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Abstract

Using a federally compatible, naturalistic at-home administration procedure, the

present study examined the acute effects of three cannabis flower chemovars with

different tetrahydrocannabinol (THC) to cannabidiol (CBD) ratios, in order to test

whether chemovars with a higher CBD content produce different effects.

Participants were randomly assigned to ad libitum administration of one of three

chemovars (THC-dominant: 24% THC, 1% CBD; THC+CBD: 9% THC, 10% CBD;

CBD-dominant: 1% THC, 23% CBD); 159 regular cannabis users (male = 94,

female = 65) were assessed in a mobile pharmacology lab before, immediately after,

and 1 h after ad libitum administration of their assigned chemovar. Plasma

cannabinoids as well as positive (e.g., high, elation) and negative (e.g., paranoia and

anxiety) subjective effects were assessed at each time points. Participants who used

the CBD-dominant and THC + CBD chemovars had significantly less THC and more

CBD in plasma samples compared to participants who used the THC-dominant

chemovar. Further, the THC + CBD chemovar was associated with similar levels of

positive subjective effects, but significantly less paranoia and anxiety, as compared to

the THC-dominant chemovar. This is one of the first studies to examine the

differential effects of various THC to CBD ratios using chemovars that are widely

available in state-regulated markets. Individuals using a THC + CBD chemovar had

significantly lower plasma THC concentrations and reported less paranoia and

anxiety while also reporting similar positive mood effects as compared to individuals

using THC only, which is intriguing from a harm reduction perspective. Further

research is needed to clarify the harm reduction potential of CBD in cannabis

products.
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1 | INTRODUCTION

The literature on the acute effects of cannabis dates back to the

1970s. One of the primary methods used to understand the effects of

delta-9-tetrahydrocannabinol (THC; the primary psychoactive constit-

uent of the cannabis plant) involves standardized smoking of cannabis

in a laboratory setting. Measures related to cognition, mood, and

intoxication are typically collected before and after participants
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undergo controlled cannabis administration. With respect to

self-report measures, considerable evidence demonstrates that

cannabis acutely increases positive mood.1–4 Similarly, more recent

studies report that acute cannabis use increases subjective effects

such as “high” and “liking,”5,6 even when using a “balanced placebo”
design.7 Thus, there is a long history of studies in the literature docu-

menting that acute cannabis use produces changes in measures

related to positive mood and reward.

Studies also suggest that cannabis, and specifically THC, has a

number of unpleasant and negative subjective effects. For example,

while THC may reduce anxiety at low doses, it has been found to

increase anxiety at higher doses.8,9 In addition, a number of

laboratory studies suggest that higher doses of THC produce psy-

chotomimetic effects, including reports of paranoia, dissociation, and

depersonalization,10–14 and these acute effects may be greater among

individuals at risk for psychosis.15 There is also an association

among long-term THC use and risk for psychosis, which is one of the

most important health risks of increased access to cannabis, especially

high potency products.16 Recent studies suggest that these negative

effects may be mitigated by the coadministration of cannabidiol

(CBD) (for reviews, see the literature17–22). Furthermore, mechanistic

studies suggest that the psychotomimetic effects of THC are associ-

ated with the inhibitory effect of THC on glutamate in subcortical

regions (for reviews, see previous works23,24), while administration of

CBD may be associated with an increase in subcortical glutamate

signaling,25,26 providing a pharmacological hypothesis regarding how

CBD might alter the effects of THC.

While some studies suggest that CBD may diminish the effects of

THC on positive mood and cognition,27,28 more recent data do not

support this assertion (see Haney et al.29) and one study even sug-

gests that CBD may increase the positive mood effects of THC.30

There appears to be more consistent support in the literature for the

notion that CBD may mitigate the psychotomimetic effects of THC

(for review, see Freeman et al.31). More broadly, discrepancies in the

literature for both the main effects of THC on subjective effects as

well its interaction with CBD may in part be explained by methodo-

logical differences in routes of administration (e.g., intravenous,

inhaled, and versus oral THC) as well as what exactly is being adminis-

tered (e.g., full plant derived cannabinoids and terpenes versus iso-

lated and purified cannabinoids). As noted in recent papers,31,32 it is

important for studies to examine products and routes of administra-

tion that are commonly used in order to more fully understand the

potential for negative effects, or in the case of CBD, the potential to

mitigate those effects.

