0.11, p = .74 F (1, 96)   = 0.64, p = .42 
Intoxication F (1, 101) = 1.00, p = .32 F (1, 101) = 0.26, p = .61 

Cognition 
  

Inhibitory Control (Flanker) F (1, 102) = 0.82, p = .37 F (1, 102) = 0.01, p = .92 
Episodic Memory (Picture) F (1, 102) = 0.10, p = .75 F (1, 102) = 0.00, p > .99 
Working Memory F (1, 102) = 0.28, p = .60 F (1, 102) = 0.00, p > .99 
Verbal Recall Errors F (1, 77)   = 0.37, p = .54 F (1, 77)   = 0.14, p = .71 

Balance 
 

Eyes Open F (1, 79) = 0.22, p = .64 F (1, 79) = 1.08, p = .30 
Eyes Closed F (1, 79) = 0.14, p = .71 F (1, 79) = 0.03, p = .86 
Eyes Closed, Head Back F (1, 79) = 0.15, p = .70 F (1, 79) = 1.86, p = .18 

Note. Models were conducted separately for each measure and research question. For each 
model, the baseline assessment was included as a covariate. Additionally, the main effects of 
linear change, quadratic change potency, and form were included as a covariate. 
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eTable 2. Results from repeated measures ANOVAs testing the product potency x change over 
time interactions before and after using cannabis, among concentrates users.  
Measure Potency x Linear Potency x Quadratic 
Cannabinoids 

  

THC F (1, 122) = 0.00, p = .96 F (1, 122) = 0.06, p = .81 
11-OH-THC F (1, 122) = 0.14, p = .71 F (1, 122) = 1.11, p = .29 

Subjective Drug Effects 
  

ARCI-Marijuana Effects Scale F (1, 125) = 0.03, p = .86 F (1, 125) = 0.04, p = .84 
Tension  F (1, 125) = 1.34, p = .25 F (1, 125) = 1.84, p = .18 
Vigor  F (1, 122) = 1.08, p = .30 F (1, 122) = 0.67, p = .41 
Intoxication F (1, 125) = 0.99, p = .32 F (1, 125) = 0.17, p = .68 

Cognition 
  

Inhibitory Control (Flanker) F (1, 123) = 3.05, p = .08 F (1, 123) = 0.05, p = .82 
Episodic Memory (Picture) F (1, 117) = 1.35, p = .25 F (1, 117) = 0.13, p = .72 
Working Memory F (1, 125) = 5.94, p = .02 F (1, 125) = 0.16, p = .69 
Verbal Recall Errors F (1, 119) = 3.22, p = .08 F (1, 119) = 0.93, p = .34 

Balance 
 

Eyes Open F (1, 117) = 1.58, p = .21 F (1, 117) = 0.03, p = .87 
Eyes Closed F (1, 117) = 1.08, p = .30 F (1, 117) = 2.48, p = .12 
Eyes Closed, Head Back F (1, 117) = 2.88, p = .09 F (1, 117) = 2.61, p = .11 

Note. Models were conducted separately for each measure. For each model, the baseline 
assessment was included as a covariate. Additionally, the main effects of linear change, 
quadratic change potency, and form were included as a covariate.  
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eFigure 1. 
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eFigure 2. 
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eFigure Legends 

eFigure 1. Cognition After Use of Cannabis By Cannabis Form and Potency During Acute 

Mobile Lab Session. 4a) Performance on working memory task immediately before cannabis 

use (Pre-Use), immediately after cannabis use (Acute Post-Use), and one-hour post-use (baseline 

median = 108, range = 83-143).  4b) Performance on episodic memory task immediately before 

cannabis use (Pre-Use), immediately after cannabis use (Acute Post-Use), and one-hour post-use 

(baseline median = 89, range = 65-146). 4c) Performance on inhibitory control task (NIH 

Toolbox) immediately before cannabis use (Pre-Use), immediately after cannabis use (Acute 

Post-Use), and one-hour post-use (baseline median = 102, range = 76-146). For form, dashed 

lines indicate flower groups (16%, 24%) and solid lines indicate concentrate groups (70%, 90%). 

For potency, blue lines indicate lower potency within each form (16% flower, 70% concentrate) 

and red lines indicate higher potency (24% flower, 90% concentrate). There were linear effects 

of change on inhibitory control and working memory, suggesting improved performance via 

practice effects across all participants. Performance on the majority of the study’s cognitive tasks 

was not impaired by cannabis intoxication (immediate and one-hour post use), however the 

flower group performed more poorly on the inhibitory control task across all assessments.  

 

eFigure 2. Balance Function After Use of Cannabis by Cannabis Form and Potency During 

Acute Mobile Lab Session. 2a) Balance task performance with eyes open immediately before 

cannabis use (Pre-Use), immediately after cannabis use (Acute Post-Use), and one-hour post-use 

(baseline median = 0.4, range = 0.2-1.3). 2b) Balance task performance with eyes closed and 

head back immediately before cannabis use (Pre-Use), immediately after cannabis use (Acute 

Post-Use), and one-hour post-use (baseline median = 0.7, range = 0.3-2.6). For form, dashed 

lines indicate flower groups (16%, 24%) and solid lines indicate concentrate groups (70%, 90%). 

For potency, blue lines indicate lower potency within each form (16% flower, 70% concentrate) 

and red lines indicate higher potency (24% flower, 90% concentrate). Acute effects of cannabis 

were not demonstrated in the eyes open or eyes closed with head back balance conditions, and no 

differences were observed between groups on these measures.  
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