Finally, it is also possible that CBD may influence how individuals

self-titrate their use of THC, possibly by altering the subjective effects

as noted above. A number of studies demonstrate that users self-

titrate their use of cannabis to achieve a desired level of effect. For

example, previous research on the effect of smoking cannabis on lung

function indicates that individuals using higher potency cannabis

inhale less,33 which is consistent with a more recent smoking topogra-

phy study indicating that individuals inhale less when using higher

potency cannabis.34 In addition, other studies demonstrate that THC

concentrations are negatively associated with the amount used as

individuals titrate to achieve certain subjective effects.35 Finally, two

recent studies utilizing an ad libitum administration design also

observed self-titration. One study allowed men and women to self-

titrate to a desired effect and found that women displayed lower

plasma THC concentrations yet achieved the same subjective effect

as men.36 Likewise, another study allowed concentrate and flower

users to self-titrate and found that concentrate users displayed

greater plasma THC concentrations yet demonstrated the same sub-

jective response as flower users.37 Empirical data thus suggest that

users adapt to the type of cannabis used by self-titrating their use of

THC to reach a desired effect. Thus, if CBD alters the subjective

effects of cannabis, decreasing the negative effects and perhaps

increasing the positive mood effects, it is also possible that it may

alter self-titration of THC levels, such that higher or lower THC levels

are required to reach the desired effect.

Notably, the existing literature does not reflect the strengths and

concentrations of cannabis products widely available in state-

regulated markets.38 Further, the drug administration approaches

employed in controlled laboratory studies (e.g., standardized puffing

procedures) do not reflect real-world cannabis consumption

methods.39,40 Given the schedule 1 status of cannabis, federal restric-

tions prohibit researchers from studying state-regulated cannabis

products in a controlled laboratory environment (for more information

regarding federal regulations surrounding cannabis research, see

Hutchison et al.40). As such, although controlled laboratory studies are

critical to advancing our knowledge base, study designs that prioritize

external validity are needed to understand the effects of cannabis that

is currently distributed and used in the legal market.

Using a naturalistic at-home administration procedure in concert

with a mobile pharmacology laboratory, we examined the effects of

three different forms of cannabis flower with different ratios of THC

to CBD (THC dominant: 24% THC, 1% CBD; THC ± CBD: 9% THC,

10% CBD; CBD dominant: 1% THC, 23% CBD) that are commonly

available in state regulated dispensaries to determine if chemovars

with higher CBD mitigate or enhance some of the effects of THC

and alter self-titration (Note: This naturalistic design has been vali-

dated previously32,40). Specifically, we examined the acute effect of

CBD on ad libitum administration and subsequent plasma concentra-

tions of THC, positive subjective effects, and psychotomimetic

effects (e.g., paranoia and anxiety). We hypothesized that the higher

CBD chemovars would be associated with lower plasma levels of

THC, less positive subjective effects, and lower anxiety and

paranoia.

2 | MATERIALS AND METHODS

2.1 | Participants

The study was approved by the University of Colorado Boulder Insti-

tutional Review Board and was carried out in accordance with the

Declaration of Helsinki. Participants were recruited using social media

postings and mailed flyers. Participants were screened over the phone
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by research staff. Criteria for inclusion were (a) age between 21 and

70; (b) used cannabis flower at least 4 times in the past month;

(c) endorsed prior use (at least once by self-report) of the highest

potency of flower cannabis that could be assigned in the study

(i.e., 24% THC); (d) no recreational drug use (other than cannabis) in

the past 7 days which was confirmed with a urine toxicology screen;

(e) no daily tobacco use; (f) drinking alcohol 3 times or less per week,

and <5 (men)/<4 (women) drinks per drinking occasion; (g) not seeking

treatment for drinking; (h) not pregnant (verified via pregnancy test),

or trying to become pregnant; (i) not receiving treatment for/no

reported diagnosis of psychotic disorder, bipolar disorder, or

schizophrenia.

2.2 | Appointments

Primary outcome measures (i.e., plasma cannabinoid concentrations,

positive and negative subjective effects) were assessed at all four

study time points: once during the baseline appointment (baseline)

and three times during the mobile pharmacology laboratory appoint-

ment (pre-use, acute post-use, 1-h post-use).

2.2.1 | Baseline appointment

Participants were instructed not to use cannabis for 24 h prior to their

baseline visit. Following informed consent, participants were

breathalyzed to ensure that they had no measurable level of blood

alcohol. A urine toxicology screen was used to exclude individuals

who demonstrated recent use of recreational drugs such as metham-

phetamine, opioids, benzodiazepines, and cocaine. Female participants

were also given a pregnancy test to exclude women who were preg-

nant (none tested positive). Participants completed questionnaires on

demographics, lifestyle, and medical history, as well as self-report

measures of subjective drug effects, substance use, and other mea-

sures of mood.

At the end of the appointment, participants were randomly

assigned to one of three chemovars of flower, each with a different

ratio of THC to CBD: THC dominant (24% THC; 1% CBD), THC

+ CBD (9% THC; 10% CBD) or CBD dominant (1% THC; 23% CBD),

using a random assignment table generated by the study staff.

Participants were asked to purchase their assigned product at a local,

study-partnered dispensary (The Farm; https://thefarmco.com/) and

asked to purchase enough product to use for 5 days. Consistent with

State of Colorado requirements, the THC and CBD potencies of each

study product were on the label following testing in an International

Organization of Standards (ISO) 17025 accredited laboratory. Thus,

while researchers conducting all assessments were blind to condition,

the participants themselves were not.

2.2.2 | Mobile pharmacology laboratory
appointment

Between the baseline and mobile pharmacology laboratory ses-

sions, participants were asked to use the study cannabis product

during a 5-day ad libitum use period leading up to their second

appointment in order to familiarize themselves with their assigned

product. On average, during the 5-day period, participants used

their study product on 3.20 days (SD = 1.12). This did not differ

significantly by condition (ps > .286). Participants were asked to

abstain from using cannabis the day of their mobile pharmacology

lab appointment. For the second appointment, two researchers

traveled to the participant in our mobile pharmacology laboratory.

At the first mobile laboratory assessment (pre-use), the participant

completed the primary outcome measures (see below), then

returned to their home to use their assigned cannabis chemovar ad

libitum through their preferred mode of administration. Participants

weighed their product before and after use on a study-provided

scale in order to report how much of the product they used during

the experimental session (see Table 1). After using their product,

they returned to the mobile lab to complete the outcome measures

while acutely intoxicated (acute post-use). They remained in the

mobile lab until 1 h after using and then completed the measures a

final time (1-h post-use).

2.3 | Primary outcome measures

2.3.1 | Plasma cannabinoid concentrations

A certified phlebotomist collected �50 ml of venous blood through

venipuncture of a peripheral arm vein using standard, sterile

phlebotomy techniques, which was stored on ice in the mobile

laboratory. Upon return to the laboratory, plasma was separated

from erythrocytes by centrifugation at 1000� g for 10 min,

transferred to a fresh microcentrifuge tube for phytocannabinoid

analysis and a separate microcentrifuge tube for endocannabinoid

analysis, and stored at �80�C. Plasma samples were sent to the

iC42 Lab at the Anschutz Medical Campus. In total, we quantified

concentration of THC, THCV, CBN, CBG, CBD, and CBC using

validated high-performance liquid chromatography/mass-

spectroscopy (HPLC-MS/MS) (API5500) in MRM mode.41 The

baseline and pre-use blood draws were used to confirm cannabis

abstinence prior to the baseline and mobile pharmacology lab

appointments.

2.3.2 | Subjective high and mood effects

Multiple measures were employed to assess the subjective high

and mood effects of cannabis. Three items assessed cannabis high:

“feel high” (10-point Likert-type scale), “mentally stoned” (5-point

Likert-type scale), and “physically stoned” (5-point Likert-type

scale). These items were averaged to create a composite subjective

high score (α = .69). A modified version of the Profile of Mood

States (POMS) questionnaire42 was also administered. POMS items

were rated on a 5-point Likert-type scale, with responses ranging

from 1 (not at all) to 5 (extremely). Elation and anxiety/tension
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subscales of the POMS were retained as the two primary out-

comes for the present study (α = .76; α = .82), consistent with our

prior studies on the acute effects of alcohol and other drugs

(e.g., Hutchison et al.40). Paranoia was measured using the

“paranoia” item on the POMS. A single item from the Drug

Effects Questionnaire (DEQ) was also used to assess drug liking

(“do you like any of the effects you're feeling?”) on a 5-point

Likert-type scale with responses ranging from 1 (not at all) to

(5) extremely.

2.4 | Baseline substance use variables

2.4.1 | Timeline follow-back (TLFB)

A research assistant administered a calendar-assisted TLFB43 in order

to assess participants' drug use over the past 30 days. The present

study includes TLFB measures of cannabis flower use, cannabis

concentrate use, orally ingested cannabis use, tobacco use, and

alcohol use.

TABLE 1 Sample demographics and baseline characteristics by condition

THC THC ± CBD CBD

n = 57 n = 51 n = 51

Demographics

Age 36.19 (15.27) 35.80 (16.47) 36.19 (15.95)

Gender (% female) 38.60% 43.14% 41.18%

Marital status (% married) 17.54% 25.49% 29.42%

Education (% BACHELORS OR HIGHER) 47.37% 45.10% 58.82%

Employment (% full-time employed) 49.12% 31.37% 49.02%

Race (% non-Hispanic White) 82.46% 76.47% 84.31%

Body mass index (BMI) 23.08 (3.38) 25.03 (5.13) 23.89 (5.20)

Cannabis history and current use

Age of onset of regular cannabis use 19.86 (9.05) 21.96 (10.42) 20.28 (7.19)

Cannabis use disorder score 2.56 (2.34) 2.18 (2.64) 2.65 (2.54)

Days of flower usea (past 30 days) 18.18 (11.22) 17.61 (10.98) 17.39 (11.58)

Days of concentrate usea (past 30 days) 5.53 (9.06) 4.37 (8.17) 6.25 (9.60)

Days of edible usea (past 30 days) 3.46 (7.89) 1.39 (5.48) 2.90 (7.20)

Baseline plasma THC (ng/ml) 4.90 (6.18) 7.08 (15.09) 4.13 (6.19)

Baseline plasma CBD (ng/ml) .65 (1.61) .53 (1.73) .51 (2.06)

Baseline plasma THCV (ng/ml) .00 (.00) .06 (.27) .00 (.00)

Baseline plasma CBN (ng/ml) .00 (.00) .12 (.59) .02 (.16)

Baseline plasma CBG (ng/ml) .02 (.11) .10 (.48) .00 (.00)

Baseline plasma CBC (ng/ml) .21 (.51) .36 (1.30) .10 (.34)

Other substance use factors

Days of alcohol usea (past 30 days) 8.25 (8.54) 5.69 (5.89) 5.55 (6.56)

Days of tobacco usea (past 30 days) 1.88 (6.02) 0.78 (4.27) 1.73 (6.16)

AUDIT 2.95 (1.93) 2.18 (1.60) 2.47 (1.96)

Cannabis use during experimental appt.

Grams usedb .29 (.25) .28 (.34) .34 (.29)

Time away from mobile lab 14.47 (7.02) 15.56 (7.39) 17.45 (9.65)

Mode of ad libitum administration

Joint 20.75% 10.42% 25.53%

Bong 30.19% 18.75% 14.89%

Pipe 41.51% 60.42% 48.94%

Vaporizer 7.54% 10.42% 10.64%

Note: No significant differences in demographics, cannabis use history, current cannabis use, other substance use factors, or cannabis use during the

experimental appointment emerged between conditions. Standard deviations are included in parentheses.

Abbreviations: MDS, Marijuana Dependence Scale, AUDIT, Alcohol Use Disorders Identification Test.
aUsing a 30-day timeline follow-back.
bParticipants brought our scale into their home to measure the amount of study cannabis used during the experimental appointment.
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2.4.2 | Cannabis use disorder scale (CUDS)

Cannabis Use Disorder symptoms were assessed using the 11-item

CUDS44 which was developed based on cannabis dependence criteria

included in the Diagnostic and Statistical Manual of Mental Disorders

(DSM-IV).

2.4.3 | Alcohol use disorders identification test
(AUDIT)

In order to further characterize the sample in terms of substance use,

participants completed the self-report AUDIT.45 AUDIT scores range

from 0–40, and a score of 8 or more is associated with harmful or

hazardous drinking.

2.5 | Planned analyses

Analyses of plasma cannabinoid levels (across three timepoints:

pre-, acute post-, and 1-h post-use) were conducted separately

using mixed-effects models estimating random intercepts for partic-

ipant to determine if conditions were different in terms of their

cannabinoid levels. Because we had data on the other major can-

nabinoids and because there is little published data on plasma

levels of other cannabinoids, we included analyses of all of the

measured cannabinoids. In each model, we included linear and qua-

dratic change over time as fixed effects. Additionally, in each

model we included a set of two orthogonal contrast codes as fixed

effects to test for condition differences. For each outcome of

interest, we ran three models varying the set of orthogonal con-

trast codes in order to examine three relevant condition differ-

ences in plasma cannabinoid levels: THC vs. THC + CBD, THC vs.

CBD, and CBD vs. THC + CBD. This approach allowed us to test

each of the condition differences without dropping any data.

Lastly, interaction effects tested whether linear and quadratic

change over time varied by condition. In models where both the

linear and quadratic effect of time were significant, we focused on

the higher-order quadratic effect. We conducted simple effects

tests to determine condition differences at both the acute post-use

and 1-h post-use assessment time points.

Analyses of subjective effects (across two time points: acute

post- and 1-h post-use) were conducted separately using mixed-

effects models estimating random intercepts for participant. In each

model, we included linear change over time as a fixed effect. Addition-

ally, to account for baseline differences in the subjective outcome of

interest, the pre-use measure of the outcome variable was included as

a covariate in each model (e.g., pre-use paranoia was included as a

covariate in the model treating paranoia as the dependent variable).

After observing the pattern of means and standard errors by condition

(see Figure 3), in the analyses of positive subjective effects (i.e., high,

elation, dug liking), we decided to supplement the overall analysis with

comparisons of the THC and THC + CBD conditions, which did not

differ, to the CBD condition. To do so, we included a contrast code

comparing the THC and THC + CBD conditions to the CBD condition

(CBD = �1, THC/THC + CBD = +1). In comparison, in the analyses

of negative subjective effects (i.e., anxiety/tension, paranoia), we

compared the CBD and THC + CBD conditions, which did not differ,

to the THC condition. To do so, we included a contrast code

comparing the THC condition to the CBD and THC + CBD conditions

(CBD/THC + CBD = �1, THC = +1). Interaction effects tested

whether linear change over time varied by condition. Lastly, we

conducted simple effects tests to determine condition differences at

both the acute post-use and 1-h post-use assessment time points.

All analyses were conducted in R version 3.6.1 (http://www.

rstudio.com) using the lme4 package version 1.1–25,46 which

implements maximum likelihood (ML) estimation.

3 | RESULTS

3.1 | Demographics

One hundred eighty-four participants were recruited for the study,

but 17 participants were dropped due to only completing their

baseline appointment. An additional eight participants were

excluded from the analysis due to acute post-use plasma cannabi-

noid concentrations that indicated that they did not use the correct

chemovar (e.g., no CBD or high levels of THC detected in a partici-

pant assigned to use the CBD dominant chemovar). Thus, the final

sample consisted of 159 (females = 65, males = 94) participants

(see CONSORT flow diagram, Figure 1). Table 1 provides baseline

characteristics of participants across the three flower conditions:

THC, CBD, and THC + CBD. At baseline, there were no condition

differences in circulating plasma cannabinoid levels. Grams of can-

nabis flower used during the experimental session did not differ

across conditions.

3.2 | Plasma cannabinoid concentrations over time

Plasma cannabinoid levels differed across the three assessment

time points. See Figure 2 for plasma THC, CBD, CBC, THCV, CBN,

and CBG levels across the three assessment time points (pre-use,

acute post-use, 1-h post-use) by condition. Table 2 presents zero-

order correlations between plasma cannabinoids and subjective

effects at the acute post-use assessment time point (see Tables S1–S3

for correlations between plasma cannabinoids by cannabis chemovar

condition). There were very few significant correlations between

plasma cannabinoid concentrations and subjective effects at the

acute post-use assessment time point (Note: This is in line with

previous studies which have found that plasma cannabinoid levels

are not always predictive of subjective drug effects).47,48 Results for

change over time and condition differences in the minor cannabi-

noids (CBC, THCV, CBN, and CBG) are presented in the Supporting

Information.
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F IGURE 1 CONSORT flow diagram

F IGURE 2 Unadjusted mean plasma cannabinoid levels (ng/ml) across the three assessment time points: Pre-use, acute post-use, and 1-h
post-use. Error bars are standard errors
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3.2.1 | THC

THC exhibited a significant quadratic effect of time, such that plasma

THC levels peaked at the acute post-use assessment and dropped an

hour after use (B = 29.90 SE = 3.41, p < .001). All

condition � quadratic time interactions were significant (ps < .013).

Simple effects tests indicated that at the acute post-use assessment,

participants in the THC condition had higher THC levels compared to

those in the THC + CBD (p < .001) and CBD (p < .001) conditions,

and participants in the THC + CBD condition had higher THC levels

compared to those in the CBD condition (p = .024). There were no

condition differences in THC levels 1-h post-use (ps > .487).

3.2.2 | CBD

CBD exhibited a significant quadratic effect of time (B = 11.36,

SE = 1.18, p < .001). All condition � quadratic time interactions were

significant (ps < .002). Simple effects tests indicated that at the acute

post-use assessment, participants in the CBD condition had higher

CBD levels compared to those in the THC (p < .001) and THC + CBD

(p < .001) conditions, and participants in the THC + CBD condition

had higher CBD levels compared to those in the THC

condition (p < .004). At the 1-h post-use assessment, participants in

the CBD condition had marginally higher CBD levels compared to

those in the THC condition (p = .064). No other condition differences

emerged (ps > .338).

3.3 | Subjective effects over time

See Figure 3 for subjective effects across the two post-use assess-

ment time points (acute post-use, 1-h post-use), adjusted for pre-use

ratings of the subjective effect of interest. Pre-use values of subjec-

tive effects by condition are presented in Table S4. Results for change

in subjective effects from pre-use to acute post-use are presented in

the Supporting Information.

3.3.1 | Subjective high

Controlling for pre-use ratings of high, there was a significant

decrease in feeling high from acute post-use to 1-h post-use

(B = �0.48, SE = 0.03, p < .001) across all three groups. There was a

significant time � condition interaction (B = �0.08, SE = 0.03,

p = .018), such that participants in the THC and THC + CBD condi-

tions reported a steeper decrease in subjective high from acute post-

use to 1-h post-use relative to participants in the CBD condition. Sim-

ple effects tests indicated that participants in the THC and THC

+ CBD conditions reported feeling higher than those in the CBD con-

dition at both the acute post-use assessment (p < .001) and the 1-h

post-use assessment (p < .001).

3.3.2 | Elation

Controlling for pre-use ratings of elation, there was a significant

decrease in elation from acute post-use to 1-h post-use (B = �0.17,

SE = 0.03, p < .001). There was a significant time � condition

interaction (B = �0.09, SE = 0.04, p = .023); although participants in

the THC and THC + CBD conditions reported a significant decrease in

elation from acute post-use to 1-h post-use (p < .001), participants

in the CBD condition did not experience a significant change in elation

across the two time points (p = .389). Simple effects tests indicated that

at the acute post-use assessment, participants in the THC and THC

+ CBD conditions experienced more elation than those in the CBD

condition (p = .012)*. Elation levels were similar 1-h post-use (p = .614).

*Men reported significantly greater elation at the acute post-use assessment time point

relative to women (p = .028). No other significant gender differences in subjective effects or

plasma cannabinoid concentrations emerged (ps > .602).

TABLE 2 Means, standard deviations, and zero-order correlations between plasma cannabinoids and subjective effects at the acute post-use
assessment time point

Variable M SD 1 2 3 4 5 6 7 8 9 10

1. THC (ng/ml) 102.20 186.73

2. THCV (ng/ml) 0.20 0.61 .69***

3. CBN (ng/ml) 2.95 4.71 .73*** .59***

4. CBG (ng/ml) 2.49 3.44 .77*** .70*** .73***

5. CBD (ng/ml) 38.22 67.59 .03 .26** .15 .49***

6. CBC (ng/ml) 13.16 16.10 .43*** .45*** .43*** .73*** .77***

7. Subjective high 3.38 1.27 .11 .05 .08 �.02 �.20* �.16

8. Elation 1.16 1.07 .04 .01 .08 �.03 �.15 �.18* .35***

9. Drug liking 3.70 0.95 .07 .08 .10 .07 .01 �.01 .38*** .33***

10. Anxiety/tension 0.36 0.45 �.02 �.11 �.16 �.07 .01 .05 .14 �.04 �.12

11. Paranoia 0.21 0.51 .02 �.03 �.08 �.13 �.16 �.12 .20* .03 �.05 .61***

Note: M and SD are used to represent mean and standard deviation, respectively.

*p < .05. **p < .01. ***p < .001.
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3.3.3 | Drug liking

Drug liking significantly decreased from acute post-use to 1-h post-

use (B = �0.21, SE = 0.03, p < .001). There was not a significant

time � condition interaction (B = �0.04, SE = 0.04, p = .333). Simple

effects tests indicated that participants in the THC and THC + CBD

conditions reported greater drug liking compared to those in the CBD

condition at both the acute post-use assessment (p = .052) and the

1-h post-use assessment (p = .006).

3.3.4 | Anxiety/tension

Controlling for pre-use ratings of anxiety, anxiety levels marginally

decreased from acute post-use to 1-h post-use (B = �0.02, SE = 0.01,

p = .091). There was not a significant time � condition interaction

(B = �0.002, SE = 0.01, p = .903). Simple effects tests indicated that

participants in the THC condition reported higher levels of anxiety

compared to those in the CBD and THC + CBD conditions at both

the acute post-use assessment (p = .032) and the 1-h post-use

assessment (p = .040).

3.3.5 | Paranoia

Controlling for pre-use ratings of paranoia, paranoia levels did not

differ from acute post-use to 1-h post-use (B = �0.01, SE = 0.02,

p = .627). There was not a significant time � condition interaction

(B = 0.02, SE = 0.02, p = .352). Simple effects tests indicated that

participants in the THC condition reported higher levels of paranoia

compared to those in the CBD and THC + CBD conditions at both

the acute post-use assessment (p = .034) and the 1-h post-use

assessment (p = .002).

4 | DISCUSSION

The shifting policy, legal, and cultural landscape surrounding cannabis

use in the United States has led to increased concern regarding public

health risks associated with cannabis use. This is one of the first stud-

ies to examine the differential effects of various THC to CBD ratios

using cannabis flower chemovars that are widely available in state-

regulated markets. The present findings suggest that CBD may be

associated with an overall reduction of THC exposure and may miti-

gate the negative psychotomimetic effects of THC without

diminishing the effects of THC that individuals report liking. This

study is an important step in identifying cannabinoid ratios that may

alter risks for the user, thus highlighting a critical avenue in harm

reduction research.

The first set of analyses examined how plasma cannabinoid levels

differed across the chemovars after acute ad libitum administration.

As expected, plasma levels of THC were significantly higher among

individuals who were using the THC chemovar, significantly lower

among those using the THC + CBD chemovar, and lowest among

F IGURE 3 Adjusted mean subjective effects across the two post-use time points: acute and 1-h post-use (Positive subjective effects: At the
acute post-use assessment, participants in the THC and THC + CBD conditions reported higher levels of subjective high, drug liking, and elation
compared to those in the CBD condition. At the 1-h post-use assessment, participants in the THC and THC + CBD conditions reported higher
levels of subjective high and drug liking compared to those in the CBD condition. Negative subjective effects: At the acute post-use and 1-h post-
use assessments, participants in the THC condition reported higher levels of tension and paranoia compared to those in the CBD and THC

+ CBD conditions). Error bars are standard errors. All subjective effects were assessed on 5-point scales, with the exception of subjective high
ratings which ranged from 1 to 6.67. Results for change in subjective effects from pre-use to acute post-use are presented in the supplementary
materials
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those using the CBD chemovar. Further, there were no condition dif-

ferences in grams of cannabis flower used during the mobile pharma-

cology lab appointment. In effect, there was no evidence that

individuals were titrating up their use of the THC + CBD or CBD

chemovars in order to achieve higher THC levels. CBD levels mirrored

the THC levels, such that the CBD group was the highest, followed by

the THC + CBD group, and THC group. It is important to note that

few, if any, large studies to date have examined plasma cannabinoids

other than THC and CBD. The present study revealed significant dif-

ferences across the chemovars in other cannabinoids, including THCV,

CBN, CBC, and CBG. Because these cannabinoids are highly corre-

lated with plasma levels of THC and CBD, it is not possible to know

the degree to which they uniquely contribute to the results observed

in this study. However, given the overall low levels of these cannabi-

noids relative to THC and CBD, it seems likely that the effects of CBD

and THC explain the majority of effects. Nonetheless, the minor can-

nabinoid results highlight an important issue that is not commonly

presented in research on cannabis products (i.e., that there is variation

in terms of cannabinoids other than THC and CBD in the products

and in plasma samples of people who are using the products) that

could influence the effects of those products.

With respect to the effects of the chemovars on positive subjec-

tive states (e.g., high and elation), analyses suggested that the THC

and THC + CBD chemovars were associated with almost identical

increases in high and elation, despite the fact that the plasma level

analyses indicated that those in the THC + CBD condition had signif-

icantly less (i.e., approximately 50% less) THC in their plasma. Consis-

tent with this finding, the analysis of how much participants reported

“liking” the chemovar indicated that participants liked the THC

+ CBD chemovar as much as the THC chemovar. Overall, these

results suggest that the combination of THC + CBD was no different

than THC with respect to positive subjective effects. Given the simi-

lar effects, individuals using a THC + CBD chemovar would not have

a reason to increase their cannabis use to achieve higher levels of

THC. The positive mood findings are consistent with other studies

that have suggested that CBD does not diminish the effects of THC

on positive mood29 (or may actually increase the positive mood

effects of THC49).

One of the key questions in the literature is whether CBD miti-

gates the psychotomimetic effects of THC on paranoia and anxiety. In

contrast to the analyses of positive states, analyses of the negative

states (paranoia, anxiety) indicated that individuals in the THC condi-

tion reported greater paranoia and anxiety than individuals in the

THC + CBD condition and the CBD condition, which were similar to

one another. The measurable level of paranoia in the THC condition

in this study was somewhat surprising, in that the current study

involved the ad libitum use of THC in a highly experienced sample.

Previous studies that have demonstrated an effect for THC on psy-

chotomimetic measures directly infused synthetic THC in inexperi-

enced users and found strong psychotomimetic and anxiogenic

effects.11 Despite studying common products used ad libitum in fre-

quent users, participants in the THC condition still showed statistically

significantly higher levels of paranoia in comparison to the CBD and

THC + CBD conditions. Thus, the present study suggests that

chemovars with greater CBD and less THC are associated with differ-

ential effects on paranoia and anxiety among experienced users dur-

ing ad libitum use, which is consistent with laboratory studies.31,50

While it is possible that the presence of CBD is having a direct

effect on anxiety and paranoia, another possible interpretation of dif-

ferences in anxiety and paranoia might be related to the effect of

CBD on positive mood and self-titration. In other words, if CBD is

enhancing the positive mood effects which leads to a reduction in

THC consumption, one would also expect a reduction in anxiety and

paranoia with or without any direct effects of CBD on these mea-

sures. This interpretation is consistent with a recently published paper

that examined the effect of vaporizing THC with different levels of

CBD.30 In that study, THC was compared to THC + CBD and other

conditions using a tightly controlled vaporized administration proce-

dure. Plasma levels of THC were similar in the two conditions due to

the tight control over administration, but the THC + CBD condition

was associated with a greater degree of subjective high, suggesting

that CBD enhanced the effect of THC.30 Thus, in both studies, it is

possible that CBD is enhancing the positive mood effects of THC. In

the present study, in which participants were allowed to self-titrate,

the enhancement led to similar levels of positive affect despite less

THC exposure, which in turn may be the reason for less paranoia and

anxiety. Alternatively, it is possible that these findings are the result

of a ceiling effect of THC on the positive subjective effects but not

the negative subjective effects of cannabis.

Although naturalistic administration procedures are needed to

examine the effects of commercially available cannabis products,

federal cannabis regulations led to several methodological shortcom-

ings, including the lack of control over participants' dosing and other

aspects of cannabis administration (e.g., smoking topography), as well

as the lack of a placebo control condition. In addition, as participants

are legally prohibited from using commercially available cannabis

products in a laboratory setting, they administered their products ad

libitum in their own residences which precluded researchers from

objectively verifying their cannabis use during the experimental ses-

sion (i.e., grams used, mode of administration). Further, participants

were not blind to the product they were using, and thus, expectancy

effects may have influenced subjective outcomes. Further data are

needed to explore the effects of different cannabis chemovars

consumed in different formulations (e.g., orally administered

vs. vaporized, cannabis flower vs. cannabis concentrate, etc.) on

plasma cannabinoid levels and subjective effects. Future studies

should also explore the many potential interactions between canna-

binoid ratios, potencies, and individual factors (e.g., modality of con-

sumption, smoking topography, expectancies) in predicting objective

and subjective cannabis use outcomes. Lastly, it is important to note

that the concentration of THC was greater in the THC-dominant

chemovar (24%) relative to the THC + CBD chemovar (9%). Given

this, we are unable to rule out the possibility that the diminished

negative effects observed in the THC + CBD (vs. THC) condition are

a result of less THC exposure, rather than the addition of CBD.

Future naturalistic studies that match THC and THC + CBD
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chemovars on THC potency are needed to establish whether these

findings are driven by (a) the inclusion of CBD or (b) differences in

THC exposure.

In conclusion, the present study indicates that cannabis

chemovars containing CBD in addition to THC may reduce some of

the negative effects associated with THC consumption and should be

tested as a potential harm reduction tool for cannabis users in future

studies. Specifically, the results of the present study suggest that par-

ticipants using the THC + CBD chemovar had significantly lower

plasma THC levels and reported less paranoia and anxiety as com-

pared to participants using the THC dominant chemovar. Importantly,

despite these differences, participants in both the THC + CBD and

THC conditions reported similar positive subjective effects. That par-

ticipants in the THC + CBD condition displayed lower levels of

plasma THC during the acute administration session while still

reporting similar positive mood effects are intriguing from a harm

reduction perspective. The harm reduction implication of these find-

ings is that cannabis chemovars containing CBD may result in less

overall exposure to THC and subsequently less potential for harm,

particularly with respect to the psychotomimetic effects of THC.
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